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AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS

AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE.

[Approved March 11, 1895.]

Whereas, The Indiana Academy of Science, a chartered

scientific association, has embodied in its constitution a pro-pre»mble.

vision that it will, upon the request of the Governor, or of the

several departments of the State government, through the Governor, and

through its council as an advisory body, assist in the direction and execu-

tion of any investigation within its province, without pecuniary gain to

the Academy, provided only that the necessary expenses of such investi-

gation are borne by the State, and,

Whereas, The reports of the meetings of said Academy, with the sev-

eral papers read before it, have very great educational, industrial and

economic value, and should be preserved in permanent form, and.

Whereas, The Constitution of the State makes it the duty of the Gen-

eral Assembly to encourage by all suitable means intellectual, scientific

and agricultural improvement, therefore,

Section 1. Be it enacted by the General Assembly of the

State of Indiana, That hereafter the annual reports of thePjj"J^]!^^*^*^'°°^,^f

meetings of the Indiana Academy of Science, beginning with^*^^"^'*^*

the report for the year 1894, including all papers of scientiflc^^^®""®-

or economic value, presented at such meetings, after they shall have been

edited and prepared for publication as hereinafter provided, shall be pub-

lished by and under the direction of the Commissioners of Public Printing

and Binding.

Sec. 2. Said reports shall be edited and prepared for pub-

lication without expense to the State, by a corps of editors toEditing
reports.

be selected and appointed by the Indiana Academy of Science,

who shall not, by reason of such services, have any claim against the

State for compensation. The form, style of binding, paper, typography

and manner and extent of illustration of such reports, shall
Number of

be determined by the editors, subject to the approval of theprinted
reports.

Commissioners of Public Printing and Stationery. Not less
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than 1,500 nor more than 3,000 copies of each of said reports shall be pub-

lished, the size of the edition within said limits, to be determined by the

concurrent action of the editors and the Commissioners of Public Print-

ing and Stationery: Provided, That not to exceed six hundred dollars

($600) shall be expended for such publication in any one year,
roTiso.

^^^ ^^^ ^^ extend beyond 1896: Provided, That no sums shall

be deemed to be appropriated for the year 1894.

Sec. 3. All except three hundred copies of each volume of

DiBposition said reports shall be placed in the custody of the State Libra-
of reports.

rian, who shall furnish one copy thereof to each public li-

brary in the State, one copy to each university, college or normal school

in the State, one copy to each high school in the State having a library,

which shall make application therefor, and one copy to such other insti-

tutions, societies or persons as may be designated by the Academy

through its editors or its council. The remaining three hundred copies

shall be turned over to the Academy to be disposed of as it may de-

termine. In order to provide for the preservation of the same it shall

be the duty of the Custodian of the State House to provide and place at

the disposal of the Academy one of the unoccupied rooms of the State

House, to be designated as the office of the Indiana Academy of Science,

wherein said copies of said reports belonging to the Academy, together

with the original manuscripts, drawings, etc., thereof can be safely kept,

and he shall also equip the same with the necessary shelving and

furniture.

Sec. 4. An emergency is hereby declared to exist for the

™" *® ° immediate taking effect of this act, and it shall therefore take

effect and be in force from and after its passage.

AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS
AND EGGS.

[Approved March 5, 1891.]

Section 1. Be it enacted by the General Assembly of the

State of Indiana, That it shall be unlawful for any person to

kill any wild bird other than a game bird, or purchase, offer for sale any

such wild bird after it has been killed, or to destroy the nests or the eggs

of any wild bird.



Sec. 2. For the purpose of this act the following shall

be considered game birds: the Anatidae, commonly called

swans, geese, brant, and river and sea ducks; the Rallidge, commonly

known as rails, coots, mudhens, and gallinules; the Limicolse, commonly

known as shore birds, plovers, surf birds, snipe, woodcock and sand-

pipers, tattlers and curlews; the Gallinse, commonly known as wild tur-

keys, grouse, prairie chickens, quail, and pheasants, all of which are not

intended to be affected by this act.

Sec. 3. Any person violating the provisions of Section 1

of this act shall, upon conviction, be fined in a sum not less

than ten nor more than fifty dollars, to which may be added imprisonment

for not less than five days nor more than thirty days.

Sec. 4. Sections 1 and 2 of this act shall not apply to any

person holding a permit giving the right to take birds or their

nests and eggs for scientific purposes, as provided in Section 5 of this act.

Sec. 5. Permits may be granted by the Executive Board
Permits to

of the Indiana Academy of Science to any properly accreditedScience.

person, permitting the holder thereof to collect birds, their nests or eggs

for strictly scientific purposes. In order to obtain such permit the ap-

plicant for the same must present to said Board written testimonials

from two well-known scientific men certifying to the good character and

fitness of said applicant to be entrusted with such privilege and pay to

said Board one dollar to defray the necessary expenses attending the

granting of such permit, and must file with said Board a

properly executed bond in the sum of two hundred dollars,

signed by at least two responsible citizens of the State as sureties. The

bond shall be forfeited to the State and the permit become
Bond

void upon proof that the holder of such permit has killed forfeited.

any bird or taken the nests or eggs of any bird for any other purpose than

that named in this section and shall further be subject for each offense

to the penalties provided in this act.

Sec. 6. The permits authorized by this act shall be in

force for two years only from the date of their issue, and ^° years,

shall not be transferable.

Sec. 7. The English or European House Sparrow (Passer

domesticus), crows, hawks, and other birds of prey are not

included among the birds protected by this act.
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Sec. 8. All acts or parts of acts heretofore passed in con-

; with the provisions of this act are hereby repealed.

Sec. 9. An emergency is declared to exist for the imme-

:e taking effect of this act, tb

in force and effect from and after its passage.

Aotsrepeae
. ^.^^ y^jth the provisions of this act are hereby repealed.

Emergency.
^.^^^^ taking effect of this act, therefore the same shall be

TAKING FISH FOR SCIENTIFIC PURPOSES.

Section 2, Chapter XXX, Acts of 1899, page 45, makes the following

provision for the taking of fish for scientific purposes: "Provided, That in

all cases of scientific observation he [the Commissioner of Fisheries and

Game] shall require a permit from the Indiana Academy of Science."
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CONSTlTUTIOISr.

ARTICLE I.

Section 1. This association shall be called the Indiana Academy of

Science.

Sec. 2. The objects of this Academy shall be scientific research and

the diffusion of knoAAledge concerning the various depai'tments of science:

to promote intercourse between men engaged in scientific work, especially

in Indiana; to assist by investigation and discussion in developmg and

making known the material, educational and other resources and I'lches

of the State; to arrange and prepare for publication such reports of in-

vestigation and discussions as may further the aims and objects of the

Academy as set forth in these articles.

Whereas, the State has undertaken the publication of such proceed-

ings, the Academy will, upon request of the Governor, or of one of the

several departments of the State, through the Governor, act through its

council as an advisory body in the direction and execution of any investi-

gation within its province as stated. The necessary expenses Incurred in

the prosecution of such investigation are to be borne by the State: no

pecuniary gain is to come to the Academy for its advice or direction of

such investigation.

The regular proceedings of the Academy as published by the State

shall become a public document.

ARTICLE II.

Section 1. Members of this Academy shall be honorary fellows, fel-

lows, non-resident members or active members.

Sec. 2. Any person engaged in any department of scientific work,

or in oi'iginal research in any department of science, shall be eligible

to active membership. Active members may be annual or life members.

Annual members may be elected at any meeting of the Academy; they

shall sign the constitution, pay an admission fee of two dollars, and there-
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after an annual fee of one dollar. Any person who shall at one time

contribute fifty dollars to the funds of this Academy, may be elected a

life member of the Academy, free of assessment. Non-resident members

may be elected from those who have been active members but who have

removed from the State. In any case, a three-fourths vote of the mem-

bers present shall elect to membership. Applications for membership in

any of the foregoing classes shall be referred to a committee on applica-

tion for membership, who shall consider such application and report to

the Acaderriy before the election.

Sec. 3. The members who are actively engaged in scientific work, who

have recognized standing as scientific men, and who have been members

of. the, Academy at least one year, may be recommended for nomination

for election as fellows by three fellows or members personally acquainted

with their work and character. Of members so nominated a number not

exceeding five in one year may, on recommendation of the Executive

Cosmmittee, be elected as fellows. At the meeting at which this is

adopted,- the members of the Executive Committee for 1894 and fifteen

others shall be elected fellows, and those now honorary members shall

become honorary fellows. Honorary fellows may be elected on account

of special prominence in science, on the written recommendation of two

merabers of the Academy. In any case a three-fourths vote of the mem-

bers present shall elect.

ARTICLE III.

Section 1. The officers of this Academy shall be chosen by ballot

at the annual meeting, and shall hold office one year. They shall consist

of a President, Vice-President, Secretary, Assistant Secretary, Press Secre-

tary, and Treasurer, who shall perform the duties usually pertaining to

their respective offices and in addition, with the ex-Presidents of the

Academy, shall constitute an Executive Committee. The President shall,

at each annual meeting, appoint two members to be a committee which

shall prepare the programs and have charge of the arrangements for

all njeetin^s for one year.

Sec. 2. The annual meeting of this Academy shall be held in the city

of Indianapolis within the week following Christmas of each year, un-

less otherwise ordered by the Executive Committee. There shall also be

a sunjijier meeting at such time and place as may be decided upon by the
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ExecutiA-e Committee. Other meetings may be called at the discretion

of the Executive Committee. The past Presidents, together with the

officers and Executive Committee, shall constitute the Council of the

Academy, and represent it in the transaction of any necessary business

not specially provided for in this constitution, in the interim between

general meetings.

Sec. 3. This constitution may be altered or amended at any annual

meeting by a three-fourths majority of the attending members of at least

one year's standing. No question of amendment shall be decided on the

day of its presentation.

BY-LAWS.

1. On motion, any special department of science shall be assigned to a

curator, whose duty it shall be, with the assistance of the other members

interested in the same department, to endeavor to advance knowledge in

that particular department. Each curator shall report at such time and

place as the Academy shall direct. These reports shall include a brief

summary of the progress of the department during the year preceding the

pi-esentation of the report.

2. The President shall deliver a public address on the morning of one

of the days of the meeting at the expiration of his term of office.

3. The Press Secretary shall attend to the securing of proper news-

paper reports of the meetings and assist the Secretarj^

4. No special meeting of the Academy shall be held without a notice

of the same having been sent to the address of each member at least

fifteen days before such meeting.

5. No bill against the Academy shall be paid without an order signed

by the President and countersigned by the Secretary.

6. Members who shall allow their dues to remain unpaid for two

years, having been annually notified of their arrearage by the Treasurer,

shall have their names stricken from the roll.

7. Ten members shall constitute a quorum for the transaction of

business.
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MEMBERS.

FELLOWS.

R. J. Aley *1898 Bloomington.

J. C. Arthur 1893 Lafayette.

P. S. Baker 1893...."; Greencastle.

George W. Benton 1896 Indianapolis.

A. J. Bigney 1897 Moore's Hill.

A. W. Bitting 1897 Lafayette.

Donaldson Bodine 1899 Crawfordsville.

W. S. Blatchley 1893 Indianapolis.

J. C. Branner 1893 Stanford University, Cal.

H. L. Bruner 1899 Irvington.

Wm. Lowe Bryan 1895 Bloomington.

Severance Barrage 1898 Lafayette.

A. W. Butler 1893 Indianapolis.

J. L. Campbell 1893 Crawfordsville.

John M. Coulter 1893 Chicago, 111.

Stanley Coulter 1893 Lafayette.

Glenn Culbertson 1899 Hanover.

D. W. Dennis 1895 Richmond.

C. R. Dryer 1897 Terre Haute.

A. Wilmer Duff 1896 Worcester, Mass.

C. H. Eigenmann 1893 Bloomington.

A. L. Foley 1897 Bloomington.

Katherine E. Golden 1895 Lafayette.

M.J. Golden 1899 Lafayette.

W. F. M. Goss 1893 Lafayette.

Thomas Gray 1893 Terre Haute.

A. S. Hathaway 1895 Terre Haute.

O. P. Hay 1893 Washington, D. C.

Robert Hessler 1899 Logansport.

H. A. Huston 1893 Lafayette.

J. P. D. John 1893 Greencastle,

D. S. Jordan 1893 Stanford University, Cal.

Arthur Kendrick 1898 Terre Haute.

Robert E. Lyons 1896 Bloomington.

V. F. Marsters 1893 Bloomington.

C. L. Mees 1894 Terre Haute.

T. C. Mendenhall 1893 Worcester, Mass.

Joseph Moore 1896 Richmond.

Date of election.
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D. M. Mottier *1893 Bloomington.

W. A. Noyes 1893 Terre Haute.

L. J. Rettger 1896 Terre Haute.

J. T. Scovell 1894 Terre Haute.

Alex. Smith 1893 Chicago, Hi.

W. E. Stone 1893 Lafayette.

Joseph Swain 1898 Bloomington.

M. B. Thomas 1893 Crawfordsville.

L. M. Underwood 1893 New York City.

C. A. Waldo 1893 Lafayette.

F. M. Webster 1894 Wooster, Ohio.

H, W. Wiley 1895 Washington, D.

John S. Wright 1894 Indianapolis.

NON-RESIDENT MEMBERS.

M. A. Brannon Grand Forks, N. D.

D. H. Campbell Stanford LTniversity, Cal.

B. W. Evermann AVashington, D. C.

Charles H. Gilbert Stanford University, Cal.

C. W. Green Stanford University, Cal.

C. W. Hargitt Syracuse, N. Y.

Edward Hughes Stockton, Cal.

O. P. Jenkins Stanford University, Cal.

J. S. Kingsley Tufts College, Mass.

D. T. MacDougal Bronx Park, New York
City.

Alfred Springer Cincinnati, Ohio.

E. Vane Brumbaugh Fayette, Iowa.

Robert B. Warder Washington D. C.

Ernest Walker Clemson College, S. C.

ACTIVE MEMBERS.

G. A. Abbott Indianapolis.

Frederick W. Andrews Bloomington.

George H. Ashley Indianapolis.

George C. Ashman Frankfort.

Edward Ayres Lafayette.

Timothy H. Ball Crown Point.

J. A. Bergstrom Bloomington.

*Dat* cf election.

2—A. OF SCIKNCE.
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Edwin M. Blake Lafayette.

Lee F. Bennett Valparaiso.

Charles S. Bond Richmond.

M. C. Bradley Bloomington.

Fred J. Breeze Pittsburg.

O. W. Brown Richmond.

A. Hugh Bryan Indianapolis.

E. J. Chansler Bicknell.

Walter W. Chipman Warsaw.

Howard W. Clark Culver.

George Clements Crawfordsville.

Charles Clickener Tangier.

Mel. T. Cook Greencastle.

U. O. Cox Mankato, Minn.

William Clifford Cox Columbus,

Albert B. Crowe Ft. Wayne.

M. E. Crowell Franklin.

Will Cumback Greensburg.

Edward Roscoe Cumings Bloomington.

Alida M. Cunningham Alexandria.

Lorenzo E. Daniels Laporte.

Charles C. Deam Bluffton.

Martha Doan Westfield.

J. P. Dolan Syracuse.

Herman B. Dorner Lafayette.

Albert H. Douglass Logansport.

Hans Duden Indianapolis.

Joseph Eastman Indianapolis.

E. G. Eberhardt Indianapolis.

M. N. Elrod Columbus.

Percy Norton Evans Lafayette.

Samuel G. Evans Evansville.

J. E. Ewers

Carlton G. Ferris Big Rapids, Mich.

E. M. Fisher Urmeyville.

Wilbur A. Fiske Richmond.

Austin Funk New Albany.

Charles W. Garrett Logansport.

Robert G. Gillum Terre Haute.

Vernon Gould Rochester.

J. C. Gregg Brazil.

Alden H. Hadley Richmond.

U. S. Hanna Bloomington.

William M. Heiney Huntington.

Victor K. Hendricks Terre Haute.
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Mary A. Hickman Greencastle.

J. A. Hill Peru.

John E. Higdon Indianapolis.

Frank C. Higgins Terre Haute.

John J. Hildebrandt Logansport.

Lucius M. Hubbard South Bend.

Alex. Johnson Ft. Wayne.
Edwin S. Johonnott, Jr Terre Haute.

Ernest E. Jones Kokomo.
Chancey Juday Madison, Wis.

William J. Karslake Irvington.

D. S. Kelley Jeffersonville.

O. L. Kelso Terre Haute.

A. M. Kenyon Lafayette.

Ernest I. Kizer South Bend.

Charles T. Knipp Bloomington.

Thomas Large Madison, Wis.

John Levering Lafayette.

V. H. Lockwood Indianapolis.

William A. McBeth Terre Haute.

Robert Wesley McBride Indianapolis.

Rousseau McClellan Indianapolis.

Lynn B. McMullen Indianapolis.

James E. Manchester Vincennes.

Q. W. Martin Nashville, Tenn.

Julius B. Meyer Lafayette.

O. M. Meyncke Brookville.

W. G. Middleton Richmond.
John A. Miller Bloomington.

W. J. Moenkhaus Huntingburg.

H. T. Montgomery South Bend.

Walter P. Morgan Terre Haute.

J. P. Naylor Greencastle.

Charles E. Newlin Irvington.

John F. Newsom Stanford University, Cal.

E. W. Olive Indianapolis.

D. A. Owen Franklin.

Rollo J. Peirce Logansport.

W. H. Peirce Chicago, 111.

Ralph B. Polk Greenwood.
James A. Pric* . Ft. Wayne.
Frank A. Preston Indianapolis.

A. H. Purdue Fayetteville, Ark.
Ryland Ratliff Bloomington.
Claude Riddle Lafayttte.
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D. C. Ridgley Chicago, 111.

Curtis A. Rinson Bloomington,

Giles E. Ripley Decorah, la.

George L. Roberts GreenBburg.

D A. Rothrock Bloomington.

John F. Schnaible Lafayette.

E. A. Schultze Ft. Wayne.

John W. Shepherd Terre Haute.

Claude Siebenthal Indianapolis.

J. R. Slonaker Bloomington.

Richard A. Smart Lafayette.

Lillian Snyder Rockville.

Retta E. Spears Elkhart.

William Stewart Lafayette.

J. M. Stoddard Crawfordsville.

Charles F. Stegmaier Greensburg.

'

William B. Streeter Indianapolis.

Frank B. Taylor Ft. Wayne,

S. N. Taylor West Lafayette.

Erastus Test Lafayette.

F. C. Test Chicago, 111.

J. F. Thompson Richmond.

A. L. Treadwell Oxford, Ohio.

Daniel J. Troyer Goshen.

A. B. Ulrey North Manchester.

W. B. Van Gorder Worthington.

Arthur C. Veatch Rockport.

H. S. Voorhees Ft. Wayne.

J. H. Voris Huntington.

Jacob Westlund Lafayette.

Fred C. Whitcomb Delphi.

William M. Whitten South Bend.

Neil H. Williams Indianapolis.

Guy Wilson Greencastle.

Mae Woldt Indianapolis.

William Watson Woollen Indianapolis.

A. J. Woolman Duluth, Minn.

J. F. Woolsey Indianapolis.

A. C. Yoder Vincennes.

O. B. Zell Clinton.

Fellows 51

Nonresident members 14

Active members 137

Total 202
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LIST OF FOREIGl^ CORRESPONDENTS.

AFRICA.

Dr. J. Medley Wood, Natal Botanical Gardens, Berea Durban, South

Africa.

South African Philosophical Society, Cape Town, South Africa.

ASIA.

China Branch Royal Asiatic Society, Shanghai, China.

Asiatic Society of Bengal, Calcutta, India.

Geological Survey of India, Calcutta, India.

Indian Museum of India, Calcutta, India.

India Survey Department of India, Calcutta, India.

Deutsche Gesellschaft fiir Natur- und Volkerkunde Ostasiens. Tokio,

Japan.

Imperial University, Tokio, Japan.

Koninklijke Naturkundige Vereeniging in Nederlandsch-Indie, Batavia,

Java.

Hon. D. D. Baldwin, Honolulu, Hawaiian Islands.

EUROPE.

V. R. Tschusizu Sehmidhoffen, Villa Tannenhof, Halle in Salzburg,

Austria.

Herman von Vilas, Innsbruck, Austria.

Ethnologische Mittheilungen aus Ungarn. Budapest, Austro-Hungary.

Mathematische und Naturwissenschaftliche Berichte aus Ungarn, Buda-

pest, Austro-Hungary.
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K. K. Geologische Reichsanstalt, Vienna (Wienj, Austro-Hungary.

K. U. Naturwissenschaftliche Gesellscbaft, Budapest, Austro-Hungary.

Naturwissenschaftlicb-Medizin\scher Yerein in Innsbruck (Tyrol), Austro-

Hungary.

Editors "Termeszetrajzi Fuzetk," Hungarian National Museum, Buda-

pest, Austro-Hungary.

Dr. Eugen Dadai, Adj. am Nat. Mus., Budapest, Austro-Hungary.

Dr. Julius von Madarasz, Budapest, Austro-Hungary.

K. K. Naturbistoriscbes Hofmuseum, Vienna (Wien), Austro-Hungary.

Ornitbological Society of Vienna (Wien), Austro-Hungary.

Zoologische-Botanische Gesellscbaft in Wien (Vienna), Austro-Hungary.

Dr. J. von Csato, Nagy Enyed, Austro-Hungary.

Malacological Society of Belgium, Brussels, Belgium.

Royal Academy of Science, Letters and Fine Arts, Brussels,, Belgium.

Royal Linnean Society, Brussels, Belgium.

Societg Beige de Geologic, de Paleontologig et Hydrologie, Brussels,

Belgium.

Society Royale de Botanique, Brussels, Belgium.

Society Geologique de Belgique, Li&ge, Belgium.

Prof. Cbristian Frederick Lutken, Copenhagen, Denmark.

Bristol Naturalists' Society, Bristol, England.

Geological Society of London, London, England.

Dr. E. M. Holmes, British Pbarm. Soc'y, Bloomsbury Sq., London, W. C,

England.

Jenner Institute of Preventive Medicine, London, England.

Linnean Society of London, London, England.

Liverpool Geological Society, Liverpool, England.

Manchester Literary and Philosophical Society, Manchester, England.

"Nature," London, England.

Royal Botanical Society, London, England.
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Royal Geological Society of Cornwall, Penzance, England.

Royal Microscopical Society, London, England.

Zoological Society, London, England.

Lieut.-Col. John Biddulpb, 43 Charing Cross, London, England.

Dr. G. A. Boulenger, British Mus. (Nat. Hist.), London, England.

P. DuCane Godman, 10 Chandos St., Cavendish Sq., London, England.

Hon. E. L. Layard, Biidleigh Salterton, Devonshire, England.

Mr. Osbert Salvin, Hawksford, Fernshurst, Haslemere, England.

Mr. Howard Saunders, 7 Radnor Place, Hyde Park, London W., England.

PhiUip L. Sclater, 3 Hanover Sq., London W., England.
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Committee.
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Wednesday, December 26.

Meeting of Executive Committee at the Hotel Headquarters 8 p. m.

Thursday, December 27.

General Session 9 a m. to 12 m.
Sectional Meetings 2 p. m. to 5 p. m.
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LIST OF PAPERS TO BE READ.

ADDRESS BY THE RETIRING PRESIDENT,

PKOFESSOK DAVID W. DENNIS,

At 11 o'clock Thursday morning.

Subject : " Photomicrography as It May be Practiced To-Day ."

The following papers will be read in the order in which they appear on the program,

except that certain papers will be presented '^ parri patsu " in sectional meetings. When a

paper is called and the reader is not present, it will be dropped to the end of the list, unles

by mutual agreement an exchange can be made with another whose time is approximately

the same. Where no time was sent with the papers, they have been uniformly assigned ten

minutes. Opportunity will be given after the reading of each paper for a brief discussitn.

iV. B.—By the order of the Academy, no paper can be read until an abstract of its contents

or the icritten paper has been placed in the hands of the Secretary.

GENERAL.

1. The Leonids of 1900, 15 m .Tohu A. Miller.

2. Mosquitoes and Malaria, 10 m Robert Hessler.

*3. Outline of a Course of Reading on General Biological Prob-

lems, 10 m C. H. Eigeumann.

4. A Shell Gorget Found near Spiceland, Ind., 10 m Joseph Moore.

5. A Harbor at the South End of Lake Michigan, 15 m. . J. L. Campbell.

MATHEMATICS AND PHYSICS.

6. Some Properties of the Symmedian Point. 8 m Robert J. Aley.

7. Note on McGinnis's Universial Solution, 5 m Robert .T. Aley.

8. Graphic Methods in Elementary Mathematics, 10 m. .Robert J. Aley.

9. The Automatic Temperature Regulator, 6 m Charles T. Knipp.

*10. Concerning the Sphere as a Space-Element, 10 m. . . .D. A. Rothi'ock.

11. The Cayleyan Cubic, 20 m C. A. Waldo and John A. Newlin.

12. The Use of the Bicycle Wheel in Illustrating the Principles

of the Gyroscope, 15 m Charles T. Knipp.

13. The Cyclic Quadrilateral, 10 m J. C. Gregg.

14. Note on the Determination of Vapor Densities, 5 m.,

Charles T. Knipp.

'Author absent, paper net presented.
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15. An Improved Webnelt Interrupter, 15 m.,

A. L. Foley and R. E. Nyswander.

16. A Method of Measuring the Absolute Dilatation of Mercury,

10 m A. L. Foley.

17. The Geodesic Line of the Space ds^=dx=+sin^xdy^+dz^

10 m S. C. Davisson.

18. The Friction of Railway Brake Shoes under Various

Conditions of Speed, Pressure and Temperature,

10 m Richard A. Smart.

19. Diamond Fluorescence, 10 m A. L. Foley.

20. A Theorem in the Theory of Numbers, 10 Jacob Westlund.

21. On the Decomposition of Prime Numbers in a Bi-Quad-

ratic Number-Field, 10 m Jacob Westlund.

22. Dissociation Potentials of Neutral Solutions of Lead

Nitrate with Lead Peroxide Electrodes, 10 m. . .Arthur Kendrick.

23. Some Observations with Rayleigh's Alternate Current

Phasemeter, 10 m E. S. Johonnott, Jr.

CHEMISTRY.

24. A Demonstration Apparatus, 10 m P. N. Evans.

25. Methylation of Halogenamides with Diazomethane,

10 m James H. Ransom.

26. Note on the Apparent Deterioration of Formalin, 2 m . Thomas Large.

BOTANY.

27. Notes on the Examination of Vegetable Powders,

10 m John S. Wright.

28. The Staining of Vegetable Powders, 5 m John S. Wright.

29. Cryptogamic Collections Made During the Year, 8 m. ,M. B. Thomas.

30. Experiments with Smut, 8 m M. B. Thomas.

31. The Flora of Lake Maxinkuckee, 15 m J. T. Scovell.

32. Generic Nomenclature of the Cedar-Apples, 10 m J. C. Arthur.

*33. The Uredineae of Parke County, Indiana, 10 m Lillian Snyder.

34. Additions to the Flora of Indiana, 10 m Stanley Coulter.

*35. Seed Vitality in Native Plants, 10 m Stanley Coulter.

'Author absent, paper not presented.
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36. Some Midsummer Plants of Southeastern Tennessee,

10 m Stanley Coulter.

37. A Study of the Constituents of Corn Smut, 10 m William Stuart.

38. A Bacterial Disease of Tomatoes, 10 m William Stuart.

39. Device for Supporting a Pasteur Flask, 3m.... Katherine E. Golden.

40. Notes on the Microscopic Structure of Woods,

10 m Katherine E. Golden.

41. Movement of Protoplasm in the Hyphae of a

Mould, 10 m Katherine E. Golden.

42. Description of Certain Bacteria Obtained from

Nodules of Various Leguminous Plants, 10 m. Severance Burrage.

43. A Few Mycological Notes for July and August, 1900

—Wells and Whitley Counties, 10 m E. B. Williamson.

*44. Notes on a Collection of the Fungi of Vigo County, 10 m.,

Fred Mutchler.

ZOOLOGY.

45. The Kanliakee Salamander, 5 m T. H, Ball.

46. The Eel Question and the Development of the Conger

Eel, 10 m C. H Eigenmann.

47. The Mounting of the Remains of Megalonyx Jeffersoni

from Henderson, Kentucky, 10 m C. H. Eigenmann.

48. Contribution Toward the Life History of the Sque-

teague, 10 m C. H. Eigenmann.

49. A New Oceanic Fish, 10 ni C. H. Eigenmann.

49. A New Genus of Oceanic Fishes, 10 m C. H. Eigenmann.

50. A New Species of Cave Salamander from the Caves of

the Ozarks in Missouri, 10 m C. H. Eigenmann.

51. An Addition to the Fishes Occurring in Indiana, 10 m. .L. J. Rettger.

*52. On the Function of the Blood-Sinuses of the Reptilian

Head, with Exhibition of Photographs, 10 m H. L. Bruuer.

*53. Protraction of the Lower Jaw as a Means of Closing

the External Nares in Anura, 10 m H. L. Bruner.

*54. Some Interesting Peculiarities in the Development of

Hybrid Fishes, 15 m W. J. Moenkhaus.

*Author absent, paper not presented.
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*55. A Probable Hybrid Darter, 5 m W. J. Moenkhaus.

56. Some Observations of the Daily Habits of the Toad,

10 m J. R. Slonaker.

57. The Methods and Extent of the Illinois Ichthyological

Survey, 5 m Thomas Large.

58. Additions to the Indiana Lists of Dragon-Flies, with a

Few Notes, 10 m E. B. Williamson.

GEOGRAPHY AND GEOLOGY.

59. Eskers and Esker Lakes, 20 m C. R. Dryer.

60. Spy Run and Poinsett Lake Bottoms, 7.,

J. A. Price and Albert Shaaf.

61. Abandoned Meanders of Spy Run Creek, 5 m.,

J. A. Price and Albert Shaaf.

62. The Development of the Wabash Drainage System and

the Recession of the Ice Sheet in Indiana, 20 m. . Wm. A. McBeth.

63. A Theory to Explain the Western Indiana Bowlder

Belts, 5 m Wm. A. McBeth.

64. Aids in Teaching Physical Geography, 10 m V. F. Marsters.

*65. Geography of Harper's Ferry Sheet (illustrated by

model), 10 m V. F. Marsters.

66. River Bends and Bluffs, 10 m Wm. M. Heiney.

67. Notes on the Ordovician Rocks of Southern Indiana,

10 m Edgar R. Cumings.

68. Some Developmental Stages of Orthothetes minutus

N. Sp., 10 m Edgar R. Cumings.

t69. The Cold-Blooded Vertebrates of Winona Lake and Vi-

cinity E. E. Ramsey.

•Author absent, paper not presented.

tThe paper was announced in the program of 1899, but was not completed for publica-

tion until recently.
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THE SIXTEEXTH AXXUAL MEETING OF THE IX-

DIAXA ACADEMY OF SCIEXCE.

The sixteenth annual meeting of the Indiana Academy of Science

was held in Indianapolis, Thursday, December 27, 1900, preceded by a

session of the Executive Committee of the Academy, 9 p. m., Wednesday,

December 26.

At 9:15 a. m., December 27, President David W. Dennis called the

Academy to order in general session, at which committees were appointed

and other routine and miscellaneous business transacted. Following the

disposition of the business, papers of general interest were read until

11 o'clock, at which time the retiring President, David W. Dennis, made

his address: subject, "Photomicrography as It May Be Practiced To-Day."

At 2 p. m. the Academy met in two sections—biological and physico-

chemical—for the reading and discussion of papers. President Dennis

presided over the biological section, while Drs. J. L. Campbell and Thomas

Gray in turn acted as chairman of the physico-chemical section. At

5 p. m. the section meetings adjourned and the Academy was assembled

in general session for the ti*ansaction of business.

Adjoui-nment, 5:30 p. m.

THE FIELD MEETING OF 1900.

The Field Meeting of 1900 was held in Terre Haute, Thursday, Friday

and Saturday, May 24, 25 and 26.

Thursday evening members of the Executive Committee met in session

at the Terre Haute House.

Friday was occupied by an excursion of the Academy to Alum Cave

and vicinity. The party left Terre Haute by rail early in the morning,

reaching Alum Cave about the middle of the forenoon, where the day

was spent in visiting the mines and interesting coal fields of that vicinity.

The return to Terre Haute was made in the evening. On Saturday excur-

sions into the field were made in the neighborhood of Terre Haute.

The visiting members of the Academy gratefully acknowledge their

indebtedness to the Terre Haute members, the members of the Terre

Plaute Science Club and their friends for the numerous thoughtful cour-

tesies which made the Field Meeting of 1900 so pleasant and profitable.

3—A. OF Science.
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TRESIDENT'S ADDRESS.

By D. W. Dennis.

Photomicrography as it May be Practiced To-Day.

The instrumeut -uith which my work in photomicrography is at pres-

ent being done is in a compartment of the office of Dr. C. S. Bond, of

Richmond, Indiana; it rests on a solid stone floor; the source of illumina-

tion is an arc light fed by a 52-volt alternating current. The tables, the

optical bench, the microscope bench and all the illuminating accessories

that it carries and the camera were furnished by the Bausch & Lomb
Optical Companj^; the microscope stand and all its accessories were

furnished by Zeiss; the stand is the 1899 model. The instrument is shown

in Fig. 1. The objectives are the 70, 35, 16, 8, 4, and 2mm; the eyepieces

are the 4, G, and 8 compensating and the 4 projection eyepiece. The

microscope stand is the property of the Earlham biological laboratory;

all other parts, including the lenses, are the property of Dr. Bond, who
not only by his financial assistance made it possible for me to have such

an apparatus with which to worli, but he has worlied with me in all

that I have done, and has carried out without regard to expense every

suggestion that we could either of us make, with reference to the better-

ment of the instrument. The "we" which I use in my paper is not the

conventional editor's we; it means the doctor and myself.

INTRODUCTORY.

The photomicrography of to-day at its best has been made possible

by the grow^th of several different lines of woi*k. The perfecting of the

arc light is one of these; sunlight will do instead of this, but the uncer-

tainty of being able to use it at any particular time is against it; the

arc light is always ready; its brilliancy is always the same; photo-

micrographs of all diameters from 4,000 down can be made with it in

from a very few minutes to a small fraction of one second. After one

has fully mastered his apparatus and needs to use the light only for

adjustment and exposure it is comparatively inexpensive.

The perfecting of the microscope in all its parts was necessary before

the work of making photomicrographs of 1,000 diameters and upwards

with such ease and certainty as to make them practicable for ordinary
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purposes was possible. Indeed, the proper focusing of the microscope

has been made so easy by Zeiss's latest stand that it may be said that

only within a few months past has the use of these high powers been

available except in the hands of the foremost experts, and even these

consumed so much time and made so many failures to every success

that a good photomicrograph was as costly as it was rare; an entire

revolution of the micrometer adjustment screw in Zeiss's new 1899 model

stand for photomicrography lifts or lowers the tube only .04 of a milli-

meter, i. e., one-fiftieth of the entire focal distance, and since a movement

through less than one degree is entirely practicable, the tube of the

microscope can be raised or lowered one nine-thousandth of a millimeter,

or one two hundred and twenty-five thousandth of an inch. This is one

eighteen thousandth of its focal distance.

How correctly to illuminate the object is again a science in itself;

unless this is done, the most complete and costly apparatus constructible or

imaginable will not give one correct photomicrograph; if the illumination

is nearly right the results will be entirely wrong; the object can

be drowned in light or it can be surrounded with halos that will remind

the operator of a medieval painting without a suggestion of the piety

that should accompany the reminder.

The production of a good photomicrograph requires a woriiing knowl-

edge of photography; the use of the riglit developer, the right plate, the

proper use of reduction and intensification of the negative—all affect

details. Three or at least two experts have hitherto been necessary for

the production of a good photomicrograph of 2,000 or more diameters—

a

physicist to illuminate it, a microscopist with a knowledge of the object

to adjust and focus the microscope, and a photographer to expose, develop

and print it. The inti'oductions to all atlases of this sort that I have seen

show that the skill of several men has been enlisted in their production.

Photomicrography has grown then with the growth of microscopy,

photography, and optics; it has proposed problems to all these sciences

which they have separately taken up and solved in its behalf.

To retrace the steps from Daguerre to the end of the century, from

Newton to Abjje, from the Dutch spectacle maker to Zeiss, is the work of

books, not addresses; the sacrifices and victories along these journeys may
have been elsewhere equaled, they have not been surpassed.
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THE APPARATUS IN GENERAL.

The apparatus cousists of a table 43 inches long and 15V^ inches wide

on strong and adjustable iron supports. Upon this table rests the optical

bench on four adjustable iron legs which permit it to slide back and forth

on two iron tracks. This optical bench carries the arc lights and all other

accessories for illumination, except those which are a part of the micro-

scope; these are, naming them from the light forward, first the condenser,

which consists of two convexo-concave lenses four inches in diameter

mounted at the ends of a nickeled tube; the lens farthest away from the

light is adjustable in the carrying tube. Then comes the cooling cell,

the ray filters, the shutter, the biconcave lens and the field diaphragm (see

Fig. 1); all these parts are carried on two nickeled iron rods, and are

adjustable in height from right to left and from before backward on the

table. A second table placed at the end of this of the same width and

height resting also on adjustable iron supports, is 85 inches long and

carries the microscope, which has as substage parts the Abbe with its

iris diaphragm and an additional iris diaphragm immediately under the

object for use when the Abbe is swung out. It carries also an extensible

camera which can be drawn out so as to hold the ground glass and the

photographic plate at any distance from the object between 20 and 7.5

inches.

As TO THE Support of the Microscope.

It has hitherto been regarded as in principle wrong to have the micro-

scope on the same table with the camera; our experience convinces me

that this is a good arrangement, if it is accompanied by the other pre-

cautions we now have for keeping the microscope steady. As we received

our instrument the microscope bench was clasped by iron clamps to two

nickeled iron tubes which extend the entire length of the camera table

and carry also the camei'a. By this arrangement any shaking of the

camera was communicated to the microscope directly and rendered the

preservation of the focus during the replacement of the ground glass

by the plate holder nearly impossible; not one in five of our exposures

with this arrangement was successful; something had to be done; we
could not put the microscope on a separate table without entirely changing

the means of controlling the fine adjustment, which is regulated by a rod,

with milled head fastened to the table under the camera and connected
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by a belt with the micrometer screw; furthermore, this exerted a slight

pull on" the microscope tube that rendered focusing very difficult; we
overcame our difficulties by first placing four adjustable brass pillars

under the microscope bench; the bench was now held down to the rods

by the binding screws and its distance fi'om the table was made abso-

lutely the same by the brass supports; ordinary sliding of the camera in

changing its length or putting in and taking out the plate holder does not

in any way damage the focus. To brace the microscope tube against

the pull of the focusing belt we supported it two and a half inches behind

the milled head of the micrometer screw by an adjustable brass pillar

reaching down to the camera table. Since making these additions we
have not lost a single plate by change of focus. This result can be

brought to pass in other ways, perhaps, but this is one good way and for

the following reason is, I believe, the best way: We have fastened also

to our camera table a brass rod inside of a brass tube, each provided at

the focusing plate end of the camera with milled heads and at the

microscope end with separate belts passing around the grooved heads that

control the moveable stage, so that the operator six feet away can system-

atically search a field over, that is three-eighths of an inch in diameter.

This is a convenience that comes near to being a necessity; it makes high

power work as controllable and as speedy as low; it turns drudgery and

annoyance into a pleasure; any one who ever undertook to center an object

by giving directions to an assistant at the microscope must know its

value. If an object is out of the field, finding it is hopeless in the old way;

it is perhaps enough to say for our arrangement that it enables one

person to do quickly and exactly what otherwise requires two at a cost of

much time, labor and patience. The downward pull on the stage is

counterbalanced by an adjustable brass support immediately under the

controlling heads of the stage.

MAGNIFICATION.

The linear magnifications possible range from six and a half with

the 70mm objective without an eyepiece to .5,500 with the 2mm objective

and an 8 eyepiece. The following table shows the magnification at vary-

ing lengths of the camera with a few combinations. They were deter-

mined in every instance by measuring on the ground glass the projected

image of a stage micrometer.
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70

mm.
Objective,

Without
Eyepiece.
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In will be seen by an inspection of the table that about 35 diameters

can be obtained by using the 70mm lens and a camera extension of five

and a half feet, or by using a 35mm lens and a 4 projection eyepiece with a

camera extension of about 28 inches, or by using the 16mm lens and

no eyepiece with a camera extension of 20 inches; each of these methods

has of course its advantages, and disadvantages; the first gives a wider

field than the last and a deeper focus. Fig. o was made in this manner;

with the 16mm lens and no eyepiece only so much of the same object

could be taken as lies betw'^een the points a and b in Fig. 3. The advantage

this arrangement has to compensate for its smaller field and less deep

focus is its greater resolving power; this principle holds whatever the

combinations that produce any given power.

LEVELINtJ.

The tables and the benches mxist all be exactly leveled; this is easily

done by means of a spirit level and the adjustable feet on which they all

rest. The cooling cell and condenser must also be level.

THE ILLUMINATION OF THE OBJECT.

(a) Centering.

It is necessary that all parts of this apparatus be most carefully cen-

tered. There are several good ways to do this. One is to place in every

piece of tlie optical apparatus a pinhole diaphragm, which may be cut

from black cardboard to fit each separate piece, one for the microscope to

be substituted for the eyepiece, one for the Abbe and the field diaphragm,

unless these parts are already provided with iris diaphragms, in which

case they can be shut to a pinhole; one for the biconvex lens and one

for the condenser. The instrument is sufficiently centered when a ray of

light passes through this series of holes and falls on the center of the

ground glass, when the camera is fully extended; these diaphragms should

be saved so that proof of the centering can at any time be quickly made.

(b) The Image of the Light.

In order to make a good photomicrograph with an objective of 8mm
focal length or less the image of the light should be thrown into the

plane of the object. This can, the books say, "with no great difficulty,"

be effected by slipping the light and the condensing lenses back and forth
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on tlie optical bench; it would be safer to say that it can be done; when

once a combination has been effected that produces this result the exact

position of every optical part should be noted carefully. To facilitate

this all makers of photomicrographic apparatus would do well to mark

a scale on the tables or on the caiTying rods so that all parts can be

quickly brought into exactly the same relation to each other and to the

object; after many failures and much loss of time in attempting to bring

the same state of things to pass that had been previously successful,

we had such scales put on our apparatus. Any arrangement of the

optical parts will produce an image somewhere; this can be found by

carrying a piece of white paper back and forth in the path of the light

until the image of the light is found; light and condensers can then be

removed until the image rests in the plane of the object to be photo-

graphed. In order to have an equally illuminated field it is a good thing

to have the size of the equally bright part of the image somewhat larger

than the field to be taken; different combinations of the condensers and

different positions of these and the light with reference to the object will

regulate the size. In work with low powers, 16mm and upwards, this

image should fall on the objective instead of the object. If the beginner

in his hurry to spoil some plates is satisfied with an approximation to this

state of things, or if he lights up and proceeds by the try rule, his time

will be lost along with his material.

(c) The Size of the Entering Cone of Light.

Three diaphragms should accompany every complete apparatus: One

of these, the field diaphragm, should be placed near the double convex

lens, and if possible on its microscope side. This must always be used in

every exposure; a second is at the focus of the Abbe nearest the source

of light, and need not be used when it is swung out; a third is brought

on immediately under the object and is consequently open and not in use

when the Abbe is; two of the three are accordingly required in every ex-

posure, namely, the field diaphragm and the one before or the one behind

the Abbe.

Only a careful study of the effect on the ground glass will avail in all

cases for the regulation of these diaphragms. However, two valuable

rules can be given: If the Abbe is not in use the diaphragm immediately

under the object must be so closed as to cut off all but the field to

be photographed; if the Abbe is being used its diaphragm must in general
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be large enough for the cone of light entering through it to fill one-third

of the central bright portion of the objective; to ascertain whether this

is so or not one looks into the microscope tube when the eyepiece is

in with a lens such as is often used for focusing on the ground glass;

this must be done with every objective used with the Abbe and the exact

point to which the diaphragm is opened should be observed on its gradu-

ated scale and recorded; if this is not done, and guesses are relied on,

hit and miss (mostly miss) results need only be expected. Too wide a

diaphragm will drown the details in light; too small a diaphragm will

surround all details with diffraction halos that will gain in ugliness as

one learns them better.

(d) Ray Filters.

The various colors of white light have differing values for optical and

photo-chemical purposes; they do not focus after being refracted at the

same place. When the apparatus is so adjusted that the red, orange and

yellow rays which mainly affect the eye are in average focus on the

ground glass, the blue and violet rays, which mainly affect the sensitive

plate, will be in focus enough nearer the object to spoil the picture.

One good way to overcome this difficulty is to use a color screen, which

cuts out the red and orange rays and at the same time thn blue, indigo and

violet rays at the other end of the spectrum, leaving the yellow-green

waves of approximately the same wave-length to affect both the eye and

the plate; without this precaution a good photomicrograph can not be

made with daylight or the electric arc; such a color screen is best produced

by placing in the path of the light a glass trough with parallel sides and

about three-sixteenths of an inch thick, filled with the following solution:

160 grams of dry, pure copper nitrate.

14 grams of pure chromic acid.

125 cc. of distilled water.

This is Zettnow's filter. We have found great advantage, especially in

photographing preparations stained with saffrannin or fuchsine. in adding

a second trough filled with a dilute solution of Loeffler's methylene blue.
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FOCUSING ON THE GROUND GLASS.

Much has been written about the proper focusing of the object". Our

experience leads me to conclude that the real difficulty has always been

that the machinery of the microscope was not sufficiently accurate, its

parts Avere not sufficiently firm relatively, the microscope itself was not

sufficiently supported against damaging strains and jars, and its fine

adjustment screw Avas not sufficiently fine; we need nothing but a fine

ground glass and the unaided eye for correct focusing; a plate glass and a

focusing lens are generally recommended; thej- are scarcely a help; the

difficulty vanishes with such stable and delicate machinery as puts control

entirely in the hands of the one focusing.

POSITION OF THE SENSITIVE PLATE.

A pure scarecrow of the boolis is the oft repeated necessity of having

the sensitive plate take the exact place of the ground glass; some one

must have concluded that a want of coincidence in this respect spoiled

his plates, and other essay mongers must have copied the conclusions.

Doubtless he and they had spoiled plates, but the cause was not here;

a variation of a quarter of an inch makes a perceptible difference in mag-

nification, but not in sharpness, and no instrument probably ever varied

so much as this.

EXPOSURE.

The time of exposure depends on so many things it is not possible to

give any rules: The source of the light, its intensity, the number and

character of the condensers, the number and character of the color

sci'eens, the width of the diaphragms, the character of the object, the

objective and eyepiece used, the sensitiveness of the plate, and the fresh-

ness and strength of the developer, all materially affect the time. Any

one can find out the time necessary by a few trials provided he under-

stands development and is a good judge of a negative. If he has not these

accomplishments he never can tell. Some kind of shutter with which

to accurately measure fractions of a second is so useful as almost to be

necessary in getting the right exposure; placing a ground glass in the

path of the light near its source will multiply the time of exposure some

twenty-five times and would be necessary in the absence of a shutter.
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PLATES.

It should go without sayiug, perhaps, that plates giving correct color

values should generally be used. We have used Cramer's isochromatic

mediums and Carbutt's orthochromatic mediums and have found them

satisfactory.

CHEAP APPARATUS.

I can think of no valid plea for cheap apparatus. Some men with

cheap apparatus can, to be sure, do better work than others with the

costliest. The difference does not lie in the apparatus; this good work is.

however, done at an outlay in time, patience and material that renders

it so costly in the end as to be impracticable. This is why photomicrog-

raphy has not been more used in the past. Makers of apparatus are care-

ful to advertise "any microscope stand can be used." This, except for

low power work of the simplest character and second grade in quality,

is a delusion. Internal reflections from the microscope tube, the objective

and its fastenings injure more or less everything; moreover, the trouble

necessary to adjust a microscope every time work is wanted is by far

the costliest part of the work; a special stand with a large tube from

the walls of which reflection is impossible and into which properly con-

structed objectives can be screwed without a graduating series of collars,

mounted firmly on an unshakable foundation, dedicated to this one use,

always ready, quickly capable of adjustment for any practicable powers,

with a source of light that does not require long-time exposures, immedi-

ately adjacent to a properly equipped dark room, is not only the cheapest

arrangement; it is the only arrangement that will for any considerable

time be used by a busy man. The complete apparatus as I have described

it should be supplemented by a firm, permanent, upright stand for copy-

ing all such slides as will not permit the microscope to be brought to

the horizontal position. This is one exception to my general proposition

that cheap apparatus is too expensive. The exception is. however, only

apparent, for this is as good an arrangement for this class of work as

it will admit of. This sort of camera should be at hand in every labora-

tory where there is any one competent to use it, for the things for which

it is necessary can neither be sent away nor can they await a more

favorable hour often. Such apparatus in convenient form has been ex-

hibited and described before this Academy.
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LIMITATIONS.

Photography has its limitations. The time of exposui*e can not be

accommodated to a field unequally illuminated. A man ten feet from the

camera and a background of forest and hills from a hundred to a thousand

feet away can not all be in correct focus at once. Undesirable and imma-

terial parts of the field will be taken with the same fidelity as the parts

wanted. Photomicrography shares all these limitations. With skill they

can be reduced to a minimum. By repeated exposures of the same field

all parts wanted can be presented in correct focus and together in their

true relationship. Fig. 5 was focused for the centrosome in the larger

cell; Fig. 6 for the centi'osome in the smaller cell. By the use of a special

stage, objects can often be tilted so as to bring related points into the

same plane. When one side of a field is lighter than the other something

can be done by stopping the development at proper stages, washing

the negative off and developing the exposed parts by a local application

of the developer. Immaterial parts can be cut out by the application of a

reducing agent to the negative or the positive, or by matting out in the

process of printing. Much has been said against the use of reduction,

intensification, retouching or even spotting out, and many inartistic, not

to say ugly, prints have been made that might easily and without damage

to fidelity have been made tolerable, if not beautiful. By the adjustment

of the light, by the kind of light used, by the character of the developer,

by the intensity of development, by the time of exposure and by the

quality of the plate, two prints of the same object can be made to tell

different tales. Photomicrography is not a means of compelling men to

tell the truth; no such means has ever been discovered; the usual bounty

for veracity is still to be had at the old stand. Clumsily practiced it tells

nothing; it is reliable when the photomicrographer is both truthful and

capable. There is no more reason why it should be compelled to tell

immaterial stories while it is telling material ones than that any other

witness on any other stand should be. I have, notwithstanding all this,

always followed the rule never to cut out or reduce anything whatever

from the material portion of the field. I have often hunted for hours

to find a section free from defects which told exactly the same story

that another one told, the defects of which I could have removed harm-

lessly and easily.
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ADVANTAGES OF PHOTOMICROGRAPHY.

Oue great advantage of photomicrography is that it leads to the prep-

aration of better microscopic slides, because, in part, of the rule that does

not permit the negative to be altered in its material parts; in part also

because the damaging defect can not always be removed. Another ad-

vantage is that when correctly carried out it can tell nothing but the truth

with reference to the parts in focus. It is maintained by good authority

that it sometimes reveals things not visible to ordinary vision. I have

often seen things in photomicrographs that had escaped my attenl;iou

before, but always when I came to observe carefully again I was able

to see them. A skillfully prepared photomicrograph shows details more

distinctly, with greater conti'ast, than they have when one observes

them through the microscope; I see no reason wliy if the proper conditions

were at hand it may not reveal details beyond the reach of ordinary micro-

scopic vision. A sensitive plate is not blinded by light or tired with long

looking. Photomicrography is not here presented as a remedy for all

ills; drawings have certain advantages; but every one can not draw, and

careful drawings require much more time than photomicrography. The

best of both is had when the details of photomicrography are supple-

mented by a consti'uctive diagi'am which uites all in one.

In science teaching pliotomicrography fills a place that nothing else

can. Few people comparatively ever use the microscope to any educa-

tional pui'pose; probably not more than a tenth of the students in our

colleges and universities are familiar with anything more than Its simplest

revelations; popular courses are wanted in and out of the colleges; psy-

chology, pedagogy, child study, and all organic studies call for illustra-

tions of biological laws or histological relationships which concern them;

for most of them it is photomicrography or drawings or both or nothing;

and no one that has ever tried it will hesitate for a moment to say that

the photomicrography must not be left out; it makes things real in a way

that a diagram can not; it helps the interest, not indeed to the same

extent that the microscope does, but to something like the same extent

that the microscope would, if the student did not prepare his own object

and if all the students could see the same thing at the same time through

it and have the view explained while looking. I am sure that the histo-

logical lantern slide is with us to stay, and that the histological half-tone

shortly will be.
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KNOWLEDGE OF PHOTOGRAPHY.

Any one desiring to learn bow to make good photomicrographs must

procure a camera and learn how to make a good negative; it will not

do for him to press the button and let some one else do the rest; he can

not leai-n what a good negative is until be has made many and tested

their printing qualities. When any one is a fair judge of the sort of

lantern slide or print a negative will make he can then make a good one,

and when he can at morning or at noon, on a clear or a cloudy day make

a landscape negative and print it on glass or paper so well that bis print

compares favorably with the best of its class in the market, he may begin

to experiment at photomicrography. He generally begins long before this

and always produces and often publishes work that he never would have

published could he have known Avhat others were doing. Almost every

photomicrographer has thrown away crop after crop of negatives which

he formerly cherished as the best producible. At this stage he either

quits or goes into a thorough study of the principles of photography on

the simplest outdoor work; the production of high-power photomicrographs

is the most difficult problem in photography and can only be done by good

photographers who have had much experience also in low power work.

THE OBJECT TO BE PHOTOGRAPHED.

The photography of diatoms has flourished as a scientific fad for

years. It is a special line of photography, calling for special illumination

and specially prepared objectives; it calls for resolution, while general

histological work requires penetration. It was for a long time a race

with instrument makers to see which could resolve the finest striations;

diatoms were used for test objects almost exclusively. It was gravely

argued that a microscope that was good for diatoms was good also for

other things in like proportion. Oblique illumination and blue light were

praised for the same reason. The comfortless purchaser was left to

reflect—having resolved a pleurosigma or an amphipleura—how few of

them he ever cared to resolve, and that blue light concealed what he

wanted to see. Every one easily admits, however, now that a diatom

can be photographed: and since the publication of Koch's Bakterienkunde

in 1889 and 1890 it has been granted that bacteria can be; they can be

made to lies so uniformly in one plane. Doubtless it will always remain

true that some things can be photographed better than others, and that
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a good preparation is to be preferred for this purpose to a poor one, that

only the best obtainable is to be photographed at all; but we are now

in a position to photograph any object better than it is possible to see it

by any single focusing of the microscope, and by repeated exposures any

object can be photographed as well as it can be seen, so that all at

least can be seen in the pictures that can be in the object. Fig. 7 Is an

egg from the ovary of a cat; the section is so thick that tissue cells lying

behind it can be seen through it; and yet all is clear. It goes without

saying that all the figures of the accompanying plates are of considerable

thickness; one of them. Fig. 10, is an unsectioned blastula of Ascaris;

the cavity within is seen through a cell which lies above it, and the light

that illuminates it has passed tlirough a cell that lies below, and yet

the blastocoele is produced with almost diagramatic clearness.

WHAT THE NEXT STEP IN PHOTOMICROGRAPHY OUGHT TO BE.

The apparatus for the best work in photomicrography is very ex-

pensive and always will be. It requires and always will require an expert

knowledge to make lantern slides and prints from microscopic prepara-

tions that an investigator can not afCord to acquire and keep, and time

that he could ill afford to spare. Education ought not to lack, it must

not, will not lack this means of furthering its ends. We must establish

here and there laboratories of photomicroscopy, in connection, preferably,

with some of our institutions of learning, at which this work can be done

for a considerable number of institutions. By this means negatives

would accumulate from year to year until thousands of them might be

at the command of all; the cost need not be great for all schools to possess

slides of their own from this collection, or slides might be rented at a very

small cost; all investigation monograms could thus be illustrated and

teaching everywhere could be put in almost immediate touch with the

latest that is known, and nothing else so vitalizes the worlv of the class-

room, as every one knows who has tried it. I have tried to get slides

from the plates used in works that had been published and copyrighted;

I have never been able to do so; there was perhaps no means by which

they could be easily made; there should be no other reason; they could

only be used for teaching purposes; when one has harvested all the honor

and money that can come from his publications I can not see why the

good, that it does not impoverish him to part vrith should not be shared.
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A scheme of this kind would funiish opportunity for friendly comparison

of work which could not be other than a benefit. A half dozen such

laboratories could do the work for the whole country; these could be affili-

ated and along this one line at least we should be spared the wastefulness

of the anarchy of independent effort.

COURSE OF STUDY.

It would immediately come to pass in connection with such labora-

tories that courses of instruction would spring up. Such courses would be

elected without doubt by many students in the various departments of

botany and zoology, and as a result the ability tQ do good work would

spread with the demand for it. One year's work in optics with special

reference to photomicrography, microscopy and projection, one year in the

theory and practice of photography, and two in the theory and practice of

photomicrography would fill every requisite, whether of quantity or

quality, from the beginning; it would be the work of experience to select

finally what is just the best for such a course out of very much that is

certainly good.

I have seen none of the literature of photomicrography of value except

Neubatis's "Lehrbuch der Microphotographie." Dr. Neuhaus is a practic-

ing physician of Berlin. He has given us a work of such excellence that

one does not need to see another; it contains a bibliogi-aphy that probably

leaves out little that has been written that is worth keeping. It should

be translated into English. It was first published in 1890 and a second

edition was called for in 1898. It is the first German work that has

survived into a second edition.



EXPLANATION OF PLATES.

Except where otherwise stated the following figures have been made with a

*2mm. apochromatic immersion objective and a 4 projection eyepiece with a

camera extention of 37 inches and a magnification of 1,500. The slides, except

where otherwise mentioned, were prepared by Mr. Elwood Mendenhall in the

Earlham Biological Laboratory. The ascaris slides were stained by the iron-

haematoxylin method. The material was fixed in Fleming's chrom-osmium-

acetic fixative. The time of exposure was from 2 to 10 seconds. Zettnow's filter

was used in each case, and for the Lilium candidum sections which were stained

with saflTranin, a Methylene l)lue filter in addition. No ground glass was used in

any instance.
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Fig. 5. Ascaris megalocephala, iV in objective and 4 projection eyepiece ; focused for

centrosome in larger cell.

Fig. 6. Same as fig. 5, except it is focused for centrosome in smaller cell.
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Fig. 7. Egg from the ovary of a cat, multiplied 1,500 times. Slide by Mr. Bertsch.
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tM^.^^^'imm^,mmm:

Fig. 9. The sperm cell is entering tlie egg from above; egg nucleus below multiplied

1,500 times.

Fig. lO- The formation of the first polar bodj-; sperm nucleus below. Slide by Jlr. Irwin
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Fig. 11. The mitotic figure is complete.

Fig. 12. Chromosomes of the equatorial plate seen from the pole.
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Fig. 13. An early telophase ; two centrosoiues above ; polar bodies outside of egg.
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Fig. 17 Pollen mother ceil of Lillium eandiduin ; slide by Pruf. David M. Mottier,

multiplied 1,500 times.
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Fig. 19. Onion root; the oblitiue mitotic figure accomiuoJates itself to the confined

cell space.

Fig. 20. Spinal cord of embryo pig, multiplied 50 times: Golgi preparation. Slide by

Messrs. Warfel and Marshall.
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Fig. 21. The upi>er left-hand cell of fig. 20, multiplied 200 timee.

Fig. 22. The Commissure of fig. 20, multiplied 200 times.
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The Leonids of 1900.

By John A. Miller.

The number of Leonids observed this year was very much smaller

than was anticipated. Doubtless many escaped notice because of the

bright moonshine and cloudy weather. Still, bearing these facts in mind,

the shower was very disappointing. The totale of observations tend to

confirm Dr. Johnstone Stoney's prediction that, owing to planetary per-

turbations, the stream bearing these meteors would not come nearer the

earth this year than one and a half million miles.

On the mornings of November 14th and 15th my colleague, Mr. W. A.

Cogshall, and myself, aided by our students, observed these meteors in

order to obtain data concerning—

(a) The frequency of fall.

(b) The radiant.

(c) Duration of visibility; and

(d) The height at which the meteors appeared and disappeared.

Ou both mornings the sliy was cloudy until three o'clock, and parts

of it were overcast even after that time. Hence our observations for

frequency are of small value. However, from 3:52 to 4:22 on the morning

of the 14th our observers coimted thirteen meteors. These came from the

neighborhood of Leo, but were probably not all Leonids. At no other

time were meteors so frequent as then. It was a source of remark,

however, that they seemed to fall in groups two or three. That is,

when one appeared one or two others followed at short intervals.

We attempted to obtain a sufficient number of trails of the meteors,

photographically, to determine a radiant, but were unsuccessful. Our

visual observations for the same purpose were more fruitful. On the

morning of the 14th 45 meteor trails were platted; 13 of these were

Leonids. Ou the morning of the 15th 41 wei'e platted: 17 of which

were Leonids. The radiant obtained from these paths was at the point

whose right ascension is 149° and whose declination is 21°.

A Bergstrom chronoscope was employed to measure the duration of

visibility. This instrument measures time accurately to the thousandth

of a second, which is much less than the error introduced by the observer

6—A. OF SCIRNCP.



iu pressing the telegraphic liey whicli registers the appearance and disap-

pearance of the meteor. The average of the results obtained for the

duration of visibility is 0.6 second.

In order to secure the parallax of the meteors observations were made

at Bloomington and at Bedford. The co-ordinates of these stations are,

for Bloomington, longitude 86° 32' 11", latitude 39° 10'; for Bedford,

longitude 86° 39' 10", latitude 38° 52'. The distance (rectilinear) between

the two stations is 33,652 meters, equaling 20.13 miles.

An examination of our charts and recorded times showed that of all

the meteors platted only one had been observed simultaneously at both

stations.

Using the method of Klinkerfues, we found that the height of the

meteor at the time of apparition Avas 143 miles, and its height at the time

of its disappearance was 64 miles.

Mosquitoes and Malaria.

By Robert Hessler.

[Abstract.]

The recently developed theory that mosquitoes are the carriers of

malaria from one man to another, which is based on the definitely

ascertained cause of malaria, is a question of considerable importance to

inhabitants of malarial districts, such as we have, for instance, along the

Wabash Rivei".

Speaking of Indiana, especially when compared with former times,

it may be said that malaria has lost Its terrors. To see what the disease

really is requires a visit to such a region as the desolate Roman Cam-

pagna, or to the Isthmus of Panama. The ravages of the disease, known

about Rome as Pontine fever and at Panama as Chagras fever, is some-

thing terrible to contemplate.

Popularly it is generally believed that the drainage of wet areas and

of stagnant waters is the cause for the great diminution in the number of

cases and of its severity among us.

For a cause, biologists and physicians always want something tangible

—a something that can be seen, felt, weighed or measured; a something
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that appeals to the senses. Many persons are satisfied with a very simple

explanation, and frequently a name suffices. The term "malaria" ety-

mologically means "bad air," and was applied to the disease in olden

times when bad air or a "miasm" was supposed to cause it.

Now what is malaria? we may ask. What is its cause? How does it

get into the body?

Diseases due to a specific cause, to a living organism, spread about

over the face of the earth just as we see animals and plants spread.

Many with originally restricted habitats have in the course of time

attained a world-wide distribution. Some diseases, natives of warm
climates, periodically leave their natural boundaries, as yellow fever or

cholera, flourish for a short time and then disappear utterly. If a new

disease appears in a country and the conditions for its existence are

favorable, then the disease remains and is called endemic. The cold of

our winters has a destructive effect on many diseases and a retarding

influence on others. Some flourish only during the warm mouths of the

year.

The date when a new disease first appeared in a country, or rather

an old disease in a new country, is accurately known in many instances,

and the gradual spread after its inti'oduction has been carefully followed

in some cases. Leprosy, for instance, now so common in the Sandwich

Islands, was brought in by the Chinese in 1840.

Malarial fever had a restricted habitat in former times and has gradu-

ally spread and still does spread to places where it had never been seen

before. Its appearance and spread in the Island of Mauritius in compara-

tively recent years was attended with a frightful loss of life. It was

brought into the island in 1866 by some sick sailors, and an epidemic

followed; in the year 1867, 32,000 out of a population of 310,000 died of

malaria. In some of the lowly situated districts more than one-fifth of

the population perished from fever alone.

The original home of malaria is unknown. Many of the islands of

the sea are still free from it. All other conditions may be favorable, but

unless the active cause is introduced the disease never appears in a

country where it had never been known to occur.

It is now about twenty years since Laveran, a French military sur-

geon, then stationed in Algiers, discovered and first described the active

cause of malaria. This discovery has been verified again and again

and is now universally recosrnized as the cause. It is a minute foim
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of life beloiifring lu tlip spDi-uzoa and is most commonly known under

the name of Plasmodium malariae. To detect this parasite in the blood

is the crucial test for malarial fever in these days of laboratory methods

of investigating and diagnosing diseases; once found, the application of

the remedy for the disease is clearly indicated—this is quinine or one

of the allialoids of the cinchona group. Quinine is a pi'otoplasmic poison

to the malarial parasite.

The Plasmodium malariae lives in and at the expense of the red

blood corpuscles of human beings afflicted with the disease. It appears

first as a minute speck in the corpuscles, gradually enlarges, and about

the time the cell is consumed it undergoes a segmentation, each segment

being a new and independent being which at once seeks a new host, a

fresh corpiiscle. Segmentation keeps up the species in the body of

the host.

Under suitable conditions a higlier development of the parasite can

be seen. It is a process of differentiation into gametes, or males and

females, and the resulting offspring are concerned in the transmission

of the species, and of the disease, be it noted, into a new host.

The role of the mosquito in carrying the disease from one person to

another has been worked out during the past two years. The prevailing

view of how this is done may be outlined in this wise: When the

Anopheles mosquito bites a human being afflicted with malaria, the

parasites in the blood are taken into the insect's stomach and here and

in the intestines they undergo a certain cycle of existence, or evolution,

lasting about a week or ten days, and sporozoids—corresponding to the

eggs of higher animals or to the seeds of plants—are formed, and these

get into the salivary gland, and when the mosquito bites ag^in they are,

along with the saliva, injected into the wound. Once in the human system

these sporozoa seek and occupy the red blood corpuscles; gradually they

increase in numbers by sporulation, and in the course of a few days, or

after one or more weeks, evidence of malaria manifests itself. In this

way malaria is transmitted to a new individual.

The life history, or the development of the parasite, can be followed:

First. In the blood of a malaria fever patient by taking a drop of

the blood at variable intervals and examining it under a high power of

magnification. This will show the sporulating generation.

Second. In blood kept for some time under suitable conditions

—

warmth and loss of fluid by evaporation—under the microscope.
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Third. In the organs, notably the spleen, of persons dying from

malaria.

Fourth. In the bodies of mosquitoes after feeding on the blood of a

malarial fever patient, the insects being kept at a summer heat.

With the cause definitely recognized, malarial fever may be defined

in this wise:

"A specific infectious disease depending upon the presence in the

blood of one or more of several species of closely allied parasites (Haemo-

sporidia), which develop within, and at the expense of, tlie red blood

corpuscle of the infected individual, resulting, according to the species

and number of the parasites present, in more or less periodic febrile

paroxysms or in continued fever."

We may now ask: How does this active cause get into the body?

Or, in otlier Avords: How do we catch malaria?

When the mosquito theory was first announced it was thought that

any and all mosquitoes could transmit the disease. It lias since been

found that there is only one genus which is now universally suspected.

There are about 250 species of mosquitoes described, and of this

number about 30 have been found in the United States. The genus to

which the malaria carrying mosquito belongs is that of Anopheles; it

may be recognized by its spotted wings and the peculiar position of the

body when at rest—the body axis projecting away from the place of

support, as a wall. Our common mosquito belongs to the genus Culex

and is considered harmless; it has no spots on the wings and the body

axis at rest is parallel to the wall. Anopheles is an inhabitant of the

country. Culex lives in the city as well as in the country.

Mosquitoes normally live on the juices of plants; the sucking of blood

is an acquired habit. The females alone suck blood, the mouth-parts

of the males are not adapted for it. They seem to survive our winters;

they are often to be seen during warm days in the midwinter months.

In the spring the few survivors are ready to repopulate all the country

around—and at the same time spread malaria. With us malaria is essen-

tially a disease of warm weather.

There are two chief methods by which the subject can be studied:

First. To search for Anopheles in its usual habitat and then for the

malarial fever. Or,

Second. To find the malarial fever and then look for Anopheles.
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The blood of man upon which the mosquito has been feeding can

readily be studied in thin sections of the insect properly stained. In some

of the slides which I will pass around, the distended stomach, filled with

blood, can be easily distinguished; under a high magnification any Plas-

modium malariae in the corpuscles can be seen.

From the preceding remarlis it will be seen that three chief factors are

involved in this question:

1. The fever-stricken human being, or, the disease in the body, or,

in other words, the reaction brought about by the presence of the active

cause.

2. The cause itself, the Plasmodium malaiiae.

3. The transmitting agent, carrying the active cause from one in-

-fected human being to others. This is the Anopheles mosquito.

Now what is to be said on the application of all these discovered

facts? Most of us, unless we see a well defined application for newly

discovered facts, are not inclined to attach any great importance to

such discoveries, and. on the other hand, the more directly we are con-

cerned the greater the value to us. In the field of medicine the value of a

discovery is estimated in the light of the relief it gives mankind from

disease and affliction.

How best to apply this new knowledge in reducing the ravages of

malaria and in banishing it from the face of the earth is a question on

which opinions differ. By some it is held that the best method of pro-

cedure is to destroy all the mosquitoes, and thus prevent the transmission

from one individual to others. It is claimed by advocates of this class

that the malarial parasite may not live exclusively in man, but might

be inoculated from lower animals. On the other extreme are men who

aim to exterminate malaria by exterminating the malaria germ itself,

by properly diagnosing all malaria cases and administering sufficient

quinine; by isolating all such patients and protecting them from mosquito

bites. They blame the mosquito less than the infected blood upon which

the insect feeds. It would be impossible, they argue, to get rid of all

the mosquitoes in any community, much less of those in the whole world.

Their reliance is quinine and screens.

Besides these extreme views there is what may be called a com-

promise, that is: To reduce the number of breeding places of the mosquito

to a minimum, by drainage and drying up all wet places and pools of
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stagnant water; by isolating the sick and protecting tbem from the bites

and by the administration of quinine. With the breeding places reduced

and the sick isolated there will be a constantly diminishing number of

malarial fever cases.

A number of experiments have already been made along these lines.

Former efforts, as those of the Italian government in planting Eucalyptus

trees, have been futile because founded on imperfect data. Of the

Eucalyptus it should, however, be said that it does have a slight influence,

the leaves containing a volatile oil offensive to the mosquito, and on

this account they do play a slight part in lessening the ravages of the

disease among those living in a grove of the trees.*

Quite different are the results of experiments made this year. Prom

the Eucalytus theory of a generation ago to the mosquito theory of to-day

is a step far in advance, and results based thereon are equally significant.

The Italian railways—with tlieir lonely stations in the plains and

valleys—were the first to take advantage of the new theory in adopting

prophylactic measures against mosquito infection of malaria by protecting

their buildings and those occupied by their workmen by mosquito netting.

The tests have been regarded as conclusive. Of 104 railway employes

protected from mosquito infection not one contracted the disease. On

the other hand, out of 359 persons not thus protected but otherwise

living under similar conditions, only seven or eight escaped the fever.

A more elaborate test was made at Paestum, in a fearfully infected

region to the southeast of Naples. The houses had wire screens over

every opening—doors, windows, chimneys, etc., and persons going in and

out after dusk were obliged to wear veils and closely woven, thick gloves.

One hundred three persons were thus protected and of this number only

three showed symptoms of malarial infection. The difllculty of inducing

ignorant persons to fully comply with directions for protecting themselves

accounts for the exceptions. No quinine was used by the party. Out

of the population of 307 souls living in that region and not protected, all

but five contracted malaria—these five being sons of the soil who seem

to have been immune to a considerable extent. Where the protected party

took no quinine, the exposed persons, on the other hand, during the same

period, took six pounds.

'•'The «pecimen8 of Eucalyptus here ihown are, one from Battipaglia, north of Paestum,

in a terribly devastated region of Italy ; the other from the Roman Campagna above the

Callistus catacombs.
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It is now proposed to isoitite aii fever patients in tlie malarial districts

and to protect tlae dwellings by screens—a tremendous undertaking with

an area of 20,000 square miles and with a population, much of it very

ignorant, of 2,500,000.

CHANGES IN INDIANA.

In regard to the changed condition in Indiana—the former prevalence

of malaria, especially in the Wabash bottoms, even only two or three

decades ago, and its comparative rarity at the present time: It seems

to me that the explanation is to be sought chieflj^ in the fact that proper

medication, the taking of sufficient quinine, is resorted to promptly now-

adays, resulting in the rapid disappearance of the disease, or disease

symptoms, in the afflicted individual, and thus keeping the number of

foci from which the disease could be disseminated at a minimum, and at

the same time sliortening the period of existence of such foci, or, in other

words: The fewer individuals there are in any neighborhood tlie less

the liability for the healthy to contract the disease.

In former times quinine was a very costly remedy, used as a last

resort and usually in insufficient doses; to-day quiuine is very cheap and

by many used for any suspicious malarial symptoms.

Then, too, mosquitoes were, no doubt, more abundant in former times

than at present, owing to the greater number of wet places where the

animals could breed; stagnant water being one of the essentials in the

life history of the insect. Drainage is restricting such breeding places

more and more, thus indirectly reducing the number of mosquitoes.

Now that the proper relationship of malaria to swamps and pools is

known, it becomes a comparatively easy matter to still further diminish

the progeny of the "skeeters" still among us. The simplest method,

except drying up wet places, is to spread a film of oil over all bodies

of stagnant water—the larvae as they come to the surface to breathe

get the oil in the respiratory system and quickly perish. The necessity of

isolating and properly protecting all malarial fever cases is self-evident.

SUMMARY AND CONCLUSIONS.

Malaria is a disease which once had a restricted distribution, but

which in the course of time has been distributed over the face of the

earth; it is most common in warm climes; it is due to a specific cause,
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the Plasmodium malariae, a miuute organism living in and destroying

the red blood corpuscles. The parasites are transmitted from one person

to another by the mosquito. A certain cycle of the life history of the

malarial pai'asite takes place within the body of the mosquito and the

spores are injected from the salivary glands into and under the skin in

biting.

Certain species of mosquitoes are the carriers to and fro of the infect-

ing organisms. They may in a general way be recognized by their spotted

wings and hy their peculiar position when at rest.

The prevalence of malaria can be diminished by guarding against

mosquito bites; by isolating malarial fever patients, giving them sufficient

quinine and protecting them fx'om being bitten; by reducing the number

of breeding places of the mosquitoes by drainage.

Individual prophylaxis is best attained by avoiding the bite of the

mosquito.

A Shell Gorget Found Near Spiceland, Indiana.

By Joseph Moore.

All I propose to do in this brief paper is to give a history of the object

represented by the accompanying photograph, leaving it for others to tell

the meaning of the engraved design and also its relation to other speci-

mens of prehistoric art. About half a mile north of Spiceland, Henry

County, while some men were loading gravel and sand, they came to some

graves from whicli were taken two or three badly decayed human skele-

tons, the skull of a groundhog and the gorget which is the subject of this

report. One of the human skulls is well preserved and the other suffi-

ciently so to indicate its character. They represent rather a fine type of

head.

The photograpli herewith presented is very nearly one-half the size

of the original, which is in length five and three-fourths inches. The

greatest breadth toward the wider end is three and one-eighth inches,

and that of the narrower end is two and one-half inches.
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It has been wrought by dressing off the borders of a very large speci-

men of fresh water mussel, a species of Unio. It is evident both from the

incompleteness of the original tracing on its concave surface and from

the natural form of that species of shell that one-fourth, more or less, of

the entire length of the original ornament has been broken off while yet in

use, and the broken edge dressed to improve its appearance.

''
. ;!i

/'^®\

There are four perforations. As to the design, it has been engraved by

a steady hand, and the fine grooves afterwards neatly stained with dark

paint.

The photograph would probably represent the original somewhat more

perfectly had not the finder varnished it, supposing it would otherwise

be likely to crumble, as did the larger part of the two skeletons. It was,

however, well preserved.

Professor Holmes of the Smithsonian Institute and Professor Warren

K. Moorehead both regard it as an interesting find, and one or both of them

will probably tell us more about what it is supposed to mean. So far as

I have yet been able to learn, inscriptions on shell are more common

further south, say in Tennessee and the Gulf States, than in the latitude

of central Indiana.

This design is in some respects allied to what may occasionally be

found among the ruins of Central America, judging from pictures ob-

served in archeologieal reports.

I am indebted to David Newby of Spiceland for the specimen and to

Professor Collins of Earlham for the photograph.
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A Harbor at the South End of Lake Michigan.

By J. L. Campbeli,.

The northern boundary intended for Indiana by the act of Congress,

July 13, 1787, and also the boundary designated in the act introduced De-

cember 27, 1815, by Mr. Jennings, the territorial delegate for the admission

of Indiana as a State, was an east and west line through the southern

extreme of Lake Michigan.

But an amendment to the original bill was adopted removing this

boundary line ten miles to the north, and in this form the act was passed

April 19, 1816.

This ten-mile line was marked on the early maps of the State, and has

been the subject of curious inquiry by many who are ignorant of this item

of State history.

By this amendment there was added to the territory of the State

nearly one-half of the present counties of Steuben, Lagrange, Elkhart,

St. Joseph and Laporte.

By the original line the State Avould have been cut off entirely from

the great northern chain of lakes, and Michigan and Illinois would have

cornered at the extreme southern limit of the lake.

The ten-mile strip gives to the State a lake front of forty miles between

Michigan and Illinois, and makes Lake, Porter and Laporte counties parts

of the border of our great inland sea.

I do not know who deserves the honor of securing the ten-mile strip,

but I would be glad to erect two monuments to his memory, one where

our shore line touches Illinois and the other to mark the line between this

State and INIichigan.

From the period of the admission of the State in 1816 until the present

our wisest statesmen and best engineers have manifested great interest

in the improvement of our lake front.

Michigan City Avas laid out in 1831, and in 1886 Congress made an

appropriation of $20,000 for the beginning of a harbor at that place.

The site is a good one—the growth of the city has been satisfactory,

a fair degree of liberality has been shown by the general government for

the harbor, and the results prove that the expenditures have been wise.

It merits and should continue to receive the most generous support.

But the new conditions around the head of Lake Michigan require im-
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provements and advantages on a much greater scale than the continued

support of a single harbor.

The village of 1830 at the mouth of Chicago River has become the

second city of importance in the United States.

Its traffic by rail and water has become so great that relief and en-

largement are most pressing, and these must be provided along the

Indiana lalie front.

The shore line along the lake is made up of loam and sand, which,

although not the best material for harbor building, are of comparatively

easy manipulation.

With other sites for a new harbor I ask attention anew to the mouth

of the Calumet River, and particularly to the feasibility of using the

strip of low land or lakelet east of the river and extending possibly into

Porter County.

Between the sand hills or ridges, which are shown on the government

survey, and the nearest railway line there is a strip of marsh land called,

on the old maps. Long Lake.

If on examination it should be found practicable to dredge out this

lake to the proper depth and connect it with the mouth of the Calumet

the desired harbor would be easily constructed.

This site is specially commended on account of the protection afforded

by the sand ridges on the north, thereby making it a haven as well as a

harbor, and because it would interfere least with the railways along the

lake shore.

The commercial advantages to the State are of the greatest import-

ance.

All the railways running southeast and east from Chicago would use

this new port for transfers between rail and water—and possibly also

between railways west and north of Chicago on account of less expensive

terminal facilities—so that the co-operation and suppoi-t of the great rail-

way interests would be secured.

Here would be the point of minimum cost between the Lake Superior

iron ores and the block coal of central Indiana and the greatest stimulus

offered to the development of all kinds of manufacturing industries.

The cheapening of transportation for oolitic limestone would be no

small factor In favor of this new outlet.



85

Hammond and other lloui'isliuig- cities in the northwest part of the

State would experience the most direct benefits by the increase of business

and manufacturing facilities and consequent increase in population.

The proposition is worth at least a passing thought and is commendwl

to the State and general governnionts for further consideration.

Some Peopekties of the Sym.aiedian Point.

By Robert J. Aley.

Monsieur Emile Lemoine, at the Lyons meeting of the French Associ-

ation for the advancement of the Sciences in 1873, called attention to

a particular point within the triangle, which he called the center of ajiti-

parallel medians. Since that time a number of mathematicians have

studied the point and have discovered many of its properties. The point

is such an interesting one that a brief collection of its more striking

properties may be of some value. No claim is made to completeness.

DEFINITIONS OF THE POINT.

1. The point of concurrency of the bisectors of all lines antiparallel

to the sides of the triangle.

2. The point of concurrency of the lines isogonal conjugate to the

medians of the triangle; that is, the point of concurrency of the sym-

medians of the triangle.

3. The point within the triangle, the sum of the squares of whose

distances from the three sides is the least possible.

4. The point within the triangle, whose distances from the sides is

directly proportional to the sides.

NAMES OF THE POINT.

1. Center of antiparallel medians, proposed hy Monsieur Emile Le-

moine.

2. Symmedian point (sym§diane, from sym6trique de la mediane),

proposed by Monsieur Maurice d'Ocagne. The Engish form "symmedian"

was suggested by Mr. R. Tucker in 1884.



86

3. Minimum pomt, suggested by Dr. E. W. Grebe.

4. Grebe's point, proposed by Dr. A. Emmerich.

5. Lemoine's point, proposed by Professor J. Neuberg.

METHODS OF CONSTRUCTING THE POINT.

1. Draw the medians AMa, BMb of the triangle ABC. Then draw AK'a,

BK^b, maliing the same angle with the bisectors of angles A and B, respectively,

as are made by AMa and BMb. The intersection of AK^a, BK^b is K, the sym-

median point.

2. Draw antiparallels to BC and CA. Join A and B, respectively, to the

midpoints of these antiparallels, and the intersection of these joining lines is K,

the Bymmedian point.

3. To the circumcircle of the triangle draw tangents at B, C and A, and let

these intersect in X, Y, Z, respectively. Then AX, BY, GZ concur at K, the

aymmedian point.

SOME PROPERTIES OF THE POINT.

1. K is the point isogonal conjugate to G, the centroid.

2. If Ka, Kb, Kc are the feet of the perpendiculars from K to the three sides

respectively, then

2 Aa 1
KKa

KKb

i2 + b2 + C2

^ y Where A is the area of the triangle

I

ABC, and a, b, c are three sides of
2 A c

KKc =^
2 _|_ ua I 2 ^^^ same triangle.

Area of A BKC =

Area of A CKA=

Area of A AKB

a2 + b2 4- c2

Ab''

a2 + b2 + c2

Ac^
a2 + b2 -f c2

A BKC : A CKA : A AKB= a^ : b^ : cK

4. Antiparallels to sides of the triangle through K are equal. Such anti-

parallels cut the sides of the triangle in six points which lie on a circle whose

centre is K. This circle is called the Cosine Circle.

5. K is the median point of the triangle KaKbKc.



87

6. The line KMa (Ma is the mid point of BC) passes through the mid point

of the altitude AHa.

7. The sides of the K-pedal triangle KaKbKc are perpendicular to the

medians of ABC, respectively.

8. The sides of the G-pedal triangle GaGbGc are perpendicular to the sym-

medians AK, BK, CK, respectively,

9. a . GA . KA + b . GB . KB + C . GC . KC = a . b . c.

10. If the symmedian lines AK, BK, CK meet the circumcircle of ABC in

A^, B^, C^, then the triangles ABC and A'B'C^ are co-symtnedian, that is they

have the same symmedian point K.

11. K and M (M is the circumcentre of ABC) are opposite ends of a diam-

eter of Brocard's Circle.

12. Parallels to the sides of ABC through K, determine six points on the

sides which lie on the Lemoine Circle.

13. If points A", B', C be taken on KA, KB, KC so that KA' : KB' : KC/=
KA : KB : KC:^ constant, then antiparallels to the sides through A', B', C re-

spectively, determine six points on the sides of the triangle which lie on a Tucker

Circle.

14. If Ai Bi Ci is Brocard's first triangle, then

Ai K is parallel to BC.

Bi K is parallel to CA.

Ci K is parallel to AB.

15. AK, BK, CK produced meet Brocard's circle again in A'', B'', C" re-

spectively, and these points form Brocard's second triangle A'' B'' C.
16. If KA, KB, KC, meet the sides of ABC in Xi, X2, Yi, Y2 and Zi, Z2

renpectively, then the sides of the triangle Zi Xi Yi are parallel to A i2, B il, C il

respectively, and the sides of Y2 Z2 X2 are parallel to A Q', B f2', C il^ respectively,

where 12 and i2' are the Brocard points of ABC. i2 and K are the Brocard points

of ZiXiYi and i2' and K are the Brocard points of Y2Z2X2.

17. The point of concurrency D of AAi, BBi, CCi is the point isotomic

conjugate to K.

18. The line MK is perpendicular to and bisects the line Qi2',

19. The Simson line of Tarry's point is perpendicular to MK.
20. Cot <KBC+ cot <KCA + cot <KAB= 3 cot « where (j is the Bocard

angle.

21. If the symmedian AK cut EG in K'a and the line MMa in Q then

(AK'a, KQ) is a harmonic range.
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22. If from K'a perpendiculars p an q are drawn to CA, AB respectively,

then

P_ q _ 2/\

b c a2 + b2

23. AK:KK'a= b2 + c2:a2

24. BK"a:K'aC= c2:b2

CK^biK'b A = a2:c2

AK^c:K'cB=b2:a2

25. The tangent to the circumcircie at A, and the symmedian AK are har-

monic conjugates with respect to AB and AC.

26. The angles AMK, BMK, CMK are equal respectively to the angles

(BC, BiCi) (AC, AiCi), (AB, AiBi), that is the respective angles between the

sides of Brocard's first triangle and the corresponding sides of the fundamental

triangle.

27. The sides of the AKaKbKc are proportional to the medians of the

/\ABC, and the angles of the A^aKbKc are equal to the angles which the

medians make with each other.

28. The sum of the squares of the sides of KaKbKc is less than the sum of

the squares of the sides of any other triangle inscribed in ABC.

29. The ratio of the area of ABC to that of its co-symmedian triangle

A'B'C^ (See No. 10) is (—a2-f-2b2+2c2) (2a2—b24-2c2) (2a2+2b2—c2):27a2bV.

x^oTE On McGinnis's Universal Solution.

By Robert J. Aley.

The full title of the book is, "The Universal Solution for numerical

and literal equations by vphich the roots of equations of all degrees can

be expressed in terms of their coefficients, by M. A. McGinnis, Kansas

City, Missouri, the Mathematical Book Company, 1900."

In his preface the author announces that the book appears at "the

request of many able mathematicians, teachers and scholars throughout

the United States.'* He also modestly states that the imaginary is for

the first time put upon a true basis, that bi-quadratics are more thoroughly
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treated than in any prior work and that it Is the only worli in which

general equations beyond the fourth degree are solved. It is also the

only book that shows the fallacies in Abel's proof that equations of higher

degree than the fourth can not be solved by radicals.

That the book is interesting goes without saying. No one who prom-

ises so much can fail to write in an interesting manner. One follows

breathlessly to see the kind of a paradox that will be produced.

A number of simple theorems in the theory of numbers and the

theory of equations are stated as though they were new.

On page 53, article 164, we read: "The roots of quadratics represent

the sides of right triangles when Real Quantities; the sides of isosceles

triangles when Real Imaginaries; and when Pure Imaginnries may be

represented by lines." His argument for the latter part of the statement,

it is needless to say, is not convincing.

A number of special numerical problems in equations of various de-

grees are solved. In many of these some very ingenious special methods

are exhibited.

One chapter is devoted to the discussion of Wantzel's modification of

Abel's proof of the impossibility of an algebraic solution of equations

of higher degree than the fourth. The character of the discussion can

be best understood by quoting the conclusion. "If we should accept

his (Wantzel's) demonstration as true, we would be forced to the conclu-

sion that the general equation of a degree higher than four was destitute

of roots. The concluson of Wantzel that the roots can not be indicated in

algebraical language is equivalent to saying that there are no roots,

since it is absurd to say that finite quantities exist which can not be

expressed in any function of other finite quantities, which are themselves

symmetrical functions of the first, however complicated."

The author's notion of the imaginary is summed up in a general

theorem, as follows: "An Imaginary Quantity is the indicated square

root of the difference of the squares (with its sign changed) of the bases

of two right triangles having a common perpendicular which is the

radius of a circle; two of such triangles lying wholly within the semi-

circle, and two partly within and partly without the semicircle." What
the theorem or the demonstration means would be hard to tell.

V—A. OF Science.
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Of bis so-called universal solution I will consider only that of the

sixth degree. He assumes that—

x6 + mx" + nx^ -f- bx3 4- px2+ tx + q =

c[-



91

The Cayleyan Cubic.

By C. A. Waldo and John A. Newlin.

The Use of the Bicycle Wheel in Illustrating the Principles

OF THE Gyroscope.

By Chas. T. Knipp.

(PubHshed in the Physical Review, VoL XII, No. 1, January, 1901.

The Cyclic Quadrilateral.

By J. C. Gregg.

PROBLEM.

The opposite sides of a quadrilateral FGHI inscribed in a circle, when

produced, meet in P and Q; prove that the square of PQ is equal to

the sum of the squares of the tangents from P and Q to the circle.—

No. 80, page 470, Phillips nnd F'isher's Geometry.

SOLUTION.

(See Fig. I.)

On PO and QO as diameters draw circles (centers S and T) and cutting circle

O in C, D, E and K. QK and PD are tangent to O. Through the points Q, F
and G draw a circle cutting PQ in A. Then ZPHG = ZGFI= ZQAG
.*. ZPAG is the supplement of ZPHG and PAGH is cyclic, and

PQ. PA = PF.PG= PD and

2

PQ.QA=:QH.QG= QK and adding these two equations

2 2 2

PQ = PD + QK — Q. E. D.
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Fig. I.

DISCUSSION.

(1) With P and Q as centers, and PD and QK as radii draw two

arcs meeting in B. Then PBQ is a right angle, and PB is tangent to

arc EBK, and as the tangents PD and PB to circle O and arc EBK are

equal, P must be on the common chord KE produced; and in the same

way DCQ is a straight line.

(2) Since PK.PE=PF.PG=PQ.PA. the point A is in the circumference

T, and OA is perpendicular to PQ. and A is also in the circumference S.

(3) PQ.PA=PF.PG=PI.PH. .-. the points A, Q, I, H are concyclic,

and in the same way A, P, I, F are also concyclic.

(4) PK and QD are respectively perpendicular to QO and PO. and

R is the orthocenter of the triangle POQ, and AO passes through R.
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(5) The three arcs DEC, EBK and DBC cut orthogonally, two and

two, and the common chord of any two of them passes through the center

of the third.

(6) (See Fig. II.)

Z GPA + Z GQA= Z HIF (supplement of Z PGQ).

ZGPH =ZGAH.
ZGQFr= zGAF and adding these three equations

ZQPI+ ZPQI= ZHAF+ ZHIF, or

180°— ZHIF= ZHAF + ZHIF.

180° — 2ZHIF= ZHAF. But ZH0F = 2Z HIF.

.-. 180°— ZHOF = Z HAF and H, A, F, O, are concyclic.

(7) We have now shown the following points to be concyclic:

A, G, F, Q,—center M.

A, G, H, P,—center N.

A, O, K, Q,—center T.

A, P, D, O,—center S.

A, P, I, F,—center S .

A, Q, I, H,-centeK T'.

A, H, O, F,—center O'.

And we will show that X is the center of a circle through A, G, O, I.

(8) CD, 0.\ and HF are tlie tiiree common chords of circles O, S and O^,

and must meet in a point. ITence HF, the diagonal of FGHI, passes

through R.

(9) Since APIF is cyclic ZQVF^ZQIP; and for the same reason ZPAH
= ZQIP. .-. ZQA.F= Z PAH and ZOAF= ZOAH.

(10) Since the circles S', O^ and M pass through the points A and F, their

centers S^, (Y and M are in the same line perpendicular to AF. For

a similar reason N, (X, T' are in the same line perpendicular to AH,

and S', S, N and T^,T, M are respectively in the same lines perpendicu-

lar to PQ or TS. Also T^S^ TS and MN respectively bisect AI, AO,

and AG at ri^ht angles. Now the angles SO'S' and SO^N have their

sides respectively perpendicular to the sides of the equal angles OAF
and 0\H. .-. ZSO'S^= Z SO'N and SN= SS', and in the same way

TM= TT'. Hence the lines T'S' and MN will meet TS at the same

point X, and X A^ XG := XO = XI and X is the center of the circle

through A, G, O, I.

(11) Now HF, OA, and GI are the three common chords of the

circles O, O' and X and must meet in a point. Hence GI the other
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Fig II.

diagonal of FGHI also passes through R, and we have established the

following

Theorem.—The diagonals of an inscribed quadrilateral meet in the

orthocenter of the triangle whose vertices are the center of the circle,

and the points where the opposite sides meet.

(12) (See Fig. 1.) Since QK, QE, PC and PD are tangents to circle O,

the following theorem holds: If the diagonals of an inscribed quadri-

lateral meet in R, and its opposite sides meet in P and Q, and PR and

QR be drawn cutting the circle in E, K, C and D, then PD, PC, QK and

QE are tangent to the circle.

(13) The diagonals of any quadrilateral inscribed in circle O. and

whose opposite sides meet in P and Q, will pass through R.

(14) If any point I, in circle O be joined to P and Q and cutting

the circle in F and H, PF and QH will meet on the circumference as at G.
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Note on the Determination of A''apor Densities.

By Chas. T. Knipp

The object of this note is to describe briefly a method of determining

vapor densities which was suggested to the writer last year while maliing

observations on the surface tension of water at high temperatures.

The principle used is that the buoyancy of vapor increases as the

density increases. An iron core mn (Fig. I), carrying a sphere S at its

lower end is lifted by the sucking action of a coil in whicli a current

is flowing. The lifting coil and core with sphere attached are contained

in a steel vessel of suflacient strength to withstand high pressures. Three

insulated circuits are run through the plug closing the vessel. The scheme

-u

It"

V/cssel

^ «fo breasure Oou9«

r,. I.

of connections is shown in Fig. I. The lifting current is supplied by a

number of storage cells, the current being adjusted by tin resistances

until the sphere is lifted. At that instant contact is made at M, closing

the signal circuit, shown to the right in the figure. The temperature is

read by means of a Cu-Pt thermo-junction. This is placed in a hole

drilled in the containing vessel to within 2mm of the inner cavity. The

vessel communicates with a pressure gauge and pump. The current re-

quired to lift the sphere is read by means of p milli-volt meter looped

aroimd a .03-ohm coil.
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As yet only a few readings have been made, and these were obtained

incidentally while conducting the investigation referred to above. A curve

was platted (Fig. 2) in which temperatures are abscissas, and the cor-

responding currents are ordinates. Only the upper portion of the curve

is shown in the figure. The density increases very slowly at first, and

becomes constant when the critical temperature is passed.

This method furnishes a means of determining the critical temperature

and critical pressure, as well as the critical volume of a liquid.

An Improved Wehnelt Interrupter.

[Abstract ]

By Arthur L. Foley and R. E. Nyswander.

The chief difliculties encountered in working with the ordinary type

of Wehnelt Interrupter are that the glass tube which holds the platinum

wire is continually breaking and that the length and size of the project-

ing platinum wire can be changed only by constructing new tubes.

In the improved interrupter a lead vessel serves as electrode and to

contain the electrolyte. The platinum wire is held in a brass tube

having its lower end slotted and conical. A collar, sliding on the conical

end, serves to press the jaws together and to clamp the platinum wire.

The projecting end of the wire may be about 1 cm. long; the remainder

of the wire may extend up the inside of the tube.

The lead vessel should be filled half full of the electrolyte and over

this should be poured a layer of coal oil 2 or 3 cm. deep. The brass tube

is gradually lowered until the platinum point extends to the desired

depth in the electrolyte. The remainder of the platinum wire and the

brass tube are entirely protected by the oil. The oil serves also to

decrease the spray and fumes from the electrolyte. A platinum loop

instead of a point is preferable in many cases. The action of the inter-

rupter is made more constant.

Many other electrolytes may be used besides the usual 10 per cent.

solution of sulphuric acid and water. As a matter of fact for high or low

voltages some other electrolytes are superior. The following tables gives

some data concerning a few of many electrolytes that have been used

with this form of interrupter:
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A Method of Measuring the Absolute Dilatation of Mercury.

[AbBtract.]

By Arthur L. Foley.

The forms of apparatus used by Dulong and Petit, aud Regnault, in

determining the absolute dilatation of mercury are open to one or both

of the following objections: (1) Some parts of the mercury columns are

exposed and so the termperature can not be exactly the same throughout;

(2) the heights of the columns must be measured from some assumed

point of equilibrium in a horizontal connecting tube. The method pro-

posed in this investigation is entirely free from both these objections.

The two arms of a vertical U tube are jacketed in the usual way,

except that the jacketing tubes are of glass to permit the heights of the

mercury columns to be taken with a cathetometer, at any level. Into

the tube is poured a quantity of mercury suffi(;ient to stand several centi-

meters high in eacli arm. When the required temperature has been

attained the two heights are carefully measured. More mercury is added

and under the same temperature conditions the heights are again meas-

ured. The differences in the heights before and after adding the mercury,

together with the temperature difference of the two arms, are all the

data required. Many independent determinations may be made by adding

or removing mercury. As the readings are in every case difference

readings any effects that might come from capillary and convection

currents in the horizontal tube are eliminated. Two of my students,

J. G. Gentry and O. A. Rawlins, have obtained remarkably consistent

results by this method, though the coefficient of dilatation obtained by

them is slightly less than that obtained by Regnault.

The Geodesic Line of the Space ds^^dx^-j-sin^xdy^-j-dzs.

By S. C. Davisson.
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The Friction of Kailway Brake Shoes Under Various Con-

ditions OF Pressure, Speed and Temperature.

By R. a. Smart.

Information concerning the friction of unlubricated rubbing surfaces

is, unfortunately, limited in quantity, and it is believed that the data pre-

sented herewith, although relating particularly to the friction of brake

shoes for railway cars, may be properly offered to the Academy as a

contribution to the general subject.

The bralie shoe is an important factor in the chain of mechanism

popularly known as the air brake. It is not, strictly speaking, a part of

the air brake, but is the immediate agent through which the air brake

accomplishes the stopping of the train. It is the block of metal which

is pressed against the tread of the car-wheel and which creates, in contact

with the wheel, the friction which brings the wheel and hence the train

to rest. It will at once be seen that the effectiveness of the whole air

brake system on our railways is dependent directly upon the efficiency

with which the brake shoe does its work. For instance, we can conceive

of the brake shoe being made of some substance like glass, so hard that

its friction would be practically nothing, in which case the air brake would

be powerless to stop the train.

In fact, so important is the brake shoe in the eyes of railway officials

that the Master Car Builders' Association has caused to be built an

elaborate machine to be used exclusively for the testing of brake shoes.

The need of such a machine will be understood when it is stated that

the tendency of brake shoe manufacturers is, in order to be able to

guarantee long life for their shoes, to make them so hard as to seriously

impair their frictional qualities.

The Master Car Builders' Brake shoe testing machine, which has been

deposited by them in the engineering laboratory of Purdue University,

consists of a heavy revolving weight whose kinetic energy at any speed

is equal to that of one-eighth of a loaded 60,000-pound freight car. On
the same shaft as this weight and revolving with it is an ordinary car

wheel. By a series of weighted levers, the shoe to be tested is pressed

against the moving car wheel, thus bringing the wheel and, hence, the re-

volving weight to rest. When it is remembered that the freight car has

eight wheels, each fitted with a brake shoe, it will be seen that the ma-
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chine reproduces the conditions surrounding one-eighth of a freight car, so

far as the forces involved in stopping the cai- are concerned. The machine

provides a complicated recording mechanism by which the performance of

the shoe while under test may be determined.

The present tests were undertaken to determine the effect upon the

coefficient of friction of variations in tlu-ee factors, viz.: The normal

pressure between the shoe and the wheel, the speed of the wheel at the

time the shoe is first applied, and the temperature of the rubbing surfaces.

The effect of the first two variables was determined by maliing stops

from various initial speeds and under different braking pressures, and

calculating for each test the mean coefficient of friction for the stop.

The limits of the variable elements under which the tests were made

were as follows: Initial speed, 10 to G5 miles per hour; normal pressure,

from about 2,800 pounds to about 10,700 pounds, these limits being the

ones found in ordinary road service. In making a stop, the method of

procedure is as follows: The weight and car wheel are brouglit to the

desired speed of rotation by an engine. The engine is then disconnected

from the revolving Aveight by a clutch and the brake shoe is brought in

contact with the car wheel with the desired braking pressure. As the car

wheel and weight are being brought to rest under the action of the brake

shoe, the recording mechanism attached to the latter draws an autographic

record of certain elements in the performance of the shoe, from which

the mean coefficient of friction during the stop may be calculated.

The effect of the third variable mentioned above, namely, the tempera-

ture of the rubbing surfaces, was more difficult to determine. The tem-

perature of the shoe only was observed, and this was found by imbedding

in each end of the shoe the thermo-electric joint of a Le Chatelier pyrom-

eter. This joint, in connection with a D'Arsonval galvonometer, gave

continuous readings of the temperature of the face of the shoe near each

end. The tests were made by making continuous runs at constant speed

and noting simultaneously the temperature of the shoe and the coefficient

of friction. The limits of temperature under Avhich the tests were made

were from about 60° F. to about 1500" F.

The results from the tests may be summed up as follows:

1. The coefficient of friction of brake shoes decreases with increase of

pressure. The values are approximately as follows:
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Soft cast-iron shoe.

Slow speed.

Pressure increasing from 2,700 pounds to 10,700 pounds.

Coefficient of friction decreasing from 37 per cent, to 20 per

cent.

Soft cast-iron sboe.

High speed.

Pressure increasing from 2,700 pounds to 10,700 pounds.

Coefficient of friction decreasing from 25 per cent, to 15

per cent.

Hard cast-iron shoe.

Slow speed.

Pressure increasing from 2,700 pounds to 10,700 pounds.

Coefficient of friction decreasing from 33 per cent, to

18 per cent.

Hard east-iron shoe.

Higli speed.

Pressure increasing from 2,700 pounds to 10,700 pounds.

Coefficient of friction decreasing from 17 per cent, to 12

per cent.

2. The coefficient of friction of brake shoes decreases with increase

of initial speed. The values are approximately as follows:

Soft cast-iron shoe.

Light pressure.

Speed increasing from 10 to 05 miles per hour.

Coefficient of friction decreasing from 37 per cent, to 25 pei

cent.

Soft cast-iron shoe.

Heavy pressure.

Speed increasing from 10 to 65 miles per hour.

Coefficient of friction decreasing from 27 per cent, to 20 per

cent.

Hard cast-iron shoe.

Light pressure.

Speed increasing from 10 to 65 miles per hour.

Coefficient of friction decreasing from 33 per cent, to 20 per

cent.
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Hard cast-irou shoe.

Heavy pressure.

Speed increasing from 10 to 65 miles per hour.

Coefficient of friction decreasing from 25 per cent, to 12

per cent.

3. Tlie coefficient of friction of cast-iron brake shoes is practically

constant with variations in temperature of shoe and wheel within the

limits of the experiments.

Diamond Fluorescence.

[Abstract.]

By Arthur L. Foley.

A year ago I presented to the Academy an account of an experiment

with a diamond and a photographic dry plate (Proceedings of Academy.

1899, p. 94). Later experiments have confirmed the theory presented.

It has been found that a low temperature is favorable to the success of

the experiment.

A Theorem in the Theory of Xumbers.

By Jacob Westlund,

Let n be any prime number and let

Sk= P + 2k
H Sk + + (n — 1 k.

Then

Sk=0, mod n, when k ± 0, mod (n—1) and Sk = — 1, mod n, when

k = 0, mod (n-1).

Proof. Consider the congruence.

x"-i— l~(x — 1) (i — 2) (x— n— 1), mod n.

This congruence is evidently satisfied by the n— 1 incongruent numbers.

1,2,3, (n-1).
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But the congruence is of the degree n — 2, since it may be written

+ ai x"—^— 32 x"-^^ + as x"-* — an—1 — 1 = 0, mod n, where

ai= l + 2 + 3+ +(n-l)
32= 1.2 + 1.3+ + 2.3+
33 = 1 .2.3+ 1 .2.4+

an-i^l. 2.3 (n — 1).

Hence, since the number of roots of a congruence with prime modnlus can

not be greater than the modulus, the given congruence must be identical. Hence,

ai= 0, mod n.

a2^ 0, mod n.

an—2 = 0, mod n.

En-i = 1, mod n.

But from the theory of symmetric functions we have the following relations:

Si — ai = 0.

Ss — Si ai + 2a2= 0.

Sn-2— S„-3ai + — (n — 2) . an-2=0.

Sn-l— Sn-2 . ai+ +(n — 1) . an-l= 0.

Sn — Sn-l . 31 + + Si . an-1^ 0.

Hence,

Si= 0, mod. n. Szn—3^0 mod. n.

S2= 0, mod. n. S2n—2=— 1 mod. n.

S2n-i— mod. n.

or

Sn-2 =0, mod. n.

Sn-l = 1 mod. n

Sn^ 0, mod. n.

Sk= 0, mod n, when k S mod (n — 1 ) and Sk= — 1 , mod n, when k

:

mod (n — 1).
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On the Decomposition of Prime Numbers in a Biquadratic

Number-Field.

By Jacob Westlund.

Let
x^+ ax2 + bx + c=

be an irreducible equation with integral co-eflBcients, whose discriminant /\ we

suppose to be a prime number. Denote the roots of this equation by 9, 0', 0", 0'",

and let us consider the number-field k(0), generated by 0. Then since the funda-

mental number of k(0) enters as a factor in the discriminant of every algebraic

integer in k(0), it follows that ^ is the fundamental number of k(0) and

1, 0, 02, 03

form an integral basis, i. e., every algebraic integer a in k (0) can be written

a z^ ao -f- ai0 -\- 320^+ 330^^

where ao, ai, 32, as are rational integers.

The decomposition of any rational prime p into its prime ideal factors is

effected by means of the following theorem : If

FU)= x< + ai2 -1- bi+ c

be resolved into its prime factors with respect to the modulus p and we have

F(x)E={ Pi(x) y'[ P2(x) Y' (modp)

where Pi{x), P2(x). .. are different prime functions with respect to p, of degrees

fi, f2, . . . respectively, then

(p)=fp,
Pl(0)]'' [p, P2(0)j'2

where p, Pi(0)
, p, P2(0) are different prime ideals of degrees fi,

f2,... respectively, (i)

In applying this theorem to the factorization of p we have two cases to con-

sider, 1st when p^ /^ and 2nd when p =b A.

Case I. p= ^.
Suppose

(p) == A^' A^= A«^ A^*

where Ai, A2 . . . are different prime ideals of degrees fi, f2, ..., respectively.

Then, since the fundamental number of k (0) is divisible by p 1 C^i )+ 2(*2 )

~r • • • ( )) we have

fl^l— l) + f2(^2— 1) +isi'3'-^) +f4(^4— i) = l,

(1) Hilbert: "Bericht iiber die Theorie der Algebraischen Zahlkorper," Jahrefbericht

der Deutschen Mathematiker-V^ereinigung (1894-95), pp. 198> 202.

8—A. OF SCIKNCE.
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and also

fl"! + f2<'2 + hfr, + Ui= 4.

From these two relations we see, remembering that A is divisible by the

square of a prime ideal (^), that the required factorization of p is either

(p)=Ai2.A2.A3

where Ai, A2, A3 are prime ideals of first degree, or

(p) = A1-A2

where Ai is of first degree and A2 of second degree.

Hence the factors of F(x) are either

F(x) =
I
Pi(x) }

' P,(x) . F,{x) (mod. p),

where Pi(x), P2(x), PsCx) are prime functions of first degree, or

F(x) = {Pi(x)|' P,(x)

where Pi(x) is of first degree and P,(x) of second degree.

In order to find the prime ideal factors of p we have thus to resolve F(x)

into its prime factors with re.-pect to the modulus p. To do this we set

X* + ax2 +bx + c = (x + l)2 (x2 + mx + n) (mod. p)

= x^ + (m+ 21) x* + (n+ P + 2ml) x^ + (ml^ +
21n)x + nl2. (mod. p.)

Hence, for determining 1, m, n we have the congruences

m + 21= o
"I

n+ 2ml+P = a

mP + 21n= b

nl2=c
J

Eliminating m and n, we get

4P + 21a = b )

31* + 3.I2 ^c
j

which give

2al2 ^3bl— 4c (mod. p).

Having thus obtained the values of 1, m, and n, we set

X2 +mx + n = (x+ r) (x + s) (mod. p)

= X2 +(r + s) x+ rs. (mod. p).

Hence,

r-|-8= m )_ > (mod. p).
rs^n

J

or
(r — 8)2= — 4 (a 4-212) (mod. p).

} (mod. p).

(1^ Hilbert, p. 201. (2) Hilbert, p. 195.
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1. If (- j^ — 1, then x--|- mx + n is irreducible and we have

F(x) = (x-|-l)2(x2+ mx + n) (mod. p)

and hence

(P) = (P, e4-l)-(P, e2+ me + n).

2. If f
~^^"^

-) = + 1, then let r— s= k be a solution of

(r— s)- = — 4 (a +21-) (mod p) and we get r and s from the con-

gruences

r+s=m|
_ \

(mod. p).
r— s= k

J

We have then

F(x) = (x+ 1)2 (x + r) (x+ s) (mod. p)

and hence

(p) = (p, + l)'(p, + r) (p, e+s).

Case //. p rh A-

In this case we have the two relations

f:(ei- 1) + f2(e, - 1) + f,,(e., - 1) -f f,(e, - 1) = 0.

Now since A is the only prime which is divisible by the square of a prime

ideal, the relations given above show that p can be factored in one of the follow-

ing ways

:

A4 where AijAjjAjjA^ are all of 1st degree.

where Aj is of 2d degree and A 2, A3 of Ist de-

gree,

where Aj and Aj are both of 2d degree,

where Ai is of 1st degree and Aj of 3d degree,

where Aj is of 4th degree, in which case (p) is

a prime ideal.

Hence F(x) can be factored in one of the following ways :

1. F(x) = Pi(x) . P2(x) . P3(x) . P4(x) (mod. p).

2. F(x) = Pi(x) . P2(x) . P3(x) (mod. p).

3. F(x) = Pi(x) . P2(x) (mod. p).

4. F(x) = Pi(x) . P2(x) (mod. p).

5. F^x) = Pl(x) (mod. p).

where Pi(x) is a prime function of the same degree as the corresponding A .

1.
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In order to decompose F(x) into its prime factors with respect to the modulus

p we set

X* -|- ax^ -}-'jx + c= (x + 1) (x^ — lx--\-nix-]-xx) (mod p).

= x^-)-(m — P) X- -I- (n -j- Im) X -]- In (mod p)

hence,

m — P =a 1

n-[-lna= b }-(modp).

In^c j

from which we get

(1) l* + aF — b] = — c. (mod. p).
'

A) If (1) has one solution only, then the prime factors of F(x) are

(x-j-l) and (x'^ — Ix^ + mx + n) and the required factorization

of p is

(p) = (p, + 1) (P, ©^-le^ + me + n).

B) If (1) has two solutions 1 and V. Then F(x) contains two factors of

Ist degree and one of 2d degree and we have

F(x) = (x+ 1) (x+ F) (x^^ + sx + t) (mod. p).

where

s= -(l + K
(mod. p;.t~a —P— 1'-— IV

and hence,

(p) = (p, e + 1) (p, e + n (p, 62-1-89 + 1).

C) If (1) has three solutions in which case it evidently must have four

solutions 1, V V V'\ then

F(x) = (X + 1) (x + 1') (x + \") (X + V") (mod. p).

and hence,

(P) = (p, e -f 1) (p, B + Y) (p, e 4- n (p, e + r^O-

D) If (1) has no solution, F(x) has no factors of 1st degree. Then we

set

F(x) ^ (x^ -f i^x + n) (x^ — mx + n') (mod. p).

^^x^ -)- (n -{-n' — m^) x^ -|- m (n^ — n) x -f- nn^ (mod. p).

Hence,

n-f-n^— m^ii^a T

(2) m(n^—n)=b |- (mod. p).
I

nn'^== c J

If the system (2j is soluble we have

F(x)=x2 4-mx + n) (x^— mx+ nO (mod. p).
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and hence,

(p)= (p, 02 4- me+ n) (p, 02 — me -t- n^.

If (2) is insoluble, F(x) is irreducible and hence (p) is a prime ideal.

As an application we give a table of the prime ideal factors of certain

rational primes in the number-field generated hj a root e of the equation

X* + X + 1 = 0.

Here A= 229 and we get

(229) = (229, e— 75) ^ (229, e^ — 79e— 71)

(2) = (2)

(3) = (3, e+ 2) (3, 63+02+0 + 2)

(5) = (5, e + 2) (5, e^ + 302 + 40 + 3)

(7) = (7)

(11) = (11, e + 4) (11, e3 — 402 + i6e+ 3)

(13) = (13)

(17) = (17, e — 3) (17, e3 + 3e2 _ ge — 6)

(19) = (19, — 2) (19, 03 -f 202 4-40 + 9)

(23) = (23, + 4) (23, + 5) (23, 02 — 90 — 8).

Dissociation-Potentials of Neutral Solutions of Lead Nitrate

WITH Lead Peroxide Electrodes.

[Abstract]

By Arthur Kendrick.

To determine if in such solutions and with lead peroxide electrodes

electrolytic action takes place at voltages lower than that required for

the separation of lead and lead peroxide with platinum electrodes, the

method developed by Nernst' and Le Blanc^ was made use of.

Two platinum wires coated with a tliick, firm crust of lead peroxide

were first used as electrodes. The current-potential curves obtained

showed sharp bends at about 0.4 volt. To determine at which electrode

the action at this voltage took place an electrode was made of a platinum

wire projecting 1mm from a sealed glass tube. This point was coated

with the lead peroxide before use each time. The other electrode con-

1. W. Nernst, Berioht. d. deutschen ch. GeseL 30, p. 1547, 1897.

L. Glaser, Zelt. fiir Electrochemie, 4, p. 355, 1898.

E. Boie, Zeit. lur Electrochemie, 5, p. 153, 1899.

2. LeBlano, Zeit. fiir ph. Chemie, 12. p. 3.3S, 1892.
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sisted of a piece of platinum foil of several square c. m. area, coated witti

lead peroxide. Thus the two areas were vastly different; and nearly the

whole of the polarization occurred at the point electrode, which was used

successively as anode and as kathode.

When used as anode the current-potential cun'es sliowed the bend at

about 0.4 volt. But used as kathode, the several curves were not in as

good mutual agreement, and do not clearly indicate a particular voltage

at which action at that electrode begins. The general indications are

that the lead appears at a voltage considerably less than that required

to separate lead on a platinum kathode, and that the jperoxide is reduced.

The irregularities that may mask the critical voltage seem to be due to

local concentration changes around the electrode.

PbO. seemed to form at the anode at the voltage 0.4.

Some Observations with Rayleigh's Alternate Current

Phasemeter.

By E. S. Johonnott, Jk.

This instrument in the field of alternate current measurements takes

a place similar to that of the galvanometer in direct current measure-

ments; \^itli some advantages, and also with some disadvantages. For

example, its indications may represent either current or electromotive

force, and the angle of lag and true watts in a circuit may be obtained

by a simple calculation. However, its indications, as in all other alternate

current meters, vary as the square of the current; hence its range of

sensibility is limited.

The principal feature of the instrument is the ease with which it

gives the angle of lag of the current in a circuit behind the electromotive

force impressed at its terminals. Also when once calibrated it gives all

the quantities needed to determine the energy absorbed in a conductor.

Similar to the tangent galvanometer it consists of an iron magnet

suspended in the field of the cun-ent whose value is required.

Fig. I is a horizontal sectional view of the form used by Lord Rayleigh.

M represents the cuiTent coil, and is connected in series with the con-

ductor on which the measurements are desired to be made. S represents

the E.M.F. coil and is shunted across the terminals of the conductor.
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Between the coils, M and S, with its center on their common axis, a piece

of soft iron wire is suspended at an angle of 45° to the axis of the coils.

In the instrument with which the following observations were made,

the coil M consisted of 72 turns of No. 22 copper wire wound in two

sections having 48 and 24 turns respectively. S w'as similarly wound

with No. 28 manganin wire and had a resistance of 668 ohms. Each was

made adjustable along their common axis for a distance of 13 centimeters.

The needle was suspended Avith a fine phosphor-bronze torsion fiber.

The deflections were measured with mirror and scale.

If an alternating current is sent through eitlier of the coils, the needle

becomes a magnet acted upon by a couple depending upon the instan-

taneous value of the current. The couple will be in the same direction

whatever the direction of the current. In short, it will vary as the sine of

twice the angle theta and as the mean of the square of the current values.

Since the couple varies as the sine of twice the angle theta, it will

be a maximum for theta = 45°. Here also will be the position for the

least sensitiveness to change in the zero.

In order to use the instrument as a phasemeter, readings of the deflec-

tion produced by the current in M, and the fall of potential in S are taken

independently. Then, usually, two readings of the deflection produced by

the currents in both coils simultaneously are taken—one in which both

couples act in the same direction, the other when they act in opposite

directions. The values of these two latter readings depend upon the

angle of lag, and together with the reading for the currents, independ-

ently, give sufficient data for its computation.

The calculatiou may be made in two ways:

(1) Analytically.

(8) Graphically.

In the first method,

Ci^ = A2 + B2 -f 2AB cos <f

Cj^ = A2 + B2 — 2AB cos (p when

A^ is the deflection with M acting independently.

B^ is the deflection with S acting independently.

Cf and C| is the deflection with M and S acting simultaneously.

<p may be found from either equation.

In the second method, two triangles are laid off with their sides proportional

to the square roots of the readings. The angle of lag, f», is given in either case as

shown in Fig. II.
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Considerable raxige in sensibility for both coils is obtained by adjust-

ing them at different distances from the needle. Some idea of this range

may be obtained through inspection of the curve given in Fig. 3.

This was taken with the coil S, having a constant E.M.F. of 69.835

volts at its terminals. The abscissae represent the distances of the coil

from the needle; the ordinates, the corresponding value of the deflections

on the scale.

Both coils were calibrated at different distances from the needle with

the Thomson balances. Fig. 4 represents curves taken with the coil, M,

and shows no appreciable departure from the law of the squares.

In order to facilitate taking the readings, compensating coils, M' and

S'. Mg. 5, were arranged in the circuit for M and S respectively, so that

the conditions within the conductor on which the observations were being

made remained the same when either M or 8 was cut out. This obviated

removing either coil when the reading due to the current in the other was

desired.

In Fig. 5 is shown a diagram of the connections used in making an

observation for the angle of lag in a circuit which is here shown to be a

coil, X, on a split anchor ring. X and M are connected in series in the

secondary of a one-to-one transformer, in order to have no appreciable

impedance in the circuit, other than X. The electrical conditions in this

circuit were then controlled by the resistance and choking coil in the

intermediate circuit. One commutator was arranged in the shunt circuit

to reverse the current inS, another to substitute the compensating coil

8' for 8.

One of the greatest difficulties encountered in measurements of this

character is due to unsteadiness in the source. Particularly is this true

when all the readings can not be taken simultaneously. This may,

however, in a measure, be overcome by arranging an auxiliary voltmeter

similar to the E.M.F. coil, S, with its terminals connected across the ter-

minals of the secondary of the city transformer. The phasemeter readings

are then taken when the deflection due to their auxiliary coil is constant.

With respect to accuracy the phasemeter as a current meter is per-

fectly similar to the galvanometer.
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Some measurements on hysteresis and the effect of iron in tlie mag-

netic circuit have been undertaken. It would, however, be too premature

to take up their description at this time.

The instrument which has been described was built, largely, by Mr.

Edwin Place, formerlj- connected \\ith the Institute. He made many

observations similar to those above recorded.

I should like to take this opportunity to thank Dr. Gray for his many

suggestions and for the removal of a number of stumbling blocks.

A Demonstration Apparatus.

By p. N. Evans.

The apparatus is a simple modification of that commonly used to com-

pare, by diffusion, the density of another gas with air. It consists of a

porous battery-cell placed horizontally and fitted by a stopper to a glass

tube bent downwards at right angles a few inches from the stopper,

and then upwards again to its original height. This U-shaped manometer

is about two feet long and half filled with a dark-colored liquid; the limbs

are close enougli together to make a slight difference of level easily seen,

against a white background fastened to the tube. To further increase the

sensitiveness of the instrument a perforated glass plate or heavy card is

secured between two corks on the horizontal part of the tube close to the

cell, so that the cylinder or beaker of gas to be examined may be pressed

lightly against this, and thus largely prevent loss of the gas before suffi-

cient time has elapsed to show the maximum deviation in the manometer.

While the ordinary apparatus is recommended for demonstration only

with gases differing considerably from air in density, this modification

has given very satisfactory results with hydrogen sulphide, and even

oxygen, with densities of 1.18 and 1.11 respectively, a difference in level

of at least an inch being observed in the latter case. A slight effect,

clearly visible to the manipulator, though not satisfactory for demon-

stration purposes, was obtained with nitrogen—density 0.972.
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Still greater delicacy may be obtained l)y slanting the whole apparatus,

giving the manometer a decided inclination.

Methylation of Halogen Amides with Diatomethane.*

By Jas. H. Ransom.

Since the classical work of Hofmann on the rearrangement of the

halogen amides to derivatives of the isocyanates the mechanism of this

reaction has been the subject of numerous investigations. HoogewerfC

and van Dorp extended the work of Hofmann and pointed out the proba-

bility of a similarity in this reaction and that known as the "Beckmann

rearrangement" of the oximes. After some more recent work on the

brom-amides by Lengfeld and Stieglitz, the latter, with his pupils, studied

the influence of the amide hydrogen atom on the rearrangement. He
found that when this hydrogen was replaced by an alkyl radical no

rearrangement took place in the sense of the Hofmann reaction, and

suggested as the simplest and most reasonable explanation, that at some

early stage of the reaction, under the influence of the alkali, the molecule

'This work was undertaken during the past summer, at the Uniyeriity of Chicago, in

company with Dr. Julius Stieglitz.
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lost liydrobromic acid, leaving monovalent nitrogen, which, by its reac-

tivity, drew to itself the radical originally attached to carbon. As Stieg-

litz has pointed out, this explanation would account for the Beclimanu

rearrangement, and for that of the acid azides.

It seemed not without interest, therefore, to dcteraiiue experimentally

the position of the amide hydrogen in the halogen amide molecule. The

two possible positions of this atom. K CO—N H/Cl and EC—(OH)=N CI,

correspond to the two classes of alkyl derivatives, chlor alliyl acid amides.

R CO N R/Cl, and chlorimido acid esters, whose properties are now

known. But the fact that the salts of such a molecule may have a differ-

ent constitution from that of the free acid would make quite uncertain any

conclusions drawn from the results obtained from the usual methods of

introducing an alkyl X'adical.

Von Peckmann has shown tliat substances of an acid character react

readily with diazomethane. forming a methyl der;-. :itive of the substance,

the methyl entering where the hydrogen was attached. As the reaction

is carried out with the free acid in absolute ethereal solution tlie proba-

bility of a rearrangement of the molecule dui-ing the process of methyla-

tiou is reduced to a minimum. Ransom has shown, also, in two cases,

that this method of methylation can be used to advantage in deciding

delicate questions of constitution.

With these ideas in view, the following work was undertaken: Benz-

chloramide is best made by adding a solution of chloride of lime to a cold

saturated solution of benzamide, which had previously been acidified

with acetic acid, and extracting the oil which is formed with ether.

On drying the ethereal solution with calcium chloride and evaporating

the ether in vacuo without heating, a crystalline residue results which

after recrystallizing from benzol was found to be 98.1 per cent. pure.

The purity was determined by finding the percentage of active chlorine

in the substance, by adding potassium iodide to a dilute alcoholic solution

and titrating the free iodine with sodium thiosulphate. An ethereal

solution of diazomethane was then prepared and some of the benzchlora-

mide. suspended in a little ether, added to it until the yellow color of

the diazomethane had nearly disappeared. Nitrogen was evolved in large

quantities. When the action had ceased the ether was evaporated and

there was left an oil with a peculiar but not unpleasant ethereal odor.

The oil did not solidify even in a freezing mixture. Some of it was dis-

solved in ligroin and dry hydrogen chloride passed into the solution.



1-18

Chloriue was evolved and a white solid separated which was very soluble

iu water. The aqueous solution after standing some time gave off a

distinct odor of benzoic ether (CcHsCOOCHj). Caustic soda separated

from the solid an oil which had the characteristic odor of benzimido ether

( CgHsCll^lf ) . ^ quantity of the salt was heated in a bath to 118°.

A gas (CH3CI) was evolved wliich burned with a green flame, and in the

tube tliere remained a crystalline sultstance which proved to be benza-

mide. Some of the methylated chloramide was suspended in water and

I'educed with hydrogen sulpliide. When the oil had become dissolved

the solution was poured- from the free sulphur and distilled with a con-

centrated solution of caustic soda, the distillate being collected in hydro-

chloric acid. This distillate Avas evaporated to dryness, and the residue

extracted witli absolute alcohol. Very little dissolved in the alcohol and

no trace of methyl amine could be detected, nor of aniline by using

either the delicate Jacquemine test or the isocyanide reaction. The prop-

erties of this substance therefore and its reactions correspond in every

detail with what would be expected from the constitution,

r> XT p — 0CH3
'^e "5 ^ =NC1.

Besides, benzchloramide is a fairly strong acid, as its alcoholic solution

can be titrated against standard caustic allialis, using either phenol-

phthalein or litmus as indicator. This acidity is not due to hydrolysis, thus

forming free hydrochloric acid, since it gives with silver nitrate, even

on standing, only a trace of silver chloride. A solution of the substance

therefore contains hydrogen ions, a thing not to be expected on the suppo-

sition of an amide hydrogen. We may conclude therefore that benzchlor-

amide contains an hydroxyl group.

Attempts were made to extend the investigation to other amides, viz.,

m—uitrobenzamide and anisic acid amide. The chloramide of the former

however was found to be so unstable even at 0° that work on it was

discontinued for the time. Anisic acid chloramide is also unstable, but

at —5° enough of it was obtained to try the action of diazomethane

upon it. The bleaching powder method was the one used to make the

chloramide, but it always contained some of the dichloride, which was

then converted into the monochloride by dissolving in caustic soda and

reprecipitating it with acetic acid. As the least excess of acid decom-

poses it completely, the yields are very poor. A small amount of the

substance, about 90 per cent, pure, was methylated as described above.
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An oil was obtained whicb, when dry hydrogen chloride was passed into

its solution, evolved chlorine, and deposited an oily solid salt. At 115°-

120° it lost methyl chloride and there remained a crystalline substance

which, however, was not the amide and contained chlorine. This was

saponified with caustic soda, but the acid formed melted at 205° -210°

and still contained chlorine. It is evident that at some stage the benzene

ring became chlorinated. But the fact that methyl c^hloride was evolved

on heating indicates that the methyl was united to oxygen.

A little preliminary worli was done with the brom-amides, they being

more easily prepared pure than the corresponding chlor derivatives.

While the results were not conclusive, they indicated that either metliyla-

tion occurred on the nitrogen atom or that a rearrangement of the amide

to the amine had taken place. For a distinct isonitril odor was observed

when the saponified product was boiled with chloroform and caustic

potash. Besides when m-uitro benzbromamide was methylated a suV)-

stance was obtained with quite different properties from those in the

former cases. It contained a large amount of bromine, though almost

inactive. A small amount of the substance gave a distinct test for form-

aldehyde (resorciu and sulphuric acid). This might indicate that a

molecule of the brom amide had added itself to the methine (CH,) group,

thus:

E Co Ngj. -f CH2 —- R Co NH — CH2 Br.

This on saponification would give a derivative of formaldehyde and

would contain inactive bromine.

The worli will be extended in this and other directions as soon as

opportunity offers.

Note on the Apparent Deterioration of Formalin.

By Thomas Laege.

Attention of chemists and naturalists is called to the following facts:

A stocli of formalin, purchased from a prominent firm, for 40 per cent,

formaldehyde, was kept at the Biological Station of Illinois for three

years, where it was subjected to winter temperatures. When tempera-

ture was low a precipitate of white paraform (?) appeared, and was
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redissolved with higher temperatures, lu the past summer soire difficulty

was experienced with it in preserving larger fishes in warm weather.

A sample of the formalin was submitted to Dr. Palmer, Professor of

Chemistry in the University of Illinois, for examination. The following is

his report on it: "We find that it contains 38I2 per cent, of formic alde-

hyde. This is practically the quantity that is supposed to be contained in

commercial formalin, i. e., 40 per cent, formic aldehyde. I find that nearly

one-half of the foi*mic aldehyde is polymerized, i. e., about 18^ per cent.

is in the form of the polymer tri-oxymethylene. I am not sufficiently

familiar with the use of the formalin as a preservative to be able to

state whether this polymerization will interfere with the use of the

formalin as a preservative, but would suggest that possibly the formalin

has proved unserviceable because nearly half of the constituent which

is expected to do the worli is in the form of the polymer, and probably

unserviceable."

Notes ox the Examination of A^egetaele Powders.

By John S. Wright.

'.Abstract.l

Brief accounts were given of the methods employed in preparing

vegetable powders for microscopical studies, especially through the use

of clearing and other microchemical reagents. References were made

to the work previously done along this line and to the literature of the

subject. Histological characters of vegetable powders were discussed,

particular attention being paid to the value of the microscope as a means

of identifying and detecting adulterations in granulated and powdered

drugs and spices.

The Staining of Vegetable Powders.

By John S. Wright.

[Abstract.]

The use of differential stains to aid in the study of the histological

elements of vegetable powders is in many instances important. If in
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the study of a powder it may be j.tained differentially to correspond with

the staining which can be employed upon various sections made of the

original crude material, it becomes much easier to refer the minute

granules and fragmentary elements to the tissues from which they orig-

inated.

There are two ways by which we may produce differentially stained

powders for microscopical examination. The first and simplest is to malie

thicli (%-i/4mm) transverse sections of the tissues to be studied. These

may then be stained in the usual manner, after which they are triturated

in a mortar to a No. 60, 80 or 100 powder, as the case requires. Such

powders are differentially stained in a satisfactory manner, but the frag-

ments and cell masses often show truncated ends, due to sectioning,

which are not found in powders produced wholly by grinding.

While the above process is an aid to the proper understanding of

powders it is not of direct service in the great number of cases in which

the microscopist is required to determine the identity and purity of

powders. In such instances any staining method to be of service must

enable the operator to differentially stain the powders directly. This may

be accomplished by placing about ^4. or % gm. of the powder in a glass

tube (50 to 60mm long and 10 to 15mm in diameter), one end of which

has been closed by tying over it a piece of closely woven white silli cloth.

Resting on this cloth bottom the powder may be treated with the various

bleaching fluids, washed, double stained, dehydraded and cleared for

mounting by allowing the tube to stand in watch glasses into which the

stains and reagents have been poured. In this way a number of powders

each in a separate tube may be treated at the same time. Owing to the

great capillarity of fine powder it may often be necessary to promote the

drainage and washings by blowing on the free end of the tube with the

mouth; in this way it is possible to malie rapid transfers from one i*eagent

to another.

Cryptogamic Collections Made During the Year.

By M. B. Thomas.

During the past year some very interesting collections of cryptogams

have been made in the local flora of Montgomery County.

9—A. OP SCIBNCB.
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These have been studied with special care and added to our already

very complete list of the plants of the local flora. Very 'careful notes have

been secured as to the distribution, variations and other important ques-

tions connected viith the plants as collected.

During the early part of the year, in connection with the work in

forestry, a collection was made of the fungi injurious to timber in our

locality. The number of species was not as large as could reasonably be

expected, and it seems that most of the devastation by fungi in our native

forests is produced, in the main, by a very imited number of species.

Some additions have been made to our list of algae and a few to the

collection of mosses. The latter list now includes 39 species.

Our most important contribution to the State flora is in the slime

moulds.

During the past summer two students, Messrs. H. H. Whetzel and

A. A. Taylor, devoted much time to this group. The result is an addition

of 31 species to our list presented to you two years ago by Mr. Olive.

This now gives us a total of 77 myxomycetes in ^Montgomery County.

In addition to this we now have on hand some material not yet worked

over, and doubtless several species in this are not included in our list.

This is all the more interesting when we consider that our county is not

particularly adapted to these forms of plant life and that the number

reported is nearly two-fifths of the whole number found thus far in the

United States.

The additions to the list are as follows. The classification used is the

one presented by Lister in his Mycetozoa.

Order Ceratomyxaceae.

Cera.tomyxa mucida Schroet.

Order Physaraceae.

Plysarum polymorphum var. ohrusseum Rest.

Physarum calidris Lister.

Physarum newtoni Macbride.

Physarum compactum Lister.

Physarum globuliferum. Pars. (Bull).

Physarum galbeum Wingate.

Chondrioderma spumarioides Rest.

Order Didymiaceae.

Didymium dubium Rest.

Didymium farmaceum 8chrader.
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Order Stemomiaceae.

Stemoniti.'< tenerrima B. and C, Morg.

Slemonitis smithii Macbride.

Stemonitis webberi Hex.

Slemonitis confluens Cook and Ellis.

Comatrickia obtusaia Preuss.

Comatrtchia persoonii Rost.

Comatrickia laxa Rost,

Lamproderma arcyrionema Rost.

Order Reticulariaceae.

Enteridium rozeanum (Rost) Wingate.

Order Heterodermaceae.

Lindblandia lubulina Fries.

Order Li/cogalaceae.

Lycogala e.riguum Morg.

Lycogala jJavo-fuscum Rost.

Order A rcyriaceae.

Arcyria incarnata Pers.

Arcyria oerstedlii Rost.

Arcyria digitata (Schw) Rost.

Arcyria ferruginea Sa liter.

Arcyria cinerea (Bull) Pers.

Order Trichiaceae,

Bemitrichia intorta Lister.

Hemitrichia karMenii (Rost) Lister.

Trichia rubiformis Pers.

Experiments avith Smut.

By M. B. Thomas.

On two previous occasions I have reported to the Academy some

special progress made with experiments with formalin as a fungicidal

agent.

The first report included the results of a series of experiments upon

the effects of formalin in different strengths of solution, with varying

periods of time, on the germinating power of a number of cereals.
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The second report was the result of a practical field experiment based

on the facts discovered by the earlier investigations. The conditions of

this field experiment were not as trying or severe as might be desired,

and although the results were highly gratifying, yet they did not seem

as conclusive as we could wish. Accordingly, the past summer, another

field experiment, on a somewhat larger scale, was tried in a part of the-

State where the smut of oats has been very destructive.

The trial was conducted on the farm of Chas. Baker, Noble County.

The last week in April three acres of oats were sown in three plats,

the seed being ti'eated respectively 40, GO and 90 minutes in a solution of

one part of commercial formalin to 200 parts of water. The seed was

scattered broadcast without drying. Alongside of these areas was sown

a field of untreated seeds. All of the seed used was from a previous crop

of smutty oats that was very much infested.

No difference was noted in the time of germination of the several lots,

but the treated seeds produced plants that were more uniform and better

developed than those from the untreated ones.

At the time of cutting the difference between the two fields was very

.striking. Fully 15 per cent, of the heads of the untreated seeds were

smutty, while not one stalk of the plants from the treated seeds showed

any signs of smut. The whole experiment was conducted by the owner

of the place from directions and material furnished by the department

and the results were examined by one of our students. Of the three

separate lots of treated seeds the ones soaked for 60 minutes seemed to

be the best, and that time is recommended as safe and efl[icient for

treatment. Comment on this experiment is unnecessary, and it is hoped

that these facts may increase the use of this fungicide to the improvement

of our production of oats.

The Flora of Lake Maxinkuckee.

By .J. T. ScovELL.

Lake Maxinkuckee is situated in Marshall County, Indiana. It occu-

pies parts of sections 15, 16, 21, 22, 27, 28 and 34 of Township 32 north

of Range 1 east of the second principal meridian. The lake is a little

more than two and one-half miles long from north to south and about
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one and one-half miles wide, having an area of nearly 1,900 acres. The

surface of the lake is about 735 feet above tide. It is 150 feet above

Lake Michigan, but 130 feet below the summit of the divide between

Lake Michigan and the Wabash River. The lake is 15 feet above the

Tippecanoe River five miles south, and about 75 feet above English

Lake, 20 miles west. These elevations show that the lake is on a slope

that descends gently toward the south and west. The lake is near the

southwestern angle of the Saginaw moraine. The country about the

lake is quite vai-ied. There are hills and valleys, broad undulating

plateaus, Avet marshes and boggy swamps. The soils are sand, gravel,

boulder, clay and swamp muck. There are more hills and clay and

boulders on the east, more sand and gravel, more marshes and swamps

on the west. On the east the surface rises somewhat abruptly to a

general level of 75 or 80 feet above the lake, some hills reaching an

elevation of about 140 feet. On the west there is a narrow divide 25

to 30 feet above the lake, then low land and swamp. The confused

mingling of sand, gravel, clay and boulders, the irregular hills and the

numerous kettle holes indicate that the surface features about the lake

are of glacial origin. Just east of the center of the lake there are 15

or 20 acres of water that is from 85 to 90 feet deep. This deepest water is

part of some 300 acres of deep water that forms the central portion of

the lake. Fully one-half the area of the lake is shallow, the water being

ten feet or less in depth. .

Wells drilled from 75 to 150 feet through sand, gravel and clay,

without reaching bed rock, indicate that the lake bed is wholly composed

of morainic materials. In fact it seems to occupy a cluster of kettle holes,

one long and deep, surrounded by several of lesser size and depth. The

region drained into the lake is quite limited, being scarcely more than

three times its area. "The Inlet" enters the lake from the southeast,

Aubeenaubee Creek from the east, and Culver Inlet, with one branch

from the north and one from the east, enters the northeastern part of

the lake. These four streams, each rising within two miles of the lake,

each largely fed by springs, are the principal inlets. Several very small

streams, the outlets of springs, bogs, flowing wells and little swamps,

contribute something to the waters of the lake. "The Outlet" is a slug-

gish stream which flows from the west side of the lake southerly into

the Tippecanoe River. About 80 rods from the lake the outlet expands

into a pond or lake, having an area of about 60 acres. This body «f
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water is shallow, at no place more than 12 feet deep. The greater part

of its bed is muddy, and two-thirds of its outline is marshy. The ordi-

nary variation in the level of the lake during the year is less than two

feet. Such variation does not materially change the area of the lake or

appreciably modify the various forms of life that inhabit its waters.

Perhaps one-eighth of the outline of the lake is low ground, marshy,

swampy or boggy. But in general the muck or black mud is shallow,

seldom more than two or three feet in depth, and It rests on a bed of

hard sand or gravel. From the shore out to a depth of six or eight feet

the lake bed is of hard sand or gravel, even along the low ground. At the

mouths of the southeast and northeast inlets there are considerable areas

of shallow mud over the sand, and at the mouths of the lesser inlets

there is always a little soil. But for long distances along the steep banks

of clay or gravel there is no fine soil, just sand or gravel. On the north,

west and south this bed of sand and gravel supports an abundant growth

of Chara, which is generally of small size and thickly crusted with

calcic carbonate. This bed is also the home of immense numbers of

bivalve mollusks. The chara and shells of dead mollusks yield consid-

erable quantities of calcic carbonate. At first one would expect to find

this material making deposits over the bed of this shallow water. But

this calcic carbonate and other fine material is swept away and deposited

in deeper water, where it helps to form the extensive marl beds of the

lake. During the summer there are more winds from the east than from

any other quarter, but during tlie year there are more westerly winds,

and in general the westerly winds are stronger. There are also many

northerly winds and many southerly winds, so that during the year

there are numerous winds from each quarter. These winds pile up the

water along the shores toward which they blow. This causes more or

less of an undercurrent toward the deep water which carries with it

all the fine material of the shallower water. As the westerly winds

are more numerous and sti-onger these undercurrents are stronger on the

east, carrying the fine material into deeper water, the marl beds com-

mencing in eight to ten feet of water instead of in six to eight feet of

water as on the other sides of the lake. The marl forms a rich soil which

shades off into darker material under deeper water. During the winter

ice forms to a thickness of from 15 to 25 inches. As the ice expands

it crushes against the banks with great force. Where the shores are low

the ice often pushes great quantities of sand and other materials up into
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ridges, sometimes two or three feet high. These ridges or ice beaches

are generally washed away by the high water common in spring, but

sometimes they remain, making a distinct and somewhat peculiar plant

region. Along the steep banks, the boulders that have fallen to the beach

during the summer are crowded against the bank by the ice, making

in some places quite extensive stone walls. With such a variety of soils

as occur in and about Lake Maxinkuckee, a varied flora may be expected.

In the waters of the lake there are great quantities of microscopic life,

called plankton. Of the microscopic plants, protococcus, rivularia, oscil-

laria, diatoms, desmids and others are common everywhere in the open

lake, but were most abundant among the higher vegetation along the

shores. Occasionally rividaria would occur in such quantities as to be

conspicuous to the naked eye. Spirogyra, vaucheria, oedogonium, hydro-

diction, stigeoclonium, nostoc, cladophera, zygnema, chetophora, and

others often occurred in masses in the shallow water. Chara and nitella

were very abundant.

Nitella spV A tall, slender plant, was abundant between IS and 22 feet,

ranging from 12 to 25 feet. In water from 20 to 25 feet deep we
seldom found anything beside nitella.

Nitella sp? A small, delicate plant found in shallow water, common in

the marshes and in the lake out to a depth of two feet.

Chara sp? A slender, rank-growing plant quite free from lime. Was
abundant between 10 and 14 feet, ranging from eight to 24 feet. In

some localities this chara was the only plant found between 10 and 14

feet.

CTiara sp? A stout plant, seldom more than eight inches high, was

thickly coated with lime. It was most abundant at a depth of from

eight to 10 feet, often forming a thick mat of vegetation to the exclu-

sion of other plants.

Chara sp? Much smaller than the above mentioned, quite abundant in

shallow water, often the only vegetation. It was usually thickly

coated with lime.

There are doubtless other species of chara and nitella about the

lake, but the ones mentoned are the most abundant.

Potamogeton nutans L. This plant was more common in the soiithwestern

portion of the lake, gi'owing in water from four to six feet deep.
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P. amplifolius Tuckerm. This plant was abundant in water from five

to eight feet deep, but ranged from two to 24 feet. On the Sugar Loaf

bar, It was abundant and rank from nine to 24 feet.

P. lonchites Tuckerm. This pond-weed was common everywhere in shal-

low water. A cluster of rank potamogetons growing in eight to ten

feet of water on Weed Patch bar I called lonchitls, but do not feel

quite sure that I was correct.

P. lieteropliyllus Schreb. This plant was quite common out to a depth of

four feet.

P. lucens Li. This plant, sometimes called perch weed,was widely dis-

tributed, growing most commonly in water from six to eight feet deep.

P. praelongiis Wulf. Not vei"y common, growing in water from eight to

12 feet deep.

P. pcrfoliatvs L. Not common, but quite abundant in a few localities in

the south part of the lake. More common in water from eight to 12

feet deep.

P. sosteraefoUvs Schum. Quite common. More abundant between 10 and

16 feet, but ranging from two to 26 feet.

P. friesii Ruprecht. Widely distributed, more abundant between 12 and

16 feet, but ranging from eight to 25 feet.

P. pvsillus L. More common in the southeastern portion of the lake in

deep water, ranging from 10 to 24 feet.

P. pectinatus L. Forming thick masses, excluding other vegetation in

water 10 to 16 feet deep, also in shallow water one to three feet deep.

It often stands at the head of a steep slope.

P. roVbinsii Oakes. Very common in the shallow waters of the Little

Lake, but in the large lake more common in water from 10 to 18 feet

deep, ranging from tAvo feet to 24 feet.

Naias flexilis (Willd) Rost and Schmidt. Very abundant, ranging from

one to 24 feet. Most common in the northeastern part of the lake.

Naias flexilis robusta Morong. This plant, while not common, was found

in several localities

Sagittaria graminea Michx. In the shallow water of the Little Lake.

Philotria canadensis (Michx.) Britton. Very abundant in a few localities

in shallow water, as near the head of the outlet. It is widely distrib-

uted in deep water, ranging from one to 22 feet.
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Vallesneria spiralis L. Called Eel-grass. Said to be the wild celery of

Chesapeake Bay. The plants bearing pistillate flowers grow in shal-

low water. I saw none deeper than two or three feet. The male plant

was most abundant in water from eight to 18 feet deep. We found

it as deep as 24 feet. The pistillate flower is carried to the surface

of the water by a long thread-like scape. After fertilization the scape

forms a spiral of several coils, drawing the ovary several inches under

water, where the seeds ripen. The staminate flower has a short

peduncle. When the pollen is mature, the flower separates from the

plant and rises to the surface. The pollen, escaping from the anther,

floats away to tlie pistillate flowers. The buds or stolons formed

in the fall, on the male plant, are highly prized by mud hens and

ducks as food. They will dive 10 or 15 feet for it. The shores are

often thickly covered with the leaves they break off while getting these

dainty bits of food.

Eleocharis interstincta (Vahl.) R. and S. In shallow water in both lakes,

often forming large patches.

E. mvtata (L.) R. and S. Abundant in shallow water near the mouth of

the southeast inlet.

E. palvstris (L.) R. and S. Found along the southern shore of Lake Max-

inkuckee.

Scirptis americanus Pers. Common in the shallow water of both lakes.

8. lacnstris L. Common in the western and southern portions of the lake

out to a depth of seven or eight feet. Specimens from 10 feet to 13

feet long often occur.

Spirodela polyrhiza (L.) Schleid. Common in quiet waters about the lake

shores.

Lemna trisidca L. Common in the outlet and in the southeastern inlet.

L. minor L. Often found with Spirodela.

Wolffia Columbiana Karst. In the southeastern inlet and in the outlet.

Eriocaulon septangulare With. In Lake Maxinkuckee, but not common.

Brasenia purpurea (Michx.) Casp. Very abundant in the outlet, only occa-

sionally found in the lake.

Nymphaea advena Soland. Common.

Castalia odorata (Dryand) AVoods and Wood. Abundant in the outlet and

in the Little Lake. Only occasionally found in the larger lake.

Ceratophyllnm demersum L. Common everywhere to a depth of 24 feet.
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Abundant in shallow water and quite plentiful between 14 and 20 feet.

Batrachium trichophyllum (Chaix.) Bossch. Abundant in the southeastern

part of the Little Lake.

Roripa nastnrtium (L.) Rusby. Abundant in the northeastern inlet and in

other places.

Myrioijlujilum spicattim L. Abundant in the Little Lake and in the outlet.

In water from two to eight feet deep.

Myriophylluni vertiriUatum L. Found in both lakes. Not deeper than 14

feet.

Utricularia purpurea Walt. In the outlet.

U. vulgaris L. In the outlet and Little Lake.

V. intermedia Hayne. In the outlet and Little Lake.

V. minor L. In the Little Lake and outlet.

V. gibha L. In the outlet.

U. hiflora Lam. In the Little Lake.

Bidens beckii Torr. Found in Ijoth lakes. Not very abundant, but ranging

from two to 20 feet in depth.

Peltandra rirginica (L.) Kunth. Found in shallow water of both lakes,

often in the mud along shore.

Pontederia cordata L. Common in shallow water of both lakes, often above

water line along shore. Both of these plants, after fertilization, bend

over, thrusting the ovary into the water or mud, where the seeds

ripen.

On the marshes below the level of high water we found

—

Dryopteris thelypteris (L.) A. Gray.

Equisetum fluviatile L.

Typha latifolia L.

Alisma plantago-aquatica L.

Sagittai-ia latifolia Willd.

Dulichium arundinaceura (L.) Britton.

Eleocharis ovata (Roth) R. and S.

Scirpus smithii A. Gray.

Acorus calamus L.

Xyris flexuosa Muhl.

Juncus effusus L.

Salix discolor Muhl.

Polygonum sagittatum L.

Decodon verticillatus (L.) Ell.
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Mimulus ringens L.

Lobelia sypliilitica L.

Cephalanthus occidentalis L.

Nyssa sylvatica Marsh.

Polygala cruciata L.

Spiraea tomentosa L. And more than sixty others, largely sedges

and grasses.

In addition, along the beach, between low and high water, we found—

Panicum crus-galli L.

Muhlenbergia sylvatica Torr.

Cyperus diandrus Toit.

Polygonium pennsylvanicum L.

Impatiens biflora Walt.

Teucrium canadense L.

Lycopus virginiana L.

Mentha piperita L.

Mentha canadensis L.

Xanthium canadense Mill

Eclipta alba (L.) Hassk.

Bidens connata Muhl. And more than fifty others. In all malting

over two hundred plants in and about Lake Maxinkuckee growing below

high water mark.

I desire to call attention specially to the following facts: First, that

the bed of the lake is comparatively barren under water from two feet

to six or eight feet deep; second, that there is an abundance of rank

vegetation under water from eight feet to 20 feet deep; third, that we

found no vegetation below a depth of 26 feet in Lake Maxinkuckee.

Generic JSTomenclature of Cedar Apples.

By J. C. Arthur.

In a communication made to this society at a former meeting (December,

1898) the writer gave some account of recent studies in the nomenclature of plant

rusts, especially as applied to species occurring in the State of Indiana.* At that

^Arthur, J. C—Indiana plant rusts, listed in aceordance with latest nomenclature.

Proc. Ind. Acad. Sci.for IS'JS: 174-186.



time no extended study of the generic nomenclature of this group of fungi had

been attempted, and the conclusions of Dr. Kuntze {Rev. Gen. PI. Ill) were ac-

cepted as the most satisfactory at hand. Since then the ground has been gone

over to some extent, and some questions worth public discussion have arisen.

Among the most interesting of these is the correct appellation of the cedar apples.

Two species of cedar apples occur in Indiana; both forming swellings, or

pseudo-apples, on the branchlets of red cedar in one stage of growth, and so-called

rust spots on the leaves of various apples and thorns in the alternate stage. These

were placed under the genus Puccinia, following the authority of Dr. Kuntze, one

being Puccinia c/loboaa (Farl.) Kuntze ( Oymnosporanfjium globosum Farl. and Bces-

telia lacerata Fr. ), and the other being Puccinia Juniperi-Virginiance (Schw.) Arth.

{Gymnosporanglum rnacropnn Lk. and R<rstelia pyrala Thax.).

The development of the concept, now embodied in the genus containing the

cedar apples and apple rusts, is an interesting one. Many of the earlier system-

atists placed the cedar apples among the algse, and even after becoming fully

recognized as fungi, it was long before their close relation to the other Uredinece

was firmly established. The apple rusts have been confounded with the cluster-

cups of other genera, even quite recently, although it has now been nearly forty

years since their connection with the cedar stage was first established. However,

it is not with the development of the concept of the genus that this paper has to

deal, but with the unfolding of its nomenclature.

Reviving the ancient usage of the generic name Puccinia in order to have it

replace the familiar name Gymnoaporangium was done in the interest of a stable

nomenclature. The result shows, however, that a stable nomenclature is not to

be obtained at a single dash, even when the principles are recognized and ac-

cepted that are to govern the procedure. Dr. Kuntze
(
Rev. Gen. PI. , Vol. 3, p. 507)

gives Haller, 1742 (Enum., Vol. 1, p. 17), the credit of founding the genus

Puccinia, but Magnus (Bot. Centr., Voi.77, p. 4) has clearly shown that Mailer's

t»ype material could not have belonged to the Uredinece.. The next subsequent

author mentioned by Kuntze is Adanson, 1763. In accordance with the Roches-

ter Code, Haller is excluded from consideration on account of antedating 1753,

the initial date for priority, but Adanson might be accepted. This author pre-

sents an abbreviated diagnosis derived wholly from Micheli's classical work Nova

Plantarum of 1729. It runs as follows: ^^ Puccinia Mich. t. 92. Tige elevee

cilind, simple ou rameuse. Coriuce. Toutela plante est formee de piramides ou filets en

massues, couchea comme autant de rayons les uns sur les autres" (Families de« Plante,

Vol. 2, p. 8). Turning to Micheli, we find that he describes and figures two

species under his genus, one evidently belonging to the Uredinece and the other
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not. According to Magnus this lack of singleness invalidates the name for re-

placing that of the De Candollean genus Gymnosporangium. It does not do so,

however, in the writer's opinion, but it makes it necessary to decide which of the

two species included is to be accepted as the type of the genus.

The idea of definite and unchangeable types is of comparatively recent

growth. The type of a species is the individual plant to which the name is first

given, and the type specimen is therefore an important adjunct in fixing the name

and character of the species. In like manner the type of a genus should be the

species mentioned under it, if there is but one given, but if more than one be

given, and the author has neglected to designate the one to be accepted, it would

seem to require for the sake of uniformity and stability that the first species

named under the genus be assumed to be the type. This method in whole or in

part has been ably advocated by Underwood, Cook, Jordan, Coville, Ward,

Greene and others. Up to the present time it has been put into rigid practice to

a limited extent only, the revision of American ferns by Prof. Underwood being

the most conspicuous example, but it seems to the writer tliat the general ac-

ceptance of the rule will go far toward furnishing a stable basis for taxonomic

nomenclature. To one who has watched the course of the present movement for

a nomenclature that stands squarely upon priority, guided by uniform procedure

rather than by individual judgment, the rule of types here set forth must seem a

necessity that will inevitably be adopted sooner or later. It is for the sake of

lending a hand in bringing about so desirable an end that the study of the cedar

apple nomenclature is here presented.

If the rule of taking the first species mentioned under a genus as its type is

applied, there can be no question that Adanson's genus Puccinia is to be accepted

as a name antedating Gymnosporangium, and we may waive the discussion of the

«xact determination of the type, brought forward by Magnus. But this does not

settle the matter.

In Linnaeus' Species Plantarum of 1753, which is accepted as the beginning of

valid nomenclature, only two species occur belonging to the Uredinece ; one is

Lycoperdon epiphyllum, now called Puccinia epiphyUa (L. ) Wettst., and the other is

Tremella juniperina, known to be unquestionably Gymnosporangium juniperinum

(L.) Wint. Linnaeus' genus Tremella contains seven species, the one just men-

tioned being the first, while the six which follow do not belong to the TJredinece.

The first species is characterized as follows (p. 1157)

:

" Tremella seesilis membranacea auriformis fulva. Fl. auec. 1017.

Byssus gelatinosa fugaz, junipero inoascens. Fl. lapp.5Sl.

Habitat in Juniperetis primo vero."
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Hill, a clump of red-bud trees. At another, on the border line between

the upland and lowland forest, the ground is thickly covered with ground

ivy, Nepeta (jlcichoma.

Here in the low-ground forest we have, especially in the first forest

mentioned (that near the laboratories), a dense undergrowth of hazel-nut,

prickly ash, hop tree and many other shrubs, so that the wood was

somewhat difficult to pass tlu'ough. The forest floor is also thickly cov-

ered with a quite dense growth of vines and tall weeds of numerous

species, among which may be mentioned virgin's bower (Clematis virgin-

iana), grape, hop, spotted touch-me-not, false nettle, American bell flower,

great blue lobelia and cardinal flower, rice cut-grass, and many other

such plants.

The low-ground forest in the viciniiy of the laboi'atories was much

modified during the summer of 1900, as a good deal of the underbrush was

removed. In all cases it goes entirely down to the fringe of willows

which grows at the edge of the lake.

The second low-ground forest, at the southern or west of southern side

of the lake, not far from the region of Clear Creek mouth, consists of

nearly the same sort of trees as the other, but the ground is rather more

marsh}', black and level, and the vegetation of the forest floor is of a

somewhat different sort. There are more soft maples and large willows

here, and lizard's tail is a characteristic plant. A small part of the shore

is sandy here, and there is, between the lake shore and the low ground,

back from the lake, a high, narrow ice ridge, four or five feet wide and

breast high, and quite steep on each side. There are tolerable good ice

ridges in other places, as south of Chicago Hill pier a little way, shown

in Figure 2 (Fig. 2 shows lake plain on the left with willows on the ice

ridge on the right), and over by Yaruelle's point, but these are not neaa-ly

so well marked.

The greater part of the country between the lake and the hills is a

fiat, level, meadow-like tract, forming the Lake plain. The soil of this

plain is generally of a black or brown muck, with plenty of marl in places.

Ditches dug through it reveal an abundance of gasteropod shells, many of

them yet entire but very fragile, and many of them bi-oken. These attest

the former existence of the lake over the lake plain.

Traditions of old settlers refer to a time when the lake shore came up,

in places at least, to the foot of the hills. One such tradition refers to

the lake reaching the base of the hill known as Hamilton Mound, and the
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date assijiiiefl is al)out 18;3(i. It is not reported wlietlier tliis was simply

the result of a temporary Hood or a constant condition. The area of the

surface is subject to (luite marked variation at present, possibly more so

than before the removal of much of the surrounding forest. The (Govern-

ment Survey shore line of 18:^4 lies at places considerably outside present

maps of the lake. Mr. Large expresses his opinion that it perhaps marked
the limit of the swampy ground.

In appearance and vegetation the various parts of the lake plain differ

considerably from each other. In some places the soil is a reddish or

brownish muck, in other places'it is a blackish soil. In some parts it is a

Fig. 2.

sedgy, ferny meadow, in others it is covered with a dense growth of bushes,

as clumps of willow, Cephahnithiis and Corniis. There seem to be indica-

tions, however, that it was once nearly alike in vegetation, and that the

sedgy, ferny meadow has been cleared off by artificial means. One indica-

tion of this is that we have wholly different regions on different sides of

fences, one side of the fence being busliy. and the other covered with

sedges, grasses and ferns only. In one place where there was such a level

meadow, a few dead willow sprouts were noticed. Examination revealed

that they were charred about the roots and had probably been killed by
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'! I. On Amelanchier alnifolia. {Rcest. Harknessiana E. and E.

)

III. On Junip. occidentalis. {Gym. speciosum V^ck.)

T. GLOBOSA {Farl.) n. n. (1880. Pod. fuscum globosum Farl. Gym. of

U. S. : 18.) North America.

I. On Mains, Cratiegus, Sorbus and Cydonia. (Rcest. lacerata Am. Auct.)

III. On Junip. Virginiana. (Oym. globosum Farl.)

T. BERMUDiANA (Farl.) n. n. (1887. ^Ectd. Bermudianum Farl. Bot.

Gaz. 12 : 206.) North America.

I. On Junip. Virginiana. (.Mcid. Bermudianum Farl.)

III. On Junip. Virginiana. (Gym. Bermudianum Earle.

)

T. CuNNiNGHAMiANA (5ard.) n. n. (1889. Gym. Cunninghamianum Ba,rc\.

Mem. Med. Off. India 6 : — .) India.

I. On Pyrus, Cotoneaster (JEcid. Cunninghamianum Barcl.)

Ill, On Cupressus. (Gym. Cunninghamianum 3&Tcl.)

T. NiDUS-AVis (T/tax.) n. n. (1891. Gym. Nidus-avis Thax. Bull. Conn.

Sta. No. 107 : 6.) North America.

I. On Amelanchier. (Rrrst. Nidus-avis Tha,x.)

III. On Junip. Virginiana. (Gym. Nidus-avis Thax.)

T. KOREAENSis (Henn.) n. n. (Raest. koreaensis Henn, Monsunia 1 : — .)

I. On Pyrus, Malus and Cydonia. (R(rst. koreaensis Henn.)

III. On Junip. Chinensis. (Gym. Japonica Syd.)

Additions to the Flora of Indiana.

By Stanley Coulter.

Since the publication of the "Catalogue of the Flowering Plants and

of the Ferns and their Allies Indigenous to Indiana" numerous reports

of additions have come to my hands. These reports have been examined

with great care, in many cases the specimens themselves being submitted

with the report. As a result quite a number of species are to be added

to the flora of the State. It is gratifying to note, however, that the

majority of these additions are to be found in the grasses and sedges,

groups that have been largely neglected by collectors. Another consider-

able number includes extra-regional plants the occurrence of which within

our bounds is to considex'ed as exceptional, and which, while members
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of the flora are only local or occasional. A third class includes escapes

from cultiA'ation. the inclusion or exclusion of which is largely a matter

of individual judgment. The number of species added is much smaller

than I had reason to expect in view of the fact that the original catalogue

was based almost wholly upon accessible herbarium specimens, it being

felt that in the absence of such verifying material the enumeration would

lose much of its value. This rule led to the temporary exclusion of some

of the forms which are noAv definitely reported and verified by accessible

material.

SPECIES TO BE ADDED TO CATALOGUE.

Dryopteris spinulosa (Retz.) Kuntze. (Aspidium spinulosum Sw.

)

Eeported from Wells County by C. C. Deam, and from Wabash County by J.

N. Jenkins. In fruit June 11.

Panicum sphrerocarpon Ell. Round-fruited Panicum.

Porter County (E. J. Hill).

Panicum jlexile (Gattinger) Scribn. Wiry Panicum.

Lake County (E. J. HillS

Panicum verrucosum Muhl. Warty Panicum.

Porter County (E. J. Hill).

Bromus iectorum L. Downy Brome Grass.

Lake County (E. J. Hill). This seems to be the western limit of this form,

which in favorable localities becomes a troublesome weed.

Agropyron repens glaucum (Desf. ) Scribn. (A. glaucum R. and S.

)

Lake County (E. J. Hill).

Cyperus Houghtoni Terr.

Lake and Porter Counties (E. J. Hill).

Eleocharis Robbinsii. Oakes.

Porter County (E. J. Hill).

Psilocarya nitens (Vahl) Wood. Short-beaked Bald-rush.

Porter County (E. J. Hill).

Psilocarya scirpoides Torr. Long-beaked Bald-rush.

Porter County (E. J. Hill). Britton and Brown give the range of this plant

"In wet soil, Eastern Massachusetts and Rhode Island." The above

citation extends the range of the plant far to the west. I have not seen

the plant, but admit it because of the well known discriminative accur-

acy of Mr. Hill.

10—A. OP SCIKNCE.
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Fuirena squarrosa Michx.

Porter County (E. J. Hill).

Rhi/nchospora corniculata macrostachya (Torr. ) Britton. (R. macrostachya Torr.)

Porter County (E. J. Hill).

Scleria reticularis Michx.

Porter County (E. J. Hill).

Scleria Torreyarui Walp.

Porter County (E. J. Hill).

Scleria pauciflora Muhl.

Porter County (E. J. Hill).

Oarex oligos^perma Michx. Few-seeded Sedge.

Lake County (E. .J. Hill). A species somewhat northern in its mass distribu-

tion, seeming to have its southern limit in the station just cited.

Carex limosa L. Mud Sedge.

Wells County (C. C. Deam). "Found on low borders of a small lake in

Jackson Township. Scarce."

Garex glancodea Tuckerm.

Lake County (E. J. Hill).

Garex decomposita Muhl. Large-panicled Sedge.

Wells County (C. C. Deam). "Growing in bunches of moss in bogs made dry

by draining."

Xyris Garoliniana Walt. Carolina Yellow-eyed Grass.

Porter County (E. J. Hill). A species found in its mass distribution near

the Atlantic coast.

Juncus hufonius L. Toad Rush.

Wabash County (J. N. Jenkins), Kosciusko County (C. C. Deam). " Low,

sandy shore of Goose Lake, Kosciusko County."

Juncus articulatus L. Jointed Rush.

Lake County (E. J. Hill). A species decidedly northern in its distribution.

Admitted upon the authority of Mr. Hill.

Juncus diffusissimus Buckley.

Crawford County (C. C. Deam). "Valleys about Wyandotte Cave." Britton

and Brown give the range of this species, " Southeastern Kansas to Mis-

sissippi and Texas." The conditions surrounding Wyandotte Cave are

such as to preclude the possibility of the form being introduced along

highways or railways. The station given stands as the recorded eastern

y~^-^j^ limit of the species. The determination was made by Mr. M. L. Fernald

of the Gray Herbarium, Harvard University.
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Stenanthium robustum S. Wats.

Wabash County (J. N. Jenkins). In some of the material examined the

pedicels were elongated in fruit, but the form without question is to be

referred as indicated above.

Quercus nigra L. Water Oak.

Crawford County, near Wyandotte Cave (C. C. Team). By error this species

was not included in the catalogue. It is fairly well distributed through-

out the State, growing near streams and swamps, though sometimes found

in upland regions.

Asarum reflexum Ricknell.

Lake County (E. J. Hill). This species was described in Bulletin Torrey

Club, Vol. 24, p. 533, pi. 317, 1897. It is distinguished from A. Cana-

dense by its smaller flowers, calyx tube white within, lobes of the cahjx limb

early reflexed, purplish-brown, -f-5''' long, about as long as tube, b-iangu-

lar, with a straight obtuse tip V'-l'^ long. (Britton and Brown, Vol.

3, 513.

Mr. Hill reports that all the Asarums he has examined, growing about

Chicago, prove to be of this species. None of the sheets in the Purdue

herbarium, however, can be so referred. The Asarums should be care-

fully examined by collectors in order that the distribution of this form

within our area may be determined.

Cycloloma atriplicifolium (Spreng) Coulter. (C. platyphyllum Moquin.)

Kosciusko County (C. C. Deam). "In sand pit near Eagle Lake."

Atriplex hastata L. (A. patulum hastatum Gray.)

Wells County (C. C. Deam). " Waste places and cultivated fields."'

Allionia hirsuta Pursh. Hairy Umbrella-wort. (Oxybaphus hirsutus Sweet.)

Wabash County (J. N. Jenkins). This form has an assigned range to the

west and northwest. Abundant material, however, places the refer-

ence beyond question.

Brassica campe&tris L.

Wells County (C. C. Deam). " Waste places."

Cardamine Pennsylvanica Muhl.

Wells County (C. C. Deam). " Five miles north of Bluffton, May 25, 1899."

Cleome serrulala Fursh. Pink Cleome. (C. integrifolia T. & G.

)

Wells County (C. C. Deam). "On prairies south of Bluffton." The species

has, perhaps, its eastern limit in Indiana, the assigned range being Illi-

nois and westward.
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Frac/aria Americana (Porterj Britton. American Wood Strawberry.

Wells County (C. C. Beam). " In woods June 13, 1897."

Agrimonia hirsuta (Muhl) Bicknell.

Wells County (C. C. Deam).

Crataegus cordata (Mill) Ait. Washington Thorn.

Gibson County (J. Schneck, M. D. ). An eastern, chiefly mountain form

in Gibson County "on the higher hills."

Crataegus macracuntha Lodd. Long-spined Thorn. (C. coccinea macracantha

Dudley.)

"Along open bottoms in southwestern counties." (J. Schneck, M. D.

)

" Banks of Wabash river, Wells County." (C. C. Deam.)

Prunus nigra Ait. Canada Plum, Horse Plum.

"In Woods," Wells County (C. C. Deam). The range of this species is well

to the north of Indiana, but the abundance of material shows the above

reference to be correct. In flower April 17, 1898.

Trifolium incarnatum L. Crimson, Carnation or Italian Clover.

Wells County (C. C. Deam). Somewhat widely escaped from cultivation

within the last few years, but apparently not long persistent.

Oxalis cymosa Small. Tall, Yellow Wood-sorrel.

"Hill near Wyandotte cave, Crawford County, July 11, 1899." (C. C. Deam.)

Lechea tenuifolia Michx. Narrow-leaved Pin-weed.

Crawford County (C. C. Deam). "On hill near Wyandotte cave, July 11,

1899."

Vinceto.ricum Shortii (A. Gray) Britton. (Gonolobus Shortii A. Gray.)

Crawford County (C. C. Deam). "On hill near Wyandotte cave, July 12,

1899."

Salria lanceolata Willd. Lance-leaved Sage.

Gibson County (J. Schneck, M. D.). "On a sandy knoll in low river bot-

toms." An extreme western form having as its assigned range, "on

plains, Nebraska and Colorado to Texas, Arizona and Mexico." The

specimens submitted undoubtedly belong to this species, being easily

separated from related forms by leaf characters and lobing of the con-

nective. This eastern extension of range is extremely difficult of ex-

planation, especially when the character of the station is taken into

account.

Lonicera glaucescens Rydb.

Wells County (C. C. Deam). On bank of creek in Jackson Township, May

28, 1899.
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Leontodon autumnale L. Fall Dandelion. Lion's Tooth.

Wells County (C. C. Deam). In yards at Bluffton, introduced in grass.

Helianthus peiiolaris Nutt. Prairie Sunflower.

Lake County (E. J. Hill). A western prairie form occasionally found in

dry, waste places eastward. Probably introduced into Indiana along east

and west railway lines leading into Chicago.

Senecio Balsamittr Muhl. (S. aureus Balsamitiv T. and Cir.

)

Wabash County (J. N. Jenkins). The range of variation in S. aureus, so

widely distributed throughout the State, is the only ground for question-

ing the above citation. The material submitted seems to bear out the

description of the species Balsamita. It is therefore included in the list.

Centaurea Jacea L. Brown or Rayed Knapweed.

Lake County (E. J. Hill.) A form fugitive from Europe, usually found in

waste places north, or in ballast about seaports.

Wolffiella Floridana (J. D. Smith). Thompson.

Marshall County, near Culvers (H. Walter Clarke). The abundant material

furnished by Mr. Clarke leaves no room for questioning the accuracy of

the reference. The range of the species by this citation is sharply ex-

tended northward, its assigned limits heretofore being "Georgia and

Florida to Missouri, Arkansas and Texas.'"

Wolffia papulifera Thompson. Pointed Duckweed.

Gibson County (J. Schneck, M. D. ). "Two miles east of Mt. Carmel, 111.,

in Indiana. This is another decided extension of range, in this case

eastward, the recorded range of the species being, " Kennett and

Columbia, Mo." (Britton and Brown, Vol. 3, p. 510.)

SPECIES ESCAPED FROM CULTIVATION.

Pinus resinosa Ait. Canadian Pine. Red Pine.

Wabash County (J. N. Jenkins). A northern form which will probably not

maintain itself in our area.

Populus balsamifera candicans (Ait.) A. Gray. Balm of Gilead.

Gibson County (J. Schneck, M. D.). Specimens of this form were in the

Purdue herbarium at the time of collating the catalogue, but it was not

included, being considered as an escape, and there being no record of its

persistence.

Brotissonetia papyrifera (L. ) Vent. Paper Mulberry.

Gibson County (J. Schneck, M. D. ). An evident escape from cultivation.

The inclusion of the species should depend upon the persistence of the

form in the wild state.
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3falus Maius (Ij.) Britton. Apple.

"Along Wabash and White Eivers " (J. Schneck, M. D.). This form was

excluded because regarded as an escape. The history of its persistence

for many years in several different parts of the State has come into my
hands since the publication of the catalogue. It should in all probability

be included in the State flora.

Pauloivnia tomentosa (Thunb.) Baill. (P. imperialis S. and Z.)

Gibson County (.J. Schneck, M. D.).

Tragopogon porrifolius L. Oyster Plant. Salsify.

Wells County (C. C. Deam).

Koelreuteria paniculata Laxm.

Gibson County (J. Schneck, M. D. ).

These plants have undoubtedly escaped from cultivation in the loca-

tions cited. Whether or not they should be included in the State flora Is a

matter of personal judgment. Evidently fugitive plants which appear

but for a single season in a single station can scarcely be regarded as

entitled to place. That a plant escaped from cultivation should be listed

as a member of the State flora in my judgment should require evidence,

first, that it had maintained itself for at least three years; second, that

in these years it was more than holding its own, in other words was

making gains, however slight, in its new situation. For these reasons,

in my opinion, the above plants, with perhaps the exception of the apple,

should not be included in the flora. The list, however, is given for the

benefit of those whose judgment would add them to the Catalogue list.

A few critical notes may perhaps find a proper discussion in this paper.

Quercus pagoda folia Elliott.

Reported by Dr. Schneck as belonging to the flora of the southwestern coun-

ties. The question turns upon the point as to whether the form is to be

regarded as a distinct species or merely as a variety. This form origin-

ally appeared as Q. faleata Michx., var. pagodcefolia Elliott, being sepa-

rated from the type by "larger leaves, 11-13 nearly opposite and spread-

ing lobes." Sargent includes it under Q. faleata Michx., and Britton and

Brown under Q. digitata (Marsh) Sudw. In neither of these cases is it

given even varietal rank. The form in our area is so well marked that it

certainly seems entitled to varietal, if not, indeed, to specific rank. In

my judgment, the form should be written Q. digitata pagodcefolia Ell., and

given a place in the flora.
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Quercus Phellos L. Willow Oak.

This form has been recorded as found in Gibson, Posey and Knox Counties.

Concerning the occurrence of this species in this region, Dr. Ridgway

says: "This species I give with some doubt, not being quite positive

that it occurs. I have seen, however, along the road between Mount

Carmel and Olney several trees which, at the time of inspection, I un-

hesitatingly decided to be Q. Phellos, but not having seen it since, while

Dr. Schneck has not recorded it, I place the interrogation mark before

it."^ Since the publication of the Catalogue Dr. Schneck writes me that

" a very narrow-leaved form of Q. imhricaria has probably been mistaken

for Q. Phellos." If this be true, there exists no definite record of the oc-

currence of Q. Phellos in Indiana. Collectors in the southwestern coun-

ties should examine carefully as to the correctness of this view.

Celtis pumila (Muhl. ) Pursh.

" Rocky banks of Blue River" (J. Schneck, M. D.). This shrub-like Hack-

berry, undoubtedly occurs in our area. It is included by Britton and

Brown (Vol. 1, p. 526) under 0. occidentalis L., which is described as a

"shrub or a tree." Sargent also includes under C. occidentalis, of which

he says : "A polymorphous species; the low shrub form of hillsides and

sand dunes is the C. pumila of Pursh." The reasons for not maintaining

pumila in at least varietal rank are not clearly apparent. The form,

however, is in the Catalogue, by inclusion in C. occidentalis.

Some Mid-Summer Plants of South-Eastern Tennessee.

By Stanley Coultek.

The center from which the collections here reported were made was

Mt. Nebo in the Chilhowee Mountains. It is about ten miles to the east

of Maryville, which gives the nearest railway communication. From the

summit of the mountain the eye reaches westward over a beautiful plain,

to the Cumberland Mountains, while twenty miles to the east there arise

the peaks of the Great Smoky Mountains. The region lying between the

Chilhowee and Great Smoky Mountains is practically virgin, only rela-

tively small areas having been taken for agricultural purposes. The

'Ridgway, Robert.—Notes on the Native Trees of the Lower Wabash and White River

Valleys, in Illinois and Indiana. Proc. U. S. Natl. Mus., 1882, p. 83.
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time of the visit was the month of August, and while the object of the

trip was not botanical, a few plants were collected and preserved as

well as was possible under the conditions.

At the base of the ChilhoAvees runs IJttle River, its banljs thickly

clothed with timber, the most prominent form both as to size and number

being the sycamore. More interesting was the fact that the mistletoe,

which with us is found chiefly upon the elm, the honey locust and the oali,

had there its favorite resting place upon the sycamore. Upon the w^estern

slopes of the Chilhowees, the chestnut was the characteristic forest tree,

reaching very often a trunk diameter of from five to seven feet. In the

coves and upon the western slopes of the Great Smokies, pines made up

the forests, and we drove through miles of these forests which had as

yet been free from the lumberman's axe. Near the summits of the Great

Smokies the trees were for the most part stunted beeches, not more than

fifteen to twenty feet high or with a trunk diameter exceeding eight

inches. Among the pines there grew in abundance a bright yellow orchid

which I was unable to collect, but took to be either Habenaria crista ta or

lacera. Upon the summit of Thunder Head in the wet places the Indian pipe

grew in great masses, covering acres with its graceful, snow-white blos-

soms. In the lower levels and encroaching everywhere upon the cultivated

areas the most attractive plant was the passion flower {PassiHora incar-

nata), known locally as maypop. It was one of the most annoying weeds

of the region. The masses of rhodondendrons and azaleas, though past

the glory of their bloom, added another feature, strange to northern eyes.

These plants practically covered the lower stretches of the mountain,

and Av^hen in. full bloom must have made a most brilliant landscape. No

attempt was made to secure a complete collection of the plants of the

region, only those being collected which promised to "preserve easily,"

or were of interest for some special reason.

Thanks are due to Mr. H. B. Dorner. a graduate student in botany at

Purdue University, for a critical study of the collection.

Junipems Virginiana L. Red Cedar.

Common over Chilhowee and Great Smoky Mountains.

Panicum capillare L. Witch Grass. Tumble weed.

Abundant and annoying in cultivated areas.

Commelina nudijlora L. Creeping Day-flower. (C. communis L.)

In moist places at base of mountains.
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Stenanthium gramiaeum (Ker) Morong. (S. angustifolium Gray.)

Found chiefly well up the mountain sides.

Aletri^ farinosa Ij. Star grass. Colic-root.

In situations similar to the preceding.

Pogonia trianthophwa (Sw.) B. S. P. Nodning Pogonia. (P. pendula Lindl.)

From base of mountain up to 2,500 feet.

Gijrostachys gracilis (Bigel.) Kuntze. Slender Ladies' Tresses. (Spiranthes gra-

cilis Bigel.)

Usually well up the side of the mountain.

Tipularia unifolia (Muhl.) B. S. P. Crane-fly Orchis. (T. discolor Nutt.)

Not unfrequent on western slope of Mt. Nebo.

Carpinus Caroliniana Walt. Water Beech. Blue Beech. (C.Americana Michx.)

Along streams throughout mountains.

Polygonum Persicaria L. Lady's Thumb-

On Pine Top, Blount County, Tenn.

Silene stellata (L.) Ait. Starry Campion.

Abundant in woods throughout the mountains.

Avychia Canadensis (L. ) B. S. P. Slender Forked Chickweed.

Clematis Virginiana L. Virgin's Bower.

Abundant along Little River, near Mt. Nebo.

Cassia nictitans L. Wild Sensitive Plant.

Extremely abundant. In places covering acres to the practical exclusion of

other plants.

Cassia Tora L. Low Senna. (C. obtusifolia L.)

On banks of Little River, near Mt. Nebo.

Cassia Marylandica L. American Senna.

Found only about the Mountain House on Mt. Nebo, at an altitude of about

2,500 feet.

Stylosanthes bifiora (L.) B. S. P. Pencil Flower. (S. elatior Sw.)

Meibomia nudiflora (L.) Kuntze. (Desmodium nudiflorum D. C.)

Lespedeza repens (L.^ Bart. Creeping Bush-clover. (L. repens T. and G.)

Lespedeza frutescens (L.) Britton. (L. violacea sessiliflora Chapm.)

Lespedeza hiria (L.) Eil. Hairy Bush Clover. (L. hirta L.)

Lespedeza striata (Thunb) H. and A. Japan Clover.

Bradburya Virginiana (L.) Kuntze. Spurred Butterfly Pea. (Centrosema Vir-

giniana Benth.

)

Very abundant in the drier soils.

Rhynchosia erecta (Walt) D. C. (R. tomentosa erecta T. and G.)
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Oxalis filipes Small. Slender Yellow Wood-sorrel.

On Mt. Nebo, on western slope, August, 1892.

Oxalis stricta L. Upright Yellow Wood-sorrel.

Abundant in moist soils along banks of Little River.

Polygala Curtissii A. Gray.

Polygala alba Nutt. White Milk-wort.

Very abundant in open places on Mt. Nebo.

Phyllanthus Carolinensis Walt.

Acalypha gracUens Gray. Three-seeded Mercury.

Abundant in thickets.

Euphorbia nutans Lag. Upright Spotted Spurge. (E. hypericifolia Gray.)

Euphorbia corollata L. Flowering Spurge.

Common throughout mountains.

Impatiens biflora Walt. Spotted Touch-me-not. (I. fulva Nutt.)

Near Little River, Blount County, Tenn.

Rhamnus Caroliniana Walt. Carolina Buckthorn.

Along banks of Little River, Blount County, Tenn.

Sida spinosa L.

Common throughout mountains and about cultivated fields.

Ascyrum hypericoides L. St. Andrew's Cross. (A. Crui-Andrere L.)

Hypericum adpressum Bart. Creeping St. John's-wort.

Hypericum virgatum Lam. (H. angulosum Michx.)

Hypericum mutilum L. Dwarf St. John's-wort.

Sarothra gentianoides L.. Orange-grass. Pine-weed. (Hypericum Sarothra Michx.)

Ludwigia alternifolia L, Rattle-box.

Angelica villosa (Walt) B. S. P. (Archangelica hirsuta T. and G.)

Cornus florida L. Flowering Dogwood.

On Pine-top mountain at 2,700 feet altitude.

Rhododendron maximum L. Great Laurel. Rose Bay.

Common in Great Smoky and Chilhowee mountains, along streams, forming

dense thickets or "slicks" near the base.

Xolisma ligustrina (L.) Britton. (Andromeda ligustrina Muhl.)

Oxydendrum arboreum {\j.) D . C Sour-wood. Sorrel-tree.

Vaccinium virgatum Ait. Southern Black Huckleberry.

Mohrodendron Oarolinum (L.) Britton. Silver-bell Tree. (Halesia tetraptera L.

)

Ipomcea pandurata (L.) Meyer. Wild Potato Vine.

Abundant on Mt. Nebo.
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Ipomna pandurata Aasto/a Chapm (?).

More abundant than the type especially in the lowlands bordering upon

Little river.

Cuscuta arvensis Beyrich. Field Dodder.

On Pennyroyal, at foot of Mt. Nebo.

Hedeoma pulegioides CL.) Vers. Pennyroyal.

Solarium Carolinense L. Horse-nettle.

Banks of Little River, and in adjoining cultivated fields. Locally known as

"Tread-softs."

Da-tystoma laevigata Raf . (Gerardia quercifolia integrifolia, Benth.

)

Ruellia ciliosa Pursh. (Dipteracanthus ciliosus Nees.

)

Houstonia carulea h. Bluets. Innocence. (Oldenlandia c(erulea Gray.)

Houstonia purpurea L. (Oldenlandia purpurea Gray.)

Diodia teres Walt. Rough Button-weed.

Lobelia amoena glandulifera A. Gray. Southern Lobelia.

Abundant on Mt. Nebo.

Lobelia injlata L. Indian Tobacco.

Very common throughout the mountains.

Laclnaria squarrosa {1j.) Hill. BlazingStar. Colic-root. (Liatris squarrosa "Willd.)

On each side of Pine Top, Chilhowee mountains.

Graphalium obtusifolium L. Sweet Balsam. (G. polycephalum Michx.)

Near base of Mt. Nebo.

Silphium terebinthinaceinn Jacq. Prairie Dock. (S. compositum Michx.)?

On Pine Top, Chilhowee Mountains in considerable abundance.

Achillea millefoliuui L. Yarrow.

Abundant throughout the mountains.

The nomenclature of the article is that of Britton and Brown's Illus-

trated Flora of the Northern States and Canada, the names in parenthesis

being those used by Chapman in his Flora of the Southern United States,

edition of 1ST2.

While Dr. Gattinger has done excellent work in the collation of the

flora of Tennessee, there remains in tlie southeastern counties, especially

in the deeper coves, large areas that as yet are practically botanically

unknown. The remoteness of these regions from ordinary lines of travel,

and the unprogressive character of tlie inhabitants, have joined to keep

this area in a nearly virginal state. No collecting tour could be more

profitable botanically than one through the coves and mountain ravines

between the Great Smoky and Chilhowee Mountains.
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A Study of the Constiiuents of Corn Smut.*

By William Stuart.

In connection with some studies upon corn smut, wliich were pub-

lislied in the twelftli annual report of the Indiana Experiment Station,^

the question as to whether corn smut actually contained some principle

injurious to farm animals was given some attention. This portion of the

work, which was performed by the writer under the supervision of Dr.

Arthur, was not completed in time for publication with the other studies

mentioned. Tliis work consisted in making extracts of the corn smut,

and determining, by means of standard alkaloidal reagents, whether it

contained an alkaloid or not. It also included a study of the physio-

logical action of the extract upon horses, when administered to them either

hypodermically or per orum. For the latter portion of the work the writer

is greatly indebted to Dr. R. A. Craig, of the Veterinary Department,

who administered the doses and observed its effects.

In the preparation of the extract valuable assistance was received from

Mr. J. W. Sturmer, of the Purdue School of Pharmacy.

TESTS FOR ALKALOIDAL SALTS.

The methods employed in testing for alkaloidal salts were to make an

alcoholic extract of the smut spores and such detritus as would pass

through a fine sieve. A hundred grams of the smut spores were weighed

out and, after thoroughly moistening them in an open dish with a 33V3 per

cent, solution of alcohol, they were again passed through a sieve to break

up all lumps, then transferred to a percolator previously fitted up for the

purpose. Sufficient alcohol, of the same strength as that' previously men-

tioned, was added to cover the spores. Maceration of the spores was

continued for twenty-four hours before any of the liquid was allowed to

pass over into the receiving flask, the latter being so adjusted as to pre-

vent it. At the end of this period the receiving flask was lowered so as

to permit of about two drops passing over into the flask per minute. The

percolation was continued until the percolate was colorless, sufficient

* Abstract of an article published in the Thirteenth Ann. Rep. of the Ind. Exp. Sta.,

pp. 26-32, .Jan., 1901.

(') Arthur and Stuart, Twelfth Ann. Report Ind. Exp. Sta., p. 84-135, Jan ,1900.
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alcoliol beiug added from time to time to keep tlie surface of the spores

covered with the liquid. The first 50 cc. of the percolate was set aside and

the balance collected and evaporated down to 50 cc. on a steam bath. This

was added to the first amount saved making 100 cc. of the extract. Each

cc. of the extract representing one gram of the spores.

In testing the extract for alkaloids a certain amount of it was taken

and evaporated to dryness on a steam bath. The residue was treated with

a five per cent, solution of sulphuric acid, and filtered. The filtrate was

then subjected to tests with the following reagents:

1. Potassium mercuric iodide (Mayer's solution*.

2. Phosphotungstic acid.

3. Iodine in potassium iodide solution,

4. Picric acid.

A small portion of the filtrate was poured out into each of four watch-

glass crystals and then a drop or two of the reagents added. The reactions

obtained by this method were as follows:

Reagent 1. A slight milky turbidity was produced.

Reagent 2. A decided milky turbidity was obtained.

Reagent 3. No visible reaction.

Reagent 4. No visible reaction.

A number of tests with the same and with fresh lots of extract pre-

pared in the same manner gave similar results.

TESTS FOR TOTAL ALKALOIDS.

In testing for total alkaloids a modified "Prollius Fluid"- was used.

Two methods were employed. The first was to treat two grams of the

smut for four hours with .50 cc. of "Prollius Fluid" in a well stoppered

conical flask. The contents of the flask were vigorously shaken at inter-

vals during that period. After macerating foin- hours the super-

natant solution was drawn off and filtered. The filtrate was evaporated

to dryness on a steam bath and the residue treated with a five per cent,

solution of sulphuric acid. The acid solution was filtered and the filtrate

tested as mentioned for the alcoholic extract. The reactions obtained

were in each instance similar to those given for alkaloidal salts.

The second method employed consisting in macerating ten grams of

the smut spores in 100 cc. of "Prollius Fluid" for twenty-four hours. The

-xVloditied Prollius Fluid: Ether, 250 c. c; Chloroform, 100 c. c; Alcohol, 25 e. c; 289c

Ammonia, 10 c. c.
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flask coutaiuing the spores being agitated at frequent intervals during that

period. Tlie supernatant liquid was drawn off and filtered, and 50 cc. of

it transferred to a separatory funnel and subjected to tlie "shaking out"

process as outlined in Sturmer and Vanderkleed's "Course in Quantitative

Analysis: 01-64, 1898, under 'Process 1—General for Total Alkaloid.'
"

The results obtained from this method by the reagents were quite similar,

although more marked, to those of the preceding ones.

Reagent 1. A slight turbidity was obtained which, on standing for

some time, deposited a dark brownish substance on the bottom of the

glass.

Reagent 2. A marked cloudiness was obtained which, on standing for

some time deposited a whitish crystalline precipitate on the bottom of

the glass.

Reagent 3. No visible reaction or any deposit after standing.

Reagent 4. No visible reaction, but on standing a slight deposit was

noticed on the glass.

TESrS FOR ALKALOIDS IN COMMERCIAL EXTRACTS OF ERGOT
AND CORN SMUT.

The uniformity of the results obtained from the reagents employed,

the first two giving positive and the last two negative reactions in each

instance, led to an examination of the commercial extracts of both ergot

and corn smut.

Ergot of rye test.—The commercial fluid extract of ergot was obtained

from a leading wholesale druggist in the city, whose supply was obtained

from the well-known firm of Park Davis & Co., of Detroit, Michigan. The

fluid extract was evaporated to dryness over a steam bath, the residue

treated with dilute sulphuric acid and filtered. Tests of the filtrate were

made, and the reactions obtained were as follows:

Reagent 1. A yellowish brown, curdy-like precipitate was obtained.

Reagent 2. A cloudy white precipitate was obtained which on stand-

ing changed to a purplish brown, curdy-like substance.

Reagent 3. A reddish brown precipitate was obtained.

Reagent 4. No visible reaction obtained.

Corn smut ergot test.—The material used was obtained from the same

local druggist, who in turn received his supply from the well-known firm

of Merrill & Co., Cincinnati, Ohio. The fluid extract was treated in the
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same way as iu the preceding test aud tbe reactions obtained were some-

what similar.

Reagent 1. A precipitate was formed, but it was not so marlied as in

the ergot of rye.

Reagent 2. Reaction much the same as that in rye ergot.

Reagent 3. Reaction not quite so marlied as in tbe rye ergot.

Reagent 4. No reaction was obtained.

A brief summary of the work shows that a substance was obtained iu

all the extracts made which gave positive reactions with the first two

reagents used and negative ones with the last two.

Commercial extracts of rye ergot and of corn smut gave similar reac-

tions to those obtained from the corn smut extract prepared in the lab-

oratory, in the case of reagents one and two, and in addition gave marked

results with reagent three.

PHYSIOLOGICAL EFFECT OF AN ALCOHOLIC EXTRACT OF
CORN SMUT UPON HORSES.

Tbe study of the physiological effect of an alcoholic extract upon

horses was carried on in conjunction with that of the alkaloidal tests in

the laboratory, the alcoholic extract used being prepared by the writer

in the same manner as that described in the preceding pages. The experi-

mental work upon the horses Avas performed by Dr. R. A. Craig, of tlie

Veterinary Department of Purdue Universitj'.

The appended notes upon the amounts and effects of the doses admin-

istered were taken by him and have been kindly placed at my disposal.

Horse No. l.—A gelding, poor in flesh, but healthy, was given 15 cc. of

the extract subcutaneously. The dose seemed to have no effect. The

next day 30 cc. were given in the same way. In twenty-five minutes he

stopped eating. The pulse and breathing were quickened and the peri-

staltic movements of the intestines were increased. Forty-five minutes

after the drug was given faeces were passed. No further effects were

noted.

Horse No. 2.—A gelding in good condition was given 25 cc. subcutane-

ously. In twenty minutes he became restless, stopped eating, and the

pulse and breathing were quickened. A moist evacuation of faeces oc-

curred in twenty-five minutes. An hour after giving the injection its

effects had passed off. Two days afterwards 45 cc. were given. The horse
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soon became restless, tbe iutestiual murinuriugs were loud and an evacua-

tion of faeces soon followed. When made to turn in the stall his move-

ments were slow and unsteady. One hour after giving the injection his

pulse was sixty and his respirations forty-three per minute. He refused

to eat and remained dull till noon the following day. After an interval of

a few days the horse was given 130 cc. per orum. In forty minutes he

stopped eating, his pulse and breathing were quickened, but outside of this

no other effects of the drug were noted.

A brief summary of the results show that an injection of 25 to 30 cc.

of the drug caused restlessness and increased "peristaltic movements of

the intestines. This was followed shortly by evacuation of the contents

of the rectum. At the same time the pulse and respiration were quick-

ened. The effects of the dose passed off in an hour.

The injection of 45 cc. produced, in addition to the above symptoms,

a dullness and an unsteady gait when made to move. The effects of the

dose were much more- lasting. The horse remained dull and refused to

eat for twenty-four hours.

A 15 cc. subcutaneous injection and a 130 cc. per orum dose produced

but little effect.

While the results of both the chemical and physiological tests of the

corn smut are at variance with tlmse obtained by some other investiga-

toi'S,^ they are in accordance with results of a number of chemists,* and

to some extent in their physiological action to that obtained by Dr.

Mitchell,^ whose experiments were performed upon the frog. The con-

cordance of the results obtained from both the chemical and physiological

tests would indicate the presence in minute quantity of some narcotic in

corn smut. What this narcotic is, and why, when corn smut is consumed

in large quantities by farm animals, it does not produce more harmful

results, are questions Avhlch are yet to be determined.

=> Kedzie, Bull. Mich. Exp. Sta., No. 137 : 45, 1896.

Mayo, Bull. Kans. Exp. Sta., No. 58 : 69, 1896.

* Dulong, .Journ. de Pharm. 14 : 556, 1828.

Cressler, Amer. Journ. Pharm. for 1861 : 306.

Parions, Rep. Dept. A gric. for 1880 : 136-138, 1881.

Hahn, Amer. .Journ. Pharm. 53 : 496, 1881.

Rademaker and Fischer, Med. Herald for 1887 : 775.

"^ Mitchell, Jas.—The Physiological Action of Ustilago maidis on the Nervous System,
Inaug. Thesis, Univ. Pa., 1883. Therap. Gaz., Detroit, 10 : 223-227, 1886.
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A Bacterial Disease of Tomatoes.*

FAbstract.l

By William Stuart.

During the winter of 1898-99. while engaged in an experimental study

in the growing of tomatoes by the aid of chemical fertilizers, considerable

annoyance was occasioned by the appearance of a disease which attacked

the fruit and rendered it uumarlietable.' Usually the fruit showed no sign

Fig. 1. Tomatoes affec-ted with bacterial digeaee.

of injury until two-thirds grown, and sometimes not until fully developed.

The first visible appearance of the disease in infected fruits was in a slight

watery discoloration of the tissue beneath the epidermis. As the disease

["Published in full in the Thirteenth Ann. Rep. of the Ind. Exp. Sta., pp. 33-36, Jan.,

1901.]

'A disease similar in its character was reported by Beach, in Bulletin 125 of the New
York State Agr. Exp. Sta., Geneva, pp. 305-306, July, 1897.

11—A. OK Science.
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progressed, the affected portion assumed a darker color, followed by a

gradual depressiou of the infected tissue, resembling in many cases that

caused by the black rot Macrosporium solani (see Fig. I), but without

any fruiting hyphae growing on the surface of the epidermis. It rarely

wholly destroyed the fruit, but as a rule seemed to hasten its maturity.

Generally the disease attacked the apical portion of the fruit; in a few

instances, however, the central or basal portions would show the charac-

teristic watery discoloration.

Fig. 2. Original condition of the fruit prior to infection.

Fig. i. Changed condition of fruit "b" due to infection.

A microscopical examination of diseased portions of the fruit gave no

evidence of the presence of any parasitic fungus. The presence of a motile

•bacillus seemed, however, to be fairly constant in all tissue examined.

Isolation of the (jcrm.—In the isolation of the germ two different meth-

ods were employed. In one sections of the diseased tissue were removed

from the fruit with a flamed knife and transferred to bouillon tubes, from

which loop plate cultures were made in agar. In the other method direct
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inoculation of tlie tubes were made from tlie inner portions of dis-

eased tissue by means of a sterilized platinum wire.

The cultures obtained from botb of these methods were apparently

similar, both contained a minute motile bacillus, having the same ap-

pearance as that noted in the microscopical examination. The germ thus

obtained was assumed at the time to be the same as that seen in the dis-

eased fruit, but its after behavior did not in all respects bear this out.

Ch-owth of the germ upon agar.—The growth of the germ upon slightly

acid slant agar was quite characteristic; it produced a vigorous growth,

T\ith irregular outline all along the track of the needle. The color of the

colonies upon agar was creamy white on the margins, becoming yellowish

towards the center, and having a marked viscid surface.

Inoculation experiments.—On February 15 two tomatoes which had

every appearance of being perfectly healthy were removed from plants in

an adjoining room. One of these was inoculated with a pure culture of

the germ, by puncturing the epidermis with a sterilized needle, and with a

sterilized platinum wire transferring the germs from the tube to the

interior of the fruit. The other fruit was infected by merely smearing

the germs over the surface of the pistillate portion of the fruit. After

inoculation both fruits were placed under a bell jar. At the end of the

second day the first fruit showed signs of infection; a portion of the cells

adjacent to the opening made for the introduction of the germ were fast

turning a dark color. In a week the greater portion of the tomato was
diseased and was giving off an offensive odor. By March 1, or fourteen

days after the time of infection, it was completely decomposed, wliile the

one on which infection material had been smeared showed no signs of

disease.

On March 2 two more healthy tomatoes were removed from the vines,

and after photographing them they were inoculated in the same way as

those in the previous experiment. The progress of the disease in this ex-

periment was not quite so rapid as in that of the first, some twenty days

elapsing before the whole fruit was affected. Like the first the fruit into

which the germs were introduced was totally destroyed, while the other

remained perfectly sound. The fruits were again photographed on March

22. Fig. II represents them previous to inoculation, while in Fig. Ill

the changed condition of the diseased fruit is shown.

In order to determine whether the same effects would be obtained by

inoculating the fruit on the vine, a cluster of fruit containing four half
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to two-thirds grown tomatoes was selected for experimentation. Two of

the tomatoes were inoculated by introducing the germs into the tissues of

the fruit with a sterilized needle. In order to note the effect of the injury

from needle puncture the third fruit in the cluster was punctured with a

sterilized needle, while the fourth was reserved for control. All inocula-

tions were made on the north side of the fruit in order to avoid any action

of the sun upon the wounds. Three days later the tissues surrounding the

infected portions of the first two fruits had begun to grow darker. From

this time on the progress of the disease was quite rapid. So ill effects

could be noted on the fruit punctured with the sterilized needle, both of

the latter fruits remaining perfectly healthy.

In comparing the action of the disease produced 'n the artificially in-

oculated fruit with that of one naturally infected, it will be. noted that

with the exception of the first appearance of the disease their action was

entirely different. In the natural infected fruit there was no offensive

odor, the disease rarely affected the whole fruit, and never caused a

sloughing of the cell tissues, as did the artificial infections. The wide

difference in the action of the germ in the natural and artificially infected

fruits may indicate that they were not the same, although looliing so much

alike, or it may be explained by supposing that in the naturally infected

fruits the epidermis, not being broken, excludes all putrefactive bacteria.

The putrefactive bacteria having access through the wound caused by

artificial inoculation, feed upon the tissues destroyed by the inoculated

germ, and thus the two acting in conjunction make the destruction of the

fruit much more rapid and complete. The uniformity of the results ob-

tained seems to favor the latter assumption.

SUMMARY.

A decay of green fruits on tomato plants grown in the greenhouse

seemed from microscopical examination to be of bacterial origin.

The fruit showed patches that looked watery, became depressed, and

after a time turned blackish. Usually the disease started at the apical

portion of the fruit. No evidences of a fungus were present. Attempts to

separate a specific germ were apparently successful.

Introducing the supposed germ into the fruit by puncturing the epi-

dermis in every instance produced a disease.
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The disease caused by the germ from the cultures did uot coincide

very closely with that from natural infection, and there is still doubt if

the two be the same.

No preventive measures can be suggested with the limited knowledge

of the disease yet available.

Device for Supporting a Pasteur Flask.

By Katherine E. Golden.

iS'OTES ON THE MICROSCOPIC STRUCTURE OF WoODS.

By Katherine E. Golden.

Movement of Protoplasm in the Hyph.e of a Mould.

By Katherine E. Golden.

Description of Certain Bacteria Obtained from I^odules

OF Various Leguminous Plants.

By Severance Burrage.

(A preliminary study on the constancy of the distribution of bacterial species in definite

species of leguminous plants.)

It has been quite thoroughly proven that several different species of

bacteria may be found in the nodules of various leguminous plants. The

following questions, however, have not, it seems to me, been definitely

settled with regard to them:

Does the same species of bacteria always occur in the same species

of legume?

Does the same species of bacteria always occur throughout all the

nodules on the same plant of any species of legume?

Does the same species of bacteria always occur in the nodules of all

the plants in a field planted with one species of legume?
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Does tbe same species of bacteria occur constantly in the same species

of legume year after year?

The following descriptions are merely the beginning of an attempt to

investigate and answer these questons.

For much of the culture work, I am indebted to Mr. T. R. Perry, one

of the students in Purdue University last year,

SPECIES 1.

Separated twenty times from the nodules of Trifolium pratense.

MORPHOLOGY.

Bacilli with rounded ends, occurring sometimes singly, but generally

in pairs. These bacilli measured from .75 to 1 mu in width, and 2 mu in

length. Examination of Zoogloea masses on agar shows a distinct capsule

formation sometimes measuring 3 mu in width and 4 mu in length.

BIOLOGICAL CHARACTERS.

An aerobic, liquefying, motile, chromogenic bacillus, growing well at

room temperature, but slightly better at 3714 C°.

On gelatin plates the colonies are large and white, liquefying the

gelatin in a very short time.

A funnel shaped liquefaction occurs in gelatin stab cultures in about

15 days, and a distinct greenish fluorescence is given to the liquid portion,

while a white precipitate sinks to the bottom of the "funnel." After all

the gelatin is liquefied, a distinct green mycoderm is formed on the

surface.

On the agar streak there is a thin, spreading light-green growth which

imparts a distinct fluorescence to the agar. On older cultures, this growth

thickens and forms a luxuriant zoogloea mass all over the agar. It is

from such conditions that the capsule stage may be obtained. Upon

potato a slimy, yellowish, dirty-brown growth takes place along the line

of inoculation, which growth becomes darker with age.

Milk is quickly coagulated, and the whey takes on a greenish fluor-

escence. This milk, however, remains neutral.

In solutions containing nitrates, all nitrates are changed to nitrites in

from five to seven days.

Glucose solutions are not fermented.

SPECIES 2.

Separated several times from the nodules of Vicia sativa.
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MOKPHOLOQY.

In crushed nodules the "bacteroid" appearance is quite common, while

on the various artificial culture media these are rarely seen. Upon these

media, they appear as bacilli with rounded ends, often united in pairs.

They measure .8 mu in width and 1.5 mu in length.

BIOLOGICAL CHAHACTERS.

This form is a faculative anaerobe, motile, non-liquefying, non-chrom-

ogenic. Grows well at the room temperature, and better at the body

temperature. In gelatin stab cultures a line of very small colonies is

formed along the line of puncture.

On agar plates the colonies appear in thirty-six hours, the surface

colonies having a whitish appearance, while the deeper ones have a yel-

lowish tinge.

The agar streaic gives rise to a slimy, viscous, whitish growth, having

no tendency to spread over the agar.

On potato, a rather restricted whitish growth takes place very slowly,

and this growth is very slimy.

In solutions containing nitrates, after twenty days, a considerable por-

tion have been reduced to nitrites, but not all, as there was positive test

for nitrates as well as for nitrites.

Glucose solutions are not fermented.

Milk is not coagulated, yet is rendered strongly acid.

SPECIES 3.

Separated in several instances from nodules of Phaseolus nasus.

MORPHOLOGY.

Bacilli with rounded ends, usually united in pairs.

Measurement, 1.5 mu in width, 3 mu in length.

BIOLOGICAL CHARACTERS.

An aerobic, liquefying, motile nonchromogenic bacillus, which grows

very slowly at the i-oom temperature, but quickly at the body tempera-

ture. In gelatin stab cultures the liquefaction occurs in a straight line

across the tube. The whole mass of gelatin becoming liquefied in 15 days.

On gelatin plates the colonies reach one-sixteenth of an inch in diam-

eter, circular in outline.
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On agar plates, the colouies are also about one-sixteenth of an inch

in diameter, but are somewhat irregular in outline, and very finely granu-

lar.

On the agar streak, there is a luxuriant dirty-white, slimy growth,

giving a very slight fluorescence.

On potato, there is at first a flesh-colored growth, later becoming a

dirty white, and on the very old cultures, a brown.

Glucose solutions are not fermented.

Nitrate solutions give a fair test for nitrites after 24 days.

Milk is in no respect changed by this species.

SPECIES 4.

Found in several nodules on Trifolium bybridum.

MORPHOLOGY.

Bacilli occurring usually in pairs, rarely singly.

In the nodules, these bacilli measure 1..5 mu in width, and 4 mu in

length. "When taken from cultiire media they measure 1.7.5 mu in width

and 5 mu in length.

BIOLOGICAL CHARACTERS,

This form is a facultative anaerobe, non-liquefying, non-chromogenic

bacillus, quite actively motile. Grows better at the body temperature than

at the room temperature.

In gelatine stab cultures there is a scattered growth of individual col-

onies along the line of inoculation, without liquefaction of the gelatin. An

irregular button-like growth takes place on the surface of the gelatin. In

bouillon rendered slightly acid, no growth whatever took place, while in

neutral bouillon an abundant growth occurred.

On agar streak a non-spreading flesh-colored growth appears, and on

potato a light lead colored growth follows the line of inoculation which

becomes slimy after four days.

Glucose solutions are not fermented.

Nitrate solutions are wholly reduced to nitrites.

Milk is unchanged.

SPECIES .5.

Found in nodules on several plants of Trifolium reflexum.
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MORPHOLOGY.

Bacilli usually aiTanged in pairs, rarely singly. They measure .5 mu

in width, and 1.5 mu. in length.

BIOLOGICAL CHARACTERS.

This species is a non-liquefying, non-chromogenic, motile, facultative

anaerobic bacillus, which grows very well at the room temperature, but

not so well at the body temperature.

On gelatin stab cultures a few scattered colonies appear along the line

of inoculation, and a button-like growth on the surface. The gelatin is not

liquefied in two weelis.

On agar streak, a whitish growth follows the line of inoculation.

On potato the growth is a yellowish, lead-colored one, following the

line of inoculation.

Glucose solutions are not fermented.

Nitrate solutions are completely reduced to nitrites in three days.

Milk is coagulated, but remains neutral.

Other species are now being worked upon, which have been separated

from many other leguminous plants, including crimson clover, locust,

small white clover, whippoorwill cow pea, black cow pea, and alfalfa.

A Few Mycological Xotes for July and August, 1900,

AVells and Whitley Counties.

By E. B. Williamson.

An interest in the doings which go on in fields and woods is natural

to everyone, bearing, as all of us do, in our own brains, cells which still

retain the impress given them as they developed and multiplied to

gradually make man, by the cunning of his intellect, master of his en-

vironment. Interest is attracted most easily to those everyday, more con-

spicuous and beautiful objects, and those which have never been dan-

gerous to man during the period of his later evolution. So at the pres-

ent time we have popular illustrated works on birds, butterflies and
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flowering plants, and when tlie Garden shall have faded into a more cor-

rect perspective, we may expect some such popular treatises on the humble

though usually beautiful, creatures which go with heads in the dust. But

I leave it to the student of psychogony to discover why the fastidious

human so often turns with loathing from a mushroom. It would seem

that these plants, by their graceful adaptive forms and varied colors, could

easily conquer the feelings which seem to frequently exist only because of

the falsely suggestive name of "toadstools" commonly given to all species

of the Agaricaceae. However, an interest in these larger fungi is felt by

many, and one purpose of this brief note is to call attention to two recently

published works which make possible at least a general knowledge of

the forms to be found in the United States.

The first of these books is "Moulds, Mildews and Mushrooms," by Dr.

Underwood, published by Henry Holt & Company. Keys enable the

student to trace specimens to their genera, and notes on distribution, hab-

itat, etc., conspicuous species, and a full bibliography are given. The

second book is "A Thousand Fungi," by Charles Mcllvaine, published by

the Bowen-Merrill Company. Many fine plates from photographs and

water color studies illustrate a large number of species, especially the

commoner and more conspicuous forms. This work is decidedly less sci-

entific that the first, and the many notes are usually intended especially

for the mycophagist.

To the best of my knowledge those who gather fungi for food pur-

poses in Wells County, and doubtless also in other portions of the State,

confine themselves exclusively to the morel. This species is not rare in

the spring. It belongs to another group than the one to which other

mushrooms, as they are known, belong. Near BlufEton a species of

Geoglossum, a genus belonging to the same order as Morchella, was not rare

in low woods in August. It was not found in sufficient quantities to cook,

but eaten raw had a nutty flavor, woody texture.

In low woods on and about rotting logs in Wells and Whitley counties

during August Clavarias were common. C cristata seemed to be the com-

mon species. Underwood says none of them are deleterious, and Mcll-

vane recommends some of them especially for soups. In past years

species of Hydnum have been observed commonly in the two counties men-

tioned above, but this year, possibly because of the little time spent in the

woods compared with some former years, none were seen.
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On August 17 an oak stump growing in a thick woods near BlufiEton

was found literally covered with Polyporiis sulfureiis. No other mass of

color could have clothed the stump to render it more conspicuous in the

dark woods. The fungus was young and tender, and a number of persons

ate of it sliced and stewed. The flavor possibly suggested veal. I have

seen this species growing more in the open on logs where it was almost

completely pulverized by insect larvae.

Of the Boletaceae three genera Avere observed in Wells County—

FistuUna, Boletus and Boletimts. None of these were tested for their edible

qualities. FistuUna hepatica was found only once, on August 25. Boletimts

porosus grew in shaded woods among old leaves. The short stipe and mot-

tle yellow-ochre and burnt umber pileus of this species render even large

specimens six or seven inches in diameter inconspicuous. One species of

Boletus was common in both Whitlej'^ and Wells counties, but was not

specifically identified. Height, two Inches; diameter of pileus, one and

one-half inches; pileus above, chocolate brown, reddish or reddish yellow;

flesh, white or very pale yellow, when broken becoming bluish, then very

dark yellow; tubes yellow; stipe solid, reddish yellow, not annulated.

Pleurotus ostreatus to the mycophagist is one of the most valuable

fungi in northern Indiana. About Bluffton it was found especially on the

northern exposures of elm logs which still held their bark, though it has

a wide range of habitat. To some its flavor is as good as any mushroom,

and the quantities that can often be gathered after a rain from one log

recommend it. It often becomes soggy during a rainy spell, but if it is not

too much infested with larvae this does not interfere with its edibility.

Fried in butter this species is as good as cooked any other way. It is at-

tacked by more enemies than anj^ other woods species of fungus I have

noticed. At least two or three species of mollusca, two diptera, possibly

a dozen coleoptera and two hymenopetera infest it. A friend reports grass-

hoppers feeding on it. Centipedes are often found among the gills, being

there doubtless in search of insect prey.

Amanita phalloides was found once in a cleared spot in a thin woods

near Shriner Lake, Whitley County. This was the only one of the few

deadly mushrooms seen during the season. A species which is perhaps

dangerous is Lepiota morgani. It reaches the maximum of size for an

Agaricaceae. One specimen collected at Bluffton was ten inches high, and

the pileus was eleven inches in diameter. Another specimen broken off at

tlie ground weighed eleven ounces. I saw the species growing at only two
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stations and at one of these it formed an incomplete giant fairy ring as

has been described. At Bluffton eight persons ate freely of this species,

and none suffered any inconvenience. It is generally accepted that genu-

ine cases of mushroom poisoning have never resulted from eating decom-

posing nonpoisonous species. But is it possible that the ripening of the

spores might develop some minor poison? The specimens of L. morgani

eaten at Bluffton were in every case young and tlie gills were not colored by

the spores. Several small species of Lepiota were common in the woods

during August, but none of these Avere specifically determined. One of

them had the pileus usually under an inch in diameter, white, the umbone

dark wood brown. As it aged the margin of the disc became a delicate

and beautiful blue.

Another dangerous species is Clitocyhe illudens. This was found twice

near Shriner Lake, growing on stumps, once in an open field, the second

time in the woods. None were cooked. Dr. Underwood says it is unwhole-

some; Mr. Mcllvaiue says it is poisonous to some, and its odor is certainly

not attractive. It possesses fully the phosphorescent property attributed

to it by authors. Clitocyhe monadelplia was found twice near Bluffton,

each cluster growing on the ground in low, thick woods. Another species

was very common about logs in woods. It was gray or light brown in

color, thin, woody, and wine-glass shaped. Tlie odor if long continued

was sickening. On two occasions, when I had a quantity of it in the room

where I was working, it all but nauseated me, though I am not easily of-

fended tlirough my olfactory organ.

ColhjMa radicata was common in Wells County, and it and two larger

species of the same genus, all growing in woodland, were frequently

eaten. They have nothing in particular to recommend them. Russula

emetica was taken in Wells County and Russula roseipes in Whitley County.

The latter species was eaten raw. It had a nutty flavor much like

Marasmivs. A species of Cfintharellvs was found at Bluffton, August 25,

but was not identified.

After rains Marasmivs orendes appears abundantly on the lawn about

my home near Bluffton. The fairy rings were seldom well marked. We
could not say that the flavor of this species was superior to that of some

larger mushrooms which are usually more easily collected. However, the

large number of Marasmms which may sometimes occur within a small

area make it possible to gather a quantity of caps without much labor.

Pamts stHgosiis was found near Bluffton, August 19. A single individual
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grew from a decayed spot in a living tree. It was a beautiful specimen

and suggested Pleurotns ostreattts. Fluteus cervinns was common both in

Wells and Whitley counties, growing on very old logs, and once in a mass

of rotting sawdust, in the woods. The pileus varies greatly in coloration.

The species was often eaten, but unless fried crisp it has a rather un-

pleasant flavor. A species of Galera, apparently flava, was not rare in the

Avoods about Bluffton, growing in clusters on decaying logs. It was

cooked and the caps retained must of their bright yellow or orange color.

It might be used as "trimming" for a dish of larger species.

Afforiciis campeslris was taken in pastures, but I did not find it in quan-

tities as it is often found. A single specimen taken in the woods near

Bluffton seemed to be A. siJraticiis. In the same pastures and in thin

woodland, often on manure. PsatJnireUd Avas common. All the specimens

seen seemed to belong to one species, undetei'miued

Belonging to another order are the pufifballs, the larger species of

which are among the most A'aluable and delicate fungi. Representatives

of three genera were observed this season about Bluffton. Geaster was

found a number of times in thin woodland. Calratia was found a few

times. The best way to cook it is like egg plant. In former years Calvatia

has often been observed in great abundance, occurring at the edges of

woods or in thin woodland. Specimens not less than eighteen inches in

diameter have been seen, and individuals eight or ten inches in diameter

were not rare. A species of Lycoprrdon. which suggested a sea-urchin with

the spines removed, was common in pastures. Its diameter seldom ex-

ceeded two inches; it seemed to ripen rapidly, and it was usually infested

with larA'ae. so none were cooked.

The Kankakee Salamander.

By T. H. Ball.

The Eel Question and the Development of the Conger Eel.

(Abstract.)

By C. H. Eigenmann.

The eel question, or "when, how and where does the eel reproduce."

which is as old as history, was in part solved by Grassi, who in 1897 found
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that one of the numerous species of Leptocephali found near Messina is

the larva of the eel. The eel is said to seek the deeper water, where it de-

posits its eggs and then dies. During the past summer the eggs of the

Conger eel were taken by the U. S. Fish Commission vessel Grampus on

the surface of the Gulf Stream. This is the first notice of an eel egg out-

side of the Mediterranean. A full account of these eggs will appear in

the Bulletin of the U. S. Fish Commission.

The Mounting of the Remains of Megalonyx Jeffersoni from
Henderson, Kentucky.

By C. H. Eigenmann.

During the fire of the Museum of the Indiana University in 1882 the

bones of the Megalonyx belonging to the University were away to be fig-

ured. In this way this specimen was saved from the destruction that

overtook most of the other specimens in the collections. The trustees have

recently decided to have the specimen moimted. The bones have been

mounted in their relative positions without reconstruction of the lost parts.

It came ox'iginally from Henderson, Kentucky.

Contribution Toward the Life History of the Squeteague,

(Abstract.)

By C. H. Eigenmann.

The Squeteague is one of the important food fishes of Narragansett

and Buzzard's Bay. During the past summer I studied the habits of the

young of this fish. The details will be published in the Bulletin of the

U. S. Fish Commission.

A Xew Oceanic Fish.

[Abstract.]

By C. H. Eigenmann.

A new species ol Centrolophine fishes was taken during last summer

under a medusa in the Gulf Stream off Newport, R. I. It will be described

in detail in the Bulletin of the U. S. Fish Commission.
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A New Species of Cave Salamander from the Caves of the

OzARKS IN Missouri.

[Abstract.]

By C. H. Eigenmann.

While collecting in the caves of Missouri I found a species of Spelerpes

rather abundant. It was taken in Wilson's Cave, Roclihouse Cave, Fish-

er's Cave and also near Marble Cave. It proved to be a new species

which is the fourth salamander known to inhabit the caves of North

America. It is a twilight species rather than a strictly cave species, being

found within a short distance from the entrance of the cave in all

instances.

An Addition to the Fishes Occurring in Indiana.

By L. J. Rettgeb.

Some Observations of the Daily Habits of the Toad (Bufo

Lentiginosus).*

By J. RoLLiN Slonaker.

Wishing to observe the daily habits of the toad and to see if it would

hibernate if kept in a warm room during the winter months, a medium-

sized female toad (Bufo lentigiuosus) was secured October 8th. Not hav-

ing a suitable place ready for her, she was placed temporarily in a run-

ning water aquarium. Here she could climb upon some bricks and be

out of the water, but it was evidently too damp, for she showed signs of

uneasiness.

On the 16th she was noticed to shed and swallow her skin. This I

find is not an uncommon occurrence. October 19th she weighed 59.6 g.,

and was transferred to a dry earth aquarium. Here she made a hollow

in the soft dirt under some leaves and seemed perfectly at home.

*These observations were made at Clark University during tbe year 1897-8.
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It was interesting to see the waj' she made a hollow, or buried her-

self. She always used the same method, pushing the dirt to each side

with her hind l^s and shoving herself backward with her fore legs.

She was accurate in predicting changes in temperature, appearing very

hungry, and after eating, burying herself completely before a decided fall

in temperature. Before rising temperature she seemed less concerned

about getting her food and would not cover herself completely, usually

leaving her head out as though waiting for insects.

Plenty of grasshoppers and flies were Ivcpt in the aquarium, and she

ate freely each day till November 1st, when a cold wave arrived and the

room cooled off during the night. This time she buried herself com-

pletely. Neither did she again appear nor show signs of life till Novem-

ber 29th, when she slowly emerged. This may be spoken of as a short

period of hibernation.

She was in and out almost every day after this, and on December 7th

she ate three flies and 2.8 g. beefsteak. In regard to their eating, toads

show tlie same peculiarity that frogs do, in that they will not attempt

to take anything that is not in motion. In order to get the toad to eat

meat I threaded a small piece on a string and twirled it before her. Her

attention would first be attracted by the moving object, and after gazing

at it for a few seconds slie would quiclvlj' run out her tongue and take it.

The wliole process is almost instantaneous, and one can see but a flash

of light red and hear the shutting of her mouth.

After eating this amount she refused to take any more, and buried

herself, as I supposed, for another hibernation. But the next day she was

out again and ate a fly. On the day following she ate 12 flies and 3 g. of

meat. I continued feeding her every few days and, wlien hungry, she

would eat frozen or stale meat and thrust her tongue at any near moving

object. With the exception of cold "snaps," when she would remain cov-

ered up two or three days at a time, she showed no further signs of hiber-

nation throughout the winter.

On February 14th she weighed 88.9 g. This shows that though there

was a tendency to hibernate at first, it did not manifest itself again, for

an animal loses weight during hibernation. Februarj- 20th she weighed

97 g., showing a gain of 8.5 g. in six days. This rapid increase in weight

was probably due to the nutritive diet of beef and to the rapid secretion

of eggs.
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March 2cl she remaiued several hours in the water, and I have no doubt

that she woiikl have deposited her eggs if she had had a mate. At this

time her weight was 104.7 g. Her appetite always appeared good, and

though I had only meat to give her for two months, she usually took some

whenever it was offered her. She always knew when she had enough

meat, in fact was never very eager to take it. But with flies she was

gluttonous, became excited and eager, and always had room for one

more, as shown by the following day's record.

I confined a large number of flies in the aquarium with her. When
she heard and saw the flies buzzing about she became very much excited

and nervous, and immediately began hopping about and catching them.

When thus excited, the long toes of the hind feet always had a peculiar

twitching, while the remainder of her body would be comparatively mo-

tionless. It was interesting to see how rarelj^ she missed her aim and how

rapidly she ate them. At first she averaged about four per minute. Be-

ing curious to know how many she would eat, I watched and counted.

When she had eaten 40 her rate began to slacken, though she was still

anxious and would approach nearer when a fly was beyond her reach.

At 50 she showed less energy in the chase. When 60 had disappeared she

simply waited till they came within reacli of her tongue, while about

every third or fourth fly swallowed she would squirm and twist as though

making room for one more. When she had eaten 76 I was called away.

When I returned about an hour later the remaining 15 or 20 flies had dis-

appeai'ed. Some of these, however, may have been eaten by two or three

small frogs that were confined in the same aquarium. One would think

she would not want anything more soon, but the next day she was ready

for more, and averaged about 40 flies each day.

The greatest weight she reached was 111.5 g. on a diet of meat and

flies. It was also interesting to note that if, when she had eaten all the

meat that she wanted and had begun to back into the ground, a fly with

clipped wing was put before her she would quickly take it, or, if it should

run out of her reach, would eagerly give chase.

One day I placed a medium-sized garter snake in the aquarium to see

the effect. The toad was out and happened to be close to the side of the

aquarium. As the snake crawled slowly toward her seeking a means of

escape, her sides began to swell out while she slowly turned her broad

back toward the snake. This made her resemble a clod of dirt more than

12—A. OF Science.
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a toad. Evidentlj' she kuew that flight wsls useless and, as a place of cou-

cealment was not at hand at that late moment, her safety lay in protec-

tive coloration and in resembling a toad as little as possible.

April 20th I placed a male of the same species in the aquarium, think-

ing she would lay her eggs, but she would have absolutely nothing to do

with him. As there seemed to be no likelihood of further development I

changed them to a small park which I had prepared in a sunny part of

the yard. It was inainly composed of sod, but in one corner was an area

of soft earth, while in the center was a large pan of water. Here they

mated at once and spent the greater part of two days hopping about, rest-

ing part of the time in the water. May 12th they buried themselves com-

pletely in the soft dirt to await the passing of a cold wave. When the

cold wave had passed they emerged and the mating ceased without the

deposition of eggs.

Among the things the toad was observed to eat during her captivity

were ants, flies, grasshoppers, bees, wasps and many other insects which

found their way within her reach. The eating of bees and wasps was fol-

lowed by no ill effects except a momentary twisting or wincing. By far

the greater part of her food consisted of flies and ants. These are house-

hold pests, and since the toad will average 40 or more each day it is need-

less to say that it is a veiy useful animal and one that should be protected.

The Methods and Extent of the Illinois Ichthyological

Survey.

By Thomas Large.

At the present time the Natural History Survey of the Illinois State

Laboratory of Natural History is working on an extensive report on the

Fishes of Illinois. This is a continuation of the work begun in 1878 and

carried on with many interruptions since that time by Prof. S. A. Forbes

and his collaborators. It is the purpose to have every fish known to occur

within the State accurately described, with complete statement of all that

is known concerning food, habits and breeding, and to have the geographi-

cal distribution indicated on maps. In addition to this it is the purpose to

illustrate each species with colored plates reproduced from water-color
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drawings of living flsti. The number of species occurring is in tlie neigli-

borliood of two hundred.

At present sevex-al lines of work are in progress: At the Biological

Station on the Illinois River, located in the past two summers at Mere-

dosia, aquaria were fitted in the floating laboratory and a gasoline engine

and pump on the shore made to furnish clear water in which colors of

living fish were studied for color descriptions and were painted by the

laboratory artists. The field work for the geographical distribution has

been pushed forward by means of wagon and launch expeditions and by

volunteer collectors. The launch has not been used sufficiently for ex-

tended excursions to make the experience of value to others. With the

wagon two men were in the field for six weeks in the fall of 1899, making

collections in the Big Vermillion and Kaskaskia rivers and their ti'ibuta-

ries. In 1900, with the advantage of the experience of the previous year,

an expedition was fitted out to make collections in eastern Illinois, with

Golconda on the Ohio River as the objective point, and returning to

Urbana, the starting place, through the western and central portion of the

State. The equipment consisted of an ordinary covered grocei-'s delivery

wagon and two horses, a 9x9 miner's pyramid tent, woolen blankets, a

blue-flame oil stove, an aluminum cooking outfit, a supply of groceries and

canned meats, five large milk cans for shipping collections home, "hand-

cans" for killing specimens as soon as taken, a ten-foot minnow seine

hung to fish three feet, a thirty-foot minnow seine hung to fish five feet,

and a forty-yard minnow seine hung to fish six feet. The Baird nets are

not serviceable in the muddy sti-eams of Illinois, as the bag collects too

much mud. Tlie party, consisting of two men who had had experience in

such work, made no attempt to secure accommodations from farmers more

than horse feed and water, experience of the previous year proving it to

be very expensive in time and temper. Occasionally stops were made at

hotels. The entire distance covered was about six hundred miles, in six

weeks' time. The cost of subsistence in field, including some repairs, was

about ten dollars per week.

In preserving fish the laboratory uses 10 per cent, formalin solution for

killing,. in which the fish is put as soon as taken from the water. In this

the fish die with fins expanded. After remaining a few hours in this solu-

tion they are wrapped in cheese-cloth and transferred to a weaker solu-

tion (about 1 per cent, to 5 per cent.), for shipment. After being brought

into the laboratoi-y they are bottled in a solution consisting of 70 parts
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95 per cent, alcohol, lour parts yiyceriiie. one part of formalin, and twenty

parts of water. In this solution preservation is secured without the brittle-

ness resulting from high per cent, alcohol.

The method of this institution in caring for collections may prove

valuable to those interested in museum methods. Each catch is kept sepa-

rate and given an accessions number referring to all data concerning it,

which is entered in an accessions catalogue. The species are then sepa-

rated and bottled, with tags (similar to those attached) on the outside

ai<<' inside of the bottles.

Ac. No.

Sp. No.

Jor. & Ev.No.

Ac. No.

Sp. No.

Jor. & Ev. No.

Those on the Inside are made of ledger paper and written with lead-

pencil; those for the outside are written with India ink. The tags bear

accessions number, a number referring to the species list of the labora-

tory, and a number referring to the species number in Jordan & Ever-

mann's "Fishes of North and Middle America." All bottles containing a

particular species are racked together in series according to accessions

number and placed in shelves. The racks used are wooden trays of two

sizes, the larger 41^x15 inches and meant to be wide enough to hold a two-

quart fruit jar. The smaller are for vials and small bottles, and are 2x13

inches. This arrangement is exceedingly convenient for ready reference

to any particular fish desii-ed.

The plan of securing collections from volunteers in localities from

V hich materials were needed for study of geographical distribution, was

put in operation in April, 1900. It commends itself because of excellent

results secured and the comparatively light cost. Letters inviting co-

operation were sent to high school teachers and others, in localities that

had not already been covered by field work. To those responding were

sent two pairs of hip boots, a twenty-five foot minnow seine, a five-gallon

milk can and a quantity of formalin, with directions for catching, labeling

and preserving. In return for the service each collector receives a named

set of the fishes from his locality. As a result of the volunteer work of

the spring and summer a large triangular area lying between the Illinois

and Mississippi rivers as far north as a line from Peoria to Rock Island

was quite thorouglily worked, besides several other localities. Some col-

lectors made collections representing entire counties.
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Additions to the Indiana List of Dragonflies avith a Few
Notes.

By E. B. Williamson.

ADDITIONS.

1. Calopteryx aequabitis Say. Whiting, Lake County, June 9, 1900, along a

ditch which drains into Calumet River, one male; and Wolf Lake, Lake County,

July 2J, 1900, two males. Clarence C. Bassett.

2. Lestes eurinus Say. Elkhart, June 8, 1900, one female. R. J. Weith.

3. Enallagma ealverti Morse. Lake Maxinkuckee, May 27, 1900, two males,

one female. Howard North.

4. Nasiaeschna (Aeschna) pentacantha Rambur. Banks of St. Joe River, Elk-

hart, June 10, 1900, two female.s. R. J. Weith.

5. Aeschna multicolor Hagen. City limits, Elkhart, September 5 and Octo-

ber 12, 1899, three females, one identified by Dr. Calvert. R. J. Weith.

6. Sympetrum alhifrons Charpentier. Bluffton, Indiana, September 9, 1900.

E. B. Williamson.

7. Libellula exusia Say. Woods near Simonton Lake, May 15 and 20, 1900.

R. J. Weith.

The State list now numbers 91 species of Odonates. Four of the above ad-

ditions are due to Mr. Weith, who has also added several species, known from

other points in the State, to his local list. Collections are being made at Lake

Maxinkuckee, Winona Lake, Evansville, and perhaps at other points, so further

additions to the list may be expected, and our knowledge of seasonal and geo-

graphical range within the State is certain to be augmented. Descriptions of two

of the species mentioned above are unfortunately not found in "The Dragonflies

of Indiana." They are given in the notes which follow.

NOTES AND CORRECTIONS.

1. Enallagma ealverti Morse is of the color type of En. doubledayi Selys. The

male may be recognized by having the superior abdominal appendages much

shorter than the inferiors, in profile appearing like a short cylinder with a rounded

apex which is usually distinctly notched below the middle. Mr. Morse's original

description of the male of this species follows : "Abd. 23-25mm., hind wing 17-

19.5mm. Prothorax greenish black, the following pale (bluish): sides; a trans-

verse line on anterior lobe ; the hind margin and a cuneiform spot on each side of
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posterior lobe. Thorax wiih a rather narrow mid-dorsal stripe (sometimes divided

by a mere line of blue, most distinct anteriorly), and a very narrow humeral

stripe, wider in front, especially at the suture, and a spot on second lateral suture,

black. A wide ante-humeral stripe, equal to or wider than the mid-dorsal black

stripe, blue. Abdomen blue, the following black: A spot on base of 1 ; a trans-

verse lunule (convex side forward, doubly concave behind) near apex and a nai-

row marginal band on 2; an apical spot connected with marginal band on 3 and

4; apical third of 5, two-thirds of 6, five-sixths of 7, and all of 10.

"Superior appendages short, one-fourth to one-third as long as 10, blunt,

with the apex directed downward and slightly notched in profile; the upper limb

thick and rolled inward, the lower limb thin, rolled inward and upward, appear-

ing like a small, rounded, inwardly projecting shelf on the lower edge of the apex

of the appendage. In profile the upper apical angle is very obtusely rounded, the

lower slightly notched. Inferior appendages longer, two-thirds as long as 10,

rather slender, tapering, slightly curved upward, directed upward and backward,

the lower margin convex throughout." Nevada, Wyoming and other western

States, and Massachusetts. This is an interesting addition to the list of Enallaij-

mas known to occur in Indiana, bringing the number to thirteen, and leaving two

regional species, doubledayi and aspersum, yet to be discovered.

2. Ischnura kellicotti Williamson sometimes has the blue ante-humeral

stripe of the thorax interrupted as it is normally in Nehallennia posita and rarely

in Ischnura verticaiis and Enallagma germinatum. Individuals were taken which had

the stripe continuous on one side and interrupted on the other. The species was

very abundant at Shriner, Eound and Cedar Lakes, July and August, 1900, found

only about the white water-lily beds. Orange females were numerous.

3. Dr. Calvert has recently called attention to the fact that Gomphus externus

as identified by Kellicott and as described in "The Dragonflies of Indiana," is

in reality Gomphus crassws. What is said of Gomphus externus on pages 289 and

290 of " The Dragonflies of Indiana," excepting geographical range, belongs to

Gomphus crassus. Gomphus erassus is known from Kentucky, Ohio, Indiana and

Illinois. Gomphus externus has been taken in Illinois and westward in Nebraska,

New Mexico and Texas. It must be dropped from the Indiana list, though it

may be found in the State in the future. It may be separated from fraternus and

crassus by the following points : In externus the two lateral thoracic stripes are

complete, not shortened or interrupted. Externus has the dorsum of 9 and 10 with

a yellow band as usual in crassus. The appendages of the male of externus, as fig-

ured in the "Monographie des Gomphines," plate XXI, fig. 2, as seen in pro-

file, somewhat resemble fig. 20, plate VI, "Dragonflies of Indiana," excepting
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that they are more acute and the lower edge is less angular. The vulvar lamina

in externus, as in fraternua, is not constricted at the middle as it is in crassus. In

externus the lamina is bifid for almost half its length ; in fraternus it is bifid for

scarcely more than a fourth of its length. Fraternus and externus are about the

same in size.

On page 285, "Dragonflies of Indiana," the references should be to plate VI,

and not plate VII, as there printed. Line 17 from the bottom, same page, for

Abdomen about 40 in length, externus, read Abdomen about 38 in length. FBA-

TERNUS.

4. In "Occasional Memoirs of the Chicago Entomological Society," Vol. I,

No. 1, March, 1900, pp. 17 and 18, Mr. .James Tough has described and figured

the appendages of the male of a very interesting species of Gomphus under the

name of Gomphus cornutus. The author's description is quoted.

"Length, (^, 55-57mm. ; abdomen, 40-42mm. ; hind wing, 32-33mm.

" Yellowish green, with black and brown markings. Face and occiput yel-

lowish green, eyes posteriorly black above, yellowish below, occiput distinctly

convex, notched in center and fringed with black hairs, vertex and antennae

black. Prothorax black, with a geminate spot in center and a patch on each side,

yellowish. Thorax yellowish green, except a narrow band, indistinct or absent

anteriorly, on each side of mid-dorsal carina, also except humeral and anti-

humeral bands, and margins of first and second lateral sutures, all of which are

brown. Legs black, front femora yellowish green below. Wings hyaline with

viens black, pterostigma yellowish, and costa yellowish green. Abdomen of uni-

form thickness, black, a dorsal stripe or spot on segments 1-8, small and basal on

8, and a small quadrangular spot on 10, yellowish; dorsum of 9 entirely black.

"Superior appendages dull yellowish; seen from above, internal branches

produced inward and backward until they meet, acute and spinose at tip ; ex-

ternal branches short, rather broad, and tipped with a blunt spine. Inferior ap-

pendage, seen from above, slightly longer than superiors, spreading, the distance

from tip to tip of outer extremities being more than twice the width of the tenth

abdominal segment at base. From side view the internal branches of superiors

are seen to bear a conical tooth about midway between base and apex
;
the inferior

curving upward gradually and each branch bearing a curved spine at tip.

"Described from two male specimens, taken at Glen Ellyn, Du Page County,

Illinois, one June 14, 1897, the other May 30, 3898."

Mr. Tough writes me that he thinks he has since taken the female of this

species. The occiput is high, rounded, and in front is a triangular pyramid, its

base bounded by the line between the vertex and occiput, and by lines drawn
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from the extremities of this line to the middle point of the posterior edge of the

occiput. This species will very probably be found to inhabit Indiana.

5. Gomphus pallidus Rambur. St. Joe River, June 8, 1900, one female.

R. J. Weith,

6. Gomphus spicatus Hagen. Elkhart, May 20, 1900. R. J. Weith. In

plate VI, " Dragonflies of Indiana," figs. 18 and 19 will not serve to distingui>h

the males of Gomphus spicatus and G. descriptus. Seen from above the superior

appendages of sj3tca<«8 have a distinct median external tooth; descriptus has the

appendages angulated beyond the middle, but there is no tooth. ,

7. Gomphus sp. Page 294, "Dragonflies of Indiana," is a new species soc n

to be described by Mr. Hine.

8. With a knowledge of the nymph of Tachopteryx thoreyi another arrange-

ment of the genera of the Gomphinae than that employed in the " Dragonflies of

Indiana" becomes desirable. The arrangement of genera of the Gomphinae as

worked out by Selys in his " Synopsis des Gomphines" and culminating with his

final " Xote sur la classification" in the fourth addition to the Synopsis, may be

employed'here for the genera taken in Indiana. The genera would then stand in

this order: Ophiogomphus, Dromoyomphus, Gomphus, Progomphus, Hagenius, 2'aehop-

teryx, Cordulegaster.

9. The genus Nasiaeschna has recently been established by Selys (Termesze-

trajzi fuzetek, XXIII, 1900, p. 93) for the species Aeschna pentacantha Rambur.

In the key to genera in "The Dragonflies of Indiana" pentacantha will run out to

the genus Epiaeschna. The genus Nasiaeschna is distinguished from Epiaesehna

by the supplementary sector between the subnodal and median sectors being

separated from the subnodal by one row of cells (two rows in Epiaeschna), by hav-

ing the face excavated, by the absence of a dorsal spine on abdominal segment 10

in the male, and by the superior appendages of the male being shorter and hts

dilated.

10. Aeschna multicolor Hagen. Calvert (Odonataof Baja California, p. 509)

has the following paragraph relating to the range of this species. ^^Distribution,

Mexico (Cordova, Baja California), California, Texas, Dakota, Colorado, Yellow-

stone, British Columbia (Victoria)." In Bull. Geol. Surv. Terr. 1875, p. 591,

Hagen says of it, "A decidedly western species." To find it in Indiana is a sur-

prise. The following description is found in the Syn. Neur. N. A., 1861, p. 121.

" Fuscous, spotted with blue, head blue {(^) or luteous (?), front with a T spot,

each side terminated with yellow, and a band before the eyes, black ; thorax fus-

cous, dorsum each side with a stripe (interrupted or absent in the female), sidet-,

each side with two oblique ones blue {(^) or yellow (?); feet black, femora
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rufous above, the apex black, anterior femora beneath, luteous ; abdomen

moderate, slender, cylindrical, narrow behind the inflated base ; fuacous, spotted

with blue ((J") or yellow ($), segments 3-10 with two large, apical spots, seg-

ments 3-8 with two triangular spots upon the middle, and a basal, divided spot

each side, segment 2 with a medial interrupted fascia, and a broad apical one,

blue or yellow; superior appendages of the male black, long, foliaceous, narrow,

the base narrower, inwardly carinated, straight, curved inwardly before the apex,

an elevated triangular lamina above, and a longer tooth placed more inferiorly

;

the apical tip acute, curved downwards ; the inferior appendage, pale fuscous,

one-half shorter, elongately triangular; appendages of the female moderate,

fuscous, foliaceous, broader; wings hyaline, those of the female towards the apex,

subflavescent, pterostigma short, fuscous, or luteous ($); membranule fuscous,

the base white; 16-17 antecubitals; 8-9 postcubitals. Length 65-67 mm. Alar

expanse 90-100 mm. Pterostigma S-S^ mm." Calvert (Odonata of Baja Cali-

fornia, p. 503) describes the superior appendage as having the apex distinctly

forked when viewed in profile. " Front wings with discoidal triangle 4-6-celled,

internal triangle 2-celled, rarely free, 3-4 other median cross-veins, 1-2 supra-

triangulars, first and sixth or seventh antecubitals thicker. Hind wings with

discoidal triangle 4-5-celled, internal triangle 2-celled, 2-3 other median cross-

veins, 1-2 supratriangulars, first and fifth or sixth antecubitals thicker. Male:

anal triangle 3-celled
; 10 with a small, median, basal, dorsal tooth and a smaller

one on each side. Abdomen ^ 47-51, 9 49. Hind wing (^' 43-47, 9 45-47."

(Calvert, Odonata of Baja California, p. 508).

11. Didymops transversa Say. Simonton Lake, May 15 and 20, 1900; and

St. Joe River, Elkhart, May 29, 1900. R. J. Weith.

12. Epicordulia princeps Hagen. St. Joe Eiver, Elkhart, July 7, 1900. R.

J. Weith.

13. Males of Sympetrum rnbicundulum and Sympetrum obirusum exhibit but

little difference in coloration. Eubicundidum has the face light brown, yellowish,

darker above
;
obtrusum has the face white. The general body color of females of

the two species is distinctive. Obtrusum and rubieundidum seem specifically dis-

tinct for the following reasons : both sexes ofl'er differences in color and structure

;

they occur together, often in the same isolated swamp ; and there seem to be no

intermediate forms. On September 9, 1900, obtrusum, rnbicundulum and albifrons

were associated together in a small swamp surrounded by woodland in Wells

County, near Bluffton. At a glance both sexes of albifrons may be recognized by

the face, white below, shading above into a clear china blue, the frontal vesicle

being of the same color.
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14. 'The genus Diplaeodei^ is distinguished from related genera: by the

triangle of the fore wings long and narrow, free (usually) and followed by two

rows of post-triangular cells (three or four rows in related genera) ; and by the

last antenodal not continuous. Diplacodes minusculum could not be traced out by

the key to genera, "Dragonllies of Indiana," p. 250. The hind lobe of the pro-

thorax in this species is narrower than the middle lobe, sides straight, but with

the hind margin emarginate, giving it a bilobed character. The supratriangular

space is free and there are eight antecubitals in the front wings. In the arrange-

ment of the genera in the " Dragon flies of Indiana " ZJtp/acodes may be placed

between Pachydiplax and Nannothemis. Old males of Diplacodes minusculum, like

old males of Nannothemis bella, are entirely pruinose.

ESKERS AND EsKER LaKES."

By Charles K. Dryer.

(Published in full in Journal of Geology, Vol. IX, p. 123.)

(Abstract.)

(1) The sand, gravel and till ridges around High Lake, Noble County,

Indiana, with their associated lakes and kettleholes, are described and

their structure and origin discussed. The till ridge is thought to be a

frontal moraine, the others to be the result of subglacial drainage and the

sliding or dumping of drift material into crevasses. These forms are so

connected in space and related in structure as to render genetic classifica-

tion difficult. The system as a whole constitutes an esker-kame-moraine.

(2) The esker system of Turkey Creek, Noble County, Indiana, is de-

scribed. These sand ridges traverse the valley floor and nearly inclose the

basin of Gordy's Lake. High and Gordy's lakes seem to constitute a dis-

tinct species for which the name esker lakes is proposed.

The paper is accompanied by two maps.
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Spy Run and Poinsett Lake Bottoms*.

By J. A. Price and Albert Shaaf.

Spy Run and Poinsett Lake are located near Fort Wayne, Indiana,

and to understand their history a knowledge of the region about Fort

Wayne is necessary. This region is situated in that portion of the State

which was formerly covered by the Erie ice-lobe. At different periods

in its recession the end of the Erie ice-lobe was stationary, for a long

time depositing large terminal moraines. Four of such moraines were

thus formed, upon one of which, the first Erie moriane, Fort W^ayne is

located.

The territoiy in question lies on the first Erie moraine, a full

description of which may be found in the Sixteenth, Seventeenth and

Eighteenth Annual Reports of the State Geologist, and in Charles Dryer's

"Studies of Indiana Geography." This moraine, a massive, well defined

ridge with a hommocky surface, enters the State at the southeast corner

of Adams County and follows the Wabash River to the northwest corner

of Wells County, running parallel to the present shore line of Lake Erie;

it then turns to the north and northeast and enters the southwest corner

of Allen County. Increasing in width, it continues in a northeasterly

direction and leaves the State at the northeast corner of Dekalb County.

As the ice continued to recede a large lake was formed northeast of

the present site of Fort Wayne. The surplus waters of this glacial lake

were drained into the head waters of the Wabash through the Erie-Wa-
bash channel. Glacial Maumee Lake, as it was called, probably existed

for many years, but as its eastern bank was a massive wall of ice it

was doomed to destruction. As the ice melted the lake was slowly

drained until it was entirely destroyed, and as the waters of the lake

ebbed away its outlet dwindled and was finally silted up. St. Joseph and

St. Mary's rivers, which had emptied at the point where the Erie-Wabash

channel left the lake, now turned back and formed the Maumee, a slow,

sluggish, meandering stream which wound itself across the old lake

bottom.

The territory covered by the accompanying map lies about one and a

half miles northwest of Fort Wayne, and north of the Wabash-Erie

* Credit is due Robert Feustel for his work on the accompanying map.
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channel and west of the St. Joseph River. The Lake Shore and Michigan

Southern Raih-oad passes along its eastern and the Grand Rapids and

Indiana road along its western edge. It is crossed by two wagon roads,

the Lima and the Goshen. Both basins are oblong, Spy Run Lake basin

being about four-sevenths of a mile long and two-sevenths of a mile

broad, Poinsett Lake basin being about one mile long and one-half of a

mile broad.

The topography in general is smooth and level, with gentle swells

here and there, characteristic of lake bottoms. The region is drained

by Spy Run Creek and its tributary, the Poinsett. Numerous artificial

channels are led into these streams which make the drainage more perfect.

Where these channels do not occur, swamps are found as indicated on the

accompanying map.

The origin of Poinsett and Spy Run lakes dates from interglacial

times. These two lakes belonged to a large class of lakes which once

diversified the surface of parts of the glaciated portion of the State, but

which now liave become extinct; irregular basins with ricli soil and

level bottoms remain to tell the story of their former existence. A num-

ber of these lakes were formed by glacial dams and may be divided

into two classes: those produced by the irregular deposits of moranic

material and those caused by the ice itself during the period of its con-

tinuance. It is quite probable that both of these causes united to form

the two lakes under consideration. As the Erie ice-lobe withdrew to the

northeast irregular deposits of glacial debris were left in its wake, form-

ing knolls and basins; these basins were in the course of time filled by

subsequent rains. The streams entering these basins may liave been

dammed by the ice front, when it occupied the position indicated bj^ the

lines a b on the accompanying map. The basins are enclosed at most

places by rather steep banks, varying in height from ten to thirty or

more feet. Between the basins and north of tlie stream the bank is

low and gentle, running back for some two or three liundred yards.

Indications of a shore line maj^ be seen about half-way up this gentle

slope, indicating a union of the two lakes.

The length of time during which these lakes existed may be inferred

fi'om the depth of the silt which accumulated over their bottoms. The

accumulation of this silt has made favorable the growing of crops. Man
has taken advantage of these conditions and where it is not too swampy

is cultivating the soil. This is only one instance where the former
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existence of glacial lakes has made favorable the conditions for man's

occupancy. Maumee Lalie basin, mentioned above, has a verj- rich soil,

and yields some of the finest crops grown in the vicinity. Beyond the

boundaries of our own State, and south of the line marking the farthest

extension of the ice diu'ing the ice age, and south of lines marking periods

of rest in its recession are many such basins; rivers were dammed, new

lakes formed, and old ones enlarged, until to-day thousands of square

miles of rich farming lands are found in the United States which would

not otherwise have been here. The great wheat growing region and fine

pasture lands of North Dakota are thus explained. "Such was the herit-

age which the great glacier of the ice age left as its parting gift, thus

assuring the permanent prosperity of large and widespread regions of

North America."

Abandoned Meanders of Spy Run Creek.

By J. A. Pkice and Albert Shaaf.

Spy Run Creek rises in the north central ^art of "Washington Town-

ship, Allen County, and empties into the St. Mary's River, near Fort

Wayne. It is a small, insignificant stream, but has, however, some note-

worthy features, foremost of which is the marked shifting of its bed in

and below Spy Run lake basin.

The head waters of this creek probably existed before the final retreat

of the Erie ice lobe from the site of the first Erie moraine. The creek

was dammed by the ice front, thus helping to form Spy Run Lake. The

waters of the lake followed the ice in its gradual retreat aud in this

manner the lower extension of the creek was formed. At this time this

part of the stream was probably much larger than at present. Its

increased volume was due to the supply of water received from the lakes.

It is impossible to say how long the stream was occupied in draining

these lakes. At present, however, the stream has a well developed flood

plain varying in width from two to three hundred yards. As a rule there

are two or three annual overflows, during which time the waters cover a

part or all of the flood plain. The depth of the water varies from six to

eighteen or more inches. The strength of the current over the flooded

area may be inferred from the fact that several years ago a rail fence
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crossing- the bottoms was carried away. As the waters disappear from

the flood plain very little sediment is left behind, owing to the fact

that at this time the lower parts of the old lake bottoms are covered

with water which serves as a filter. If this were not the case the old

meanders that are now found on the flood plain Avould doubtlessly be

filled up.

An inspection of the accompanying map will reveal the complexity of

these meanders. In Poinsett Lalie bottom the complexity is less than

in and below Spy Run Lake bottom. There is one long abandoned chan-

nel ife) crossing the bottoms from north to south parallel to the present

channel of the stream, and entering Poinsett Creek below Poinsett

bridge. The north half of this channel is well defined, having a width of

three to six feet and a depth of one to three feet. Its bottom and banks

are covered with a heavy growth of underbrush. Its northern end grad-

ually deci'eases and finally disappears; this may be due to the fact that

this part of the basin has been longer under cultivation. One hundred

and fifty yards south of the north end of channel fc, and twenty-five

yards east, lies a portion of an old meander marked ah. This channel is

probably younger than that part of fe indicated by de. The stream left

the old channel at d and occupied ahcg, a part of which, eg, is still occu-

pied; channel eg has probably been straightened by man. North of c the

present channel is artificial, cutting diagonally through the east end of

an esker at p. This portion as far north as was examined seems to be

veiy young. The channel through the esker is narrow, with steep sides

about ten or twelve feet high. This esker is eight or ten feet high and

about one hundred and twenty-five yards long; it was connected with

the uplands at p. Channel fe connects with a short, crooked channel,

marked mn, in the southeastern part of the basin. This channel marks

the lowest part of the southeastern portion of the lake bottom and was

probably the last part covered by the lake waters. This last fact is

indicated by the crookedness and blind ending of the channel. Between

points e and g there are two or three small meanders along Poinsett

Creek not marked on the map. Two abandoned meanders are found

between the lakes; one, kl, belongs to Poinsett Creek, and the others, rs,

to Spy Run Creek. The former is very recent, the stream having been

turned from its course by the artificial channel kg. Below point h at

the sharp turn in the creek, the bank on the east and convex side is

steep and nearly perpendicular; on the opposite side a flood plain



1S4

is developing. In the southwest part of Spy Run Lalie bottom occurs a

complex system of old channels which indicate the part of the lake last

drained. This is further shown by the more or less swampy condition

of this part. Below the lake bottom the system of meanders is so

complex that it is impossible to trace out, with any degree of certainty,

the different stages which occurred in the shifting of the stream bed.

Along the north side of the flood plain there is an old channel which

seems to be the oldest in the system. Near the south side, where

the stream is now located, the channels are less obscured, indicat-

ing that the creek has shifted its position from north to south and

suggesting that probably the complex system of meanders is due to

this migration. A number of cross channels connect the old channel

on the north with the present one. In developing this system of meanders

the stream may have followed channel abc, leaving it at c and entering

its present channel, first at d and then at e and f. It then probably left

the old channel at g and crossed to its present one by the cross channel

gh, and at h by channel ho. Above this point the complexity increases,

the meanders are smaller, with a greater number of cross channels.

Four very young meanders lie south of the stream, one of which, rs, is

at times occupied by part of the stream, forming a small island.

The Development of the Wabash Drainage System axd the

Recession of the Ice Sheet in Indiana.

By W. a. McBeth.

The development of the Wabash drainage system has now been

worked out to such an extent as to show that it is not only a subject

of interest in itself, but also has an important bearing on the question

of the movement and recession of the North American ice sheet. The

whole of the axial stream, except a few miles near its mouth and perhaps

30,000 of the 33,000 square miles comprised in its basin, were buried

beneath the ice one or more times, and there is scarcely a tributary

which does not show plainly the effects of the influence of the ice sheet

in determining its course and its drainage area.

Along the line of the lower Wabash, the earlier ice approached within

twelve or fifteen miles of the Ohio River, and almost to the limit of ice



THE DEVELOPMENT OF THE

fe^^^^^^^^^^^^^WABASHMAlNAtE SYSTEM.

Drawn by W.A.M«DeTH.
-;----v.- Moraines.

15—A. OF Science. (185)



186

movemeut the evidence of obstruction and readjustment appears. Near

the southern limit of the drift the Patolia River is an example of a stream

made up of several sections. Three northwestward flowing sti'eams

were obstinicted in their lower courses by the ice, and compelled to seek

westward outlets across divides along the ice border. The lower course

of White River was also obstructed and the part within the unglaciated

area ponded up in its deep valley through the Knobstone. In the main

stream and in many of its tributaries temporary lakes were formed which

overflowed over the ice or along the ice border.

West White River is conspicuously a border drainage line as far up

as northern Monroe County, as shown in its course through Owen, Greene

and Daviess counties.

The position of the Shelbyville moraine indicates that Raccoon Creek

was in existence through half its length before the Wabash was uncov-

ered north of Vigo County. Further recession northward brought Sugar

Creek into existence. This stream is very distinctly of border drainage

type, as shown by the prominent moraine along its north bank from its

mouth to southwestern Clinton County. After further recession of the

ice sheet Coal Creek took its way north of a region of morainic uplands,

until it came against a strong north and south moraine which deflected

its north branch in a great bend, remarkably like that of the Wabash.

The part of this stream above its great bend is comparatively meander-

ing and its valley, which is very shallow, is in marked contrast with the

deep, broad valley below the bend. South Shawnee Creek runs west

parallel with North Coal Creek and bends to the north within a mile of

where this creek bends to the south. A broad, marshy valley connects

the two bends, indicating that South Shawnee Creek formerly turned

south. These creeks have their sources at the crest of the kame moraine,

which runs northwest from Darlington, Montgomery County, toward

Independence, Warren County, and are guided by moraines trending east

and west. To the east of the Darlington-Independence divide, the streams

flow northeast in a direction opposite to that of the Wabash. They are

turned northwest into that stream by a moraine running southeast from

a point about five miles south of Lafayette to the southeast corner of

Tippecanoe County. The three forks of Wild Cat Creek coming from the

east turn north along the western side of a moraine, which lies along

the western edge of a till plain rapidly rising to the east. This moraine,

in my opinion, is the strong outer moraine of the Erie lobe and marks
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the westward limit of Erie ice as a separate lobe. The Wild Cat creeks,

above their northward bend, are bordered along their northern bluffs

by weali, but distinct, moraines.

Returning to the Wabash, at the great bend we find it following the

south side of a strong moraine from the mouth of Tippecanoe River to

the point of its southward deflection. The drainage on the south side

of the stream through this section was all to the south and west previous

to the recession of the ice to the north side of the river. Above the

mouth of the Tippecanoe the Wabash becomes probably a distinctly

terminal drainage stream of the Erie lobe, and its tributaries have come

into existence in pairs on opposite sides of the main stream as the ice

withdrew toward its source. The head waters of the southern tributaries

have in several instances been pirated by the stream to the south and

west of them, as in the case of the deflection by the Mississinewa of a

tributary of West White River north of Muncie, and the capture of the

Salamonie by the Wabash above Ceylon. The development of these upper

tributaries and the former connection of the St. Mary's and St. Joseph

rivers and the glacial Maumee Lake with the Wabash by way of the

broad valley of Little River extending from Ft. Wayne to Huntington

have become familiar facts through the investigations made by Dr. C. R.

Dryer and published in the Sixteenth, Seventeenth and Eighteenth Re-

ports of the State Geologist of Indiana. The Tippecanoe River, after the

manner of the upper tributaries of the Wabash, may be paired with the

Wild Cat Creek. Below the great bend of the Tippecanoe, in Starke

County, it drains the western edge of the Erie drift; above that bend

it receives its water supply from the Saginaw drift. From its mouth to

New Buffalo, ten miles north of Monticello, it has a deep valley (100

feet at Monticello) and varying from one-half of a mile to a mile in

width. Above this deep portion, the character of its valley changes rather

abruptly to a very narrow and superficial channel, not much too large

to carry its flood waters. This shallow valley is remarkably meandering,

much of the general course being originally guided by sand ridges.

The lower portion of the Tippecanoe was evidently the former outlet of

a lake of considerable extent, which covered the country north of Monti-

cello. The earliest lake area may have extended southward to the im-

mediate vicinity of the mouth of the river, where the strong moraine

running along the north bluffs of the Wabash changes abruptly near the

Tippecanoe battleground to a chain of low gravel mounds, which continue
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across Pretty Prairie, a gravelly terrace plain, a distauce of three miles

to the mouth of the Tippecanoe River. The crest of this moraine at the

Soldiers' Home, four miles north of Lafayette, is higher than the surface

of the plain at Monticello or Winamac, and the gap has the appear-

ance of having been once the passageway for a large stream from the

north. The part of the Tippecanoe from New Buffalo to the great bend

is the newest part of the stream. It established its meandering course

among the sand ridges along the eastern side of the lake bed and con-

nected the part above the bend, which formerly flowed into the lake, with

the part which was the lake outlet, giving an interesting example of

a spliced stream.

The description of the development of the drainage of the Wabash

system has been traced to the above extent in order to group its main

facts together and bring them to bear on the question of the manner of

recession of the ice sheet from its basin and some of those basins adjoin-

ing it.

Several writers on problems connected with the drift area seem to

assume that the ice sheet could not have receded in any other way

than from west to east. The Kankakee Lake, the western Indiana bowlder

belts and various other problems are perplexing problems on this assump-

tion. While in a general way the view is doubtless true that the recession

was in this direction, the solution of several interesting points connected

with Indiana drainage becomes simple by the acceptance of good evi-

dence that in western Indiana the recession was from east to west.

The Michigan, Huron and Erie depressions were doubtless lines of

southward and southwestward movement which became filled with ice

and overflowed before the country between was invaded. Gradually the

ice accumulated and covered the crests of the divides, becoming a con-

fluent area with smooth, regular slopes on the surface, but conforming

generally on the under side to the relief of the rock surface below.

Vallej's and low tracts of the preglacial surface would become lines of

more rapid flow and the ice would move farther foi'ward along these

lines than elsewhere. The arrangement of the moraines in Illinois, In-

diana and Ohio shows the influence of this lobate movement to the

limits of the drift of any period.

The curving to the north of the glacial boundary in Indiana is easily

explained by the stranding of the ice along the north and south belt

of resistant rocks, including the Knobstone in that part of the State, while
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the lower regions to the east permitted the advance of the ice to the

Ohio River, and on the west the ice crept south almost to the mouth

of the Wabash in Indiana and nearly to the mouth of the Ohio in Illinois.

The last general invasion sent ice much further south in Illinois than in

western Indiana.

The recession of the ice was in general the inverse of its advance.

It melted away on the divides, became differentiated again into lobes,

which gradually withdrew up the depressions along their lowest lines.

The evidence is abundant to show that the last ice sheet disappeared

along a line running east of the Wabash River from Terre Haute through

Crawfordsville to Lafayette l)efore the region traversed by the present

river below Lafayette Avas uncovered. Probably this Intenobate melt-

ing continued northward along the line of the lower Tippecanoe and upper

Kankakee into Michigan.

The evidence that the last ice in western Indiana occupied the region

south and east of the great bend of the Wabash after it had receded from

the country farther east is embraced in the condition and arrangement

of numerous moraines, many overflow channels, and temporary lake beds

with their traversing stream lines of different ages.

The moraines along Raccoon Creek, Sugar Creek, the southward

flowing part of Coal Creek and the east and west ridges extending across

Fountain County, together with a high, sharp, and in some places very

narrow moraine running east from the town of West Point, Tippecanoe

County, to a point five or six miles southeast of Lafayette, do not seem

to have been overridden or much disturbed since they were laid down.

They were deposited by ice from west and north of the present river line

and according to their shape and trend, evidently by the Lake Michigan

lobe. The heavy moraine north of the Wabash and west of the mouth of

the Tippecanoe has not been overridden. It is a moraine of the Michigan

lobe called, by Mr. Frank Leverett, the "Bloomington moraine," and

extends twenty-five or thirty miles farther northeast than he has

mapped it.* Moraines trending northwest and southeast in southern

Tippecanoe County seem to be outposts of minor advances of the ice from

the Erie lobe around the southern edge of the Michigan lobe. These

ridges run across the line of division between the lobes and have numer-

ous gaps through them.

*See map pp. bet. 24-25, in his late U.S. G.S. Monograph XXXVIII on the Illinois Lobe.
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These gaps and old channels are numerous and conspicuous in north-

ern Montgomery and southern Tippecanoe counties particularly. Lye,

Potato and Black creeks, flowing south into Sugar Creek, have their

present sources at gaps in the divide to the north, where they approach

in some cases within a few feet of the sources of streams flowing north-

east and north into the Wabash.

A map and discussion of this region was presented to this body at

its- last winter meeting, and the points reviewed are referred to in con-

nection with the present question of recession. The Independence-Dar-

lington moraine has at least six overflow channels across it, from which

the water formerly flowed south between this ridge and the eastern edge

of what Mr. Leverett calls the "Champaign Till Sheet" in his report men-

tioned above. This till sheet approaches in the vicinity of New Richmond,

Montgomery County, within a mile of the Independence-Darlington ridge,

the space between showing long stretches of very fertile level prairies,

doubtless the beds of former lakes. North Coal Creek now flows west along

the northern bordei of this portion of the Champaign till sheet, to the

great bend where it flowed against the eastern edge of the Michigan lobe

and was turned south within six miles of the present line of the Wabash

and compelled to make its way twenty-five miles to the south before join-

ing it. South Shawnee Creek turned south then and joined Coal Creek at

the bend through the marshy sag now connecting their abrupt elbows.

A comparison of the altitudes of these gaps with the altitudes of

stations along the Cloverleaf Railway (T., St. L. & K. C.) shows very

well the westward slope of the country along the divide between the

streams flowing north into the Wabash and those flowing south into

Sugar Creek. In the oi'der of their occurrence from east to west the

stations and their altitudes are: Clark's Hill, 818 feet; Beeville, 792 feet;

Kirkpatrick, 787 feet; Linden, 783 feet; New Richmond, 776 feet; Wingate,

776 feet; and Aylesworth, at the bend of Coal Creek, on the C. & E. I.

R. R., 644 feet. Aylesworth is 150 feet lower than Beeville and 130 feet

lower than New Richmond. The water then must have been held in by

a barrier approximating 150 feet in height to account for the overflow

channels south along the eastern edge of the Champaign sheet. The

altitude of the overflow channels toward the south would give the

lake lying north and east of the divide a depth increasing with the

northeastern slope to more than 100 feet at Dayton in eastern Tippecanoe

County, whose altitude is 673 feet, as compared with 787 feet at Kirk-
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Patrick or 776 feet at New Richmond. The recession of the ice from

tlie present line of the Wabash removed the back wall from this arrange-

ment of features and the gradual cutting down of the valley of the

Wabash eventually drained the larger and several succeeding smaller

lakes and permitted the establishment of the present drainage of south-

eastern Tippecanoe County.

It may now be said that an extension of the same process further

north and the disappearance of the ice along the line of the Tippecanoe

to its great bend, and along the upper Kankakee, while the ice still occu-

pied the country to the west, would make quite simple the problem of

Lake Kankakee and other temporary glacial lakes.

The arrangement of moraines along the north bank of the three forks

of Wild Cat Creek together with the pirating of the heads of several

southern tributaries of the Wabash indicates a comparatively rapid

northward recession of the southern edge of the Erie lobe.

The region embraced in the Wabash basin still doubtless presents in

almost every county interesting problems for the intelligent investigator

who may care to look for them, and the facts and opinions here set forth

are intended as suggestions to be verified or rejected by others or myself,

after further investigation.

Note: In No. 3 and No. 4 of maps illustrating the development of the

Wabash drainage system I have indicated the probable line of interlobate

melting. I have suggested the name Tippecanoe Gulf for this reentrant

area.

A Theory to Explain the Western Indiana Bowlder Belts.

By W. a. McBeth.

The proximity of the bowlder belt southeast of Independence, Warren

County, to the moraine which parallels it a little distance to the west,

is a marked relationship. The bowlders lie on and along the foot of the

eastward slope of the moraine. Where the slopes are gentle the belt

widens out, and on the abrupt slopes the width decreases and the bowlders

are more numerous. There are also patches of them on the ridges and

knolls that lie to the east at levels lower than the main divide. Bowlders

are not infrequent anywhere in the whole of western Indiana, but are
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considerably more numerous in tlie belt than elsewhere. They are also

more numerous about the eastern ends of the sags or low valleys through

the Independence-Darlington moraine. They are very numerous in the

valley of the Wabash at Independence where the belt crosses the river.

Here in the lowest part of the valley, and on the terrace north of the

i-iver, they lie so thick over the surface that a man might cross a field

stepping from one to another. The belt is not continuous, but there are

gaps both south and north of Independence.

A number of theories to explain these bowlder belts has been pro-

posed. The theory which was in some way suggested to Mr. T. C. Cham-

berlin, that they are beach lines, was dismissed by him with scant

notice. His objections to the theory were that the slopes are all to the

southwest and that there could be no ponding of great extent in front of

the ice sheet. The general slope indeed is to the west, but the slopes

on which the bowlder belts lie are eastward slopes. Further, the belts

lie at the western side of areas that have been for considerable periods of

time covered with water.

The belt southeast of Independence is conspicuously related to the

western border of such a lake area. The belt northwest of the Wabash

follows quite closely the western curve of the border of the south arm

of Lake Kankakee, as mapped by Mr. Leverett.*

This belt is not necessarily or probably a continuation of the belt

south of the Wabash River. Nor are the bowlders lying across the valley

at Independence certainly to be correlated with the belts to the north

and south. All the bowlders were probably deposited by floating ice,

at the western shallow edges of the lakes, where bergs and floe ice would

strand and drop their loads. They were deposited in the river valley

at Independence while the river was at that point the outlet of an ex-

tensive lake held in the deep preglaeial valley extending upstream to the

mouth of the Tippecanoe River and of unknown width and extent. This

lake has since been filled by gravel deposits, but bergs stranding about

the outlet may have deposited the bowlders at the top of the terrace,

and they have since dropped to lower levels as the valley was cut deeper.

Reasons for believing that the ice sheet disappeared from the region to

the east of the present southward flowing course of the Wabash and

along the Tippecanoe River are stated in the article on "The Development

*Iii his Monograph on the Illinois Lobe, pages between 24 and 25.
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of the Wabash Drainage System," in this volume. The westward wall

of ice along this Tippecanoe Gulf helps to explain the laking which was

due to the obstruction of drainage toward the west.

Commenting on the theory proposed, Dr. C. R. Dryer mentioned that

the Iroquois Beach in New York is thickly strewn with bowlders in much

the same way as the Indiana belts mentioned.

Aids in Teaching Physical Geography,

By V. F. Marsters.

Harper's Ferry Sheet.

The past decade has witnessed a growing interest in and a correspond-

ing advancement along rational lines in geography, now justly regarded

as a technical science. One of the pertinent reasons for this is that the

seeker after knowledge, long before the college is reached, is becoming

cognizant of the fact that the mere accumulation of geographical facts

does not constitute geographical knowledge in the scientific sense. To

know where the Blue Ridge is, is simply memorizing a fact; to know
ivhat it is, and, still further, to find out for one's self something about

the sequential history of this topographic feature, constitutes real geo-

graphic knowledge. The former calls for observation and the sole exer-
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cise of memory; the latter demands that we not only accumulate facts,

but that we seek a rational explanation of the facts observed. And just

so far as we can see the relationships of the factors concerned in a geo-

graphical problem, and the role each has played in producing the ob-

served results, to that degree have we gained real and useful scientific

knowledge.

It was with this fundamental principle in mind that I have set about

to prepare some geographical helps to attain this end. Any piece of

apparatus such as a geological model, or map which properly expresses

an evident relation between the geology or rock structure and the to-

pography provides good material from which may be gained genuine geo-

graphical knowledge. Such material, however, is often in poor form and

shape for laboratory use, and more often quite useless for lecture pur-

poses, the scale being too small, or facts not well expressed. The ma-

terial I describe below is intended primarily for use in lecture work.

It consists of a lantern slide of a model representing a type of land form,

and showing at once the relief of the land as well as the rock structure

in two cross sections. With the picture of a model which brings out

clearly the relations of structure to topography, and all the larger features

of adjustment of drainage to structure, the lecturer can actually show

up the facts as well as the arguments leading to his interpretation of the

actual history of the laud form discussed. Such details as could not be

shown on ordinary maps may be clearlj- depicted by this method of illus-

tration.

The data used in the construction of the illustrated model were

gathered from the Geological Atlas sheets published by the United States

Geological Survey. The area selected is that covered by the Harpers

Ferry sheet. From the data therein contained, a model was constructed

on the scale of one inch to the mile, vertical scale one inch to sixteen

hundred feet.

The method used in the construction of the base may be aptly termed

the contour method. The course of procedure was as follows: The

topographic sheet was first enlarged to the desired scale. In the case

of Harpers Ferry it was enlarged from two miles to the inch to one

mile to the inch. The culture in addition to the topography was also

transferred to the enlarged sheet and the whole traced on tracing cloth.

The next step was to determine the vertical scale which would give the

most expressive and yet close approach to the natural appearance of
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the topography when combined with a given horizontal scale. In the

illustration selected it was found that sixteen hundred feet to the vertical

inch gave the most effective result. Inasmuch, then, as the contour

interval used on the topographic sheet was one hundred feet, and we
wished to adopt in the construction of the model the scale mentioned

above, it follows that sixteen sheets of strawboard, one-sixteenth of an

inch in thickness, placed one upon another, would provide the vertical

scale desired. This determined, each contour, beginning with the lowest,

was then traced on separate sheets of strawboard, carefully cut out,

piled in their proper succession and location, and tacised to a well sea-

soned wooden base or platform. The model at this stage presented a

terrace-like appearance. This objectionable feature so often seen on

geographical models, was easily obliterated by covering the entire surface

with a sheet of clay, taking care of course to preserve as much of the

details of relief as was shown on the original map. A plaster negative

was next made from the original and from it a final positive was prepared.

After thorough drying, the surface was painted a dead white. The

partings or the contacts between adjacent formations as indicated on the

geologic sheets referred to above, were carefully plotted and drawn on

the white surface, in well defined black lines, sufliciently broad to be

clearly photographed on a scale small enough to be transferred to a

lantern slide. Before taking this step, however, another addition was

made to the model. Two cross sections expressing the structural geology,

one from east to west and the other from north to south, the former

located on the south end and the latter along the east side of the model,

were prepared. The outline of the topography along the respective sec-

tions was also traced on each section and cut out. These sections were

then fastened to the end and side of the model in their proper vertical posi-

tion, so that the relief, partings and structure were correctly correlated.

The model was then photographed in a tilted position so that both sections

could be clearly seen and the relief at the same time well expressed by

obtaining moderately strong light and shade. It is especially important

that the lines of contact be clearly brought out, as they determine the

limits of the formations to be subsequently colored. A slide was next

made from the negative and sent with a copy of the Harpers Ferry Atlas

sheet to a photographic artist, with instructions to color the slide, adopting

of course, so far as might be feasible, the same scheme of colors as appear

on the geologic sheets.
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Use.—In conclusion it sliould be said that ;i trial of the first slide

made it evident that the use of such illustrations would materially in-

crease the facilities for teaching geography and increase th^ educational

value of the work accomplished. Such material may not only help the

lecturer to avoid technical description of features usually not illustrated

at all, when simplicity of treatment is demanded, but with this aid he is

enabled to show his class or audience a mass of facts upon which he

bases his interpretation of the phenomena discusssed. By this means,

the lecturer may even treat somewhat technical and involved problems

so that they may be made easy to comprehend, and, most important of all,

whatever geographical knowledge be absorbed, is properly attained

through the exercise of observation, comparison and deduction. For

just so far as the student subjects himself to such mental discipline, in

the same degree does he acquire a scientific knowledge and the power

of analysis that is lasting and of true educational value.

The picture attached below is a coijy from the negative from which

the lantern slide was prepared.*

River Bends and Bluffs.

By Wm. M. Heiney.

Bends and bluffs of rivers are interdependent. While under the iini-

versal river law of taking the course of least resistance, the embryonic

bluff must first exist, the matured bluff is the product of the river's

course. But. early the relation begins shifting, and the bend becomes

the consequence of the bluff. Again, however, the bend batters down the

bluff, so that the relations first attained are repeated.

The above propositions are verified by tracing the historical relation

of the bluffs and bends in a very crooked section of about fifteen miles

of the Salamonie River, found in the southern part of Huntington County,

Indiana.

Fig. A represents the stream in its present course, with the bluffs and

their connecting ridges, which define the territory over which the stream

''' I will be glad to correspond with any pers'n who desires to obtain copies of these slides

for school or college collections. Others are being prepared.
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has been shifting its course during the past few centuries. The dotted

hues indicate the location of ridges, which when carefully traced are

found to mask one or the other of the banks of the more ancient stream.

I will I'eturn to this after detailing some of the operations of the

agencies which I have observed during the past quarter of a century.

At z, Fig. A (enlarged section, Fig. C), is a small tableland (t), which

twenty to twenty-five years ago was broader and extended upstream five

to seven rods further than it now does. In half a century more, at the

present rate of erosion, the part of the tableland still remaining will all

have disappeared, and what is now a well defined ridge will have become

a bluff. Both the ridge and the tableland are covered with forest trees,

while the bluff for a mile up the stream, and from the point of contact (u)

of river and ridge, is barren, indicating constant and rapid weathering,

and consequently a gradual northward movement of the stream bed.

I shall return to this again after giving fuller observations of similar

changes at the bend y. Fig. A.

This bend is best studied in Fig. B. More than twenty years ago I

was familiar with the bar, n', lying under but upstream from the syca-

more tree, v, which still stands. Then the bar, n' (see n, Fig. D), was

the only one, and formed the river bank. It was of pure, washed sand

and had no vegetation whatever growing upon it. It now has willow

and sycamore trees five or six inches in diameter. Now, also, there is

another bar (w' in Fig. B and w in Fig. D), which is the one bordering

the river, of pure, washed sand and without vegetation.

These facts stimulated further investigation and furnished the key to

deeper secrets. I examined the topography farther east and found a

considerable elevation about forty feet wide (m' in Fig. B and m in

Fig. D), and succeeded by a lowland; then, again, another rise, 1 (1'),

extending eastward for two hundred and fifty feet, and in turn succeeded

by a sink, better marked than any of the others (see k in Fig. D and k',

Fig. A). Both these bear evidence of being former bars, and their relative

ages are evidenced by the trees, which I have tried to indicate in my
drawings, by trees and stump. Those trees which have grown upon m
(m') are not larger than fifteen inches in diameter, while those upon 1 (1')

were large forest trees, many three and four feet in diameter. This

last is all cleared of its timber now and is a well cultivated field. In

Fig. A, n", m", 1", and k' do not represent the correct relative distances,

only relative position.
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From f to y, Fig. A, is a baiTen bluff and gives evidence of tlie river

bed's gradual southward movement, but at y (enlarged section of wliicb is

found in Fig. B) tbe westward movement of both bed and bluff is quite

marlied. Within the time of my own observation, I am certain that from

twelve to fifteen feet of the bluff, which is some fifty feet in height, has

disappeared. A year ago a mass of earth (see g in Fig. D) 6x8x30 feet

dropped down five feet at the north end, but still clings to the surface at

the south end. It is rapidly yielding to the elements, and two years

hence no trace of it will remain. As this bluff moves westward the one

at X is moving eastward at about the same rate of speed. Thus in the

course of two thousand years will occur a phenomenon rarely found on

this stream, i. e., a waterfall or rapid—a fall of thirteen feet in one thous-

and, and possibly a canyon, also.

Yet there will still remain enough bend to renew the northward move-

ment of the channel and in time the highland of the "Heiney Bend" will

disappeai'—the stream will bend far to the north—the bottom lands will

lie south of the stream, with the adjoining bluff of the river on its north

bank. The newly formed bottom lands will lie much lower than those of

the "Sheet Bend" at present.

Now let us leave the present and future of the stream and go back

to its past. Following the old bed as indicated by its right bank (the

dotted line, pq, in Fig. A, and p'. Fig. B), and taken in x'elation with

some sink holes (o in Fig. A and o' in Fig. B), along the foot of the

ridge, it is evident that the old bed crossed its present bed at p and q,

and that the "Shutt Bend," which is extending itself southward, was once

much smaller than now. This bend has been greatly eroded. It is consid-

erably lower than its neighbor on the west, the south part of the "Heiney

Bend," and as a consequence does not bear the remains of as ancient

river beds as the latter. In Fig. B, I have endeavored to show the low

places in the surface by shortening the lines which indicate the bluffs and

ridges; thus r' and s' correspond with the dotted lines r and s in Fig. A,

and doubtless locate the successive channels of the river before it settled

down between the ridges and bluffs which bound its present immediate

basin, or what the farmers term the "first bottom," more generally recog-

nized as the "lower terrace." From the present topography it is certain

that after the river left its channel, r, and before it took its present gen-

eral course between the ridges, it crossed at s, and again at h. A far
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more ancient chaunel than any of these, however, is found from a to b.

This rises on much higher ground at a and though not so well marked

as the more recent channel its lower course, as it nears b, has become well

emphasized by recent drainage of the adjacent country.

The stream will probably forage its Avay to all the bounding ridges

and denude them—render them bluffs—before cutting its new channel,

xy, when it will again leave them to weather themselves into symmetrical

shapes, dress in forest verdure and present history as well as future

possibilities, which speculation in this age is unable to suggest.

XOTES ON THE OrDOVICIAN RoCKS OF SOUTHERN INDIANA.

By Edgar R. Cumings.

The present paper dealing with the stratigraphy of the Ordovician of

Indiana is preliminary to a more complete report on this interesting series

of rocks, which the writer has in preparation. In the latter paper an

extended discussion of the faunas of these rocks will be possible. At

present the study of the large collections obtained is not si diciently

advanced to admit of any such presentation. It is therefore proposed to

give here practically nothing but the notes taken in the field, with such

supplementary remarks as may seem necessary.

The work of the Indiana University Geological Survey during the

field season of 1900 covered the counties of Dearborn, Switzerland, Ohio

and Jefferson. The following sections were measured and from most

of them extensive collections were made:

Section in Kentucky opposite the mouth of the Miami River (5.9A):*

Ft. In.

51—Covered to top of hill 112

50—Fragments of Strophomenoid shells 7

49—Shale 1

48—Limestone. Fragments of Brachiopods 6

47—Shale 1

46—Hard limestone with Rafinesquina 5

45—Shale 2 4

44—Limestone. Bafinesquina abundant 5

43—Covered, probably shale 17 6

''This section in Kentucky is given because it is the fartheit east of any section show-

ing exposures of rock to river level.
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Ft. In.

42—Shale 2 6

41—Limestone 5 2

40—Shale with thin layers of sandstone 8 6

39—Limestone with Bryozoa and Rafinesquina 3

38—Mostly shale 10 8

37—Crystalline limestone. Rafinesquina and Dalmandta 9

36—Shale 2 3

35—Thin layers of bryozoal limestone '. 1

34—Shale "

6 9

33— Bryozoal limestone 6

32—Shale 7

31—Limestone, shale at top. Dalmanella (aa) 7

30— Covered 42

29—Compact highly crystalline limestone ; few fossils 3

28—Shale 2 9

27—Highly crystalline limestone containing fragments of Asophus 7

26—Shale .
.

" 5

25—Compact limestone containing Dalmanella 5

24—Covered, probably some limestone 16

23—Brachiopod limestone (?) 4

22—Covered 8 4

21—Limestone. Rafinesquina and Trilobites 3

20—Shale 6 4

19—Covered (probably shale) 16

18 -Limestone (in place?) 6

17—Shale 10 8

16—Limestone. Bryozoa, plectambonites 3

15—Shale 1

14— Limestone. Balnianella, Tlectambonites 2

13 -Shale 7

12— Sandstone 3

11—Shale 2 9

10—Limestone with Dalmanella 3

9—Shale, possibly some sandy layers 5

8—Hard compact limestone, very few fossils 5

7—Shale 6

6—Lnyer of crystalline, crinoidal limestone

5— Partly covered, mostly shale 33

4—Sandy layer with Trinucleus concentrlcus 1

3—Shale 5 4

2—Limestone containing Dalmanella (aa*) 2 3

1—Shale to level of Ohio river 6 2

Total section 36

1

'•' a, abundant: aa, very abundant; c, common; r, rare.

14—A. OF SCIEKCE.
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In the high hill just south of Aurora the rocks are exposed as follows

(H.35A):
Ft. In.

45—A few layers at the top contain Rafinesqidna, the remainder cov-

ered 60

44—Limestone with Plalystrophia, Hebertella, Ilojinei<quina, Monlieuii-

pora, etc 16

43—Highly fossiliferous limestone. Plat ijsirophia, Hebertella, etc.... 1 6

42—Shale with occasional layers of limestone 4 4

41—Limestone with Zyi/ospira and Gastropoda 3 4

40—Limestone. Eafinesquina (aa) 1 6

39-Shale 8

38—Same as 32 4

37—Covered 1 8

36—Coarsely crystalline highly fossiliferous limestone 2

35—Covered 6 10

34—Same as 32 3

33—Shale • 1 8

32—Coarse-grained fossiliferous limestone, with yellow argillaceous

material in streaks 8

31—Shale 6

30—Limestone. Zygospira and Hebertella 6

29 -—Shale and shaly limestone 1 3

28—Very fine grained compact limestone, no fossils 3

28—Shale 1

26—Limestone intercalated with shale 1 6

25—Shale 9

24—Sandstone 3

23—Covered 2 6

22—Coarse-grained, blue limestone, mottled with brown. Large thick-

shelled Mafinesquinas 8

21—Shale 8

20—Hard blue crystalline 8

19-Covered 1 4

18—Limestone (in place ?) 10

17—Covered, probably limestone 10 8

16—Steel-blue finely crastalline limestone with Rafinesquina 5

15—Shale 8

14—Shaly sandstone 3

13— Coarse crystalline limestone 8

12—Shale 6

11—Compact limestone, gray mottled with yellow 6

10—Shale 9

9— Compact fine-grained drab limestone. Few fossils 9

8—Shale 1
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It. In.

7—Compact, hard, coarsely crystalline limestone containing Bajines-

quina 7

6—Shale 10
5— Blue crystalline limestone. Rafinesquina 4

4—Shale 6

3—Crystalline limestone with Rafintsquina, Platydrophia, Monticuli-

pora, etc 6

2—Talus with immense number of fossils 85

1—Covered to the level of the river. Dalmanella abundant in the

loose pieces near the bottom 180

Total section 393

On the north side of Laughery Creek, opposite Hartford, the following

section was measured : (§ 1.36 A.)

Ft. In.

34—To top of the hill, loose pieces of limestone containing riatystro-

phia and Hebertella 60

33—Thin bedded limestone 5

32 —Covered 2 8

31—Same as 29 3

30—Shale * 4

29—Limestone with argillaceous streaks 5

28—Covered 2 8

27—Hard compact limestone 4

26—Covered 8

25—Coarse-grained cryotalline argillaceous limestone 4

24—Covered 6

23—Limestone containing Gastropoda and Rafinesquina 6

22—Covered 5

21—Same as 18 3

20—Covered 1

19—Same as 18 4

18—Limestone coarsely crystalline, light colored 3

17—Sandstone 3

16—Same as 14 2

15—Same as 14 .

.

4

14—Drab crystalline limestone 3

13—Covered 6

12-Same as 10 5

11—Covered 6

10—Thin-bedded crystalline limestone 6 5

9—Covered 1 4
8—Coarse crystalline limestone 6

7— Covered 6
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Ft. In„

6—Coarse crystalline limestone 10

5—Covered 10 8

4—Same as 2 .

.

3

3-Covered 2

2—Very hard compact limestone. Rafinetquina 9

1—Covered to level of road 150

Total section 255

In the bluff on the north side of Laughery Creek, a little over a mile west of

Milton, the following section was measured : (iJ 1.36 B )

Ft. In.

18—To top of hill. Platystrophia. Hebertella, etc., in loose ineces 38 6

17—Limestone with Platystrophia laticosta 3

16—Covered 19

15—Same as 11 8

14—Covered 9 6

13—Same as 11 3

12—Covered 5 6

11—Coarse crystalline limestone, gray mottled with yellow 3

10—Covered 2

9—Thin-bedded limestone with Bafinesquina, crinoids, etc 1 2

8—Covered 4 2

7—Very coarse gray crystalline limestone. Itafinesquina (fragments)

very abundant 4

6—Covered 43

5—Limestone with Bryozoa 6

4—Covered 48

3—Crystalline limestone with Dalmanella 6

2—Covered to road 43 4

1—Covered to creek level 20

Total section 237

In the north bluff of Laughrey Creek, one mile south of the mouth of Hayes

branch, is the following section: (i< 1.36 C.

)

Ft. In.

45—Covered to top of hill 40

44—Same as 43 10

43—Limestone with Platystrophia and Hehertdla 1

42—Covered 5 6

41—Coarse crystalline limestone streaked with yellow. Rnfinesquina.

.

.. 8

40—Partly covered. Limestone with Rafinaquina 12 6

39—Drab to bluish compact limestone, no fossils 8

: 8—Coarse gray crystalline limestone 1 4
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Ft. In.

37—Covered 10

36—Coarse limestone streaked with yellow. Contains Bryozoa 1 6

35—Covered 4

34—Very bard compact limestone. Lower layer contains Brachiopoda

and Bryozoa 3

33—Lime-tone containing large numbers of Eafinesquina 1 3

32—Covered 5

31—Coarse limestone. Rafinesfjuina 6

30-Covered *. 1 9

29—Limestone with layer of sandstone at the top 8

28—Covered 2 4

27—Limestone with Bryozoa and crinoids 7

26—Covered 1 4

25—Coarse blue limestone streaked wiih sandstone 1

24—Covered 1 8

23—Blue coarse-grained limestone with Brachiopoda and Bryozoa 4

22—Covered 6

21—Coarse-grained blue compact limestone 3

20—Covered 20 9

19—Coarse lumpy argillaceous limestone. Bryozoa 7

18— Covered 6

17—Very coarse, ferruginous, Bryozoal limestone 1 2

1 6—Covered 5 4

15—Yellow-mottled limestone. Bryozoa 5

14—Covered 5

13—Blue coarse limestone. Fragment of Rofinesijuina very abundant. . 5

12—Covered 1 2

11—Fine grained limestone. Bryozoa 6

10—Covered 3 4

9—Gray limestone with large white crystals of calcite. Many frag-

ments of fossils 9

8—Covered 16

7—Coarse, crystalline, drab, unfossiliferous limestone 3

6—Covered 1 6

5—Thin limestones. Bryozoa very abundant 1

4—Coarse gray crystalline limestone. Dalmanella (aa) 5

3—Covered 22

2—Blue-mottled crystalline limestone 5

1—Covered 50

Total section 235

Level of the creek.
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Just south of tlie Weisburg station, in the bank of the creek to the west of

the railroad, the upper layers of the Ordovician are exposed. From this ex-

posure a large and very satisfactory collection of fossils was obtained. A section

at this point is as follows (iJ 1.34 A) :

Ft.

15—A number of feet of barren limestones

14—Blue compact fine-grained limestone. No fossils.

13—Covered

12—Compact limestone. Rhynchotrema capax .•

11—Thin-bedded limestone

10—Very compact, fine-grained limestone

9—Calcareous shale with Strophomena

8—Limestone. Fragments of Asaphus

7—Shale

6—Limestone with HeherteUa

5—Limestone same as 4

4—Blue limestone with Rafine^quina edgewise (a^)

3—Rafinesquina flatwise (a)

2—Shale

1—Coarse compact limestone, no fossils

Total section

Level of creek below railroad culvert.

12

In.

8

7

4

a

8

3

2

10

Continuing on down the creek from this point, the following layers are

passed over (^ 1.34 B):
^

Ft. In,

4 —Limestone .* 8

3—Irregular lumpy shale 2 6

2—Limestone and shale with Rofineiquina and Heberiella 1 4

1—Very coarse-grained limestone. Rhynchotrema (aa) 2 3

Down stream from this point no measurements were made, owing to the effect

of rainy weather upon the barometer, but the characteristic fossils of the success-

ive layers were noted. These are as follows from the last mentioned layer down-

ward (? 1.34 C):

16— Plectarnbonites sericea (a.a.).

15

—

Strophomena rugosa (aa).

14—Barren shale.

13

—

Strophomena.

12

—

Slreptelasma (aa).

1 i

—

HeherteUa (aa )

.

10 - Streptelasma.

9

—

Leptd'na rhomboidalis (aa).
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8

—

DinoTthis subqiiadrata (a).

7

—

Heberteila occidentalis (a).

6

—

Raiinesquina, Streptelasma, Plal)/s(iophia, L(pt(f'na.

5

—

R'lfinesquina, Monticulipora.

4

—

Dalmanella (shaly limestone).

3

—

Rapnesquina.

2

—

Asaphus, calymene. Rafinesquina.

1

—

Rapnesquina.

Rafinesquina remains the dominant fossil for some distance farther down the

creek, where its place is taken by the several varieties of platys'rophia biforata.

No good sections of the Ordovician are to be found in the vicinity of Rising

Sun. Numerous exposures of the various members may, however, be seen at a

number of points. These exposures show that the lower members are, as in the

other localities already studied, characterized by the great abundance of Dalma-

nella and Pleclambomtes. These fossils are succeeded in the beds next above by a

number of species of Trepostomata, which in places completely fill the rocks.

.\bove the Bryozoa beds Rafinesquina alternata becomes abundant, though

of course occurring in limited numbers at almost every level. Next fol-

lows the zone of Platystrophia biforata and its varieties. This is in turn succeeded

in the tops of the hills by a zone in which a varietal form of Rafinesquina alter-

nata is abundant, to the exclusion in places of almost every other fossil. The

higher zones are not pre^ent in the vicinity of Rising Sun.

Vevay, in Switzerland county, is one of the best localities in the State for

the collection of Ordovician fossils, and especially of the various forms of Platys-

trophia. Two detailed sections were measured at this place. These are desig-

nated A and B. Section A begins at the head of Main Cross street and extends

up the little gully just east of the Orphan A.«ylum.

This section (A) is as follows (i; 1, 38 A.) :

Ft. In.

87—Covered to the top of the hill 80

86—Limestone with Flatystrophin and Heberteila 6

85—Yellowish argillaceous sandstone 4

84—Thin-bedded limestone containing P/a<i/s<?'opA(« and Heberteila.... 12

83

—

Platystrophia biforata 6

82—Yellow sandstone 4

81—Covered 3 3

80—Argillaceous arenaceous limestone 4
79—Some covered, mostly thin layers with Rafinesquina 14

78—Limestone with Rafinesquina and Bryozoa. 5

77—Covered 3 8

76—Compact limestone with Rafinesquina 4
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It. m.
75— Covered •. 6

7-1— Same as 72 3 8

73—Covereil 1 3

72—Coarse-grained limestone Zygospira Bryozoa 4

71—Covered 3

70—Fine-grained limestone. Zygospira 3

69-Shale 6

68—Coarse limestone Rafinesquina (aa) 5

67—Covered 1 8

66—Thick, coarse, light gray limestone. Fragtrents of Rafinesquina

(aa). Zygospira (c) 1

65—Thin-bedded light colored limestone. Bryozoa 8

64—Covered 6

63—Bryozoal limestone 6

62—Covered 8

61—Limestone. Dalmanella (aa) 1 2

60—Covered 8 8

59—Dark drab limestone. Dalmanella 4

58—Covered 2

57—Compact limestone with Dalmanella (aa) 7

56—Covered, probably limestone. 25

55—Coarse limestone with large white crystals of calcite 6

54—Sha'e 6

53—Limestone, fragments of Rafinesquina (aa) 3

52—Shale 10

51—Limestone flecked wiih large Hakes of calcite 3

50-Shale 2 8

49—Coarse grained limestone. DalrnaneUa (aa) 6

48-Shale 1

47—Limestone with Dahnanella and Bryozoa 3

46 —Yellow weathering shale 2

45—Thin layers of limestone with Dalmanella 5

44— Shale '. 2 3

43—Layers of calcareous sandstone 6

42-Shale 3

41— Limestone ^ 2

40—Shale 3 8

39—Crinoidal limestone 8

38—Shale 5

37—Bryozoal limestone in thin layers 2 6

36—Shale and thin limestone 2 6

35—Bryozoal limestone 5

34—Shale 2

33—Massive hard limestone. Fragments of Dalmanella and Bryozoa. ... 10
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Ft. In.

32—Thin limestone and shale. Dalmanella 2 4

31—Limestone. Very perfect specimens of Dalmanella (aa) 4

30—Shale 1 8

29—Limestone. Rafinesquina (aa) 7

28—Shale 8

27—Sandstone 4

26—Shale with thin layers of limestone 6 3

25—Dark crystalline limestone. Few fossils 4

24—Shale 5 4

23—Limestone. Crinoids. Bryozoa. Trilobites. Dalmanella 7

22—Shale 2 6

21—Limestone. Fragments of Trilobites and Dalmanella 3

20—Shale 7

19—Thin layers of limestone with intercalated shale 1

18—Shale 7

17—Limestone. Fragments of Da/j/ia?u'//a, i?a/77je?(/*/ma and Bryozoa. . .. 3

16—Shale 2 6

15—Same as 13 6

14-Shale 5

13 - Compact Bryozoal limestone 3 to 5

12— Shale, with occasional layers of limestone containing stems of

Bryozoa G 4

11—Limestone sjjotted with argillaceous material and containing large

Bryozoa 3

10— Shale with occasional thin lenticles of limestone 2 3

9—Thin layers of fine-grained compact limestone containing Dalma-

nella and Bryozoa 1

8-Shale I

7—Limestone Avith argillaceous material in spots. Contains Dalma-

nella 5

6—Shale 4

5^Same as 3 10

4—Shale 4 6

3—Dark blue crytalline limestone. Pl€ctamhoni(c.< and iJalmanella (aa) .. 6

2—Blue clay shale 6

1—Covered to river level 101

Total section 389

Along the road (not the pike) running over the hill back of Vevay most of

the rocks of section A are exposed together with all of the rocks represented by

No. 87 (covered) of that section. The latter are very important, inasmuch as

they include the greater part of the platystrophia beds, here ideally exposed for

the collection of fossils. In fact several hundred specimens of this species were
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obtained, most of them in an excellent state of preservation. An exact record

was kept of the layer from which each specimen came, thereby rendering the

material of the utmost value for the study of variation.

This section ( B) is as follows (^ 1.38 B) :

Ft. In.

60—Heavy compact limestone. Few fossils 27

59— Shaly limestone with Plalistrophia lynx. Hebertelia, MontcuUpora,

etc., P. (aticosta toward the top 49

58—Shaly limestone. Hebertelia (aa) some Tlcttystrcphia and Bajines-

(juina 10 8

57—Shaly limestone. Rafinesquina and Hebertelia 2

56—Thin argillaceous limestone 16

55—Limestone. Base of Platystrophia zone S

54—Limestone 3

53—Limestone. Rnfinesquina 2 10

52—Limestone with Zyc/oKpira 5

51—Limestone with Puijinesquina 6 4

50—Very coarsely crystalline gray white-spotted limestone 6

49—Sandstone 1

48—Crinoidal limestone with fragments of Piof. (aa) 4

47—Covered 7

46—Mostly limestone with Pofinesquina 5 4

45 — Fine grained limestone with Rafinesquina 2

44—Covered 2 4

43—Limestone with Bryozoa (aa) 3

42—Limestone with Rafinesquina 5

41—Covered 1 10

40

—

Ranne^quina. Bryozoa 8

39—Covered 17

38—Thin layer of light colored limestone with Rafnesquina (shells

weathering red) 1 3

37—Covered 2 4

36—Same as 35 1

35

—

'Limestone with Dalmaneila (asi). Bryozoa (aa) iZa/Tjes^mna (frag-

ments) 4

34—Limestone. Soft, gray. Dalmanella (aaa) 1 6

33—Covered : some exposed shale and limestone 12

32—Thin limestones 1 8

31—Coarsely crystalline light gray limestone containing Dalmanella

and Bryozoa 8

30—Covered 5 6

29—Compact limestone. Dalmanella and Bryozoa 1

28—Shale 4

27—Limestone 4

26-Shale 7
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Ft. In.

25—Limestone. Dalmanella (aa) Bryozoa. Fragments of Rafinesquina 1 3

24—Shale with thin layers of Bryozoal limestone 4

23—Bryozoal limestone with some shale 4 4

22-Shale 2 2

21—Limestone with Bryozoa and Zygospira 5

20—Shale 1 2

19—Bryozoal limestone 4

18—Shale 10

17—Thin layers of Bryozoal limestone 1 9

16—Shale 1 6

15—Two four-inch layers of Bryozoal limestone 8

14— Blue shale 5 4

13—Bryozoal limestone 6

12—Mostly compact Bryozoal limestone 5

11—Coarse crystalline Bryozoal limestone 10

10—Covered, probably shale 5 6

9—Limestone and shale. Dalmanella 2 6

8—Layers of limestone with Dalmanella Bryozoa, etc 1

7—Covered, probably shale 2 2

6—Compact limestone with Dalmanella. Lower part consisting of

sandstone 8

5—Covered .• 5 6

4—Limestone with Safinesquina (aa) 6 to 8

3—Shale .t (j

2

—

Dalmanella layer

1—Covered to river level 140

Total section 385

The Platystrophia beds are to be seen about Mt. Sterling and in the banks of the

east branch of Indian Creek. They reach the bed of the creek two miles north-

west of the former place. In the bed of the creek just west of Mt. Sterling the

zone of Dalmanella is exposed and extends up the creek for a mile and a half.

Here it is succeeded by the Rafinesquina zone and then by the Platystrophia zone, as

stated. One mile northwest of Bennington along the road the zone of Rhi/ncho-

trema capa.r is exposed, and between the latter place and the Platystrophia zone are

abundant exposures of the upper zone of Rafinesquina. Large collections were

obtained from all of these zones and await description in another paper.

The Ordovician and Silurian rocks of Madison, JeflTerson County, Indiana,

have for many years been the subject of more or less detailed study by geologists

and paleontologists. The sections of the Madison hill in the railroad cut as

given by Owen and Borden* are certainly far from being accurate. The writer

'•Geol. surv. Ind., 1874, E. T. Cox; pp. 164-166.
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obtained from Mr. W. B. Blake, engineer of the P., C, C. & St. L. Railway, ac-

currate data in regard to the per cent, of grade, length and depth of the cuts, and

distance between same, for the steep Madison hill grade of the road above men-

tioned. The elevation of the terrace upon which Madison stands is approxi-

mately 60 ft. above river level, and the elevation of North Madison above Madi-

son is 427 ft. The old reservoir at the south end of the big cut is given in Bor-

,den's report (loc. cit.) as 210^ ft. above low water of the Ohio River. The data

given me by Mr. Blake are as follows: Grade, five and eighty-nine one-hundredths

per cent. (5.89'/^); distance of south end of south cut from low water mark on

north side of Ohio River, 2,700 ft.; distance through south cut, 800 ft. ; distance

from north end of touth cut to south end of north cut, 1,100 ft.; distance through

north cut, 1,100 ft.; besides this there are north of the north cut about 1,500 ft. of

cut in places 40 ft. deep. The maximum depth of the south cut is 60 ft. and of

the north cut 100 ft. The section which follows was measured independently of

these figures and departed very little from them. One or two corrections have

been made, however, in accordance with the above data. Section of the cut at

Madison (§1.12 A.):

Ft. In.

71—Massive whitisli limestone 10

70—One layer of bluish- white limestone 5

69—Thin-bedded limestone like No. 70 5

68— Blue shale 2 6

67—White arenaceous limestone 3 10

66—Shaly sandstone and shale 8 3

65—Massive white arenaceous limestone (Niagara) 2 6

64—From a few inches to nearly a foot of pinkish or yellowish to

salmon colored crystalline limestone (Clinton?) 1

63—Massive white arenaceous limestone 4 2

62—Thick-bedded argillaceous arenaceous limestone 9 8-

61—Same as 62, but banded on weathered surface with pink, gray, and

bufT 12 10

60—One massive conspicuous arenaceous layer 3 6

59—Thin-bedded, argillaceous, arenaceous, weathering brownish, with

some calcareous layers containing Bryozoa 7

58— Nothing to four inches of coarse limestone with Ordovician fossils .

.

4

57— Sandstone with leuticles of limestone containing Bryozoa 3

56—Argillaceous layer. Favhtella stellata 2

55-Shale 6

54

—

Fa cislella slellala 1 2

53—Thin layers of limestone alternating with argillaceous and sandy

layers. Bryozoa (aa). Rofinestluina. Hcbertella 5 3

52—Massive soft sandstone 7 8
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Ft. In.

51—Blue fossiliferous limestone shale and arenaceous layers 6

50—Fine shale with layers of limestone, Rhynchotrema, Hebertdla,

MonticuliTpora, Calymtne, Rofinesquina 10

49—Same as 50. Strophomena, Streplela&ma, Plectumbontte.-', Dalmanella,

Pla(yi<lrophia laticosta, Amhonychia 8

48—Probably shale and thin layers of limestone; covered by (alus ... 22

47—Heavy layers of limestone seen in the west side of the south cut, at

the top.

46—Heavy layers of limestone seen in the cast side of the south cut, at

the top.

The lowest layers in the big cut (north cut) are 24 feet above

the top of No. 45 if the foot of the big cut be taken as 210 feet

above the river. Part of the layers of No. 46 would therefore

be repeated in 45. Allowance is made for this fact. Nos. 46

and 47 together 24

45—Shale. The top of No. 45 is at the culvert just north of the south

cut 10

44—Several layers of limestone wilh Cyclomeiia, Rafinesijuina, Caiyvune,

etc 1 2

43— Shaly limestone. Cydonema 2 8

42— Limestone. Ambonychia, Cydonema, Rafinesquina, Monticulipora,

Crinoids 2

41—Limestone and shale. Ambonychia 5

40— Compact close-grained limestone. Rafmefquina 3

39—Limestone and shale. Zyfjospira, Ambonychia 2 4

38—Limestone. Rafinesquina edgewise (aaa) 4

37—Argillaceous compact limestone. Rajinesquina 6 9

36—Limestone. Bryozoa 6

35— Shaly limestone 5 8

34—Limestone 8

33—Shaly limestone 2 8

32—Limestone. Rafinesquina, Cabjmene, IlchcrteUa (?), Gastropoda,

Bryozoa 8

3)—Shale, with occasional 2-inch to 3-inch layers of limestone 10 8

30— Limestone. Rafinesquina edgewise (aaa) 3

29—Shaly_ limestone. Rafinesquina ( aa ), Modiolopsis (aa), Zygo-

spira (aa) 6 9

28-Similar to 26 ' 4

27— Shaiy limestone 1 4

26—Blue fine-grained limestone. Zygospiru (aaa) 3

25—Shaly limestone. Rafinesquina, etc 13

24—Very compact fine-grained limestone ; no fossils 6

23—Shale and limestone, with excellently preserved specimens of Ra-

finesquina (aa) 4 2
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Ft. In.

22—Limestone, with top of layer composed of immense numbers of

Zygospira modesta 3

21—Rather coarse shale 2

20—Lumpy, shaly limestone. Asaphus, Rapnrsqnina 3

19—^Coarse to fine-grained barren limestone 8

18—Lumpy, shaly limestone. Eafinesquina (aa), Trilobites (a), Zygo-

spira, Streptelasma, Bryozoa 12

17—Limestone, with Rafineaquina, Zygospira (aa), Bryozoa, Oithoceras. 5 10

16—Shale, with thin layers of limestone 1

15—Very compact, fine-grained blue barren limestone 6

14—Shale 8

13—Compact limestone. Calymene, Zygoapira, etc 5

12—Limestone. Calymene (aa), Bryozoa, Rafinesquina, Orthoceras .... 1 3

11—Shale, with thin layers of limestone 3 8

10—Thin argillaceous limestone with Calymene and Bryozoa (a) 1

9—Massive blue limestone. Rafinesquina, Trilobites, Bryozoa 7

8— Limestone. Rafinesquina, Zygospira, Bryozoa 2 9

7—Thin argillaceous yellow-spotted limestone. Rlatystrophia, Heber-

tella. Rafinesquina, Bryozoa 1

6— Limestone. Heberte'la {a.a,), Rafinesquina 7iasuta, Flatysntrophia lynx. 1 2

5—Bryozoal limestone 4

4— Covered, probably ^hale 1

3—Limestone with Trilobites, Zygospira, etc 2

2—Coarse crystalline limestone. Hebertella 6

1—Covered to river level 62

Total section 3-57

Number 7 of this section represents the top of the Platystrophia zone. At

Vevay the top of the same zone is 358 feet above river level, and at Lawrenceburg

about 390 feet. The Madison section afibrds an excellent opportunity to study

the upper Ra(ines(|uina zone. It is in the upper zone that this fossil is so con-

stantly associated with Zygospira modesta and a number of species of Lamel-

libranchs. In the lower zone it has no such constant associates.

Section along Clifty creek (§ 1.12 B)

:

. Ft. In.

22—Limestone. Rnfinesquina, Lamellibranchiata, Gastropoda, Crin-

oids 6

21— Limestone and coarse lumpy shale. 7 4

20—Shale and limestone. Top, a heavy layer of limestone with con-

spicuous wave-like markings 21 4

19—Partly covered, but represented by heavy layers of limestone in

the bank above 18 11

18 — Limestone and shale 14 4

17—Limestone. Rafinesquina (aaa), Hebertella 5
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Ft. In.

16—Shale, slialy limestone, some thick layers of limestone. Rafines-

quina, Bryozoa, Trilobites, Zygospira (aaa) in some layers 40

15—Heavy layer of limestone 6

14—Shale and shaly limestone. Trilobites (a'> 9 6

13—Limestone. Ilajine.'iquina, Asaph^is, Calymene, Platyslrophia 8 6

12—Mostly shale 4 10

11—Argillaceous compact layer. Trilobites, Gastropods 6

10—Shaly limestone 2 9

9—Limestone and shale. Plaiystvophia. Hebertella 3

8—Limestone. P. lynx and laticosta. Hebertella 3 &

7—Covered 10

6—Limestone, more shaly than 5. Hihertella (form with dorsal fold),

P. lynx and laticosta 3

5—Same as 4 but P. laticodn more abundant 3 10

4—Thin shaly limestone. Hebertella 1 2

3—Thin shaly limestone. Hebertella, P. laticosta, Monticulipora (aa). 1

2—Thin shaly limestone. P. lynx (aa), laticosta (a), Hebertella occi-

dentalis (c) Trilobites, Monticulipora 1

1—Covered to river level 45

Total section 198

This section shows some 30 feet more of the Platystrophia beds than the

Madison section
;
otherwise it is the same in the main as the basal part of that

section.

P. lynx is here abundant in the lower layers and laticosta in the upper layers.

From the detailed sections now described of the Ordovician rocks of Indiana

it will at once be seen that there are certain well-defined fauna] zones which mav
be traced without fail over the whole area. It has long been known that the

zone characterized by the presence in abundance of Platystropliia, forms a well-

marked and persistent stratum
;
but apparently the other zones, if recognized at

all, have been minimized in importance. Any one of them is however as per-

sistent and as easily traced as the Platyslrophia zone.

These zones are in ascending order as follows (the thickness is given in pa-

rentheses) :

1—Dalmanella multisecta (200-240 feet).

2—Rafinesquina allernata 50-70 feet).

3—Platystrophia (60-80 feet).

4—Rafinesquina alternata var. fracta (100 feet zfc).

5—Dalmanella Meeki (20 feet i).
6—Streptelasma.

7—Strophomena (10 feet zb).

8— Ehynchotrema capax (10 feet zb).
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Some Developmental Stages of Orthothetes Mixutus X. Si\

By Edgar R. Cumings.

The specimens discussed in this paper are from the abandoned quarry

known as the Cleveland Stone Company's quarry, located one mile north

of Harrodsburg, Monroe County, Indiana. This quarry is in the so-called

Bedford limestone, and the specimens come from the top of the quarry

—

and also from near the summit of the formation. They are, so far as I

can ascertain without having seen the original specimens of Hall.* specifi-

cally the same as Spergen hill forms referred by the latter gentleman to

the Orthis (Terebratulites) umbraculum of Schlotheim.t

Description of the shell:

Shell semiovate to subquadrate in old individuals; hinge line usually

less than the greatest Avidth of the shell, especially in young individuals;

cardinal extremities forming an obtuse, or sometimes a right angle with

the lateral margins. Surface finely plicated; plications increasing toward

the mai-gin by interstitial addition. Crests of the plications crenulated by

equally spaced fine concentric lines.

Ventral valve concave with a pronounced tendency to irregular growth

about the beak. In mature individuals the beak becomes strongly retrorse

and is greatly elevated, equaling in height one-half the length of the shell.

Area well defined, flat, showing in well preserved specimens a low ridge

on each side of the prominent deltidium and parallel with its margins.

The younger specimens seem to show a perforation at the apex of the

deltidium.

Dorsal valve regularly convex, greatest elevation about one-third of

the way from the beak to the front margin, though there is considerable

variation in this respect in shells of different age. Usually some flattening

at the cardinal extremities. Area very narrow or usually scarcely at all

conspicuous.

Interior of the ventral valve showing rather prominent teeth, which

diverge -nidely. Cardinal process in the dorsal valve elevated, projecting

*Acting under the impression that some of the original specimens of Hall were in the

Albany Museum, the writer sent a number of specimens of the form under cons'deration to

Dr. John M. Clarke to compare with Hall's specimens. 'While owing to the fact that Hall's

specimens are not at Albany, Dr. Clarke could not make the comparison, nevertheless he

gives it as his opinion that the two are probably identical.

tPetrefk. I, 2-56; Schnurr, Brachiop. der Eifel 216; Bronn Lethsea Geog. I, 361. See

Hall, Trans. Alb. Inst. 4, p. 12.
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somewhat beyond the hinge line: notch shallow, the grooves on the

posterior faces of the apopnyses very faint.

Ratio of breadth to length in an average adnlt specimen about as 11

to 8.

This species can not be referred to the 0. (Tcrehratulitcs) umhraciilum

of Schlotheim, from which it differs in the less length of the hinge line,

fewer number of plications, greater proportionate height of the area,

Avhich in the present species tends to become strongly retrorse in mature

individuals, and the subquadrate rather than semicircular outline of the

j^hells. The figures of Schlotheim's species also show it to possess a

strongly quadrilobate cardinal process, Avhile in the present form the

notch in the process is very shallow and the grooves very faint.

The species to some extent resembles 0. lais, from which it differs

in the form of the cardinal process and in the greater proportionate length

of the latter.

Development.—In the search for specimens of this rather rare species

(about 50 specimens were found among several thousand of the common
Spergen hill forms) a number of very young stages was obtained. While

even the adult individuals share in the general stunting so characteristic

of the entire Spergen hill fauna, no complete specimen in the writer's

<-ollection having a length of more than 5mm,* nevertheless these larger

individuals present the usual features of maturity.

The smallest individual observed has a breadth of .9mm and a length

of .Gmm. In this specimen the ventral valve is roughly conical, though

slightly more convex toward the beak, which projects over the hinge line

and is very, prominent. The surface shoAvs IS plications as against 40 in

the largest individual observed, while the posterior third of the shell is

Avithout surface ornamentation except a few obscure concentric markings.

The area is high and the deltidium less sharply marked off from it than

in the older specimens. The dorsal valve has its greatest convexity at the

center and is also smooth for a considerable distance from the beak.

It shows no sign of an area.

Individuals of the length of 2mm have the area perpendicular to the

plane of separation of the valves, and the ventral valve showing a slight

concavity toward the front. The number of plications also has increased

•"'Since the above was written, the author has found at Stinesville, Monr.e County, In-
<liana, specimens of this species over one inch in breadth, hut agreeing in all essential
featur.s with the adult specimens described here.

15—A. OF Science.
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to 22 OX' 23, and the rej;ion of greatest convexity in the dorsal valve has

approached, somewhat, the beak. The youngest individual is conspicu-

ously shorter on the hinge line than farther forward. In fact it in every

respect approaches the generalized type of Brachiopod shell, as Beecher

& Clarke have shown to Ije the case in the species of the Waldron fauna.*

The Cold-BloodedA'ertebrates of Winona Lake and Vicinity,!

By Earl E. Rajisey.

Winona Lake is located in sections 15, 16, 17, 21 and 22 of Township

32 north, Range C east, in Kosciusko County, Indiana. The main body of

the lake is about one mile southeast of "Warsaw. It is one of the series

of lakes belonging to the ilississippi drainage system and is drained into

the Tippecanoe River. ' It lies about six miles south of the watershed

between the St. LaAvreuce and the ^lississippi basins.

The lake is irregular in outline and has an area of 0.98 square miles.

The greatest length is from north to south and is somewhat more than

one mile. The average width is about five-eighths of a mile. The great-

est depth is 81 feet.

The lake, like all the small lakes of northern Indiana, is of glacial

origin. The catchment basin is large as compared with the size of the

lake itself. Unusually heavy rains change the lake level as much as two

to two and one-half feet. The tributary streams are three in number.

The largest is Cherry Creek, which, flows into the lake on the southeast.

For the most part it flows through woodland. Two other streams, the

larger of which is Clear Creek, enter the lake at its extreme southern

part. The output of Clear Creek is nearly as much as that of Cherry

Creek. Numerous springs on the Winona Assembly grounds drain into

the lake. Lands lying to the north are drained into Pike Lake and Center

Lake, both of which lie about one mile northwest of Winona Lake.

The outlet is situated at the southern part of a small bay connect-

ing with the main lake on the nortliAvest. It empties into Tippecanoe

River at a point about one mile northwest of Warsaw.

The shore line, for the most part, is low. On the north, a small

stretch of cultivated land rises rapidly to a ten-foot elevation line. The

Winona Assemblv grounds on the east have the greatest elevation. This

•Memoirs of the N. Y. Sta*e Museum, Vol. I, No. 1.

tContributions from the Zoological Laboratory of the Indiana University, C. H. Eigen-

mann, Director, No. 39.
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elevation is from ten to fifty rods back from the lake. The other parts

of the ground lie below a ten-foot line. The south shore is uniformly low

and swampy. On the west, an abrupt i*aise is found at Yarnelle's Land-

ing. To the north of the landing, the shore is low, and the elevation grad-

ual. Natural woodland is found at Yarnelle's. at the outlets of both Clear

€reek and Cherry Creek and on tlie Assembly grounds.

The shores are about equally divided between sand and turf forma-

tion. A peninsula extending into the lake from the Winona grounds is of

turf. On the south a great part of the shore, as well as the shore of the

bay on the west of the main lalie, is of such .a formation. Other parts are

sandy. In a general way, that part of the land which has lately been re-

claimed from the lake has a coast line formed of decayed plant life—turf.

By reference to the map of Eagle Lake (now Winona Lake) prepared

by the U. S. Survey in 1834, it will be seen that the lake was considerably

larger at that time than now. The difference in the lake has been brought

about, first by dredging the outlet channel and lowering thie level of the

lake; second, by the encroachment of plant life upon the lake propei", and

the luxuriant plant life on the land partially dried by lowering the lake

level. As noted farther on, the plant life of the lake is abundant. The

dense banks of Scirpus, Nuphar, etc., tend to collect material that may
float into them, and they also contribute their own growth to the forma-

tion of new lake bottom. A third agency which has acted In some parts

of the lake—notably the southern part—is that of the ice. With the lower-

in of the lake level, stretches of lake bottom were left barely covered by
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water and were in most cases separated from the land by deeper water.

As the ice formed, it pushed the ground higher on these sliallow places.

The ice ci'acks in excessively cold weather, the cracks till with water and

freeze again. This crowds the ice and the substratum of earth still far-

ther shoreward. Very much of the south shore of tl:e lake shows such a

formation. The ice-beach near the outlet of Clear Creek is at least thirty

inches above lake level and separates a dense swamp from the lake. In

this swamp thus isolated from the main lake, the semi-aquatic plants

readily establish themselves and tlms finally reclaim the swamp land.

The plant life in the lake is abundant. A bank of iScirpus practically

encircles the lake. Xnphnr. Nymphaea. Typha. Potamogeton. Ceratophyl-

lum and Chara are also abundant. The outlet is now entirely "overgrown"

by Nuphar. Nymphaea, Typha and Scirpus arranged in water zones.

The average temperature of the Avater from July 6 to August 23. 1899,

at a depth of two feet, Avas 80°; the air temperature for the same time

was 81.5°. The deep water of the lake marked 41° and was. of course,

subject to no diurnal changes, nor even to any considerable seasonal vari-

ation. The prevailing Avinds during the summer months are Avest to

soutliAvest.

THE FISHES.

The number of species of fishes thus far secured is forty-one. Con-

sidering the great A-ariety of physical conditions, the number of species is

small. But the numlier of individuals in each species is much more disap-

pointing. Tl:e scarcity of the larger food fishes is due to the great amount

of fishing in the lake. But the scarcity of the smaller fishes, the Cypri-

nidae. many species of the Darters, Labidesthes, etc., is not accounted for

in this Avay.

To slioAv the relative numbers of a very common form which serves

as food for the larger species, I may take the Labidesthes sicculus. As

many as a gallon of this form may be secured in either Turkey Lake or

Tippecanoe Lake at a single haul of the seine. Not more than three or

four dozen were secured in Winona Lake during the entire summer. Thi-s

fact in itself will partially account for the scarcity of the larger food

fishes. The same relative proportions are true of many other forms. The

following list gives the species and locality from which they were se-

cured. The column marked (N)* gives some notion of the relative abund-

"In some cases the number of specimens collected is marked; (-I-) indicates that the

species is abundant ; (X), not so abundant ; (—),butfew.
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ance. Thirteen families are represented and thirty-three genera. The +"s

in the other columns indicate the localities in which the various species

are fotmd.

SPECIES. O

Lauipetra wilderi, Gage
Lepisosteus osseus (L)

Lepisosteus platostomus, Rafinesque .

.

Amia calva, L
Ameiurus nebulosns (Le Sueur)
Ameinrus melas (Katinesque)
Schilbeodes gyrinus (Mitchill)

Carpiodes (Sp )*

Catostomus nigricans, Le Sueur
Catostomus commersoni (Lacepede) . .

.

Erimyzon sucetta oblongiis (Mitchill) .

Minytrema melanops (Katine.'-que) . . . .

Campostoma anomaluui (liafineKjue) .

Pimephales notatus (Kafinesque)
Notropis whipplei (Girard )

Notropis cornutiis (Mitcliill)

Hybopsis kentuckieiisis (Rafines(iue) . .

Semotilus atromaculatus (.Mitchill) . . .

Abramis crysoleucus (Mitchill)

Umbra limi (Kirtland)
Lucius vermicuiatus (Le Sueur)
Fundulus notatus (Rafinesque)
Funduhis di?par ( Agassiz)
Labidesthes sicculus (Cope)
Ponioxis .sparoides ( Lacepede)
Ambloplites rupestris (Ratinesque) . . .

Chtenobryttus gulosu.s (Cuv. and Val.)
Lepomis pallidus (Mitchill)

Lepomis roegalotis (Rafinesque)
Eupomotis gibbosus ( Linnaeus)
Micropterus. dolomieu Laccpcde
^Iicro)iterus salmoides (Lacepede) ....

Percina caprodes (Rafinesque)
Hadropterus aspro (Cope and Jordan)
Boleosoma nigrum (Rafinesque)
Diplesion blennioides Rafinesque
Etheostoma iowa^, Jordan and Meek .

.

Etheostoma coeruleum, Storer
Microperca punctnlata, Putnam
Perca flave&cens (Mitchill)
Cottns ictalops i Rafinesque)

+

+

+

+
+

+

+

+

+

"Two large specimens taken by fishermen were seen. The species was probably C.

Velifer (Rafinesque), but no positive identification further than genus could be made.
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BATRACHIANS.

This group is represented by but few species.

1. Necturus maculosus (Rafinesque). Three or four specimens were

fouud by worlcmen who were deepening the cliannel of Cherry Creek.

2. Bufo lentiginosus americanus (Le Conte).

3. Acris gryllus gryllus (Le Conte).

4. Acris gryllus crepitans (Baird).

5. Hyla versicolor (Le Conte). But two specimens of this interesting

little animal were talieu.

6. Rana pipiens Kalm. This is the most abundant of the frogs.

7. Rana clamitaus Latreille. The individuals of this species are nearly

as numerous as those of R. pipiens.

8. Rana catesbeana Shaw. But one or two specimens found.

SNAKES.

Eight species of snakes have been found:

1. Storeria dekayi (Holbrook), is i-are.

2. Clonophis kirtlandi (Kennicott). Only two or three specimens were

taken.

3. Two varieties of the garter snake, Thamnophis sirtalis parietalis

(Say), and Thamnophis sirtalis sirtalis L., were taken. This snake is the

most abundant of the forms found in this locality. On July 19, a female

bearing thirty-one well developed embryos was killed. On August 5, one

kept in a pen gave birth to young. The number of j*oung could not be

ascertained.

4. Regina leberis (L.). The leather snake is abundant. It is third in

this locality in point of number. On August 12, 1899, a gravid female

was found having ten well developed embryos. Its haunts are along

creeks.

5. Natrix sipedon (L.). This species is plentiful. On July 23, 1900,

a female containing twenty-six embryos was killed. The water snake is

ii swamp-loving form, and is of a sullen and vicious disposition.
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6. The blue racer, Bascanion constrictor (L) is the kirgest suake iu

this locality, and is comparatively abundant. When captured and put

in a pen, it soon tames and seems to talie delight in being handled. Its

movements and shape are peculiarly graceful. Its food consists of frogs,

garter snakes, etc. A specimen forty-two inches long swallowed a gar-

ter snake twenty-eight inches long. I have known it to lay its eggs about

the middle of June, and have found the young hatching about the middle

of September. Its egg-laying habit is worthy of note. One specimen se-

lected the soft ground between two rows of potatoes and pushed her way
under the ground. As she crawled along in this underground passage,

the eggs, twenty-two in number, were laid in the channel which her body

had made. Another laid her eggs in the hollow root of a. half decaj'ed

stump. The eggs are white in color, and about one inch in length,

and have a uniform diameter of one-half inch. The soft shell is so tough

that it will sustain a weight of more than one hundred pounds without

breaking. The young, when first hatched, are seven or eight inches in

length. The first action when the little head is thrust through the shell

Is to stick out its tongue. The blue racer frequents the woods or high

grass and weeds.

7. Lampropeltis doliatus triangulus (Boie) is found rarely.

8. Sistrurus catenatus (Rafinesque) is second in point of numbers.

The garter snake is more plentiful than the prairie-rattler. During the

summer of 1899 eleven specimens were caught, and nine were taken dur-

ing the following summer. They are usually found in low land and run

but little during the day unless disturbed. Nothing was learned concern-

ing their food, since they persistently refused to eat when kept in confine-

ment. A female kept in a pen gave birth to seven young on August 13.

Several of the little ones were kept in a glass aquai-ium for a time. On
August 17 they drank drops of water from a pipette and ate a few small

bits of fresh meat. Three days later they began their first moult. They
were about eight and one-half inches long at birth. A case was reported

to me in which thirteen yoxmg were born. The adults are inoffensive and

move slowly. They are easily captured by means of a noose slipped over

their heads or by an insect net.
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TURTLES.

The land and water forms together number eight species. Of these

the soft-shelled turtle, the speckled tortoise, Blauding's tortoise and the

box tortoise are rare. Even the commoner species are not very abundant.

No more than two dozen eggs were found. They were of the Aromochelys

odoratus (Latreille), and were laid in heaps of debris which had been

washed up along the shore. The species are as follows:

Aspidonectes spinifer (Le Sueur).

Chelydra serpentina (L.).

Aromochelys odoralus (Latreille).

Graptemys geographicus (Le Sueur).

Chi-ysemys margiuata (Agassiz).

Clemmys guttatus (Schneider).

Emydoidea blandingi (Holbrook).

Terrapene Carolina (L.).

I desire to acknowledge the helpful sugge.stions of Dr. C. H. Eigen-

mann in the preparation of this brief report. Dr. S. E. Meek has also

kindly aided me in preparing a partial catalogue of the fishes, and has

mapped out the general plan of the paper.
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Bradley. M.C.. '98.117.

Branchipus. "91.22.

Branchysorex brevicaudatus. "91, 163.

Branchysorex harlanii. "91, 163.

Branner. J. C. '9:i. 223 ; '94. 54.

Brannon. .M. A.. "92. .35 ; "93. 2:^7 ; '98. 291.

Bray. W. L.. '92. 48.

Bread, pure yeast in. '97. 62.

Bread, salt-rising. "94. 126.

Break shoes, railway. "00. KX).

British Columbian glaciers. '92. 2i".

Brown. Charles C. "94. 40.

Brown County, preliminary list of birds of,

'94. (58.

Brown. W. V.. '91. 64.

Bruchus exiguus, '92, 91.

Bruner. Henry L., '97, 203, 204,205; '98,228,

229.

Bryan. W. L., "94. 42.

Bryophyta. '93. 64.

Buckeye canoe of 1840. '94, 130.

Buckeye, .'i Kansas species, '91. 74.

Buffalo gnats. "91. 31.

Buffalo in Illinois and Indiana. '91. 1.55.

Bufo lentiginosus. "0(5. 1(57.
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Buililing stone, iniality of. '91. till.

Burial mound in Randolph County. 'S4, 4i').

Burk, \V. E., ''Ml n;i.

Bun-age, Severance, '05, iW, W; "'.m;, 56; 'W,

01, 68 ; '00, 157.

Butler, A. W., '91, 161, 164 ; '92, 50, 55. 62 ;
'93,

68, 69, 108, 120, 224; '94, 33, 73, 81; '95, 31,

162 : '%, 227, 244 ; '97, 175, 180, 198, 201 ; '99,

53. 149.

By-laws of Indiana Academy of Science,

'92,8; '93, 8; '94, 10; '95, 17; "96, 12; '97,

12 ; '98, 13 ; '99, 13 ; '00, 15.

CACTACE.E, EPIDERMIS AND SPINES,
'92, 42.

Cactaeeiv, spines of, '91, 19.

Cacti, evolution among, '93, 262.

Cactus flora of the Southwest, '91,92.

Cactus, the genus, '92, 45.

Cacus oeeanthi, '92, 91.

Cady marsh, '97, 240.

Calendar group, '9(), 86.

California vivaparous fishes, '91, 19.

Call, R. Ellsworth, '93,69,140,219,225; '94,57,

58, 80, 1.39, 140; '95, 109, 135, 246; '96, 46, 54,

247; '97,250.

Cambrus Pellucidus, eyes of, '99,155.

Campbell, J. L., '91, 98; president's address,

'92,15; '91,39,47; '98,72; '99,85; '00,83.

Camphor, a cyclic derivative of, '99, 103.

Camphoric acid, '93, 267; '94, 52; '95, 89; '97,

132; '98,160.

Car bolsters, formula for deflection of, '98,

157.

Carbon dio.xide in the urine, '91, 30, 48.

Carbonic acid in the air, '91, 30.

Carboxylated derivatives of benzoquinone,

'91, 27.

Carolina parakeet. '91, 17.

Carroll County birds, '91, 19.

Carroll County fishes, '91, 19.

Carya alba, '91,27.

Carya alba, stomata of, '91, 76.

Caryocrinus, '91, 67.

Castoroides, a cranium of, '99, 171.

Catolaceus tylodermaj, '92, 91.

Cave faunas, '97,229.

Cave salamander, "00, 167.

Caves of Missouri and Kentucky, '98,58.

Caves and sinkholes, geologic relations of,

etc., '9.s,258.

Cayleyan cubic, '00, 91

Cecidomyida, '92, 124.

Cedar apples, generic nomenclature of, 'OOi

1.31.

Cedar Lake, '96, 296.

Cell, efiect of centrifugal force <m, 'OK, ]69.

Cell structures of Cyanoiihyeca?, '94,133.

Century plant, tlie sugar of, '94, 51.

Cephalanthus occidentalis, '91,138.

Cephalopoda, "91, tix.

Cereal smuts, resistance of, etc., '93, 64.

Certain chemical features in the seeds of

Plantago, A'irginiana and Patagoniea, '94^

121.

Certhia familiaris, '91,167.

Ceuthophilus, '92,140.

Ceuthophilus brevipes, '92, 148.

Ceuthophilus divergens, '92,153.

Ceuthophilus ensifer, '92, 153.

Ceuthophilus lapidicolus, '92,142,144,147..

Ceuthophilus latens, '92,143.

Ceuthophilus latisulcus, '92,146.

Ceuthophilus maculatus, '92, 142, 147-

Ceuthophilus niger, '92, 153.

Ceuthophilus stygius, '92, 148.

Ceuthophilus uhleri, '92,144.

Chaetodontidie, '91,19.

Chamberlain, F. M., '95,264.

Chansler, E. J., '96,244.

Chara fragilis, '95, 95.

Characinidfe, South American, '93, 226.

Character of well waters in a thickly popu-
lated area, '91, 56.

Charadrius squatorala, '91,165.

Chemistry, some new laboratory appliances

in, '94,51.

Chipman, W. W., '96,147.

Chloranil. '91. 37.

Chlorine, determination of in waters [natu-

ral], '92, 169.

Chlorine estimations, '91,18,49.

Chloroform, '91,14.

Chologaster agassizii, and its eyes, '98, 251..

Christmas meetings, see Meetings Annual,
Chrysomelidae Tasmanian, '91, 168.

Cicada canicularis, '92, 117.

Cicada septendecem, '92, 86, 87.

Cicada septendecem, distribution of, '98, 225-

Cincinnati limestone, wave marks on,'94,53v

Cincinnati silurian island, '91,18.

Circles connected with the triangle, '99, 88.

Cistothorus stellaris, '91,164.

Cladoeera of Turkey Lake, "95, 244.

Clark and AVeston cells, '96,98.

Clays, '93, 168.

Clays, white, '93, 224.

Cleistogamy in Polygonium, "91,92.

Clinton limestone, '92,28.

Clisiocampa disstri, '92, 90.

Cnicus discolor, '91, 15.

Coals, '93,168.

Coccinellidae Tasmanian, '91, 168.

Coccothranstes vespertina, '91,165.
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Cockroach, American, '02,157.

Cockroach, (lennaii, 02, li)2.

Cockroaches of Im.liana, '02,153.

Cockroach, oriental, '02, 15(3.

Cockroach, Pennsylvania, '92, 158.

Cockroach, short-winged, '92, li51.

Cocoaine, '91, 14.

Coefficient of expansion of solids, '91, 25, 2(5.

Coke,'93,]()0.

Colaptes, '91,30.

Collecting mosses, '91, 14.

Collection of plants made during year near

Crawfordsville. '94, '65.

CoUett glacial river, '91,17.

Collinear sets of three points, '97,104.

Colors of letters, '91, 24.

Color-pattern of Etheostoma caprodes, '93,

231.

Colors of sounds, "01,24.

Color variations, '01, 21.

Columbian exposition and science, '91,98.

Columbian museum, '93,274.

Committees of Indiana Academy of Science,

'91, 2.

Committees, '92,5: '93, P; '94.7; '95,13; '06,

6: '97,8; '08,9; '99,9; '00,10.

Committees, past, '01, 3.

Companion plants, '01, 2().

Composites, gerniination of, '97, 1(15.

Composit;o of Indiana, general notes, '9()

160.

Compositaj, organogeny of, '91, '79.

Concerning the effect of glycerine on plants,

'93, 234.

Condensation of acetone with benzoin, '91,

47.

Conger eel. 'dO, K'lo.

Conifer*. '01,18.

Conocephalinai,'02,06,III.

ConoeephalinEe, key to genera of, '92, 112.

('onocephalus, '92, 113.

Conocephalus crepitans, '92. 118.

Conocephalus ensiger, '92, 114. 117. 118.

Conocephalus nebrascensis. '92,115.

Conocephalus palustris, '92. 118, 12.5, 120.

Conocephalus robustus. '92, 116, 118.

Constitution. '02, 7; '03, 7; '94, 9; '95, 15; '96,

10; '97. 10; '08. 11; '09. 11; '00, 13.

Contents, table of, '91. IV; '92, III; '93, 3;

'94, 3. '95, 3; '96, 3; '97, 3; '98, 3; '99, 3; '00, 4.

Contopus borealis, '91, 165.

Contribution to the flora of Indiana, No. IV,
'96, 159.

Contributions to the histology of the Ponte-
deriaceiK. '03, 234.

Contributions to the life history of Noto-
thylas, '93. 239.

Control magnet. '91. 27.

Convergence, a case of. '98. 247.

Copper ammonium, oxide, '91, 14.

Copperhead. '91. 107, 108.

Corallorhiza, problems in, '99, 145.

Corals, '91, ()7.

Corncob pentaglucose, '91. 29.

Corn smut, constituents of, '00. 148.

Corn smut, fungicides for, '95, 96.

Cornus, distribution of. '91, 18.

Correlation of silurian sections in eastern

Indiana, '94. 54.

Correspondents, foreign. '0(5. 19; '07.21: '98,

21: '00. 19: '0(i. 21.

Coulter. Jolin .^L. '91,76; '92, 41, '03, 101, 262.

274.

Coulter. Stanley, '01, 02; '02. 41. 49. 50; '9.3,

17, 193; '04, m. 103, 120; '05. 160. 183; '06, 33,

159, 189. 275: '07. 1.58. 165; '08, 215; '99, 104,

112, IKi: '(H), 13(i. 143.

Counter-balance in locomotive drive wheels,

experimental study of the, '93. 273.

Cox. Ulysses 0.. '99. 75.

Craig, (). J.. '92, 55.

Crambus. zeellus, '02, 00.

Cray fish, '01. 21. 22.

Cray fishes of Indiana. '01. 117.

Cremation. '01. 17.

Crepidula. '01. 27.

Crickets. '01, 12s.

Crickets, blacksidcd. '02. 143.

Crickets, camel, '92, 92, 140.

Crinoidiw, '91, 6S.

Crossbill. American, '92, 62.

Crossbill, range of, in Ohio Valley, '92, 62.

Crossbill, whitewinged, '92. (50.

Crotalida?. '91. 107. loO.

Croton bug. '02. 1(i2.

Crowley's Ridge. '0.3, 210, 224.

Crustaccse, '01. 6S.

Crustaceans of Indiana. '01. 147.

Crow roosts of Indiana. '97, 175.

Crow roosts of Indiana and Illinois, '97, 178.

Crow roosts of Lake County. '98. 227. •

Crushing strength of cylinders. '96, 88.

Cryptogamic collections. '00, 121.

Cryptogams. '0(). 171.

Cryptogams, list of. '93. 30.

Cubberly. E.P.. '92,27.

Culbertson. Ulenn. '97,206, 242; '90; 1(57.

Cumings. E. R., '00. 174, 176; '00, 200. 216.

Cunningham. Alida M.. '04. 67. 121; '05, 198;

'96, 190; '97, 1(56. 168; '98, 212, 214.

Cunningham. Clara, '96, 208.

Cupuliferoe. the embryology of. '04. 135.

CurimatiniB. '01. 10.

Cursoria. '92, 154.
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Curtis. (4eo. L., '9(5, 259.

Curti?s,R.(i.. '98, 202.

Cusc-utn. (listribution o', '98, 214.

Cuscuta, scales of, '98, 212.

Cyanogen, '97, 98.

Cyanophyceae, cell structure of, '94, 133.

Cycas, stomates of, '93, 2.54; '94, 130.

Cyclic quadralateral, '00, 91.

Cyinatogaster, aberrant follicles in ovary,

•98, 229.

Cymatogaster. development of se.xual organs

of. '94. 138.

Cymatogaster. early stages in. '92, .58.

Cyprepedium, poisonous influence of some
species of, '94. 136.

Cyprepedium spectabile, poisonous effects

of. '93, 254.

Cyp' ess swamps of Knox County, '97, 172.

Cyprinodon,'91, 19.

Cyrtophyllus. '92, 109.

Cyrtophyllus concavus. '92, 108, 109.

Cyrtophyllus perspicillatus. '92, 110, 152.

DAIHrXIA,'92. 92.

Davis. B. M., '95. 45; '96, 259, 260.

Davis, Chas.E., '96. 172.

Davis, Sherman. '91. 49; '93, 262. 265; '%. 115.

Davisson. S. C. '00. K».

Dead animal tissue, absorption of poison by,

'93, 268.

Dearborn County, '91, 14.

Decatur County, butterflies, '91, 29; fishes,

"91,29; physical geography of, '91,28.

Decorticated stems, absorption of water by,

'98, 169.

Decticidinae, '92, 96. 149.

Decticus dorsalis. '92, 151.

Decticus pachymerus, '92, 150.

Degeneration illustrated by the eyes of cave
fishes, '99, .31.

Demonstration apparatus, '00, 115.

Dendroica Kirtlandi, Baird. '93, 224.

Dennis. D. W., '94, 1.3i5; '95, 44, 95; '97, 68; '98,

* 288: '99, 1.57; '00, 34.

Denny, W. A., '98, 2,52.

Desmids of Crawfordsville, '98, 163.

I)eteetion of hydrocyanic acid, '93, 265.

I)etection of strychnine in exhumed body,
'93, 267.

Determination of valences, '92,169.

Development of Etheostouiacaeruleum, pre-

liminary account of, '94, 135.

Development of se.xual organs of Cymato-
gaster, '94, 1.38.

Development of vivaparous fishes of Cali-

fornia. '91, 159.

De.xtrose, action of ammonia upon, '94, 51.

Diaeretus Americanus, '92, 90.

Diaeretus bruniventris, '92,90.

Diaeretus websteri. 'J>2, 90.

Diagrams from iron and steel, '91,20.

1.4 Diamino-cyclohexane, '93,266.

Diamond fluorescence, '99,94; '00, 103.

Diastata. n. sp., '92,89.

Di-benzyl carbinamine, '91. 27, 28.

Dickson, Clinton, see W. E. Stone, '92.

Dictyola,the centrosome in, '98,166.

Diemyetylus viridescens. Hay on, '91, 144.

Differential invariants, '98, 1.3;5.

I'igestibility of the pentose carbohydrates,

'91,57.

Dimeris rufipes, '92, 89.

Diphenylselenon, '96, 114.

Diplodus, '91, 19.

Diplosis tritici, '92, 92.

Dip of the Keokuk rock at Bloomington, "94,

52.

Diptera, reared in Indiana. '98,224.

Diseases of sugar-beet root, '91,92.

Distribution of Uleditschia triacanthos and
other trees, some facts in, '94, 27.

Dolan, J. P., '95, 235; '96, 279, 286.

Dolichony.x oryzivorus, '91, 167.

Dorner, Herman, '99, 116.

Doryphora. 10— lineata, 'ffi. 84.

Dragon flies of Indiana, additions to, '00,173.

Drilt deposits, "91, 66, 67.

Drift, limit of, '91, 15.

Dryer, Chas. R., '97, 73; '98. 268, 270, 273; '00,

178.

Dubois County, fishes of, '95,159.

Duff, A. AVilmer, '95, 58, 77, &i, 84; '96, 97; "97,

84,89,90; "98,82,84, a5.

Dynastes tityus, '92, 86.

EAGLE LAKE, "96, 296.

Earthworks, ancient, near Anderson. Ind.,

'92. 30.

Earthquake center, '91, 30.

Earth(|uake. the Charleston, Mo.. '95, 51.

Eetobia. "92, 155, 161.

Ectobia flavocineta, '92, 161.

Eetobia germanica. '92, 162.

Ectobia lithophilia. '92. 1.58.

Eburia quadrigeminata. '91. 25.

Eels of Ameriea.and Europe. "91, 24.

Eel question, development of the Conger eel,

'00. 165.

Effect of environment on mass of local spe-

cies. '93, 226.

Effect of light on germinating spores of ma-
rine algae, '93. 237.
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Egrg membrane. "91, lii.

Eigenmann. C. H., '91. 159, 169, 172, 175: '92,

29, 56, 58, 81; '93, U. 67. 69, 76. 226: '9i, 34, 87,

138; '95,204, 252, 262, 265: '97, 229, 230, 231,

232; '98, 55, 58, 239, 242, 247. 251. 252, 253; '99,

31; '00,165,166,167.

Eigenman, Rosa. "91, 159.

El.'istioity constant, "91. 29.

Elastic fatigue of wires, '94, 50.

Elastic limit of soft steel, '97. 130.

Elaps fulviis. '91, 151.

Electric arc, nature of, '97, 100.

Electric arc, spectrum of, '97. 95.

Electric current, does high tension of, de-

stroy life? '94,39.

Electric currents, strength of, '91, 20.

Electro-magnet, "91, 26.

Electrometer, new, '91, 26.

Electrical oxidation of glycerine. "92, 165.

Electrical science, '97. 35.

Electrolytes, temperature coefficient of, '98,

8(1.

Elevated beach in Maine, '98, 72.

Elrod, M. N., '94, 138; '98, 258.

Embedding material, notes on an, '93, 233.

Embiotocidae. a review of. '91. 176.

Embryo human, blood corpuscles of, '94,135.

Embryology of the Cupuliferae, '94, 1.35.

Embryology of the frog, '94, 135.

Embryology of the Ranunculaceae, '94, 121.

Embryo-sac of .leiFersonia dipbylla, '94, 131.

Emys eoncinna, '91, 22.

Emys eoncinnus, '91, 106.

Emys fl(u-idar,a. '91,106.

Encyrtus brunnipennis, '92. 91.

Encyrtus clisiocanipae, '92. 90.

Encyrtus tarsalis, '92, 91.

Encyrtus websteri, '92, 90.

Engineering research laboratory, '96, 59.

Entomology, economic, '91, 20.

Entomology in high schools, '91, 25.

Entomologizing in Mexico, '91, 144.

Environment, Turkey Lake, a unit of, '95,

209.

Enzyme, relation in seed to growth, "91.97.

Epyphysis cerebri, literature of, '96, 2.59-260.

Equations, graphical solution of, '91, 57.

Ericaceae of Indiana, '97, 166.

Eroding agencies, some minor, '95,54.

Erithriniae. '91, 19.

Eskers and Esker lakes. '00, 178.

Estimation of chlorine by Volhard's plan,
'91, 49.

Etheostoma eaeruleum, preliminary account
of development of, '94, 135.

Etheostoma caprodes, '93, 231.

Etheostoma. variation in, '94, 135.

Etheostoma, variation of, '97. 207.

Eutainia. breeding habit, etc.. '91. 109.

Eutainia saurita. '01,111.

Eutainia sirtalis, "91. lO'.i.

Eujielmus allynii. "92, 91.

Euthymorphic functions, '96, S7.

Evans.P. N., '97, 1.33; '98,160; '99,98; '00,

115.

Evermann, B. W., '92, 29, 56, 73. 7S; '93, 68,

120; '94,80,81,99,103; '95,126.1.31.

Evidences of man's early existence in In-

diana, '92, 49.

Evolution. '91. 17.

Evolution, address on, "91, 33, 45.

Evolution among cacti. '93, 2(i2.

Evolution and Lebanon beds. '91. 18.

Evolution of map of Mammoth Cave, '96,46.

Exceptional growth of wild rose, "96. 189.

Exhumed body, detection of strychnine in,

'93, 267.

Experimental study of counter-balance in

locomotive drive wheels, '93, 273.

Elxploratidn in Western Canada, '92,56.

Extinct fauna of Lake County, '94, 54.

Extraction of xylan from straw, '92, 168.

FAUGHT, .JOHN B., '97, 112.

Fault structure in Indiana, '97, 244.

Faunas, cave, '97, 229.

Fauna, river and. island, '91, 83.

Fayette County, adventitious plants of, '93,

438.

Fellows, '93, 9; '94,11; "95,18: '9<5,13; '97,13;

"98. 14; '9it, 14; '00, 16.

Fellows, honorary, '94,11.

Fermentation, ratio of alcohol to yeast, '95,

92.

Ferric bromide, action of zinc ethyl on, '94,

51.

Ferric chloride, action of zinc ethyl on, '94,

51.

Ferris, Carleton, G., "97. 1.37.

Fessenden, R. A., "92, 25, 26.

Field and home crickets, '91, 132.

Field meeting of Indiana Acad, of Sci., '91,

9: '92,13; '91,16; '95,16: '96,32; '97, .33; '98,

34; '99,30; '00,33.

Filtration, '96,63.

First report of Biological station, '95, 203.

Fish, a new oceanic, '00, 166.

Fish faunaof Wabash County, additions to,

'94, 68.

Fish, taking for scientific purposes, "98, 7;

'99, 7; '00. 8.

Fisher, C. 0. and A. D., '96, 296.

1£— A. OF SCIKNCB.
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Fisher, E. M., '1)1. 79; "J2, 45.

Fishes, Aiiiredinidee, on the presence of an

opereulum in, 'i'l. ITo.

Fishes, bibliography of, '1*3, 71.

Fishes, (ievelopinent of the viviparous fishes

of California, '91,159.

Fishes, dispersion of, '91. 24.

Fishes, distribution of. '91, 23.

Fishes in Indiana, an addition to, 'IX), 167.

Fishes, list of, '93. 76.

Fishes, mimicry in, '94, 86.

Fishes of Dubois County, '95.159.

Fishes of Missouri basin, '95, 12(5.

Fishes, rods and cones in retina of, '98, 239.

Fishes of Turkey Lake. '95, 2.52.

Fishes of Wabash County, '93.229.

Flather. J. J., '96. 79, 93.

Fletcher. Wm. B.. '99.46.

Floral decorations, '91, 21.

Flora of Hamilton and Marion Counties,

'94, 156.

Flora of Indiana, additions to, '00. 136.

Flora of Indiana, '97.158.

Flora of Indiana, contributions to, No. IV,

'96, 159; '99, 104.

Flora of Lake Cicott and Lake Maxin-
kuckee. notes on, '96, 116.

Floras. Arizona, '91, 97.

Floras. Florida, '91. 83.

Floras, Henry County, '91, 76.

Floras, Mt. Orizaba. '91, 80.

Floras, Putnam County, '91, 89.

Floras, western plants at Columbus, Ohio,

'91,94.

Florida ferns, '91, 30.

Florida gopher, '99, 46.

Florida, shell mound, '94, 48.

Florideae. the, notes on, '91,127.

Flour, micro-organisms in, '97, 137.

Flowering plants of Wabash County, '94, 66.

Fluorescence, diamond, '00, 103.

Foley. Arthur L., '94, 50; '95, 67; '97, 95, 97,

100; '98,74; '99, 94; '00,97,99,103.

Foreign correspondents, '96, 19; '97, 21; '98,

21; '99, 19; '00, 21.

Forestry, exhibit of Indiana at Columbian
Exposition, '92, 41.

Forests, distribution of certain trees, '91, 92.

Forests, unused resources, '91, 92.

Formalin, apparent deterioration of, '00,119.

Formalin, field experiments with, '98, 62.

Formalin on seed, '97, 144.

Forms of nitrogen for wheat, '91, 55.

Fossils in Colorado, '91, 17.

Fossils, some new Indiana, '91, ,54.

Fovea, the, '96, 304.

Franklin County, the swamps of, '94,58.

Fresh-water bivalves. '!V5. 152.

Fresh-water univalves. '93. 150.

Frog, the embryology of. '94, l.'i'i.

Functions of spinal cord from clinical study,

'94. 'A.

Fungicides for corn smut, '95, 96.

Fungi, connecting forms among polyporoid,

'91, 92.

Fungi imperfeeti, '93, 43.

Fungus, plum leaf, '91, 14.

Furfurol. '91,29.

GALVANOMETER, construction of, '92, SO.

Galvanometer, new, '97. 127.

Game and fish, propogation and protection

of, see act to protect, etc.

Gametophyte of Marchantia, '98, 166.

Garden of birds and botany, '98, 53.

Garter snakes, breeding habits, etc., of, '91,

109. 112.

Gas, '93, 168.

Gaseous medium, effect of on the electro-

chemical equivalent of metals, '94, 50.

Gasteropoda, '91, 68.

Gastromycetes, '93. 63.

Guatemalan Compositae, '91, 28.

Germinating spores of marine algae, effect

of light on. '93.2.37.

Genera, origin of, '91, 24.

Gentianaceae of Indiana, '97, 168.

Geodesic line of the space. '00, 99.

Geographical distribution of Viviparidae,

'93, 225.

Geography and natural science, '97, 73.

Geology, '93, 219.

Geology, bibliography of, '93, 156.

Geology, town, '91, 14.

Geologist, training of, '91. 15.

Geometry, bibliography of, '98, 117.

Geometrical propositions, '91, 30.

Geometry of Simson's line, '98, 101.

Geometry of the triangle, a proposed nota-

tion for the, '99, 86.

Geothlypsis formosa. '91, 166.

Germ plasm, continuity in vertebrata, '91,

168.

Ghost fishes, '91, 20.

Glacial drift of Jasper County, oljservations

on, '94. 43.

Glacial erosion, Richmond, '92, 27.

Glacial jugs, '92, 28.

Gleditschia triaeanthos, and other trees,

some facts in distribution of, '94, 27.

Glick. U. F., '94,48.

Glycerine, electrical oxidation of, '92, 165.

Glycerine on plants, effects of, '93, 234.

Glyphina eragrostidis, '92, 90.
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•Glypta sp.. '92. 91.

•Gold, '93, laS.

Golden. Katherine E.. '91, 92; '92, 37. 46; '93.

2&5; '94. (51. 12(5; '95. 46. 92; '96, 184; '97, 62;

'98.189; '99.129.141; '00,157.

•Golden. M. J.. '95.48. 100; '98. 80; '99, 77, 83.

•Goldsborough. W. E., '95, 79; '96, 97.

Gordius. '92. 124.

•Goss, W. F. M., '92. 24; '93. 271, 273: '94, 39;

'95, 75; '96. 59. 88; '98, 147, 149.

Grandeau's method, modification of, '92,

166.

Grant beaver, '91, 26.

Grape sugar, effect on bacteria, '95, 85.

Graphic methods in elementary mathemat-
ics, '00. 90.

Graphical solution of the higher equations,

'91, 57.

Grasshoppers, black-legged, '92, 135.

<Jrasshoppers, black-sided, '92,125.

•Grasshoppers, common meadow. '92, 130.

•Grasshoppers, cone-headed. '92. 113.

Grasshoppers, green. '92. 92, 112.

'Grasshoppers, lance-tailed, '92, 128.

•Grasshoppers, shield-back. '92, 150.

Grasshoppers, slender meadow, '92, 114.

Grasshoppers, spotted wingless, '92. 142.

Gravitational attraction. A.W. DuflF. '95. 58.

Gray. Thos.. '92. 20. 26; '93. 268. 269; '94. 50;

'97. a5.

Great lakes. '91. 29.

•Green, R. L., '91, 65.

Gregg, .1. C. '00, 91.

Grinnellia Americana, '92. 35.

•Grosbeak, evening, '91, 16.

•Growth in the length and thickness of petiole

of Richardia. '93. 235.

Gryllidae, '91,126,127.128.

Gryllidae of Indiana, '91.126.

Gryllidae. key to family, '91, 12.

•Gryllotalpa. '91. 128. 129.1.30.

•Gryllotalpa borealis. '91. 131.

Gryllotalpa brevipennis. '91. 1.30.

Gryllotalpa Columbiana. '91. 131.

Gryllotalpa longipennis. '91. 131.

Gryllus. '91. 128. 132, 133.

Gryllus abbreviatus, '91,130, 1.32, 1.37.

Gryllus luctuosus, '91, 133.

•Gryllus Penn.sylvanicus. '91, 1-34.

Guaymas. fishes of, '91. 23.

Guillemot, Brunnich's. '97, 180.

Gyroscope, the bicycle wheel as a. '00. 91.

HABITS OF TURTLES. '93, 224.

Hadenoecus cavernarum, '92, 1.53.

Hadley, Alden H.. '97, 183.

•Haemaglobin, '95, 106.

Haldea. breeding habits, etc.. of, '91; 120.

Halids, vapor densities. '91,14.

Hamilton County, flora of. '94. 156.

Hansen. (4eorge, '98. 239.

Harbor at the south end of Lake Michigan,
'00, 83.

Hathaway, A. S.. '91, 57. 63,(55; '92, 20; '96, 85;

'97. 117; '98, 88.

Hatt. ^y. K., '9(5, (58. S8, 97; '97, l:». 131; '98

157.

Hay, 0. P., '91, 32. 106, 120, 144; '92, 62, 72; '93,

68, 69.

Hay. W. P., '91, 147; '92, 94, 144; '93, 69.

Heaeoek, E. H.. '94, 120.

Heat, effect of. on muscle, '95, 108.

Heating eff"ects of coals, '96. 115.

Height of the atmosphere, '91. 2i1.

Heiney, W. X. '00, 197.

Heloderma suspectum, '91, 152.

Henry County flora, '91, 2(5.

Henry County prehistoric earth works, '91,

98.

Hepaticae, '93, 64.

Herbaceous plants, seedlings of, '99, 116.

Herpestomus plutellae, '92, 90.

Heronries, '97,198.

Hessler. Robert, '92,89; '93,258; '96,116; '97,

(55; '. 0, 74.

Heterodon platirhinos, breeding habits, etc.

of, '91,114.

High schools, relation of. to biological sur-

vey, '93, 199.

Histeresis curves, '91,65.

Hoffmanseggia, the genus, '91, 29, 79.

Hognosed snake, breeding habits, etc., of,

'91,114,118.

Holostomidae, '96,224.

Holtzman. C. L., '91,79.

Homoporus sp., '92, 91.

Hopkins seaside laboratory, '95, 45.

Host plants, additional list of, '94, 1.5.3.

House boats for biological work, '99,75.

Hoy's white fish, or moon-eye. rediscovery

of, '94, 103.

Hubbard. Geo. C, '91,77.

Hubbard.,I. W., '92,63.

Hudson River or Cincinnati group, extent of,

'91,68.

Hudson River deposits, '92, 26.

Hudson River, location of upper limits of,

'91,(59.

Hudson River. Owen, Prof. Richard, views

of, '91.69.

Humus in soils, '92, 1(5<5.

Huston, H. A., '91,.55, 57; '92,166, '91, 51,-52;

'96, 104, 112.

Hydra fusca, '91.21.
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Hydraulic cement, 'it3, 170.

Hydrazones of benzoin, stereoisomerism of,

Si3, aJti.

Hydrocyanic acid, detection of, 'il'5, 2iii.

Hydrographic basins of Indiana, "VHi, 247.

a - Hydroxy - dihydro - ciscampholytie acid,

'98, ItiO.

Hylesinus trifolii. •it2, S4.

Hynienomyeetes, '93, 58.

Hymenopterous parasites reared in Indiana,
list of, '92, S9.

Hypnotism, '91, 17.

Hypoderus eoluuibae, '92,92.

Hypsometric distribution of Vivaparidae.
'93, 22.=>.

ICE FORMATION OF LAKE WAWASEE.
'9t>, 286.

Ice sheet in Indiana, recession of. '00. 184.

Ichthyology. '9f, 71.

Ichthyological features of the Black Hills.

'92. 73.

Ichthyological survey, Illinois. '00, 170.

Idaho lakes, the red fish of. '94. 99.

Illinois ichthyological surrey, methods and
extent of, "00, 170.

Impact, study of. '97, 90.

Inarching of oak trees, '97. 171.

Indian camping sites near Brookville. '92.

54.

Indiana Academy of Science, active mem-
bers of, see members.

Indiana Academy of Science, by-laws of, see

by-laws.

Indiana Academy of Science, committee of,

see committees.

Indiana Academy of Science, complete list

of officers, see officers.

Indiana Academy of Science, constitution

of. see constitution.

Indiana Academy of Science, fellows of, see

fellows.

Indiana Academy of Science, non-resident
members, see members.

Indiana Academy of Science, possible rela-

tion of, '96. 54.

Indiana .\eademy of Science, present officers

of, see officers.

Indiana Academy of Science, work and pur-
poses of, '95. 7.

Indiana, a century of changes, president's

address, '95. 31.

Indiana Acrididae, '91, 15.

Indiana, additions to flora of, '00. 13(5.

Indiana birds, '91. ItS, 17, 20. 25, 164; '95, 162.

Indiana birds, notes on, '99. 149.

Indiana bird list, '96, 244.

Indiana, botanical work in. '91, 17.

Indiana butterflies. '91, 15, 31.

Indiana caves. '96,54.

Indiana conchology, "91, 26.

Indiana crayfishes, "91,147.

Indiana crow roosts, '97, 175.

Indiana crustaceans, "91, 22, 147.

Indiana cryptogams, additions to, '96, 171-

Indiana dragonflies, "00, 173.

Indiana earthquake, '91, 15.

Indiana entomology. "91, 14.

Indiana. Ericaceae of, '97, 166.

Indiana erosion. '91, 28.

Indiana, fault structure, '97, 244.

Indiana feeding material. '91,23.

Indiana fishes, '91, 23; '00, 167.

Indiana forest trees, '91, 18.

Indiana flora, additions to, '91, 22, 23.

Indiana, flora of, '97, 158.

Indiana flora, origin of, '91, 17.

Indiana flora, peculiarities of, '91, 18.

Indiana fungi. '91, 20.

Indiana, (ientianaceae of, '97, 168.

Indiana geodetic survey, '91, 17.

Indiana geograi)hy. '91, 28.

Indiana, geological notes on, '97, 262.

Indiana geology, '91, 15.

Indiana, geological section of, '97, 2'0.

Indiana (Tryllidae. '91. 15.

Indiana heronries, '97, 198.

Indiana herpetology. '91. 24.

Indiana, hydrographic basins and molluscain

fauna of, '96, 247.

Indiana insects, injurious, '91, 31.

Indiana invertebrate zoology, '91, 23.

Indiana lakes, '91, 18.

Indiana lichens. '91, 19.

Indiana mammals. '91. 20; '94, 81.

Indiana mammalogy, '91,28.

Indiana meteorology. '91, 28.

Indiana mildews. "91. 17. 1(U; '98, 291.

Indiana moUusea. '95, 135.

Indiana Orchidaecae, '95, 198.

Indiana ornithology, '91, 16.

Indiana parasites, '95. 168.

Iniliana phanerogams, '95, 169, 183.

Indiana physics, '91, 26.

Indiana plant rusts, '98, 174.

Indiana reptiles and amphibians, '91, 16.

Indiana roads, the trouble with, '98, 75.

Indiana shrews, '91. 17, 164.

Indiana, star-nosed mole in, '91, 19.

Indiana, statistical investigations, '91, 19.

Indiana I'niversity biological station, '95.

204.

Indiana, wood ibis in, '91. 19.

Indigenous plants, water cultures of, '94, 60.
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Induration of tertiary rocks in Northeastern

Arkansas, '93, 219.

Infection by bread, '95. 46.

Infection, contest against, '91, 28.

Infiltrating and staining in toto of heads of

Vernon ia. method of. '94, 120.

Infinite system of forms, '97. 80.

Infinity and zero in algebra. '91, 20.

In memoriara. '97. 20; '98, 20.

Inoculation of animals with yeasts. '96, 186,

Insect increase and decrease. '91. 31.

Insects, injurious, earliest published refer-

ence to. '91. 168.

Insects of Tasmania, '91, 68.

Integrals, reduction of, '97, 112.

Integrations, some theorems of, '91, 63.

Invertin fermentation, '91.30.

Ionization experiments. '99, 98.

Iron, autographic method of testing mag-
netic qualities of, '93, 269.

Ischnoptera, '92, 155. 158.

Ischnoptera bivittata, '92, 162.

Ischnoptera pennsylvanica, '92, 158.

Ischnoptera iinicolor, '92. 160.

Isoetes macrospores, '91, 17.

Isopyrum biternum. symbiosis of, '93, 254.

Isosma in Indiana. '98.227.

Isthmus of Panama, '91, 24.

Katydid, larger angular-winged, '92, 107.

Katydid, narrow-winged, '92, 102.

Katydid, oblong leaf-winged, '92, 104.

Katydid, oblique-winged. '92,107.

Katydid, round-winged, '92, 105.

Katydid, true, '92. 109.

Katydid, Uhler's, '92, 106.

Kelanea. '91. 23.

Kellerman, W. A., '91.74.

Kellieott, D. S., '91, 168; '95, 242, 251.

Kendrick. Arthur. '98. 86; '00, 1(39.

Kentucky fishes, '91, 31.

Keokuk group. '91, 14.

Keokuk rocks, dip of, at Bloomington, '94,52.

Ketols condensation with acetophenone,
'91,46.

Kettle holes, '95, 55.

Kindle. Edward M., '92. 72; '93, 156; '94. 49,

52. 54. 68.

Kirtland's warbler, '93. 224.

Kizer. E. I.. '98. 222.

Knipp. Chas. T., '95. 62; '97, 59; '00, 90, 91, 95.

Knobstone formation in Indiana, '98, 283.

Knobstone groui). '97, 253, 257, 258.

Knobstone group, distribution of, etc., '98

289.

Knox County, cypress of, '97, 172.

Knox County plants, '91, 29.

JASPER COUNTY, observations on glacial

drift, '94, 43.

Jefferson County birds. '91, 23.

Jefferson County butterflies, "91, 22.

Jefterson County cystidians. '91. 23.

Jefl'erson County wasps, '91, 23.

Jeffersonia diphylla. embryo-sac of, '94, 131.

Jenkins. J. N., "94, 66.

Johnson County geo. section. "91, 17.

Johonnott, E. S., Jr.. '00, 110.

Jones. Lee IL. '97, 257.

Jones. Walter. '92,166; '94, 52.

Jones, W. J.. Jr.. '96. 112.

Jordan, D. S.. '91. 21; '93. 71.

Juday, Chaneey, '96, 287.

Jug rock, '98.268.

Juglans nigra. '91. 25.

Juneo hyemalis, '91, 164.

KAKERLAC AMERICANA, '92,157.

Kakevlae orientalis. '92,156.

Kankakee River, '91. 39.

Kankakee salamander, '00, 165.

Kankakee Valley. '91.39; '98,277.

.Karyokinesis in the embryo-sac, '98, 164.

Katydids, '92, 92, 97.

Katydid, broad-winged. '92. 109.

Katydid, fork-tailed, '92, 101.

LABES IIYPIILOCYBAE. '92.91.

Laboratory, a new, '97, 65.

Laboratory, botanical, working shelves for,

'94,61.

Lagodon. '91. 19.

Lake Cicott and Jiake Maxinkuckee. notes
on flora of, '96, 116.

Lake Cicott. location and topogrnphv. '96,

117.

Lake County, '96. 73.

Lake County, extinct fauna of. '94. 54.

Lake Maxinkuckee. '97, 56; '98, 70.

Lake .Maxinkuckee, flora of, '00, 124.

Lake Maxinkuckee, location and topogra-
phy, ''M'^. lis.

Lake Michigan, '96,72.

Lake Ontario, angling in, '94, 81.

Lake region of Northeastern Indiana, gen-
eral pliysiographic conditions, '96, 149.

Lake region of Northeastern Indiana, notes
on the flora of. '96. 147.

Lake region of Northeastern Indiana, out-
lines of. '96, 147.

Lake region of Northeastern Indiana, physi-
ographic changes, '96, 150.

Lake region of Northeastern Indiana, some
general observations. '96, 157.

Lamniellibranchiata, '91,68.
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Laml forms of uiollusea. ';•:>. 14S.

l.arpe, Thomas, 'dO, 2ii6. 303; "Od. 110, 170.

Lavoisier, '94, IT

I,aw concerning publication of proceeilings,

<t4. 4; 't>5, 4; '9(5, 4; "97, 4; '98, 4; '99, 4;

"W, 5.

Lead nitrate, dissociation potentials of neu-

tral solutions of. "00, 109.

Lccrsia oryzoides, "92, 12li.

Lcndi,.J. Henry, "97,127.

Leonids of 1898, '98, 151.

Leonids of 1900, 'CO, 73.

Lepiiioptera earniverous, '91, 168.

Lepidoptera, scales of. "91, 30.

Leptimus testaceous, "91, 162.

Leptysraa marginicollis, "92, lis.

Lesser striped ground cricket. '9], 136.

Leueiseus, variation in, '94,87.

Life, A. C, '96. 2 8.

Life, does high tension of electric current

destroy"? '94,39.

Liquid, agitation of, "98, 85.

Liquids, surface tension of, '95, 67.

Lilium candidum, endosperm, haustoxia in,

"98, 168.

Lilly herbarium, '92,50.

Limnera flavicincta, "92, 90.

Linear associative algebra, Pierce's, '95,59.

Linear relation, etc., '98, 1.54.

Linseed oil. iodine absorption ot, '98,163.

List of ad.litions to State flora, "94, 147.

List of birds, "93. 116.

List of cryptogams, '93, 311.

List of fishes, '9.3, 76.

List of mammals, '93, 124.

List of mollusca,'93, 145.

Liverworts, '91,26.

Lixus macer and concavus, '91, .31.

Loantharia rugosa, '91, 28.

Locomotive boiler coverings, '98, 149.

Locomotive combustion, ''.t^t, 96.

Locomotice drive wheels, experimental
study of action of counterbalances in, '93,

273.

Locomotive furnaces, '95, 65.

Locomotive, value of the steam pipe within

the smoke box of, '93, 271.

Locusta curvicauda, '92, 99.

Locusta fasciata, '92, 119.

Locusta oblongifolia, "92, 104.

Locustidae, bibliography of, "92,94.

Loeustidae of Indiana, '92, 92, 97.

Locustidae, synopsis of sub-families of, '92,

96.

Long-winged crickets, "91, IX?.

Long-winged mole cricket, '91,1.31.

Long-winged striped cricket, '91, 136.

Lot/., Dumont, "94,51.

Louisville filtration experiments, ';i6,(')3.

Lo.xia eurvirostra minor, 'St2, 62; '91, 165,

Loxia leueoptera, '92 69.

Loxotena clemensiana, '92,89.

Lutcn.D. B., "98,75; '99,61.

Lyons. Robert E., '91, 46; '95,a5, 88; '96,114.

Lysiphlebus cucurbitaphidis, '92,90.

Lysiphlebus eragrostaphidis, '92, 90.

Lysiphlebus multiartieulatus, '92, 89.

Lysiphlebus myA, '92,90.

Lysiphlebus ribaphidis, '92, 90.

Lysiphlebus tritiei, '92, 90.

MACKINAC ISLAND, "91,29.

Madison, "91, 23.

Magnetic permeability, '91, 17.

Magnetic qualities of iron, autographic-

method of testing the, '9.3, 269.

Malaclemys genus, geographica, '91, 121.

Malaclemys genus, observations on, '91, 120,

126.

Malaclemys oeulifera, '91, 121.

Malaclemys pseudogeographica, '91,121.

Mammalia, '91, 67.

Mammals, bibliography of, '93, 120,

Mammals of Indiana, '94, 81.

Mammals, list of, '9,3, 124.

Mammoth Cave, '96, 46.

Mammoth Cave, some notes on blind ani-

mals of, "94, 80.

Man an evolution, "91, 28.

Map illustr.ating dividing line between in-

sect faunas, '92, 82.

Map tortoise, observation on, '91, 121.

Marcbantia polymorpha, '92,41.

Marine algas. effect of light on germinating
spores of, '93, 237.

Marion County, flora of, '94, 156.

Marsters, V. F., "92,27, 29; '93, 14,1-56; '94,54;

"99, .14; '00.194.

Martin. G. W.. '91. 79; '92. 49; '94, 127. l:«.

Mass of local species, effect of environment
on. '93,226.

Mass and molecular motion, 'iU, 138.

Mathematical definitions. '98, 147.

Mathematics in botany, 'it2. .37.

Matterhorn, top of, '91, 24.

Maumee glacier, "91,19.

Maxima and minima, '91, 30.

Maxinkuckee, flora of lake, '00, 124.

McBeth, Wm. A., '98, 72; '99, 157, 162; '00, 184,

192.

McBride, R. W., notes on Indiana birds, '91>

166; '93, 232.

McBride, W. F., '92, 166.

McCook, H. C, "93,69.
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McCoy. H. N.. ''.G. 165.

MoDougal,!). T.. 'M, 97; '92, 35, 41: 'iC, 233,

2.54; 94, IW, 1.30, 136: '96.224; '97,166.

McGiiiniss' universal solution, '00, 88.

Means. J. H., struetuival geologic work of. in

Arkansas, '94, 54.

Measurement of strains indueeil in plant

curvatures, '94, i;30.

Mechanical computer, '90, 88.

Mees, C. Leo., '94, .50.

Meetings, annual. '92, 15; '93, 205; '94, 16;

'95, 30; '96, 31; '97, 32; '98, 33; '99, 30; '00,

28.

Meetings, see Field meetings.

Megalonyx jefFersonii, mounting of, '00,166.

Megaspilus niger, '92, 90.

Members, '91, 5; '92, 9; '93, 10: '94. 12; '95, 18;

'96,14; '97.13; '98.15: '99.15; '00,17.

Members, fellows, see Fellows.

Members, non-resident, '91, 5; '92, 9; '93, 10;

'94, 12; '95, 19; '96, 14; '97, 14; '98, 15; '99,

15: '(X1, 17.

Meraporus bruchiborus, '92, 91.

Mercury, measuring the absolute dilatation

of, '00,99.

Metals, effect of tiic gaseous medium on the

electro-chemical equivalent of, '94, 50.

Methylation of halogen amides with diazo-

methane. '00. 116.

Mexico. "91. 15.

Mexico, entomologizing in, '91, 144.

Meyer. J. B., '97, !H).

Meyer, J. 0.. '98. 160.

Microcentrum, '92, 98, 107.

Microcentrum affiliatum, '92, 107.

Microcentrum laurifolium, '92, 107.

Microcentrum retinervis. '92, 107, 152.

Microcephaly, case of, '97, 68.

Microscope slides, '95, 105.

Micro-organisms. '97, 137, 143.

Microscopical slides, libraries of. 'i>9, 52.

Microtome, a new compound, '91, 77.

Middleton. W.G., '99.178.

Migration of western plants, '91, 74.

Mikels, Mrs. Rosa Redding, '91, 76.

Milk inspection. '95,90.

Milk, micro-organisms in, '97, 143.

Miller. John A., '97.80; '98,1.51,154; '00,73.

Mimicry in fishes, '94, 86.

Minerals. "93. 170.

Minor plants, some of the, '91,25.

Missouri basin, fishes of, '95, 126.

Mitchell, G. L, '98, 229.

Modern geographical distribution of insects

of Indiana, '92, 81.

Moenkhaus, W. J., '93, 231; '94,86,135; '95,

159,278; '97,207.

Mollusca. "93. 140. 145.

Mollusean fauna of Indiana, '96, 247.

Mollusks fromXorthern Indiana, '95. 246.

Mohawk Valley, stream gradients of the,
'99. 176.

Mole crickets, "91,129.

Mole, eye of the. '9ft, 146.

Monroe County. '91, 15. 16.

Monstera, delieiosa. '91.31.

Montgomery County, '91, 14.

Montgomery. H. T., '98. 277.

Moore, Joseph, "92, 26. 27; '94, 46; '96, 75,

277: '99, 171. 17S; '00, 81.

Moore, J. E.. "91, 65.

Moorehead, Warren K., '91, 93.

Morainal stone (luarry, '96, 75.

Morley. Fred, '%. 88.

Morse, A. P., '92. 126.

Mosquitoes and malaria, '00, 74.

Mosses, "91. 14.

Mottier, D. M.. '91, 79; '92, 41, 48; '94, 121,

135; '98, 164. 166. 168, 169.

Mould, movement of protoplasm in byphfe
of, '00, 157.

Mound, burial in Randolph Connty, '94, 46.

-Alounds of Vanderburgh County, '96, 68.

Mount Orizaba, '91, 28; '92, 29.

Mouse's brain, cortex cells of, '99, 157.

Mucor, "91, 14.

Multiplication, '97, 103.

Multiplication, note on, '98, 101,

Murgantia histrionica, '92,86.

Muscatatuck at Vernon, Ind., '98, 270,

Musci, '93, as.

Musk Ox, '91, 26.

Mycetozoa, affinities of, '98, 209.

Myeetozoa, list of, '97, 148,

Myeological notes. Wells and Whitley Coun-
ties. "(10, 161.

Mycorhiza, '91, 18,

Mynai>ods, '91.15,24,25.

Myrmeeophila, '91, 144.

Myrmelon absolutus, '91,132.

Mysus ribis, '92. W.
Myxomycetes, '93, 30.

NARROW WINGED TREE CRICKET, '91,

143.

National herbarium, '91, 18.

Native plants, germination and seedlings of,

'98, 215.

Native trees, unrecognized forms of, '99, 112.

Natural gas, '97, 1.33,

Natural gas and petroleum, '91, 27.

Naylor, J. P., '91,65.

Necturuus lateralis, '91, .31.

Nef, J. U., '96, 115.
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Nemoto?nathi of South America, ''.•l, I'.t. Occurrence of the whi.-tling Mvan in Wabash

Neinatoid worm in an egg. '98. 2."^8. County. '91. 81).

Nemobius. '91. 128. m. i:«. Oceanic fish, a new. '00. KW.

Nemobius exiguus. '91. l*'.. Odonata of Turkey Lake. '95, 2.51.

Nemobius fasciatus. '91. ISi. Oecanthu.s. '91. 128. 138, 140.

Nemobius vittatus, '91, ]:«. Oecanthus augustipennis, '91, 143.

New crustacean fossils, '91. 27. Oecanthus. latipennis, '91, 141, 144.

Newlin C E '94 54- '9.5, 42 ; '96. 22t). Oecanthus niveus. '91, 141, 142, 143 ;
'92.91.

Newlin". .John A.. '00,' 91. Officers. '91, 1; '92, 4, 6; '93. 4, 6; '94, 6; '95,

Newsom, J. F., '97. 2.50, 253 ; '98, 289. 12; '96, 7: ".17, 7: '98, 8; '99, 8; '00, 9.

Newson T F '95 51 Officers since organization, '91, 3; '92, 6; '93,

New switch, '91.' 31. _
6; '94. 8; '95. 14; '96, 9; '97, 9; '98, 10; '99, 10;

New triangle and some of its proi>erties, '98, '00, 11.

gg Ohio, aegeria of central, '91, 168.

Newt, notes on. '91. 144. Ohio, recent archaeological discoveries in,

Niagara group, fossils of. '91. 67. '91. 98.

Niagara River. '91. 28. Oil, '93. 170.

Nitrate of di-benzyl carbinamine. '91, 58. Oil. photometry of. '97, 59.

Nitrogen from wheat. '91. 23. Old river channel. '97. 266.

Nitrogen forms for wheat, '91. 55. Old shoreline. '98. 288.

Nodules of leguminous plants, description Old Vernon. '98. 273.

of certain bacteria obtained from. '00. 1.57. Olive. E. W.. '93. 16, 2:54; '94, 100, 130; '97, 148;

Non-resident members, see members. '98, 209.

Norman, W. W., '92, 73, 92. Oneorhync-us nerka (red fish), '95, 131.

Northern mole cricket. '91, 180. On the fishes of AVabash County, '93, 229.

Notation, changes in. '91. 65. Orchelimum. '92, 113. 121, 123. 129.

Notes on an embedding material, '93, 233. Orchelimum bruners, '92, 1.39.

Notes on Indiana birds. '93. 116. Orchelimum coneinnum. '92, 137.

Notes on L— and B— lupanin. '96. 115. Orehelinuun deli<'atum. '92, 152.

Notes on previously described cryptograms, Orchelimum glaberriinum, '92, 133.

'94,154. Orchelimum gladiator. '02.138.

Notes on the reiitilian fauna of Vigo County. Orchciimiun graoile. "92. 120.

'94 Qg Orchelimum indianense. '92. 137.

Notes on rock flexure. '94. 49. Orchelimum nigripes, '92. 135. 140.

Notes on Saprolegnia ferax, '93. 237. Orchelimum silvaticum. '92. 132, 136.

Notes on sectioning woody tissue. '93, 2:54. Orchelimum volantum. '92. 153..

Notes on some phanerogams new or rare to Orchelimum vulgare, '92. 130. V?,?,.

the State. '90, i:*. Orchidacea in Indiana, '95, 198.

Notes on the amoeba. '91, 1:51. Ordinary yeasts possess no toxic properties.

Notes on the flora of the lake region of ".Ki, ISS.

Northeastern Indiana, '96, 147. Ovdoviciaii rocks of southern Indiana,

Noteworthy Indiana phanerogams, '94, 12(1. '00,2(W.

Notothvlas, '91, 26. Ores, '9;i 170.

Notothylas, life history of. '9:5, 2:59. Organized work m |)lant chemistry, '91. 25.

Noyes, Mary Chilton. '95, (56. Organogeny of Compositae, '91, 79.

Noyes, W. A.. '91, 56 ; '92. 169 ;
'93. 266, 267 ;

Oriole, peculiar death of, '92, 62.

'94, 17, 51. .52 ; '95. 89 ;
'96, 115 ;

".'7. 1:52 ;
'98, Ornithology, '93. 108, 116.

16')- '99,10:3. Ornithology, economical, '01,21.

Nuclear division in vegetative cells, 'OS, 164. Oroch-.ris. '91. 128. i:39.

Numbers, '00. 103. 105. Oroeharis saltator, '91. 138.

Numerical radices. '91. :». Orthis occi<lentalis and sinuat a, '91, 18.

Nyssa, stone characters of. '91. 18. Orthogonal surfaces. '96, 85.

Nyswander. R. E.. 'OD. 97. Orthopelma bimaculatum. '92, 90.

Orthoptera of Illinois. '91, 25.

OBSERVATIONS nn some Oklahoma Orthothctes minutus n. sp., developmenta!

plants, "94. 100. stages of, '00, 216.
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Osmundaceae. '91. 17.

Our present knowledge of the distribution

of Pteridophytes in Indiana, '9H. i54.

Outlook in warfare against infection, '91,

144.

Owen, D. A., '91, 76, 1.52.

Oxidation, '91, 14.

Oxygen, atomic weight of, '91, 27.

PACHYNEURON MICANS, '92, 90.

Pacific deep water fishes, '91, 20.

Panchlora viridis, '92, 1.54.

Papilio ajax, '92. 85.

Papilio cresphontes, '92, 85.

Paraffins, '97, 134.

Paragordius, '97, 232.

Parasites, animal, collected in State during

year. '94. 80.

Parasitic fungi, distributed by State Biol.

Sur., series i., '94, 154.

Parasitic hymenoptera reared in Indiana.

partial list of. '92, 80.

Parasites in Indiana, '95, 168.

Paraxylene-sulphamide, '91. 27.

Paro-nitro-ortho-sulphamine-benzoie acid.

'91,27.

Paroxya atlantiea. '92, 118.

Parus bicolor, '91. 167.

Parvus group of Unionidae, '95, 108.

Pasteur flask, device for supporting, '00,

1.57.

Pear blight. 'itT. loi).

Pear disease, an increasing Indiana, '94, 67.

Pediastrum. notes on, "92, 49.

Peiree. (J. J.. "96. 172. 208.

Peiree's linear associative algebra, '95, 39.

Peltandra undulata. '91. 137.

Penta-glueoses, '91. 29.

Pentose carbohydrates, digestibility of. '91,

Periodicity in thermometers, '91, 26.

Periodicity of root pressure, "915, 143; '91, 29.

Periplaneta, '92, 1.5^5,156.

Pertplaneta americana, '92.157.

Periplaneta orientalis. '92, 156.

Perk ns synthesis. '91. 14.

Permanganic acid. '93, 262.

Permeability, measurement of. '95, 83.

Petroleum in southwest Indiana. '91, 3(t.

Phalangopsis lapidieola. '92. 147.

Phalangopsis maeulata. '92. 142.

Phanerogamic flora. '93. 17. 193.

Phanerogamic flora of the State, revision of,

'94, 66.

Phanerogams of Indiana. '95, 169. 183.

Phanerogams new or rare to the State, notes

on, '96, 130.

Phaneroptera augustifolia, '92. 102.

Phaneroptera curvieauda. '92. 99. 101, 102.

Phaneroptera septentrionalis. '92, 99.

Phaneropterinae, '92. 96, 97.

Phaneropterinae, key to genera of, '92, 98.

Phasemeter, Rayleigh's alternate current,

'00, 110.

Phenyl compounds, '95, 88.

Phenyl-hydrazin, action on furfurol. '91, 57.

Phosphate, a new, '94, 52.

Phosphate of alumina, '91, 23, 57.

Phosphoric acid, '91, 23, 57.

Phosphorus in steel, volumetric determin-
ation of. '94, .51.

Photography without camera, '91, 24, 27.

Photometric methods, '91,25.

Photometry of oil. '97. .59.

Photo-micrographic apparatus, '97,78.

Photomicrography. '91. 18; '95, 48.

Photomicrography, as it may be practised

today. '00. :54.

Physical geography, aids in teaching, '00,

194.

PhycisJndiginella. '92,89.

Phycomyeetes. '93. 31.

Phyllodromia. '92. 155, 162.

Phyllodromia germaniea. '92. 159, 162.

Phylloptera laurifolia. '92, 107.

Phylloptera oblongifolia. '92. 104, 105.

Phylloptera rotundifolia, '92, 107.

Phylloscirtus, '91, 128, 137.

Phylloscirtus pulchellus. '91, 1.37; '92. 118.

Physical features of Turkey Lake, '95,216.

Physical geography, aids in teaching, '99,

.54.

Physiology, '91, 82,91.

Phytonomus punctatus, '92, 84.

Phytophagus coleoiitera. Tasmanian, '91,

168.

Picus. '91. :5o.

Pimephales notatus. '9S. 233.

Pinus. archegonium and apical growth. '91,

79.

Pinus sylvestris. '91, 26.

Pisces. "93. 71.

Pith cell changes, '96. 172.

Plantae. '91, 68.

Plantago, analytical key to species of, '96,

191.

Plantago minima, nov. sp., '9<3. 202.

Plantago rubra, nov. sp., '96, 204.

Plantago. value of seed characters in de-

termining .'•pecific rank, '94, 67.

Plantago virginiaua and patagonica, certain

chemical features of seeds of, '94, 121.

Plant curvatures, measurement of strains

induced in, '94, 130.
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Plant pi-(i(lai-ts of the U. S. Phanniu-opoeia

(1890). "94.108.

Plant zones of Arizona. '91. 97.

Plants collected near CrawfonUville during

the year. '94, &,.

Plant?, uiidsuuiiuer of southeastern Tennes-

see. '00. 14-5.

Plants, special senses of, ^'.y.^, 205.

Plants, variations of, '91. 14.

Platamodes pennsylvanica. '92, 158.

Platamodes unieolor, '92, 160.

Platygaster error. '92. 91.

Pleas, Elwood. '92. 55; '9(5, 271.

Pleodorina californica. '95, 99.

Plum leaf fungus. '91. 14.

Plutella crueiferarum, '92. 90.

Pogonia. root system of, '94, 123.

Poinsett Lake, '00, 179.

Point invariants for the Lie groups of the

plane, "98. 119.

Point P and its properties. '99, 90.

Poison, absorption of, by dead animal

tissue. '9.3. 268.

Poison effects of Cyprepedium spectabile. '93,

2M.

Poisonous influences of some species of

Cypripedium, '94, 1:56.

Polygonium, '91. 18.

Polygonium, cleistogamy in, '91. 92.

Polygonum amphibium, '92, 135, 140.

Polyi)oroid fungi, '91. .30.

Polyporus lueidus, variations of, '94, 1.32.

Pontederiaeeae. histology of, '93. 234.

Porichthys, phosphorescent organ of, '91, 29.

Porifera, "91. 63.

Possible relation of Indiana Academy of

Science, '96, -54.

Potassium sulfhydrate, action of. upon cer-

tain aromatic chlorides. "94. 52.

Potato, as means of transmiting energy, '91,

97.

Potato tuber. '91. 14.

Potential functions, history of, '91, 65.

Potter. Theodore. '91, 144; '92, 63.

Prairie rattlesnake, '91, 147.

Preglacial erosion near Richmond, '92, 27.

Prehistoric earthworks, '91, 65.

Preliminary list of birds of Brown County,

'94, 68.

President's address, '91, :«; '92, 15; '93, 205;

'94,17; '95, 31; '9(5. 33; '97, a5; '98, a5; '99,

31; '00.34.

Price, J. A., '97. 262; '98, 289. '00, 179, 181.

Price, F. M., '99, 155.

Prime numbers in a biquadratic number
field, on decomposition of, '00, 105.

Proceedings ofannual meeting,see meetings.

Proceedings, law concerning publication of

see act to provide for publication.

Program of 1895, Christmas meeting, '95, 24»

Program of 12th annual meeting, '9(5. 25.

Program of 13th animal meeting, '97,27.

Program of 14th annual meeting. '98,27.

Program of 15th annual meeting. '9i), 26.

Program of 16th annual meeting, '(%), 28.

Propagation and protection of game and
fish, see act to protect, e'c.

Proposed new systematic botany of X. A.,

'94, 133.

Protonotaria citrea. '91. 1(55.

Protoplasm, circulation of, '95, 95.

Protoplasm in mucor, '91. 14.

Protoplasm, movement of, in hyphae of a

mould, '00, 1-57.

Pseudophyllinae, '92, 96,109.

Psychic phenomena, '91. 31.

Psychological laboratory of Indiana Uni-
versity, '94. 42.

Ptarimgan of the AUeutian Islands, '92, 78.

Pteridophytes in Indiana. '93, 2.54.

Pterophylla concave, '92. 109.

Pteropoda, '91, 68.

Publication of proceedings, see act to pro-

vide for.

Puecineae, '91. 15.

Purdue, A. H., '94. 43; '95, 51; '96, 68.

Purdue engineering laboratory since the
restoration, "94, 39.

Purdue experimental locomotive, '92,24.

Purdue University, laboratory of, '91, 20.

Putnam County fishes, '91. 23.

Putnam County flora. '91, .30.

Putnam County plants, '91, 25.

Pygostotus americanus, '92,91.

Pyrone and pyridone, from benzoyl acetone,

'91, 48.

QUARTZ SUSPENSIONS, '92, 25.

Quaternary, '93, 184.

Quaternion and analytical treatments, '92,

20.

Quarternion integrations, '91, 63.

Quercus eoccinea. '91, 140.

Quicksand pockets, '97, 2.34.

RAFINESQUE. SKETCH OF, '91, 24.

Railway break-shoes, friction of under var-

ious conditions of pressure, speed and
temperature. '(K), 100.

Ramsey, Earl E., '00,218.

Randolph County, recently opened burial

mound, '94. 46.

Randcdph mastodon, '{M5. 277.

Range of the blue ash, '94, 107.
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Ransom. J. H. '00, 116.

RamineulacefB, embiynlogy of. '04,121.

R.ai)hiiloi)hora lapidieola, '92, 142,147.

Kaiihidiiphora maoulata, '92, 142.

Raphidophora siibterranea, '92, 153.

Raphidoiihora stygius. '92, 148.

Rattlesnakes, breeding habits, etc.. of, '91,

107. 109.

Raven in Imliana. '97. 201.

Recent arehftulogieal discoveries, '91, 98.

Recent methods of determination of phos-

phoric acid. '91. ri'.

Reddiek. G.. '95. 261.

Redding, T. B.. '91, 76,98; '92, 62, 71.

Redfish in Idaho. '95.131.

Red-tish. the. of Idaho lakes, '94, 99.

Red mould. '9S. 2(i2.

Rediscovery of Hoy's white fish or moon
eye. '94, 103.

Refractive index, value of. '91. 31.

Registration for anthropological purposes,

'99. 53.

Regular polygon, on method of inscribing,

'98. 92.

Relation of high schools to the biological

survey, '93. 199.

Religion and continuity. '91. 23.

Report annual meetings, see meetings an-

nual.

Report, (first) of biological station, '95, 202.

Report of progress of botanical division of

State biological survey, '94,144.

Reptiles and batrachians of Wabash County,
'94. 80.

Reptilian fauna of Vigo County, notes on,

'94, 68.

Rettger. L. J., '96. 54, 224; '00, 107.

Reversal of current, in the Toepler-IIoltz

electrical machine, '94, 47,

Revision of the phanerogamic flora of the

State, '94. 66.

Revision of the species of the genus
Plantago occurring within the U. S., '96,

1%.

Rhyssalus lo-xoteniae, '92, 89.

Rhinoptera, new species of, '91, 20.

Rhynchophora Tasmanian, '91, 168.

Rhyssematus, lineaticollis, '92, 89.

Richardia, growth in petiole of, '93,235.

Ridgley, D. C, '93, 70; '95, 216.

Ripley, U.E., '98,169.

River bends and'bluffs, '00. 197.

Rivers, method of determining sewage
pollution of, '94, 40.

Roberts, (xeo. L., '9^, 237.

Rock flexure, notes on, '94, 49.

Rodents, growth of incisor. '96, 226.

Root pressure, apparatus for periodicity. '91'

28.

Root pressure, iieriodieity of. '9t), 143.

Root system of Pogonia. '94, 12.3.

Rotary blowers, '92, '26.

Rothrock, D. A., '98, 119, 135.

Rotifera of Turkey Lake, '95, 242.

Round and Shriner Lakes, biological condi-
tions of. '99. 151.

Royse. Daniel, '93. 274.

Royse. J. S.. '94, 51.

Russian thistle. '96. 224.

SACCHAROMYCES ANO.MALUS HAN-
SEN, '99, 141,

Sailor spiders. '91, 23.

Saitis pulex. '92,90.

Salamander, a new species of cave from
Ozark mountains, '00, 167.

Salamander. Kankakee. '00, 165.

Salamanders, lungless, '97, 205, 206.

Salix eordata, '92, VM.
Salt, '93, 170.

Salt Creek, headwaters of, '99, 164.

Saltitoria. '92,92.

Salt-rising bread, '94, 126.

Sandwich Islands, fishes of, '91, 23.

Sanitary science, '95, 49.

Sap circulation, '91. 2(5.

Saprolegnia ferax. '93, 237.

Sawtooth Mountains, birds observed in, '94,.

80.

Saxifragaceae of Indiana. '94, 103.

Scales of Lepidoptera. '91. 168.

Seaphiopus holbrookii, '91, 20.

Scheuch, F. C, '94. 52.

Science and the state. '96, 33.

Scovell, J. T.. '92, 29, 50.55; '94,80,99; '95,.

54, 55, 126, 131 ; '97, 56 ; '98, 70, 274 ; '00, 124.

Scudderia. '92. 98.

Scudderia augustifolia, '92, 102.

Scudderia curvicauda, '92. 99, 100, 102.

Scuddderia furcata, '92, 101, 152.

Scudderia furculata, '92, 99. 1(K).

Scudderia pistillata, '92, 152.

Seaton, H. E., '91, 80.

Sectioning woody tissues. '93, 234.

Sedum ternatum, disappearance of, '99, 145.

Seed characters, value of, in determining
specific rank in genus Plantago, '94, 67.

Seeds, formalin on, '97, 144.

Seeds of Plantago virginiana and pata-

goniea, certain chemical features of, '94,.

121.

Seismology, '91, 26.

Seismoseope, '91,20.

Selby, Aug. D., '91, 74.
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Sew:i?o pollution of rivers, method of de-

termining. 'iU. 40.

Sexuiil organs, development of. in Cyniato-

gaster. '94. 1?^.

Shaaf. Albert. '(W. 179. 181

.

Shaft friction. '9(5. 79.

Shannon. W. P.. '92. 49 ;
'94, 53, 1U7, 130 ;

'%.

t>5. 271.

Sharp. I. W., -94. .3:3.

Shaw. .Tames Byrnie. '95, 59.

Shelby County earthquake. '91. 27.

Shell, a gorget. 'fKi. 81.

Shell mound, a Florida. '94. 48.

Shepherd, J. W.. '98. 160 ; '99. %.

Shrew.«, Indiana. '91. 1(51.

Silurian. '93. 185.

Silurian section? in Eastern Indiana, corre-

lation of, '94. -54.

Silvanus surin amensis, '92, 91.

Simulium meredionale. '91. 158; '92, 87.

Simuliuni pecuarium. '91.1-58; '92,87.

Siphonophora avenal. "92. 90.

Siphonophora, cucurbitaphidis. '92. 90.

Siphonophores, "91. 28.

Sistrusus. breeding habits, etc.. of. "91. 109.

Skew surfaces, third and fourth degree. '95,

57.

Slick. E.E.. •92.91.117.

Slonaker, J. R.. "9(5. 3()4 : '98. 253; '99. 1415;

' 00. 1(57.

Slopes, weathering of north and south. '99.

167.

Smart. R. A.. '00. 100.

Smith. Alex.. '91. 4(5. 48 ; '93. 266.

Smith. C. E.. '98. lOl.

Smut, experiments with. "00, 123.

Snake cactus. "91. 18.

Snakes, breeding habits of. "91, 106. 120.

Snakes of Turkey Lake. "95. 2(51.

Snow. Benj. W., "92, 20, 25. 2(5.

Snow pumping engine, performance of, '98,

147.

Snyder. Lillian. '97. 150 ;
"98, 186 ;

'96, 216.

Soap analysis, "91, 28.

Soils, humus in, '92, 166.

Soil solvents. '%, 104.

Solidago, '91, 25.

Solidago rigida. '92. 139.

Some evolution among cacti, '93, 2(52.

Some new Indiana fossils. '94, 54.

Some new laboratory appliances in chemir^-

. try, '94, 51.

>3omc queries relative to Solanum dulca-

mara, '93, 232.

Some suggestions to teachers of science or

mathematics in high schools. '91. 51.

.Somers, A. X., '92. 29. 35. .51.

Sorghum sugar. '91, 31.

Sound. proi)agation of, etc., '98, 82.

Sounds, decrease of intensity, '97, 84.

Sounds, intensity of telephonic. '98, 84.

South American cat fishes. '92. 72.

South American Characinidae, '93, 226.

Special senses of plants, the, '93, 205.

Species. descrii)tion of. '91. 14.

Spectrum of cyanogen. '97. 97.

Spectrum of electric arc, '97, 95.

Sphagnaceae, '93, (57.

Sphyraphieus varius, '91, 1(57.

Spinal cord, functions of. from clinical

study. '94. 35.

Spirogyra, '91. 18.

Sporangium of Botrychium. '91. 79.

Spreading adder, breeding habits, etc., of,

•01. 114.

Spring meetings—see field meetings.

Spy Run creek, abandoned meanders of, '00,

181.

Spy Run and Poinsett Lake bottoms. '00, 173.

Squeteague. life history of. '00, 1(5().

Stagmomantis Carolina, '92, 86.

Staining in toto of heads of Yernonia,

method of. '94. 120.

Starches, susceptibility of. '97. 74.

Starch in cereals, '91. Si).

State biological .survey, report of progress of

botanical division. '94. 66.

State flora, list of additions to. '94, 147.

State library, botanical literature in. '95,102.

Station, biological, a new, and its aim, '94,

34.

StaufiFer. E. P.. '95. M.
Steamer "Albatross." '91, 20.

Steam pipe, value of, in smoke-box of the

locomotive. '93. 271.

Stellerida, '91, (58.

Stenopelmatinae. '92, 96. 140.

Stereoisomerism, of the hydrazoins of ben-

zoin, '93. 2(56. •

Stevens. M. C. '98. 147.

St. Joseph and Kankakee at South Bend,

'98. 270.

St. Lawrence, the, angling in, '94. 81.

Siomata developed by phylloxera, '91, 76.

Stomates of Cyeas, '93. 2-54 ;
'94. 130.

Stone, building, '93, 170.

Stone. W. E., '91, 57 ; '92, 165,168, 1(39; '94, 51

;

'97.74."

Stoops, H. M., '92, 51, 55 ;
'94. 58.

Storeria dekayi, breeding habits, etc., of,

'91. 114.

Strains induced in plant curvature, meas-

urement of, '94, 130.

Strains in steam machinery, '95, 75.
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Street pavements, hygienic value of, '99, til. Tests of car axle, '9ii. 88.

Strength of timber, variation of. in lUfferent Tests of torsional strength. "92. 20.

parts of the cross-section. "93. 2r>S. Testudinata of Turkey Lake. "95. 262.

Strepomatitlae of the falls of the Ohio. '94. Tetracha virginica. '92. Si5.

58, 140. A^ Tetra-hydro-analine. '93, 26t;.

Striped ground cricket, '91. 1^4. Texas, flora of. '91. 18.

Striped tree cricket, "91. 143. The effect of drought upon certain plants.

Structural geologic work of J. H. Means in great structural differences, '96. 210.

Arkansas. '94. ."^4. The effects of drought upon certain plants;

Strychnine, detection of in exhumed body, plants whieli can withstand drought. '96,

'93, 267. 211.

Stylophyga orientalis. '92, 156. Theory of envelope.*, '98. S?.

Stuart. Wm., '95, 96; '98,64; '00,148,153. Theory of numbers, a theorem in the, '00,

Subdivision of power, '96, 93. Hi3.

Sucrose in sorghum, '91. .31. Thiofurfurol, '92. 169.

Sugar beet in Indiana. '91. 55. Thomas. M. B., '91, 8 ', 168; '92, 48, 49: '93, 16,

Sugarof the century plant, '94, 51. 2:«t, 254: '94.65,123; '96,lt3: '97,144; '98,62,

Suggestions for the biological survey. '93, 163; '«i. 145; '00.121.123.

191. Three collinear points. '97, 104.

Suicide of a crow. "96. 275. Thyreonotus. '92, 149.

Sulphon-phthaleins, '92, 166. Thyreonotus dorsalis, "92, 151.

Sun fishes, '91, 15. Thyreonotus pachymerus, '92, 150.

Sun's light. '91. 29. Thysanura, '91. 22.

Surface tension, accurate measurement of, Tillandsia, '91, 28.

'94, 50. Tillandsia usneoides, '91, 17.

Surface tension of liquids. '95. 67. Time determination, '97. 242.

Surface, warped of universal elliptic eccen- Tingley. E. ;\I.. '91. 65.

trieity, '94,50. Tippecanoe Lake. '9(i, 296.

Swamps of Franklin County, '94, 58. Titanium. '91. 27.

Sweet potatoes, '91, 29. Toad, daily habits of, '00, 167.

Symmedian point, some properties of the, Toepler-Holtz electrical machine, reversal

'(K), 85. of current in. '94. 47.

Synaptomys cooperii, '91. 16. Toepler-Holtz machine, '91. 25.

Synonomy of Ohio River Unionidae, '94,57. Toepler-Holtz machine for Roentgen rays.

Systematic botany, proposed new, ofN. A., 'i*S'. 85.

'94. 133. Tomatoes, bacterial disease of, '00, 153.

Tornado. '96. 65.

TABLE OF CONTEXTS, see contents, table Toxoptera grnminum, '92. 91.

of. Trees, ash of. '93. 239.

Talbert. G. A.. "94. 35. Triangle, concurrent sets of lines in, '98, 93.

Tasmanian insects, '91. 31. 168. Tridactylus. '91. 128-1^9.

Tautomeric compounds. '91, 27. Tridactylus minutus. '91. 144.

Taxodium distichum. '91. 18. Tridactylus specialis. '91. 129.

Taylor, S. X., '96, 98. Tridactylus terminalis, "lH. 144.

Tenniopteryx, '9
, 155, 16.). Triphenyl benzine, formation of. '91. 47.

Tenmopteryx deropeltiformis, '92.160. Tropidonotus, breeding habits, etc., of, '91,

Temperature of Lake Wawasee, '96. 279. 112.

Temperature regulator, the automatic. '00. Tropidonotus grahamii, "91. 113.

90. Tropidonotus kirtlandii. '91. 114.

Tennessee, midsummer idants of soutlieast- Tropidonotus leberis. '91. 113.

em. 'DO. 14:!. Tropidonotus sipedon. '91. 112.

Tenth annual meeting Indiana Academy of Troyer, I). J.. '98.258.

Science. '94. 16. Trusts, effects of. '91, 23.

Tertiary rocks, induration of. in Northeast- Trypeta gibba. '92. 89.

em Arkansas, '93,219. Tsuga, arehegonium and apical growth, '91.

Test, F. C. '92, 56. 79.

Test. W. H., '92, 168. Tsuga canadensis. '91, 26.
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Turkey Lake as a unit of envinniinent. "'.'5.

209.

Turkey Lake, illustrations of, '95, 216. 217.

Turkey Lake, inhabitants of. '95, 2:59.

Turkey Lake, plankton of, '9fi, 287.

Turkey Lake, variation in, '95. 265.

Turkey Lake, work at, '97. 207.

Turtles, habits of. '93, 224.

Turtles, observations on, '91. 120.

Two-ocean pass, '92, 29.

Tyloderma foreolatuin. "92, 91.

Typhlouiolge. eye of. '98. 251.

Typhlotriton spelaeus, eyes of. '98. 252.

UDEOPSYLLA NIGRA. '92, 153.

Uline, E. B., '92. 42.

Ulmus americana. '91. 140.

Ulrey, A. B., '92, 63; "93, 224. 226. 229; '94, 66,

80,135; '95.147,148; '96.224; '97.232.

rmbelliferae. '91,28.

ITrabellifers. '91,13.

TTnconseious mental cerebration, '95, 42.

"Underwood. L. M.. '91, 83, 89, 92; '92, 41, 48,

49; '9.3, 13, 20, .30, 254; '94. 66. 67. 132, 13:?, 144;

'96, 171.

TJnionidae of Ohio River, '94, 139.

Unionidae, Parvus group of, '95, 108.

United States coast and geological survey,
'91. 26.

United States Fish Commission, '91. 24.

United States Fish Commission steamer Al-

batross, '92, 56.

Univalves, fresh water, '93, 150.

Uranoscopidae, '91, 25.

Uredineae of Madison and Noble Counties,
'98, 186.

Urinator imbrex, '91, 166.

Urine, blood in, '91, 25.

Uroglena in Lafayette, '96, 56.

VALENCES, determination of. '92. 169.

Value of seed characters in determining
specific rank in the genus Plantago, '94, 67.

Value of steam i)ipe in the smokebox of the

locomotive, '93, 271.

Vanderburgh County mounds, '96, 68.

Van der Waal's equation, '92, 25.

Van Nuys, T. C, '91. 51, 48; '93, 262, 265.

Vapor densities, determination of, '00, 95.

Variations in the color pattern of Etheos-
toma caprodes. '93, 231.

Variation in Etheostoma. '94, 1:55.

Variation of Ethiostoma caprodes, '95, 278.

Variation in Leueiicus, '94, 87.

Variations of Polyporus Lucidus, '94, 132.

Variation of species, two cases of. '98, 288.

A'ariation of a standard thermometer, '95,63.

Variations in strength of timber for differ-

ent parts of the cross section. '93, 268.

Variation, the study of. '95. 265.

Veateh. Arthur C. '97. 266.

Vegetable and mineral matter from a snow
storm. '92.29.

Vegetable diet, indigestible structures, etc.,

'98, 62.

Vegetable physiology, new apparatus for,

'9t, 62.

A'egetable powders, examination of, '00, 120.

Vegetable powders, staining of, '00, 120.

Vegetation house as an aid in research, '94,

138.

Venous sinuses, supply of blood to, '98, 229.

Veratum woodii, '91. 29.

Vermillion, Newt., notes on, '91, 144.

Vernonia fasciculata, '92, 132.

Vernonia, heads of. methods of infiltrating

and staining, in toto, '94, 120.

Vernonica pascieulata. '91, 144.

Vertebrae in fishes, '91, 24.

Vertebrates, cold blooded of Winona Lake,
'00. 218.

Vesuvian cycle, '98, 72.

Vigo County Compositae. '91, 15.

Vigo County drift, '91. 28.

Vigo County fish, '91. 19.

Vigo County geology. '91.28.

Vigo County, notes on the reptilian fauna of,

'94, 68.

Viola pedata, '91. 30.

Viscosity, empirical formula for, '95, 84.

Viscosity of a polarized dielectric. '95. 77.

Viviparidae. geographic and hypsometric

distribution of, in the U, S„ '93, 225.

Volatile matter in bituminous coal, '96, 113.

Volumetric determination of phosphorus in

steel, '94, 51.

Voris. J. H., '98, 233.

AVABASH COIINTY, additions to fish fauna

of, '94, 68.

Wabash County, batrachians and reptiles of,

'94, 80.

Wabash County, birds of, '94, 80; '95, 148.

Wabash County, fishes of, '93, 229.

Wabash County, occurrence of whistling

swan in, '94,80.

Wabash County, Russian thistle, '96, 224.

Wabash County, the flowering plants of, '94,

m.
Wabash drainage system, development of,

'00, 184.

Wabash Erie divide, '91, 18.



247

WabaA fishes, '91,20,23.

Waba?h, physical geography of the Great

Bend of the, '99,157.

Wabash River, '91,17.

Wabash, terraces of the lower, '98, 274.

Waldo. C. A., '91,65; '94,50; '95,57; '96,86;

'98. ;i5, 72; '00,91.

Wadron fauna at Tarr Hole. '99. 174.

AValker. Ernest, '94,27.

AValker, Francis A., '92,51.

Wallace, W. 0., '93, 70; '94, 68, 80; '95, 148.

Ward, L. W., '93, 223.

Warped surface of universal elliptic eccen-

tricity, '94, 50.

Wasted energy, '98, 72.

Water birds of Turkey Lake, '95,264.

Water culture of indigenous plants, '94,60.

Water, evaporation of oil-covered, '98,85.

Water in oiLs and fats, '91. 25, 30.

Water, micro-organisms in, '97, 143.

Water moccasins, breeding habits, etc., of,

'91, 107.

Water power for botanical apparatus, '97,

156.

Water snakes, breeding habits, etc., of, '91,

112.

Water supply for Chicago, location of pipe

line, '91,72.

Water supply for cities in Northwestern In-

diana, '91, 71, 72.

Water supply for New York, '91, 27.

Wave marks on Cincinnati limestone, '94,

.53.

Webster, F. M., '91,1.55, 158; '92, 81; '93, 69;

'98. 224, 225, 227.

Webster Lake, '96, 296.

Wehnelt interrupter, an improved, '00, 97.

Wells County, mycological notes, '00, 161.

AVell waters, '91,27,56.

Wesmaelia rileyi, '92, 91.

AVe.-tern plants, '91,28.

Western plants at Columbus, Ohio, '91, 74.

AVestlund. Jacob, 'O^, 103, 205.

Wheatstone's bridge, '91,27.

Whistling swan, occurrence of, in Wabash
County. '94, 80.

AVhite clays of Indiana, '93, 224.

White climbing cricket, '91, 141, 142.

AVhite spored agarics, '91, 26.

AVhitley County, mycological notes, '00, 161.

A\'hitten,AV. M., '97,234.

AVilkin, John. '92, 26.

AVilliamson. E. B., '99, 151; '00, 161, 173.

Wilson. Guy, '94,156.

Wingless striped cricket, '91, 135.

Winona Lake, cold blooded vertebrates of,

'00, 218.

AVires, elastic fatigue of, '94, 50.

AVoldt,Mae, '97,206.

A\%iod shrinkage, '95, 100.

AVoods, microscopic structure of, '00,157.

AVoollen,A\'.AV., '98,53.

AVork and purposes of Indiana Academy of

iScienee. '95, 7.

AVork of the botanical division of the

Natural History Survey of Minnesota, '93,

233.

AA'orking shelves for botanical laboratory,

'94, 61.

AVorstall.R. A., '97,1:54.

AVright, John S., '92. 41, 50;' '93, 233, 234: '94,

108: '95,102,105; '97,171,172,17-; '98.62;

'00, 120.

AVrought iron, strength of, '97, 131.

XANTHIUM. '95, KX).

Xanthoeephalus xanthoeephalus. '91, 165.

Xanthoxylum americanum, '91. 139.

Xiphidium. '92. 113, 119, 121, 123, 130.

Xiphidium agile, '92. 131, 1.32.

Xii>hidium attenuatum, '92,128, 140.

Xiphidium brevipenne, '92, 121, 123.

Xiphidium concinnum, '92, 137.

Xiphidium eurtipenne, '92, 122.

Xiphidium ensiferum, '92, 123.

Xiphidium fasciatum. '92, 119, 121, 123.

Xiphidium glaberrimum, '92, 133.

Xiphidium modestum. '92, 126.

Xiphidium nemorale. '92, 122.

Xi|)hidium nigropleurum, '92, 118. 125.

Xii)hidium saltans, '92, 152.

Xiphidium scudderi, '92, 128.

Xiphidium si)inulosum, '92, 136.

Xiphidium strictum, '92, 127, 129, 1:54.

Xiphidium, variations in species of, '92, 119,

12M29.
Xiphidium vulgare, '92, 131.

X-ray transparency, '98, 74.

Xylan, extraction of, from straw, '92, 168.

Xylose. '91. 29.

Xylose multirotation of, '92, 169.

YEAST, a proteolytic enzyme of, '99, 129.

Y'east in bread, '97, 62.

Y"easts, pathogenic organisms, '96, 185.

Yellowstone Park. '91, 24.

Yoder, A. C. '98, 242.

Y'oung's modulus, '95, 66.

ZELA NIGRICEPS. '92,90.

Zinc ethyl, action of, on ferric bromide and
ferric chloride, '94, 51.

Zoology, '9:5, 67, 224.

Zoology, systematic, '91, 24.
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AN ACT rO PROVIDE FOR THE PUBLICATION OF THE REPORTS
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE.

[Approved March 11, 1895.]

Whereas, The Indiana Academy of Science, a chartered

scientific association, has embodied in its constitution a pro-

vision that it will, upon the request of the Governor, or of the several

departments of the State government, through the Governor, and through

its council as an advisory body, assist in the direction and execution

of any investigation within its province, without pecuniary gain to the

Academy, provided only that the necessary expenses of such investiga-

tion are borne by the State, and,

Whereas, Tlie reports of the meetings of said Academy, with the sev-

eral papers read before it, have very great educational, industrial and

economic value, and should be preserved in permanent form. and.

Whereas, The Constitution of the State makes it the duty of the Gen-

eral Assembly to encoin-age by all suitable means intellectual, scientific

and agricultural improvement, therefore.

Section 1. Be it enacted by the General A.^s:emhlii of the „ ,,• * e•^ •' ' Publication oi

State of Indiana, That hereafter the annual reports of the the Report.s of

meetings of the Indiana Academy of Science, beginning with
j^gj^^jemy ^f

the report for the year 1804, including all papers of scientific Science,

or economic value, presented at such meetings, after they shall have been

edited and prepared for publication as hereinafter provided, shall be pub-

lished by and under the direction of the Commissioners of Public Printing

and Binding.

Sec. 2. Said reports shall be edited and prepared for pub-

lication without expense to the State, by a corps of editors to Editing

Reports,
be selected and appointed by the Indiana Academy of Sci-

ence, who shall not, by reason of such services, have any claim against

the State for compensation. The form, style of binding, paper, typography

and manner and extent of illustration of such reports, shall
dumber of

be determined by the editors, subject to the approval of the printed

Commissioners of Public Printing and Stationery. Not less Reports.

(5)
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than l.niKt nor more than 3,000 copies of each of said reports shall be pub-

lished, the size of the edition within said limits, to be determined by the

concurrent action of the editors and the Commissioners of Public Print-

ing and Stationery: I'roridrd. That not to exceed six hundred dollars

{.'j;(;(X)j shall be expended for such puldication in any one year,
Proviso.

gjj^^ j^^^ ^^ extend beyond 1896: Provided, That no suits shall

be deemed to be appropriated for the year 1894.

Sec. 3. All except three hundred copies of each volume

Disposition ^f said reports shall be placed in the custody of the State
of Reports.

Librarian, who shall furnish one copy thereof to each public

lilirary in tlie State, one copy to each university, college or normal

school in the State, one copy to each high school in the State having a

library, which shall make application therefor, and one copy to such other

institutions, societies or persons as may be designated by the Academy

through its editors or its council. The remaining three hundred copies

shall be turned over to the Academy to be disposed of as it may de-

termine. In order to provide for the preservation of the same it shall

be the duty of the Custodian of the State House to provide and place at

the disposal of the Academy one of the unoccupied rooms of the State

House, to be designated as the office of the Indiana Academy of Science,

wherein said copies of said reports belonging to the Academy, together

with the original manuscripts, drawings, etc., thereof can be safely kept,

and he shall also equip the same with the necessary shelving and

furniture.

Sec. 4. An emergency is hereby declared to exist for the

Emergency,
i^iniediate taking effect of this act, and it shall therefore take

effect and be in force from and after its passage.



AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS
AND EGGS.

[Approved March 5, 1891.]

Section 1. Be it enacted by the General Asscmhltj of the

State of Indiana, That it shall be unlawful for any person to

kill any wild bird other than a game bird, or purchase, offer for sale any

such wild bird after it has been killed, or to destroy the nests or the eggs

of any wild bird.

Sec. 2. For the purpose of this act the following shall

,.-.., . ..1 1 11 T Game birds.
be considered game bn-ds: the Anatidae, commonly called

swans, geese, brant, and river and sea ducks; the Rallidse, commonly

known as rails, coots, mudhens, and gallinules; the Limicolse, commonly

known as shore birds, plovers, surf birds, snipe, woodcock and sand-

pipers, tattlers and curlews; the Gallinse, commonly known as wild tur-

keys, grouse, prairie chickens, quail, and pheasants, all of which are not

intended to be affected by this act.

Sec. 3. Any person violating the provisions of Section 1

of this act shall, upon conviction, be fined in a sum not *^"^ ^'

less than ten nor more than fifty dollars, to which may be added impris-

onment for not less than five days nor more than thirty days.

Sec. 4. Sections 1 and 2 ot this act shall not apply to

any person holding a i>ermit giving the right to take birds

or their nests and eggs for scientific purposes, as provided in Section 5 of

this act.

Sec. 5. Permits may be granted by the Executive Board permits to

of the Indiana Academy of Science to any properly accredited Science.

person, permitting the holder thereof to collect birds, their nests or eggs

for strictly scientific purposes. In order to obtain such permit the ap-

plicant for the same must present to said Board written testimonials

from two well-knowm scientific men certifying to the good chaiucter

and fitness of said applicant to be entrusted with such privilege and pay to

said Board one dollar to defray the necessary expenses attending the

granting of such permit, and must file with said Board a

properly executed bond in the sum of two hundred dollars,

signed by at least two responsible citizens of the State as sureties. The

bond shall be forfeited to the State and the permit become Bond

void upon proof that the holder of such permit has killed forfeited.
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any bird or taken the nests or eggs of any bird for any other pui-pose than

that named in this section and shall further be subject for each offense

to the penalties provided in this act.

Sec. 6. The permits authorized by this act shall be in

force for two years only from the date of their issue, and

shall not be transferable.

Sec. 7. The English or European House Sparrow (Passer

domesticus), crows, hawks, and other birds of prey are not

included among the birds protected by this act.

Sec. 8. All acts or parts of acts heretofore passed in con-
ropea ec

. ^.^^ with the provisions of this act are hereby repealed.

Sec. 9. An emergency is declared to exist for the imme-
Emcrffency

diate taking effect of this act, therefore the same shall be

in force and effect from and after its passage.
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COIVJ'STITUTION.

ARTICLE I.

Section 1. This association shall be called the Indiana Academy of

Science.

Sec. 2. The objects of this Academy shall be scientific research and

the diffusion of knowledge concerning the various departments of science;

to promote intercourse between men engaged in scientific work, especially

in Indiana; to assist by investigation and discussion in developing and

making known the material, educational and other resources and riches

of the State; to arrange and prepare for publication such reports of in-

vestigation and discussions as may further the aims and objects of the

Academy as set forth in these articles.

Whereas, the State has undertaken the publication of such proceed-

ings, the Academy will, upon request of the Governor, or of one of the

several departments of the State, through the Governor, act through its

council as an advisory body in the direction and execution of any investi-

gation within its pi'ovince as stated. The necessary expenses incun-ed in

the prosecution of such investigation are to be borne by the State; no

pecuniary gain is to come to the Academy for its advice or direction of

such investigation.

The regular proceedings of the Academy as published by the State

shall become a public document.

ARTICLE II.

Section 1. Members of this Academy shall be honorary fellows, fel-

lows, non-resident members or active members.

Sec* 2. Any person engaged in any department of scientific work,

or in original research in any department of science, shall be eligible

to active membership. Active members may be annual or life members.

Annual members may be elected at any meeting of the Academy; they

shall sign the constitution, pay an admission fee of two dollars, and there-
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after an annual fee of one dollar. Any person who shall at one time

eontrilnite fifty dollars to the funds of this Academy, may be elected a

life member of the Academy, free of assessment. Xou-resident members

may be elected from those who have Ijeen active memljers but who have

removed from the State. In any case, a three-fourths vote of the mem-

bers present shall elect to membership. Applications for membership in

any of the foregoing- classes shall be referred to a committee on applica-

tion for membei'ship, who shall consider such application and report to

the Academy l)efore -the election.

Sec. 3. The members who are actively engaged in scientific work, who

have recognized standing as scientific men, and who have been members

of the Academy at least one year, may be recommended for nomination

for election as fellows by three fellows or members personally acquainted

with their work and character. Of members so nominated a number not

exceeding five in one year may, on recommendation of the Executive

Committee, be elected as fellows. At the meeting at which this is

adopted, the members of the Executive Committee for 1894 and fifteen

others shall be elected fellows, and those now honorary members shall

become honorary fellows. Honorary fellows may be elected on account

of special prominence in science, on the written recommendation of two

members of the Academy. In any case a three-fourths vote of the mem-

bers present shall elect.

ARTICLE III.

Secttox 1. The oflBcers of this Academy shall be chosen by ballot

at the annual meeting, and shall hold office one year. They shall consist

of a President, Vice-Px-esident, Secretary, Assistant Secretary, Press Secre-

tary, and Treasurer, who shall perform the duties usually pertaining to

their respective offices and in addition, with the ex-Presidents of the

Academy, shall constitute an Executive Committee. The President shall,

at each annual meeting, appoint two members to be a committee which

shall prepare the programs and have charge of the arrangements for

all meetings for one year.

Sec. 2. The annual meeting of this Academy shall be held in the city

of Indianapolis within the week following Christmas of each year, un-

less otherwise ordered by the Executive Committee. There shall also be

a summer meeting at such time and place as may be decided upon by the
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Exqicutive Committee. Other meetings may be called at the discretion

of the Executive Committee. The past Presidents, together with the

officers and Executive Committee, shall constitute the Council of the

Academy, and represent it in the transaction of any necessary business

not specially proA'ided for in this constitution, in the interim between

general meetings.

Sec. 3. This constitution may be altered or amended at any annual

meeting by a three-fourths majority of the attending members of at least

one year's standing. No question of amendment shall be decided on the

day of its presentation.

BY-LAWS.

1. On motion, any special department of science shall be assigned to a

curator, whose duty it shall be, with the assistance of the other members

interested in the same department, to endeavor to advance knowledge in

that particular department. Each curator shall report at such time and

place as the Academy shall direct. These reports shall include a brief

summary of the progi-ess of the department during the year preceding the

presentation of the report.

2. The President shall deliver a public address on the morning of one

of the days of the meeting at the expiration of his term of office.

3. The Press Secretary shall attend to the securing of proper news-

paper reports of the meetings and assist the Secretary.

4. No special meeting of the Academy shall be held without a notice

of the same having been sent to the address of each member at least

fifteen days before such meeting.

5. No bill against the Academy shall be paid without an order signed

by the President and countersigned by the Secretary.

6. Members who shall allOAv their dues to remain unpaid for two

years, having been annually notified of their arrearage by the Treasurer,

shall have their names stricken from the roll.

7. Ten members shall constitute a quorum for the transaction of

business.
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MEMBERS.

FELLOWS.

*J 898 Bloomington,

1893 Lafayette.

1896 Indianapolis.

1897 Moore's Hill.

1897 Lafayette.

1899 Crawfordsviile.

1 893 Indianapolis.

1899 Irvington.

1898 Lafayette.

A. W. Butler 1893 Indianapolis.

J. L. Campbell 1893 Crawfordsviile.

John M. Coulter 1893 Chicago, 111.

Stanley Coulter 1893 Lafayette.

Glenn Culbertson 1899 Hanover.

D. W. Dennis 1805 Richmond.

R. J. Aley

J. C. Arthur

George W. Benton.

A. J. Bigney

A. W. Bitting

Donaldson Bodine

.

W. S. Blatchley . .

.

H. L. Bruner

Severance Burrage.

1897 Terre Haute.

1893 Bloomington.

1901 Lafayette.

1897 Bloomington.

1895 Lafayette.

1899 Lafayette.

1893 Lafayette.

Thomas Gray 1893 Terre Haute.

C. R. Dryer

C. H. Eigenmann ...

Percy Norton Evans .

A. L. Foley

Katherine E. Golden

M. J. Golden

W. F. M. GosB

1895 Terre Haute.

1899 Logansport.

1893 Lafayette.

A. S. Hathaway
Robert Hessler

H. A. Huston

Arthur Kendrick 1898 Terre Haute.

Robert E. Lyons 1896 Bloomington.

V. F. Marsters 1893 Bloomington.

C. L. Mees 1894 Terre Haute.

W. J. Moenkhaus

Joseph Moore

D. M. Mottier

W. A. Noyes

L. J. Rettger

J. T. Scovell 1894 Terre Haute.

Alex. Smith 1893 Chicago, 111.

W.E.Stone 1893 Lafayette.

1901 Bloomington.

1896 Richmond.

1893 Bloomington.

1893 Terre Haute.

1896 Terre Haute.

'Date of election.
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Joseph Swain *1898 Blooinington.

M. B. Thomas 1893 Crawfordsville.

C. A. Waldo 1893 Lafayette.

F. M. Webster 1894 Wooster, Ohio.

H. W. Wiley 1895 Washington, D. C.

John S. Wright 1894 Indianapolis.

NON-RESIDENT MEMBERS.

George H. Ashley Charleston, S. C.

M. A. Brannon Grand Forks, N. D.

J. C. Branner Stanford University, Cal,

D. H. Campbell Stanford University, Cal.

A. Wilmer Duff Worcester, Mass.

B. W. Evermann W^ashington, D. C.

Charles H. Gilbert , Stanford University, Cal.

C. W. Green Stanford University, Cal.

C. W. Hargitt Syracuse, N. Y.

O. P. Hay
,

Washington, D. C.

Edward Hughes Stockton, Cal.

O. P. Jenkins Stanford University, Cal

.

D. S. Jordan Stanford University, Cal.

J. S. Kingsley Tufts College, Mass.

D. T. MacDougal Bronx Park, NewYorkCity
T. C. Mendenhall Worcester, Mass.

Alfred Springer Cincinnati, Ohio.

L. M. Underwood New York City.

Robert B. Warder Washington, D. C.

Ernest Walker Clemson College, S. C.

ACTIVE MEMBERS.

G. A. Abbott Indianapolis.

Frederick W. Andrews Bloomington.

George C. Ashman Frankfort.

Edward Ayres Lafayette.

Edwin M. Blake Lafayette.

Lee F. Bennett Valparaiso.

Charles S. Bond Richmond.

Fred. J. Breeze Pittsburg.

''Date of election.

2—Academy of Science.
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E. M. Bruce

A. Hugh Bryan Indianapolis.

E. J. Chausler Bicknell.

Howard W. Clark Culver.

George Clements Peru.

Charles Clickener Tangier.

Mel T. Cook Greencastle.

U. O. Cox Mankato, Minn.

William Clifford Cox Columbus.

J. A Cragwall Crawfordsville.

Albert B. Crowe Ft. Wayne.

M. E. Crowell Franklin.

Edward Roscoe Cumings Bloomington.

Alida M. Cunningham Alexandria.

Lorenzo E. Daniels Laporte.

H. J. Davidson Baltimore, Md.

Charles C. Deam Bluffton.

Martha Doan We&tfield.

J. P. Dolan Syracuse.

Herman B. Dorner Lafayette.

Hans Duden Indianapolis.

Joseph Eastman Indianapolis.

E. G. Eberhardt Indianapolis.

M. N. Elrod Columbus.

Samuel G. Evans Evansville.

CarltOQ G. Ferris Big Rapids, Mich.

E. M. Fisher Urmeyville.

Wilbur A. Fiske Richmond.

W. B. Fletcher Indianapolis.

Austin Funk New Albany.

Charles W. Garrett Logansport.

Robert G. Gillum Terre Haute.

Vernon Gould Rochester.

Victor K. Hendricks Logansport.

Mary A. Hickman Greencastle.

John E. Higdon Indianapolis.

Frank R. Higgins Terre Haute.

John J. Hildebrandt Logansport.

J. D. Hoffman Lafayette.

Allen D. Hole Richmond.

Lucius M. Hubbard South Bend.

Alex. Johnson Ft. Wayne.

Edwin S. Johonnott, Jr Terre Haute.

Ernest E. Jones Kokomo.

Chancey Juday Madison, Wis.
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0. L. Kelso Terre Haute.

Charles T. Knipp Bloomington.

V. H. Lockwood Indianapolis.

William A. McBeth Terre Haute.

Robert Wesley McBride Indianapolis.

Rousseau McClellan Indianapolis.

Richard C. McClaskey Terre Haute.

Lynn B. McMullen Indianapolis.

James E. Manchester. Vincennes.

W. G. Middleton Richmond.

John A. Miller Bloomington.

H. T. Montgomery South Bend.

Walter P. Morgan Terre Haute.

Fred. Mutchler Terre Haute.

J. P. Nay lor Greencastle.

Charles E. Newlin Irvington.

John Newlin West Lafayette.

John F. Newsom Stanford University. Cal.

R. W. Noble Chicago, 111.

D. A. Owen Franklin.

Rollo .1. Peirce Logansport.

Ralph B. Polk Greenwood.

James A. Price Ft. Wayne.

Frank A. Preston Indianapolis.

A. H. Purdue Fayetteviile, Ark.

J. H. Ransom Lafayette.

Ryland Ratliff Bloomington.

Claude Riddle Lafayet te.

Giles E. Ripley Decorah, Iowa.

George L. Roberts Greensburg.

D. A. Rothrock Bloomington.

John F. Schnaible Lafayette.

E. A. Schultze Ft. Wayne.
John W. Shepherd Terre Haute.

Claude Siebenthal Indianapolis.

J. R. Slonaker Bloomington.

Richard A. Smart Lafayette.

Lillian Snyder Rockville.

Retta E. Spears Elkhart.

William Stewart Lafayette.

J. M. Stoddard Crawfordsville.

Charles F. Stegmaier Greensburg.

William B. Streeter Indianapolis.

Frank B. Taylor Ft. Wayne.
J. F. Thompson Richmond.
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A. L. Treadwell Oxford, Ohio.

Daniel J. Troyer Goshen.

A. B, Ulrey North Manchester.

W. B. Van Gorder Worthington.

Arthur C. Veatch Rockport.

H. S. Voorhees Ft. Wayne.

J. H. Voris Huntington.

B, C. Waldemaier West Lafayette.

Jacob Westlund Lafayette.

Fred C. Whitcomb Delphi.

William M. Whitten South Bend.

Neil H. Williams Indianapolis.

William Watson Woollen Indianapolis.

J. F. Woolsey Indianapolis.

Fellows 44

Non-resident members 20

Active members 112

Total 176
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LIST OF FOREIGIN COEEESPONDEl^TS.

AFRICA.

Dr. J. Medley Wood, Natal Botanical Gardens, Berea Durban, Soiilh

Africa.

South African Philosophical Society, Cape Town, South Africa.

ASIA.

China Branch Royal Asiatic Society, Shanghai, China.

Asiatic Society of Bengal, Calcutta, India.

Geological Survey of India, Calcutta, India.

Indian Museum of India, Calcutta, India.

India Survey Department of India. Calcutta, India.

Deutsche Gesellschaft, flir Natur- und Vi)lkerkunde Ostasiens, Tokio,

Japan.

Imperial University, Tokio, Japan.

Koninklijke Naturkundige Vereeniging in Nederlandsch-Indie. ' Batavia.

Java.

Hon. D. D. Baldwin, Honolulu, Hawaiian Islands.

EUROPE.

V. R. Tschusizu Schmidhoffen, Villa Tannenhof, Halle in Salzburg,

Austria.

Herman von Vilas, Innsbruck, Austria.

Ethnologische Mittheilungen aus Ungarn, Budapest, Austro-Hungary.

Mathematische und Naturwissenschaftliche Berichto ans Ungarn, Bndn

pest. Austro-Hungary.
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K. K. Geologische Reichsanstalt, Vienna (Wien), Austro-Hungary.

K. U. Xaturwissenscbaftliclie Gesellscliaft, Budapest, Austro-Hungaiy.

Natunvissenschaftlieh-Medizinisclier Verein in Innsbrucli (Tyrol), Austro-

Hungary.

Editors "Termeszetrajzi Fuzetk," Hungarian National Museum, Buda-

pest. Austro-Hungary.

Dr. Eugen Dadai, Adj. am. Nat. Mus., Budapest, Austro-Hungary.

Dr. Julius von Madarasz, Budapest, Austro-Hungary.

K. K. Natnrliistorisches Hofmuseum, Vienna (Wien), Austro-Hungary.

Ornithological Society of Vienna (Wien), Austro-Hungary.

Zoologische-Botanische Gesellscliaft in AVien (Vienna), Austro-Hungary.

Dr. J. von Csato. Nagy Enyed, Austro-Hungary.

Botanic Garden. K. K. Universitat, Wien (Vienna I, Austro-Hungary.

Malacological Society of Belgium, Brussels, Belgium.

Royal Academy of Science, Letters and Fine Arts, Brussels, Belgium.

Royal Linnean Society, Brussels, Belgium.

Society Beige de Geologie. de Baleontologie et Hydrologie, Brussels,

Belgium.

Societe Royale de Botanique, Brussels. Belgium.

Soclete Geologique de Belgique, Liege, Belgium.

Royal Botanical Gardens, Brussels, Belgium.

Bristol Naturalists' Society, Bristol, England.

Geological Society of London, London, England.

Dr. E. M. Holmes, British Pharm. Soc'y, Bloomsbury Sq., London, W. C.,

England.

Jenner Institute of Preventive Medicine. London, England.

The Lil)rarian, Linnean Society. Burlington House, Piccadilly. London W.,

England.

Liverpool Geological Society, Liverpool, England.

Manchester Literai-y and Philosophical Society, Manchester, England.

"Nature," London, England.

Royal Botanical Society, London, England.



Royal Kew Gardens, London, Euglaua.

Royal Geological Society of Cornwall, Penzance, England.

Royal Microscopical Society, London, England.

Zoological Society, London, England.

Lieut.-Col. John Biddulpb, 43 Charing Cross, London, England.

Dr. G. A. Boulenger, British Mus. (Nat. Hist.), London, England.

F. DuCane Godman, 10 Chandos St., Cavendish Sq., London, England.

Mr. Howard Saunders, 7 Radnor Place, Hyde Park, London W., England.

Phillip L. Sclater, 3 Hauover Sq., London W., England.

Dr. Richard Bowlder Sharpe, British Mus. (Nat. Hist.), London, England.

Prof. Alfred Russell Wallace, Corfe View, Parkstone, Dorset, England.

Botanical Society of France. Paris, France.

Ministerie de 1'Agriculture, Paris, France.

Societe Entoniologique de France, Paris, France.

L'Institut Grand Ducal de TiUxembourg, Luxembourg, Lux., France.

Soc. de Horticulture et de BotaD. de Marseille, Marseilles, France.

Societe Liuneeune de Bordeaux, Bordeaux, France.

La Soc. Liuneeune de Normandie, Caen, France.

Soc. des Naturelles, etc., Nantes, France.

Zoological Society of France, Paris, France.

Baron Louis d'Hamonville, Meurthe et Moselle, France.

Pasteur Institute, Lille, France.

Museum d'Histoire Naturelle, Paris, France.

Bontanischer Verein der Provinz Brandenburg, Berlin, Germany.

Deutsche Geologische Gesellschaft, Berlin, Germany.

Eutomologischer Verein in Berlin, Berlin, Germany.

Journal fiir Ornithologie, Berlin, Germany.

Prof. Dr. Jean Ca1)anis, Alte Jacob Strasse, 103 A., Berlin, Germany.

Augsbin-ger Naturhistorischer Verein. Augsburg, Germany.

Count Hans von Berlspsen, Miinden, Germany.

Braunschweiger Verein fiir Naturwissenschaft, Braunschweig, Germany.

Bremer Naturwissenschaftlicher Verein. Bremen, Germany.

Ornithologischer Verein Miinchen, Thierschstrasse, 37i4 ^liinchen, Ger-

many.
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Royal Botanical Gardens, Berlin W., Germany.

Kaiserliche Leopoldische-Carolinische Deutsche Akademie der Naturfor-

scher, Halle a Saale, Williemstrasse 37, Germany.

Koniglich-Sachsische Gesellschaft der Wissenschaften, Mathematisch-

Physisclie Classe, Leipzig, Saxony, Germany.

Naturbistorische Gesellschaft zu Hanover, Hanover, Prussia, Germany.

Naturwissenschaftlicher Verein in Hamburg, Hamburg, Germany.

Yerein fiir Erdkunde, Leipzig, Germany.

Verein fiir Naturkuude, Wiesbaden, Prussia.

Belfast Natural History and Philosophical Society, Belfast, Ireland.

Royal Dublin Society, Dublin.

Royal Botanic Gardens, Glasnevin. County Dublin, Ireland.

Societa Entomologica Italiana, Florence, Italy.

Prof. H. H. Giglioli, Museum Vertebrate Zoology, Florence, Italy.

Dr. Alberto Perngia, Museo Civico di Storia Naturale, Genoa, Italy.

Societa Italiana de Scienze Naturali, Milan, Italy.

Societa Africana d' Italia, Naples, Italy.

Dell 'Academia Pontitico de Nuovi Lincei, Rome, Italy.

Minister of Agriculture, Industry and Commerce, Rome, Italy.

Rassegna della Scienze Geologiche in Italia, Rome, Italy.

R. Comitato Geologico d' Italia, Rome, Italy.

Prof. Count Tomasso Salvador!, Zoolog. Museum, Turin, Italy.

Royal Norwegian Society of Sciences, Throndhjem, Norway.

Dr. Robert Collett, Kongl. Frederiks TTniv. Christiana, Norway.

Academia Real des Sciencias do Lisboa (Lisbon), Portugal.

Comite Geologique de Russie, St. Petersburg, Russia.

Impei'ial Academy of Sciences, St. Petersburg, Russia.

Imperial Society of Naturalists, Moscow, Russia.

Jardin Imperial de Botanique, St. Petersburg, Russia.
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The Botanical Society of Edinburgh, Edinburgh, Scotland.

John J. Dalgleish, Branliston Grange, Bogside Sta., Sterling, Scotland.

Edinburgh Geological Society, Edinburgh, Scotland.

Geological Society of Glasgow, Scotland.

John A. Harvie-Brown, Duniplace House, Larbert, Stirlingshire, Scotland.

Natural Histors' Society, Glasgow, Scotland.

Philosophical Society of Glasgow, Glasgow, Scotland.

Royal Society of Edinburgh, Edinburgh, Scotland.

Royal Physical Society, Edinburgh, Scotland.

Royal Botanic Garden, Edinburgh. Scotland.

Barcelona Academia de Cieucias y Artes, Barcelona, Spain.

Royal Academy of Sciences, Madrid, Spain.

Institut Royal Geologique de Suede, Stocliholm, Sweden.

SocietS Entomologique a Stockholm, Stockholm, Sweden.

Royal Swedish Academy of Science. Stockholm, Sweden.

Naturforschende Gesellschaft, Basel, Switzerland.

Naturforschende Gesellschaft in Berne, Berne, Switzerland.

La Societe Botanique Suisse, Geneva, Switzerland.

SocietS Helvetique de Sciences Naturelles, Geneva, Switzerland.

Society de Physique et d'.Historie Naturelle de Geneva, Geneva, Switzer-

land.

Concilium Bibliographicum, Zurich-Oberstrasse, Switzerland.

Naturforschende Gesellschaft, Zurich, Switzerland.

Schweizerische Botanische Gesellschaft, Zurich, Switzerland.

Prof. Herbert H. Field, Zurich, Switzerland.

AUSTRALIA.

Linnean Society of New South Wales, Sidney, New South Wales.

Royal Society of New South Wales, Sidney, New South Wales.

Prof. Liveridge, F. R. S.. Sidney, New South Wales.

Hon. Minister of Mines, Sidney, New South Wales.
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Mr. E. P. Ramsey, Sidney, New South "S\ ales.

Royal Society of Queensland, Brisbane, Queensland.

Royal Society of South Australia, Adelaide, South Australia.

Victoria Pub. Library, Museum and Nat. Gallei-y, Melbourne, Victoria.

Prof. ^y. L. Buller, Wellington, New Zealand.

NORTH AMERICA.

Natiu-al Hist. Society of British Columbia, Victoria, British Columbia.

Canadian Record of Science, Montreal, Canada.

McGill University, Montreal, Canada.

Natural Society, Montreal, Canada.

Natural History Society, St. Johns, New Brunswick.

Nova Scotia Institute of Science, Halifax, N. S.

^Manitoba Historical and Scientific Society, Winnipeg. Manitoba.

Dr. T. Mcllwraith, Cairnbrae, Hamilton, Ontario.

The Royal Society of Canada, Ottawa, Ontario.

Natural History Society, Toronto, Ontario.

Hamilton Association Library, Hamilton, Ontario.

Canadian Entomologist, Ottawa, Ontario.

Department of Marine and Fisheries, Ottawa, Ontario.

•Ontario Agricultural College, Guelph, Ontario.

Canadian Institute, Toronto.

Ottawa Field Naturalists' Club, Ottawa, Ontario.

University of Toronto, Toronto.

-Geological Survey of Canada, Ottawa, Ontario.

La Naturaliste Canadian, Chicontini, Quebec.

La Natin-ale Za, City of Mexico.

Mexican Society of Natural History, City of Mexico.

Museo Nacional, City of Mexico.

Sociedad Cientifica Antonio Alzate, City of Mexico.

Sociedad Mexicana de Geographia y Estadistica de la Republica Mexicana,

City of Mexico.



WEST INDIES.

Botanical Department, Port of Spain, Trinidad, Britisli West Indies.

Victoria Institute, Trinidad, British West Indies.

Mnseo Xaclonal, San Jose, Costa Rica, Central America.

Dr. Ana stasia Alfaro, Secy. National Museum, San Jose, Costa Rica.

Rafael Ai-ango, Havana, Cuba.

Jamaica Institute, Kingston, Jamaica, West Indies.

The Hope Gardens, Kingston, Jamaica, West Indies.

SOUTH AMERICA.

Argentina Historia Natural Florentine Amegliue, Buenos Ayres, Ai-geu-

tine Republic.

Musee de la Plata, Argentine Republic.

Nacioual Academia des Cieucias, Cordoba, Argentine Republic.

Soeiedad Cientifica Argentina. Buenos Ayres.

Museo Nacional. Rio de Janeiro, Brazil.

Soeiedad de Geographia. Rio de Janeiro. Brazil.

Dr. Herman von Jliering, Dir. Zool. Sec. Con. Geog. e Geol. de Sao Paulo,

Rio Grande do Sul, Brazil.

Deutsclier Wissenschaftliclier Yerein in Santiago, Santiago. Chili.

Societe Scientifique du Chili, Santiago, Chili.

Soeiedad Guatemalteca de Ciencias, Guatemala, Guatemala.
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Seventeenth Annual ivieeting

Indiana Academy of Science,
STATE HOUSE, INDIANAPOLIS,

DeceiT^iber 26, 2T and 28, 1901.

EXECUTIVE COMMITTEE.

Mason B. Thomas, President. P. S. Baker. Vice-President. John S. Wright, Secretary.

E. A. ScHULTZE, A.sst. Secretary. G. W. Bentox, Press Secretary.

J. T. ScovELL, Treasurer.

D. W. Dennis, Stanley Coulter, J. L. Campbell, J. P. D. .John,

C. H. EiGENMANx, Amos W. Butler, 0. P. Hay, John M. Coulter,
C.A.Waldo, W.A. Noyes, T. C. Mendenhall, David S. Jordan.
Thomas Gray, J.C.Arthur, John C. Branner,

The sessions of the Academy will be held in the State House, in the rooms of the State

Board of Agriculture.

Headquarters will be at the Hotel English. A rate of S2.00 and up per day will be made
to all persons who make it known at the time of registering that they are members of the

Academy.
Reduced railroad rates for the members can not be obtained under the present ruling of

the Traffic Association. Many of the colleges can secure special rates on the various roads.

Those who can not do this could join the State Teachers' Association and thus secure a one
and one-third round trip fare. ROBT. J. ALEY,

KATHERINE GOLDEN,
Committee.

GENERAL PROGRAM.

Thursday, December 26.

Meeting of the Executive Committee at Hotel Headquarters 8 p. m.

Friday, December 27.

Genera] Session 9 a. m. to 12 m

.

Sectional Meetings 2 p. m. to 5 p. m.

Saturday, December 28.

General Session, followed by Sectional Meetings 9 a. m. to 12 m.

(28)
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LIST OF PAPERS TO BE READ.

ADDRESS BY THE RETIRING PRESIDENT,

PROFESSOR M. B. THOMAS,
At 11 o'clock Friday morning.

Subject: "Forestry in Indiana.'"

The following papers will be read in the order in which they appear on the program,
except that certain papers will be presented ''pari passu' in sectional meetings. When a
paper is called and the reader is not present, it will be dropped to the end of the list, unless
by mutual agreement an exchange can be made with another whose time is approximately
the same. Where no time is sent with the papers, they have been uniformly assigned ten
minutes Opportunity will be given after the reading of each paper for a brief discussion.

y. B.—By the order of the Academy, no paper can he read until an abstract of its contents
or the written paper has been placed in the hands of the Secretary.

GENERAL.

1. Correlation of Forestrj- and the Sciences, 10 m W. H. Freeman

2. The Center of Population of the United States, 5 m J. A. Miller

3. The Relation of Scientific Organizations to Manufacturers,

10 m R. B. Polk

4. Mounds and Biu'ial Grounds of Bartholomew Countj', In-

diana, 5 m J. J. Edwards

5. Experiments in the Hybridization of Fishes, 15 m. .W. J. Moenlihaus

6. Microscopic Organisms Found in the Lafayette, Indiana,

Reservoir, 10 m Severance Burrage

MATHEMATICS, PHYSICS AND ASTRONOMY.

7. Investigations in the Electro-deposition of Platinum 8 m.,

J. A. Cragwall

8. Note on Some Experimental Worli with a New Form of

Pressure Regulator. 10 m Wm. K. Hatt

9. Elastic Changes in Bars of Nicl^el Steel. 10 m Wm. K. Hatt

10. KirlvTvood Observatory. 10 m J. A. Miller

11. Daylight Meteors (by title) .1. A. Miller

12. Physical Observations of Mars at the Opposition of 1901.

10 m W. A. Cogshall

13. On the Density and Surface Tension of Liquid Air. 10 m. .C. T. Kuipp
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14. A Few Experiments with Liquid Air, ?, m C. T. Knipp

15. The Bitangeutial of the Quintic, 20 m U. S. Hanna

10. A Theorem in Geometry, 3 m J. C. Gregg

17. A Simple Proof that the Medians of a Triangle Concur,

3 m J. O. Gregg

18. Note on an Attempted Angle Trisection, 3 m R. J. Aley

19. A Problem in Geometry, 3 m J. A. Cragwall

ZOOLOGY.

20. An Aberrant Etheostoma, 3 m W. J. Moenkhaus

21. The Spinning of the Egg-sac in Lycosa, 5 m W. J. Moenkhaus

22. The Culture of Amoeba, 2 m A. J. Bigney

23. Protective Coloring of Tei*ns, 5 m A. J. Bigney

24. Effect of Pressure on Developing Eggs, 10 m A. J. Bigney

25. Zoological Survey of Minnesota, 10 m U. O. Cox

26. The Eyes of the Rhineura Floridana, the Blmd Amphis-

baeniau from Florida, 10 m C. H. Eigenmann

27. The Eyes of the Blind Shrimp from the Artesian Well at

San :Marcos. Texas, 10 m E. M. Xeher

28. Report of the Biological Station, under the direction of

C. H. Eigenmann

(a) Maps of Winona, Pike and Center Lakes, 10 m. . . .A. A. Norris

(b) The Mollusca of Winona Lake, 10 m A. A. Norris

(c) The Dragonflies of Winona Lake, 10 m E. B. Williamson

(d) The Flora of Eagle Lake and Vicinity, 10 m H. W. Clark

(e) Plant Ecology of the Winona Lake Region, 10 m. .Lucy Youse

29. Variation Notes, 5 m C. H. Eigenmann and Clarence Kennedy

30. The History of the Eye of Amblyopsis; Abstract, 10 m.,

C. H. Eigenmann

31. Zoological Miscellany, 10 m C. H. Eigenmann

GEOLOGY AND GEOGRAPHY.

32. Niagara Group Unconformities in Indiana. 10 m M. N. Elrod

33. The Valley of the Lower Tippecanoe River, 10 m F. J. Breeze

34. Concerning a Series of Well-defined Ripple Marks in the

Hudson River Group, Richmond, Indiana, 10 m.,

Joseph Moore and A. D. Hole

35. Variation in the Spires of Seminula Argeutia (Shepard)

Hall. 10 m J. W. Beede
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*36. Note ou the Changes of Fauna at the Beginning of the

Kansas Permian, 5 m J. W. Beede

37. Topography and Geogi-aphy of Bean Blossom Valley, Mon-

roe County, Indiana, 3 m V. F. Marsters

*38. Note on Cross-bedding in the St. Louis Limestone, Mon-

roe County, Indiana, .j m V. F. Marsters

39. Wabash River Terraces in Tippecanoe County, Indiana,

12 m Wm. A. McBeth

40. History of Wea Creek, Tippecanoe County. Indiana, 12 m..

Wm. A. McBeth

41. Paleontology of BartholomeAV County, Indiana, Mam-

malian Fossils, .") m J. J. Edwards

CHEMISTRY.

42. Organic Acid Phosphides. ."• m P. N. Evans

48. Adsorption of Dissolved Substances, 10 m P. N. Evans

44. The Determination of iNIanganese in Iron and Steel, 10 m.,

AV. A. Noyes and G. H. Clay

45. A New Hydroxy-diliydro-alpha-Campholytic Acid, 10 m.,

W. A. Noyes and A. M. Patterson-

BOTANY.

46. Some Drug Adulterations of Note, 10 m John S. Wright

47. Notes on Apple Rusts, 8 m H. Whetzel

48. Notes on the Genus Stemonitis. 8 m H. Whetzel

49. Vegetation of Abandoned Rock Quarries, 10 m Mel T. Cook

*50. The Phytogeographic Regions of Indiana, 10 m Stanley Coulter

51. Contributions to the Flora of Indiana, 5 m Stanley Coulter

52. Germinative I'ower of Conidia of Aspergillus Oryzae, 10 m..

Mary F. Hiller

53. A Study of the Histology of the Wood of Certain Species of

Pines, 10 m Katheriue E. Golden

54. A Compartsou of the ;Microscopic Structure of Cuban, Mex-

ican and Philippine Mahoganies, 10 m Katherine E. Golden

*55 Some Characteristic Plants of Tennessee, 10 m G. W. Martin

*56. Interesting Phases in the Development of Cypress "Knees,"

10 m G. W. Martin

Paper not presented.
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57. Spoi'e Resistance of Loose Smut of Wheat to Formalin and

Hot Water, 10 m Wm. Stuart

58. Some Additions to the Flora of Indiana, 3 m Wm. Stuart

59. Effect of Composition of Soil Upon the Minute Structure

of Plants, 15 m Herman B. Dorner

60. A Collection of Mj^xomycetes, 10 m Fred Mutchler

THE SEVENTEENTH ANNUAL MEETING OF THE
INDIANA ACADEMY OF SCIENCE.

The seventeenth annual meeting uf the Indiana Academy of Science

was held in Indianapolis, Friday, December 27, 1901, preceded by a session

of the Executive Committee of the Academy, 8:30 p. m., Thursday, Decem-

ber 26th.

At 9:15 a. m., December 27, President Mason B. Thomas called the

Academy to order in general session, at vphich committees were appointed

and other routine and miscellaneous business transacted. Following the

disposition of the business, papers of general interest were read until 11

o'clock, at which time the retiring President, Mason B. Thomas, made

his address; subject, "Forestry in Indiana."

At 2 p. m. the Academy met in two sections—biological and physico-

chemical—for the reading and discussion of papers. President Thomas

presided over the biological section and Dr. Thomas Gray acted as chair-

man of the physico-chemical division. Both sections adjourned about 4:30

and the Academy was assembled in general session for the transaction of

business.

Adjournment, 5 p. m.

THE FIELD MEETING OF 1901.

The members assembled at Orleans, Orange County, leaving this point

in carriages early Friday morning. May 24. They visited the region of

Lost River, which is rich in geological, botanical and zoological features.

From this locality the party went to West Baden, in which district Sat-

urday, May 25, was spent.



33

PRESIDENT'S ADDRESS.

Mason B. Thomas.

Forestry in Indiana.

It seems strange that while European countries, with their vast tracts

of forests, were spending money, energy and time in an effort to secure

a conservative and economical management of their timber lands and, in

most cases, luid l)rought tlie whole question to a very practical and wise

solution resulting in the maintenance of the steady value of the forest

crop and securing by careful and well managed cutting the largest possi-

ble yearly production and revenue, the United States did practically noth-

ing to arouse her citizens to some such rational forestry management. It

was not until 1873 that the American Association for the Advancement of

Science, at its Portland meeting, appointed a committee to urge Congress

to some action in connection with om* forestry interests. The recommen-

dations of this committee were favoral)ly received, but not luitil 1870 was

tile Commissioner of Agriculture recpiired to appoint a man to stuily oiu-

forestry resources, the consum])tion and exportation of our timljer, the ex-

tent of our supply, the effects of forests on our climate and tlie best

methods to employ in conserving tlieni. Since tliat time the worlc of the

Department at Washington has grown under the care of Messrs. F. B.

Hough, X. II. Eggleston, B. E. Fernow, and the present Forester. Mr. G.

Pinchot. wlio in tlie order named have l>een in charge of it. They have,

with very meager appropriations—to 181)9 but .$247.lilt>.S.")—collected and

pulilished a large amount of valuable information relating to our forests,

their use, care and abuse, and liavi; secured the coilperatioii of many pub-

lic-spirited men and not a few scientists, who have started, in many

States, active campaigns educating the public in forestry matters and se-

curing iiroper forestry legislation. Our federal government can not obtain

the desired results without the active co<>peration of the States and the

sujiport of its private citizens. Our own fair Indiana has been very remiss

in the discharge of her duties in this matter, and the neglect has resulted

in a great loss to our timber interests and the consequent injury to its

numerous dependencies.

The State of Indiana is a part of the North Central Division of our

country and includes oO.SoO stiuare miles, with an acreage of 23.2()4.0(M».

3—Academy of Science.
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When the early explorers paddled their Ijirch canoes from the Ohio up

the Wabash and its tributaries they passed through a great wildex-ness

of native forests of giant oaks. elms, maples and beeches. From the

very banks of the streams where they landed to the tops of the highest

hills was one unbroken covering of the forest primeval. The tall syca-

mores, lining the river banks like sentinels, crowded into the rushing

waters the overhanging willows at their feet and guarded the giant elms,

hardy soft maples and buckeyes of the rich river bottoms, while from the

higher ground looked down the tall and rugged oaks, the mighty beeches

and hard maples, walnuts, ashes and hickories, with here and there a

towering tulip, all vying with each other for soil and sunshine. The low-

lands of the north were clothed to the very water's edge with tamarack,

ash and soft maples and the sterile soil of the south supported a thick

growth of cedars and scrub oaks. Everywhere trees and shrubs of lesser

size struggled witli each other and with multitudes of herbaceous plants

for every inch of soil and ray of sunshine. The records of the dimen-

sions of some of these giants of our virgin forest seem past belief. A few

illustrations will suffice.

Red maple—Height, 108 feet; circumference, 13 feet.

Hickory—Height, 150 feet.

Tulip—Height, 100 feet; circumference, 25 feet.

Sycamore—Height, 120 feet: diameter, 13 feet.

Cottonwood—Height, 150 feet; diameter, 8 feet.

White Oak—Height. 150 feet; circumference, 20 feet.

Basswood—Height. 190 feet; circumference, 171/2 feet.

The forest floor was a spongj' mass of forest litter that held in its pores

the products of many rains and freely gave of its wealth to thirsty soil of

open areas and to the multitudes of springs that kept the rivers to a uni-

form volume. Birds and animals of many kinds and in great numbers

found here a suitable home, Avhile the streams were stocked with an

abundance of fish whose nearly ideal environment gave no suggestion of

future extermination. Such was the picture of the forest primeval.

This condition, contrasted with the one we noAv see about us, tells

of striking changes during a short period. Everywhere level fields of

beautiful corn. Avheat. and other crops clothe the tracts that were once

covered with forests.

In 1870 the State contained 7.180.334 acres of forest, which was one-

third or its era. This acreage placed Indiana well up in the list of for-
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est States. In 1880 this bad been reduced to 4.335.161 acres, or oue-fiftb

of the State's area. The records show that up to that time the forests

had been removed mostly in the interests of agriculture and that no large

bodies of the original tracts remained. At this period Indiana ranked

fifth in her lumber manufacturing interests, 1)ut the statistician records

the warning that, at the present rate of consumption, the forests of the

State must soon cease to be commercially important.

In 1890 one-twelfth of our total area remained in forests, and the de-

cade between 1S80 and 1S90 may be said to mark the greatest real los.s to

the State. The large decrease before this period was so closely connected

with the clearing by settlers for cultivation that little of the timber in

tracts not suitable for ai'giculture had been disturbed.

Between 1870 and 1880 2.854.143 acres of timber were removed and

3,829,459 added to cultivated lands, indicating a gi-eat demand for all

tracts cleared in the past and also such open areas as might be tillable,

while between 1880 and 1S90 2,604.(X)5 acres were cleared and but 1,173,-

744 acres added to cultivated fields. Over 260,000 acres were cleared annu-

ally during this period, or an excess of 60.000 acres yearly over what was

removed in the most active immigration period just preceding. Timber

was cut for revenue, and the demands of the manufacturing and ship-

ping interests caused the owners to forget the relation of forests to our

general prosperity. How the statistician's prediction has been fulfilled

may lie realized by reference to the statement of a well-known forester

who, last year in reviewing the forestry interests of each State, says of

Indiana that her forests have long since ceased to be of any value eommei--

cially. While this is not strictly true, it does illustrate the drift the State

is making in this direction, since we now have but 1.227,141 acres, or one-

twentieth of our whole area, in forests, and much of this has been cut over

and the valuable part removed. The State no longer has any important

supplies of valuable timbers, like oak, walnut, poplai', etc.

At present our largest tracts of timber are in the extreme southern

part, in Franklin. Harrison, Brown, Jackson, Lawrence, Martin, Perry

and Washington counties and a small tract in the north in Allen and

Kosciusko counties. A few scattered tracts may be found elsewhere, but

in the main these bodies are small and the timber of little consequence.

The western border of the State contains but little timber and is the

eastern edge of the great treeless region that extended over the north in

Benton, Newton and'.Tasper counties and over much of Lake. Porter, La-
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porte, Pulaski, White, Tippecanoe and Warren. Some of this is now cov-

ered with young forests that will eventually add much to the forest re-

sources of the State.

An examination of the topography of the State shows that the cleared

lands include the headwaters of our principal rivers and streams. The

entire basin of the Wabash and its tributaries has been more or less

denuded, or at least does not contain any considerable area of timber land.

The basins of a few small streams, like the Blue and Pigeon Rivers and a

part of White River, are still wooded and the influence of the remaining

tracts here, as elsewhere, is manifest in the less conspicuous changes in

the streams so protected. Truly the problem of securing the proper main-

tenance and control of the forests of the State is grave and important.

In order to appreciate fully the real value of our forests to our State

let us consider their general influence upon some of our natural condi-

tions and industries affecting the general prosperity of our commonwealth.

One of the most important assertions made l)y those who advocate

rational forestry management is that the forests exercise a very large in-

fluence on our climate and rainfall. So great have been the claims of these

zealous advocates that I sometimes feel that the whole cause of forest

care is seriously injured by claims for which no convincing proof is

forthcoming and which do not appeal to educated people accustomed to

think for themselves. In fact, too often scientific men have indulged in

pleasant contemplations on this subject and made statements that were

not founded on suflicient data to satisfy a man who did not believe things

because he wished them to be so. For the thorough examination of this

problem we must have accm-ate data of climatic conditions for many years

and in connection with these careful records of forestry changes for the

same territory. In the study of these it should be kept in mind tliat gen-

»eral climatic variations occur in all countries even where no changes have

been made in forestry matters and it accordingly becomes difficult to de-

termine the exact relation of the forest changes to climatic variations in

other counti'ies where marked changes have taken place in the forests.

Notwithstanding the fact that different climatologists maintain exactly op-

posite views regarding forest influences on the climate, there are certain

facts that are hardly controvertible. It is doubtful if the forest tract

influences very largely the climatic coaiditions or total rainfall of a coiui-

try except in a very few favorably located regions, but the important

thing for us to consider is the value of Indiana forests to our own com-
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uionwealtli and if possible the extent to which we wouhl he jiistitied in

devoting time and money to secure certain forestry regulations.

The soil of a forest is less susceptible to sudden valuations in tempera-

ture than that of the fields outside, and consequently warms more slowly in

summer and its cooling is delayed in the winter. The summer effect is

much more marked than the winter effect. The mean annual temperature

of the forest soil is about 21 degrees lower than that outside. In the sum-

mer this cool soil will temper the air above it. start ciu-rents in the direc-

tion of adjoining fields and lower their temperature.

The average annual evaporation within the forest is Init fifty per cent.

of that in the open, and the difference between the two is gi-eatest in

the summer when the saving for the forest is the largest and most needed.

About twelve per cent, of the precipitated water is evaporated in the year

from forest soil and forty per cent, from open fields, the presence of the

forest litter effecting a saving in some cases of seven-eighths of what

would otherwise evaporate directly. Much of this difference is due to the

looseness of forest soil and its poor capillarity that fails to draw the water

to the surface. That the forest serves as a ^A"indbreak. in preventing cur-

rents of air from rushing over adjoining fields and depriving them of their

moisture, is obvious to all.

The extent to whicli the forest influences affect the adjoining fields, and

the distance to which this may be felt, depends on the nature of the

forest, its size, composition, age, exposure, underl)rnsli. elevation, prox-

imity of streams, etc.

A collection of all of the published records of temperatiu-e and rain-

fall taken in the State has been studied, but they do not furnish such

data as would in any way bear on the problem in hand. The earliest rec-

ords were made in 1807 at but two points in the State. The central office

at Indianapolis was not organized until 1882 and its first publication was

in 1884. In a half dozen places records were kept from 1872 to 1881 and

then discontinued. All of these stations were cities or towns and do not

afford data for the forests about. Certain it is that statistics to support

our claims are not forthcoming in Indiana, but our conditions are not

unlike those of other States from which these facts were gathered, and

the results are applicable to our own territory.

The influence of the forests on tlie fertility or productiveness of our

land has been discussed from may points of view and it is liardly safe

to generalize in a matter so dependent on the controlling influences of local
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conditions. The forests do affect climatic conditions in tlieir immediate

vicinity, and furtlier, tlieir influence is along tlie line of those changes

that would act most beneflciallj- to agricultural crops. The preservation

of the rainfall bj- the forests is also of great advantage to our agricultural

interests. These beneficial influences in Indiana are, in my judgment, evi-

dent only in the immediate vicinity of forests, and their removal has not,

as far as statistics show, affected the production of certain crops in the

M'hole State in any prejudicial way. The general disastrous effect will not

be evident for some years. The great richness of our soil and its general

suitableness for agriculture delays the certain penalty, but it is sure to

come, and then the restoration will be a long and difficult process.

The annual yield of corn per acre has been gi-adually increasing in

the whole State during the last thirty j'ears, as the averages for tliese

five-year periods will show:

1876—1880 23.55 bushels per acre

1881—1885 23.48 bushels per acre

1886—1800 29.77 bushels per acre

1891—1895 30.4 bushels per acre

1896—1900 37.2 bushels per acre

While it is doubtless true that some of this increase may be due to

better methods of cultivation, yet it is hardly likely that this has produced

any appreciable change during the last ten years, while during that period

we have removed 509,045 acres of our forests, or more than one-third of

the whole amoimt that remained. The average yield for each of the last

three years is larger than for any previous year in the history of the

State. Practically the same is true of our wheat, as these records will

show:

1880—1884 12.3 bushels per acre

1885—1889 13.2 bushels per acre

1890—1894 15.8 bushels per acre

1895—1900 .12.46 bushels per acre

This nearly steady increase is interrupted l)y the very low acreage of

1895 and 1896. when the yield per acre was below that of any previous

year for which records exist, and certainly this falling off could not be due

to deforestation since the three succeeding years returned to the normal

yield per acre. The year 1891 produced the largest yield in the history
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of The State. 20.9 bushels per acre. With oats the records show practically

the same:

1878—1880 19.3 bushels per acre

1881—1885 -. 30.56 bushels per acre

1886—1890 27.39 bushels per acre

1891—1895 26.26 bushels per acre

1896—1900 29.99 bushels per acre

These tluctuatlons do not indicate the constant deleterious influences of

deforestation, and in 1899 and 1900 the yield per acre reached its maxi-

mum.

The same general conditions are foimd to exist in the case of other

cereals.

While these things are true for the whole State, in those localities that

have suffered most from deforestation the amount of wheat and other

grains produced on an acre has fallen off with the steady decline of the

forests. These local losses seem to be made good by the heavy yields of

newly cleared ground which has not yet felt the full effect of cutting

away its adjoining timber, but the time must certainly come when what

has l)een true in so many countries will be found true here. The world

is full of examples of barren and sterile areas that were once verdant

and productive, and the change has been brought about as the result of

deforestation.

The whole Mediterranean country was once the garden of the world,

but with the ruthless destruction of the forests came the blight of drought,

cruel winds, storms and snows, that ruined rich plantations, made vine-

clad slopes unproductive and impoverished the entire basin. Parts of Ger-

many, France and Spain have taken alarm at the approach of similar con-

ditions and, at great expense, have restored to the lands their covering

of trees and the return of prosperity has demonstrated the necessity of

forests to the fertility of the soil.

One of the direct results of the destriiction of our forests has been

the disappearance of our springs, the consequent failure of our domestic

water supply and the variation in volume and regularity of om* streams.

The annual rainfall has varied but little during the last fifty years, but

the method of its disposal has materially changed. The great water

capacity of forest soil and litter, the rapidity with which water percolates

through it. the irregularity of the forest floor and the general absence of
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ditches and gullies, decreases surface drainage during precipitation. Tlie

uniform covering of snow in winter prevents tlie soil from freezing and

when the snow melts this body of water is i-etaiued. The great mass of

water formerly held by the forest and gradually given out to the streams

as they carried off the more immediate supply now flows from unprotected

tields lilve rain from gravel streets, washing away the best of the upland,

inundating the lowlands, and malcing agriciUture along the banks of many
streams most uncertain.

Then, too, the navigability of our streams has been seriously affected.

The headwaters no longer contain sutticient Avater to float even the old-

time flatboat. and farther down tlie stream the channel is simply a laby-

rinth of bars and shoals, products of denuded fields above, making naviga-

tion impracticable. The failure of our streams to compete as formerly in

the commerce of our State increases the cost of living and destroys what

otherwise might be a great industry.

The Wabash River, extending northward from the Oliio, receives triltu-

taries from almost every section and drains four-tifths of our common-

wealth. The central and southern parts are reached by the north and east

branches of the White River and the nortli and north central parts by the

Wabash and Tippecanoe. The records of the early navigation of these

streams is full of interest. The head of navigation for boats of small

draught was Monticello on the Tippecanoe. Logausport on the Wabash,

Indianapolis on the White River, and on the east fork of the White and

Muscatatuclv rivers, as far east as Scott County. On the southeast the

White River was navigable to Brookville.

Some of these early boats had really a large carrying capacity. One

built at Terre Haute for the navigation of the Wabash was one hun-

dred and thirty feet long and twenty-nine feet wide, with a carrying

capacity of three hundred and fifty tons.

From the heads of navigation and below, and from the smaller tribu-

taries of all of Indiana's streams from many miles in the interior, flat

boats carried lumber, pork, poultry, corn, wheat, oats, fruits and hoop-

poles down the ^Mississippi to New Orleans and the returning river steam-

ers distributed gi-eat quantities of freight up many of these streams into

the State. To some extent the smaller tributaries of the Ohio that reached

into the State through one or two counties were factors in our transporta-

tion system. But all of this has passed away and from only a few places

on the lower Wabash do we receive any practical advantage from our
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watei'AA'ays. It would be unreasonable to claim that deforestation has

been the cause of all this, for cultivation of open fields and the extensive

underdrainage of level areas has contributed veiy materially to these

results.

Our luml)er interests are of sufficient importance to demand our very

careful protection. They represent the second largest industry in the

State and with the disappearance of the supply of raw material our very

large income from them will be seriously curtailed. For many years our

timber industries have drawn raw material from the best of our timber

resources at a comparatively low price, but now the quality of this material

is decreasing and the price increasing. Both of these factors mal^e it

diflicult for our manufactm-es to compete with corresponding establish-

ments located in timbered districts. To be sure, much of the raw material

could be shipped in. and indeed about eighty per cent, of it is now im-

ported, but this additional cost makes it impossible for our manufac-

turers to compete successfully and they are compelled to move to otlier

States. We have already lost some of our important plants to Kentucky.

Missouri and Arkansas.

In 1840 our lunilxn* production (raw material for our factories)

amounted to $420,791. in 1877 to $10,791,428. and in 1893 to $18,403,207.

The last ten years has seen an almost phenomenal increase both in

number and variety of wood industries. More than fifty different kinds

of establishments are using wood as their raw matei'ial, and to supply this

demand timljer has been cut without reference to its effect on the land or

the State.

Some interesting and striking facts are discovered from an examina-

tion of our fruit crops in connection with the deforestation of our lands.

The discoveries are certainly suggestive of a vei-y close relation between

the two.

In 1880 the eleven counties producing the largest yield of apples were

as follows:

Bushels of Acres of

Counties. Ai^ples. Forest.

Allen 1,007,576 108,132

Crawford 608.043 50.005

Harrison 610,500 81,807

Kosciusko 602,462 52,275

Laporte 617,353 33,457
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Bushels of Acres of

Counties. Apples. Forest.

Ripley 650,735 69,183

St. Joseph 780,243 43,958

Steuben 655,843 47,973

Sullivan 1,059,149 46,867

Washington 888,421 80,852

Wayne 607,377 47,265

Several of these counties are among the most heavily wooded of any

in the State and, with the possible exception of Laporte, they all contain

a very large acreage of forest. The history of the apple crops in connec-

tion with the history of the removal of the timber in these counties helps

to substantiate our claim for their importance. In 1897 these counties

made the following showing:

Bushels of Acres of

Counties. Apples. Forest.

Allen 6,170 29,876

Crawford 9,894 22,374

Harrison 57.241 40,125

Kosciusko 721 24,052

Laporte 1,304 17,490

Ripley 7,630 27,079

St. Joseph 980 9,463

Steuben 432 1,746

Sullivan 13,123 9,718

Washington 8,202 42,381

Wayne 3,863 7,718

From these figures it appears that the counties now exhibiting the

largest falling ofiC in their apple crops show nearly corresponding reduc-

tion in their forest areas (Allen, Sullivan, Steuben, Kosciusko, St. Joseph).

Similar conditions are not found all over the State, but it is certainly

suggestive that those counties that formerly produced the largest apple

crops and have suffered most from deforestation have fallen to the end of

the list in their yield of apples (Steuben, Sullivan, St. Joseph, Allen), and

the importance of the forest becomes the more significant when we dis-

cover that of the counties formerly producing the largest crops those

have fallen off the least that have removed the smallest amount of timber

(Crawford, Harrison, Laporte, Ripley, Washington).
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These relations are too siguificaiit and constant to be simply coincident,

:and in my .I'vidgment do demonstrate a very close relation between the for-

-ests and the fruit crops.

It is true that many counties like Tipton, Vigo, Putnam and Hendriclcs,

that are not now largely covered with timber, are among our best pro-

ducers of apples, but in these places investigation shows that the raising

of apples is attended with great difficulty and spraying and other precau-

tions are required that twenty years ago were not necessary. I do not

insist that the presence of large tracts of forests in Indiana are absolutely

necessary for the production of a successful fruit crop, but the facts seem

to show that such tracts are conducive to its best development. It is

more than a coincidence that Harrison County, with the largest acreage

of forest of any county in the State, stands second in the size of its apple

•crop and first in its peach crop.

The influence of the forest is manifested in their moderating effects

that prevent sudden changes and extremes of temperature that would be

injurious to fruit trees; also the retention of the snow in winter prevents

the ground from freezing and imperiling their roots. The removal of the

forests in tlie \ ii inity of orchards has caused the disappearance of the

large number of birds that formerly made their homes near but are now

driven to distant forests for nesting and seldom appear in the orchard.

Tliese birds formerly destroyed large numl»ers of insect pests that now

so .seriously affect both trees and fruit. The general absence of these

insects in heavily timbered counties is doubtless due to the birds. It is

not likely that the presence of ncAV insect pests, introduced into the State

in nursery stoclc and in other ways, would account for the decline in many

<-()unties since any such pest would soon be generally distributed over

the State and affect all regions alike. The raising of perfect apples is

attended witli ditticnlty and yields such poor financial returns that the

number of trees in the State has decreased twenty-five per cent, during the

last twenty years, but the decline in the yield has been fifty-five per cent,

for the same period.

There can be no question as to the influence of the forests on the

abundance and condition of the fish in our streams. The presence of

fish depends largely on the constancy and character of the water in the

stream and this is so directly connected with the size and location of our

forests that the relation is easilj^ recognized.
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Early records show that our tishiiiy- industry was very important and

the source of no little revenue that provided the sole support of many of

oiu" citizens. Nearly all of this has passed away, fishing is not now an

established Ijusiness and the food tishes are gradually disappearing from

our streams. It is true that seining, dynamitijig, and other methods of

illegal fishing and stream pollution are responsible for much of this, but

the complete disappearance of many streams and the steady reduction of

others, with the uncertainty of their volume, has been by far the largest

factor in the decline. This uncertain fiow and decrease in volume pre-

vents the stream from clearing itself particularly in the summer when the

dajiger from its pollution is greatest. Such waters are not suitable either

for the homes of fish or their spawning and we must change the character

of our streams if we expect to return to our former conditions.

The present condition of the forests in the State as they appear from

a general examination makes us realize the magnitude of the problem

we are facing. Nothing succeeds like success, and to this might be added

nothing fails like failure. This is exemplified in studying the large tracts

of partially cleared and neglected timber land all over our State. A

great portion of this area is covered with old and ill-shapen trees of valu-

able woods not removed in lumbering and many thrifty trees of wood that

is not noAV considered valuable and. in addition to this, many thrifty-

trees of good timber not yet large enough to be marketable, growing with-

out any care or attention, too isolated to secure for the valuable trees

the benefits of natural pruning that Avould result in clear stems, or to se-

cure for the vicinity the natural advantages of a forest in retaining the

forest litter or influencing the soil, water supply, and to some extent the

climatic conditions. At the same time the trees are too close and afford

too much shade to permit the growth of good grass. The problem is too

complex for the average owner, the whole area grows steadily Avorse and

soon ceases to excite a desire for improvement in the mind of the holder.

The causes of tliis decline in our forests, beyond the legitimate clear-

ing for cultivation, have been many, but the most important of all has been

man's greed and the desire for immediate realization of his lieritage.

This desire has not been curbed by an appreciation of the importance of

our forests to our prosperity. For this educated people, who are conscious

of the many important consequences resulting from the decline of our

forests, are more or less responsil)le.
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Some of the other causes of the forest's decline may be properly con-

sidered in turn.

The greatest foe that attacks our forests is fire. No other destructive

agent leaves us with so little in our hands to mourn over or to form the

incentive for future care and protection. The great destroyer engulfs

eveiything it reaches and we are left with ruined and blackened tields

that indicate the cost of its visit. The loss and danger is two fold: First,

the destruction of old and marketable standing timber that could soon be

converted into cash, and the stunting and scarring of many young trees

that never recovei- or make at most an insufficient growth, in the end to

I)e discarded as poor or unsound timber; second, the loss of forest humus

and of young sprouts and seedlings that represent the working capital

of the farmer or forester. Upon this the hopes of his future profits depend,

and while the loss seems difficult to estimate at the occurrence, it becomes

more manifest as time passes and the fields become simply waste land

covered with herbaceous and shrubby vegetation, scattering noxious weeds

over all the reg'ion and bringing no returns to the owner.

The extent to which Indiana has suffered from forest tires can hardly

be discovered. We have had no historic fires, such as those of Michigan

or Wisconsin, to use as a suitable text for vigorous protestations against

carelessness on the part of farmers, hunters and railroads, but careful

t^stimates show that we ai^e annually losing large suras in this way, and

a little care and foresight would relieve us of this useless waste. In 1880

9(>,427 acres of timber were burned ovei", resulting in an estimated loss of

!i^l30.335, and during that year no unusual fires occurred. This indicates

approximately our annual loss. AA'e should take immediate steps to check

this waste.

Something must be done to secure immunity from tlie great loss we

suffer from browsing animals, which now prevent the reforesting of many

tracts that would otherwise soon naturally gi-ow up to young trees. The

pasturing of our wood lots prevents the possibility of natural increase in

the forest acreage and deprives the forest soil of much of its value from

the destruction of its litter by the stamping of cattle. This can be more

efficiently remedied by securing the cooperation of the ownei- than by

legislation.

The State also loses much from destructive lumbering. A visit to any

of our large timber tracts shows the reckless waste from this cause.

Without any tliought of the future a. tract is cleared of its timber and only
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the liest of the logs are drawn out. Frequently large tops with their

limbs that might be utilized in many ways are left. Small trees or sap-

lings are removed for wood or are cut down in making roads and in clear-

ing and the possibility of early reforestation is destroyed. The debris of

such reckless logging operations remains on the ground to invite destruc-

tive fungi and insects and furnish fuel for fires that otherwise might run

out if the ground was clear or covered with a thrifty growth of youiig

trees.

The marked increase in the numl)er of concerns using small and s.'C-

ond growth timber makes it important that we watch the development of

our young forests lest they, too, fall a A'ictim to man's greed before they

are of sufficient size to be profitably marketed or before plans for system-

atic cutting are inaugurated.

Insect ravages are a source of very serious loss to oin- forests in many

parts of the State. Our records show occasional outbreaks in various

localities and whole forests are frequently denuded. While in the major-

ity of cases this does not at once result in the death of the ti'ee, it does-

produce serious loss in its effect on the reduced growth and diminution

in thickness of the annual riug, that valuable increment that represents

practically the only return to the owner. Frequently deformations and

abortions of vaa-ious parts result from the attack of borei's and other

insects. In most cases it is hardly practicable to inaugurate extermina-

tive measures when any considerable area is affected because of the great

cost and difficulties in treatment, but where local outbreaks occur, due to

particularly dangerous pests like the San Jose scale, and the whole region

is threatened, the State can well afford to cooperate and promptly back

such measures as will result in wiping out the cause of the danger.

A most important and practical precaution to prevent the increase in

insects and fungi is to remove, as far as possible, old stumps and logs,

cut down and convert into wood or lumber dead trees, or remove their

bark, and thus decrease the possibility of the multiplication of the pests

by destroying tlieir iisual and most frequent breeding places.

As far as I have been able to observe, our State has suffered little in

the way of extensive outbreaks in any particular locality fi'om parasitic

fungi, and while a goodly number of species of these destroying agents

may be found in the State, yet they are of the kind that attack veiy old

or dead timber and could be readily controlled by proper attention to the

destruction of their usual breeding places, as was suggested in the case



4Y

of the insect pests. The marketing of timber deteriorating from the pres-

ence of fungi would preclude serious loss.

Of other forest enemies, storms, lightning, snow, gnawing animals, etc..

we have our occasional outbreaks, but none of sufficient magnitude in

recent years to cause serious loss. The destruction frequently resulting

from the first agent could usually be very much reduced if prompt meas-

ures were talvcn to market, as soon as possible, all timber that had in any

way been irrepai*ably injured.

We should carefully guard every avenue of waste. Our inexhaustible

fuel beds should be made, as far as possible, to take the place of the more

valuable timber that is now being used for wood. Many so-called worth-

less and cheap woods could doubtless be substituted for valuable kinds

now generally used and a more accurate knowledge of the properties of

our various woods T)y our wood workers would effect a great saving.

More up-to-date methods of sawing, happily now being lai'gely used,

would also increase our resources.

The importance of our forests to our State should now be apparent.

Their influence on the rainfall secures in time and place results of gi-eatest

1)enetit to all. They likewise influence in a beneflcial way the immediate

climatic conditions, the value of our soil for agricultural purposes and the

production of a satisfactor.v fruit crop. They determine very largely the

number and character of our streams, their importance as water-ways,

and the abundance of food fishes. They are indispensable to floiirishing

manufacturing and commercial industries, thus affecting the distribution

of population. I may also add. we owe something to them for the mainte-

nance of good sanitation and low mortality.

The very much depleted condition of our forests and the danger of

their complete destruction from the forces just enumerated calls for

immediate and vigorous action. This should be along two well defined

lines: education and legislation. The land owners of the State can be

forced to do but little, but by judicious and united efforts a public senti-

ment can be created in favor of the movement and the majority of the

forest owners will join in the efforts to seciu'e practical results.

The State, county and township agricultural associations at all public

gatherings should present forestry topics for discussion, and here, as else-

where, competent persons should present the facts applicable to local

conditions, giving to the farmers simple and practical directions for the

care of their forests and the most economical methods for increasing their
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acreage. At fairs and meetings of associations opportunity is nearly

always afforded for such work. Our teachers should be urged to give

at their gatherings frequent opportunity for the presentation of such

forestry matters as would be appropriate to the occasion. At our agri-

cultui'al college and in connection Avith several of our public educa-

tional institutions coiu'ses in forestry should be given so that our coming

generation of agi'iculturists, teachers and professional men may deal

with our problems in an intelligent way. We need in every community

men trained in forestiy matters who, even though they may not be

actively engaged in forestry work, will be the leaders of public sentiment

and the organizers of movements in the direction of forest care. Some

of these men may in time be encouraged to supplement the work of

tlie State by securing control, at tax sales or in other ways, of suitable

forest lands and managing them in a manner to obtain a permanent in-

vestment, that could be made to yield a reasonable return to their pos-

teritj". In some countries large estates have been left in this way, pro-

tected by proper conditions that would prevent subsequent holders from

depreciating the value of the investment, that, well managed, would yield

a A'ery liberal return.

Although the State does not own forest lands, she should educate her

citizens in this subject for the same reason that she now does in agri-

cultural matters, even though she is not engaged in agriculture.

It is also important that the public schools lend their influence to this

cause In devoting some part of their time to the general study of our

trees and the value of our forests. This need not be introduced into the

curriculum as a regular subject, but in connection with the nature work

in the grades some few matters might be presented and in the high school

a few talks to the whole stxident body each term would accomplish very

much, indeed a simple recognition of the importance of the subje<'t would

greatly assist in securing a hearing with the young. A German proverb

says, "^Aliatever you would have appear in the nation's life you must in-

troduce into the public school, and in not doing this we are missing one

of the most important means of bettering our forestry conditions."

Fortunately one day has been set apart for the consideration of our

forest interests, and the proper observance of arbor day in our State affords

one of the very best methods of presenting this subject to the people.

This day should be carefully observed in every school district in the State

as a holiday and appi-opriate exercises should be prepared for the occa-
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sion. In these exercises the pupils of our public schools should take as

prominent a part as possible by reading suitable poems or presenting

essays on various subjects connected with our trees and forests.

In addition to this there should be presented to the people at these

gatherings a thoi'oughly practical talk by some one trained in forestry

matters on subjects that will reach the farmers, who own ninety-seven

per cent, of the forests, and direct them in improvements and work that

will result in a betterment of our forestry conditions. An effort should be

made to correct the prevailing impression that forestry means the hoarding

of trees. It should be clearly explained that the application of proper

methods would result in inaugurating a system of intelligent cutting that

would bring to the oAvner the largest yearly returns without impairing his

investment. It should be fuxi:her explained that there is no desire to re-

forest land well adapted for cultivation, but rather to cover with forests

the vast ai-eas of brush and waste land, that in 1893 represented thirty-five

per cent, of our total acreage, and that only in this way can these tracts

be made profitable.

The thorottghness witli which the State is settled makes it likely that

this laud is untit for cultivation, and if this could be added to our perma-

nent forests, and these properly managed, our condition would be almo.st

satisfactory. This waste land is well scattered throughout the State, btit

several large tracts are located in Harrison. Parke. Perry, .Tackson and

Crawford counties, and these should, if possible, be secured by the State.

No other line of activity offers as large returns with so little labor as the

reclaiming of these waste tracts. A little tree planting, pruning, and clear-

ing of worthless stoclv for wood to pay the cost of tlie work, and tlie pro-

tection of these trees from forest enemies would soon secure a forest that

would become, if properly managed, a permanent and paying investment.

An especial effort should be made to reclaim all of this land that is

located in any way to influence our streams and if possible restoi'e to tlie

State these important factors in our prosperity.

In some States the results from the work of arbor day have l)een very

important. In New York, last year, the day was observed in 10.2.">1 school

disti'icts. and in twelve years 229.616 trees have been planted. Our State

should not be behind in this matter.

The next important means by which we hope to secure a betterment

of uur forestry conditions is through legislation. The history of forestry

legislation in Indiana at the opening of the last legislature was summed up

4—Academy of Science.
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by au eminent botanist wlio, in discussing the forestry laws of several

States, said of Indiana that she had nothing to offer in this direction.

While this does represent tlie main facts in the case it does by no means

tell the whole stoi*y. A law passed in 1899 exempted from taxation per-

manent forest land containing not less than 170 trees per acre and also

any areas that might be planted to the same number or more, cultivated

a few years and protected from cattle for a stated time. A like exemption

could be secured by bringing land containing 100 or more trees to the same

standard and maintaining it as a forest.

This law has in it much that is good, but the results of its operation

demonsti-ate the difficulty of accomplishing much by legislation without

provision for education. This law was intended to induce owners to secure

a compactness that would make their timber lands forests in all that this

term means to the forester and thus prevent the clearing of land below

the point where it ceased to be a forest and became a woods pasture. The

financial consideration was not enough to attract any veiy large number of

people and the farmer was not made to see the beneficial effects of the

forest so preserved or the possibility of their management to seeiu-e profit-

able returns. Further no attempt was made to direct the owner in his

efforts to bring his depleted forests to the standard where exemption could

be secured and consequently the total acreage was not increased. But

284 exemptions, including 5,312 acres, have been secured in the whole

State.

The law passed by the last legislature seems to be a wise one in that

it places the forestry matters of the State in charge of a properly organized

board with authority to make all desirable recommendations for the regu-

lation of our forests. The last legislature deserves our special commenda-

tion in its taking the fir.st official step and establishing a board of for-

estry. I am certain that this boai'd will receive the hearty support and co-

operation of the Academy of Science and of the public spirited citizens

who have for many years pea'sistently urged attention to our forestry in-

terests and thus have opened the way for forestry legislation. To secure

any permanent benefits additional laws must be enacted, whenever such

as are suitable to our local conditions are suggested, and the campaign of

education inaugurated must be pushed by all friends of forestry. Had the

State adopted any radical legislation without the thorough study of the

situation within our borders it might have resulted in a misfit, since only

those forestry laws are really effective that are based on the exact needs
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of a locality. Additioual legislation must follow investigatiou and not

precede it.

What it is possible to accomplish by forestry legislation may be dis-

covered by an examination of the legislation in those States that have done

most in forestry matters. A few of these States have Avorked out prob-

lems vei-y similar to those that now confront us and from them we may

learn much. In New York, as the pioneer in this country, the legislation

has developed as the result of experiment and investigation with the single

purpose of preserving to the State its valuable forests. The State first,

in 1885, secured control of cer1:ain large tracts of virgin forest and placed

the management of these in the hands of a forestiy commission. This

commission was given charge of all forestry matters, including the collec-

tion ajid dissemination of information, the care of forest fires, the re-

forestation of new lands, and, in fact, was the custodian of the State's

forests. This board has been several times reorganized, until the men who

compose it are each charged with the responsibility of a certain part of

the State's worlv. The remuneration is sufficient to obtain thoroughly

competent persons for each department and thus secure a businesslike

service. This board has expended more than $3,000,000 in the purchase

of forest lands of the Adirondacks. With it all they have wisely guided

public sentiment until the people are wholly in sympathy with the woi-k

and are proud of their foresight in saving to the State so much that is

vitally connected with its prosperity. In addition to this New York has es-

tablished a school of forestry that has already axi-complished much toward

solving many problems peculiar to American forests. It is fortunate that

New York has been so generous in conductmg her experiments on such

a large scale, for the outcome of this will he of incalculalile aid to otlier

States which have the same problems to face. We can not copy European

forest methods and hope to secure the greatest efficiency in our forest

work. Principles are valuable but the methods of their application must

vary.

In Pennsylvania the history of forest legislation shows the usual re-

sults. Failure to fix responsibility and to arouse public sentiment made

the law lnoi>erative, but in 1897 the people were stirred to action, forest

fires were promptly put out and the State has established forest reserves

by retaining the land that came to it from the nonpayment of taxes and

in condemning for that purpose suitaljle tracts at the headwaters of her

principal streams. Laws relieving forest land owned l)y farmers from
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taxation has done much to encourage tree planting, and what was missed

in our own law has been secured here by educating the people to a

Idealization of the importance of immediate action.

The States of New York, Pennsylvania, Wisconsin, Minnesota and

Michigan, representing the most advanced position in forestry matters

and in accord with the best judgment of the foremost forestry experts in

the United States, have recognized the importance of the State in the

control of her forests and the dangers of leaving an industry so vitally

connected with the prosperity of her people wholly in the hands of private

parties. The aim of the most rational forestry legislation should be to

permit the State to obtain control of large tracts, located suitably to

influence the head waters of our streams and our agricultural interests

and secure permanency to our lumber industries, and then place the man-

agement of these in the hands of trained foresters who would secure from

them a financial profit to the State in addition to maintaining their highest

efficiency as forests. Then the maintenance of smaller tracts that may

be acquired from the nonpayment of taxes and adding to these, as occasion

presents, lands not especially suited for agricultural pui-poses. This

policy, in those States where its effects have been observed, has -received

the universal support of the people. Depredations interfering with the

best development of the State reserves can be controlled by positive legis-

lation that will fix responsibility and punish the guilty. Foi-est thieves,

fires, browsing on public lands, etc., could all be controlled ^ath ease.

In whatever is done the State must take its citizens into its confidence

and be prepared to defend each policy or line of action by careful figures

based on facts secured from the local conditions. The State should like-

wise avoid anything that savors of a monopoly in this enterprise and

should in every way encourage private capital to cooperate in the work.

It would doubtless be out of place at this time to make suggestions for

radical legislation since the present forestry board will no doubt soon have

plans along this line based on the very careful study of the local condi-

tions. I wish, however, to commend to the consideration of our legislators

the very comprehensive and rational law before the Michigan legislature

last winter. This in my judgment is the most perfect plan of forestry

legislation that has been presented in this counti-y. This bill was prepared

by a foi'estry commission appointed in 1899, and was based on the needs

as discovered from a study of the conditions.
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The organization of the tire warden force is most complete: it phices

responsibility carefully and makes the expense of fighting tires fall largely

upon the counties in which it exists, and if any negligence on the part of

the warden is discovered the whole burden falls on the county in which

he is shown to be remiss. A series of State reserves are to be established

in suitable localities where land can be secured from that which has come

to the State because of the nonpayment of taxes. The entire management

of these forests is placed in the hands of the commission, and they are em-

powered to appoint a trained forest warden, with assistants, who will

have the immediate management of these lands and bo responsible to

the commission. Appropriations are made for the work, and evei'y phase

of it seems to be covered by carefully drawn and very comprehensive

legislation. While the laws are based largely on those of New York, they

contain a few improvements, and in some respects they might be safely

adopted bj- our own State as more applicable to our conditions. Certain

details of the laws in many States are very valuable. l)ut the aim of our

State -should be toward practical results and not to experiment with any

plan unless it has proven to ho applicable to many cases and might be

effective in our own. The i)eople must be shown the wisdom of each step

and this will make our forestry work easy.

A word of caution in connection with the subject of legislation may not

be out of place. Great care should be exercised against the possibility of

excessive exemption from taxation or the raising by tax of money to pay

premiums on forest plantations, else the burden will fall too heavily on

our agricultural regions that are not fortunately located for forests, and

result in a prejudice against any forestry legislation. While such legisla-

tion is a gi'eat incentive to forest attention and does stimulate a healthy

interest in forest matters, it must not be too liberal or continued beyond

a period when its educational efifect is desirable, since practical forestry

is a profitable occupation and should stand on its own merits. True some

farmers haVe tried it and failed, so have they tried farming and not met

with success, but long experience with forests under many and varied

conditions has demonstrated the success of the plans, and there can be no

question as to its outcome in our State. The problems that confront us

in Indiana may be briefly stated as follows:

1. Preservation of our forests now located on lands that are not

suitable for agriciilture and the management of these tracts so that their

productiveness will be permanent.
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2. The reforestation in the most economical way of similar lands,

now denuded, and securing for them the very l)est management possible.

3. The maintenance of such other tracts as may be necessary to secure

the proper protection to our agricultural, commercial, and sanitary

interests.

4. The securing of all needed legislation that will place our forestry

interests in the hands of competent persons and supporting them by all

authority necessary to secure wise management and permanency to the

proper conditions.

As bearing upon the direct solution of these problems I may be per-

mitted to make some specific recommendation.s. The State should estab-

lish forest reserves in different sections whei-e at the public expense pe-

culiar problems connected with each locality could be worked out by

experts in charge and plans presented that would be sufficiently profitable

to induce private capital to engage in the undertaking. It is further de-

sirable that the State follow the plan already inaugurated in this country

and establish in connection with one of our State institutions a school of

forestry where our people could be trained in this branch of industrial

activity and where the forestry interests of the State could be centered.

But in all of these matters the intelligent support of Indiana's best

citizens is solicited and it is only with the hearty cooperation of every

one that anything worthy of our great State can be accomplished.

Many fascinating fields for work and investigation along these lines

are opening in Indiana, and it is hoped that our scientific friends may be

induced to cooperate with our State board in these matters.

CORKELATION OF FORESTRY AND THE SCIENCES.

W. H. Freeman.

Forestry as the science of promoting and fostering the forest area by

preservation and cultivation has a significant correlation with the more

prominent sciences of geography, zoology, engineering, manufacture and

government.

This as a fact is beyond questioning, but the ways, manner and extent

of the correlation are not generally known, nor have educators, especially

in the United States, given it merited consideration. There are excuses for

this. Educators and the people generally are not to be censured for this



55

lack of attention in the preservation and cultivation of forests, even for

their own good aside from the good of science. Forestry is a subject of

very recent agitation in America and especially is it so in Indiana, but it

is growing steadily.

President Roosevelt voices this condition of the knowledge of forestry

in the opening sentence of his message bearing on the subject. He says.

"Public opinion throughout the United States lias moved steadily toward

a just appreciation of the value of forests." Trusting that you all are

familiar with wliat he says about forestry in his message, I shall, express-

ing my appreciation for such eminent recogiiition of it, pass to the dis-

cussion of the connective phases mentioned at the beginning.

Forestry as a science issue, it seems to me, is far-reaching in its

influences. I think with consistent reason it can be shown that there is

scarcelj^ an industrial or intellectual life which forestry does not affect

directly or indirectly.

Geography and forestry are closely connected in matters of climate,

drainage and surface contour. Forests by their presence have marked

influences on climate in governing the phenomena of temperature, moisture

and storms. It is asserted by students of the subject that the denudation

of forests is the cause <ff the growing extremes of temperature, violent

atmospheric changes, changed precipitation, moisture waste through

heightened evaporation and the unhindered flow over tlie surface to the

streams.

The arguments are: First, the forest foliage, as a transpiratory agent.

is a great source of moisture to the atmosphere; second, the foliage by

its shade prevents the sun's rays from striking the earth's surface and

thus prevents evaporation; third, the forest litter, humus and roots, col-

lect, hold and store the rainfall for the gradual and constant resource of

water for streams and springs; fourth, the lack of forest litter, humus and

roots permits the rainfall to flow quickly over the sm-face to the streams

and away, thus facilitating the diying up of springs and streams and re-

stricting the climatic agents.

In addition to the facts stated above, deforestation means the uninter-

rupted sway of the Avinds to carry destruction with them and allows the

^un's rays unbroken to overheat the surface and cause abnormal atmos-

liheric conditions resulting in violent storms.

I need only to remind you that the climatic equilibrium is different

from ten years ago. The temperature extremes for the year 188G were
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101 and 25. In 1S9G they were 103 and 22. More frequent storms of de-

structive character occur throughout the summer, and the fall and lay of

snow is not so constant as formerly. I am not prepared to say that the

annual precipitation is much less than before deforestation, but believe the

almost certain annual drouth is heightened because the rainfall is not con-

served to the soil because of the conditions before mentioned.

Foresti*y and drainage are reciprocal. The surface drainage is changed.

No one rationally doubts it. It is contracted generally, more quickly si>as-

modic in overflow and becoming more intermittent. The streams In for-

mer times under conditions of dense woods contained water all the ye:ii-

round. The rivers dammed by fallen trees and drift prevented the hasty

escape of the water from their beds. But now the drifts are gone and

for the greater part of the year the streams are stagnant and dead. This

is true, especially of the Pigeon, Eel and Wabash rivers. Many of the

lakes have shi'unken in area and the small creeks and streams no longer

exist.

The same causes answer for these conditions as for the climate; les-

sened transpiratory agents, increased facilities for evaporation, aided

escape of the rainfall and destroyed storage conditions.

The unhindered flow of the rainfall over the surface correlates for-

estry and erosion. Erosion is altering in many places, to a considerable

extent, the contour of the State and resulting in serious damage to the

streams. Tlie surface is being gullied and the soil carried into the streams

and springs, thereby clogging and filling them up.

This devastation of the streams relates forestry and zoology. The

congestion of the streams with the erosive sediment filling up the deep

holes and the intermittent flow are destructive to the propagation of many

of the fishes. The drying up of the deeper sloughs and swamps is extermi-

nating the mollusks and crustaceans. The same may be said of every

other water-inhabiting species.

It may be argued that in many instances it is well such is the case,

but for science it is not good.

Forestry and ornithology are mutually related. The destruction of

the forests means the destruction and extinction of many of the birds.

Trees are the natural homes of most of our beautiful birds. It is in the

forest that they nest and hatch their young. The larger food birds of both

land and water habitations are almost entirely extinct in this State. The

same is true of many of the finest species of plumage and song birds.
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All these facts so far given, you may say, are not because of forestry,

but from the lack of It. It is sacllj' true, and forestry at best can not

hope to retrieve, but it can, if properly conducted, nourish the neglected

condition and foster the remnants. The science of engineering and for-

estiy are mutually affected, as is also manufacture and construction.

-

"Timber physics" is the term applied to these relations. Forestry in its

most complete development should strive to make known the properties

of all timbers used for purposes of engineering, manufacture and con-

struction. This knovrledge should be extended to cover the properties of

timber structure, physical conditions of growth and mechanical qualities.

To be of value the tests made should be of the largest number, speci-

men and physical limitations. A definite knowledge of these and their

relation to the mechanical properties will be of inestimable value to users

of wood in the lines of work mentioned.

Since we are beginning to plant forests, the production of wood merely

is of the smallest consideration, but to produce at the same time quality

of wood is the thing to be considered. It is the endless variability in tim-

ber physics that has kept it in the background, but I believe with the

thorough inauguration of systematic forestry it must come to the front.

It is a Avell-known fact by all who have to handle wood in constructive

connections that our knowledge, technically, of wood properties is very

unsatisfactory and has resulted in untold loss in every conceivable manner.

In matters of forestry and government there are to be found at the

present time some of the most scientific problems for legislation and con-

trol. The management and control of the United States forest reserves

against depredations of cutting, grazing, cultivation and fires, and the

problem of irrigation and irrigation reservoirs for the reclamation of the

arid sections of the Middle West from regions of desolation to areas of

life, industry and prosperity involve ditficulties of interstate significance

and large public interest.

In closing, I say it seems to me the points discussed are some of the

ways in which forestry and the sciences are related. As "scientific, like

spiritual truth, has ever from the beginning been descending from Heaven

to man," so let it continue, and remain for science to substitute facts for

appearances and demonstrations for impressions.

Facts in all these, definitely ascertained and generally disseminated

and taught in the schools, will rebound in lasting good to an energetic

people. This means for Indiana. The saying, "We hail science as man's
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truest friend and uoble helper" was never more applicable than now and

at home. 1 appeal to you as men of science to lend a helping hand and

bring forth the truth to a receptive humanity.

Relation of Scientific Organizations to Manufacturers.

R. B. Polk.

In looking over the constitution and by-laws of this organization, I

find stated among its objects the following: "To assist by investigation

and discussion in developing and making known the material, educational

and other resources and riches of the State. To arrange and prepare for

publication such reports of investigation and discussions as may further

the aims and objects of the Academy as set forth in these articles."

Being identified with the manufacture of certain food products, and

being a member of this organization, has induced me to give some thought

to the results which might be produced if there could be consummated a

closer relationship between this society and maniifacturers. In suggest-

ing that a movement of this kind be inaugurated, I am taking it foi'

granted that the paramount motives of this organization are for the en-

lightenment of the public at large, and the advancement of science in

general.

It is a fact that there is a certain amount of prejudice on the part

of manufacturers against scientists, which I believe to be directly due to

a lack of understanding and cooperation. There is, in fact, too much an-

tagonism between manufacturers and our health officers. This is, per-

haps, due, to some extent, to impractical and incompetent men being

placed in these positions. It may, indeed, be laid in some cases to the

fault of the laws they are trying to enforce. And. though I whisper it.

it may be due to a desire on the part of some manufacturers to use

fraudulent methods in the sale of their goods.

It is a belief too primaiy to question that science in the hands of

men of genius has been directly responsible for nearly all great improve-

ments in the production of pure foods. We have to but mention such

names as Appert, Pasteur, Liebig, Hansen, Jorgensen and others and

investigate tln-ir woi-ks to substantiate this assertion.



59

There have recently been some efforts made on the part of organized

manufacturers of food products to utilize the services of some chemists

-and bacteriologists to solve certain scientific problems bearing on processes

for canned goods. All such efforts have, however, been spasmodic and

have been dropped; the results thus being minimized. I believe that

wliat is needed to produce real results is quiet, persistent effort, and I

think necessarily on the part of an organization.

There are three ways in which manufacturers have need of organized

scientific aid: First, in the practical work of production; second, regulat-

ing our food laws; third, in educating the public to the use of pure foods.

and to the fact that such goods can not be produced as cheaply as adul-

terated ones.

While it is necessary for the manufacturer to understand the mechan-

ic;il details and general processes of his factory, it is impracticable for him

to become an authority on the obscure scientific details. The ordinary

farmer will not leave his work to investigate the mineral constituents of

certain plant cells, however great the scientific value. The brewer does

not care to know whether or not the bacteria which sours liis product is

spore forming, so he has a metliod of keeping clear of tliem. The baker

<loes not care what particular variety of yeast he uses if he has the

right one, and it is pure enough for practical uses. Yet, the foundation of

his business depends upon the separation and purity of the yeast he em-

ploys. The canner will not investigate what action sulphite of soda will

have on tin until it has cost him $60,(XtO in one year, as was experienced

by a packer a few years ago. Thousands upon thousands of dollars liave

l>een lost because such facts as these have been unknown. In fact, the

field is so broad that work in many departments of an organization would

bo necessary.

There is, and has been, great need in our States of a som'ce of un-

prejudiced authority on tlie sxibject of foods which could lie referred to

in framing laws. Legislatures are fickle. Health officers are subject to

political cliangp, which makes the interpretation of the law subject to

"change without notice." I am not presuming that it is the scope of this

society to become a political factor, but had it been operating on the lines

I have suggested it would only be a natural sequence for it to become an

advisory authority for lawmakers as well as manufacturers.

In order to show some of the uncertainty the manufacturers have to

deal with. I will read extracts from two different letters. One from the
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Food Commissioner of Pennsylvania, the other from the Chief Chemist of

the AgTicultnral Department, Avhich is in answer to an inquiry made by

a chemical honse in New York. The following is from the Food Commis-

sioner of Pennsylvania:

•'A number of manufactnrers of 'catsup' have represented that the

strict enforcement, at this time, of rule No. 12. of the decisions published

in Bulletin No. 30, by this department, so far as it relates to catsup, will

seriously injure their business. They state that the catsup for next year's

trade was manufactured before the rule referred to was issued and that

the goods now contain a preservative. Icnown as benzoate of soda, the use

of which is prohibited under the law. Whilst rule No. 12 does not abso-

lutely prohibit the use of preseiwatives in food, it does fix the responsibility

upon the manufactiu-ers of showing that a preservative is necessary, and in

case of doubt as to its effect upon the health of the consiimer, of showing

that it is not injurious. Before strictly enfoi'cing any new law, or new

ruling, the Daily and Food Commissioner has always given manufacturers

and dealers reasonable time in which to be heard, and. if necessary, to get

I'id of adulterated goods already on the market, and this is in recognition

of the fact that all reputable manufacturers and dealers desire to comply

with every lawful regulation of trade for the protection of the public

health, and only need to know what the law is, and be given reasonable

time to adjust their business to its requirements. In order, therefore, to

give time for the proper settlement of the points at issue, the enforce-

ment of rule No. 12, so far as it relates to the use of a moderate quantity

of benzoate of soda in catsup, is siispended until opportunity shall be

given manufacturers to make clear the fact that its use is necessary and

not injurious to health. A meeting will be arranged for in the near

future, at which all who are interested can have opportunity to be heard."

It seems that the theory of the law has been reversed in this case

by holding a thing wrong until it is proven right. This letter is practically

a retraction, and it is very evident the law was passed without fair

inv<^stigation.

The following is from a chemist, which was written in answer to a let-

ter from a chemical hoiTse which manufactures carmine:

"I am in receipt of your letter of the 3d inst. relating to the classifiea-

tion of carmine. I appreciate the position in which you are placed, but

do not consider that it would be permissible to class carmine with vege-

table colors. Of course, it is not a coal tar dex'ivative and has never been
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alleged to be injurious except when used in the form of a tin lake. Strictly

speaking, however, as I said before, it is not a vegetable color and I

should not be inclined to class it as such. It is unfortunate that there is

so large an element who regard all vegetable colors as harmless and all

<>thers as objectionable."

You will notice from these letters that it is almost impossible for the

manufacturer to get definite lines to work to.

To kill an evil we must get at its head. The greatest excuse for

adulterated goods is that the public wants something that looks nice, and,

above all, something that is cheap. As long as this demand exists, it

will be satisfied. It is true we have laws requiring adulterated goods to be

labeled as such, but they are juggled with to such an extent that they con-

fuse the public all the more. While these requirements are in force con-

cerning the labeling of adulterated goods, there is no stamp of approval

provided for the pure food, and, the consuming public being unacquainted

with the label requirement, has to take the manufacturer's word for it.

Laws regarding adulterated foods are necessarily technical. Tech-

nicalities can not reach the spirit of a manufacturer, though he may com-

ply with their literal requirements. Foods may be and are prepared un-

der the most tilthy and unsanitary cduditions. yet till the technical i-e-

((uirements of the law.

How much greater the incentive to a manufacturer if he could have

his goods and methods inspected and receive suggestions from an un-

prejudiced organization, which, by its researches, had become thoroughly

competent.

I believe the State of Indiana could not make a greater move in favor

of pure foods and benefit the public more than by delegating power to

the Indiana Academy of Science, if it were willing, to place on goods which

liad passed its inspection, its stamp of approval. While the public should

be protected, tlie manufacturer should be encouraged. In conclusion I

wish to say that the needs which I have tried to present are real and not

imaginary. While there would probably be considerable apathy on the

part of some manufacturers in cooperating with this movement, those

who are really interested in the quality of their products will greet a

movement of this kind with their enthusiastic support.
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Mounds AND Bcrial Grounds of Bartholomew County. Indiana.

J. J. Edwards, M. D.

It has repeatedly been stated that there are uo artificial eariliworks

or mounds within the coiinty which may be ascribed to a prehistoric race.

After investigation and numerous inquiries we sum up the data thus ob-

tained and offer it for what it is worth to the student of archaeology:

1. A circular mound sixty feet in diameter and about three feet high^

but by cultivation now almost level with the surface of the field,

is situated on the farm of Henry Blessing, in Wayne township,,

section 1, township 8, north, range 5 east. Some years ago it was

explored and five skeletons were found, besides numerous stone

implements. Many articles of stone, together with fragments of

bones, have since been obtained. A man named Sam. Clark found

an entire skull, which he used as a "drinking gourd." This mound

is one and a half miles northeast of Wailesboro.

2. There is a small circulat mound on the Lloyd Moulridge farm, two>

miles west of Cox's Crossing, in Columbus township, in section 34,.

township 9, north, range 5 east. Mr. Oscar Lowe informs me that

several skeletons and relics have been unearthed here. It has not

been systematically explored.

3. There is a small circular mound just north of the .Tackson and Bar-

tholomew county line and south of the farm of Eli Marquette. It

is situated in a strip of woodland east of the highway which runs

southeast from Jonesville. and is in section 16, township 7, norths

range B, east. I do not know if it has been explored.

4. While opening the Wailesboro railroad gravel pit a large skeleton was

exhumed. Beside him were buried several relics of stone, among

which was a beautiful gorget of polished striped slate, now in my
possession. It is different from, but more neai'ly resembles, the

gorget figured as 130, page 118, of the thirteenth annual report of

the Bureau of Ethnology (Washington, D. C, 1891-92, published

1896,) than any I have seen figured.

5. In 1901, on opening a gravel pit just north of Wailesboro. in section 12,.

in the angle formed by the pike and railroad and north of the

crossing, a human skeleton was unearthed, but no relics were

obtained. This was about one hundred yards north of the place

where the large skeleton above referred to was exhumed.
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6.^ There is a mound loeatecl on tlie Pence farm, on Flatroek River, Flat-

rock townsliip. two miles northeast of Clifford; explored by Dr.

Arwine in 1898. Bones, ashes and arrow-points were found.

7. There is a mound one and one-half miles east of the last mentioned

(No. 6) on James Hagar's farm. Never explored.

8. Burial place on farm of James Remy, near Burnsville. See eleventh

Geological Report, 1881, page 204.

9. Bones have been taken from the Remy gravel bed, near BurnsAille.

Ibid.

10. Bones have been taken from the Hacker burial place. Ibid.

Microscopical ()R(;a.\is.ms Found in the LaFayette (Ind.)

Reservoir.

Severance Burrage.

The reservoir of the city of LaFayette is located in a park on Oak-

land Hill, the highest point of land east of the city, with an altitude of

about two hundred feet above the level of the Wabash River. The reser-

voir itself is built up above the surrouhding land level, and the survey

head of the reservoir is given as two hundred and thirty-two feet. The

reservoir is not quite two hundred feet square, has a depth of twenty-

eight feet, and a capacity of four million two hundred thousand gallons.

The water with which this reservoir is supplied is obtained from the

regular city supply wells, wnich are driven forty or more feet into the

bed of the Wabash River. The water from these wells is remarl^ably

pure and free from organisms. A recent bacteriological analysis showed

but one germ to a cubic centimeter, and a microscopical examination was

a complete blank. Of course, this remarkable purity is at once lost when

this water is pumped up to the reservoir and exposed to the air and sun-

light.

It is the purpose of this paper to give a census of the micro-organisms,

exclusive of the bactei*ia, found in this reservoir water, the figures being

obtained from twenty microscopical analyses, covering a period of five

years:
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Maximum number Average Percentage

in any in of

Diatoms— one sample. all samples, occurrence.

Asterionella 8,700 271.8 60

Cyclotella 2,500 129.5 50

Diatoma 600 10.9 30

Navicula 3,100 108.6 75

Synedra 135,400 18,766.6 100

Pinularia 200 3.8 25

Cocconeis 600 15.4 25

Gomplionema 100 0.9 5

Meridion 100 0.9 5

Cocconema 300 8.1 20

Melosira 4,200 47.2 10

Fragilaria 300 4.4 15

Nitzschia 50 0.4 5

Tabellaria 50 0.7 10

Algae—

Chaetopliora 100 5 5

Oedogonium 100 5 10

RaphidiUDi 50 0.4 5

Protococcus 100 5 5

Scenedesmus 2,800 671.4 20

Fungi—

Orenothrix 4,400 106.4 35

Beggiatoa 1,200 90 10

Infusoria—

Dinobryon 64,000 6,546.6 90

Peridinium 28,900 1,031.8 50

Urogleun 800 75.3 25

Rotatoria

—

Anurea 500 126 25

Polyarthra 100 5 5

Crustacea-

Cyclops 10 0.6 15

Total number of species represented. 27.

Particular attention is called to the three forms, Uroglena, Asterionella

and Dinobiyon.
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The eoloiiy-liuihliiiii' infnsorinl form UrofiJrun has appeared in the water

of the LaFayette reservoir rather regularly in the summer mouths since

189G. and has been the cause of much annoyance to the water works offi-

cials. At such times it has imparted a very disagreeable odor and taste

to the water, leading- many consumers to complain that there were dead

tish or eels in the pipes. In the summer of ISilS it became necessary to

have the water completely draAvn off from the reservoir in order to thor-

oughly cleanse it and get rid of the I'roglena. There has been no serious

trouble since that time.

The star-shaped diatom Astrrioiiclln. although occurring in considerable

numbers, has not. as far as known, caused any noticeable effect on the

odor or taste of the water. Yet this is the organism which has so often

given the characteristic geranium taste to many eastern water supplies.

Another infusorial form, Dinohryou. is present in the water of the

reservoir in large numbers at the present time. Should this number in-

crease to any great extent, we may expect to have a fishy odor and

taste imparted to the water.

Aside from these three above mentioned forms, the organisms found in

the resei'voir have practically no effect on the odor or taste of the water.

Physical Observ.ations of the Planet Mars at the

Opposition of 1901.

W. A. CogSHALL.

Observations of the last opposition (if .Mars were made at the Kirk-

wood Observatniy of Indiana rniversity from the time the twelve-inch

telescope was in pl.-icc early in I'cliruary. till late in May. The observi-

tions consisted mainly in drawing the surface markings and were car-

ried on nearly every good night between the dates mentioned. The draw-

ings submitted lierewitli were all made between February l."i and May 1.

Drawings of two different observers are included in the series, part being

by Professor .1. A. ?*liller. and part \<\ xhv wriier. \^'here the draAvings

of both for the same night are placed together they are generally marked
by the proper initials. In all this work the drawing was done as inde-

pendently as possible, neitlier looking at the other's drawing until liotl;

were complete. It will lie seen that in every case the markings drawn

are essentially the same, although the drawings vary slightly both in

detail and in the location of the dark areas. Dr. Miller almost always plac-

ing the dark regions of the southern hemisphere somewhat farther ta

the soutli tlian did tlie writer.
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This opiiosirion w.-is not iiciirly so f:i\(ir;il)l(> to tlic observation (tf sur-

face cliaracferisties as some in tlie past, as .Mars and rlie <'artli were so

situated tliat at the time ol' opposition INIars was at his greatest distance

fi-(un tlie sun, wiiile tin' earth was at its least distance, thus making the

distance between .Mars and the eartli almost a maximum. So great is the

eccentricity of the planet's orbit that this distance at opposition may vary

from thirty-live million miles to over si.xty-two million miles. In this

ease it was near the latter limit, the nearest approach being on the 22d

of F'ebruary.

This oi(posiri(jn was also somewhat unfavorable if we compare results

with those ol)tained in 181)2 and ]s;)4. in that the southern pole of the

l>lanet which was at that time turned toward us. at this opposition was

turned away from us.

The large dark areas on the planet are mainly in the southern hemi-

sphere and are the most easily seen of anything on the surface except the

polar cap. It will be observed that there are also large dark areas in the

northern hemisphere, but these, for the most part, ai-e very changeable,

both in size and shape and intensity, indicating probably that they are

really water and that the change is purely seasonal in character. One of

the most conspicuous markings on the planet at the time of opposition was

the great polar ice cap. It will be observed that the early drawings all

represent this feature as large, and the brilliant white color made it stand

out in a very conspicuous manner against the yellow and red of the rest

of the surface, while, toward the end of the series, the cap has diminished

in size so as to be easily overlooked altogether. It will also be observed

that the ice cap is represented Avith a dark fringe surrounding it. that

this fringe follows the edge of the cap as it melts away, and that at the

same time the dark areas near this pole become much enlarged and much

more intense in conti-ast with tlie liriglit yellow of the disk. This tends

to show that these dark patches are really Avater and as the polar snows

melt, the water runs out over the comparatively level surface in great

pools.

A few of the numerous so-called canals are shown. As to .lust the

character and origin of these objects there has been a great deal of dis-

cussion. Their reality was even questioned for some time after their dis-

covery, but of that there can now be no doubt at all. These canals were

first seen by Schiaparelli in 1877, and from that time till the present they

have been a constant source of perplexity. The same observer shortly
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arterward announced that at certain seasons these canals appeared to )>e

doubled, and the same thing has been seen many times since, although as

yet there is no really probable explanation offered. It has been supposed

to be an optical effect by some, and due to atmospheric causes by others,

and by some it is thought that the canal is really double. This doubling

is shown in the drawing made on April 7.

As the rotation period of Mars is about thirty-nine minutes longer than

our day, by looking at the planet at the same hour on successive nights

we will see any particular marking shifted to the right from the center

by about 10 degrees Martian longitude for each night. We are therefore

able, in the course of about tliirty-eight days, to view the whole surface

by looking for a short time each night, and the rotation is sufficiently

rapid so that even in the course of three or four hours the amount of

new detail brought into view is large.

In the drawings of February 15 the most conspicuous part of the whole

disk is the great northern ice cap with a large dark area bordering it.

The dark band of color across the southern part of the planet is a portion

of that great area, supposed at one time to be water, and near the center

of the disk are two of the so-called canals, which, on this night, could

be followed only for a short distance.

In all these drawings the contrast lietween the light and dark parts of

the planet has been drawn greater than it really appears, so that the

drawing would reproduce better. The outlines have been made distinct or

hazy as they appeared, but the dark parts of the planet are not so dark

generally as shown here.

By comparing the drawings of February 1.5 and those of February 20,

the eastward drift of about ten degrees per day, mentioned above, has

brought into view a very dark and conspicuous marking which will be

found a number of times in the drawings of later date and which was

always connected with the dark area about The pole by a well defined but

Irregular dark mark best slioM-n in the drawings of the early part of April.

This was the first real detail ever seen on the planet and was dx-awn by

Huyghens in 1659. It has probably received more attention from observers

than any other part of the planet. This dark line, with many more, from

the polar seas leading toward the equator naturally suggests that the so-

called canals do really carry away the water resulting from the melting

snow. As they are about thirty miles wide, it has been suggested as

more probable that they are really strips of vegetation bordering the

5—Academy of Science.
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canal proper, and it is also prol)al)le tliat niuob of tlie dark belt coveriug

the greater part of the soutlieru liemispliere is due mainly to vegetation.

These areas deepen in color very decidedly at aliout the time the water

would reach them if it were really conducted from the poles to the equa-

torial regions in the canals, and after the ice cap is all melted and no evi-

dence of other water supply is visible, these areas again turn lighter in

color as if the vegetation dried up or died.

Some of those who have done the most in the oljservation of the planet

aj'e of the opinion that the extreme regularity and geometric exactness of

the canal system indicate that it is artiticial in its origin and it is only fair

to say tliat this is the appearance of the planet when seen to the best

advantage. While tliis idea leads to the conclusion that there is or has

been some sort of intelligent life on Mars, yet the canal system (Ije they

real canals or something else) has as yet no other explanation which we

can consider at all possiljle. If we assume the existence on the planet of

some sort of intelligent life, a canal system such as we see would be

essential, as we can see no storms and but very few clouds, the whole

water supply being apparently the melting polar cap.

On the other hand, it is possible that the polar caps are not ice. liut

some other material which will vaporize in the Martian sunlight and

solidity during the long polar night. Unless Mars has some source of

heat which the earth has not, the temperature, even at the best, must be

far below that experienced at the same latitude on tlie earth; and as the

atmospliere is not more than one-half as dense as ours this difference in

temperature is greatly intensified. It has been suggested that the caps

are solidified carbon dioxide and we can not say that they are not. The

most that can l)e said for this theory is that carbon dioxide will act that

way at a low enough temperature, but it fails to explain in any degree

the seasonal changes in color, and suggests no use or origin for the marks

called canals. The ice theory accounts for everything but the temperature

to melt it.

Consequently, the climatic conditions on Mars, tlie pliysit-al charac-

teristics of its surface, its liabitability and inhabitants are still open ques-

tions upon which much time and labor must lie expended before we can

say much altout them with certaintv.
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A Problem ix Geometry.

J. A. Ceagwall.

TO CONSTRUCT A SQUARE THAT SHALL BE ^ OF A GIVEN SQUARE.

The method given below can not be new, nor does it involve any new pro-

cesses or discoveries; but in all the textbooks examined by the writer no mention

has been made of such method.

It is here given because of its simplicity and directness, in the hope that

some teacher will consent to lighten the work of the pupil in geometry to that

extent. The construction is as follows:

liCt ABCD be the given square. Lay off

on one side of the square, as AD a distance

DE equal to ^ of AD. Then, CDEF is a

rectangle with base equal to a side of the

square and altitude t, of it. Then CDEF is

M , ,

-j^ ot the square ^ow construct a Hjuare

equivalent to this rectangle and we have a

square that is —- ot the given square.

Some Investigations in the Electro-Deposition of Platinum.

J. A. Cragwall.

When the work for this paper was begun, it was with no intention

of making any study of the deposition of platinum, l»ut to obtain a foil

that could be used to separate an electrolyte into two compartments and

at the same time to set up no barriers to the passage of a current of elec-

tricity; it was thought that in this way some new light might be thrown

on the subject of the migration of ions. Not being able to secure plat-

inum leaf thin enough for the purpose, an effort was made to make it by

depositing platinum electrolytically on some metal that could afterwards

be dissolved and leave the platinum intact. The work proved of greater

proportions than was anticipated, so that the limited amount of time

would only permit a partial investigation into the action of the electrolyte

and the character of deposit. The available literature on the subject was



very meager, the bibliography of the deposition of metals giving very little

light.

Dr. AYilliam H. AVahl. of Philadelphia, has written a pamphlet which

deals with the subject qualitatively and in a rather indefinite manner. In

the investigation several problems presented themselves for solution,

among them being the following:

I. The metal that shall be used for the cathode;

II. The solution of platintim to use for electrolyte;

III. The current density that gives the best character of deposit at the'

most rapid rate:

lY. The concentration of solution tliat gives best results;

V. The temperature that gives highest efficiency and best character of

deposit:

VI. If the foil is porous or granular, the way to treat it so as to remedy

the defect and get a dense, tough deposit;

YII. The liquid that will dissolve the metal of the cathode and leave the

platinum foil intact.

Most of these problems are very closely related, so that results for

several were sometimes obtained from the same set of experiments.

On accoimt of the smooth surface it will take, the ease with which it

may be dissolved, that it Avill take a deposit of another metal so readily,

and that it can be rolled into thin sheets, copper seems the best metal for

the cathode. The anode, of course, should be platinum, carbon or other

substance that will not be acted on by the nascent gas set free in the reac-

tion.

II AND III.

The salt of platinum used must be such that it is easily dissolved and

will start up no harmful secondary action during the passage of the cur-

rent. Platinic chloride will not serve on accoimt of this last restriction.

Platinic hydrate, hoAvever. is almost ideal and was used in all experi-

ments.

At first an effort was made to use platinic hydrate dissolved in oxalic

acid, forming oxalate of platinum, the proportions used being—

1 oz. platinic hydrate,

4 oz. oxalic acid,

4000 c.c. distilled water.
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Experiments gave the Iwghest current density that could be used

without the appearance of platinum black, as being about .0001 amperes

per square centimeter, and even then there was a slight appearance of gas

at the cathode. The liquid was of a clear straw color when warm, becom-

ing purple on cooling; but, after allowing the current to run for about 15

minutes, a dark cloudy appearance was noticed at the anode that gradu-

ally spread to the whole liquid. No chemical analysis was made to de-

termine the composition of this, though it is very likely that it was plat-

iuous hydrate. The liquid was then tightly stoppered and left for about

two months, when it was found that all the platinum had been reduced

to the form of spongy platinum. This was due to the fact that oxalic

acid is an active reducing agent.

Taken as a whole, the experiments with oxalate of platinum were

very unsatisfactory, the current being low, the solution unstable and the

deposit dark, as if some of the dark precipitate was occluded in the

deposif.

Mention is made of these trials for the reason that the results are

contrary to the statements of Dr. Wahl.

The next solution tried was made by dissolving platiuic hydrate in

caustic potash in the proportions—

1 oz. platinic hydrate,

4 oz. caustic potash,

2000 c.c. distilled water.

It was possible to use a current density of .003 amperes per square

centimeter and get a bright smooth deposit, when the liquid was held at

a temperature of Go F. When the deposit was made comparatively thick,

however, there was some appearance of crystallization. Trial showed

a current density of .002 to be about as high as it was best to go with

this particular solution at the above temperature.

IV.

Tests were now made to determine the effect of varying the concen-

trations of the liquid. As above noted, when the proportions were—

1 oz. platinic hydrate,

4 oz. caustic potash,

2000 c.c. distilled water,

the maximum current density that could be used and get a clear, bright

deposit was .0035 amperes per square centimeter.
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With a isolutiou in the proportious of

2 oz. platinic hydrate,

4 oz. caustic potash,

2000 c.c. distilled water,

it was found possible to run the current density up to .006 amperes.

With another solution in which the proportions were

5 oz. platinic hydrate,

8 oz. caustic potash,

4000 c.c. distilled water,

the current reached .012 amperes before the appearance of platinum

black.

Increasing the platinic hydrate in the above so as to have 6 oz. plat-

inic hydrate, increased the current density to .015 amperes per square

centimeter. The amount of caustic i>otash was increased so as to make

a solution having the proportions

—

2 oz. platinic hydrate,

1 oz. caustic potash,

4000 c.c. distilled water,

when it was found that .0<»2 amperes was as high as the current density

could be can-ied. Increasing the amount of caustic iwtash still further

decreased the amount of current that could be used.

From the results given it may be concluded that the greater the per

cent, of platinum in the solution, the higher the current density that can

be used. Any increase in the amount of caustic potash lessens the maxi-

mum current density.

V.

In regard to the temperature that gives the best results, the experi-

ments showed that any increase in the temperature raised the maximum

current density that could be used. Thus, at G5 F. .0035 amperes per

square centimeter was the maximum, while a temperature of 100 F. per-

mitted the use of a current as high as .008 amperes per square centimeter,

with corresponding changes for intermediate points.
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YI.

Burnisbiiig the foil with a smooth bent glass rod, or ^yitb a piece of

bard wood, made the pbitiiuim denser. Lightly beating the foil between

chamois skins was of some assistance, though for the purpose in view

great care had to be exercised to prevent getting the deposit of unequal

thiclcness over the foil.

YII.

There are many liquids that will dissolve the copper—notably, nitric

acid, but, on account of the formation of gas during the reaction and the

consequent tearing of the foil, it and several others bqd to be discarded.

Ammonium cliloride was found to be the best, though its action is very

slow. The result may be hastened, however, by first making this foil of

copper, the anode in a copper sulphate electrolyte and dissolving away

a large part of tlie copper before putting the foil in tlie bath of ammonium
chloride.

There is one serious dithculty that is met in dissolving the copper.

After all the copper has been dissolved, it is extremely difficult to re-

move the foil from the liquid on account of the cohesion being sufficient

to add enough weight of water to the foil to tear it as it is taken from

the liquid or roll it up so that it is useless.

This can only be overcome by placing the foil where it is to go when

completed, and then dissolve away the copper.

Although some very fair foils were made in these experiments, it is

hardly fair to say that they were wholly successful. But the work opens

up another avenue that may lead to something veiy useful—the electro-

plating with platinum of delicate sin-gical instruments, etc.. to take the

place of nickel. It is well known that many efforts have been made to

use platinum for such purposes, but, as far as the writer knows, with very

indifferent success on account of the great trouble and consequent cost of

the work. TJsing an electrolyte of platinate of potassium, it is possible to

keep it constantly saturated by simply keeping a bag of platinic hydrate

hanging in the solution; the process is comparatively rapid and needs lit-

tle attention after once started. The plated article will stand consider-

able amount of usage, and, of course, will not tarnish under any ordinary

circumstances.
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Note on vSome Experiments With a Neav Form of Pressure

Regulator.

William Kendrick Hatt.

General.—The writer here records some experiments which were made

under his direction in the Engineering Lal)oratory of Pm-due University

on a new apparatus by Mr. AYill Hull, of the class of 1901, who developed

the details of the apparatus from the suggestion of Mr. J. T. Wilkin,

engineer for the Conuersville Blower Company, Connersville, Ind.

The apparatus (Fig. 1) consists essentially of an expanding nozzle

and a flat circular disc, against which the jet from the nozzle is directed,

the disc being enclosed in a suitable chamber. The action is similar to

that of the well-known ball nozzle, and the disc replaces the ball. In case

of the ball nozzle the back pressure forcing the ball against the jet is

the pressure of the atmosphere. In the apparatus here described the disc

Is enclosed in a chamber, and the back pressure is the pressure of the

-water in the chamber. This pressure is greater than that in the rapidly

moving sheet of water on the up-stream face of the disc, so that the disc

moves toward the nozzle until equilibrium is established. The disc thus

-automatically throttles the up-stream.

When this apparatus is inserted in a pipe line the pi-essure on the

down-stream face of the disc is preserved fairly constant (within the

limits of the experiments and for certain range of pressure in case of the

apparatus used), while the up-stream pressure varies within wide limits.

The principle of the apparatus will have an application whenever it is

desired to deliver water at a constant pressure to a machine from a source

of supply subject to fluctuations of pressure. Whether a design of disc

and nozzle could be reached which would regulate the pressure in case of

air or steam is not determined.

The experiments were initiated with the desire to obtain information

which would serve as a basis for proportioning this apparatus to serve

various conditions of pressure and delivery. The experiments were inter-

rupted before that point was reached. The results obtained and the ex-

ample are generally interesting and it seems worth while to record them.

Mr. Hull used various combinations of disc and nozzle until he found

the proper combination which would- regulate the pressure used in case

of the apparatus available.
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In brief, he found that a nozzle of form specified In Pig. 2 (called a

14 iiiC'h nozzle), in combination with a 2 inch flat disc, would regulate the

pressure in a I/2 inch pipe to the following extent:

The pressure on the down-stream section of the pipe was preserved

constant at 2^^ pounds by the action of the disc while the pressure of the

up-stream section varied between 10 to 40 pounds per square inch by gauge

(as shown on Fig. 4).

FlQ^-

He/JD Pf{ESSUf^E-
30'*^ /^O^ 50

APPARATUS.

Fig. 1 shows the construction of the apparatus with nozzle, disc, cham-

ber and spider for supporting the disc. The fitting of the apparatus for

experimental work is shown in Fig. 3. The two gauges for measuring

the pressures were placed as close as possible to the chamber containing

the disc. The fittings were made with great care. The valves shown were

for controlling the pressures used in experimentation.

METHOD OF EXPERIMENT.

The apparatus was attached to the standpipe of the hydraulic lab-

oratory, the pressure in which Avas controlled by a steam pump. Start-

ing with a given standpipe pressure, say 40 pounds, the water was

allowed to flow through the apparatus, being throttled by the lower valve

to indicate a down-stream pressure of, say 2% pounds per square inch on

the lower gauge. This down-stream pressure was allowed to remain

fixed during the test, the lower valve not being disturbed. The up-stream
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pressure was varied by the use of the upper valve, throttling- the up-

stream section. In this way up-stream pressures of from 40 pounds per

square inch down by 5 five pounds per square inch steps to the lower

limit were effected. The apparatus discharged into a weighing tank and

the discharge was weighed. The temperature of the water was taken

every minute because this temperature varied greatly throughout the tests,

due to the fact that the standpipe tank was connected to the condenser

of a Corliss engine. (With respect to the effect of the temperature on the

results, it may be said that when the temperature of the discharge rose

above the 100° F., the tail pressure gauge showed a very unsteady pres-

sure, the needle vibrating with a range of as much as one-half pound.

The disc was no doubt at this time subject to vibrations, which, when

the temperature of the water rose to 110° F., were of such frequency as

to cause a musical note. Under the latter condition the needle was too

sluggish to respond and remained at a fixed position. The movement is

probably connected with alternate periods of vaporization and condensa-

tion of the AA'ater on tlie upper side of the disc.)

Results.—The following combinations of nozzle and disc wei'e used:

One-eighth-inch nozzle, 1-inch disc; i/8-i"t'li nozzle, li/4-inch disc; %-irich

nozzle, 2-inch disc; 3-ltJ-inch nozzle, 1-inch disc; 3-16-inch nozzle, 1%-inch

disc; 3-16-inch nozzle, 2-inch disc; Vrincli nozzle, 1-inch disc; 14-inch noz-

zle, IJ/Mnch disc; i/4-inch nozzle, 2-inch disc.

Of these, the i4"i"<'li nozzle gave successful results; the 14-inch nozzle,

with the 2-inch disc, gave the best results. These are shown in Fig. 4.

In working the head pressure down toward the tail pressure the former

would approach a critical point at which the difference of pressure became

so slight that the regulating effect ceased and both head and tail gauges

suddenly moved to the same reading. The disc at this period, no doubt,

dropped away from the .let. That is a certain diffei-ence of pressures is

needed to enable the apparatus to work. This difference of pressure be-

came greater as the tail pressure was increased, as is shown in Fig. 4.

In experiments with the other orifices mentioned the lines shown in

Fig. 4 became straight lines inclined to the horizontal. The hump in Fig. 4

was characterized by an unsteady head pressure.

One disc was bevelled so as to give a constant area of passageway to

the expanding ring of water, that is, it was dished with the deepest

part next to the nozzle. This disc preserved a constant difference of pres-

sure between the head and tail pressures.
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Some experiments were carried on with air as the fluid passing

through the pipes. With the nozzle and discs usetl there appeared to be

no governing eiifect, in case of these air pressures.

In general it may be said that the shape of the nozzle has most to

do with the action observed. A number of nozzles of different form were

used; those most nearly lil^e that sliown on Fig. 2 gave the best governing

effect.

The size of the disc affects the results obtained with any given nozzle.

Two-inch disc gave better results than 1-inch or the li/^-inch disc.

The action desired could be obtained with water at a temperature of

75° F. as well as at the higher temperatures.

A very pretty cylindrical sheet of water could be obtained by remov-

ing the lower part of the casing. The disc acted like the well-known ball-

nozzle. Under these conditions, with a head pressure of 40 pounds and a

nozzle velocity (as figured from the discharge) of 14.6 feet per second, it

was found necessary to exert a force of 9 pounds to pull the disc from

the jet.

WATER.
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On Changes in the Proporteoxal Elastic Limit op Nickel
Steel, With a Note on Calibration of Testing Machines.

W. Kendrick Hatt.*

The variability of the proportional elastic limit of metal due to over-

strain and its subsequent recovery after a period of rest, or proper anneal-

ing, have been studied by investigators, among whom may be named

Bauschinger, Professor Gray and ^Ir. Muir.

The writer records here the results of experiments on a special nickel

steel rolled for the purpose by the Bethlehem Steel Company. The ex-

periments had two ends in view:

1. To calilirate the testing machines of Piu-due University, in com-

parison with the testing machines of the government testing laboratory of

the Watertown Arsenal, and those of the University of Illinois.

2. To study the variability of the proportional elastii- limit and yield

point of this special nickel steel.

The proportional limit here mentioned is that limit l)eyuiKl which

stress ceases to be proportional to strain. The yield point spoken of below

is that limit at which a sudden increase in the elongation occurs with-

out an increase in stress.

CALIBRATION.

A testing machine of ordinary screw type consists of a screw press

and a large platform scale. Tt is necessary, of course, to ascertain if the

load on the scale beam correctly indicates the pressure on the platform.

This is often accomplished by loading the platform with a dead load of

pig iron. For light loads the purpose might be served by a calibrated

spring. The use of nickel steel bars of high elastic strength furnishes us

with a spring of high capacity, whose deformation may be accurately

measured. Calibration by means of these bars may be readily effected

and relative errors in the machines detected. The absolute error may

be known by comparison with a machine that has been calibrated by the

dead weight method. The bars can be preserved and used from time to

time to detect changes in the machine due to wear of knife edges. This is

"The main observations on which this note is based were carried out under the

author's supervision by Messrs. R. Hitt ;ind J. H. Jasoha, senior students in Purdue Uni-

versity, 190L
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a more accurate method than that often used, involving the breaking of

a half dozen steel bars from one rod at different laboratories and compar-

ing the average bi'^akiug load.

In the work of examining the accuracy of the Purdue University test-

ing machines, three nickel steel bars were used; two with a length be-

tween shoulders of 12 inches, and one with a similar length of 30 inches.

In the case of the latter bar, it was possible to attach two extensometers

to the bar in tandem, and by exchanging the position of the extensometers

to compare the latter. I'he modulus of elasticity was measured in case

of each bar on the machines of the three laboratories using the extenso-

meters possessed by the three lalwratories. One of these extensometers

was sent from one laboratory to the other. If the extensometers are alike

in their graduation and the modulus of elasticity of the bars is found to

be equal on the various machines, the latter may lie judged to have no

relative errors. The observations at the University of Illinois were taken

under the direction of Professor A. N. Talbot.

Taking the average of three l)ars tested at the three lalioratories it

appears (Table I) that the value of Young's [Modulus at the Purdue labo-

ratory is (in 100,000 pounds per square inch units) 29.22; at Illinois

laboratory, 20.33; at Watertown lalioratory, 28.0(5. Between the Purdue

laboratory and the Illinois laljoratory there is thus a relative differ-

ence of only about % of one per cent., an accuracy much in excess of

that needed in any work for wliich tliese machines are used.

By interchanging the positions of two extensometers in case of the long

bar, an opportunity existed of comijaring the indications of two extenso-

meters of different type—the Kiehle extensometer (a screw micrometer)

and the .Johnson extensometer (a roller type). In Table II it is seen that

the two extensometers yield identical results.

It is thus assuring to know tlie reliability of the ordinary type of

testing machine and extensometer. If the Watertown machine is correct,

the other machines yield results aliout two per cent. high. The Water-

town extensometer, however, was not compared with the other extenso-

meters.

ELASTIC CHANGES.

After the work of calibrating apparatus was complete, two of the

bars were used in the study of the variability of the proportional and yield

limit.



83

The results are shown in Table III. These results show that the be-

havior of nickel steel under overstrain is like to that of ordinary steel,

namely:

Overstrain destroys the P-liniit, and elevates the Y-limit.

The P-limit may be restored liy annealing for a few moments in a

bath above 212° F. The P-limit may be also restored by a period of rest.

By a process of overstrain and subsequent annealing, the P-limit may be

•elevated to nearly the ultimate strength.

The decrease of diameter was also measured. The ratio of side con-

traction to longitudinal extension was found to be nearly y^, which is

the value of Poisson's ratio for this metal.

TABLE I.

Value of E. in 100,000 Units as Derived from Tests on Bars of Nickel Sleel at

Three Laboratories.

Bar.
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TABLE III.

Showing Variability of P- Limit.

Bar No. 1.

Carbon 0.27
f

Manganese 0.58 %
Silicon 0.214%

Analysis { Ph 0.024%

Sulph 0.036%

Copper 0.028%

Nickel 4.552%

De.?cription of Test.

—o =• ,^-,

Note Effect of Test.

:cc

Original

45 hours after . .

.

10 minutes after

118 hours after and in 450'

r.bath

22 hours after

After in bathat21S- F.

500 hours after .

.

10 minutes after

29.3

•26.4

24.8

29.0

28.2

29.2

28.0

26.0

88.0
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The, Kirkwood Observatory of Indiana University.

John A. Miller.

At its November meetiug of 1900 the Board of Trustees of Indiana

University appropriated a sum of money for the purchase of a telescope

and some accessories, and for the erection of an Observatory. The Ob-

servatory is built of Indiana limestone and was completed in January of

1001. It contains six rooms—a library and computing room: a lecture

room, which may be darkened at any time, equipped with a Colt electric

lantern, lantern slides and other illustrative apparatus, a convenient dark

room; a transit room: the dome room and a room similar to it and imme-

diately below it.

The skeleton of the dome, which is twenty-six feet in diameter, is

of white pine and is built according to plans furnished by Messrs. War-

ner i*c Swasey, wlio also furnished the running mechanism. It is cov-

ered with tin. The performance of both dome and shutter is entirely sat-

isfactory.

The design of the Board of Trustees, that the equipment is to be used

in a large part for instriiction and in part for purposes of research, de-

termined largely the character of the instruments which we afterwards

purchased. In the dome-room is moimted a twelve-inch refractor. The

objective is liy Bra.shear, and is of high optical excellence, giving star-

images which are free from fringes or distortion and on a black field. The

mounting is by Warner & Swasey. It is provided with coarse and fine

circles in both declination and right ascension, the fine ones being provided

with reading microscopes and electric ilhimiuation. A stai* dial-dial

located on the north side of the pier and driven by the driving clock, from

which the right ascensions can be read directly, is of almost indispensable

convenience. The di'iving clock drives regularly and the entire mounting

is of the highest mechanical excellence.

The telescope has as accessories a micrometer by Warner & Swasey.

provided with electric illumination; a polarizing helioscope; a battery of

positive and negative eyepieces by Brashear, and two positive eyepieces

by Steinheil und Sohue of Munich. The transit room contains a small

universal instrument by Bamberg, a chronograph by Fauth & Co., a Bond

sidereal chronometer, and a sidereal clock. A Howard sidereal clock, with

contact that breaks an electric current each second except the fifty-ninth,

and the la.st ten seconds at the end of evei-y five minutes, will be put in

6—Academy of Science.



place in a few weeks. Mr. O. L. Petitididier, of Chicago, has kiiully loa:;e;l

the Observatory a paral:>olic mirror fiftefu inches in diameter and with

a focal length of 120 inches, wliich he constructed at his optical works.

The monnting for tliis mirror lias l)een designed l)y Mr. W. A. Cogshall

and in large part constructed l)y him. Tlie reflector will be in place by

the first of Marcli and will l)e used cliielly in photographing nebulse.

These instruments, together with a portrait lens of five inches aperture

and a Browning equatorial of four inches aperture, which for many years

have been the property of The University, constitute a nucleus around

which the University authorities hope to collect a more complete eqiiip-

menir.

The Observatory is located on the University campus, about 300 feet

from the nearest building. With practicallj' an unljroken horizon within

75 degrees of the zenitli--as low as one can usually observe, aud in most

instances the view is entirely unobstructed.

We have found the seeing at the 01)servatory fair. On an average

clear night a power of 300 can be used effectually; on about half the

working nights we use a power of 4S0, while a night when a power of

more than GOO can be used is comparatively rare.

The Observatory is essentially a Students' Observatory. Those who

take courses in general astronomy are permitted to use the telescope a

limited number of hours each week, and though this work is optional, few

fail to avail themselves of an oppcu'timity to use the telescope an hour.

No accurate measurements or really scientilic work is attempted I)y these

students*.

In addition to the work in spherical and practical astronomy and

woi"k carried on by the teaching force certain students are encouraged to

undertake work in the nature of research. Tliis generally consists of

drawing planetaiy details or in making micrometical measures of doulde

stars or of planetary disks. The observing lists are made out under

the direction of the instructors and in general consist of stars that need

measuring. We are engaged at present in measuring the double stars

discovered in the process of making the catalogues of the Astronomische

Gesellschaft. Tliese as a rule are not difficult ol).1ects. Also search is

being made for new pairs with a fair degree of success.

The Observatory Ijears the name of Dr. Daniel Kirkwood, the emi-

nent astronomer, who, for nearly half a century, was a member of the

faculty of Indiana University and who, by his manly qualities, won the
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lasting esteem of his students and his colleagues, and by his devotion to

his science a lasting name among his contemporaries.

The Observatory was formally dedicated May 15, 1001. The dedica-

tory address was given by Astronomer W. J. Hussey, astronomer in the

Lick Observatory. He spoke of "Astronomy and Modern IJfe." President

Swain spoke of "Personal Recollections of Dr. Kirkwood."

Daylight Meteors.

John A. Miller.

The Center of Population of the United States.

John A. Miller.

A Theorem in Geo.metry.

John C. Gregg.

DEF is the triangle formed by the tangents at the vertices of a triangle ABC

inscribed in the circle O. Draw EOF meeting BC in P and join PF. Show

that EPF is a right angle.

Demonstration.

Draw EG perpendicular to CA pro-

duced, and join OF. Denote the angles

of ABC by A, B, C, and the sides by a,

b, c. Then

EG^rAFsin B

c=^ sec C sin B

=— sin C sec C

=^ tanC

:=:HP, which is perpendicu-

lar to CG. Hence HPEG is a rectangle and EPF is a right angle.
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A Simple Proof That the Medians of a Triangle Concur.

John C. Gkf.gg.

Theorem.—The three medians of a triangle are concurrent.

Demonstration.

Let AD and BE be two of the medians;

they will meet in some point .G. Join CO
and extend it to meet AB in F. Extend AD
to H, making DH= DG, and join HB and HC.

Since BC and GH bisect each other, BGCH
is a parallelogram. In the triangle ACH,

since GE is drawn through E, the middle

point of AC and parallel to HC, G is the

middle of AH. And in the triangle ABH,

since G is the middle of AH and GF is paral-

lel to BH, F is the middle of AB and CGF is

the third median, and the theorem is estab-

lished.

On the Density and Surface Tension of Liquid Air.

C. T. Knipp.

[Abstract. Published in the Physical Review, February, 1902.]

The variation of the density of liquid air with time was determined.

The liquid was contained in a given Dewar bulb. Tlie. sinker method

was used, and it was assumed that the coeflBcient of expansion holds at

the temperature of liquid air. A curve was platted which indicates that

.933 is the density of liquid air when first made.

In the determination of the surface tension two methods were em-

ployed—the capillary tube method and the maximum weight method.

Owing to the distortion due to the bulb, also to the agitation of the liquid

surface, the first was not considered reliable. The second method, how-

ever, worlied very well. The variation of the surface tension with time of

the liquid contained in the above bulb was determined. A curve was

platted. From the curve the surface tension of liquid air when first made

was found to be 9.4 dynes.
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A Few Experiments with Liquid Air.

C. T. Knipp.

[Abstract.]

Three experiments were given, using the liquid as a refrigerant. (1)

The resistance of manganin wire at the temperature of liquid air; (2) the

absorption of heat by conduction into the liqitid; (.3) the action of a Cu-Fe

thermostat wlien placed in the liquid.

(1) The temperature coefficient of manganin wive was found to agree

fairly well with that found by Dewar. Cooling the wire to the tempera-

ture of liquid air caused it to undergo no permanent change.

(2) By connecting a block of copper through a copper rod to a bath of

liquid air the temperature of the block of copper can be reduced to nearly

that of the refrigerant. This principle enables any intermediate tempera-

tiu'e to be maintained. By this method a connecting rod of copper about

1^ sq. cm. in area and 20 cm. long froze a cu. cm. of mercury placed in the

block of copper in 6^ minutes.

(3) A Cu-Fe. thermostat was found to be very sensitive, and it was

also noticed that the same coefficients hold at the temperature of liquid

air.

The BlTANGENTIAL OF THE QuiNTIC.

U. S. Hanna.

jSTote on an Attempted Angle Trisection.

R. J. Aley.

The Zoological Survey of Minnesota.

Ulysses O. Cox.

With the establishment of the Geological and Natural History Survey

in Minnesota provision was thereby made for collecting and describing

the various faunal forms of the State. For a number of years after the

survey was established work was done only along geological lines. In

1886 there appeared a list of the Aphidae of Minnesota, by Mr. O. W. Oest-
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Inml. aiul in the following year a synopsis of the same group by tlie same

author. In 1890 there Avas published a report on the Mammals, by

Professor C. L. Herrick. This reiwrt can not, however, be considered

anything but preliminary, since it was written before any great amount

of investigation had been done and it will, no doubt, be superseded later

by an enlarged and up-to-date report. In 1892 there appeared a pre-

liminary report on the Birds, by Dr. P. L. Hatch; in 1895, a report on the

Copepoda. Cladocera and Ostracoda, by Prof. C. L. Herrick, which is prob-

ably tinal; and in 1897 a preliminary report on the Fishes, by the writer.

The first three reports mentioned Avere issued under the direction of Prof.

N. H. Winchell, State Geologist, but the others have been published under

the direction of Prof. H. F. Nachtrieb, State Zoologist, who for the past

eleven years has had entire charge of the work of the survey. Every sum-

mer for ten years parties have been at work in the various portions of the

State collecting material and data for the tinal repoi-ts. During the past

three seasons the work has been especially active. In May, 1899, a house-

boat, christened the Megalops, Avas built and launched at Mankato, on

the Minnesota River, and very successfully floated to Red Wing, on the

Mississippi, before the close of the season. A description of the Megalops

and an account of the first season's trip appears in the Proceedings of the

Indiana Academy of Science for 1899. In the summer of 190O, In early

June, the Megalops was restocked and started from Red Wing on its

second season's journey, down the Mississippi. Considerable time was

spent on Lake Pepin, as the conditions and fauna there varied greatly

from that of the Mississippi River proper. The territory along the Missis-

sippi was quite carefully explored and material collected as far as Browns-

ville. :Minn., whicli is within a feAV miles of the southern boundary of the

State. Attention was given primarily to the fishes, but much other material

was also collected, especially insects, batrachians and reptiles. Near the

close of August the Megalops Avas again anchored for the winter, this

time at Brownsville.

Early last spring Prof. NacJitrieb purchased for the survey a gaso-

line launch, and Avith it towed the Megalops back to the head of Lake

Pepin, where it was beached and serA^ed as a station during the sum-

mer. This region is especially rich on account of the variety of condi-

tions. On the one hand there is Lake Pepin, which is about two miles

wide and nearly forty miles long. In many places it has fine sandy and

gravelly shores and in others there are marshes. It is hemmed in by
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high Muffs, ^Yhuh. are from two hiimlred to three hundred feet above the

Avater level, but in places there are low points which extend out from the

bluffs into the lake for one-fourth of a mile or more, and on these niimerous

flshermeu are located. Seining, also other forms of netting, is allowed in

the lake, so an abundance of material for study can readily be obtaiued.

The water is usually clear and varies in depth from ten to thirty feet.

As is well known. Lake Pepin is simply a remnant of what was once

the large glacial Mississippi Kiver. At the lower end of the lake the Chip-

pewa River empties from the Wisconsin side and carries with it a great

amount of sediment, chiefly sand. This deposit has tilled up the bed of

the original stream at that point, and consequently dammed it and pro-

duced a lake. At all other places along its course what was once the

magnificent Mississippi, two to four miles in width, is now narrowed down

to one, or at most two or three, small channels and a few bayous. At the

upper end of the lake the delta is exceedingly well marked. There are

three main channels of the river, several lakes and numerous bayous,

some with water connection and others without, during the di-y season.
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There is water of various depths, niarslies, clear pools and all the chief

forms of aquatic vegetation that this region of Minnesota affords—in fact,

all the conditions that could be desired for an inland laboratory. The

region abounds in breeding places for tishes. batrachians and reptiles;

many species of moUusks are found in tlie lal-ce, and the hnA'er forms of

aquatic life are everywhere abundant.

Thus it would seem that an ideal spot had been found for a lake labo-

ratory for the University of Minnesota, wliich it is hoped the authorities

may see their way clear to establish there in the near future.

During the past summer Prof. Nachtrieb kept a small pai-ty at the

head of Lake Pepin in the beached Megalops, with which he spent the

greater portion of his own time. Large collections were made, among

which were many insects, numerous fish stomachs and a quantity of his-

tological material.

During the past summer Prof. Nachtrieb, with an assistant, spent a

few weeks on the Lake of the Woods, studying the lake sturgeon, and the

writer, with tliree assistants, put in the entire summer on Lake Vermilion,

at Tower. Minn. Lake Vermilion is some forty miles long in one direc-

tion, much narrower in the otlier, but it is not one open oody of water,

but ratlier a nnml)er of small lakes connected by numerous channels. It

is in the heart of what was once an evergreen forest region, and its shores,

which are chiefly rocky, border on the granite on the one hand and the

very early stratified forms on the otlier. The water is clear and pure

excejit for the floating forms of aquatic life in midsummer, and it varies

in depth from five to forty feet, with possibly a few small areas that are

deeper.

We established our camp on Pine Island, about seven miles from

Tower. There was no one living within six miles of the place and no

facilities for camping except numerous l)eautiful locations among the

pines and the outfit which we carried with us. We erected two tents and

from the dilapidated roof of a former homesteader's cabin secured enough

boards to make some tables. We also made an excavation in the bank,

lined it with slalts split from cottonwood poles, roofed it over with boards

and tar paper from the dilapidated cabin, and thus had a very efficient

dark room, in wliich we successfully developed more than three hundred

negatives. Our outfit, in addition to the culinary department, consisted

of seines, gill-nets, other smaller nets, a canvas boat, microscopes, books,

cameras, giins, jireserving jars and fiuids, and other minor articles. One
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member of the party. Mr. J. E. Guthrie, devoted nearlj- all his time to

insects, of which he secured a large collection. Another member of the

party gave special attention to leeches, and a third collected and studied

the mammals. The Avriter devoted nearly all his time to a study of the

fishes. Collections vs'ere made of the species found in the lake and the

inflowing streams, and many of the species were dissected and photo-

graphed. Attention was also given to a study of the habits of these

fishes. From the main camp expeditions were made to all parts of the

lake.

We were on the lake a1)out two months and a half, and found the

camping method a very satisfactory and pleasant one. The limit of this

paper will not permit me to state any of the results of our Avork, but they

will appear later in the forthcoming reports of the survey, some of which

are now under way.

Culture of Amoeba.

A. J. BiGNEY.

Several years ago I presented a paper l>efore this Academy on a new

method of obtaining amoeba. This method was as follows: Take some

of the green scum from the surface of some ix>nds and place it aside for

a few weeks, during which time great numbers of amoeba will have

developed. This scum must be composed mostly of euglena in the resting

stage. I have never known this method to fail.

During the past season I have had unusual success Avith this method

of securing them. About the first of September I obtained some of these

euglenae and placed them in a wide-mouthed two-ounce bottle and left

them on my desk for about two months, at which time I needed them for

class use. When I first took this material from the pond there were a

few amoelta in the midst of the euglena. When I needed a supply I found

them by. the hundreds on almost every slide. Frequently there would be

so many that they would literally fill the field of the microscope. They

were large specimens. It was the largest supply that I have seen reported

in this country. It may be that others have had equal success with some

other method. We used them for some time and then nearly all the re-

maining ones went into the resting stage.
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Protective Coloring in Terns.

A. J. BiGNEY.

Protective coloring in birds lias been and still is a subject of great

interest to the ornithologist. Since ecological factors are receiving so

mnch attention now on the part of biologists, every item bearing uix>n

variations due to environment is of interest, since it throws some light

upon the question of evolution.

One of the most remarkable instances of protective coloring came

under my observation during the past summer on the island of Peni-

kese, made famous by Louis Agassiz's first marine laboratory. This island

is occupied by only one family. Nothing is raised except a few garden

plants and sheep. There are other inhabitants of the island, however, that

are more important than sheep—at least to the biologist. These are the

terns. Long before one reaches the island he can hear the shrill voices

of myriads of these birds as they fly about the island almost constantly

from daylight to dark. These terns axe protected by law and hence

have become very numerous. Almost countless thousands are to be found.

The soiuids of their shrill voices make a lasting impression upon a per-

son. The island is entirely made up of glacial material, here and there

covered with grass. The beaches around the entire island are quite wide

and covered with granite pebbles of various colors, mostly of a white,

gray or slate color, giving them a mottled appearance. The grass and the

soil is very much the same in color. The dead grass furnishes a fine

place for nesting and also for hiding-places for the young birds. In the

breeding season the nests and young birds are so numerous that one has

to pick his way carefully, lest he step on some of them. They are so

ftearly the color of the ground and grass that you can hardly see either

bird or nest. If the parent bird is on the nest the deception is almost

perfect.

The most deceptive coloring is in the young birds when they lie out on

the pebbles to warm themselves in the sunlight. The imitation is so per-

fect that you have to look for some time before you can see the birds.

The eggs are mottled in the same way as the sticks, grass and earth that

compose the nests. The adult birds are not mottled as are the young

birds or the eggs, thus showing that this is truly a protective coloring.



Experiments on Developing Eggs.

A. J. BiGNEY.

The greatest mysteries in the biological world are undoubtedly locked

up in the egg. If we can understand the intricate changes that go on iu

a developing egg we have accomplished much. Considerable light has been

thrown upon this subject during the past few yeai's. Eminent biologists

all over the world are spending their lives trying to solve the mysteries.

Various experiments have been devised to try to throw light upon these

early changes in the egg.

These experiments which I performed were under the direction of Dr.

Lillie, of the Chicago University, at the Woods Holl Marine Laboratory.

Experiment 1.—The egg of a common sea minnow, the Fundulus, was

used. When the egg was in the two-celled stage one of the blastomeres

was punctured with a needle and pressed out of the vitelline membrane.

The other blastomere went on developing. Its development, however,

was slower. It went through all the regular changes and became an em-

bryo. The only difference that could be discerned was in size. It was

considerably smaller than the normal embryo. I succeeded iu keeping it

alive seven days. I have not studied the embryo any more to see whether

there are internal changes that are different from the normal embryo.

The significance of this ability of one Dlastomere to develop into a com-

plete embryo is not fully understood. In this egg it seems to indicate that

the developing power is equally distributed throughout the egg.

Experiment 2.—In this experiment the eggs of the sea-urchin Arbacia

were used. The eggs just fertilized were placed under a long cover-glass

witli a thin piece of cover-glass under one end. thus giving a graded pres-

sure upon them. In the segmentation of these eggs the first and second

cleavage planes were naturnl. but the third was parallel to the first, the

same as in the Fundulus. The blastoderm in the eight-celled and sixteen-

celled stages were almost identical with corresponding stages of Fundu-

lus. The eggs did uot develop further than thirty-two cells where the

pressure was greatest.

'Experiment 3.—Arbacia eggs five minutes after fertilization were

shaken Aiolently for about a minute. The membranes surrounding the

eggs were thereby broken; the eggs were then placed in artificial sea

water in which there was no calcium. Eggs were thus treated at two-

celled, four-celled and eight-celled, with the following results:
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Those separated at the two-celled stage lived to form plutei.

Those separated at the four-celled stage formed regular blastulae in

most cases.

Those separated at the eight-celled stage also formed regular blastulae.

Experiment 4.—This is an experiment in artificial pai'thenogenesis in

arbacia. Plutei six days old were reared by Dr. H. .J. Hunter, of Kansas

University. He carried on the Avorlc longer and he has specially reported

on this, hence only this reference.

These experiments are very interesting and may be of considerable

importance when we learn how to perfectly interpret them.

The Eye of Pal^monetes Antrorum.

Edwin Manson Neher.

Contributions from the Zoological Laboratory of the Indiana University, under the direc-

tion of C. H. Eigenmann. No. 47.

A blind shrimp, FaUemonetes antrorum, evidently occurs in abund-

ance in the sul)terranean streams about San Marcos, Texas. It comes out

of the artesian well of the I'nited States Fish Commission at that place

in large numbers. The well is about one hundred and ninety feet deep

and has a yield of about one thousand gallons per minute.

A brief description of Paheraonetes was published by Benedict, 1896.

The material examined consists of yohng specimens, 5 to 5. .5 mm. long

from tip of rostrum to tip of telson and adult specimens measuring 15

mm. along the same line. Most of them were collected by Dr. C. H.

Eigenmann at the San :Marcos well in September, 1899. Others have since

been sent by Mr. .T. L. Leary. Superintendent of the United States Hatch-

ery at that place.

The material at my disposal was preserved in 4 per cent, formalin.

The anterior end of the cephalo thorax was dehydrated and imbedded in

paraffin by the chloroform method. Sections were floated out on warm

water and fixed to the slide with glycerin-albumen and stained with

Mayer's haemalum, followed by eosine. Specimens of P. exilipes, which

were used for comparison, were treated with Perenyi's fluid for forty-

eight hours before imbedding and the sections were depigmented in 10

per cent, nitric acid for ten hours. The cuticle of the blind shrimp was

found to section readily without softening in Perenyi's fluid.
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According to Chilton, '94, tlie degeneration of the eyes of crustaceans

may follow one of three lines. We may have

—

1. Total atrophy of optic lobes and optic nerves, with or without the

persistence in part of the pigment or retina and the crystalline lens.

2. Persistence of optic lobes and optic nerves, but total atrophy of

the rods and cones, retina (pigment), and facets, or.
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3. Total atrophy of the optic lobes, optic nerves, and all the optic

elements.

The degeneration of the eye of the species under consideration has evi-

dently followed the second of these lines. The optic stalk has suffered

a foreshortening, and as a consequence the optic ganglia have become

telescoped. The greatest reduction has taken place in the ecto-dermal por-

tions of the eye, which are reduced to a group of cells not exceeding and

probal>ly fewer than o50. Inasmuch as a single normal onimatidiuu) con-

tains sixteen cells, the degree of degeneration reached is readily seen to be

very great.

The extent of the modification of the eyes can perhaps be most readily

described by a comparison of the eyes and optic stalk of this species with

those of Palsemonetes exilipes. taken in the San Marcos River, but a short

distance from the artesian well.

The eye and optic stalk of P. exilipes presents the general appe^ar-

anee of the crustacean eye. The stalk is a truncate cone (Fig. 1), at-

tached by its smaller end. On the distal end is the large, dark, conspicii-

ous, hemispherical eye. It is wider tlian the widest part of the stalk.

In P. antrorum the eye stalk is much smaller (Fig. 2». as may be seen

from the following table:

exilipes. antrorum.

Length of specimen 17 mm. 15 mm.
Length of stalk to retina 787 // 525 //

Width of stalk at retina 700 // 175 //

Width of stalk at base 387// 337//

Width of retina 962.5 n

Nothing appears to remain of the eyes except the short, colorless,

delicate stalks. The stalks are conical, being attached )>y tlieir larger

end. The axis of the stalk is parallel with that of tlie body.

The distal end of the optic stalk of P. antrorum is covered with a single

layer of indifferent hypoderm with nuclei 7.2// by 3.6 ,", except at a short dis-

tance from the distal end of the outer lower quarter of the stalk, where a

group of slightly modified hypodermal cells, three deep, replace the single

series of outer parts. The nuclei in this group of cells are rounded, measur-

ing about 6 to 8 // in diameter. This groiip of cells measures about 50 // by

70/x. There is no indication of an arrangement of these cells into anything

resembling the arrangement of the cells in an ommatidium.
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The following data gives the number of retinal cells found in each of a

series of cross sections. Sections are 6j ,u thick and counted from in front

:

No. of Sections. No. of Cells in Retina.

1 to S

8 11

9 19

10 20

11 27

12 33

13 33

14 2S

15 27

16 20

17 7

18 ;.... 7

19 5

20

21 11

22 13

23 10

24 10

25 5

26 6

27 6

28 8

29 4

30 2

31

32

Total 327

In P. exilipes there is a space between the basement membrane of the

hypoderm and the membrana propria of the optic ganglia, which is occupied

by the fine fibers which connect the ommatidia and optic ganglia. In P.

antrorum this space is filled with coagulated haemolymph (Fig. V). This

haemolymph is in circular or angular blocks. These blocks begin about 40 u

from tip of eye and extend back through a space of about 60 or 70 // to the
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cells of the optic ganglia. Small particles of coagulated haemolymph also

extend down the outside of the eye for about half of its length.

(July a very few specimeiis of the youii,g shrimp, P. antrorum, could

be obtained. These were from o to 5.5 mm. long. The optic stalli and eye

are much larger in proportion to the size of specimen (Fig. Ill) than in

the adult antrorum, but they are actually not as large as in the adult.

The internal structure showed no greater differentiation than in the eye

of adult.

I am very grateful to G. H. Parker for assistance in the interpretation

of tlie structure of this eye.

EXPLANATION OF FIGURES.

Figure 1. Dorsal view of the front end of P. exilipes.

Figure 2. Dorsal view of the front end of P. antrorum, showing the small

eyes.

Figure 3. Dorsal view of the front end of a yoimg P. antrorum about 5

mm. long.

Figure 4. I'liotograph of a cross section through the optic stalk of P.

antrorum, showing the group of retinal hypodermal cells of

the right eye.

Figure 5. Photograph of a longitudinal section through the optic stalk

of P. antrorum. showing the group of retinal hypodermal

cells.

Figure <;. Enlarged view (photograph) of group of retinal hypodermal cells

shown in Fig. 5.

Figure 7. Photograph of another group of retinal hypodermal cells. Hor-

izontal section.
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The History of the Eye of Amblyopsis.

C. H. ElGENMANN.

[Abstract.]

A. DEVELOPMENT.

The eye of Aml)lyopsis appears at the same stage of growth that it

appears in fishes developing noi'mal eyes.

The eye grows but little after its appearance.

All the developmental processes are retarded and some of them give

out prematurely. The most important of the latter is tlie cell division

and the accompanying growth that provides the material for tlie eye.

The lens appears at the normal time and in the normal way. Imt its

cells never divide and never lose their endjryonic character.

The lens is the first part of the eye to show degenerative steps and it

disappears entirely before the fish has reached a length of 1 mm.

The optic nerve appears shortly before the fish reaches 5 mm. in

length. It does not increase in size with the growth of the fish and pos-

sil)ly never develops normal nerve fillers.

The nerve does not increase in size with growth of the fish.

The optic nerve gradually loses its compact form, becomes fiocculeut,

dwindles and can not be followed by the time the fish has reached 50 mm.

in length. In the eye it retains its compact form for a much longer time,

but disappears here also in old age.

The scleral cartilages appear when the fish is 10 mm. long; they grow

very slowly— possibly till old age. They do not degenerate at the same

rate as other parts of the eye if they degenerate at all.
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B. HISTOIiY.

The histniy of the eye may be divided into four periods:

(a) The first period extends from the appearance of the eye till the

embryo reaches 4.5 mm. in length. This period is characterized by a

normal palingenic development except that cell division is retarded and

there is very little growth.

(b) The second period extends from the first till the fish is 10 mm.

long. It is characterized by the direct development of the eye from the

normal embryonic stage reached in the' first period to the highest stage

reached by the Amblyopsis eye.

(c) The third period extends from the second period to the beginning

of senescent degeneration, from a length of 10 mm. to about 80 or 100 mm.

It is characterized Ijy a number of changes, which, while not improving the

eye as an organ of vision, are positive as contrasted with degenerative.

There are also distinct degenerative processes taking place during this

period.

(d) The fourth period begins with the Ijeginning of senescent degen-

eration and ends with deatli. It is characterized by degenerative processes

only, which tend to gradually disintegrate and eliminate the eye entirely.
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D. CONCLUSIONS OF GENERAL BIOLOGICAL INTEREST.

Some late stages of development are omitted by the giving out of de-

velopmental processes. Some of the processes giving out are cell division,

resulting in the minuteness of the eye and the histogenic changes which

differentiate the cones and the outer reticular layer.

There being no causes operative or inhibitive either within the fish

or in tlie environment that are not also operative or inhibitive in Cholo-

gaster agassizii, which lives in caves and develops well-formed eyes, it

is evident that the causes controlling the development are hereditarily

established in the egg by an accumulation of such degenerative changes

as are still notable in the later history of the eye of the adult.

The foundations of the eye are normally laid, but the superstructure,

instead of continuing the i^lan with additional material, completes it out

of the material provided for the foundations. The development of the

foundation of the eye is phylogenic, the stages beyond the foundations are

direct.
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E. TABLE OF MEASUREMENTS OF EYES OF EMBRYOS OF
DIFFERENT SIZES.

Condition of Embryo
Living or Direction

of Sections.
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The Eye of Rhineura Floridana.

C. H. ElGENMANN.

[Abstract.]

RhLaeui-a floridana is a legless, burrowing, amphisbaenian lizai'd, found

in Florida. My attention was called to it by Mr. W. S. Blatchley, and I

secured specimens through dealers and through Dr. "W. B. Fletcher, of In-

dianapolis, who kindly forwarded a number of living specimens to me.

A study of the eye of this lizard has led to the following conclusions:

1. The eye of Rhineura has reached its present stage as the result of

a process of degeneration that pi'obably began in the early miocene.

2. The dermis and epidermis pass over the eye without any modifica-

tion. The conjunctival pocket has vanished.

3. Harder's gland is many times as large as the eye and pours its

secretion into the tear duct and thus into the nasal cavity.

4. The eye muscles have disappeared.

5. A cornea is not differentiated.

6. The lens is absent in half the eyes examined and varies greatly

in those in which it was found.

7. The vitreous body has practically disappeared.

8. The pigment epithelium is variously pigmented. It is of greater

extent than is sufficient to cover the retina and lias been variously in-

vaginated or puckered over the proximal and posterior faces of the eye.

9. An uveal part of the iris is not found.

10. The eye of Rhineura does not represent a phylogenetically primi-

tive stage; it is an end product of evolution as truly as the most highly

developed eye.

11. The adult eye shows few indications that there has been a cessa-

tion of development at any definite ontogenic stage. It does not resemble

as a whole any ontogenic stage.

12. An arrest in the ontogenic development has taken place in so far

as the number of cell multiplications concerned in forming the anlage of

the various parts of the eye have decreased in number, and in the lack of

union of the lips of the choroid fissm-e.

13. It is possible that the absence of cones or rods is due to an arrest

in the histogenesis of the retina, but since these structures are normally

formed in the young of Typhlotriton and disappear with age, it is possible
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that their absence in the adult eye of Rhineura is also due to ontogenic

degeneration.

14. The irregularity in the structure and existence of the lens and the

great reduction of the vitreous body offer evidence in favor of the idea of

the ontogenically and phylogenically earlier disappearance of the onto-

genically and phylogenically newer structures.

15. Horizontal nuclei found between the pigment epithelium and

the outer limiting membrane are probably derived from the proximal layer

of the optic cup.

16. The different layers of the retina have reached a degree of differen-

tiation out of proportion to the great reduction of the dioptric apparatus

and general structure of the eye.

Zoological Miscellany.

C. H. ElGENMANX.

1. Portions of a mastodon were found on a sand-bar in the Ohio River,

near Rockport, Ind. They have been presented to Indiana University by

Karl Cramer.

2. The bones of Megalonyx jefl'ersoni, from the Owen collection, have

been mounted in their relative positions and are now on exhibition in

Owen Hall.

3. The Museum of the Indiana University finds itself in possession

of a collection of birds, made by President Roosevelt at St. Regis Bay and

at Oyster Bay, between 1872 and 3877. Most of the specimens bear the

original labels written by Mr. Roosevelt, which are examples of explicitness

and fulness in labeling. The earliest specimen was collected February

12, 1872, and bears the serial number 4 of his collection. Mr. Roosevelt

published a small paper upon the birds of the Adirondacks and another on

those of Long Island, based in part on these specimens.' The trustees of

the University have ordered a dust-proof case to be made, in which they

are to be preserved for the future.

There are forty-six birds in all, foi-ty-two species, fifteen less than the

number sent here by the National Museum.

The labels i-ead as follows:
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Variation Notes.

0. H. ElGENMANN AND CLARENCE KENNEDY.

The Spinning of the Egg-Sac in Lycosa.

W. J. Moenkhaus.

The habit of the female spinning a round, ball-like egg-sac and

carxying this suspended from the spinners during the period of incuba-

tion, is, so far as I can determine, characteristic of the entire family of

ground spiders, the Lycosldae, with the exception of the single genus

Dolomedes. The process of the construction of the cocoon has been sel-

dom observed, so far as I can determine from the literature. This is due

to the difficulty attending such observation, since all of the species either

tunnel more or less deeply into the ground or live in retreats under stones,

boards, and the like. I had tried for a long time, without satisfactory

results, to observe this until I finally hit upon a species Lycosa sp. that

permitted me to make the observation very completely. The plan had been

to place gravid females in glass jars half-filled with earth, and by moisten-

ing this next to the glass induce her to construct her burrow there and

thus enable me to watch her actions through the glass. While I got

several females thus to construct their bm-rows and spin their egg-sacs,

I was not able to see sufficiently well through the glass, which always

became pretty well besmeared with earth during the excavation. In the

case under consideration, howeA^er, the whole process occurred above

ground, so that I could see it step by step. This, briefly, ran as follows:

She first excavated a shallow hole in the middle of the jar about one-

third greater in diameter than the length of her body. Tbis she did with

her mandibles and palpi, piling the excavated ground iu a crescentic heap

around one side of the hole. Then she spun a thin sheet over the hole,

extending from the top of the crescentic heap to the opposite side, com-

pletely covering the hole. This sheet, thus, was not horizontal, but in-

clined, and in the instance observed about 25 degrees, the inclination, of

course, being determined by the height of the crescentic embankment.

Upon the center of this sheet a crescent-shaped pocket was constructed

with the broad and open side directed toward the higher end of the incline.

Into this the eggs were deposited immediately after its completion. The
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eggs filled the pocket heaped full. The exposed surface of the eggs was

then closely spun over so that they Avere completely enclosed in a slightly

compressed spherical cocoon, suspended in the center of the sheet. The

edges of the sheet were then cut loose from the ground, carefully rolled up

with the mandibles and palpi and tucked up against the cocoon, being spun

fast as the work proceeded. This appeared as a rather prominent equa-

torial band aroimd the cocoon at the line of attachment of the sheet.

The whole cocoon was strengthened by further spinning, and, when

finished, was fastened to the spinners and carried away. The whole was

completed in a little more than one-half hour.

I have examined the cocoons of over fifty different species of Lycosidae

and all show their equatorial band more or less prominently, so that it

would seem that all the species adopt in general this same plan of con-

structing their egg-sac.

Experiments in the Hybridization of Fishes.

W. J. MOENKHAUS.

[Abstract.]

During the past three years thirty-three different crosses were made

among fishes. Most of these were between marine species; several were

between fresh-water species, and three between marine and fresh-water

species. In no combination was there a failure of impregnation. The

per cent, of eggs impregnated was usually large—50 to 100 per cent.; in a

few instances as low as 1 per cent. This per cent, bore no relation to the

blood relationship of the species. In most of the cases there was either

no polyspermy or the per cent, of polyspermy was small. In two crosses

this was as great as 50 per cent, of the impregnated eggs. The degree of

polyspermy bore no relation to the nearness of relationship.

In all cases of normal impregnation the earlier phases of development

were passed through normally. All crosses except where Batrachus tau

was used as the female, the development went beyond the segmentation

stages, the embryonic shield being apparently perfectly formed. Many

crosses went beyond this to the closure of the blastopore, but in these

cases the embryo was varyingly shorter than the normals. Seven crosses

developed into healthy fry. Some of these, however, showed abnormali-

ties, usually in the caudal peduncle and the anal fin. These latter crosses

were either between species of the same genus or nearly related genera.
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An Aberrant Etheostoma.

W. J. MOENKHAUS.

While seiuiiig iu Tippecanoe Lake during tlie summer of 1896, there

was talien among a great many Etheostoma caprodes a single very aber-

rant specimen of darter. I have been unable to identify it with any de-

scribed species. Its close affinity to Etheostoma caprodes and to Etheos-

toma aspro at once strikes one, and a closer study shows it to be in many

respects intermediate between these two species.

The specimen is rather large, although not too large for an Etheostoma

aspro, measuring 78 mm. in length. The form of the head and body is

very much like Etheostoma aspro. The snout is evidently longer and the

interorbital space broader. The cheeks, opercle and nape are scaled. The

color pattern, on the whole, also resembles more closely that of Etheos-

toma aspro. The barred character of Etheostoma caprodes in the upper

half plainly shows itself. Along the side is a series of nine large dark

blotches, more or less confluent with intermediate smaller ones. The

dorsal, pectoral and caudal fins are barred. The ventral and anal fins,

plain.

In the table are given measurements and counts of the aberrant spec-

imen and the two most nearly related species:
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ation of Etheostoma caprodes. In the form of the body and the colora-

tion it could more easily fall within the range of variation of Etheostoma

aspro. Indeed, this affinity is so strong that if it is merely a variation

it can only have come from Etheostoma aspro.

Both in coloration and in structural characters it can readily be dis-

tinguished from either of the two most closely related species, so that it

would be easy enough to characterize it as a new species. The reasons

against this are the usual ones, namely, that we have only a single speci-

men and that if it represented a species that is even only poorly established

more specimens should have been obtained in the enormous amount of

seining that was done during the same, previous and subsequent summers.

It is entirely possible that we have here a hybrid. There are charac-

ters that show a strong affinity for each of the supposed parent species,

as well as characters (scales) that are intermediate. Both parent si>ecies

occur in the lake, Etheostoma caprodes abundantly, Etheostoma aspro spar-

ingly. The most serious objections against considering this a hybrid is

the large number of dorsal spines—sixteen—in the dorsal, larger than in

either parent species. About 2 per cent., however, of Etheostoma caprodes

have sixteen spines in this lake and an occasional specimen is found with

seventeen. It should be stated in this connection that I have experi-

mentally obtained healthy fiy between Etheostoma coeruleum and Etheos-

toma nigrvm, two species much more distinct than the assumed parent

species. There seems, therefore, to be considerable evidence in favor of

the assumption that this is a hybrid.
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REPORTS FROM THE BIOLOGICAL STATION.

I. MAPS OF WINONA, PIKE AND CENTER LAKES.*

Allen A. Norris.

' Contributions from the Zoological Laboratory of the Indiana University, under the
direction of C. H. Eigenmann, No. 48.
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II. FAUNA AND FLORA OF WINONA LAKE, PARTS A, B, C, D.*

A. A List of the Mollusca of Eagle, Center and Pike

Lakes, Kosciusko County, Indiana.

A. A. NoBRis.

The mollusks mentioned below were collected during the summer of 1901.

In the preparation of the list I have been under obligations to Dr. Call, of the

Children's Museum, Brooklyn, and to Chas. T. Simpson, of the Smithsonian

Institution, each of whom examined and named a part of the collection.

UNIVALVES.

1. Selenites concava Say. Common on the marsh shores of Pike Lake.

2. Mesodon multilineatus Say. Abundant.

3. Mesodon mitcheUianus Lea. Common.

4. Limnophysa caperata Say. Common.

5. Limnophysa humilis Say.

6. Physa gyrina Say. Common.

7. Helisoma campanulata Say. Abundant.

8. Helisoma trivolvis Say. Abundant.

9. Helisoma bicarinata Say. Common.

10. Gyraulus parvus Say. Common.

11. Amnicola limosa Say. Common.

12. Amnicola parata Say. Common.

13. Valvata tricai-inata Say. Common.

14. Campeloma subsolidum Anthony. Found in outlet of Eagle Lake.

15. Campeloma rufum Haldeman. Abundant in the outlet of Eagle Lake.

16. Pleurocera subulare Lea. Very abundant in Pike Lake and Eagle Lake.

17. Pleurocera elevatum Say. Outlet of Pike Lake.

18. Sphaerium transversum Say. Frequent in the outlet of Eagle Lake.

BIVALVES.

19. Unio undulatus Barnes. Abundant in the outlet of Pike Lake, rare in the

other outlets, not found in the lakes.

20. Unio gibbosus Barnes. Three specimens were taken in the outlet of Eagle

Lake.

" Contributions from the Zoological Laboratory of the Indiana University, under the

direction of C. H. Eigenmann, No. 49.
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21. U7iio iris Lea. Frequent.

22. Unio subrostratus Say. Abundant.

23. Unio fabalis Lea. Eagle Lake and Pike Lake.

24. Unio cylindricus Say. A single specimen was taken in the outlet of Eagle

Lake.

25. Unio luteolus Lamarck. Abundant.

26. Unio ventricosus Barnes. A single specimen (dead) was found in the outlet

of Pike Lake.

27. Uyiio rubiginosus Lea. Common in Eagle Lake and in the outlet of Eagle

Lake. None taken from other waters.

28. Unio clavHs Lamarck. Rare in outlet of Eagle Lake.

29. Unio glans Lea. Common.

30. Margaritana rugosa Barnes. Outlet of Eagle Lake.

31. Anodonia edentula Say. Six.

32. Anodonia grandis Say. Common in Eagle and Pike Lakes.

33. Anodonta footiam Lei. Abundant in Pike Lake, rare in Center Lake, not

found in the streams.

34. Anodonta ferriisaciana Lea. Abundant in Pike Lake.

B. Additions to the Indiana List of Dragonflies, with a

Few 1s"otes.—ISTo. II.*

E. B. Williamson.

ADDITIONS.

1. Enallagma aspersion Hagen. A single female was taken June 27, 1901, in

the woods on Chapman Hill, near Winona Lake. The female of this species of

Enallagma is so distinctively colored that I do not hesitate to record the species

for the State on such scanty material. I think this species will be found to be

extremely local in di-tribution.

2. D omogomphus spoliatus Hagen. Old canal feeder along the St. Joseph

River, and St. Joseph River, Robison Park, Ft. Wayne, July 19 and August 11,

1901. Abundant; both sexes taken ; several exuviae gathered from piles at boat

landings in Robi-on Park; observed feeding on adult imagoes of the following

insects: Pieris ropae, white cabbage butterfly, and the two dragonflies, Htlaerina

americana and Argia putrida. An active, inquisitive species, relentless in love

'No. I was published in last year's proceedings (1900), pp. 173-178.

8—Academy of Science.
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and war, more wary than D. spiiwsus, and most numerous about the water from

9 a. m. to 4 p. m., where they are con-picuous by reason of the yellow or reddish-

yellow seventh to ninth abdominal segmenls.

3. Gomphus viUosipes fielys. Tippecanoe River, near Warsaw, June 23, 1901,

3 males. Holliday and Williamson.

4. Gomphus dilatalus Rambur. Tippecanoe River, near Wa^^aw, Jnn" 23,

1901, 5 males, 1 female. Williamson and Holliday. Tliis species was found

only near the P., Ft. W. & C. R. R. bridge over Tippecanoe River, and only on

this one date. The bridge was being repaired, and the dragonflies were taken

resting on some of the timbers, usually near the water, which flowed swiftly here.

Possibly half the number seen were captured. They did not patrol the river,

apparently, and, when frightened, they usually left the river, disappearing oyer

the fields on either side.

5. Gomphus spiniceps Walsh. Old canal feeder along the St. Joseph River,

near Ft. Wayne, July 19, 1901, one teneral female taken, another tenernl seen,

and two exuviae found in grass clumps two or three feet from the water.

6. Sijinpetrum corruptum Hagen. Near W^inona Lake, August 10, 1901,

1 male.' Miss N. O. Harrah.

Ninety-seven species of dragonflies are now recorded for Indiana. If seviiaquea

(or the form usually known by this name) and assimilatum should be regarded as

distinct from Tetragoneuria cynosura and Sympetrum rubicundulum respectively,

then the Indiana list numbers 99 species.

NOTES AND CORRECTIONS.

1. Argia translata Hagen. PI. I, Fig. 1. Ab., male 30, female 28; h. w.

,

male 22, female 2.3. A dark colored species; post-ocular spots small, not con-

nected; thorax nearly to first lateral suture black, narrow antehumeral and post-

humeral pale stripes, the latter only above ; these stripes wider and the post-

humeral longer in the female; sides of thorax pale, second lateral suture with

a black stripe. Abdomen black; pale, narrow, interrupted basal rings on 3-7;

male with a blue basal spot on 8 and 9, spot apically three-pointed, one point on

either side (half the length of the segment on 8, nearly the ertiie length on 9),

and the middle one on the dorsum; female with a jiale lateral stripe the length

of the ablomen, interrupted at bases and apices of segments, and placed lower

on 6 and 7. The distribution of this species, as now known, is such as to make

its discovery in Indiana possible.

2. Nehalennia irene Hagen. Winona Lake, June 22, 1901; Wooden Lake,

July 4, 1901. Clarence Kennedy.
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3. In plate I are figured the male abdominal appendages, lateral and dorsal

views, of four species of Enallagmas. Two of these, calverti and aspersum, have

been taken in the State, and the occurrence here of cyathigerum and doubledayi is

probable. The species here designated as cyathigerum is the same as annexum. I

believe that annexum (North American) and cyathigerum (European) are identical.

Hageni and cyathigerum are very closely related—much more closely than calverti

and cyathigerum. Doubledayi finds its closest allies in carunculatum and civile

4. In the report of the State Geologist for 18t^7, p. 404, I have recorded

Enallagrna laterale Morse for Shriner Lake. This is a mistake in determination;

the single male is carunculatum.

5. The seasonal range of Enallagma traviatum is possibly not so short. I

have records of it at Winona Lake from June 24 to July 13, 1901. It is much

less conspicuous than any other Enallagma with which I am acquainted.

6. On and about July 6, 1901, Mr. Kennedy and myself noticed on several

occasions the increased activity of Enallagma polltttum and signatum as twilight

came on. In the spatter-dock beds, where, during the mid-day hours only an

occasional wandering male would be seen, just before sundown many pairs clung

to the broad leaves or flitted in couple far out over the lake.

7. On August 25, 190), at Cedar Lake, Whitley County, Mr. Kennedy and

myself took, in two or three hours' time, 65 specimens of Ischnura kellicotti about

water-lily beds at the southwestern end of the lake.

8. The distribution of Herpetogomphus designatus as now known is such that

this species may be looked for in southwestern Indiana. In the key to genera,

Dragonflies of Indiana, it will runout to Ophiogomphus. Professor Needham has

pointed out that the two genera, Ophiogomphus and Herpetogomphus, may be dis-

tinguished by the form of the post anal cells. This character is indicated in figs.

2 and 3, pi. I. In the case of Ophiogomphus the two branches of the anal vein

form a distinct loop. Ophiogomphus rupinsulensis was taken, June 23 and 30, 1901,

along the Tippecanoe River, near Warsaw.

9. Dromogomphus spinosus has been observed during 1901, as follows: Tippe-

canoe River, June 23 and 30; Chapman Lake, June 30; and Ft. Wayne, along

the old canal feeder, July 18. During July the species was taken several times

at Winona Lake.

10. Lanthus albistylus Selys has been taken in Maine', Pennsylvania and

Tennessee; and its occurrence in Indiana is very probable. In the Dragovjlies

of Indiana this species will run out to the genus Gomphus. Lanlhus and Gomphus

may be separated by the form of the post-anal cells (see figs. 4, 5, 6 and 7, pi. I).

In Lanthus the portion of the seond branch of the anal vein bounding the
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first anal cell on its outer side (M) is longer than that portion of the anal vein

bounding the outer side of the same cell (S). In Gomphus M is always shorter

than S, unless a vein between post-anal cells meets S, as in fig. 4. The Gompbi

occurring in Indiana can be readily separated into three groups on characters of

the post-anal cells.

I. Second branch of anal vein not angled where the first cross vein be-

tween post-anal cells meets it (at point T) ; normally two post-

anal cells in the first series (fig. 4). (North American and

European.)

II. Second branch of anal vein angled at point T; normally one post-

anal cell in first series, two in second (fig. 5). (North American.)

III. Second branch of anal vein angled at point T; normally one post-

anal cell in first two series, followed by two (fig. 6). (North

American.

)

Lanthus is similar to this Group III of the genus Gomphus. It may be

separated by the character indicated above.

The species of Gomphi known to occur or possibly occurring in Indiana may

be arranged in these three groups, as follows:

I. brevis. II. (?) pallidas. III. externus.

viridifrons. villosipes. fraternus.

quadricolor. (?) cornutus. crassus.

exilis. ventricosus.

sordidus. vastus,

spicatus. dilatatus.

graslinellus. amnicola.

furcifer. plagiatus.

(?) pallidus. notatus.

spiniceps.

Prof. Hine and Mr. Tough have studied G. cornutus and G. pallidus for me.

From their sketches I believe both species will come in Group II, but the ma-

terial is so scanty I can not be sure of this.

11. Gomphus viridifrons Hine. PI. I, figs. 16 and 17. Described in the

Ohio Naturalist, Vol."^, No. 4^p. 60, Feb., 1901. The color description is quoted

below .

"Length of the abdomen, about 33 mm..; hind wing about 27 mm.; black,

face and occiput green; prothorax with anterior margin and three spots, green

or yellow ; thorax green with spaces at base of wings, lateral suture and six bands

before, black; the two middle binds are abbreviated anteriorly and separated by
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the mid-dorsal carina, which is very feebly green. Abdomen black, a dor.-al band

and sides of first two or three segments yellowish; a yellow spot at base of each

of segments, four to seven; and sides of 8 and 9, usually yellowish. * » *

This is Gomphus sp. Williamson, Dragon flies of Indiana, p. 294." This species

is most closely related to abbreviatus, which species, however, is not known west of

the mountains. From breids, another close relative, which has been taken in

western Pennsylvania, it may be separated at sight by the green face, the face in

brevis being sharply marked with black.

12. Gomphus descriplus Banks should be dropped from the Indiana hypo-

thetical list. It was recorded from Illinois on an erroneous determination. The

species has not been recorded west of the mountains.

13. Mr. Tough, in a recent letter kindly calls my attention to an error in the

description of Gomphus dilatatus, p. 286, Dragonflies of Indiana. Second line from

bottom, for apical read basal. Mr. Tough reports taking two males of this species

in Illinois, and one of these has a s^all but distinct yellow basal spot on the

eighth abdominal segment. . The few specimens I have seen of dilatatus have had

eight immaculate above.

14. Gomphus segregans Needham is a synonym of Gomphus spiniceps Walsh.

15 On June 17, 1901, at a ripple near the Clover Leaf railroad bridge over

the Wabash Eiver at Bluffton, I took Gomphus fraternus, G. crassus, and Pro-

gomphus obscurus. P. obscurus was the most abundant and G. crassus the rarest.

The next day at the same ripple, at the same time of day, under conditions which

to me seemed the same as the day before, I took G. graslindlus, G. crassus and P.

obscurus. But G. fraternus was not seen, and O. graslinellus, not seen on the 17th,

was the commonest species of the three on the 18th. Specimens of the four species

were all bright and clean, not at all worn. The why, whence and whither of

imago Gomphi is a puzzle. On both these dates in the crowded willow herbs at

the ripple Argia putrida, apicalis, tibialis, sedula and violacea—the five Argils known

for the State—were pairing.

16. During the season of 1901 Progomphus obscurus was observed at Bluffton,

June 17 and 18 ; Tippecanoe River, near Warsaw, June 23 and 30; Chapman
Lake, June 30, where half a dozen exuviae were gathered on the sand beaches

near the water's edge; old canal feeder and St. Joseph Eiver near Ft. Wayne,

July 19.

17. An exuvia of Hagenius brevistylus was collected from a pile in Tippecanoa

River, June 23, 1901. On June 30 Mr. Kennedy took an imago along the river,

and on the same date several were seen in a second growth brush lot, flying

leisurely about—if no insect collector was in striking distance—and frequently

alighting on twigs, stumps or an old rail fence.
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18 During the summer of 1901 Boyeria vinosa was not rare in the low woods

about the Biological Station at Winona Lake. Students collected a large number

of nymphs of all sizes at Turkey Lake, July 19, 1901.

19. A single exuvia ol Basiaeschna janala v/as found along the Tippecanoe

River near Warsaw, June 23, 1901, identified by Professor Needham.

20. On August 24 and 25, 1901, Mr. Kennedy and myself collected several

males of Aeschna clepsydra at Shriner Lake, Whitley County. This makes the

Shriner-Round Lake list number 47 species. As observed on these two days,

clepsydra, as his brighter color pattern would indicate, is a more dashing fellow

than his common congener constricta.

21. Macromia illinoiensis Walsh, Wabash River, Bluffton, June 20, 1901;

Tippecanoe River, near Warsaw, June 23, 1901; old canal feeder and St. Joseph

River, near Ft. Wayne, July 19 and August 11, 1901. Macromia taeniolala Ram-

bur. Old canal feeder and St. Joseph<River, near Ft. Wayne, July 19 and

August 11, 1901; associated with itlinoiensis, taeniolata being the most numerous.

This large dragonfly, floating idly or cutting through the air without apparent

effort, always flashing the sunlight like darts from glimmering wings and metallic

body, can not fail to draw the interest and admiration of any idle observer who

may wander along its haunts. Its alertness usually brings dismay to the crillector

who has waited patiently in waist-deep mud and water for its coming, and whose

deep and fervent reproaches follow the beautiful form as it sails away, first tree-

top high, then skimming the water with its strong front wings, in pure derision of

the impotent wretch who plotted so clumsily against its life.

22. During the whole of July, 1901, and possibly later, Epicordulia princeps

was on the wing along the reed-grown shores of Winona Lake. This species spends

more hours per day on the wing than any other species in Indiana. In the gray

twilight, before sunrise, while the black bass were noisily gathering their break-

fasts in the shallow water, as we sat in the boat ca'ting to right and left with an

indigestible, hook-enshrouded minnow, princeps, misty and indistinct, floated

by. After sunset, when we went to the shore with the shotgun to snapshot at

bats, there he was again, out over the water, hurrying along in the gathering dusk

as though his day were not yet completed.

23. On September 3, 1901, at an old gravel pit near Bluffton, I observed

Sympetrum vicinum ovipositing. The male held the female by the head as they

hovered a minute in front of a curtain of algae, formed by a mass of the plant

clinging to the edge of an old plank as the water had become lower in the pit.

This curtain was about nine inches high, the lower edge of it trailing in the

water. The dragonflies moved swiftly forward and the abdomen of the female
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was tapped quickly against the curtain. At once they moved backward and

downward, and the female struck the water with her abdomen. Then they rose

again, hovered a moment a few inches in front of the curtain, and repeated the

performance. After some time they separated and alighted among some cat-tailg,

growing near. Oviposition was not interrupted by copulation. Part of this

curtain of algae was collected. Portions of it were literally piled up with the-

dragonflies' eggs. Doubtless some of the eggs were washed from the abdomea

into the water, but the majority were placed on the algae. Eggs had been

placed at the top of the curtain, but this had become thoroughly dry. Females,

which I saw ovipositing were placing the eggs two or three inches above the

water where the curtain was very damp. The hatching of the egg, and possibly

the first moult of the nymph, takes place on this curtain.

24. Though the subject of Odonate copulation has been considered

by many authors with "presque toujours une description detail^e et souvent.

poetique," I have been unable to find any statement concerning the filling of the

seminal vesicle of the male dragonfly, other than that this takes place before copu-

lation. In the case of Calopteryx, Argia and Enallagma, where I have been able to

make positive observations, the male fills the seminal vesicle at once after he has

captured the female. It seems probable that during the wild flight of mating

Aeschnas and some of the gomphines (I have noticed especially Dromogomphus

spoliatus) the seminal vesicle is being filled, and, this accomplished, the pair come

to rest in tree-top, on the ground, or where not, and copulation takes place.

The Anisoptera, which I have observed, do not copulate while flying, if they are

undisturbed.
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EXPLANATION OF PLATE.

1. Argia tranxlata Hagen. Ohio Pyle, Pa., September 8, 1901, J. L. Graf,

Lateral view of (^ abdominal appendages.

2. Herpetogomphug designatm Hagen. Portion of right wing; (, triangle; i, in-

ternal triangle
;

a, anal vein (or postcosta); b, first branch of anal vein
;

c, second branch of anal vein
; p, post-anal cells (middle post costal

space).

3. Ophiogomphus rupinsulensis Walsh. Portion of right wing. Lettering same

as for fig. 2.

4. Gomphus spicalus Hagen. Portion of right wing. Lettering same as for

fig. 2.

5. Gomphus villosipes Selys. Portion of right wing. Lettering same as for

fig. 2.

6. Gomphus scudderi Selys. Portion of right wing. Lettering same as for

fig. 2.

7. Lanthus albistylus Selys. Portion of right wing. Lettering same as for

fig. 2.

8 and 9. Enallagma doubledayi. Selys. Provincetown, Mass., August 4, 1899, J.

E. Benedict. Lateral and dorsal views of (^ abdominal appendages.

10 and 11. Enallagma aspersum Hagen. Conneaut Lake, Pa., August 18, 1899,

D. A. Atkinson. Lateral and dorsal views of (^ abdominal appendages.

12 and 13. Enallagma calverti Morse. Sheep Creek, Wyoming, August 6, 1899,

E. B. Williamson. Lateral and dorsal views of
(J'

abdominal append-

ages.

14 aad 15. Enallagma cyathigerum Charpentier. Sheep Creek, Wyoming, August

6, 1S99, E. B. Williamson. Lateral and dorsal views of ^ abdominal

appendages.

16. Gomphus viridifrons Hine. Ohio Pyle, Pa., June 25, 1900, E. B. William-

son. Lateral view of rj abdominal appendages.

17. Gomphus viridifrons Hine. Ohio Pyle, Pa., June, 1900, E. B. Williamson.

Vulvar lamina.

18. Gomphus brevis Selys. Ohio Pyle, Pa., June 24, 1900, E. B. Williamson.

Lateral view of rj' abdoruinal appendages.

19. Gomphus brevis Selys. Ohio Pyle, Pa., June 28, 1900, E. B. Williamson.

Vulvar lamina.
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C. Flora of Eagle Lake and Vicinity.

H. Walton Clark.

The work riiilxMiicd in the foHowin.y- report was accomplished liy the

writer, assisted by Mr. Charles :m. Ek, diiriiig the suiuirers of 1899 and

lOilO. under the anspit-es of the Indiana I'niversity Biological Station. The

purpose of the work is to present a study of Eagle Lake as a unit of

en\ ironnient as regards plant life, and the special line of investigation

was that of the various plant aggregates of the lake, including their rela-

tions to each other and to that body of water. Many thanks are due to

Dr. C. H. Eigenmann. Director of the Station, and to Dr. Mottier. Head

of Department of Botany of the the Station, for assistance in suggesting

and mapping out lines of work.

As regards the ytlan of the work, it will be helpful to the reader to bear

in mind that the survey of the area studied was made in a series of eon-

centric rings, beginning at the northeast corner of the region descrllied.

that is, at the laboratories, and starting southward. All descriptions have

this beginning and sequence, and the sides of the lake are described in the

following order: (1) east side. (2) south side. (3) west side. (4) north side.

Eagle Lake is one of the many small lakes of northei-n Indiana which

occupy depressions in the surface of the glacial drift. It is somewhat

irregular in outline, and consists of a large main I)ody, a somewhat narrow

neck or channel, and a large bay at the west end. According to Mr.

Large, who made a survey of the lake several years ago (Proceedings Ind.

Acad. Sci., 1890), the area of the lake is about 0.807 square mile.

Before entering into a detailed description of the lake and its flora,

however, it may lie well to consider briefl.v the surrounding country.

This description of the region surrounding the lake is not intended to be

exhaustive; it is simply presented as a sort of frame for the picture of

the lake itself. The whole region from the lake shore to and including

characteristic poi-tions of the high ground beyond the limits of the lake

plain, moreover, rot only represents a sort of unit area in itself, but at

the same time includes an interesting variety of conditions and furnishes

interesting Ints of well marked biological areas that are to be found on a

large scale elsewhere, but whicli liere in tlieir limited size offer veiy favor-

able opportunities f(n' study.

Eagle Lake and its plain are nearly surrounded by a ratner abrupt

terrace of yellow sand, which rises at varying distances from the lake
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shore and beyond which extends the unduhiting iiphmd, forming the

characteristic topography of the region in general. In only three rather

narrow points does the terrace approach very near to the water's edge.

These places are (1) along the northei-n part of the lake, near the northern

end of the Assembly groimds, (2) at the place known locally as Yarnelle's

lauding, or Yarnell(>'s ]ioint, and (3) near the oiitlet. At all other places

it recedes from the lake, leaving a large, level, lake plain. The rampart

of hills, or terrace, is cnt through in three places: (li Cherry Creek valley.

(21 the valley of Clear Creek, and (3) at the outlet. In the direction of

Warsaw there is a long stretch of low ground, the exact natural limits

of which it is impossible to defini' on account of many artificial chaug-es,

but which contains ^larket-street pond, an interesting body of water, and

extends fartlier on toward the lakes on the other side of Warsaw, such as

Pike Lake, Center Lake and others.

Along the southeast and south shore is a high, narrow ice ridge be-

tAveen the lake and the lake ]>lain. 'I'lie ice ridge is present elsewhere

also, but is nowhere else so plainly marked. Fig. 1 shows a bit of old

tolerably well marked ice ridge in this region.

In the discussion the regions about and including the hike will be noted

in the following order: di 'I'ho tei-race and upland, along wath the gullies

through them. (2) The lowland lietwcen the terrace and the lake, con-

sisting of lalvc plain and lowland forest. (3) The lake shore aud belt of

shore plants. (4i The ponds and liayous belonging to the lake plain. (5)

The belt of marsh plants (plants with emersed leaves), and of short-

stemmed aquatics. (G) The belt of long-stemmed aquatics. In the general

discussion, simply typical species will lie nuMitioned. The lake plants

proper Avill be discussed more thoroughly later.

The terrace is compose<l of a yellow sand witli an admixture of some

clay. The slope from the lake plain is occasionally gradual; always, how-

ever, there is finally a rather steep and bluffy ascent. At Yarnelle's point

there is no gradual slope at all, but the bank rises sheer from the water's

edge.

THE UPLAND.—In the state of nature the upland is covered with a

forest of such trees as the various oaks and hickories, some walnuts, a

ft'w tulip trees, wild cheny. ash and elm. In some cases there is no under-

growth of slu-ubs, and very little grass or herbs, as the forest floor is

covered Avith a thick carpet of dried leaA'es, At other places, especially

near the sides of gullies, there is au undergrowth of such shrubs as piickly



130

J'i^. 1,



131

ash, raspberry and blackberry, some lioplree iPtelea) and witch hazel,

while the forest floor is covered with a carpet of cominou bladder fern,

{'ystopteris fraglUs, some maiden-hair fern (not very common). Indian tur-

nips, wood rush, various galiums, pinks, may-apples, hawkweeds, wood

sunflowers, tick trefoils, and so on. Anycliia is abundant in some places.

In other places are a few scattered patches of ^ahhatla angiilaris, frost-

weed, pinweed and Hcpatica hepatica. the round-lobed liver leaf. This is

the predominant species of the genus here; in fact, the only species the

writer has seen at all, while in other parts of the State, except in ^larshall

County, the only species the writer has seen was H. acuta. In a hasty trip

to Chapman's Lake, not far from Eagle Lake, plenty of Hcpatica acuta was

seen and no H. Jiepatica. (At Chapman's Lake, too, Impatatkns pallida was

the only species seen. At Eagle Lake I have seen only /. fulva.)

^yndcsiiiou tlialirtroidrx. Avhich is usually regarded an early spring

bloomer, flowers occasionally in late summer in various forests near the

lake. During the summer of 1899 a specimen was found in the woods

south of Cherry Creek, about one-half mile from the lake, in flower in

August. In lOOO a plant was found in full bloom June 29, over near the

Pennsylvania railroad, and another on July 30, up Clear Creek ravine.

Toward the foot of some of the hills, and in rather open spaces, is

found an abundance of such plants as the l)lack hucklelierry ((iai/luKsacia

rcsinosa), mullein foxglove, downy false foxglove, wild flax, frostweed, and

in some places Frasera. Here, too, is an abundance of dense tufts of

various mosses, while a small cup lichen, Cladonia, covers the earth

with a continuous gray mantle. Toward the outer edge of the forest

and at the foot of the hills is a sparse growth of wild oat grass and

Fimhristi/Iis.

The heavy forest southeast of the lake contains about the same species

of trees as those mentioned above as characteristic of the hill forest.

Here is a large number of introduced plants, as motherwort, burdock, and

sweet briar rose. The forest near Yarnelle's point contains a basin where

pin oak is almost the only species, while in the forest near the outlet there

is coral root in considerable abundance. There is an abundance of fungi

in all the forests, of Myxomycetes, Boleti and various Agarics.

In certain places the forests have been removed from the hills, where

it has been left to grow up again without apparently having ever been

cultivated much; we have a growth peculiar to such places everywhere.

In one such region sassafras, not frequently to be met with in the native
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forest, Ms taken the place and grows so thickly as to shade out all under-

gi'owth except a few spindly, discouraged-looking plants of red sorrel,

Rumex acetoseUa. The lower leaves of this copse of sassafras took on beau-

tiful autumnal coloration quite early in 1900. It was quite noticeable

toward the end of July. Other parts of this once cleared place are covered

with a thick sod of Kentucky blue grass.

There is also in the region just described (east of the lake) a sparse

growth of scrubby oaks with clumps of raspberiy and blackberry and wild

grapes here and there.

The Russian mulberry has established itself here and forms an

abundant sprinlding tlirough the copse. The trees have in all probability

sprung from seed scattered by birds. A peculiarity of this place is the

tendency of plants of one species to form continuous patches to the exclu-

sion of almost everything else. The sassafras has been cited as an ex-

ample of this. One finds here and there a large bright green spot where

dewberry vines ha^e crowded out everything else. In other spots large

patches of common five-finger (PotoitiUa canadense), in others Steironema

cUUttum, and in others of prostrate tick trefoil cover the gi'ound exclu-

sively.

Where the ground has been wholly cleared, and cultivated, and then

abandoned, we have, besides the ever present ragweed and Chenopodium,

such rosette plants as mullein, pasture thistle, and Canada thistle. Pepper

grass is abundant, shepherd's purse scarce. There is also an abundance of

such mat plants as purslane, carpetweed, and spreading spurges. Species

of Eragrostis spread out in the form of mats. Crabgi'ass is abundant, and

where the gi-ound is cultivated, one of the most persistent and annoying

weeds. Eiipliorhia corrohita is particularly abundant and conspicuous.

The gullies and immediately adjacent forests have a flora of their own

somewhat different from the rest. The gully of Cherry Creek is a broad,

level, swampy tract of country, covered with willows, sedges, skunk cab-

bages and various other marsh plants. It has a muclcy soil, and resembles

an extension of the lalvo plain.

Along the sides of this gully is considerable underbrush in the forest.

There are plenty of such small trees as juneberry, flowering dogwood,

ironwood, water-beech and haws, and such shrubs as hop-trees (Ptelea),

witch hazel, bladdernut, and so on. Far up the gully is a specimen of the

laurel-leaved oak, Qnercus wihricaria, and one of alternate-leaved dog-

wood, neither of which are particularly common in the X'egion. At the foot
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of the hills are a few ferns, lady-fern, maiden-hair and brittle bladder

fern (C. frufjilis). In general, however, the delicate wood ferns are not

abundant in this region. Mitella diphijlla fringes the slope of the hills

here and there. Both in this gully and at places in the lake plain, as the

southern end of the Assembly grounds, are soggy hills covered with a

gTowth of sedges, shrubby five-finger, gi'ass of parnassus, and so on.

Numerous springs issue from these hills. In the bottom of the gully, and

near the creek itself, is an abundance of swampy ground, with Sagittarias

and other marsh plants. Here Is an abundance of the liverwort, Cono-

cephalus.

One dry hillside along this gully is completely covered with hounds-

tongue. The hillsides from which springs issue bear in places large patches

of horse-mint (Monarda fistiilosa) and are made purple in August by

masses of iron-weed in bloom.

The upper part of the gully of Clear Creek is different both in appear-

ance and flora, from that of Cherry Creek. Hei'e the creek cuts its way

thi'ough hills of sand and gTavel. The bottom of the tolerably wide gully

is mostly sandy soil, and the creek bottom is solid and often contains sand-

bars and gravel-banks. The different slopes have a somewhat different

flora. There are a few large basswood trees, and some beech and a few

box-elder on the east side. On the slope on this side ai-e found rock cress,

BlcpJiiUa, nettles, beech-drops, and so on. On the west side of the gully

were found spice bushes, Celastrtts scandens, or climbing bitter-sweet,

hedge hyssop, tall scouring rushes, blood-root, celandine poppies, re-

mains of trillium, wood anemones, dutchman's breeches, and the like.

The sides of the outlet, where there is a broad marshy region without

any pronounced gully, showed no plants different from those common to

the region, except there was an especial abundance of the reindeer lichen,

Cladonia rangiferhia. There is here a broad, densely overgrown, swampy

tract, full of willows.

At different places between the sand hills and the lake are the loio

ground forests, the bottoms of which seem to be slightly higher than the

surface of the lake plain itself. One of these forests is to be found in the

vicinity of the laboratories and another down along Clear Creek. This

forest differs considerably fi'om the high-ground forest in both soil and

vegetation. The soil is a rich, black, sandy loam. The trees are burr oak,

ash, aspen, willow, elm, plum, and so on. At the junction between the

low-ground and high-ground forests we have at one place, near Chicago



134

Hill, a clump of red-bud trees. At another, on the border line between

the upland and lowland forest, the ground is thickly covered with ground

ivy, Xepefo ghk-lioma.

Here in the low-ground forest we have, especially in the first forest

mentioned (that near the laboratories), a dense undergrowth of hazel-nut,

prickly ash. hop tree and many other shrubs, so that the wood was

somewhat difficult to pass tlu'ough. The forest floor is also thickly cov-

ered with a quite dense growth of vines and tall weeds of numerous

species, among which may be mentioned virgin's bower {Clematis virgin-

iana), gi'ape, hop, spotted touch-me-not, false nettle. American bell flower,

great blue lobelia and cardinal flower, rice cut-grass, and many other

such plants.

The low-ground forest in the vicinuy of the laboratories was much

modified during the summer of 1900, as a good deal of the underbrush was

removed. In all cases it goes entirely down to the fringe of willows

which grows at the edge of the lake.

The second low-ground forest, at the southern or west of southern side

of the lake, not far from the region of Cleai* Creek mouth, consists of

nearly the same sort of trees as the other, but the ground is rather more

marshy, black and level, and the vegetation of the forest floor is of a

somewhat different sort. There are more soft maples and large willows

here, and lizard's tail is a characteristic plant. A small part of the shore

is sandy here, and there is, between the lake shore and the low ground,

back from the lake, a high, narrow ice ridge, four or five feet wide and

breast high, and quite steep on each side. There are tolerable good ice

ridges in other places, as south of Chicago Hill pier a little way, shown

in Figure 2 (Fig. 2 shows lake plain on the left with willows on the ice

ridge on the right), and over by Yarnelle's point, but these are not nearly

so well marked.

The greater part of the country between the lake and the hills is a

flat, level, meadow-like tract, forming the Lake plain. The soil of this

plain is generally of a black or brown muck, with plenty of marl in places.

Ditches dug through it reveal an abundance of gasteropod shells, many of

them yet entire but very fragile, and many of them broken. These a;ttest

the former existence of the lake over the lake plain.

Traditions of old settlers refer to a time when the lake shore came up,

in places at least, to the foot of the hills. One such tradition refers to

the lake reaching the base of the hill known as Hamilton Mound, and the
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date assigned is almiu ISoC. It is not reported whether this was simply

the result of a temporary Hood or a constant condition. The area of the

surface is subject to tiuite marked variation at present, possibly more so

than before the removal of much of the surrounding- forest. The Govern-

ment Survey shore line of 18;j4 lies at places considerably outside present

maps of the lake. Mr. Large expresses his opinion that it perhaps marked

the limit of the swampy ground.

In appearance and vegetation the various parts of the lake plain differ

considerably from each other. In some places the soil is a reddish or

brownish muck, in other places'it is a blackish soil. In some parts it is a

Fig. 2.

sedgy, ferny meadow, in others it is covered with a dense growth of bushes,

as clumps of willow, Cepliahnithiis and Conuis. There seem to be indica-

tions, however, that it was once nearly alike in vegetation, and that the

sedgy, ferny meadow has been cleared off by artificial means. One indica-

tion of this is that we have wholly different regions on different sides of

fences, one side of the fence being bushy, and the other covered with

sedges. gTasses and ferns only. In one place where there was such a level

meadow, a few dead willow sprouts were noticed. Examination revealed

that they were charred about the roots and liad probably b-HMi killed by
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fire, which had passed through and left the ground I'ough and tussocky.

Between this meadow just described and the lake, near the lake shore,

were plenty of low bushes, which had proljably been saved by the prox-

imity of the lake and possililc resulting saturation of the ground, or more

prol>ably by the amount of sand In the low Ice ridge upon which they grew.

A few characteristic portions of the lake plain will be described in order:

(1) At the Assembly grounds, where the lake plain was once quite

broad, it has been modified l)y filling in, and by the construction of base

ball grounds and race track. This portion is now a level field overgrown

with grass.

"(2) The portion of the lake plain bordering on the southern end of the

Assembly groimds was once brushy like the portion next to be described

now is, but the Inush has been cleared off. At present it is a level tract,

covered thickly with sedges and ferns. Toward midsummer it is made

purple in patches by the blossoms of loosestrife, Lythrum alatum. Later

in the year there is a zone of blue about tlie height of one's head from the

many blos&oms of tall blue vervain, while later still the ground is yellow

in places with blossoms of the cone-flower or black-eyed susan. which

grows in great abvmdance here, and blossoms quite late in the season.

Farther on dowTi, near the Biological Station, the lalie plain is more in

its natural condition. Here, at the foot of the hills, is a belt of sensitive

fern extending for a good wa.v along the edge of the plain. The whole

plain is pretty densely covered with low clumps of Cornus, willows, Caro-

lina I'ose, and button-bush. _ An examination of this region shows three

distinct formations of vegetation. Upon a casual glance one sees very little

but bushes. A close examination, lower down toward the ground, will

show a thickish growth of tall sedges and a few coarse grasses, while an

examination still nearer the surface of the ground will reveal a growth of

slender prairie fern. These formations are shown to particularly good

advantage where artificial agencies have been at work. Where the bushes

only are removed, one sees for the most part simply a level stretch of tall,

narrow-leaved sedge, with a few stalks of tall grass here and there.

Where the grass has been mown one sees an unbroken patch of fern.

In the vicinity of the laboratories a low-ground forest, already de-

scribed, comes down entirely to the water's edge. South of this is another

stretch of lake plain. This plain is mostly devoid of bushes, except a

narrow fringe along on the low ice ridge. It is covered with sedges, tall

grasses and an nndpr-foi'iiiation of marsh fern. The distribution of plants
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in this region is somewhat patchy in places. There are several areas

covered with tlie royal fern, Osnuinda 7'egaUs. at the outer edge, near the

hills. This fern grows so thickly here that at certain times the ripened

sporangia give the whole landscape a brownish cast. Toward the lake is

a pond of c-onsiderable size fringed with cat-tails and a whitish sedge,

along with Elcocharis and Sagittaria. Near the lake shore, as has been

said, is a fringe of willows. In this portion of the plain, during the month

of August, the wand-like stems of blazing star, Lacinaria spicata, with long

spikes of violet purple flowers, rise here and there and give a peculiar

effect.

The portion of the lake plain south of the lake is continuous with that

just mentioned and extends to Clear Creek. Along its outer margins it is

much like the portion just described—a sedgy, flat stretch of country. To

this during the late summer an abundance of swamp milk-weed and joe

pye weed tint the whole landscape a light purple. Near the lake is a large

pond or maa-sh where grows in one place great patches of Sagittaria.

Here are the most extensive patches of bulrush, cat-tail, Spnrg(t)ihim and

Calamus in the vicinity. Beside gi-owing by themselves in places, these

plants also grow together in other spots, forming a mixed flora. The soil

is more than saturated with water, and is very miry. There are not many

willows here, but just a little distance west, near Clear Creek, the large

marsh extends back a long distance, and consists of an almost impenetra-

ble willow thicket. Back of this willow thicket is a low-gi*ound foi-est,

already mentioned. At the extreme west end of this marsh it becomes

more open and prairie-like, and has the appearance of having been burned

over. Among the tall sedges of this place is an abundance of such plants

as prairie fern, prairie dock and a tick trefoil {Meiboma canadense), very

showy when in bloom. Some of the gi'ound is mossy. One large tama-

rack with several smaller ones, probably its seedlings, are growing here

isolated from others of the kind. The ground is not like that generally

found in tamarack swamps.

At the termination of this marsh, a hill, part of it under cultivation

and part of it upland forest, comes down near to the lake. From this

place the hill and high-ground forest extend along the lake shore to some

distance beyond Yarnelle's point, and for a space the lake plain and low

gi'ound wholly disappear.

Beyond Yarnelle's landing, and near the neck of the lake, the lake plain

begins again and broadens considerably. Part of the plain has been
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cleared and pastured and mown so that little is left but the sedges. Part

of it is covered densely with willows. It is not different in appearance

from other portions of the lalce plain, and is diffei'ent in vegetation only In

that in the wet portion adjacent to the lake two L'trlcularim are found

among the sedges, one. f. nilf/aris sparsely, and probably left by the lalie

as it retreated after a flood, and the other, U. intermedia, forming a dense

and continuous mat over the ground. Here, too, is a large cat-tail and

bur-reed marsh, and the bottom of the ground among these plants is

thickly covered witli moss, a long, bright green species. Wild senna is

abundant in this place. The open plain continues until near the outlet,

where it has never been cleared, and consists of a dense willow thicket.

The plain on the western side of the lake is cleared, and at one place ex-

tends through a naiTow neck between the hills for a considerable distance

from the lake.

The lake plain along the northern shore is so much like that of the

other part that no detailed description need be given, except to say that

that portion along the neck of the lalvc, that is, the western end, is stiU a

willow thicket, while the remainder is cleared. In the direction of War-

saw, along the middle part of the north shore of the lake, the hills make

a large loop, so that the lake plain spreads out into a large round bay,

with a narrow neck or channel. Here is one large and many small tama-

rack trees and many alders. The ground, however, is tolerably dry and

there is no marsh in this region. One bunch of Si)Jta(jni(m was found

growing high and diy at the foot of the hills in the sandy ground, forming

a tussock around tlie base of a tree. The plain narrows as one goes east-

ward until the hilis nearly reach the lalce near the railroad station at

Winona.

From Eagle Lake, toward Warsaw, extends an interesting stretch of

level ground. The surface is higher than that of the plain, but it is

swampy and mucky. Part of this was once an old tamai'ack marsh; and,

although no tamarack trees remain, it still abounds in Sphagnum, choke

berries, chain fern, hispid dewberries and liuckleberries. It has probably

once been the home of many of those intei'esting plants generally found in

tamarack marshes—pitcher plants, orchids of various species, cranberries,

and perhaps droseras.

At this place the railroad intersecting the region brings in its inter-

esting accompaniment of introduced plants. Among these are Lupinus

perennis, squii"rel-tail gi'ass, Salsolu kali, and so on.
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Aloug the lake shoi'e there is in many places a narrow fringe of willows

and dogwoods. These probably once formed a continuous stretch, but

have been removed by artificial means. Just edging the lake, too. was

foimd. during the stimmer of 1SV19, an abimdance of creeping Selfiginella,

but it was not nearly so abundant in 19CM).

PONDS.—.Just as the lake occupies a large hollow in the surface of the

drift, so are lesser hollows in the surface of the lake plain, and in the

region surrounding the lake, occupied by pouds. In some of the shallower

ponds, and these remote from the lake, the supply of water is temporary

and they are dry basins during the drier parts of the year. The ponds are

exceedingly varied in appearance and flora, and are interesting objects to

study. They are really lakes in miniature, and may represent future stages

of the lake itself. Lack of space, however, will prevent the discussion of

this interesting featine "of the region, except to say that their quiet wate -s

contain in abundance many interesting aquatic forms which are not to be

found in the lake, or which occur there only in limited quantity. Among

these plants are the various duckweeds, Lemna minor. L. trisidca, Spirodella

pohjrhiza, Wolffia columhiana and TT. hraziUensis, which are to be found in

the ponds and lagoons on the eastern side of the lake. Other ponds con-

tain an abundance of liverwort, two species, Riccioearpiis uatans and Kiccia

fliiit(ins\ being abundantly represented. Some of the ponds containing foul

water have Utriciilaria vulyaris in abundance. Here the bladders are black

and full of dark, solid dirt, and the plants blossom profusely. This plant

is found only scantily in the lake itself, and in this situation the bladders

are empty and more or less transparent. The whole plant is bright green

and I have not seen it in blossom at all. One of the ponds (Market street)

contained Brasenia in abundance, and it blossoms profusely. A small

patch was found in the southwestern part of Eagle Lake, but I have never

seen it in bloom there. One of the ponds east of the lake contained large

balls of nostoc in great abundance.

THE LAKE PROPER.—Preparatory to the task of mapping the vari-

ous plant aggregates of the lake, it was found necessary to measure along

the shore line, and so become acquainted with the relative distance of

various objects. This work was done quite carefully and lengthy notes

taken concerning the natiu-e of the shore. Stations were established and

full descriptions written of neighboring objects, so as to make their recog-

nition possible. This was the most laborious and tedious part of the work,

and not particularly frtiitful of direct results. 'for of the great mass of
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notes taken the greater number would be tedious and uninstructive to the

reader. The value of this Avork was evident, however, during every suc-

ceeding stage of the work: for during all the subsequent observations

of the lake, every detail of the shore was familiar as nothing else could

have made it. and objects could be oriented at a glance from any position

in the lake.

Of the many things that might be said in detail concerning the physiog-

raphy of the lake only a few of the most important and striking, as char-

acter of soil along shore, etc., can be noted.

SOIL OF SHORE.—Various parts of the shore, as along the Assembly

grounds, at the Biological Station, and south of Chicago Hill pier, are

sandy beach. This sand is not like that of the sand hills; it is a solid,

whitish sand, Avith small banks or streaks of quite reddish sand here and

there. Other parts of the shore are of a tough, blackish or broAvnish muck;

the greater portion of the shore is of this nature. The shore about Yar-

nelle's point is rather coarse gravel.

Some parts of the shore are suffering Avave erosion. Particular ex-

amples of this are the region just south of the mouth of Cheri-y Creek, and

again at the cape just beyond the neck of the lake, and on the southern

side. At these places the lake has encroached a good deal on the land in

spite of the protection afforded by the roots of bushes, etc. Ti-ees ajid

bushes are undermined and fall over, and there are stumps in the lake

bottom for some Avay out. At other places, as at the south end of the

lake and along parts of the north end, the treeless, mucky shore is being

Avorn aAvay. Here the waves act as a "horizontal saw" (to use Le Conte's

illustration), leaving a solid, mucky platform in the bottom and a steep,

almost vertical step off at the water's edge from the level plain to the

bottom. The waves often cut between tussocks of grass and leave minute

fiords. At other places the sod or turf is undermined, and moves up and

doAvn with the waves. The muck is in places very tough and resisting.

Large chunks of the filirous soil are torn loose from the shore or bottom

and rolled l)y the Avaves into a peculiar rounded form, much like a rounded

rock in shape, and yet not torn apart. The Avork of erosion along these

mucky stretches of shore is hastened and assisted very materially by

holes, presumably Avater-dog burroAvs. which honeycomb the soil and ren-

der it susceptible of being broken up into pieces.

Elsewhere, especially between the patches of Scirirns lacKStris to be

described later, sedimentation is going on quite rapidly, and banks of soft.
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black mud are iii the progress of formation. The waves throw up the mud
in the form of loops and bands, and so form small irregularities in the

coast line. An examination of the mud thi'own up or built up in these

situations shows it to be composed of small pieces of Scirpus in various

stages of decay. Thus the Scirpus furnishes a large amount of material

for the building up of new shores. Besides the comminuted and decayed

Scirpus there are occasional banks of broken Scirpus stems, not yet de-

cayed nor much broken up. piled like windrows up beyond the summer

water line. These banlvs are probably piled up during the high water

of spring or shoved up by the ice. Upon the soft, black mud banks men-

tioned above, there springs a dense growth of annual weeds which forms

the advance guard of land vegetation in these regions.

It may be that the lake plain has for its foimdation decayed Scirpus

stems, to which is added turf from the seiiges that today so thickly clothe

it.s surface.

As has been said, long stretches of shore are made up of a lirm. whitish

sand. Such stretches are to be found along the Assembly groiinds, north

of Chicago Hill piei-, and in the vicinity of the mouth of Clear Creek. This

sand is often found floating in lilnis on the surface of th(s water near

shore. At the mouths of the creeks, banks or deltas of white sand are

built up and these project above the surface of the water when the lake

is low, and form islands. At other places it can not be said detiniti'ly that

either erosion or sedimentation is taking place. Gently lapping waves will

pile up a narrow ridge of sand just at the edge of the Avater. but high,

strong waves will wash them down again. During active wave motion the

advance of the waves will move particles of sand shoreward, while the

back flow will move them back about the same distance.

I Frequently on the sandy banks, perhaps eA^erywhere in such places

Avhere not interfered with, the three-cornered rush Scirpus americanus,

groAA's out and forni.s the adA'ance guard of vegetation.

THE FLORA OF THE LAKE SHORE is not essentially different in

species from that of the shallow ponds adjacent to the lake, especially the

large pond on the southern shore. The only difference is that the plants

in that pond (bulrush, cat-tail> spatterdock. pickerel-weed and arroAvhead)

form large patches, as they haA^e here a broad region of shallow water and

congenial soil. Along the lake shore the plants, all except the bulrush,

form comparatively narroAy belts. i\[ost of the bulrushes {Scirpvs lacustris)

in the ponds outside of the lake are light in color and soft in texture •(there

9—.Academy of Science.
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are only a few found of the dark green tii-ni form), while the reverse is

true of the bulruslies in the lake. •

THE FLORA OF THE LAKE PROPER now comes up for cousidera-

tion. In the beginning it may be well to state that many of the plants

growing in the neighborhood of the shore exhibit decided variatious in

general appearance. They have two extreme forms, one found growing in

shallow water and the other in deep water. Among such plants may be

mentioned the following:

(1) Sciri)!!.^ larustris (light green, apparently glaucescent — easily

crushed—form already noted) grows in rich muck in shallow water. This

appears to continue in blossom longer than the otlier, and but one patch

is found in the lake proper, though it is abundant in the ponds. The

dark-green, firm form, groAving in the marl and in deeper water, generally

has the umbel more contracted. At a few places these forms seem to

intei'grade, although there is no gradual shading-off at the place in the lake

where they grow side by side.

(2) Xirinphara (idvnui, or spatterdock, exhibits a variation iu habit

really very slight but quite conspicuous, and readily noticed by the most

superficial observer. In rich soil and shallow water it is stout and erect,

the large petioles holding the leaves high out of the watei*. In deep water

all, or nearly all. the leaves float, and the petioles are lax.

(3) White water lily—tlie same general change, only more marked.

The shallow water form lias stout petioles, holding the leaves far above

the surface of ilir water and at an angle, and the leaves show a radical

ribbing or faint fluting, not coincident Avith the veins, but in direction

like that of a palm-leaf fan— dee]) water form, with slendei*, weak, often

coiled petioles and leaves floating on the surface of the water. On sandy

bottom tlie plant is niiicli smaller in leaf and flower, giving rlie form

(Var. iiiiiioi' Simms).

(4i ^^'ater plantain, leaves exceedingly variable in sliape, those under

water resembling eelgrass: those floating are much like leaves of some of

the Pot<nii(i(/(t(>iix. while the aerial leaves resemble the ordinary plantain.

The folloAving brief synopsis wjll sutflce to give a general idea of the

centripetal secpience of the various plants of the lake. (1) On shore, out

of watei-: Scir/iKs (iiiirric(i)ii(s, Sagittarius, Klmchavis aciciilaris and cat-

tails. Here. too. may he reckoned Poiijiioiiiinii tiniphihiuni, with its roots

on shore and its prostrate stem floating. It strikingly resembles a

I'otarmifirtoii. (2i On shore and extending aAvay into the water; SciriJiis
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lacusiris, Potamogeton fluilans, Nymphaea advena. (3) Confined to shallow water :

Pontederia cordata, Naias fiexilis, Nitella (a small moniliform species), Eleocharig

interstincta, Eleoeharis pahistris, E. viutata, Cladium mariscoides, Vcdlisneria spiralis

and Potamogeton nutans. (4) Deep-water plants: Ceratophyllum, Myriophylluw,

Potamogeton lucens, P. amplifolins and P. pectinatus. Beyond this last group belongs

mostly the floating confervoid algae of the lake.

A consideration of the habits of the plants just mentioned will show

at once how their forms correspond to their position. Each group men-

tioned have certain common characteristics, and may be placed in the

same ecological group. (1) The shore plants already mentioned generally

have stiff, stout petioles and stiff, generally rather thick, leaves. (In the

Scirpi and Eleochari the culms function as leaves.) They all have large

air tubes leading to the roots. This applies to all the lake-dwelling species.

Growing near the shore in places are the aquatics Avith short stems and

the plant wholly submersed, yaias is a good type. They form a baud m
the center of a group which forms a wider belt, the omersed leaved lake

plants.

These hike jiliuits irith emcrsed leaves extend from the shore out to

where the Av.itor is about &,» feet deep. Among these are reckoned the

Scirpi and KUavlKiyi (with the exidanation above). These plants form the

broadest belt in the lake, and one reason for the breadth of their distribu-

tion is to be found in the variability of the species whleli compose it. as

has been dAvelt upon somewhat fully above. This belt may. on this ac-

count, be divided into two sti'ips; one including the shalloAA' water forms

and the other the deep water forms. Castalia and Xi/mpttocd. which l»e-

long here, grow out to a depth of about five feet eight inches. Scirims

hicustris grows out farther, that is. to a depth of 6% feet, and it here

projects up out of the water about ."i feet, making the total length of

some of the longest culms liy^ t^et. Where Scirpus grows out into deep

water it seems to exhaust itself in the effort to reach light and air, and

so they are generally few-fruited or wholly sterile, with deadish brown

tips. They progress out into the lake by means of rhizomes, and at the

outer edges of the belt one can frequently note their arrangement in

straight lines, corresponding to the position of the root stock.

The Aquatics with finbmersed Leaves.—It is difficult to fix the exact

limits of these plants with certainty, especially so that they could be rep-

resented on a map, for they do not form visible patches at the surface. It

is convenient, as said above, to divide them into two groups—the short-
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.stemmetl luinatics—for length of stem seems to be tlie chief factor in de-

termining the liabitat. It sliould l»e borne in mind, lioweviu". tliat the

long-stemmed are quite variable in length, dej^ending on depth in which

they groAA^ In general the influences which determine the habitat of

wholly submersed aquatics, aside from the kind of soil at the bottom, is

the amount of light land probably dissolved gases) available. The 'amount

of light and dissolved gases is determined by the neaniess to the surface.

The former is also determined by the clearness of the watea-; and in case

the eleai-ness of the water is disturbed by organisms charactei^ized by

holophytic nutrition, the amount of gaseous plant food, a>s:'we>li as the

light, would be decreased Avitk the increase of amount of ^stispeiiided ov-

ganic material. This feature of the case will be touched uiV6n' lateFi '>>.

The short-stemmed aquatics [Naias, Chara and the iike) !ga:oW only In

shallow water. They were found out to a depth of .six, feet so^ water,

rarely more. •:'- 'Mo:\rr hudq otir

Among the loufj stemmed aquatics Potamogeton luvem' is generally found

In isolated patches, while Myriophyllum, Ceratophylltim, and Potamotjetdn

Itectinatus gi-OAv together, making long belts. These form the. exti-eme- cen-

tral belt of (phanerogamic) lake plants. They are to be found froia 100. :or

150 to 600 feet from shore, according to depth of water. By means of

dredging it was ascertained that these plants rarely or never grow .out

much deeper than can be seen from a boat with favorable light. Twelve

feet was the greatest depth at which any were found. As they grew t6

l>e about six feet long, the distance from their tops to the surface of the

lake varies from about six feet, at the deepest, to nothing at tlie shallow^

est places where they grew. During the latter part of August. 18ftJ>. when

the lake surface was quite low, due to a protracted drouth, some of the

plants of Myr'wiihyUum projected up to the surface and the tops floated^

but they did not seem to be thriving well.

Toward the south-central part of the lake is a large bar, and its posi-

tion is marked on the water surface by the pi-esence of Potamogetons and

other deep-water plants. 'mi "I;

It is seen, therefore, that the greater part of the lake; bottoua,uis devoid

of coarse vegetation, the plants making only a rather narrow rbdt ar^Dund

near the shore. The plants seem limited, moreover, to depthsvmuclix shal-

lower than might be expected. Records of these species; igcowing. -to icioji*^

siderably greater depths are common. This limit in depth maylperlwtps

be partly explained by the large amount of diffused ma^jtenitoiibe ifouml
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in Baule Lake. This material is so nbundaut tliat it sives the lake wafer a

decided amber color, and the rays of the sun penetrating into the water

make streaks much like those formed by sunlight entering into a very

dusty itjom, or dusty atmosphere, as in the phenomenon commonly si>oken

of as the "sun drawing water." It is very certain that tliis material cuts

off a great deal of light, and perhaps absorbs considerable of plant food.

At any rate,' there seems to be an interference of some sort 1>etween tlie

larger plants and the plankton—a fact generally observed. (See a reference

to this: relation, part 5, page 257, of Science. Vol. XI. No. 208.)

THE LAKE ALGAE.—No particular attention was paid to the Algae

except whei'e they formed conspicuous masses. ]VIost of the work in this

group was left to the investigators in plankton. Oedo(ioiiiiinu CladopJiera

nndSpifOffiira eonld be found almost any time in the ditches :uid along the

edges: lOf the < lake.

.i I rnn-oughou*' both' summers of the work. 1899 and 19CK1. Mougentin was

very abundant in the lake, especially in the head bay. Much of it formed

immense clouiSy patches among the water weeds, and much of it was in the

shape ' of I lairge;' floating, yellowish gi-een patches. Thei"e v\trs a gdod de&l

ofi Rin/tmi-ht in the lake. All I saw here was attached. It gi-ew in a semi-

globulaTT' forikjiyfasteued to water weeds and rushes. Ui>on rich, muddy

bottom, where there is an abundance of dead bits of Scirpus. there is a good

deal ift^iC'//«!<?rr)p/mm.which assumes the form of a narrow, elongated, dichot-

omonslyilirauching- thallns. which resembles some of the narrow f'irciofi in

ontwai'd>'aspecli 'The water is full of fine granular masses of Glathr6cy$tis,

and I short, eteuti • rigid filamentB of Oscillana. which resemble hail" clip-

pings. ^ Bydrotiii^ttmi'isi very peculiai^ in its occuiTence in the lake. It%id-

denly appeal's' in' great mas-ses at the mouth of Clieriy Creek, and 'then,

after remaining a few' days; it 'ife' washed in great masses nponfllel shore

and isoiddenly 'disappears, generally after reproduction, go tWat aftef the

large plants have disappeared the water is full of very tiny oneSs. '1%e

date <5f*-appeartt4ice of this^ plant in 1900 ^as-'Jidy fSA By Jnly 27^ dil the

older Hi^mfM&ff/oH h^ii disappeared as a! flaftss' and tlie wat^ was^ fiiU «if

young pJaotJsi!':- '• '-^ ?' " '-'-•• 'n;!^ vtiiiiii .^>d)i^i s-no-r^ li

Many»!lai^g<*<'^^<<»S<otMJike jelly masises'-cif afii'^iisicelhilaa' alga; pt-obably

Aiphfvnoth>6m!''^^re found along the hortheiT5 shore of the West b^y.

Among other ';a'lgiae noted in considerable masses w'as MiorotJwmnion.

Thieire Avas atso a ffeiw! plants of a small momiliform species of WiUU&'toxitiQ
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in the south part of tho lake, quite near shore, in 1899. None Ava.s seen in

1900.

The water is quite full of minute algae, which is generally kept Avell

mixed up with the water by the constant churning of the waves. In quiet

places, however, as near the shore in slieltered places, or among the rushes,

these algae, mainly Clathrocystes, form a surface scum. On one day during

the latter part of the summer of 1899, when the lake was tolerably low.

and after a vei*y calm night, these algae formed an unbroken film or scum

over the surface of the lake, except where broken up by the jumping of

fishes, etc. The track of the boat and every oar-stroke could be noted

across the lake as far as could be seen clearly at all, and, as said above,

every place where a fish had splashed up was left as a break on the sur-

face. Some phenomenon similar to this is briefly noted in an article by

C. D. Marsh, and various names given for it, as "breaking of the mei'es."

or "working of the lakes." (See Science, Vol. XI, No. 268, first column,

page 379.)

DETAILS OF DISTRIBUTION.- In the preceding discussion the only

determining condition of plant distxibution taken into consideration was
the amount of water present in the soil or about the plant; and the various

plant groups have l>een spoken of as if they occurred in regular concentric

belts or circles.

The amount of water has indeed been the most conspicuous influence,

and the most easily measured, here as everywhere, and it has been this

fact that has determined the conception of the ecological groups, xerophytes,

mesophytes, and hydrophytes. It is needless to say, however, that there

ar^ multitudes of other influences, such as soil, temperature, and many
obscure and perhaps undiscovered influences which operate to make the

distribution of the various species tolerably irregular.

Some of the most noteworthy irregularities will now be discussed

more in detail. Only lake plants will be noted.

8CIRPUS AMERICANVS (three-cornered bulrush) is found in scattered

patches at almost any bit of sandy shore. Along the east and south shoivs

it grows I'ather thinly and covers only small areas. Its general absence

or scarcity along the eastern side of the lake is due in some cases (as in

front of the Assembly grounds) to artificial removal. Beginning at the

southeastern bend of the lake, however, it extends in large and frequent

patches almost to the bend which forms the neck of the lake. At places

where it is thickest, as at the gravelly shore at Yarnelle's landing, it is
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the predominant form, here growing very dense and close. There are also

dense strips of considerable length on the shore along the northern end of

the lake. Its distritnition seems to be determined by the presence of solid

sand-beds or liars wliore it deliglits to grow. It generally grows wholly

on shore or in oidy qnite shallow water, and does not seem to lil^e the

beating of waves so well as does N. Idciistris. Fig. 3 shows a characteristic

set of relations isonth of Chicago Hill picri. ^^'illows on ice ridge at the

left. tSciriHis (iiik ricinnis on sandy liaiii';. N. hicitstris in water with stiMns

on shore. A patcli of ronUdcrhi inrdutn in water in foreground.

Fig. .3.

POXTEDERIA CORDATA occurs in small or isolated patches all around

the lake, but by far the largest and most continuous stretch is at the south

end. not a great way from the mouth of Clear Creek. This plant is gener-

ally associated with KympJiaea adrcua and is closely similar to it in

structure and habit. It generally foi*ms a belt between the main mass of

NijmpMeo and the shore. The Pontedcria farthest from shore grows in

among the Nijniphaea nearest the water's edge. Sagittaria, in so far as it

grows along the shore, occupies nearly the same position, except tliat it

grows at the water's edge. Poiitcdn-id and Xmnphned grow in considerable

abundance in the pond soutli of tlie lake, and Smjitttiriit I'as its best de-
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velopment here, forming an immense patch intermixed with other plants.

Among other phmts which frequently come down to the water's edge, but

wliich are most abundant on The lake plain or in its ponds, are cat-tails,

Calamus, and some Phrof/iuites.

The chief representatives of the short-stemmed aquatics are Naias

flv.riUs and Chara. Naias grows in scanty patches nearly eveiywhere in

the shallow water near the shore. There are occasionally very dense

patches. Such were found in 15;M30, midway between the Biological Station

and Willow point, near the mouth of Clear Creek, and out in front of the

laboratories. There was also considerable on the west side of the lake

near the shore.

CHARA begins at the southwest corner of the lake and covers a con-

siderable area there. Then it stops until near the neck of the channel

which lies between the lake and West Bay. It covers nearly all the

bottom of this channel, and extends in a good way, about 300 or 400 feet

nearly all around the bay. except for a, distance along the western side,

where it is mucky. Another patch of Chara occurs, mixed in with Naias,

-•in front of the Assembly grounds. The specimens of Chara found in this

latter place were much larger and longer than those found elsewhere, and

were fuller of fruit.

SC'IliPVS LACVSTRIS is the most abundant and conspicuous of the

li^ke plants. One belt begins about 200 feet north of Chicago Hill pier.

From this place it extends, with the exception of a few very naiTow In-

terruptions, almost to Yarnelle's point, where it thins out and wholly dis-

appears for a little way, its place being occupied, as before noted, by 8.

awh'lcanns. Not far north of the landing, however, it begins again and

extends up to the channel, and runs far out into a sharp cape at this

point. There is another small patch in the middle of the channel, which

is cut in two by the steamboat ti-ack. This plant fringes the outlet bay

quite thickly, and then occurs again at the mouth of the canal which leads

from the lake to Warsaw. Another strip begins at the channel and extends

up to the red ice-house. There is a broad region bare of any Scirpus all

along the Assembly grounds; its absence here is in all probability due to

artificial removal, for the conditions of growth are in every way favorable.

The last patch begins along Willow Cape and extends far out into the

lake, and grows along the shore until a little north of the laboratories.

This leaves a large gap until nearly to Chicago Hill pier. This plant seems

to delight in a soft, marly soil, and does best in rather shallow water. Its
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absence at Yarnelle's landing may probably be accounted for by the sud-

den slope at that shore and by the gravelly beach. Whenever long bars

run out into the lake. S. 1acitf:tris marks the place by projecting out into

long capes. Fig. 4 represents a characteristic patch of <^'. lacustris (south

of Chicago Hill pier), along with other relations. On the left, shorc^ with

willows, and mud liar with Scirpiis stniis. Between the shore and Scirpus

are patches of Piiiitcdci'id cordatd.

Fig. 4.

PotiiiHoi/ifnii [n vt'DKitiis forms a wide licit extending from rather shallow

water (four feeti to seven or eight feet. It occurs in scattered patches all

round the lake. P. (iinplifoUiis grows in somewliat deeper water than the

preceding. It forms several large patches, one in front of the laboratories

and one near the mouth of Clear Creek. Other smaller patches are dis-

tributed quite generally. MijriophiiJluiu and Crratophi/Uiim generally g-ow

in the same dejith of water and often form mixed patches. The latter Ls

found almost all round the lake in considerable quantities. These two

plants form their thickest patches in the mud near the outlet.

Pof(iiiHj(/rf(tti ]iic( NX. though abundant, is rather scattered. /'. zo^t raefo-

liiis and H<i< nnitlirni iJiiliia grow intermixed in about five feet of water.
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and reseniljle each other somewhat, except Hctennithera has a round .stem.

Bits of HrteniiitJK 1(1. hroken otf by the waves and Avashed ashore, take root

and .srow and hkissom. formin,a- mats of short, bright green plants with

yellow blossoms.

The spntterdock {Xnniiihard) and water lily {('nstnlid) are to a consider-

able extent found growing togetlier. S innphmd forms a tolerable large

patch in the pond in southern lake plain. It is not found in the lake along

any part of the northwestern shore at all. It covers a very large area at

the southern end of the lake near the mouth of Clear Creek (see Fig. o),

and runs its greatest distance out from shore on a bar formed at the

Fig 5.

mouth of the creek. It begins again at the extreme end of the West Bay,

near the outlet, and forms a broad marginal l)elt around this part of the

shore. There is a third patch at the mouth of the steamboat canal. It

extends for some distance beyond the canal mouth to the north side.

Nymphaea seems to prefer a muddy l)ottom. It seems to be fond of a

gentle current, and extends from the lake for some distance up C^ear

Creek, and down the outlet. Its greatest development in tlie southern part

of the lake is due to tlie protection it has there from lashing winds, as this
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is the sheltered side of the hake. Fig. 6 shows a patch of spatterdocli,

with intermixed bidruslies, uear the outlet.

Caslalia odorata, or wliite water lily, has a somewhat more general dis-

tribution, as scattered plants occur nearly all round the shore. There is a

number of stout plants growing in the bayou in front of the laboratories,

then there is none whatever until about ~()0 feet south of Chicago Hill

pier. From this place occurs occasional patches of the small form until

the large stretch of Nymphaea at the mouth of Clear Creek, is reached.

Here there is a wide, dense growth of the ordinary floating-leaved form.

There is a second large patch, similar to this one. in the bend at the south-

Fig. 6.

west corner of the lake. It is here nearly free from spatterdock. The broad

bay leading to the outlet has two belts, the outer belt of the stout form

growing almost out of the water in the rich muck at the edge of the shore,

and the ordinary form out in the water. (These are shown in Fig. 7.)

There are scattered small patches all along the west coast of the West

Bay. In 1899 a good-sized patch grew about the region of the mouth of

the steamer canal. It was not noted in 1900. Here the species ends except

for occasional plants.
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Many other plants are found in the lake, but not in quantities suffi-

cient to call for more than passing notice. Only a few plants of Pliilotria

were seen here, although it grows abundantly in l)ayous. VaUisneria gTOAVS

most plentifully just south of the mouth of Cheriy Creek, about Chicago

Hill pier, about 7<io feet south of this, near Clear Creek mouth, at the

western end of Wesi Bay. near the pier by the ice-houses, and off the

Assembly gromids. Bladderwort. ( triciilaria nilf/aris, fringes the edges of

the channel, but it is not particularly abundant here. It was really found

in much greater (luantities in the lake plain just beside the channel. The

Fig. 7.

plants in the lake are bright green, with empty bladders and no blossoms,

while those in the foul water of Willow Point bayou and elsewhere were

very different in appearance, the bladders black with contents, and the

stems bearing abundant flowers.

Water-shield {Brusenia ijiiriiurern coA'ers rather thinly only one small

area at the south side of the lake. The plants are small and unthrifty,

and I have never seen them in blossom at this place. In a pond not far

away (Market-street pond) they Ijlossomed alnmdantly during the summer

of 1899.
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Cladiiim mariscoides grows in several small patches at tlie edge of the

lake, mixed iu with the Scirpvs. Eleocharis palustris grows in the lake

i-ather scantily in two places, one just a little north of Chicago Hill pier,

at the beginning of the Scirpus patcli, and the other a little south of Yav-

nelle's landing. Eleocharis interstinctfi and E. mutata form each two small

patches along the southwestern shore of the lake and at Yai-nelle's landing.

There were only a few duckweeds (Spirodela) found in the lake proper.

This was along the southern edge, where it was shady and calm.

GENERAL RELATIONS.—The plants on the shore, especially those

which grow out upon newly-made soil, pi'obably have a good deal of influ-

ence in binding the shore together, and assist iu the encroachments of the

land upon the lake. This influence, however, is difficult to measure or

express in definite terms, for it seems irregular and imcertain, as erosion

goes on quite rapidly even where there are forests on sliore, wherever the

wind has full sweep. Small trees are uprooted and fall, and in some places

stumps are foiuid in the bottom of the lake near shore.

THE PLANTS IN THE WATER, especially the Scirpus, form a large

amount of material for the building up of new shore. They also break the

influence of the waves against the shore. At times, when the surface of

the lake was quite rough, the water above a large patch of water weeds,

particularly Potamogeton amplifoUtts, was often noted to be perfectly caJm.

The large submersed leaves of the latter plant are very effective in catch-

ing the moving molecules of water, retarding their motion, and so prevent-

ing waves.

The larger plants in the lake bear certain relations to the plankton.

Among the Scirpi, the Clathrocystis scum is abundant almost any time

during the latter part of the summer. Here we have a marked influence

on the vertical distribution of the plankton. On the afternoon of August

21, 1900, a thickish coating of clathrocystis was noted among the bul-

rushes near the shore, and dux'ing the night the lapping waves piled it up

in a narrow streak along the water line.

The stems of the water plants furnish lodgment for many aquatic

plants and animals. Fresh water sponges grow abundantly upon the

Scirpus stems.

A peculiarity of a species of Rivulario may be noted in this connection.

It frequently grows quite abundantly attached in small hemispheric masses

to stems and leaves of water plants. I have never seen it floating in

Eagle Lake at all, and Dr. Howe, Avho has worked particularly with the
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plankton, has found if floating Imt onco. At Turkey Lake it is said to

float in srreat <inantities. tbo -whole lake appearing^ cnnvded full of dark

srreen spheres the size of a large i)inlicad. and on a short visit to Tippe-

canoe Lake I noticed the same piienomenon. I have not had opiwrtunity

to compare the richness of vegetation of Turkey and Tippecanoe Lakes

witli that of Eagle Lake. It is possHile that the condition Eivularia

assumes depends tipon the abundance or scarcity of plants which will

serve as places of attachment. In assuming this attached position it es-

cai)es the plankton nets, and so its abtmdance is lial)le to be underesti-

mated; for as there is difficulty in manipulating the net among tlie water

Aveeds. direct comparison of its abundance would be impossible to obtain.

A.S an agent in the dissemination of seeds the lake acts only to a limited

extent, as a floating seed would need sufficient surface projecting above

the water in order to be wafted far. ;Many such seeds as acorns, hazel

nuts and butternuts were floating in the water, but all of them were de-

cayed. In the case of winged seeds, however, it was different. A number

of small seedlings of the soft maple were found growing along the shore

about high-water line, and the seeds had evidently been deposited there

by the waves. The year of 1899 was somewhat noteworthy for the very

heavy crop of elm seed, especially white elm. In the early summer of that

vear. in the vicinity of Fort Wayne, the writer noted woodland ponds,

the surfaces of which were entirely covered with the seeds of this species.

In the same summer, but later, there was found at the high-water line of

the lake just north of the laboratories a row of small seedling elms gi-ow-

ing as thickly as they could stand. There was another long, thick i-^w in

a. corresponding position along the southeast shore of the lake. In the

summer of 1900 quite a number of the elms were found. They had in-

creased well in size and looked quite thrifty. If undisturbed they: may

form the beginning of a forest, much like the present low-ground forest

'along the lake shore. There was no elm seedlings of 1900 noted: the crop

of seed in the fore.sts was not by any means so large during that summer.

Below is appended a list of plants noted in the vicinity -of Eagle Lake.

The list of plants occurring in the neighboring forests, or at any distance

from the lake, is not intended to be complete, as observations- werevjnade

here only incidentally as time could be taken from the lake work. It is

believed that all the phanerogams of the lake have been noted. The order

and synonymy is that of Britton and Brown's Illustrated Flora. -Wher-

•ever these names differ from those of the sixth edition of Gray.'S' Manual
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the latter are given also. In arrangiiiu this list I have availed myself of

the laboi-s of Dr. Stanley Coulter in his list of the flowering plants and

ferns of Indiana in the State Geological Repox-t of 1899. Much botanical

sui-vey work has been done in the county (Kosciusko) in which Eiagle Lake
is situated by various botanists, among them chiefly Dr. Stanley Coulter

and Mr. W. W. Chipman.

LIST OF PLANTS NOTED A1' EAGLE LAKE AND VICINITY.

- 1. Botrychium virginianum (L.) S. W. Virginia Grape Fern.

In upland forests; not common.

2. Osmunda regalis L. Royal Fern.

Vei-y common in the southeastern portion of the lake plain,

near Chicago Hill. Frequent in tamarack swamps.

3. O. cinnamonea L. Cinnamon Fern.

Not rare in swamps. Quite abundant in a tamarack swamp a

few miles southeast of Warsaw. '

' 4. O. claytonia. Clayton's Fern.

Not rare along Clear Crook mouth.

5. Onoclea sensibilis L. Sensitive Fern.

Very common at edges of lake plain in places, especially on

the eastern side. Common in low, flat swales.

6. Cystopteris fragilis (L.) Bernh. Brittle Fern.

Not common. Found in moist, but not wet w«iods.

7. Dryopteris acrostichoides (Michx.) Kuntze. Christmas Fern. (As-

''"•' 'pidlum achrosticoides S. W.)

Not abundant; found on a banlc along Clear Creek.

.igjit-lj.ythelyptei-Is' (Ivi) G^t^ay.: Marsh shield Fern. (Aspidinm thetypf&ris

The most common fern, growing in the flat plains in great

abundance, making a distinct strata in places. --

9. D. cristata (L.) A. Gray. Crested Shield Fern. (Aspidium cristatum

S. W.) <cA-iii'J \)'^.n:->: .':>': .::_

'•''^' Not very common; found scattered in low, flat woods.

10. Phegopteris hexagonoptera (Michx.), Fee. Broad Beech Fern.

Not very common; found in dry woods.

>,\v.\i;'ir< lU iKnUilJ*.!'*
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11. Woodwardia virginica (L.i .1. E. Smith. Virginia Chain Fern.

Abundant in old tamarack swamps, especially along the steam-

boat canal to near AVarsaw. and a tamarack about one mile east

of the lake.

12. Asplenium angustifolium Michx. Narrow-leaved Spleenwort.

Some found in the county, but not very near Eagle Lake.

13. A. filix foemina CL.) Bernli. Lady Fern.

Scattered in low, moist woods.

14. Adiantum pedatum L. Maiden-hair Fern.

Not common near the lalie; a few plants found at the foot of

a hill about a quarter of a mile east of the lake. ,

15. Pteris aquillna L. Brake.

Found pretty abundantly on sandy hills, especially along the

railroad.

16. Equisetum arvense L. Field Horse-tail.

Common along the railroad and on side base of a hill about

one-quarter mile east of the lake.

17. E. fluviatile L. Swamp Horse-tail.

In the margins of the ponds adjacent to the lake, in shallow

water.

18. E. hyemale L. Common Scouring Rush.

Abundant on hillsides and along the railroad: a good deal of

variation in size and general appearance.

19. Lycopodium lucidulum Michx. Shining Club Moss.

In a tamarack east of Eagle Lake.

20. Selaginella apus. (L.) Spring Creeping Selagenella.

In flat, moist plains, among the grass. Abundant in various

portions of the lake plain.

21. Larix laricina (Du Roi) Koch. Tamarack. (L. Americana Michx.).

There are several tamarack swamps in the vicinity of Eagle

Lake. Most of them are dying.

22. Juniperus virginana L. Red Cedar.

Plants found in the county, but not very near the lake.

23. Typha latifolia L. Broad-leaved Cat-tail.

Abundant in marshes and occasionally at the lake shore.

Great patches on the southern lake plain.

24. Sparganium eui-ycarpum Engelm.

Common in swamps.
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25. S. simplex Huds.

Not rare in a few swamps, quite local, liowever.

26. Potamogeton nataus L. Common Floating Pondweed.

Abundant in shallow water, Eagle Lake.

27. P. amplifolius Tuckerm. Long-leaved Pondweed.

In patcnes, common. Eagle I>ake.

28. P. lonchites. (P. fluitaJis Roth.)

Common in the lake, especially near outlets and inlets.

29. P. lucens L. Shining Pondweed.

Abundant in the lake.

30. P. perfoliatus.

Quite plentiful in Eagle Lake.

31. P. zosteraefolius Sebum. Eel (Ji-ass Pondweed.

Abundant.

32 P. pusillus L. Small Pondweed.

Only a few specimens seen.

53. P. pectinatus L. Fennel-leaved Pondweed.

One of the most common and widely distributed.

34. Naias flexilis (Willd.) Rost and Schmidt.

Quite abundant in shallow water, sometimes forming exten-

sive carpets.

35. Triglochin palustris L. Marsh Arrow Grass.

In a swamp south of the lake about a half mile.

36. Alisma plantago aquatica L. Water Plantain.

Abundant in moist places.

37. Sagittaria engelmanniana J. G. Smith. (S. variabilis gracilis Engelm.)

A few plants along the shore of Eagle Lake in lagoons.

38. S. latifolia Willd. Broad-leaved Arrowhead. (S. variabilis Engelm.)

Quite abundant, especially on the southern lake plain.

39. S. rigida Pursh. (S. heterophylla pursh.)

A few plants noted in shallow water.

40. S. graminea Michx. Grass-leaved Arrowhead.

At the Laboratory bayou.

41. Philotria canadensis (Michx.) Britton. Ditch Moss. (Elodea cana-

densis Michx.)

In bayous and cut-oifs; very little found in the lake itself.

42. Vallisneria spiralis L. Tape-grass. Belgrass.

In patches, scattered, not abundant in Eagle Lake.
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43. Andropogon scopariiis Michx. Brown Beard Grass.

Some along the railroad.

44. A. furcatns. Forked Beard Grass.

Some in the southeast lake plain, and occasional elsewhere.

45. Chrysopogon avenaeeus (Michx.) Benth. Indian Grass. iC. Nutans

Benth.)

Common, especially along the Pennsylvania Railroad.

46. Syntherisma sanguinalis (L.) Nash. Crab Grass. (Panicum sangui-

nale L.)

Abundant in cultivated places and a troublesome weed.

47. Panicum crus-galli L. Barnyard Grass.

Abundant in moist places.

48. P. walteri. Salt Marsh Cockspur Grass.

Some along the southeast shore of the lake.

49. P. porterianum Nash. (P. latifoliiim Walt.)

In dry woodlands.

50. P. pubescens Tiam. Hairy Panicum.

Common in open woodlands.

51. P. capillare L. Old Witch Grass.

Pound abundant in Winona Park.

52. Ixophorus glaucus (L.) Nash. Yellow Fox-tail, (ffetaria ijlauca

Beauv.)

Abundant in waste places.

53. I. viridis (L.) Nash. Green Fox-tail Grass, {fietaria viridis Beauv.)

Quite common.

54. I. italicus (L.) Nash. Hungarian Grass. {Setarin italica l^Mnth.)

Escaped cultivation in various places.

55. Cenchrus tribuloides L. Burr Grass. Sandbur.

Found in dry sandy soil.

56. Zizauia aquatica L. Wild Rice.

Some found in a tamarack not far from the lake.

57. Homalocenchrus virginicus (Willd.) Britton. White Gra^s, (Leersia

virf/inica Willd.)

Grows sparsely in damp woods near the lake.

58. H. oryzoides (L.) Poll. Rice and Cut-grass. . (Leersia oryzoids

Swartz.)

Forming tangled, scratchy masses in places along the lake

shore. - !'>ii ,bH'iii})ii>if, ,«eu.Jijj'( al
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59. Plialaris aruiKlinaeea L. Keed Canary Grass.

Some found on the lake plain.

60. Muhlenbergia diffusa.

Some growing in dry, sjjarsely wooded places.

61. Plileuju pratense L. Timothy.

Abundant.

62. Oinna arundinaceu L. Wood lieed Grass.

Found in moist places, especially where shaded.

63. Agrostis alba L. Red Top.

Found along Cherry Creek.

i'A. Agrostis pernnans (Walt.) Tiickerm. Thin Grass.

Some found along Cherry Creelc.

65. Calamagrostis canadensis (Michx.) Beauv. Blue-joint Grass.

Scattered among other grasses on the lake plain.

66. I>anthonia spicata (L.) Beauv. Wild Oat Grass.

( Jrows tliinly at edges of dry hills.

67. Spanina cynosuroides (L.) AVilld. Fresh-waier Cord Grass.

Tolerably common in swamps and along the railroad.

68. Bouieloua curtipciidula (Miclix.) Torr. [li. raeemosa Lag.)

One patcli on .-i hill toward the southern end of the Assembly

irroimds.

69. Eleusine indica (L.) Gaertn. Yai-d Grass.

Found along streets at Warsaw.

70. Phragmites phragmites (L.) Karst. Reed. (/*. communis Trin.)

Some grows along the lake shore. Abundant in a tamarack

swamp northeast of Eagle Lake.

71. Eragrostis purshii Schrad.

Not rare, along roadsides and old Helds.

72. E. major Host.

Abundant in old tields and along roadsides.

73. Dactylis glomerata L. Orchard Grass.

A little found growing along roadsides.

74. Poa annua L. Low Spear Grass.

' Found in a dooryard east of Bagle Lake.

7r». Poa compressa L. Wire Grass.

Not rare in old fields.

76. Poa pratensis L. .June Grass. Kentucky Blue Grass.

Scattered everywhere.
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77. Paiiif-ulaiia uervata (Willd.) Knnt/e. (Oiycerin nervata Trin.;

Commou at the edges of various ponds.

78. Paiiieularia fliiitans (L.) Kuntze. Floating Manna Grass.

Not uncommon in ponds.

79. Festuca eliator L. Fall Fescue Grass.

Scattered, principally along the railroad.

SO. Bromus ciliatus L. Wood Chess.

Tolerably common, scattered in thin forests.

81. B. secalinus L. Cheat. Chess.

In old wheat fields.

82. Agropyron violaceum (Horuem) Vasey. I'nrplish Wheat Gras^.

Along the Pennsylvania Railroad, near Warsaw.

S3. Hordeum jubatum I.. Wild Barley. Squirrel-tail Grass.

Found in scant tufts along the Pennsylvania Railroad.

84. Elymus virginicus I>. Wikl Rye.

Scattered.

85. Hystrix hystrix (L.) Millsp. Hedge-hog Grass.

Some found at the edges of a field east of Eagle Lake.

SO. Cyperns diandrus Torr. Low Cyperus.

In the lake ])lain. osi>ecially along I ho south part of Chicago

Hill.

87. C. strigosus \j. Straw-colored Cyperus.

Common in moist places.

88. C. flliculmis Vahl. Slender Cyperus.

Abundant on open sandy liillsides.

89. Dulichium arundinaceum (L.) Britton. {/>. spathaceum Pers.)

Common in marshy places. Most abundant in Market-street

pond.

9l». Eleocharis interstincta (Vahl.) R. and S.

A few patches in the lake. One in the south end. the others

near Yarnelle's landing.

91. E. mutata (L.) R. and S. Quadrangular Spike Rush. (E. quadrfingn-

lata R. Br.)

A few small patches in nearly tlie same regions as the above.

92. E. ovata (Roth.) R. and S.

The most abundant species of the genus. Found everywhere

in moist places.
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93. B. palustris (L.) R. and S. Creeping Spike Rush.

Scattered along the edge of the lake, among the sclrpi. A
good patch just a little >Yay north of Chicago Hill pier.

94. B. acicularis (L.) R. and S. Needle-spike Rush.

Tolerably abundant, often found in flower but rarely in fruit,

at the edge of the lake and in marshes.

95. E. tenuis (Willd.) Schultes. Slender Spike-rush.

Some found in the lake plain.

9G. Stenophyllus capillaris (L.) Britton. {Fimbristylis capillaris Gray.)

Found in sandy soil. Some in a field, some at the edge of tlio

lake plain, on the bank at Chicago Hill.

97. Scirpus smithii Gray.

Some found in the county, but not near Eagle Lake.

98. S. americanus Pers. Chair-maker's Rush. (S. piingens Vahl.)

Quite abundant along the edges of the lake.

99. S. lacustris Tj. Great Bulrush.

The most abundant of the species, forming a broad bolt :iro;in<l

the margin of the greater part of the lake.

100. S. atrovireus INluhl. Dark-green Bulrush.

Common in swamps.

101. S. lineatus Michx. Retldish Bulrush.

Common in wet grounds.

102. S. cyperinus (L.) Kunth. Wool Grass.

Grows in clumps, in ponds.

103. Eriophorum virgin Icum.

Scattered in marshes—generally old tamaracks.

104. Rynchospora alba (L.) Yahl. White-beaked Rush.

In u marsh south of the lake, also in the tamarack northeast

of f]agle Lake.

105. R. Capillacea laeviseta E. J. Hill.

In a marsh south of the lake.

100. Cladium mari-scoides (Muhl.) Torr. Twig Rush.

In the lake plain and along the edge of the lake on the west

side of the lake.

107. Scleria verticillata Muhl. Low Nut Grass.

Found in a tamarack, and in a flat pasture south cf Eagle

Lake.
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108. Carex lupulina Muhl. Hop Sedge.

Found in swampy places, abundant.

100. C. pseudo-cyperus L.

Found occasionally in swamps.

110. Carex comosa Root. Bristly Sedge.

Along the edges of the lalse, near tlie outlet, and in ponds.

111. C. lanuginosa 2*lichx. Woolly Sedge.

Some growing in the vicinity of the laboratories.

112. C. filiformis L. Slender Sedge.

A small patch near a ix)nd on the southeast part of the lake

plain,

li:^. C. gi-anulatus Muhl. Meadow Sedge.

Scattered, moist places.

114. C. albursina Sheldon. White Bear Sedge.

PY>und occasionally in damp woods.

115. C. pennsylvanica Lam.

Found on dry hills, scattered,

llii. C. puhescens Muhl. Pubescent Sedge.

A few plants foimd in dry ground at the southwest side of the

lalve.

117. C. leptalea Wahl. (C. [Mytruhoid^s Willd.)

Found in a tamarack northeast of the lake, and in a marsh

southeast.

118. C. vulpinoidea Michx.

Common, scattered.

119. C. rosea Schk. Stellate Sedge.

Found sparingly in shaded places.

120. C. cephalophora Muhl.

Found scattered in dry soil, back from the lake.

121. C. tribuloides Wahl.

Growing in clumi)S, among various grasses in parts of the lake

plain.

122. Arisaema triphyllum (L.) Torr. .Tack-in-the-Pulpit. Indian Turnip.

Found in forests. '>I>;f 'nW lo ^In-'.

123. A. dracoutium (L.) Schott. Green Dragon.

Found in quite moist woods.

124. Peltandra virginica (L.) Kunth. Green Arrow Arum.

Found in a tamarack northeast of the lake.
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125. Spatliyema foetida (L.j Itaf. Skunk Cabbage. {Syrnplocurpus foetidus

Nutt.)

ComiBou in moist places, especially up along Cherry Creek.

126. Aeorus calamus (L). Sweet Flag. Calamus.

Found in low ground along the lake and various other moist

places.

127. Spirodela polyrhiza (L.) Schleid. Greater Duckweed.

Very common in lagoons, some in sheltered parts of the lake,

near shore.

128. Lemna trisulca L. Ivy-leaved Duckweed.

In lagoons and ditches; common.

129. Lemna minor L. Lesser Duckweed.

In lagoons, and in ponds near the lake.

130. Wolffia Columbiana Karst.

Very abundant in lagoons.

131. W. braziliensis Wedd.

In lagoons, but not very common.

132. Tradescantia virginiana L. Spiderwort.

GroAvs everywhere in dry ground; not much seen in moist

ground here.

133. Pontederia cordata L. Pickerel Weed.

Common about the edges of the lake.

134. Heteranthera dubia (Jacq.) MacM. Water Star-grass. (H. gramiiiea

Vahl.)

Both forms found, the larger in the water and the short on

muddy banks.

135. Juncus effusus L. Soft Rush.

Grows along the steamboat canal leading to Warsaw.

136. J. tenuis Willd. Yard Rush.

Abundant.

137. J. canadensis J. Gray.

Found in low ground along the railroads northeast of the lake.

138. Juncoides campestre (L.) Kuntze. Common Wood Rush. {Luzula

campestris D. C.)

Found scattered in woodlands.

139. Tofieldda glutluosa (Michx.) Pers.

Found in a tamarack northeast of the lake.

10—Academy of Science.
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140. Allium canadeiisc L. Meadow Garlic

Found in moist woods.

141. Lilium umbellatum Pursli. Wfsteni Itt'd Lily.

Found on sand hills northeast of the lake.

142. L. canadense L. Yellow Lily.

Found growing in moist places.

143. L. superbum L. Turk's Cap Lily.

Grows in the southwestern part of tlie lake ]»lain.

144. Asparagus ottieinalis I>. Asparagus.

Scattered, (juile freijuent.

145. Vagnera racemosa iL.i Moi-ong. Wild Si)ikenar(l. {Sniihiciiia rncc-

mosd Desf. I

Found growing in forests.

14<». v. stellata (L.) IMorong. Stav-tlowered Solomon's Seal. (Siijildciiiii

xtrlhitd Desf.)

One patch across Cherry Creek from the laboratoiy.

147. Unifolium cauadeuse (Desf.) Greene. False Lily of the Valley.

In dried tamarack swamps.

148. Polygonatum commutatum (R. and S. i Dietr. Smooth Solomon's

Seal. (P. giganteum Dietr.)

Common, especially along the railroad.

149. Trillium reeurvatum Beck. Prairie Wake Robin.

Found abundantly in damp woods.

150. Smilax hei'bacea L. Carrion Flower.

Found in considerable abundance.

151. S. hisjada :\luhl. Hispid Green Briar.

P"'ound in dry places.

15'2. Dioscorea villosa L. Wild Yam.

Found in moist, rich woods.

153. Iris versicolor L. Larger Blue Fhig.

Abundant in various places along the sliore of the lalce.

154. Sisyrinchium angustifolium Mill. Blue-eyed Grass.

Abundant in open places, especially along the railroad.

155. Cypripedium acaule Rit. Moccasin Flower.

Found alnmdantly in a tamarack south of the lake.

150. C. reginae Walt. Sho^^':s' Lady's Slipper. (('. spectahile fialisb.)

P"'o\iud in a marsh west of the lake.
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157. 0. hir.sutuni Mill. Lnrjie Yellow Lady's Slipper. (T. inibcsrcns Willd.)

Found in dry soil by Yarnelle's landing'.

15.S. Habenaria lacera iMich.xi K. Br. Ragged Orchis.

Found in the southwestern iH>rtion of the lake plain.

159. H. leucopaea (Nutti (Ji.iy. White-fringe<l Prairie Orchis.

In the tamarack marsh northeast of the lake.

H!(i. H. psyoodes (li.i (Jray. Purple-fringed Orchis.

Soutlieast edge of lake plain.

1«»1. Pogonia ophioglossoides (L.l Ker. Rose Pogonia.

In the tamarack northeast of the lake.

1»>2. (;yrosta<'hys gracilis (Bigeli Kuntze. Slender Ladies" 'I'rt-sses.

Found in a diy wood east of the lake.

1(5.*?. Corallorhiza odontorhiza (Willd.) Nutt. Small-tlowere<l Coi'al Root.

Not rare in a wo<m1 south of the outlet.

I(i4. Limodoruni tuherosimn L. (Trass IMid<. ((V//o/>m//»>/; inihhclUia R. Br.)

Abundant in tamarack noi-theast of tlie hike.

Kio. Sanrurus cernnns L. Lizard's Tail.

In wt't grounds ;ilong Cherry Creek and Clear Creek.

16G. Juglans nigra L. Black Walnut.

Scattered in rich woodlands.

1G7. .1. cinei-a L. Butternut.

0<-casion:il, in woodlands.

li;s. Micori.i ovata (Mill) Britton. Shagbark Hickory. U'dii/a ttUni Xutt.i

In woodlands.

100. H. laciniosa (.Michx. f.t Sarg. Big Shellltark. (Curi/a HiiUntn Xutt.)

In woods near Cherry Creek.

17<>. II. alba iL.) Britton. .Mocker Nut. White-lieart Hickory. yCanja

toiiiviitfjsii Xutt.)'

A few trees not«'d.

171. Populus alba L. AMiite Poplar.

A few trees have escaped cultivation near Warsaw.

172. P. grandidentata L. (Tvcjit-tootlied Aspen.

Occasional.

173. P. tremuloides Michx. American Aspen.

Orows along the lake shore near Chicago Pier.

174. P. deltoides Marsh. Cottonwood. (P. nionilifera Ait.)

Xot rar(^ in low irrounds.



175. Salix nigra.

Commou along the shores of the lake.

176. Sallx discolor.

Forming clumps in low flat grounds. The willows were

neither in flower nor fruit during the period of investigation,

and were consequently indeterminate; there are doubtless more

present than mentioned.

177. Carpinus cax'oliniana Walt. Water Beech.

In woodlands along the sides of gullies.

178. Ostrya virginiaua (Mill) Willd. Ironwood.

In locations similar to the preceding.

179. Corylus americana Walt. Hazelnut.

Abundant in dry ground.

180. Betula pumila L. Low Birch.

Abundant in tamarack marshes.

181. Fagus americana. Sweet Beech. {F. ferruginea Ait.)

Not very abundant, only a few trees seen.

182. Castanea dentata (Marsh) Borkh. Chestnut. ((7. sativa americana

Wats, and Coiilt.)

A quite large tree in the pai'k, evidently pretty old, but prob-

ably not native.

183. Quercus rubra L. Red Oak.

In woodlands.

184. Q. palustris Du Roi. Fin Oak.

Found pretty abundantly at the edges of some low slopes.

185. Q. coccinea Wang. Scarlet Oak.

Quite common.

186. Q. imbricaria Michx. Laurel Oak.

Only one tree seen, far up Cherry Creek gully.

187. Q. alba L. White Oak.

Abundant in woodlands.

188. Q. macrocarpa Michx. Bur Oak.

Not particularly abundant; only a few trees noted.

189. Q. platanoides (Lam.) Sudw, Swamp White Oak. (Q. Ucolor Willd.)

Pretty common in moist places.

190. Q. acuminata (Michx.) Sarg. Yellow Oak. (Q. muhlenbergii Bngelm.)

A few trees noted; none very near the lake.
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191. Ulmus americana L. American or White Elm.

Abundant.

192. U. fulva Michx. Slippery Elm. Red Elm.

Not many trees seen.

193. Celtis occidentalis L. Hackberry. Sugar Berry,

A few trees noted.

194. Morus rubra L. Red Mulberry.

Found in woods; not rare.

195. M. alba tartarica. Russian Mulberry.

An abundant escape in waste land east of the lake.

196. Toxylon pomiferum Raf. Osage Orange. {Madura anranUaca Nutt.)

Used abundantly for hedges.

197. Humulus lupulus L. Hop.

Found growing in low rich grounds.

198. Cannabis sativa I^. Hemp.

A common escape on commons near Warsaw.

199. Urtica gracilis Ait. Slender Nettle.

In chimps in waste places.

200. llrticastrum divaricatum (L.) Kuntze. Wood Nettle. Laportea cana-

densis Gaud.

Abundant in low woods.

201. Adicea pumila (L.) Raf. Clear Weed. Rich Weed. {Pilea ptimila

Gray.)

Abundant in moist places.

202. Boehmeria eylindrica (L.) Willd. False Nettle.

Abundant in moist woods.

208. Parietaria pennsylvanica Muhl.

Not particularly abundant.

204. Commandra umbellata (L.) Nutt. Bastard Toad Flax.

Found growing abundantly in dry places, along the road east

of the lake.

205. Asarum canadense L. Wild Ginger.

Rather common in shady woods.

206. Aristolochia serpentaria L. Virginia Snake Root.

Scattered in loose soil of forests.

207. Rumex acetosella L. Field Sorrel. Red Sorrel.

A common nuisance in sandy fields.
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l.'<>s. R. vciticillatus I,. Swamp Dock.

Fouiul ;it the edge of Uayoxis and in shallow water.

L'<t!>. R. iKirtMiiica L. Creat Water Doc-k.

Not rare in the lake plain .-iiid in low. Hat places.

21<». R. crispus L. Curled I)o<'k.

('onuuon in waste places.

I'll. R. obtnsifoliiis L. T.itter Dock.

In situations sinulai- to the preceding.

1'12. Fagop.vruni fafiop.vnuu (L.) Karst. Buckwheat. <F. (t.sciileiituin

Moencb.)

Along' roadsides Avhere it has escaped.

213. Polygonum amphil)ium D. AVater Smartweed.

('omniou at the edges of the lake.

214. P. emersiun (Michx.) Britton. Swamp Smartweed. (!'. ninhJeiihcnjii

Watson.)

Alnmdant in bayous and low i>laces about the lake.

215. P. incaruatum Ell. Slender Pink Smartweed. '

Common iu Avet soil.

210. P. pennsylvanicum L.

Abundant.

217. P. hydropiperoides.

Common, especially in a sliallow pond in the southeastern por-

tion of the lake plain.

218. P. orientale D. I'rince's Feather.

Escaped cultivation in a tield east of the lake.

219. P. virginianum L. Virginia Knotweed.

Rather sparingly found at the edges of Ioav woods.

220. P. aviculare D. Doorweed.

Common in yards.

221. P. erectlun Ij. Erect Knot Grass.

Not so almndant as the pi'<'ceding. and in nioister places.

222. P. convolvulus L. lilack Bindw^eed.

In diy cultivated tields.

223. P. scandens L. Climbing False lUickwheat. i I'. (Iiniictdiiuii xidiidciis

Gray.)

Some in moist ground along Cherry Creek.

224. P. saggitatum Ij. Arrow-leaved Tear Tluunb.

In moist soils about the lake. A'ery abundant.
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225. P. arifolinui I^. Halberd-leaved Tear Thumb.

Some found alonj; Clear Creek, south of the lake.

220. ChenoiMxlium album I.. Lamb's Quarters.

Common in waste grounds.

227. 0. boscianum Mo(i.

Oidy a few planTs seen, over near Warsaw.

228. O. urbioum I.. Common or City (ioosefoot.

Common in waste places.

220. C. hybridum I.. Maple-leaved Goosefoot.

Common; somewhat scattered in waste places.

28<). C l>otrys L. Feather (Jeranium. .Terusalcm Oak.

Not rare ahms tlie railroad.

2:^1. Salsola. kali I-. Common Saltwort.

Found (juite abundantly aloiifj- tlie railroad.

2:'.2. Amaranthus retrotiexus L. Uoutih Picweed.

Abundant in waste places.

•_':;:'.. A. blitoides S. Wats. Prostrate Amarantli.

Found along the Pennsylvania railroad.

2.'U. A. graecizans li. Tumltlewccd. i.l. (ilhinti T..)

Found in wasti' places and along tlie railroad.

'IHTt. Phytolacca decandra I>. Pokcberry.

In moist, rich grounds.

2:'.(i. Mollugo vcrticillata L. Carpetweed.

Abundant in sandy tields.

_'."'.T. Portidaca oleracea. Purslane.

Plentifid in liclds and gardens.

2:'.N. Agrostemnia gitliago L. Cockle. {LiicJinis i/itliiif/o Scop-)

Aliinulant in grain tields.

:^:!".i. Silene siellala iL.i Ah. Starry Campion.

Ill woods and corners of tields.

_'4o. S. virginica L. Fii'e Pink.

Found in woods.

241. S. antirrliina P. Sleepy Catclitiy.

Common in saudy. open places.

242. Sapoiiaria othcinalis P. Bouncing Bet.

Abundant, especially along the embankment of the Pennsyl-

vania railwav.
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243. Alsine media L. Common Chickweed (Stellaria media Cyr.)

Abundant, especially in the park.

244. A. longifolia (Muhl.) Britton. Long-leaved Chickweed. (Stellaria

longifolia Muhl.)

Found in moist ground.

245. Cerastium longipedunciilatum Muhl. Nodding Chickweed. (('. nutans

Raf.)

Found near Cherry Creek.

246. Anychia canadensis (L.) B. S. P. Slender-forked Chickweed. (A.

eapillaeea D. C.)

Scattered in open, sandy woods.

247. Brasenia purpurea (Michx.) Casp. Water Shield. (B. Peltata Pursh.)

A little in Eagle Lake; much, and profusely flowering, in

Market-street pond.

248. Nymphaea advena Soland. Spatterdock. (Nuphar advena R. Br.)

Quite plentiful in Eagle Lake.

249. Castalia odorata (Dryand) Woodv. and Wood. White Water Lily.

{Nymphaea odorata. Ait.)

Abundant in Eagle Lake.

250. Ceratophyllum demersum L. Hornwort.

Abundant in Eagle Lake.

251. Liriodendron tulipfera L. Yellow poplar. Tulip tree.

In woods, no longer particularly abundant.

252. Asimina triloba (L.) Dunal. Pawpaw.

Not many trees seen.

253. Caltha palustris L. Cowsiip.

Common in marshy places.

254 Coptis trifolia (L.) Salisb. Gold-thread.

In a tamarack swamp southeast of the lake.

2.55. Actaea alba (L.) Mill. White Baneberry.

Common in woods.

256. Anemone cylindrica A. Gray. Long-fruited Anemone.

Found abundantly, pi-incipally along the Pennsylvania rail-

way.

257. A. virginiana L. Tall anemones.

Plentiful in open places.

258. A. canadensis L. Canada Anemone. (A. pcnnsylvanica Is.)

Found in moist ground along the Pennsylvania railroad.
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259. A. quinquefolia L. Wind Flower. (A. nemorosa Michx.)

Plants found, out of flower, along Clear Oi-eek.

260. Hepatica hepatica (L.) Karst. Round-leaved r>iverwort. (H. triloba

Chaix.)

Scattered in woodlands about the lake.

261. H. acuta (Pursh.) Britton. Liverwort. (F. aciitiloba D. O.)

Found at some distance from the lake; none seen near.

262. Syndesmon thalectroides (L.) Hoft'mng. Rue Anemone.

Found in woods; abundant.

263. Clematis virginiana L. Virgin's Bower.

Abundant in places, generally in rich, damp places.

264. Ranunculus abort)vus L. Kidney-leaved Crowfoot.

Abundant in shaded places.

265. R. recurvatus Poir. Hooked Crowfoot.

Common in the regions at some distance from the lake.

266. R. pennsylvanicus L. Bristly Buttercup.

Some found north of the lake, near Clear Creek.

267. Caulophyllum thalictroides L. Blue Cohosh.

Found in the Clear Creek region.

268. Podophyllum peltatum I.. Mayapple.

Scattered in woods.

269. Menespermum canadeuse L. Moonseed.

Not very abundant in the region of the lake.

270. Sassafras sassafras (L.) Karst. Sassafras. {S. officinale Nees.)

Abundant in open places.

271. Benzoin benzoin (L.) Coulter. Spice Bush. (Lindera benzoin Blume.)

Not I'are in moist, rich woods.

272. Papaver somniferum L. Garden Poppy.

A few were found growing in the railroad gravel pit northeast

of the lake.

273. Sanguinaria canadensis L. Blood Root.

Common in open woods, by bluffs and Clear Creek.

274. Stylophorum diphyllum (Michx.') Nutt. Celandine Poppy.

One seen, out of flower, up Clear Creek gully.

275. Bicuculla cucuUaria (L.) Millsp. Dutchman's Breeches. {Diceittra

cucvlaria Torr.)

Old plants and roots found. Clear Creek gully.
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27G. Lepiduiu virgiuicum L. lVpi»er (Jra.ss.

Common in dry ground.

277. Sisymbrium officinale (L.i Scop. Hedge Mustard.

(Jouimon in dry ground in waste places.

27S. Brassica juncea (L.) Cooson. Indian Mu.stard.

A plant found along the Pennsylvania railroad.

27'.». Rf>ripa palustris (L.» Bess. Marsh Cress. (X<is<tnrtiinii imhistre D. C.)

Common in flat, marshy ground.

28<>. K. nasTui-tium iL.) Rusby. Water Cress. t\iif<tiirtiiim offtcnude R. Br.i

Common, especially near s])rings.

2S1. Bur.sa l)ursa-pastoris (T..) Kritton. Slieplierd's Purse. (CapsHki liivi'i-

jHistoris Moench.)

Some plants seen: dry groiuid.

2.S2. Arabis laevigati (Mulil.) Poir. Smooth Rock Cress.

On bluffs altmg Clear Creek.

2.s:!. Polanisia graveolens Raf. Clammy Weed.

Abimdant in the raili-oad gravel pit.

2S4. Sarraceiiia purpurea L. Pitdier Plant.

Ill tamaraclv bogs.

2S."». Saxifraga pennsylvanica P. SAvamp Saxifrage.

Occasional in wet places.

28*;. Heucliera hispida Pursli. Rougli Heuchera.

Some i)lants found. Chapman's Hill.

287. Mitella dipliylla L. Kishoi»'s Cap.

On a bank along Cherry Creek.

28S. Parnassia caroliniana Miclix. (4rass of Parnassus.

Tolerably plentiful in Icnv. wet grounds.

289. Ril)e.s cynosbatti L. Wild < ioosel^erry.

Common in woods.

2fM). R. oxyacantlioides P. Northern (J<M>sel)erry.

Pound especially in tamaracks.

2bl. R. floi-idum L. Her. Wild Black Currant.

Occasional in moist, fiat woods north of Eagle Pake.

2!t2. Hamamelis Airginiana P. Witch Hazel.

On dry hills southeast of the lake.

21(8. Platauus occideutalis P. Sycamore.

On low ground common: a few on high ground.
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2iM. 8pir.!e;i sMlitifolia L. Meadow Sweet.

("oiiniion ill low. flat i>ronii(l. as the lake itlain.

2^5. S. toinentosa L. Hanlhack.

Spariiigrly foxind in moist uioiuhIs.

2JM>. Riibiis strigosup Michx. ^^'iUl Red Kaspheny.

None near the lake: some found in a tamarack swamp some

distaiu-e away.

2H7. K. occideiitalis L. Klack Kasjilierry.

\'ery common in nenlecred fields and oi>en woods near the

lake.

l.".iN. It. americainis d'ers.i Britton. Dwarf Uaspl)i>riy.

<^nite al)nn(lant in a tamarack iiorilicasi of ilic lake.

l".>'.t. K. villosns Ait. lli.iili Hnsli HlacklK>rry.

Abundant near the lake.

.'j<i<i. IJ. liisjddns I.. Uuniiini:- Swamp IMackUcrry.

Common in rlie marsh alonu' the steamer canal, near Warsaw.

tV^I. 1\. canadensis I.. l>ewl)erry. Low Hlacklterry.

Commoii on sandy iianks and in sandy lields.

lHyJ. Fra.i:aria vir.iiiniana nuchesnc Wild Sirawlierry.

('oinnion in dry ground.

3<>."'. roteurilla argentea L. Hoary CiiKiuefoil.

In a tield east of Eagle Lake.

3tt4. P. monspeliensis L. IJongli Cin«|Uefoil. i/'. iKirrrf/lca L.)

Common in low grounds.

305. P. fruiticosa L. Shrubby Cinquefoil.

Common in wet grounds.

3<>»i. P. canadensis L. Five-finger.

Common everywhere in open places.

3<>7. Coiuariun palustre L. Marsh Five-finger. {I'fitDiiilhi ixihistrifi Scop.)

Common in tamarack bogs.

308. Geum canadense Jacq. White Avens. [<!. (ilhnm Q\n^\\n.)

At edges of woods and shady places.

30!:t. G. strictum Ait. Yellow Avens.

At the southeast edge of the lake plain.

311). Agrimonia. mollis (T. and G.) Britton. Soft Agrimony. (.1. riipatoria

mollis T. and G.)

Common in licht woods.
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311. A. paTviflora Solaiul. Suiall-flowered Agrimony.

Abundant in low, flat ground.

312. Rosa setigera. Michx. Climbing Rose. Prairie Rose.

Not very common. I have seen only one plant in the region.

313. Rosa Carolina L. Swamp Rose.

Very abundant in low places.

314. R. humilis lucida (Ehrh.) Best. (R. hicida Bhrh.)

Abundant in di^y groimd.

315. R. rubignosa L. Sweet Briar.

A few scattered plants were noted.

310. Mains coronaria (L.) Mill. Crab Apple. {Pyrus coronaria L.)

A few scattered trees.

317. .-i-ronia nigra (AVilld.) Britton. Black Choke Berry. (Pijrus arhutifolia

tnclanocarpa Hook.)

Not rare in tamarack swamps.

318. Amelauchier canadensis (L.) Medic. June Berry.

Found on the brows of hills and bluffs.

319. A. botryapium (I.. F.) D. C. Shad Bush.

A small bush found in the tamarack swamp northeast of the

lake.

320. Crataegus coccinea L. Red Haw.

Scattered; generally found along in open woods and fence

rows.

321. Prunus americana Marsh. Red Plum.

Scattered.

322. P. serotina Ehrh. Wild Cherry.

Some trees noted, scattered alM)nt in forests.

323. Cercis canadensis L. Red Bud. Judas Tree.

Some trees near the lake up Cheri-y Creek a little way from

the lake.

324. Cassia marylandica I>. Wild Senna.

Common in wet places.

325. Gymnocladus dioica (L.) Koch. Coffeenut. (G. canadensis Lam.)

Common up Cherry Creek gully.

.326. "Baptisia tinctoria (L.) R. Br. Wild Indigo.

One plant seen along the railroad, 1899.

327. liUpinns perennis L. Wild Lupine.

Common along the railroad.
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328. Medicago sativa L. Alfalfa.

Along the road near the Assembly grounds; probably an es

cape.

329. Melilotus alba Desv. White Sweet Clover.

Abundant about the park entrance.

330. Trifollum procumbeus L. Low Hop Clover.

Found along streets in Warsaw.

331. T. arveuse L. Rabbit's Foot Clover.

Scattered, in sterile soil.

332. T. pratense L. Red Clover.

Abundant in open places.

333. T. hybridum L. Alsike.

Scattered at edge of roadsides.

334. T. repens L. White Clover.

Abundant in open places.

335. Amorpha canescens Pursh. Lead plant.

A few plants growing in the park.

336. Robinia pseudacacia L. Black Locust.

Planted in various places.

337. Meibomia nudlflora (L.) Kuntze. Naked Flowered Tick Trefoil.

(Desmodium tnidifloriim D. C.)

In oijen woods.

338. M. michauxii Vail. Prostrate Tick Trefoil. {Desmodium rotundifolium

D. C.i

In an open, di'y thicket.

339. M. canadensis (L.) Kuntze. Showy Tick Trefoil, t Desmodium cuna-

dense D. O.)

Common in damp situations.

340. Lespedza violacea (L.) Pers. Bush Clover.

Abundant in open, dry places.

341. L. capitatata Michx. Round-headed Bush Clover.

Common in dry soil.

342. Vieia americana Muhl. Pea-vine.

In damp places near the lake.

343. Falcata comosa (L.) Kuntze. Hog Peanut. (Amphicarpaea monoica

Ell.)

Common in rich woods.
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('oiiunoii in v.-irious pnrts of the hike itljiin.

34.". (xeraiiiuiu iiiMciil.ituui L. Wild (Jci'.-uiiiiui.

Cuiinnoii ill ()i>en woods.

340. G. caroliiiiaiuun L. Carolina Crane's Bill.

Along the tracks in the railroad jiravel pit.

347. Oxalis stricta I.. Sheep Sorrel. (O. corniciiUiU/ strirta Sav.)

Abundanr.

348. I.inmn viriiiniaiuiin T.. Wild Yellow Flax.

In dry ground, on hillsides, in oi)en woods.

34!>. Xantlioxyhun ainericanum Mill. Trifkly Ash.

In woods; not .•ihnndant.

3r»4». I'telea trifoliata L. Hop Tree.

A few i>lants noticed in open woods.

ool. Polygala verticillate L. Whorled Milkwort.

On hillsides.

352. Polygala viridescens I.. (P. saiKjiiiiira L.)

Found on open hillside, east of the lake.

353. Acalypha virgiuiea L. Three-seeded Mercury.

Found growing in the park.

354. P^uphorbia humi.strata Eugelm. Hairy Spreading Sjiuvge.

Coninion in dry, open, sandy places.

355. p]. nutans Lag. T>arge or Upright Spotted Spurge. (E. prcslii Guss.>

Common on dry banks and embankments.

350. E. corollata I>. Flowering Spurge.

Very coininon in di*y, open places and old fields.

357. B. cyparissias L. Cypress Spurge.

t]scaped from an old cemetery near Warsaw.

3.58. Rhus copallina I.. Dwarf or Klack Sumac.

In scattered clumps, various places in diy soil.

359. II. liirta (L.i Sudw. Staghorn Sumac. (/<". ti/phhia L.)

Occasional in clumps in oi>en ])laces.

3(M». R. glabra L. Scarlet Sumac.

Grows in cluni]ts. freciuently on dry hill sides at the edge.s

of fields.

301. R. vernix L. I'oison Sumac. (R. reiieiiata D. C.)

Common in tamarack swamps.
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362. K. radicaiis L. Poison Ivy. lA'. fo-ricodciidron L.)

Common.

3<v!. Ilex verticillnta (L.i A. (Jray. Winterberry.

Not rare in low marshes, as tamarack swamps.

3(>4. Ilicioldes raiicronata (L.i Kritton. iXcniopatitJies fascicHlfiris Raf.i

Not rare in taniaraek marshes.

365. Piuonymns obovatns Xutt. Iiunning Strawberry Bush. (E. amcri-

((iinis iihdnitiix T. and (t.)

In moist woods, near hillsides or slojies.

300. E. atropurpiireus Jacq. Burning Bush.

Oommou up Cherry Ci'eek gully on tlat. rich gromid.

367. Celastrus scandens L. Bittersweet.

In woodlands, especially near the edges.

36S. Staphylea trifolia I.. Bladdernut.

Found growing in 'moist, shady woods.

309. Acer saccharinum. Silver Maple, i.l. (htxiictirimm Khrh.)

In moist situations.

370. A. saccharum Marsh. -Sugar Tree. (A. xaccJnirimnn Wang.)

In dry ground, in woodlands.

371. A. negundo I>. Box Elder. {Xet/iindc dccroides Moench.t

Up Clear Creek valley.

372. Aesculus glabra Willd. Ohio Buckeye.

A few trees noted, not very near the lake.

373. Impatiens aurea Muhl. Pale Touch-Me-Not.

Some plants noted some distance from the lake.

374. I. bitlora Walt. Spotted Touch-:\l(^Xot. (/. fi/hv? Nutr.i

Conimon al)out the lake.

375. Ceanothus americanus I.. New Jersey Tea.

.Vbundant in dry sand.

376. Vitis aestivalis ;Michx. Summer Grape. Small Grape.

Common.

377. Yitis l)icolor LeConte. Blue or Winter Grape. iTitiis (lestivatis car

hicolor LeConte.)

Common. l)ut I have seen very little in fruit.

378. Parthenocissus (luinquefolia iL.) Virginia Creeper. Wild Ivy.

(Ampelopsix qiiiiKjiiffolia Michx.i

In woodlands and on fences.
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379. Tilia americaua L. Basswood. Lin.

Not very common; a few trees seen.

380. Malva rotundifolia L. Common Mallow Cheeses.

Common in waste places, about houses, etc.

381. Abutilon abutilon (L.) Rusby. Velvet Leaf. (A. avicennae Gaertn.)

Common in rich grounds.

382. Hypericum prolificum i.. Shrubby St. John's Wort.

Abundant in moist places.

383. H. mutilum L. Dwarf St. John's Wort.

Common near the lake.

384. Triadenum virginicum L. Marsh St. Jolui's Wort. (Elodes cam-

panulata Pursh.)

Abundant in marshes.

385. Helianthemum canadense (L.) Michx. Frost Weed.

Abimdant on dry hills.

386. Lechea villosa Ell. (L. major Michx.)

Not rare on dry hills.

387. Viola obliqua Hill. Common Blue Violet. (V. palmata cucullata.)

Common.

388. V. pedata Ij. Bird's-foot Violet.

On dry hills.

389. V. blanda Willd. Sweet White Violet.

Common in tamai'ack bogs.

390. Decodon verticillatus (L.) Ell. Swamp Loosestrife.

Common in wet places, especially in a tamarack southeast of

the lake.

391. Lythrum alatum Pursh. Loosestrife.

Common in the lake plain.

392. Isnardia palustris L. Water Purslane, {Ludwigia pahistris BU.)

In ditches and pools. In Cheny Creek.

393. L. alternifolia L.

Not rare about a pond near the lake plain and northeast of

the lake.

394. Chamaenrion angustifolium (L.) Scop. Great Willow Herb. {Epilo-

hivm angustifolium L.)

Low grounds near Warsaw.

395. Bpilobium coloratum Muhl.

Common in low flat grounds.



179

396. E. adenocaulon Haussk.

A specimen collected by a student and examined in the labora-

tory was of this species.

397. Onagra biennis (L.) Scop. Common Evening i'rimrose.

Abundant. A patch, probably of recent introduction, of var

grandiflora was found in moist ground near Warsaw.

398. Kuiefiia puniila (L.) Spach. (CEnothera pumila L.)

A few plants found along the Pennsylvania Railroad.

390. Circaea lutetiana L. Enchanter's Nightshade.

In shady woods.

400. C. alpina 1j. Smaller Enchanter's Nightshade.

In moist woods.

401. ProserpiiiMcii palustris L. ^Mermaid "NA'eed.

Common in swamps near the lal<o.

402. Myriophyllum verticillatum L. Whorled Water .Millfoil.

Common.

4413. Aralia nudicaulis L. Wild Sarsaparilla.

Found in damp woods.

4u4. Heracleum laiiatum Michx. Cow Parsnip.

Common in wet grounds.

405. Eiyngium aquaticum L. Button SiiaUeroot. i A.'. iiiii-<-firf<iliinii .Miehx.)

In wet soil along the railroad.

4m\. Sanicula marylandica L. Klack Snakeroot.

In dam]) woods.

44>7. Pimpiiu'lla integerrima (L.) (Jray". Yellow Pimpernel.

In sandy places.

4<iS. Washingtoiiia claytoni (.Miclix.i Hritton. Woolly Sweet Cicely. [Os-

niurrh'rji hrcristi/lis D. C.i

In damp woods.

4it!». Sium cicutaefolium Gmel. Hemlock Water Parsnip.

Abundant south of the lake.

410. Cienta maculata L. Water Hemlock.

Common in low grounds about the lake.

411. Deringa canadensis (L.) Kuntze. Honewort. iCii/potftenia caiiailensis

1). C.)

('ommon in rich woods.

412. Hydrocotyle umbellata L. Marsli I'ennywort.

Found within tlie county, but not near Eagle Lake.

11—Academy of Science.
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413. Cornus florida L. Flowering Dogwood.

In woods, frequent.

414. C. amonum. Mill. Silky Cornel. (C. sericea L.)

A species, thouglit to be this, common at the edge of the lake.

415. C. stolonifera Miclix. Red Osier Dogwood.

Very common at the edge of the lake.

416. C. candidissima Marsh. Panicled Cornel. (C. paniculata L'Her.)

Some bushes seen near a marsh east of the lake.

417. C. alternifolia L. f.

A few trees seen far up Cheny Creek gully.

418. Nyssa sylvatica Marsh. Sour Gum.

A few scattered trees seen.

419. Pyi'ola elliptica Nutt. Shin Leaf.

Seen in woods, on hillsides.

420. Monotropa uniflora. Indian Pipe.

Scrace, in Avoodlands.

421. Andromeda polifolia L. Wild Rosemary.

Found in a tamarack swamp southeast of the lake.

422. Gaylussacia resinosa Lam. Black Huckleberry.

At the edges of woods in sandy soils.

423. V. pallidum Ait. Mountain Blueberry. V. corjnnbosum pallidum

Gray.

In sandy soils in woods.

424. Oxycoccus macrocarpus (Ait.) Pers. Large Cranberry.

Fovmd in tamarack swamps; not common.

425. Samolus floribundus H. B. K. Water Pimpernel.

Occasional in moist places.

426. Lysimachia terrestris (L.) B. S. P. Bulb-bearing Loosesti'ife.

At the edge of the lake in various places.

427. Steironema ciliatum (L.) Raf. Fi'inged Loosestrife.

Common in damp situations.

428. S. lanceolatum (Walt.) Gray. Lance-leaved Loosestrife.

Common in wet places.

429. Trientalis americana Pursh. Chickweed. Wintergreen.

Found in a tamarack east of tlie lake.

430. Dodecatheon meadia L. Shooting Star.

Found east along the Pennsylvania Railroad.
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431. Fraxinus americana L. White Ash.

Common in woods.

432. Sabbatia angularis (L.) Pm-sh. Rose-Pinli.

Occasional, open woods.

433. Gentiana andi-ewsii Giiseb. Closed Gentain.

A few plants found north of the lake.

434. Frasei'a carolinensis Walt. American Columbo.

Occasional in open woods.

435. Bartonia virginica (L.) B. S. P. Yellow Bartonia. (B. tenclla Muhl.»

Found in the county, but not near Eagle Lake.

436. Menyanthes trifoliata L. Marsh Bean.

In a tamai-ack northeast of the lake.

437. Apocynum androsaemifolium L. Spreading Dogbane.

Common at the edges of fields.

438. A. canabinum L. Indian Hemp.

In similar situations to the preceding.

439. Asclepias tubei-osa L. Butterfly Weed.

Common in dry sandy places.

440. A. incarnata L. Swamp Milkweed.

So abundant its blossoms give their color, when in bloom, to

the southern part of the lake plain, in places.

441. A. syriaca L. Common Milkweed. (A. cormiti Decaisne.)

Abundant in dry soils.

442. Ipomoeca pandurata (L.) Meyer. Man-of-the-Earth.

Found west of the lake.

443. Convolvulus sepium L. Hedge Bindweed. (C seprmn americanus

Sims.)

Common in parts of the lake plain.

444. C. spithaemus L. Upright Bindweed.

Common on the Pennsylvania Railroad embankment. Not

seen in flower.

445. Cuscuta polygonorum Engelm. Smaitweed Dodder. (G. chlorocerpa

Engelm.)

In moist gi'ounds near the lake on various plants.

446. C. gi'onovii Willd. Common Dodder.

Common on various plants in low places.

447. Phlox pilosa D. Downy Phlox.

Not rare; found along the Pennsylvania Railroad.
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448. Polemonium reptans. L. Jacob's Ladder. Blue Bells.

In moist, shady places.

449. Hydrophyllum appendlculatum Michx.

In various places in damp woods.

450. Cynoglossum officinale L. Hound's Tongue.

Common on dry, open hills.

451. Lappula lappula (L.) Karst. Stickseed. {EcMnospenivm lappula,

Lehm.)

Common in open places.

452. L. virginiana (L.) Greene.

Common in dry places.

453. Llthospermum arvense L. Corn Gromwell.

Not rare in Winona Park in places.

454. Verbena urticifolia L. White Vervain.

Quite common.

455. V. hastata L. Blue Vervain.

Very abundant in low, flat places, at various parts of the

lake plain. In places, its blossoms lend great blue unbroken

stretches to the landscape.

456. V. stricta.

Common along the railroad.

457. V. bracteosa.

Some found along the railroad.

458. Teucrium canadense L. Wood Sage.

Quite common in low grounds.

4.59. Scutellaria lateriflora L. Mad-dog Skullcap.

Common in wet places in the lake plain.

46(). S. galericulata L. Marsh Skullcap.

Quite common in parts of the lake plain.

461. Marrubium vulgare L. White Horehound.

Common on a bank about a mile up Cherry Oi'eek.

462. Agastache nepetoides (L.) Kuntze. Giant Hyssop. {Lophanthtis nepe-

toides Benth.)

Some plants found in the county (up by Chapman's Lake).

463. A. serophulariaefolia (Willd.) Kuntze. Figwort. Giant Hyssop.

(LopJianthes scrophulariaefolnts Benth.)

In diy soils near Eagle Lake.
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464. Nepeta cataria Tj. Catnip.

(Common iu diy soil.

465. Stachys palustris L. Common Hedge Nettle.

Common in damp soil.

466. Monarda fistulosa L. Horseraint. Wild Bergamot.

Common on dry hills.

467. M. punctata L. Spotted Horsemint.

A few patches along the Pennsylvania Railroad.

468. Blephilia hirsuta (Pursh.) Torr.

Abundant in woods near Clear Lake gully.

469. Koellia virginiana (L.) MacM. Mountain Mint. (Pycnanthemnm

lavceolatum pursh.)

Abundant, especially in low. flat places, and paits of the lalce

plain.

470. Lyeopus americanus Muhl. Cut-leaved Water Horehound. (L. sinu-

atvs Ell.)

In various places along the shore of the lake.

471. Mentha spicata L. Spearmint.

A large patch noted in a low place along the Pierceton Road.

472. M. piperita L. Peppermint.

Rathei' common in moist places.

473. M. canadensis L. Wild Mint.

Quite common in moist places.

474. M. rotundifolia.

A patch of this near the station at Winona Lake.

475. Collinsonia canadensis. Horsebalm.

In moist soil near Chapman's Lake.

476. Physalis pubescens L. Low Hairy Ground Cherry.

Abundant in dry soils.

477. P. lanceolate Michx. Prairie Ground Clierry.

Rather common in dry soils.

478. Solanum nigrum. Black Nightshade.

Scattered in dry soils.

479. S. carolinense L. Horse Nettle.

Pound along the railroad.

480. S. dulcamai'a L. Bittersweet. Nightshade.

A few plants found along the south shore of tlie lake.
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481. Datura tatula L. Purple-stemmed Jimson.

Common in waste places, about l>aniyards.

482. Verbascum thapsus L. Common Mullein.

Common in diy places.

483. V. blattax-ia L. Moth Mullein.

In dry places; not so common as the preceding.

484. Scrophularia marylandica L. Pilewort. (8. nodosa marylaiidica Gray.)

Common in dry places.

485. Chelone glabra L. Snake-head. Turtle-head.

Common in moist or wet places.

486. Mimulus ringens L. Monkey Flower.

Common in low places, especially abundant about the Market-

street pond.

487. Ilysanthes gratioloides (L.) Benth. False Pimpernel. (/. ripnria

Raf.)

Common in wet places.

488. Veronica anagallis aquatica L. Water Speedwell.

Scattered, in wet places.

489. V. oificinalis L. Common Speedwell.

In various places in the Assembly grounds.

490. v. serpyllifolia L. Thyme-leaved Speedwell.

In open places, in dry soil, common.

491. V. peregrina L. Pm'slane Speedwell.

Common in cultivated places.

492. Leptandra virginica (L.) Nutt. Culvers Root. {Veronica virgin ica

Nutt.)

Growing in clumps, in moist soils.

493. Afzelia macrophylla (Nutt.) Kuntze. Mullein Foxglove. {Heijmeria

macrophylla Nutt.)

In woods, near Hamilton Mound.

494. Dasystoma flava (L.) Wood. Downy False Foxglove. {Gerardia

flava L.)

Not rare in dry woods.

495. D. virginica (L.) Britton. Oak-leaved False Foxglove. {Gei-ardia

guercifolia Pursh.)

Common in dry woods.

496. Gerardia purpurea L. Large Purple Gerardia.

Common in low places and in parts of the lake plain.
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497. Utricularia vulgaris L. Greater Bladderwort.

Abundajit in ditches along the railroad and In Market-street

pond; some, but not vei-y abundant, in the neck of Eagle Lake.

498. U. intermedia Hayne. Flat-leaved Bladderwort.

Common in the lake plain south of the neck of the lake, and

in a flat about one-half mile southeast of the lake.

499. Leptamnium virginianum (L.) Raf. Beech-di-ops. {Epiphegus vir-

giniana L.)

Some found in dry woods south of Eagle Lake, near Clear

Creek.

500. Phryma leptostachya L. Lopseed.

Common in moist woodlands.

501. Plantago rugelli Decaisne. Rugel's Plantain.

In cultivated gi'ounds, common.

502. P. lanceolata L. English Plantain.

Not vexy common; found in cultivated fields.

503. Cephalanthus occidentalis L. Button Bush.

Common near the lake on the lake plain at various places, and

at the edge of woodland ponds.

504. Galium aparine L. Cleavers.

Found in damp places up Cherry Creek valley.

505. G. circaezans Michx. Wild Liquorice.

Common in dry woods.

506. G. trifidum L. Small Bedstraw.

Found in flat, damp places; some at the outer edge of the lake

plain.

507. G. asperellum Michx.

Some found east of Eagle Lake.

508. Sambucus canadensis L. Elder.

Rather common in clumps in open places, or more scattered in

low, damp woods.

509. Viburnum acerfolium L. Maple-leaved Viburm.

Found growing in forests, rather common.

510. V. lentago. Sheepberry.

Grows along the south side of the lake.

511. Triosteum perfoliatum L. Horse Gentian.

Some found in open places.
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512. Ivonieera hirsuta TSaton. Hairy Honeysuckle.

Founil, but not in flower, in the tamaraclv northeast of the

lake.

513. Micranipelis lobata (Michx.) Greene. Wild Cucumber. {EcMnocystis

lohatu, ToiT. and Gray.)

Common in damp places and parts of the lake plain.

514. Companula aparinoides Pursh. Marsh Bell-flower.

Common in parts of the lake plain.

515. C americana L. Tall Bellflower.

Common in woods.

516. Legouzia perfoliata (L.) Britton. ^'enus's Looking-glass.

In open sandy soil.

517. Lobelia cardinalis L. Cardinal Flower.

Common in damp situations.

518. L. syphilitica L. Great Lobelia.

Vei"y common in the lake plain and damp grounds elsewhere.

519. L. leptostachys A. D. C.

In di"y sandy soils, in open places.

520. L. kalmii L.

Common in the lake plain.

521. Cichorium intybus L. Chicory.

Escaped cultivation in various places.

522. Adopogon virginicum (L.) Kuntze. Virginia Goatsbeard. (Krigia

amplexwulmis Nutt.)

Not rare in open woods.

523. Taraxacum taraxacum (L.) Karst. Dandelion. (T. oflicinale Weber.)

Common everywhere.

524. Lactuca scariola L. Prickly Lettuce.

Common in Avaste places.

525. L. canadensis L. Wild Lettuce.

Common.

52<j. L. spicata (Lam.) Hitchk. Fall Blue Lettuce.

Not common, found in moist rich soil.

527. Hieraeium scabrum Michx. Rough Hawkweed.

Scattered in dry woodlands.

528. H. gronovii L. Hairy Plawkweed.

In dry open woodlands.
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529. Ambrosia trifida L. Great RagT\-eed. Horseweed.

Found in moist rich soil.

530. A. artemisiaefolia li. Ragweed.

Common, especially along roadsides.

531. Xaxithium strumarium L. Cocklebur.

Common in rich moist places.

532. Vernonia gigantea (\^'alt.) Britton. Tall Ironweed. (F. altissinia

Nutt.)

Common in nioi.st rich soils.

533. V. fasciculata INIichx. Western Irouweed.

Common in open places.

534. Eupatorium purpurenm L. Joe-Pye-Weed.

Very common in moist places, especially on the southern lake

plain.

535. E. perfoliatum 1j. Boneset.

Common in moist gromid.

536. Lacinaria scariosa iL.) Hill. Large Blazing Star. iLUttris scariosa

Willd.)

Not common. Found along the railroad.

537. Ij. spicata (L.) Kuntze. lAatrin spicata Willd.)

Quite common in parts of the lake plain, especially the south-

eastern part.

538. Jsolidago caesia L. Blue-stemmed Golden Rod.

In moist woodlands.

539. S. ulmifolia Mulil. Elm-leaved <iolden Rod.

Common in open places.

540. S. canadensis L. Canada Golden Rod.

Common in dry soils.

541. S. nemoralis Ait. Field (Jolden Rod.

Quite abundant in open places.

542. S. riddelli Frank.

Not rare in portions of the lake plain.

543. Euthamia gramniifolia (L.) Nutt. Fragrant Golden Rod. (SolUhtuo

lanccolata L.)

Common in low groiinds.

544. Aster macrophyllus L. Large-leaved Aster.

A few plants found along the bluff, north of Clierry Creek.
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545. A. shortii Hoolc.

Common in dry, open places.

546. A. uova-angliae L.

Common along the railroad.

547. A. ericoides L. White Heath Aster.

Common along the railroad.

548. Ei'igeron aunnus (L.j Pers. Daisy Fleabone.

An abundant weed in fields.

549. Leptilon canadense (L.) Britton. Horseweed. {Erigeron canadensis L.)

Common in open places.

550. Antennaria plantiginifolia (L.) Richards. Plantain-leaved Everlast-

ing.

Quite common in diy places and open woods.

551. Gnaphalium oblusifolium L. Common Everlasting. (G. polycephalum

Michx.)

Common in diy places.

552. Silphium perfoliatum L. Cup Plant.

Some found in low, rich ground up Cherry Creek.

553. S. integi'ifolium Michx. Entire-leafed Rosinweed.

Rather common in low places along the railroad.

554. S. terebinthinaceum Jacq. Prairie-dock.

Not rare in damp places.

555. Heliopsis scabra Dunal. Rough Ox-eye.

A few scattered patches noted in dry places.

556. Rudbeckia hirta L. Black-eyed Susan.

Common in both dry and moist soil.

557. R. laciniata L. Tall Cone Flower.

A few plants noted; grows in moist ground.

558. Ratibida pinnata (Vent.) Barnhart. Gray-headed Cone Flower. (Le-

pacJiys pinnata T. and G.)

Rather common along roadsides.

559. Helianthus giganteus L. Giant Sunflower.

Common and widely scattered in moist rich soil.

560. H. divaricatus L. Rough Sunflower.

Common in dry woods.

561. Verbesina alternifolia (L.) Britton. (Actinomeris sqiianosa Nutt.)

Not rare in low woods.
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562. Coreopsis tripteris L. Tall Tickseed.

Some noted in open waste places.

563. Bideus connata Muhl. Swamp Beggar Ticks.

Common in wet places.

564. B. frondosa L. Common Beggar Ticks.

Common, especially in moist soil.

565. B. tricliosperma (Micbx.) Britton. Tall Tickseed Sunflower. [Coreop-

sis trichospcrnia Michx.)

Very common in some swamps: sometimes .he flowers make

the whole landscape yellow.

566. Helenium autumnale L. Sneezeweed.

Common along the lake shore.

567. Achillea millefolium L. Yarrow.

Common in old orchards.

568. Anthemis cotula L. Dog-fennel.

In dry soils in waste places.

569. Chrysanthemum leucanthemum L. Ox-eye Daisy.

Some plants found in dry soil.

570. Erechtites hieraeifolia (L.) Raf. Fire Weed.

Not rare in open woods.

571. Mesadenia atriplicifolia (L.) Raf. Pale Indian Plantain. {Cacalia

atriplicipolia L.)

Some plants noted up Cherry Creek in diy soil.

572. M. tuberosa Nutt.

A few plants noted in boggy gi-ound southeast of Eagle Lake.

573. Arctium lappa L. Burdock.

Common in waste places and about dwellings.

574. Carduus lanceolatus L. Common Thistle. {Cnicus lanceolatus Willd.i

Common everywhere in open and waste places.

575. C. altissimus L. Tall or Roadside Thistle. [Cnicus altissimiis Willd.)

Rather common in open and waste places.

576. C. muticus (Michx.) Pers. Swamp Thistle. (Cnicus mtiticus Pursh.)

Common in swampy ground.

577. C. arvensis (L.) Robs. Canada Thistle. (Cnicus arvensis Hoft".)

A large patch in a pastm-e one-fourth mile east of the lake.

Plants scattered at various places about the region of the lake.
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ADDITIONS AND CORRECTIONS.

578. Anaphalis margaritacea (L.) Benth. and Hook. Pearly Everlasting.

(Antennaria morparitacea Hook.)

Scattered, in dry places. Out of flower during the season at

Eagle Lake, but noted, and found and determined in subsequent

work. The patch of Mentha rotiindifolia was noted too late to

press, so the identification is doubtful.

SUMMARY.

The area included within a line along the crest of the hills suiTounding

Eagle Lake presents for study a remarkable variety of conditions and

ecological I'egions, as (1) upland forest, with native trees and shrubs; (2)

cleared and abandoned upland with the flora that has subsequently taken

possession; (3) creek, valleys and gullies, with their peculiar soil and flora;

(4) railroad and introduced flora; (5) lowland forest; (6) lake plain; (7)

tamarack swamp; (8) ponds, temporary and permanent, and quaking bogs

and bayous; (9) ice ridge; (10) beach; (11) the lake, with several zones of

plants.

The upland forest is much like forests in general throughout Northern

Indiana. In some places there is underbrush and herbs, in others a thick

carjjet of dried leaves. The soil is sandy, and many of the herbs of

xerophytic habit. Fungi are abundant.

The cleared land is covered with sassafras, sumac, scrub oaks, Russian

mulberry and so on. Many mat plants are present, and there is a tendency

of various species of herbs to occupy exclusively the ground they grow on.

Among these plants are five-finger and dewberry. Just at the base of the

slopes Fimhristplis is abundant.

Creek valleys and gullies have a peculiar fiora on Their slopes, and alsa

in tlie rich alluvial soil of their bottoms. In many cases they resemble

extensions of the lake plain. Among many characteristic plants are skunk

cabbage, Conocephalus, Blephilia, and so on.

The railroad has an interesting introduced flora of wild lupine. Salsola

kali, squirrel-tail grass, white amaranth, and many other species.

The Lowland Forest, a dense, tangly jungle with a rich sandy loam

soil, contains numerous and interesting species. Quaking asp, elm and

sycamore are representative trees. The herbs are various, rank, shade and

moisture loving species.
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The lake plain is a perfectly flat area composed of muck aiid marl.

Ill many places it is covered with copses of low willows, Cormis, Cepha-

Uinthns Splrca and Carolina rose, and this is perhaps its original form. In

other places it is a sedgy meadow. Peculiarities ai'e (1) the distribution

of plant species in horizontal strata, as. bushes above, then sedges, then

ferns, and lower, mosses and Selaginella. (2) The flora is so crowded that

when a predominant species is in flower it frequently gives its tint to the

whole landscape, so we have a succession of "color waves" during the

year, as the blue of blue vervain, deep purple of Li/thrum alatiim, light

purple of swamp milkweed or joe-pye-weed, brown of Osmun<la regalis,

or yellow of tickseed sunflower or RudbecMa.

The tamarack was nearly extinct, but others near by showed probable

former flora of Sphagnum, pitcher plants and an interesting assortment of

licaths and orchids.

Temporary woodland ponds are mostly bare of bottom except for dead

leaves and some shrubs and water crowfoot. The temporary ponds in the

open are overgrown with Scirpus cyperineus aud various species of Eleo-

cliaris. These tempoa*ary ponds are interesting as they contain plants show-

ing seasonal dimorphism, an aquatic form during wet seasons aud a land

form during dry periods of the year. They also contain plants, the lower

leaves of which are fitted to submersed life, and the upper to aerial life, as

water parsnips and watei- crowfoot.

Permanent ponds, quaking bogs and bayous are similar to the lake,

except that they contain a gi-eater number and variety of duckweeds.

The Ice Ridge is interesting in many ways, ])ut does not contain many

plants peculiar to itself.

The Beach contains a mixed flora. Sometimes its flora is of such plants

as Scirpus Americaniis or various Eleochari, sometimes it is seedlings of

elms, maples, etc., which have been deposited by waves.

The lals;e has several zones of plants. Near the shore and extending

both ways are plants with well marked dimorphism—a well developed

land form, and an aquatic form. Among such plants are. spatterdock,

white water lily. UP)-icuIaria intermedia, water plantain. Heteranthcra

duMa. and many others. Scirpus laciistris has two well marked forms

which frequently grow side by side and form a distinct contrast. At other

places what appear to be intermediate forms are found. Many of the Pota-

mogetons have emersed leaves dissimilar in form and structure from the

submersed ones. Among the various zones of plants are:
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(1) The shore plants, as some species of Eleocharis.

(2) Aquatic witli emersed leaves (or culms) as Scirpiis lacustris, spat-

terdock, water lilies and pontederia, also many potamofjetons.

(3) Short stemmed aquatics; species near shore as Naias and species of

Chnra and Nitella.

(4) Long stemmed aquatics, in deep Avater, as various Potamogetons,

Ceratopliyllvm and Myrioplujlhim.

(5) Beyond these Phanerogams, and intermixed with them, are the

Algae.

The lake disseminates such winged seeds as those of elm and maple,

and sows them on the beach.

Various water plants, as Scirpus and species of Potamogeton, protect

the shore from waves. They also serve as points for the attachment of

various organisms.

D. The Plant Ecology of Winona Lake.

Lucy Youse.

In the following discussion of plant societies and their distribution

about Winona Lake, Warming's system of classification of plant societies

will be used. This system of classification, now in general use by botan-

ists, groups plants, except in the case of salt plants, on the basis of their

relation to moistiu-e. He distinguishes the following types: Xerophytes,

those requiring least moisture; hydrophytes, those requiring most;

mesophytes, those of medium moisture conditions; and halophytes, plants

of alkaline soil or salt watei*.

Many things besides climate help to determine the amount of moisture.

The quality of the soil has a marked influence upon the water content;

clay, for instance, holds water and sand does not. Of all such factors, the

topography of the country, since it plays so important a part in determin-

ing not only the drainage and the humus content of the soil, but also

exposure to the wind, to light and to heat, is held by some to be more im-

portant even than surface geology in its influence upon the character of

the vegetation. Dr. Henry C. Cowles, in his report upon the plant societies

of Chicago and vicinity, has shown this influence to be secondary to that

of topography. In his discussion of the same he says: "The flora of a

youthful topography in limestone, so far as the author has observed, more
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closely resembles the flora of a similar stage in sandstone than a young-

limestone topography resembles an old limestone topography. A limestone

ravine resembles a sandstone ravine far more than a limestone ravine re-

sembles an exposed limestone bluff, or a sandstone ravine resembles an

exposed sandstone bluff. "We may make the above statements in another

form. Rock as such or even the soil which comes from it, is of less im-

portance in determining vegetation than are the aerial conditions, es-

pecially exposure. And it is the stage reached by the evolution of the to-

pography which determines thft exposure."

Much might be said on this subject of the chemistry versus the physics

of the soil. It is discussed by both Schimper and Warming, and even the

latter says that the chemistry of the soil best accounts for the halopliytes.

In making observations and recording experiments both sides ot the ques-

tion must be kept in mind if our conclusions are to be accurate.

The soil, or edaphic influence is local, and is in direct contrast to that

of climate which is widespread. To the latter are due our pineries of the

north and also our own growth of deciduous trees. Beech-maple-hemlock

forests, the climax type, toward which, it may be said, eveiything is tend-

ing, are climatic. Oak societies, on the other hand, are a predominant but

not permanent feature of Winona Lake, and the conifers of the Atlantic

coast are edaphic, being due to soil or local atmospheric conditions. The

first plant societies of a region are the result of extreme or pronounced local

conditions and are edaphic. Less pronounced conditions gradually obt<ain

and we have climatic types. And even then the types ai*e not permanent,

for we have climatic changes. The earth is perhaps gradually growing

colder and a period of glaciation may be approaching. Beech fossils m
Sweden show the former existence of beech forests in a region which is

now too cold for their growth.

It is the purpose of the author to indicate some of the changes which

are now taking place in the region under discussion and to show how

edaphic are giving way to climatic influences as the territory develops from

youth to maturity.

Crustal movements and erosion, with its consequent deposition, must

be taken into account. By erosion we have the constant wearing away

of hills, which is retarded in no small degree by the vegetation growing

upon them and the deposit at a lower level of the material carried away.

By this process, which is hastened by the decay of plants, in swamp and

lake, xerophytic hills and hydrophytic lowlands both become more meso-
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phytic and a planation called base level is approached. This planation

is interfered with by crustal movements. If the movement be upv^ard,

the mesophytic development of hills is retarded while that of the swamp

is hastened. A downward movement, on the other hand, would hasten

the mesophytic development of upland and retard that of the lowland.

From tliis, it will be seen that the ultimate tendency, at least in this

climate, is toward the mesophytic condition. Whether the change is slow

or rapid is determined by the locality in which it occurs. A granite hill

develops much more slowly than a morainic region lilie that about Winona

Labe.

Here we have the "linob and liettle hole" lake and swamp of the termi-

nal moraine. The soil is that attendant upon such a region, a mixture of

sand, gravel and clay, with here and there a predominance of sand or clay,

the whole being varied by stretches of the mucli of the swamp and the

sand of the beach.

There are probably three main types of vegetation—the hydrophytic or

semi-hydrophytic societies of lake and swamp, the xerophytic or semi-

xerophytic of tlie morainic uplands, and the mesophytic along the

streams. In reality we have various combinations of these types and the

different plant societies are not limited to the respective topographic forms

as indicated, since the region shows marked evidence of development

toward the climax type.

1. The Lake.—There are all gradations in the "kettle hole" in the im-

mediate vicinity of Lake Winona, from the lake itself to the various un-

drained and half-drained swamps scattered here and there about the mar-

gin of the lake and representing old ponds which have gradually become

filled up by the encroachment of vegetation upon them.

Where the vegetation in the lake is most luxuriant, we find, in the

outermost zone, Nymphaea odorata and Nuphar advena (the white and yel-

low water lilies); next, Pontederia cordata (pickerel weed), and nearer

the shore the bulrushes (Scirpus lacustris and Scirpus pungens). A num-

ber of species of Potamogetons are found among all of these, in some

places reaching far out into the lake. At the mouth of Chen-y Greek

Potamogeton fluitans predominates, with Potamogentons pectinatus, Pota-

mogeton zosteraefolius and one or two other species nearby, together with

Hydrophyllum (water milfoil) and Ceratophyllum (hornwort). In this so-

ciety Chara has a place by no means unimportant. It is especially promi-

nent in the northwest arm of the lake, which, in its luxuriant growth
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of vegetation, lieanti fully illustrates the ultimate fate of the entire body

of water. The outlet, which flow from this arm at its southern eiul. has

beeome so thoroughly ehoked up with vegetation at its beginning that the

water has grown almost stagnant ami the lake flora is gradually working-

its way ui> tlie stream. Fig. 1 shows part of this arm in the left fore-

ground and the lilies at the entrance to the outlet. With the exception of

this arm the lake vegetation is most lu.xuriant near the southwest shore.

Fig. 1. View :uriis,< the lake to the east. The jreneral hasin torm is distinguished. The
highlands can be seen in the bat-kground. Tongues of land are seen being reclaimed from
the lake bottom. On the right is the outlet to the Tippeeanoe. Zones of white and yellow
water lilies in the foreground, followed by eat-tails and sedges. Zones of w illows, Carolina
rose and osier dogwood are in the center, while to the right is an oak and hickory forest.

On the left is a swamp meadow.

This is perhaps explained by the fact that the winds in this region are

from the southwest. The greatest wash of the waves is toward the east

and northeast, and here, as we might expect, we find the greatest dearth

of plants and plant growth. This southwest beach is overlaid with muck,

a natural result of the decay of plants along its margin.

At some places around the lake, notably in the same arm. the bul-

rushes are followed by the cat-tails (Typha latifoliai with sedges and

grasses on the shore beyond. This is shown in Fig. 1. at the left. On
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the south shore, howevei*. where the hind is raised liy an ice beach,

the lalce is bordered by the button busli (Cepliahmthus oecidentalisi, osier

dogwood (Cornus stolonifera). Rosa Carolina. Cottonwood (Populus moni-

lifera) and willow. A region similar in vegetation is shown in Fig. 2.

This succession of societies is carried a step further on the west shore

of the lake southwest of Yarnelle's landing. In addition to the foregoing

are swamp white oak (Quercus bicolori. silver maple (Acer dasycarpum),

Fig. 2. View across lake from Yarnelle's landing. The basin effect is more apparent

here. The transition in vegetative types is very rapid at this point, owing to the somewhat
abrupt rise in the topography. It quickly passes from hydrophytic through the marsh stage

to mesophytie. On the shore, zones of the button bush and osier dogwood are followed by

those of Carolina rose, willow and, lastly, elm. The coming of this tree means permanent
conditions looking to the mesophytie types.

and sycamore (Platanus occidentalis). The land adjoining this on the

west, which is slightly elevated and better drained, and which might

show a still higher stage o£ development, has been cleared and cultivated.

;So we must look toward the south where the hand of man has not

interfered with the work of nature. Here, as we might expect, in the

same relation as to position, that is a step further from the lake, higher,

-drier, and well drained, we find the hazel (Corylus Americana), the grape,

3Iayapple (Podophyllum peltatum). Catnip (Nepeta Cataria), Smilacina
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racemosa. and the Elder (Sainlinciis Cauaden^isl. This mesophytio strip

forms a zone of tension lietween tlie more nearly hydrophytic beach and

the semi-xerophytic hill adjoining- on the west. At Yarnelle's landing,

north of the dredge, where th.e land rises quite suddenly from the water's

edge, joining the hills a short distance beyond, there are comparatively

few willows. The syca mores and cottonwoods of the shore are accom-

panied liy the jispens (r(ii)nlus ti'emnloides). the elm (Ulmus Americana),

black haw (Viburntini prnnifolium), the hickory and Sassafras otticinale.

Closely adjoining are the mayapple. grape, red bud (Cercis Canadensis),

and prickly ash (Xanthoxyluni Americanum). This evolution of plant so-

cieties on the lake shore is perhaps shown even luore beautifully in the

vegetation of the two long points of land projecting out into the north-

west arm. These are shown at the left in Fig. 1. the one in the fore-

ground showing the more advanced stage.

2. The Swamp.—The encroachment of vegetation upon tlie lake, with

its death and decay, makes the water shallower and hna.lly untits it for

the plants themselves. This filling up process is aided by the deposition

of material earned in by the streams that feed its waters, and ultimately

we have a SAvamp taking tlie jilacc of tlie lake. These may be fnund in

various stages of construction and destruction in the region about Winona

which was at one time itsi'lf a p.-irt of the lake.

One of the youngest of these, near the east shore of the hike and

bordering upon Cherry Creek, has its surface covered with duckweed

(Lemna. Spirodela and Woltlia) with arrowhead and yellow water lilies

near the shore in some places, followed by gi'asses, the Iris (Versicolor)

and sedges (Carex vulpinoidea and Carex lupulinai. Surrounding these

are the button bush, osier dogwood, willows, swamp white oak and elm

and the fern (Aspidium thelypteris). In some places where the swamp

is becoming filled up, a dense growth of Polygonum is found in the center.

At many places about the lake is the swamp meadow, a wide stretch

of flat land with rich muck soil. One of the most interesting of these

lies just north of the lake. Here are grasses, sedges, Salix amygdaloides,

the shield fern (Aspidium thelypteris), Potentilla fruticosa (shrubby cinque-

foil), Eupatorium purpureum. osier dogwood, Carolina rose, Joe Pye-Weed,

Solidago lanceolata. Canqtanula aparinoides (marsh bellflower). Lycopus

lucidus (water horehoundi, Asclepias incarnata (swamp milkweed), Pyc-

nanthemum lanceolatum (mountain mint), Boehmeria cylindrica (false net-

tle), Betula pumila (low l)irch), Steironema longifolium, Osmumla regalis.
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Convolvulus arveiisi^; (hindweedi, Apdcymiiii aiulrosiicinifoliuru (spread-

ing dofi))aupi. Verliena iirtlcaefolia (white verljena). Rudbeekia hirta icone

flower), and Lythruni alatuni doosestrifei. together with the following

mesophytic lioneers: Eiipatoriuni perfoliatnm (l)oneseti. Pilea puniila

(rich weed), and Impatient.

At places ^vhere the SAvan)p is better drained its lUtimate tendency is

indicated, notalily at a point aliout a quarter of a mile south of the south-

east corner of tlif lal^e. We see here black oaks (Quercus coecinea tine-

Fig. 3. View .showing rich mesopbytie meadow reclaimed from the lake Vjottom. Thi.s

area is rapidly becoming more mesophytic and the remaining hydrophytic plants are dying

out. In the background, on the morainic upland, is seen an oak-hickory forest, with the

white oaks at the base and blaek oaks on slope. It is probable that the meadow has never

been forested.

toi'ia), white naks (tjuerciis allia). silver maple (Acer ilnsy( arpnuii. syca-

more (I'i'atanus occidentalisi. walnut (Juglans nigra', hickory. i:o!son ivy

(Rhus Toxicodendron), richweed (Pilea pumilai. Indian turnip (Arisaema

triphylhinii. May-apple d'odophylhini peltatumi. Wnla palmata. Viola

pubescens. These patches of mesophytic woods are .sometimes fotmd

in the very center of the swamp at places where the land is some-

what liigluM-. The soil contains a larger amouiit of moisture than
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that of the mesophytic woods on tlie lake shore spoken of above, and the

vegetation represents a higher type of niesophytie society.

In the evolution of the swainp of Turkey Lake, the first vegetation is

of water plants. These are followed hy bulrushes or sedges, and next

come shrulis and trees, in some cases those noted above, but in other's

Cassandra calyculata which is followed by the tamarack (Larix Ameri-

cana). These swamps are destined to become forests, while in the case

of the lake like Lake Calumet, near Chicago. 111., the destiny of which

Fig. 4. ^'iew of a portion of the l)e;ich in Cherry Creek Embayment. The slope is

gentle, rising from the low chiinuul of the crtek on the right to over 20 feet on the left. The
soil is very boggy and most of the bogs are assooiateil with mineral springs. Rows of wil-

lows in the right center, with sycamores and oaks on left. The rich nature of the soil is

apparent in the heavy herbneeous vegetation. Semi-fossilized bivalve shells were found
liere.

is the pniirie. the bulrttsh stage is followed by grasses. It is suggested

by Dr. Cowles that this difference in the tiltiniale development of the

swamp m;>y be due to tlie depth of the kettle and consequently the depth

of the lutick. the forest type being found by him to have originated from

deep kettles and the prairie type from shallow ones. The muck in the

swamps spoken of above is deep and their destiny is evidently forest, as

has been pointed out. but there is very little evidence of the Cassandra

and the Tamarack stages. There :ire a few tamarack swamps in the
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vicinity of Lalc(> Winona containinu- some of the plants typical of the

taniaraclv sta.yc. such as the pitcher jtlant iSarvacenia purpurea!, and the

peat moss. Sphagnum. But in the old Winona Lake bed there are barely

three lone tamaracks, standing in the bottom of an old arm of the lake,

with notliin.ii' to indicate the share they took in the development of the

swamp. Further data olitained by a comparison with other specimens of

this kind of swamp are necessary liefore a definite conclusion can be

reached concerning its evolution.

Quite an interesting type of swamp is found in a narrow belt of low-

land which adjoins the lake and represents an old arm of it, lying like a

ditch l)etween the hills there. It contains I>udwigia polycarpa, Ludwigia

hirtella, ditch stone-crop (Penthorum sedoidesi, manna-grass (Glyceria

fluitansi. Tolygonum acre. Polygonum hydropiper, Polygonum sagittatum

and Polygonum Muhlenliei-gii. The fiora of the margin is swamp whte

oak, black alder (Ilex verticillata), sour gum (Nyssa sylvaticai. Carolina

rose, and the swamp, white or silver maple (Acer dasycarpumi. Riccia

fluitans carpets the wet soil.

A swamp in the hollow of the hills is filled Avith Polygonum hydro-

piper. Iris, skunk cal)bage (Symplocarpus foetidus), and Rosa Carolina.

Around the margins are dying willows, elm and ash. Fossils of ferns

point back to former days when moisture was more abundant. With-

ering Mnium and flourishing Polytricium, the relict and the pioneer,

show past and future. To the south, the hill has been cleared and xei ©phy-

tic conditions are being hastened in the margin of the swamp. Dying

Iris and vigorous Canada thistle grow side by side. Oi the east, west

and south are the morainic hills covered with oak-hickory forests. The

fate of this SAvamp is gradual filling up by dead vegetation and down-

Avash from the surrounding uplands and the ultimate encroachment of

the neighboring plants upon its territory.

3. The Morainic Uplands.—The sand-graA'el-clay hills are even more

numerous about the lake than are the SAA^amp meadoAvs and their vegeta-

tion is only slightly varied at different places, this being usually in clear-

ings. The oak-hickory stage prevails. Near the summit of the hill is

the black oak (Quercus coccinea tlnctoria), Avith the Avhite oak (Quercus

allja), on the lower slopes. These are accompanied by the hicKories (Carya

alba and Car.va sulcata). Avild oats (Danthonia spicata), Avire grass (Poa

compressa), plantain-leaved everlasting (Antennaria planlaginifolia), Poly-

trichum, NeAV Jersey tea (Ceanothus Americanus) and Silene steUata. At
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the base of the hills, on the teiisu)n line adjoining the swamp, is the

black hncklebeiT}', Gaylnssacia resinosa. (See bac-kground of Fig. 3.)

The oak stage has i-eqniredVo long a time to develop and has been in

existence so long that TreTiave only the result and little evidence of what

preceded this type. In the north the coniferous forest comes first. Clear-

ings give some intimation of the order of succession, and they are numer-

ous, thoiigh somewhat deceptive, as the stages in this case follow one

another much more i-apidly than tluw would in a virgin soil in which

Fig. 5. View iif the channel and abutinent,< of the upper or lesser dam. From the con-
dition of the vegetation in the foreground, it is evident 5haf th« stream's gradient is small.
Upon the left and right the surface rises abruptly to 12 feet, and is covered with- heavy
mesophytic trees. The soil is sandy. This is a place where vegetation is capable of closing
the drainage lines.

there had been no foundation laid for later types. Where the soil has

been cleared the first plants that follow, as shown on the north and west

sides of the lake?' aj'e Xerophytic annuals and perennials, such as poke

weed (Fhytolacca decandai, mullein lYerbascum thapsus). Canada thistle

(Cnicus arvensis), hounds-tongue (Cynoglossum officinale). Leonurus Car-

diaca. Arctium lappa, Echinospermum lappula. These seem to be fol-

lowed by elm and hickory. The beech-maple forest i^ working its way
in so slowly around Winona that at first glance there seems to be no
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Fig. 6. \'iew across the valley from the left abutment of the lower or greater dam. The
width of the valley i.s here about 165 feet, with the earth walls rising abruptly 22 feet on
either side. The soil is a glac-ial deposit, sand predominating.

Fifr. 7. View up the channel of the outlet at the greater dam. The depth of the valley

is shown by the altitude of the right abutment in the background. The evidence of the

ascending erosion line is in the foreground.
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iudication of it whatever. It has made its appearance in only one region

in the old lalie bed, namely, within a mile of the present lake shore around

Clear Creek. The beech forest west of the lake is outside of the teiTitory

covered by this report. Why this type has lagged so far behind is perhaps

due to the large percentage of gravel in the soil, as its development is

much slower in gravelly soil than in that in which we have a large per-

centage of clay. The presence of beeches depends upon the amount of

humus in the soil. Then, too, both beech and maple seedlings can grow

in the dense shade these trees themselves make or in the lighter forests

of oak and hickory. The plants of the latter type, on tlie other hand,

do not flourish in the deeper shade of the beech.

Accompanying the beech (Fagus ferniginea) which is yet somewhat

rare in this type of forest aboift the lake, and the sugar maple (Acer sac-

charinum) ai'e the tulip tree (Liriodeudi-on tulipifera), the walnut, the

pawpaw (Asimina triloba), Hepatica, Trillium, Virginia Oi-eeper, Mayapple,

skunk cabbage, various species of ferns, together with the older oaks

and hickories, which point back to the past.

i. The Sti'eam.—The tei'ritoiy over which now flows the lower part

of the two streams that feed the lake was once the lake bed and is now

a flood-plain. Cherry Creek, the largest of these, is a pre-erosion type in

what is apparently an erosion valley. Along the lower course of this is

a mixture of influences which results in a "hedge podge" of vegetation

not easy to unravel. Lake and swamp, spring and stream, all combine

their forces to produce this effect. Near the mouth of the stream Pota-

mogeton fluitans is abundant. In that part most often submersed are the

rice cut gi-ass (Leersia oryzoides), cat-tails, bulrushes and sedges, among

them Scirpus atrovirens, Carex lupuliua, and Carex vulpinoidla. Many
plants chai-acteristic of springs and spi-iug brooks are found, such as

swamp milkweed (Asclepias incarnatal, skunk cabbage (Symplocarpus

foetidus), Eupatorium purpui'eum, Eupatorium perfoliatum, Lycopus

lucidus (water horehound), and sevei'al other species of mint, Lobelia

leptostachys and Lobelia syphilitica. Salix longifolia and Salix nigra are

common (see Fig. 1). and in the locality west of the creek and bordering

upon the lake seedlings of the river or silver maple (Acer dasycarpum)

and the aspens (Populus tremuloides) form a marked feature of the land-

scape. Other plants characteristic of this flood-plain are the ash (Fraxi-

mus Americana), the walnut (.Tuglans nigra), the red-bud (Cercis Cana-

12—Academy of Science.
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densis), the sycamore (Platanus occidentalis), the mulberry, the hazel (Cory-

lus Americana), the hornbeam (Carpinus Caroliuiana), poison ivy (Rhus

toxicodendron), Virginia creeper (Ampelopsis quinquefolia), grape (Vitis),

greenbriar (Smilax), Indian Turnip (Arisaema Dracontium), ground ivy

(Nepeta Glechomal, nettles, blue grass (Poa pratensis), meadow rue, straw-

berry (Fragaria), Impatiens, Aspidium thelypteris, Onoclea sensibilis and

Osmunda regalis.

Looking forward to the futm-e of this stream we expect greater erosion,

retrogression toward the xerophytic, and, as the ultimate base level is ap-

proached, progression again toward the mesophytic.
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IsTiAGARA Group Unconformities in Indiana.

Moses N. Elrod, M. D.

Prof. Richard Owen, in the Indiana Geological Survey, 1859-60, calls

attention to an unconformity near Huntington, which he supposed to

indicate the dividing line between the Devonian and Upper Silurian. He
describes the arenaceous limestone of the Devonian as resting uncon-

formably, rate of dip 25 to 40 degrees southeast, on the silicious limestone

of the Silurian. Of the Linn's Mill exposure, on Treaty Creeli, Wabash

County, he says: "Here we again found evidence of the convulsions and

unconformable stratification noticed at the Fair Ground quarries of Hunt-

ington and in this county. On the west side of the creeli, opposite the

mill and close to the dam, a hill is formed by an anticlinal axis, the

beds dip northward and southward about 43 degrees. But the extreme

summit of the hill has evidently been subsequently denuded and abraded

by water until a hollow affords a channel for a rippling rivulet, while in

the bed of the main stream, beneath the axis, the undisturbed sti'ata are

visible." In the light of more recent investigations it is probable Prof.

Owen's arenaceous limestone of Huntington and the upper member of his

Wabash Coimty unconformities should be correlated with the porous lime-

rock of Prof. CoUett, and the picket rock of Messrs. Elrod and Benedict.

It suould also be noted that the underlying layers of stone, at Ti-eaty

Creek, are approximately horizontal, and exclude an uplift as the cause

of the distorted bedding.

Prof. John Collett, in the Geological Survey of Indiana, 1872, describes

an unconformity seen by him at Calvert's quaiTy, near Geoi-getown, Cass

County. He found a gray limestone resting unconformably on the "silico

magnesia with a small parting of clay." This clay parting, he claims, is

general, and is often found in wells some 20 or 30 feet below the surface

at Logansport. At a later period the observations of Prof. Collett were

confirmed by Mr. A. C. Benetlict. Commenting on a section made, near

Georgetown, for the report on the Geology of Cass County, 1894, he de-

scribes the surface of the first layers under the "gray limestone" as show-

mg evidence, when exposed, "of having been eroded into channels and

hummocks before the overlying rock was deposited."

Prof. Collett. under the section of his 1872 report devoted to Wabash
County, cdn^elates the '•gray limestone seen at Logansport and at a few

localities in Miami County" with the "thin-bedded paving stone" of Wa-
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bash. The silico magnesian beds of Logansport, he says, "part with the

greater portion of the calcareous matter at Peru, becoming argillaceous,

while in Wabash this bed is characteristically argillaceous, and. in appeai'-

ance very similar to the hydraulic stone at Louisville." In his general

section of Wabash County he places (1) porous limei'ock at the top, and

gives its thickness at from to 40 feet; (2) paving stone, 8 feet; (3) thick-

bedded argillaceous limestone, 10 to 20 feet; (4) hydraulic limestone, 10 to

50 feet, and referred the whole series to the Niagara group. The sub-

divisions adopted by Elrod and Benedict in their report on the Geology

of Wabash County, 1891, do not differ greatly from those of Prof. Gollett.

They placed the quarry stone, the equivalent of his paving stone and

thick-bedded ai-gillaeeous limestone, at the top of the series. Between the

quarry stone and his hydraulic limestone they recognized a local stratum

of laminated shale, closely related to the quarry stone, and all below the

laminated shale was called cement shale or cement rock. The porous

limei'ock was not given a separate place in the section, because it was

the opinion of the writers that it did not form a distinct geologic horizon;

but was composed of the changed materials derived from the quarry stone

and the underlying formations, but came mainly from the quarry stone

layers. The materials were recemented by infiltration, and, as a conse-

quence, the beds have no ti'ue stratification planes. For it they adopted

the name picket rock, a local term then in common use at Wabash.

These correlations are deemed necessary that the reader may under-

stand the stratigraphic position of the Wabash County unconformities,

and the probable relations of the others of the Wabash Valley.

A very remarkable and plain example of unconformity between the

quan-y stone layers and the blue cement rock may be seen on the east

bank of Lagro Creek, one-half mile north of Lagro. Hei'e 30 feet of

horizontal quarrj' stone abuts against a nearly perpendicular wall of

cement rock. Below the unconformity, in the creek channel, the cement

rock is found to be continuous and connected with the south wall of the

unconformity and to pass under the more recent quarry stone. Dip is

scarcely appreciable in any of the layers. Other unconfoi-mities of gi'eat

interest are those at the Martin Willis quarry, south of Lagro, on the

township line pike, and at Leonard Hyman's quarry, on the Mississinewa

River. At these quarries the quarry stone rests on the laminated shale

in a valley. On one side of the Martin Willis quarry the shale rises 10

feet above the lowest exposed horizontal layers of quarry stone.
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Some convulsion of nature, a local upheaval and subsidence of the

earth's crust, was among the theories genei'ally accepted for a time, to

account for the false bedding of the ^A'abash Valley rocks. Prof. CoUett,

in 1872, was the first to offer an explanation more nearly in accord with

recent observations. Of a Delphi locality he writes: "'The Pentamerus

bed is an irregular deposit, variable in its mode of occuiTence and thick-

ness, evidently deposited by currents tiowing across irregularities in the

surface of the regularise deposited rocks below. It is generally found

thrown down upon or against these irregularities, and consequently ex-

hibits remarkable peculiarities of false bedding." But his theory does not

account for the uneven surface of the regularly deposited rocks. The most

obvious explanation is to suppose that they are due to erosion, and that

they indicate the upper surface of the lower member of an unconformity.

Especially must this be true Avhere the stratification of the stone, com-

prising the iri'egular surface, is found to be level and the layers of uni-

form thickness. Where the iri-egularity forming the axis or center of a

cone is composed of shale it is not impossible that it may have been

formed ^y currents. The effect of currents on the contour of a shale bed

was clearly demonstrated in an example of irregular bedding seen in the

quarry of Tames Lambert at South Wabash. Here an axis of shale had

been deposited between the quarry stone layers, which maintain a uni

form thickness while conforming to the irregular surface of the shale.

Near Lagro, at the Watson Briggs ravine, is a beautiful exixtsui'e on a

large scale of the picket rock passing over a central axis of a cement

shale with the dip in opposite directions. On the flanks of the axis the dip

changes from 20 to 12 degrees and the layers become horizontal as they

pass over the top. These exposures are supposed to show the primary

origin of the false bedding in nearly all cases, and especially so when the

distorted layers are of nearly uniform thickness. But in many cases other

phenomena are involved and the explanation is not so simple. Irregu-

larities of the underlying surface do not account for the brecciated con-

dition, changed physical characters and the nearly vertical planes of so-

called stratification.

The brecciated character of the Indiana stone seems to have been

first pointed out by Prof. Orton in the eighth annual report of the United

States Geological Survey. Of the Ohio stone, with which he compares the

Indiana outcrop, he says: "The layers of limestone appear to have been

traversed by joints dividing them into cubical blocks of two or ten inches
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in diameter, and the separate blocks have been recemented by material of

the same sort that composes the substance of the rock. The cause is

not obvious, but the phenomena is certainly not referable to uplift and

disturbance. It seems more probable that if we were able to trace out

the history we should find some modification of the force that produces

joints, whatever it may be, as the cause of the phenomena we are

considering."

The high angle stylolite planes of the interior conformation of the

cones is another feature which should be considered in connection with

the brecciated structure. The columnar part of the stylolite seam is pe-

culiar in having its axis lie parallel with the separation plane, and seems

to show that the columnar structure is the result of a downward move-

ment of the overlying layer. At the StaufHer quarry, two miles west of

South Wabash, and at Rockyway Oreek the angle of the separation planes

does not exceed 25 degrees, and it is probable that they may be modified

bedding planes, something like those described by Mr. T. C. Hopkins iu

his report, of 189G, on the. Bedford oolitic limestone of Indiana.

The exposures at Staufller's and Rockyway also show that the picket

rock gradually changes into even bedded quarry stone, and that the picket

rock is a modified form of the othei*. At the same time the dip changes

from an angle of 25 degrees to neai'ly horizontal.

The high angle stylolite planes are too nearly vertical to have been

the result of sedimentation. They evidently grow out of a number of

conditions. Briefiy, the picket rock cones and ridges rest on a core or

axis of cement rock or shale, the latter being the result of erosion. It

is probable the layers of stone, overlying the core, were of continuous

thickness when deposited, and that the brecciated character and stylolite

planes are the result of pressure and unequal resistance to a downward

shear.

A somewhat similar system of brecciated and irregularly bedded stone

extends from the interior of Ohio, across Indiana and into Illinois.

Through Indiana and in the vicinity of Chicago high angle sty'.ollte planes

are a marked feature of the exposures. In Ohio the distorted bedding is

referred to the Waterline formation. In Indiana similar ii'regularities are

supposed to be confined to the Niagara group beds. Dr. A. J. Phinney

has been the only Indiana geologist to dissent from this opinion by assign-

ing the Delphi and much of the Logansport exposures to the Dower

Helderberg. Prof. Orton, in his report on the Ohio and Indiana gas field.
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says: "The well-known Wabash flaggings are here counted of Lower

Helderberg age." Dr. Phinney, in a report on the natural gas field of

Indiana, eleventh United States Geological Survey, dissents from this

opinion, and says: "The exposures in the vicinity of Wabash have been

considered Niagara limestone, as the fossils are identical with those found

at Marion, where the exposure is undoubtedly Niagara.' In the Wabash

County report or 1891 forty species of fossils are tabulated, which were

collected from the quarry stone. The most of these were characteristic

Niagara fossils. The Illinois geologists have always considered the equiva-

lent beds of that State as of Niagara age.

By some writers great significance is attached to the brecciated struc-

ture in determining the age of the stone in which its occurs. However,

Dr. Phinney describes the Waterline at Kokomo as "an even-bedded lime-

stone." About Logansport, he says, the Lower Helderberg is a common

rock, and "finely exposed," but, so far as known, never shows a brecciated

surface. If the Waterline formation is excluded from the Lower Helder-

berg it is probable no true representative of that period is to be found in

Indiana.

Prof. Dana, in the fourth edition of his Manual of Geology, assigns

the Waterline formation to the Salina group. And in a bulletin of the

Geological Society of America, May, 1900, Mr. Charles Schuchert presents

facts to show that all of the Lower Helderberg above the Waterline and

Tentaeulite limestone should be included with the Devonian. Mr. Schuch-

ert seems to consider the Tentaeulite limestone as transitional to the

Lower Helderberg. Of twenty-six species found in the Tentaeulite beds

of New York, only four are known to occur in some higher member of the

Lower Helderberg. In Ohio, out of thirteen species described from the

hydraulic limestone only four are known to occur m the higher beds.

So, then, in view of what is now known, it seems safe to assume that

the Wabash County unconformities and" pronounced irregularities of bed-

ding were the result of forces in operation near the close of the Niagara

epoch, and at all events before the close of the Silurian age.

The subdivisions of the Niagara group in Southern Indiana have been

much better defined and correlated than those of the Wabash Valley. The

remarkable uniformity in the bedding of the Laui'el limestone from Con-

nersville to the Ohio River has been fully described, and the Waldron

shale exposures traced from Milroy to Charlestown landing. Slight irregu-

larities of bedding had been noticed in the layers immediately above the
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Waldron shale, but nothing worthy the name of an unconformity until Mr.

Foerste, in the twenty-second Indiana Geological Report, called attention

to the Avery quarry as showing evidence of a period of erosion. Other

unconformities on Flatrock and Conn's creeks have been described and

illustrated by Messrs. .T. A. Price and E. M. Kindle in later reports.

Avt'i y (juairy. Southeast Corner.

The Avery quarry is located on the east bank of Conn's Creek, one

mile south of Waldron. The Louisville limestone, as the workable bed of

stone has been called, rests confornial)ly on the Waldron. is 10 feet thick

on the north wall and five feet thick in the southeast corner. The layers

have a general dip to the north of thi-ee degrees. On the south face of

the quarry, near the southeast corner, three discontinuous layers are ex-

posed at the top of the Louisville limestone. They aggregate nine inches

in thickness at the west end. and thin to nothing Ijefore reaching the

southeast corner. Immediately under the attenuated strata is a 6%-inch

layer which is continuous around tlie south and east faces of the quarry.

From Gtl, inches at the southwest end it gradually diminishes to 2% inches

at the northeast corner. Below the continuous layer is a layer which

measures 11 inches at the north end; it soon divides into two layers, whose
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combined thickness is 9 inches at the south end. On the east face two

layers, near the top of the wall, were measured, one of which changed

in thickness from 214 to 5 inches in 33 inches, and the other from 2^2

to 5% inches in 21 inches. At the northeast corner of the quarry there is

5 feet of Louisville limestone about the (P^-inch continuous layer, which

diminishes in thickness to nothing at the south end. The layers com-

posing this 5-foot stratum do not thin gradually, but by an abrtipt ending

of the several layers. Twenty feet north of the southeast corner is a

slight thickening in the upper layer, which causes a slight dip north and

south. These measuremen|s show that the thickness of some layers in-

crease and others decrease with the dip. Below the G^j-inch continuous

layer the stone is evenly bedded.

Above the nearly level line of unconformity is from 20 to 48 inches

of coarse, sandy-looking limestone in broken layers, with a thin covering

of earth above it. Viewed from across the quarry the exposure looks like

a broken wall of rubble stone. The results of weathering are very evident,

but has not wholly destroyed the lines of continuity, which show irregular

bedding.

The color of the Louisville limestone changes from blue or Idue-gray

at the bottom to a gray near the unconformity. The overlying layers are

veiy nearly l)rown. The upper Louisville layers change color gi"adually,

and the freshly broken surface of the brown stone can scarcely be distin-

guished from it, but a marked difference is developed by weathering.

The quarrymeu allege that the underlying shale is five feet thick, which

is very nearly its average thickness at other places. So far as the thin-

bedded shale can be said to have dip it seems to conform to that of the

Louisville limestone. If this is true the surface of the Laurel limestone,

on which it rests, must be irregular. The exposed Laurel limestone in the

bottom of Conn's Creek nearbj^ shows that it has no appreciable dip,

nor has it been disturbed by an uplift. Hence it is reasonable to con-

clude that the irregular surface below the Waldron shale has been the

result of erosion which took place after the Laurel beds were deposited

and before the Waldron shale came into existence. The inclined position

of the Louisville limestone layers is the outcome of irregularities formed

during sedimentation.

The unconformities described on flatrock Creek are minor affairs com-

pared with the Avery quarry locality. The horizon of the Geneva and

Louisville limestone unconformities change, and at one place is found be-
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tween the layers of the "soft, sandy limestone." Generally they appear

to be nothing more than lines of irregular bedding, with a slight difference

in the structure of the upper and lower members.

-T^^H Koi-t U^Jca^JfaJ{'^nf

The top of tlie Waldron shale at i is 12 feet, at b 17 feet, at c 18 feet, at rf 9 feet above low
water; at e it is below the surface. The fall in the creek bed from u to e is 40 inches.

One mile south of Hartsville, in the Tarr hole vicinity, there seems to

be conclusive evidence of a period of erosion after the Laurel limestone

beds were formed and before the shale beds were deposited. Below the

Tarr hole Cliffy Creeli makes a horseshoe bend within a radius of one-

fourth mile. The Tarr hole exposure shows that the top of the Waldron

shale is 12 feet above low water, and the shale nearly 7 feet thick. Six

hundred feet east the top of the shale is 17 feet above low water

and 4^2 feet above the same level at the Tarr hole. Near the

middle of the bend Mr. Price estimates the shale to l;e 3 feet

thick and its top at from 18 to 21 feet above the bed of the creek.

In 1881, when the shale was better exposed than now, a section was made

:at the Turn hole which showed the top of the shale at 12 feet above low

water, and the shale 5 feet and 8 inches thick. After due allowance is

made for the decline in the bed of the creek, where it passes over a long

riffle, it indicates the surface of the shale is 3 feet below a corresponding

level north of it at the Tarr hole. Seven hundred feet west of the

last locality is the Jesse Mobley quarry, where a well was put down

a few years ago that penetrated the Waldron shale 20 feet below the sur-

face. Twenty feet below the surface, at this place, puts the top of the

shale below the bed of the creek. The writer is certain of the position

of the shale in this well, as he has a number of the Waldron fossils

taken from it at the time the well was dug. Here the top of the shale,

after adding 3 feet for decline in creek bed, is seen to be 15 feet below

the same level at the Tarr hole, and from 18 to 21 feet below two other

points.
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Following the bend of the creek on the east side some four or five

feet of thin bedded Laurel limestone is exposed, next to the shale, that

is not found at the Tarr or Turn holes. The Mobley quariy, since the

report on Bartholomew Count^^ was written, has developed a number of

irregularities of bedding not then visible. There is a slight irregularity on

the line dividing the lower grayish stone from the brown layers, and if

weathered a few more years might be classed with the Flatrock uncon-

formities.

In lithologic structure and color the Louisville limestone at the Tarr

hole and Mobley's quarry very closely resembles the upper and equivalent

layers at Avery's quarry. It is probable the quarry stone at both places

was deposited under similar conditions, and does not show dip at Mobley's

because tlie quarry is not located over a marked irregularity on the sur-

face of the underlying Laurel limestone. Where investigations have been

made it has become evident that all large displays of Louisville limestone

are located in an erosion valley or on an anticline connected with a syn-

clinal axis, and that the exposure of the Louisville beds are cori-espond-

ingly local.

Devonian Exposure, Cave mill Park.
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The irregulju- 1)e(ldiiig- of the Devonian at Oass, Cass County, is quite-

marked, and the same is true of the Geneva beds in some parts of South-

ern Indiana. A fine exposure of mixed bedding is to be seen in the

Geneva limestone at the Cave mill park, v^hich presents an eighteen-foot

wall of discontinuous, uneven and distorted stratification, overlying what

appears to be Louisville limestone. This seems to be the formation from

which Mr. Kindle collected a number of Devonian fossils, three-quarters of

a mile farther up the creek, opposite Charles' mill, and the equivalent

of the Devonian bluffs near Hartsville. According to Mr. Price, irregular

bedding is common above the Waldron sliale in Rush County. It is prob-

able that further search will reveal many more irregularities that are now
obscured by weathering. The irregular liedding of the Louisville and

Geneva limestones is probably the result of marine currents, and it cer-

tainly is not necessary to invoke a local uplift or convulsion of nature to

account for its origin or that of the unconformities.

No unconformities liave been reported from the LTpper Helderberg, but

there is evidence that the Niagara limestone and New Albany black shale

are not conformable at Delphi.

By Mr. Foerste and others the Louisville beds are referred to the

Niagara epoch, and this may be their place if based on paleontologic evi-

dence. Its horizon, however, can not be established by the existence of a

few minor unconformities at the top of Louisville limestone. If uncon-

formities are conceded to have occurred during the Niagai'a epoch or

Silurian age, in the Wabash Valley, they certainly show that the changes

in the coast line necessary to tlieir formation, whether submarine or

aerial, did not destroy a large per cent, of the fauna in existence before

the erosion period began. Of course it is conceded that many of the spe-

cies found in the Waldron sliale are peculiar to that formation, but many

of them also came up from the preceding epoch. Tlierefore. the Upper

Niagara and Geneva limestone unconformities have very little significance

in determining the age of the formation Ijetween which they occur.

An interesting question arises whether the Waldron shale can be cor-

ivlated with the quari-y stone of Wabash Coiuity. Not enough is known
to give anything like certainty to what now may be said on the subject,

Init it may not be improper to call attention to a few observations which

indicate that they occupy the same horizon. It is generally Jcnown that

the Waldron shale is often highly calcareous, with intercallated plates

of limestone, and changes to thin layers of limestone as it is traced north-
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^vard. I'requently on Clifty Creek a stratum of stoiie below the Waldron

shale is seen which very much resembles the hydraulic beds of Wabash

County, both in appearance and jointed structure. The laminated shale

of Wabash is duplicated by some of the more argillaceous shales of

Clifty Creek. The Wabash Valley and Laurel-Waldron unconformities

seem to be of the same horizon and lend color to the inference that the

<iuarry stone of Wabash County and the Waldron shale are of the

^ame age.

The Valley of the Lom er Tippecanoe River.

Fred J. Breeze.

[Abstract.]

The Tippecanoe River deserves far more attention from the geographer

and geologist thaji has ever been given to it. A careful study of this

stream will shed light upon some of the problems of glacial phenomena,

and will doubtless yield something of interest concerning stream and val-

ley development. Believing this, tlie writer has begun a somewhat sys-

tematic study of tliis river. Several days of the last throe months have

been devoted to the necessary field work in the preparation of a map of

T\PTLC.KNOt''>? '\sm\ T\?PtC(\NO[

the lower part of the Tippecanoe Valley. This map shows the mean-

ders of the .stream and of its valley, and is presented at this time with the

hope that it may be some little contribution to the geography and geology

of Indiana.

By Lower Tippecanoe is meant that part of the river from the point

where it leaves the region of the Glacial Lake Kankakee to its mouth.
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A short distance north of Monticello are sandy ridges which doubtless

marked the southern limit of the glacial lake, so that this town is near

the upper end of this part of the valley, although the gorge-like character

of the valley has extended up to the town of Buffalo.

At Monticello the river flows in a valley not over half a mile wide and

about eighty feet deep. Farther down the valley widens and deepens

so that at some points the valley is a mile wide and the bluffs about one

hundred feet in height. The only exposure of bedrock, New Albany shale

and Devonian limestone, in this part of the valley is found a short distance

above Monticello. Nowhere in the valley were wells found that were cut

down to bedrock. The slope is great, the river falling almost 100 feet

from Monticello to the mouth.

At this time no explanation as to the causes of the existing features is

offered, the writer preferring to present these conditions for intei-pretation

by more competent members of the Academy. This study of the Tippe-

canoe River will be continued, and some results of this work may be pre-

sented at future meetings.

Concerning Well-Defined Ripple Marks in Hudson River
Limestone, Richmond, Indiana.

Joseph Moore and Allen D. Hole.

In the Proceedings of the Indiana Academy of Science for 1894, page

53, Mr. W. P. Shannon, under the title, "Wave Marks on Cincinnati Lime-

stone," gives an interesting description of undulations in strata in the

southwest part of Franklin County, Indiana. The present paper is a rec-

ord of similar phenomena in Wayne County, Indiana.

In the spring of 1901 Prof. Joseph Moore observed what appear to be

well-defined ripple marks in an exposed stratum of Hudson River lime-

stone. The exposure occurs about five miles southwest from Richmond,

Indiana, in the bed of a small tributary of the Whitewater River. The

stream at this point flows approximately N. 35° E., and the series of un-

dulations, which will be called "ripple marks" in this paper, are nearly,

though not exactly, parallel, and lie in a direction about N. 72° 30' E.

This direction is the mean of the measured direction of several axes. The

width of the stream is from ten to fifteen feet, and the ripple mai'ks

are exposed more or less plainly for a distance of two hundred feet in the

bed of the stream.
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The ripple marks have rounded crests and hollows, the slopes on the

two sides of a crest being in general symmetrical about the axis. The

mean distance from crest to crest is approximately uniform for the series,

and the average for twenty such distances is found to be 2.63 feet. The

average depth of lowest part of troughs below crests is one and one-half

to one and six-tenths inches; total number of crests exposed is forty. The

ripple marks in the up-stream portion of the exposed area, constituting

the majority of the number named, extend entirely across the bed of the

stream; in the down-stream portion, a part of the ripple marks have been

woni away by erosion of the stream, leaving the crests only near the

margins.

The stratum which has the ripple marks is about three inches in

thickness, measured to top of crests; the bottom of this layer is as nearly

plane as are the surfaces of the other layers of Hudson River rock in this

locality; that is. no indication of the undulations (which are on the upper

surface), is found on the lower side of the layer; and this layer containing

the ripple marks is not noticeably different in thickness from that of the

other layers of the same formation just above or just below it geologically.

Ihe ripple-marked stratum, in the southwesterly (up-sti;eam) direction,

disappears beneath other strata of Hudson River limestone. This stratum

above, when brolcen up and removed, showed a layer of blue shale or mud,

filling the hollows, and bai'ely covering the crests of the ripples; the ripple

marks, however, were as clearly defined where the upper stratum was

broken away as in the exposed portion farther down the stream.

The right bank of the stream is steep and higher than tlie left bank;

and here the Hudson River rock outcrops up to a height seven or eight

feet above the water; the upper stratum of Hudson River rock in this

vicinity is estimated at forty feet above the ripple-marked stratum. The

left bank is a part of a flood-plain. At one point a trench was dug back

from the water's edge on this side. When soil, sand and gravel were re-

moved, the ripple marks were found clearly defined as far as the digging^

extended, some of the blue shale being found adhering to the surface.

The under side of the ripple-marked stratum is paved in nearly every

square inch with well-preserved fossils, consisting In far tlie greater part

of Leptaena sericea. These are associated with Raflnesquina alteniata,

Orthis occidentaUs, Rhynchotrema capax, and a veiT few other brachiopods.

Let it be understood all the time that the under surface of this layer

is entirely flat. The upper, or rippled surface, is very smooth and shows
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almost no fossils in form to be identified, but onlj- small fragmeutal and

finely comminuted shells very firmly compacted. This triturated and

very compact character of the rippled surface is not confined to the sur-

face, but extends to a slight depth, gradually shading into coarser shell

fragments.

The first layer below the stratum bearing the ripples contains substan-

tially the same fossils, with possibly a still larger proportion of Leptaena

sericea, and an occasional specimen of each of the following, viz. : Zygosinra

modesta, Orthis testndinaria, and Crania scaMosa. This layer indicates a

somewhat agitated condition of the water in which it was deposited.

Above the layer of tough, pasty blue clay which covers the rippled sur-

face, lies a consolidated layer consisting of whole and fragmeutal fossils

cemented by hardened clay. The shells and fragments are, so far as ex-

amined, pitched at all angles and crowded together in a way to indicate

an agitated condition of the waters during their deposition. There appear

to be few, if any, species in this upper layer different from those already

named.

We conclude that the undulations referred to in this paper are ripple

marks for the following reasons:

1. The axes of the series in general are parallel, yet with some varia-

tion in direction and continuity such as is seen in ripple marks formed on

sandy bottoms now.

2. The crests of the entire series are spaced with approximate uni-

formity; that is, there is no increase or decrease in distance from crest

to crest in passing from one edge to the other of the exiwsed area, which

might be the ease if the midulations were beach marks.

3. The fragments composing the surface of this stratum are much

finer than those found in the bottom, and finer tlian most of the frag-

ments in the strata lying above and below.

4. The arrangement of fragments in the strata lying next above and

next below give evidence of considerable agitation of the water at the

time those strata were being deposited.

The accompanying plates show the appeai-ance of the ripple marks.

Plate I. is from a photograph, up-stream view; Plate II., the down-stream

view; Plate III., a small portion of bed of stream, looking downwards

from the high right bank of stream.
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Pl.ATK I.

Ripple Marks—Up-stream Xiuw.

Pl.ATK II.

Ripple Marks —Down-.stream View.
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Plate III.

1
.I..IIII

.
..i

.
i

—



221

Note on the Variation of the Spires in Seminula argentia

(Shepard) Hall.

J. W. Beede.

[Abstract.]

Owing to the systematic Importance and the rarity of good material of

the brachial frameworlv of the brachiopods. any light on the extent of in-

dividual variation of these parts is of considerable importance. In exam-

ining several specimens of Scitiiniila uryentia (sliepardi Hall, which show

the position and form of the spiralia, some remarkable results were ob-

tained.

Both valves of this species are quite convex, old specimens always

being very ventricose. However, the species is very variable in form.

Four of the thirteen specimens were somewhat compressed, but it so hap-

pens that three of these approach the normal type very closely, while the

fourth does not vaiy from it greatly. Those showing greatest variation

have not been subject to any visible external deformation.

The normal position of the spire is with the apex pointing to the side,

near the margins of the valves, at or a little in front of the middle of the

shell, which is also its widest part. In the central part of the cavity of

the shell the edges of the spire nearly or quite meet. Anteriorly they flare

apart leaving a subcirciUar opening. For convenience in this paper this

opening will be referred to as the frontal aperture of the spiralia.

A specimen from the Topeka limestone, Upper Cual Measures, shows

the spires with the apex of one of them pointing almost directly forward

toward the anterior end of the shell, turned through an angle of about 90

degrees from its normal position; while, as nearly as can be determined

from the ground specimen, the apex of the other is directed toward the

median line of the pedicle valve just in front of the hinge. This specimen

was selected and ground nearly to the center because it was one of typical

form and perfect exteriorly. The remaining specimens are all from one

horizon in the PeiTuian of Cowley County, Kansas. One of these has the

spire turned through an angle of 45 degrees or more in a vertical direc-

tion (when held brachial valve up and hinge away from observer) point-

ing near the middle of the right side of the brachial valve, while the oppo-

site spire points toward the middle of the opposite side of the pedicle valve.

Another specimen from the same locality is intermediate between this and

13—Academy of Science.
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the normal form. There are other specimens showing a similar variation

and several are normal. The frontal aperture varies from subcircular to

a mere slit.

The form of the spire varies from a fairly -well-cleveloped spiral cone

with flaring base and acute apex to a form approximating a disli Avith

very obtuse apex. The most dislc-like form observed belongs to a shell

less ventricose than the average and the spire is turned from the normal

position. The number of whorls in the spires seems to vary slightly,

though the material at hand does not admit of certain determination m
this respect. Unfortunately the crural attachments of the spires are not

shown in any of the specimens. However they must have been somewhat

modified to accommodate the twisted position of the spires, unless, in

the specimens examined, the spires which are abnormal had broken loose

in the shell prior to fossilization, Avhich I believe is improbable.

The above variations, except in the case cited, do not seem to accom-

pany any particular form of shell. There is nothing visible in the spec-

imens to show the cause of their a1)normality.

It is dangerous to generalize much on the observations based on a sin-

gle species. All that I suggest is that the foregoing seems to indicate

that in those spire-bearing brachiopods, particularly the Athyridae. where

the form of the shell does not govern the form and position of the spire,

i. e., those which approach a spherical form, the spiralia may be subject to

a considerable variation both as to the form of the spire and its position.

Topography and Geography of Bean Blossom A' alley, Monroe

County, Indiana.

V. r. Marsters.

In Monroe County. Indiana, and others lying to the southwest (Owen.

Greene, Martin. Dubois. Pike and Gibson) occur a number of preglacial

river valleys the present topography and content of which unmistakably

suggest the existence of a temporary period of laking. Inasmuch as the

attenuated edge of the Illinoian till plain passes diagonally through the

above counties and crosses the mouths of many of the southern tributaries

to the west branch of White River, which present evidence of arrested

drainage near the limit of the till plain, it seems probable that the laking

was consequently connected with the glaciation of the immediate region.
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In Monograph XXXA'III. U. S. G. S., Mr. Frank Leverett has mapped
and given a brief description of the probable preglacial drainage, the areal

extent of tlie hiking and the final adjustment of the postglacial drainage

within the counties mentioned aliove. For the discovery of a few of the

cases described, Leverett is indebted to ^Ir. C. E. Siebenthal. who fur-

nished much of the data relative to the laked valleys found in Monroe

and Owen counties. Mr. Siebenthal has also referred to this same topic

in a paper published in the annual reports of the Indiana State Geological

Survey. It rs to one of these cases that I wish to devote the main part of

the description and discussion presented in this paper.

Bean Blossom River takes its rise in the northern tier of townships in

Brown County, ilows a little south of west to Monroe County, reaching tlie

northwest corner of Bloomington Township, where it turns rather sharply

and continues in a due northwest course to the White River, into which

it empties at a point about one mile below Gosport, Owen County. The

topographic features of this rather picturesque valley, which are regarded

as giving the key to its geographic history, are, briefly, these: First—The

steepness of the valley sides and its persistence in close contact with the

valley floor, together with its peculiar variations in direction. Second—

The predominance of a broad flat floor, sometimes a mile or more in width,

now occupied by a small meandering stream which for the greater part

of its cour.xe insists upon keeping to the south or southwest side or edge

of the valley floor. Third—The occurrence of both isolated and attached

hummocks and ridges, the former usually located near the middle of the

valley floor, the latter standing in rather close proximity to the val-

ley slope. The rock content of these striking bits of relief is precisely

the same as that which composes the upland on either side of the valley,

namely, the subcarboniferous limestone and underlying sandstone locally

known as the "knobstone." Fourth—The occurrence of a series of benches

or so-called terraces rimming the valley slopes at various points and rang-

ing in height above the valley floor from thirty to seventy feet. These con-

sist of mixtures of sandy material and clay which have been derived from

the rock formations as appear on the surface of the upland. Fifth—The

development of Y-shaped valleys just scarring the valley sloped to the

present valley floor and not extending beneath it.

In attempting to unravel the geographic history of a river valley whose

drainage has been subject to arrest by the invasion of an ice sheet, we find

that the story of its life resolves itself into three fundamental parts.
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First, what were the topographic cliaracteristics of tlie valley before the

laking stage; in other words, what was its preglacial history. Second,

what happened to the valley during the laliing stage, its glacial histoiy.

Third, what has happened since the disappearance of the lalie, its post-

glacial history.

DESCRIPTION OF TOPOGRAPHIC FEATURES.

TaUeij Slopes. While the average slope of the valley side is some-

where between twenty-five and thirty degi'ees, it veiy rarely falls as

low as fifteen and in many places attains a slope as high as forty de-

:grees. The variation in the slope bears a direct relation to the minuteness

of dissection, or the spacing of the streams crossing it. Observation bears

out the conclusion that the closer the streams to each other, the more sub-

dued the slope. For a number of stretches along the valley sides very few

streams crossed them, and there the slope was invariably found to assume

the steepest angle. Moreover, the trend of the slopes appear to have a

peculiar and persistent vaiiation in direction, considered with reference to

•the general direction of the valley. It is believed that these features afford

certain criteria by which something of the early histoiy of Bean Blossom

may be determined.

Valley Floor. The greater part of the valley is remarkably smooth

and flat. There is, however, some systematic variation from an abso-

lute plain. If we should construct a cross-section of the relief of the

valley, especially in the central or upper parts, we should find that its

systematic departures from a plain are such as to suggest that such ag-

grading as occuiTed in the valley was governed to a very large degree,

at least on the present surface, by fluviatile agencies and not to the pro-

miscuous distribution of sediments over its bottom during a period of

laking.

It should also be noted that the present river channel throughout a

large part of its course persists in keeping to the south and west side of

the valley floor. Only at a few points within the limits of Monroe County

do we find that the present Bean Blossom succeeds in meandering across

the entire width of the valley floor. In other words, this river is not appro-

priate to and does not fit the broad valley which it now occupies.

The monotonous plain of the valley is broken at various places within

the limits of Monroe County l)y the projection of conical hills and elon-
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gate ridges through its floor. In nearly all the cases examined in detail

it was found that they were made up of the same rocli as compose the

uplands, sheeted over with a thin soil, and not of the same sort of inco-

herent mass of silts, clay, etc., constituting the valley floor.

The slopes vary between twenty and forty degrees and usually main-

tain a sharp angle with the valley floor as did the valley jides. They vary

in size and shape from conical hills with almost circular bases one or two

himdred feet in diameter, to ridges a half mile long, one to four hundred

yards in widtli. Their tops fall a little short of the general level of the

upland. They invariably lie either with their longer axis parallel to the

trend of the valley or with their outer ends pointing diagonally across and

down stream. In tlie latter case the trend of their slopes bears some linear

arrangement and relation to the valley slope adjacent to it.

These elevations or "islands," when isolated, stand out well towards

the middle of the valley: when, however, they liappen to approach the

valley slope, they are usually attached to the valley slope. Their nearness

or I'emoteness to the valley slope determines the comparative elevation

of the connecting part or extension of the valley slope to the outstanding

l)it of relief, or "island."'

Terraces or Benches. Rimming the valley slopes are to be found a

number of benches of variable widths, with surfaces sometimes as flat

as a floor or Avith an exceedingly gentle decline valley-ward, with

outer edges lobate in shape and descending with a marked angle to the

level of the valley floor. These occur at various points within the limits

of Monroe County, invainably situated on the north and east side of the

valley, and varying in elevation from twenty feet in the lower part of the

stream to seventy or more feet in the upper part of the valley near the east

line of Monroe County. In all the cases examined they were found to be

composed of mixtures of clay and sand undoubtedly derived from the

disintegrated rock formations constituting the surface of the uplands.

No glacial debris of any sort was found either on the surface or in any

of the sections or cuts in the benches noted within the limits of Moni'oe

County.
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PREGLACIAL HISTORY OF BEAN BIX>SSOM.

Inasmuch as the greater part of the chiy and silt occupying the valley

floor is precisely the same in kind as that covering the imglaciated uplands

and valley slopes, it is evident that this filling simply represents the wash

and soil-creep from the slopes and uplands on either side. Moreover, the

rate of filling Avas so far In excess of the ability of the stream to carry off

its load that the preglacial valley became clogged with the waste to such

a degree that the stream now occupying the valley floor is for much of its

course quite unable to spread its meanders over the entire width; only -at

the narrowest sections does Bean Blossom succeed in occupying the eutiro

valley from slope to slope, as seen in sketch map No. I.

Sketch Map No. I. Section 9, Bean Blossom Township.

Inasmuch as the filling of Bean Blossom at its mouth and for some

little distance up stream is covered over l)y a patchy film of glacial sand

associated with boulders, composed partly of crystalline rocks, the

underlying clays, silts, etc., antedate the glacial coating. Moreover, the

occurrence of benches (to be associated with the glacial history) resting

upon the valley filling also point to the same conclusion, that the present

filling of the valley, less the benches and the glacial sands, etc., near the

mouth of the valley, is preglacial.

The question then arises, what Avas the topographic expression of Bean

Blossom before it was aggraded. There are a numlier of observations

which throw some light on its early history, but much more data should be

gathered over the adjacent area l)efore a detailed analysis can be given.
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That the preglacial Beau Blossom valley iras veri/ much uarrower tliau

the present oue, is attested to by the occurrences of various knobs and

remnants of ridges protruding through the aggraded floor. Some of these

are subcentrally located, suggesting that the pretilled valley must have

l)eeu confined between the slopes of the half-covered ridges and the oppo-

site valley slope, thus decreasing the average width of the pre-filled valley

by nearly one-half its present cross-section within the limits of Blooming-

ton and Bean Blossom Townships. Monroe County.

There are also certain features which suggest that Bean Blossom must

have l)een at grade at a time antedating the completion of the filling of

the preglacial valley.

At a number of points within the limits of Monroe County are to be

found curved valley sides extending for a half mile or more, with steep

slope, making an angle with the valley floor of thirty-five to forty degrees.

Such regularly curved slopes and at such steep angles at once suggest a

i)ii'ii)i<1rr-ciit slope.

Moreover, there is no evidence that these slopes have been cut by a

meandering stream on the present floor. ^Ye must conclude, then, that they

antedate the present surface of tjie valley floor, and if meander-cut in

origin, as the topographic relief very strongly suggests. Bean Blossom must

have been at grade before the present filling, at least completed, because a

meandering habit is not begun uniil tlie stream h:is already finished its

vertical cutting, or. in other words, has cut down the slope of its channel

to such a gentle descent that it could not be lessened. Then it was that

Bean Blossom must have begun its side cutting and carved the curved

slopes, only remnants of which are now seen projecting above the level of

the iireseiit valley floor.

Another set of facts also points toward the conclusion that the pre-

glacial Bean Blossom had reached grade and become a mature stream

long before the laking or the completion of preglacial filling of the valley.

A small tril»utary (Jack's Defeat) running northeast from Steinsville

presents some features evidently of interest in connection with the geo-

graphical history of Bean Blossom. This stream, now rather diminutive,

runs upon a flat floor, and hence at grade. The toi>ography, however, of

the valley slopes reveals incised meanders. The present slopes are steep

and sharp cuspate points now project into the valley on either side. Such

only could have been produced by a stream that had at some time reached

grade after the incision of its meander. The crests of the meander-cut
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slopes now stand some 80 to KH) feet above the valley floor. If this view

be correct, it would seem altogether probable that the main stream, Bean

Blossom, inasmuch as both flow over the same kind of rocks with the

same structure and texture, had also passed through the same stages as

did its tributary.

But so deeply has the valley been ttlled after grade was reached that

such meander-cut slopes as were developed have been largely buried be-

neath the present fllling. Either, tlien, Bean was early at grade and

widened its valley Ijy meandering, or after it came to grade was compelled

to incise its meanders, nearly all of which have been subsequently buried

beneath its present valley floor.

Moreover, so deeply has Bean Blossom been aggraded that many of

the tributary valleys are also aggraded for some distance up stream. This

wholesale filling would necessarily force the slopes to rapidly retreat at

the junction of the ti'ibutary with the main stream, so that, as a result,

the trend of the valley sides would assume a systematic angularity. The

consequent narrowing and broadening is well exhibited in the lower ten

miles of Bean Blossom,

LOST RIDGES AS EVIDENCE OF AGGRADING.

It is evident, should a valley be refilled, in part, with waste fi'om the

uplands, that any relief left between its valley slopes, as well as the dis-

sected slopes included, would lose relief in proportion to the amount of fill-

ing brought into the valley. In such a case we should expect to find many

successive stages of burial of the dissected slopes, according as they were

near or remote from the center of the prefilled valley. Many of these

stages are well shown in the lower portion of Bean Blossom.

In the middle of Bean Blossom valley occur a number of illustrations

in which the inter-stream spaces of moderate relief have been so deeply

buried that the uppermost portion of the same now stands above the valley

floor, as isolated ridges or "islands," with very steep side slopes, extending

to and beneath the present floor of the valley. These are locally spoken

of as "lost ridges," a term quite appropriate to their geographical history.

Such islands are shown in a number of sketch maps. In sketch map I a

small subcircular knob (Section .5, Bean Blossom Township) stands in line

with a point standing between "White River on the left and Bean Blossom

on the right. Its position suggests that it is the buried end of this point

(see Plate No. 1).
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About one mUe up the valley is another elongate ridge about one-third

of a mile in length, some three or four hundred yards in width and with

an elevation of some eighty feet above the valley floor. This is found In

section 9, Bean Blossom ToAvnship. and illustrated in sketch Map No. I,

and by the photogi-aph plate II. The same topographic feature is again

duplicated in section 24, Bean Blossom Township. This illustration is

locally known as Lost Ridge. This case is not so centrally located as the

former one, but lies close to the east side of valley—but still sepai*ated

from it by a hundred yards or more of flat floor. As in other cases, tlie

ti-end of its slopes and that of the adjacent valley slope shows such an

alignment as to strongly suggest attachment beneath the present valley

floor. See sketch map No. II. Photograph plate III gives some idea of

Sketch Map Xo. II. Section 24. Bean Blossom Township.

steep slopes, presented by an end view of the Ridge. Other cases of the

same thing might be enumerated, but the above are sufficient to show the

type of relief consequent upon the more complete stages of burial of the

spurs near the central part of the preglacial valley.

As a further test of partially aggraded vallej'', we should also expect to

find as additional criteria, spurs of variable relief but attached to the valley

slopes by narrow necks, still above the present level of the valley floor.

Moreover, various stages of the tied-on knob or ridge ought to be in evi-

dence if the present width of Bean Blossom is due to aggrading. Such

additional stages are fairly well shown in contour sketch map No. I,

where three small cases of attached knobs may be seen. A still better

case is shown in the pen sketch, which occurs in section 32, Washington

Township. A photograph of one, the south knob, is shown in Plate IV.

Variation in the widths and elevation of the necks connecting the partially

buried spur is well illustrated in the sketch.
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lu map No. Ill, section 4, Blooiningtou Township, is shown another

illustration of special interest. This occurs at the rather abrupt turn of

Bean Blossom Valley, on the northeast side, where the upland forms a

point projecting into the valley. The point shows the same sort of to-

pography (see Plate No. V) as noted in other cases—the rounded tops, in-

creasingly steep slopes, descending to the valley floor, and the neck

•connecting it with the upland on the north. This case attains additional

interest, as just to the west and opposite the gap or sag between the

knob and the upland, is a bench varying in elevation above the valley

floor from twenty to forty feet, and flanking the slopes of the projecting

headland and spur. The geograpliical significance of the benches will

be observed in another part of the paper.

Sketch Map No. III. .Section 4, Blooniington Township.

In the center of the valley floor and just opposite (or to the south of)

the last named spur, and also up stream for some two and one-half miles,

still more evidence of valley tilling is api>arent. To the southeast of the

point occurs a rather subdued ridge, somewhat irregular in relief, extend-

ing up stream for three-quarters of a mile, or thereabouts. A portion of

this is shown in sketch map No. III. Bean Blossom flows close to its

northern edge. On the south side of the elevation flows Muddy Fork

Creek from the southeast, and reaches Bean Blossom some distance be-

yond its west end. So full has Bean Blossom, and its triljutr.ries, as well,

been tilled with waste that the aggraded floor of both valleys have for

some distance up the respective streams from their junction merged into

07ie broad flat floor.
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There is still another ease of the same thiii.u' in seetion o. Blooiuiii.irton

Townshii). which tonehes the almost eovered spnr last mentioned on

the east and extends to I.'olan. east side of seetion :{. The little village of

Dolau lies in the jxap. or safi'. between the knoli and the spur of upland

separating Bean from Muddy Fork. Had the valley floors of these re-

spective streams been agjiraded some twenty-tive feet above their jiresent

level, the atta(died spur would have passed into the "island" tyjie. as. the

floors of the two valleys would in tliat case hav(> been conrti;ent.

Additional illusTratioiiM might be appended. l)Ut the alM)ve series is

sufficient to bring out The variations in topographic relief which funiish

a key to this i)articular stage in the history of the valley.

In a word, then, we may say these various phases of topographic relief

are not confined to a linnted part of the valley within Monroe County,

but are prominent features throughout its entire course. Moreover, they

exist as inevitable conse(iuences resulting from processes of aggrading

and hence may be used as legitimate and trustworthy criteria liy which

to deterniim^ a part of the life liistory of the resi;ective valley.

(U.ACIAL HISTORY OF PEAN BLOSSOM.

That Bean Bdoss(un and the adjoining uplands near its mouth have been

occupied by an ice sheet is attested to by a series of observations. The

occurrence of glacial boidders. gravel and tine sand near the motith (sec-

tion 9. Bean Blossom Township) and patches of sand with occasi(mal

boulders as far up stream as section L!4. near Lost Ridge, warrant this

conclusion. Froiii section 24 Mr. ('. E. Siclientlial has traced the edge of

the till plain to the northeast, it being fotnul to follow along the line of

Indian Creek, and jiassing out of iMonroe at (iodsey into Morgan County,

but returning again t(; ^lonroe some two miles east, where Hacker's

Creek crosses the ucjrth line. From this point to the southeast the edge

of the till is exceedingly difficult to trace. Pat(dies of saml and gravel,

however, occur in the head waters of some of the northern tributaries to

Bean Blossom, in rmi-theastern Monroe and Brown counties. Furthermore,

glacial gravel and pcbl)les ar(^ known to occur within th(> limits of Bean

Blossom itself, not tar Yvoin the east line of Monroe: but whether this was

ice or water-laid has not lieen determined. Enough facts, however, are

at hand to show that the heads of northern tribtitaries of Bean must have
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been invaded l)y the ice sheet, and at the same time tlie drainagx' was held

up by the interference of the ice slieet at the mouth of Bean Blossom.

The evidence of the arrest of drainage at the time of ice invasion is

found in the occurrence of a series of benches, inaptly termed terraces by

some writers, rimming the eastern and northern slope of the valley at

various points within the limit of Monroe County and are reported to occua'

with increased frequency in Brown.

In all the sections and cuts found in the benches, only clay and sandy

materials appeared. No limestone and sandstone exposures, such as miake

up the valley slopes, were found in the benches; their contents are un-

doubtedly made up of the wash and soil-creep brought into the valley from

the uplands, the clay portion l)eing derived from the decomposed lime-

stone and the sand constituency from the underlying knob stone.

The benches vary much both in form, areal extent and elevation above

the valley lloor. They are invariably attached to the slope, and exhibit in

most instances a remarkably flat or sometimes gently sloping surface

towards the outer edge. The outer rim is usually lobate in form, with

narrow, young valleys extending towards the rock slopes, and sometimes,

so far, as to traverse the entire width of the bench. The slope of the outer

edge is usually steep and well detined. In some cases the tops of the

benches are slightly undulating or rolling. Those, however, seldom attain

the elevation of the flat-topped ones. In Marion and Washington Town-

ships they may be traced continuously for three or more miles, and attain

a width of something over half a mile. They also vary much in elevation

above the valley floor, attaining a maximum height in Marion Township,

sections 19 and 20, of seventy or more feet, and decreasing gradually down

stream, luitil in section 32, Washington, they are found to be some' twenty-

five to thirty feet above the A'alley floor.

That these benches must have lieen deposited in water is attested to

l)y various criteria. The fiat tops, steep angle on the front, and stratifica-

tion show that they aie delta-like accumulations brought in during the

arrest of the drainage and not terraces in technical sense, although they

appear very much like the latter so far as form is concerned.

The various elevations attained in different parts of the valley may be

due to different levels at which the hiked valley stood during the hiking

period, or it may be accounted for in part, at least, to the larger contribu-

tion of residual materials from uplands to the upper part of the valley by

the northern tributaries, than hy similar streams emptying into Bean
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Blossom nearer its mouth, so that only in the upper part were the benches

Iniilt up to the highest leA'el. while in the lower part the amount con-

tributed was insufficient to bring them up to similar altitudes.

If the laked Bean Blossom stood at different levels during the laking

stage, we should expect to find somewhere in the valley a lower lying

bench corresponding in elevation to the successive lalte levels and adjacent

to the higher bench. Nothing of this sort was found. I am therefore in-

clined to attach more importance to the former interpretation, namely,

that irregularity of height al)ove the valley floor is largely due to the

variation in amount of the residual material brought into the valley. The

tributaries bringing the least amount of material constructed the smaller

and lower benches.

Another interesting feature is associated with two of the largest

northern tributaries to Bean Blossom, namely, Buck and Wolf creeks.

Beside the portion of each creek, wriggling across the valley bottom, are

rather long and narrow strips or delta-like accumulations similar in con-

tent to the benches already descriljed, and extending from the valley slope

to within a few yards of the Bean Blossom channel which hugs the south

slope of its valley. The surface does not attain the characteristic flatness

of the rimming benches, but is slightly irregular in relief and increasingly

so towards the slope to which it is attached. This is especially true for

tlie Buck Creek case, but not for the AYolf Creek. The increasing irregu-

larity may be in part due to the nearly complete burial of a projecting spur,

whose top is barely coated over with the delta deposits now spread almost

across the entire width of Bean Blossom: Init it must be said that no out-

crops of limestone or sandstone, such as make the slopes of the valley,

have been discovered within its limits. On the other hand, the irregularity

of relief may have Ijeen produced liy the piling up of the great load of

silt within Bean Blossom by the tributary, but did not succeed in building

it up to the lake level; in other words, it is an incomplete delta, or bar.

The Wolf Creek case differs from the former only in having a moder-

ately flat top, or at least the higher flats on it attain about the same level,

thus suggesting that it was built up nearer to water level, and hence more

even and uniform in relief. These differ from the rimming lienches only in

that they extend across the rftUeu firjor. while the former, being made by

smaller streams close to each other, have built a series of small benches

or deltas which have become confluent, and hence continuous along the

t^alle)/ side.
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The pen sketch plate No. 1 gives some idea of the appearance of

one of these benches (see pen sl^etch section 32, Washington Township).

Plate VI shows beyond the ti'ees a side view of one of the spur-lilve ex-

tensions of a bench occuiTing in section 4. Eloomington Township. (See

contour map No. III. wliich also shows position of the partly buried head-

land.)

Xo. 1. Pen fcketeh of Attached Spurs and Benches. Section 32. Washington Township.

Pofit-(jhicifil History. Since the close of the laking stage Bean Blossom

River has developed a meandering com'se on its broad floor. Only in

the narrowest sections of the valley has it succeeded in spreading its

meander belt across the entire floor. For the most part it keeps to the

west or south side of the valley, and yet still a>ssumes a meandering habit

for considerable stretches. In other Avords, the stream does not fit the

present dimensions of the broad valley, which accordingly must have been

brought about by other conditions than that resulting from lateral cutting,

by a mature stream. Ci-oss sections of the valley at its broadest places

reveal a slight curvature of surface in the center and occasional abandoned

meandering channels. This slight variation from a plain sui-faee suggests

flood plain construction. Whether this constructive work antedates the

glacial episode of Bean Blossom is not certain, but it would seem from

the data at hand, that the present iwst-glacial Bean Blossom has not had

time or the ability to do much constructive work since pleistocene time.

Yoini(/ Tallrijs. Traversing the steepest slopes of Bean Blossom, are to

be found numerous V-shaped valleys, with remai'kably steep channels,

ending their lower course at the point of intersection of the valley floor

with the adjacent slope. In all cases small alluvial fans are built on the

valley floor witll their apex pi-ojecting but a few feet or yards at most

beyond the mouths of the young valleys. In none of the observed cases was

it found that the level of the valley floor would extend into the mouth of

the young valley. It is therefore believed that the greater part of the cut-

ting of these young valleys may date subsequent to the preglacial filling.

The fact that alluvial fans and not deltas with steep outer edges and

flat tops occur at their mouths, suggest that they have been constructed

since the laking of the valley, and hence are regarded post-glacial.
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Xote. For a portion of the data used iu the preparation of the contour

maps, the author begs to aclvnowledge tlie assistance of ^Ir. E. R. Cum-

ings and Mr. J. W. Beede, Instructors, Department of Geology, Indiana

University, and Mr. J. W. Frazier, student, Indiana University.

Wabash River Terraces in Tippecanoe County, Indiana.

William A. McBeth.

General Desci'iption.—The Wabash Valley, in Tippecanoe County, Indi-

ana, embraces an area of about eighty square miles. Its average width

is about three miles. It is much Avider below LaFayette than above, and

it is less wide at that place than elsewhere within the county below the

mouth of Tippecanoe River. The width of this valley above the city

averages at least two miles, while Itelow it is not less than four.

The valley comprises a broad, shallow trench, cut by a deeper and nar-

rower trench, into the bottom of which is carved the river channel.

The general surface is about seven hundred feet above sea-level, and

the Ijottom of the river channel is about two hundred feet below this.

The inner valley or flood-plain tract averages about one mile in width

and along this rise the terrace fronts from one hundred to one hundred and

fifty feet above the stream. The inner valley is quite uniform in width

throughout the county, but the terrace areas are much more conspicuous

below LaFayette than above.

The outer valley is quite straight compared with the inner valley, which

meanders from side to side, while the river crossing from side to side of

this flood-plain meanders most.

The Terraces.—The terraces begin a few miles below Delphi, on the

west side of the river, an island in the Deer Creek Prairie flood-plain com-

prising the farthest up-stream area so far observed.

The point between the Tippecanoe and the Wabash, where it rises

above the flood-plain near the junction, is of this formation. Below the

mouth of the Tippecanoe the terraces become conspicuous. On the west

side of the stream the region called Pretty Prairie descends gently from

the Grand Prairie and terminates in a bluff front which runs parallel with

the AVabash at an average distance of a mile from it.
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This is of terrace structure to an uukuowu distance back from the

river and is not limited on the west by a perceptible bluff. At Battle

Groimd the level of the prairie is. continued south to the point where the

river swings across the valley against the foot of the west bluff. This

part of the high terrace is nowhere more than one-fourth of a mile wide.

The Tippecanoe battle field occupies its entire width of a few rods between

the lower terrace on the east and the valley of Burnett's Creek, which

separates it from a high bluff on the west.

The low terrace just mentioned averages about one mile in width and

its border along the flood-plain takes the form of a distinct ridge, ap-

parently a sand-bar, higher than the general surface of the terrace. This

surface is ten to fifteen feet above the flood-plain.

Below the westward bend of the river the flood-plain occupies the full

width of the valley separating the terrace tracts below from those above.

This flood-plain surrounds a detached section of low terrace which evi-

dently was cut off from that on which LaFayette stands by a former

course of the river. This channel was later the lower course of the Wild

Cat Creek and still contains a chain of ponds. The creek was by some

means deflected and now joins the river several miles farther up stream

than formerly.

The LaFayette terrace slopes gently from flood-plain level back one

mile to the bluffs. It corresponds in elevation to the detached area in

the flood-plain and the low terrace above the bend. It is about four miles

long and is slightly higher at rhe upper end than at the lower.

The West LaFayette terrace is two miles wide in its greatest width

and eight miles long. Opposite LaFayette it presents a bold bluff to the

river and lies at an elevation of one Inindred and twenty to one hundred

and fifty feet above it. Two miles below a low terrace begins and ex-

tends between the higher terrace and the flood-plain nearly to the mouth

of Indian Creek.

The most extensive area is the beautiful region embracing the Wea
Plains, southwest of LaFayette. This great terrace begins just below the

city and extend.s ten miles to the west line of the county. Its width

averages at least four miles. Its height agrees with that of the West

LaFayette terrace, the narrow strip between lower Burnett's Creek and

the bluffs and Pretty Prairie. This correspondence in elevation seems to

indicate a former continuous surface of these terraces throughout the
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valley at a height of one hundred to one hundred and fifty feet above

the present river channel.

The Prc-gJocial Valley.—As the stream flows on a valley floor of rock at

Delphi, eighteen miles above LaFayette, and again at Black Rock, at the

west line of the county, fourteen miles below, the nature of the intervening

depression, Its shape, dh-ection and extent have been and are still matters

of interesting speculation. It is probably a section of the valley of the pre-

glacial Wabash. This valley bottom is sixty or eighty feet above the bot-

tom of the filled valley at Terre Haute and the two sections possibly are

connected by a buried A^alley somewhere near the present stream line.

There are signs that its former course was north of its present course

from the west line of Tippecanoe County into the immense pre-glacial

valley of Kickapoo Creek, opening into the Wabash Valley at Attica.

Gates' Pond, a traditionally bottomless kettle hole pond or lake, about two

miles northwest of Independence, AVarren County, is a good link in the

evidence of such a former course.

The abrupt drop of two hundred feet from the valley bottom at Delphi

to the rock floor beneath LaFayette indicates that the part of the sti'eam

above Delphi is not in the old valley. The north fork of Wild Cat Creek

perhaps more nearly represents the pre-glacial drainage line. The little

creeks between this creek and the Wabash show rock in their channels,

while Wild Cat does not cut down to bed-rock at any place in Tippecanoe

County, so far as I know, although its A'alley is one hundred feet or more

in depth as far up as the county line.

Rock outcrops in the bed of Indian Creek near Porter's Station, in the

bed of Little Wea Creek at the Monon Railway crossing and along Flint

Creek for four or five miles above its mouth.

Borings are few and not many are deep. A well driven forty or fifty

feet below the bed of the Big Wea Creek, where it is crossed by the mo-

raine about five miles south of LaFayette, passed through gravel hardpan

and into quicksand, producing a constant flow of watei*.

Materials and Structure of the Terraces.—The terraces and the whole

valley region are composed of sand, gravel and bowlders with interposed

beds of x-lay. The whole deposit is of great depth, in places as much as

three hundred or four hundred feet. The channel of the river at LaFayette

Is two hundred feet below the general surface of the county and one hun-

dred and fifty feet above the bed-rock, giving total depth of three hun-

dred and fifty feet of deposits.



241

Tlie material is licddcd in layers that lie at a hij;h an.ule. sm-li as is

seen in delta strtiettire: the dip is in a general direction down stream.

Ample oppoitnnities fcu' oliservation oeeiir in cravel iiits and stream sec-

tions.

The streets in ^^est La Fayette are improved liy opening- pits in the

street lines and aftei'ward tillin.ii' them v\Mth the top-soil and uravelinii- over

them. These excavations unit(n-ndy show steeply inclined lieds. The rail-

road cuts through the terraces on iicth sides of the river show this strtic-

ttue. The valley of the \\'ea through the gravel deposits shows the same

thing. In the Wea \"allcy a layer of cunglomeratt' is a consiiicuous

Cute-' I'nn.l. :i kt'tt s northwest of IiulependeiU'e. Ind.

feature, dipping to\\ard the creek on the north side and from it cii the

south side.

The CGUglonicrate stratum is formed of the sand and gravel of the

deposit cemented with carlionate of lime. It lies appiarently at a uniform

horizon aud is of uniform thickness. The cement is so abtindant in some

places as to till completely the interstices in the mass of sand ami gravel.

Indeed, a block left in a yard fronting on State Street in AVest I^aFayette

has its upper flat surface completely covered with a laytn- of pure car-

bonate of lime a Half inch thick.

An interesting feature of these deposits is the occurrence of beds of

bowlder clav interstratitied with, the sand and gravel. This is" noticeable
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more particularly about tlie oast end of the Wea Plains along ravines

opening into the Big Wea Creek. An exposure 3.5 miles south of LaFay-

ette shows a deep layer of false bedded fine sand overlaid by three feet of

very dense till, above whieli is ten feet of sand and gravel. This inter-

stratilieation of materials appears even more strongly marked along ihe

Wild Cat Creeks. At the bridge across South Fork near Monitor are two

beds of clay differing in cohir and overlaid liy twenty feet of sand and

gravel. Near ryrmont, on the noi'th fork, ten feet of dark alluvial clay

appeal's aliove the waters of the creek, above this ten feet of coarse gravel,

and aluive this forty feet of gray bowlder cla.v.

AlHid T()ii<>(ir(iiihji.—T\\e topography of the county about the border of

the terrace deposits is interesting and suggestive. A moraine ridge con-

taining much gravel, some of it water laid, extends along the entire south

side (if tlie Wea Plains. A heavy moraine lies along the north side of the

valley frctni Pal tie (Jrouud south, bending away from the river jus'^ above

West I.a Fayette. Stream sections in the mass of this moraine show com-

pact till as deep as they extend. At the mouth of Indian Creek the upper

hundred feet of the bluff is a layer of fine sand resembling the dune sand

of Lake ^Michigan, and the sand ridges of northern Indiana. This may be

the source of the sand built into the ridges and dunes a mile further up

the valley. The bluffs back of T^a Fayette are of till and are possibly a

section of the moraine west of the river extending east in the direction of

Monitor.

E.rijliiiKitidii.—An attempt at explanation would revert immediately to

the glacial period. The great valley was obstructed somewhere to the

west, proliably in the region of the great bend, by an ice sheet moving east

or south. This may have been a result of one of the earlier ice invasions.

The obstructed valley forming a lake has been Hlled by the deltas of

streams flowing into it. The high angle of the layers indicate this. The

layers of till represent movements of the ice sheet over the delta plain.

These may have lieen minor advances and recessions of the same ice

sheet. The material has been assorted out of the drift sheet overlying

the basins of the streams traversing the region. The lime cement in the

conglomerate is easily explained as being derived from the Niagara lime-

stone region lying immediatel.v to the east.

The problems in detail are of such complexity that any attempt at ex-

planation is made with extreme dithdence. There are good reasons for

helievinii' that the vallev was over-ridden liv ice fi'om the east and also
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from the north at various times during- the accumulation of the deposits.

The sheets of till found at different depths in the terrace gravels indicate

this. The moraine extending along the south side of the Wea Plains as

far east as the Little Wea Creek is composed of hills and ridges of gravel,

while farther east it becomes a ridge of till.

This may indicate that after the valley had been filled nearly to its

present level the ice swept over it from the north, transpoi-ting the gravel

from the valley and depositing it in the moraine.

The arrangement of the moraines on either side of the river at LaFay-

ette, together with the narrowness of the valley at that point, may indicate

that the front of the ice sheet lay across the valley while the moraines

were deposited.

The terminal drainage may have spread gravel deposits over the sux*-

faee of the Wea Plains much as the Yahtse River is building its delta below

its outlet from the IMalaspina Glacier in Alaska. Tliis may have been a

line of interlobate drainage between lobes from the Lake Erie and Lake

Michigan basins, and much of the material may have been furnished by

the slow, liut long-continued creep of the glacier toward the sti'eam

line.

The height of the terraces was determined by the height of the rock

surface crossed by the river between the west line of the county and At-

tica. The terraced arrangement is continued here, but the upper valley

has been made by the removal of the drift from the surface of the rock,

while the inner valley has l)een cut tlu-ougli the rock (mainly shales) since

the gravel was deposited above. The excavation of the inner valley

through Tippecanoe County proceeded as the channel through the rock

sill below was cut down. The stream that did this work carried the

waters of the melting sheet of ice as it retreated slowly to the north and

east. Its width probably corresponded to that of the inner valley.

Tlie Tippecanoe River and Wild Cat Creek were streams of great vol-

ume as the size of their valleys show, and this vohmie was doulitless main-

tained through a long period of time.

The sand dunes southwest of LaFayette along the eastern edge of

the Wea Plains Terrace, those on the terrace edge on the north side of the

river opposite tlie mouth of Wea Creek, and the deep deposit on the crest

of the bluff above the mouth of Indian Creelv were probably gathered and

piled up from the surface of the Wea Plains by the southwest 'winds,

while, after the recession of the ice, the surface remained bare.

14—Academy of Science.
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History of the Wea Creek in Tippecanoe County, Indiana.

William A. McBeth.

The Wea Creek has two principal forlvs, known as Big Wea and Little

Wea. These both rise n^ar the south line of Tippecanoe County and flow

roughly parallel with each other five or six miles apart, first to the north-

east through nearly half their course, then bending to the northwest, they

gradually approach each other and unite.

The course below the junction continues northwest to the Wabash.

The Big Wea receives a tributary which joins the main stream near the

elbow-like bend, coming from the southeast near the south line of the

county.

These branches all rise in marshy meadows or prairies now generally

drained. These marshy tracts are usually long, narrow sags or shallow

valleys extending across the divide.

Streams flowing to the south and southwest rise near the heads of the

Wea Creeks. In the map of Tippecanoe County, on page 238, it will be

noticed that Shawnee Creek lises near the source of Little Wea Creek,

Coal Creek near the head of Big Wea Creek and a tributary of Sugar Creek

near the source of the east fork of Big Wea Creek.

The upper course of Little Wea Creek follows a valley with gently

sloping sides twenty to thirty feet in depth and one-fourth of a mile wide.

Just below where it is crossed by the Chicago, Indianapolis & Louisville

Railroad, near its abrupt bend, this valley Avidens out and comes to an end.

For two or three miles the creek flows through a flat prairie with a channel

just large enough to carry its flood waters. This channel is forty or fifty

feet wide and five or six feet deep. For two or three miles above its junc-

tion with the Big Wea Creek it again follows a valley of about the same

width as its upper valley but having much steeper bluffs and a more level

bottom.

The upper seven or eight miles of the Big Wea Creek flows in a channel

three or four feet deep and ten to twenty feet wide, over the smooth, gent'y

sloping prairie. Near Romney it flows from the smooth prairie into a valley

one-fourth of a mile wide and twenty to thirty feet deep. The tributary

from the southeast joining the Big Wea near its abrupt bend has its upper

course without a notable valley, but enters one of considerable size near its

mouth. After the main stream bends to the northwest, lj:s valley within
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a few niilps l)ecoines iiuicli sliallower. 'J'lic liluffs Ir-l-uur- low anil for

some distance on the east side entirely (lisappear at a wide .trap 0[)ening

into an extensive prairie to tlie east. Just lielow this the northeast l)liiff

beeomes consideraldy higher tlian the one on the opposite side of the

stream. Aliont two miles below a deep broad valley begins and continues

to the AVabash flood-plain. The lower course of the Wea for several miles,

is cut tlirough the AA'ea Plains terrace and the Wea Valley itself is terraced.

The levels of parts of the terrace farthest up sti'eam conform apparently

to the surfa<:'e of the Wea I'lains.

," Tljepeculiaritie* of valley and course noticed in these streams invite an

aktempfat esplanatiou. This is found in the interpretation of the glacial

features of th^' tegion. >•, ,.:'^.

By reference to the map it will be noticed that several moraines cross

the county south of the Wabash River. The one forming the divide be-

tween the' Wea system and jthe strean-is to the southwest extends south-

eastward across the soutli\V^t corner'«f "the county. Another extends east

along the south side of the Wea Plains terrace to a point nearly south of

LaFayette, where if bends to the southeast and continues to the southeast

corner of the county. Between these ridges others trend east and west.

All the I'idges together thus form a complex network. Enclosed liy the

ridges are tracts of level prairie formerly marshy over large areas but

n'ow genei'ally drained.

The creeks cross these flat prairies, cut through some of tlie ridges and

follow along the sides of others. _,Tli,e. 5^'ea streams are entirely post-

:ga<#T'M^:^^f''11figi'iT anTTiiistory. Their cRanuels are cut in the beds of

glacial drift that overlies tlie country, the underlying bed-rock being-

reached and exposed Inr a distance of a few rods in only one place in all

the Wea system. This is in the bed of Little Wea Creek where it enters

the Wea Plains terrace.

The retreat of the ice slieet from this region uncovered the basin of

the Wea Creeks before it did the present course of the t\'abash River.

It may be that melting of tlie ice l)etween the ^Michigan aud Erie lobes

occurred across the course of the Wabash River and along the Tippecanoe

River, while the Wabash, farther west, was still obstructed to a much

later period. This caused the waters of the melting ice to gather along

the front of the ice border until tlie.v covered the whole Wea basin and

flowed out at the sags across the divide where tlie heads of the Wea Creeks

are so near the heads of Shawnee, Coal and other creeks. This would
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have made a lake of all of southern Tippecanoe County. This lake would

have been about one luuidred and tifty feet deep at Dayton, in the east

part of the county. Some of the moraines were entirely covered with

water. The broad upper valley of Little Wea was proliably made by a

stream tiowinc- in the opposite direction to that of the present stream from

where it is crossed by the Chicago, Indianapolis «S: Louisville Railroad.

Some part of the valley of the Big Wea below Romney may have been

made by a stream afterward reversed. When the Wabash was uncovered

the lake covering nearly the whole south part of the county fell to a much

lower level and the general course of the present Wea streams was laid

out. As the water fell the tops of the moraines appeared and the waters

flowed across their crests at the loAvest places. But the streams were not

continuous as now. The region was nearly covered by several smaller

lakes held in by bordering moraines and the streams connected the

lakes and formed the outlet of the lowest. The deep valleys show the

parts of the streams that flowed across the moraines from lake to lake.

As the streams deepened their valleys, the lakes were gradually drained,

leaving their smooth, muddy bottoms exposed to become the level marshy

prairies found at the settlement of the country. As the lakes fell to lower

and lower levels, the streams were extended across the lake beds, where

they now meander in sluggish courses in narrow, shallow channels.

Paleontology of Bartholomew County, Indiana, Mammalian
Fossils.

J. Jep. Edwards, M. D.

1. Mastodon (iiDcricauifs (Blum.).

This animal is represented in this county by two specimens.

a. Os sdcnini.

Weight of fossil, eight pounds and nine ounces. Found in

1898 upon a sand-bar in White River, one mile east of Wailes-

boro; identified by Dr. M. N. Elrod. It is in a fair state of

preservation, with foramina and tuberosities well defined. In

possession of the writer. A brief account of the find appeared

in the Iud ion apolls Kens of January 15, 1001, and the Colum-

bus (Ind.) Daily Herald of same date.

b. Tooth. Found in Ohio Township, Bartholomew County, in

1900. Have been unable to see it.
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2. Elephds primigenius.

The only known specimen found in the county was a tooth un-

earthed in a gravel pit one-half mile south of Wailesboro in 1898. It

was covered with seven feet of soil and gravel. Weight, nine pounds.

It was destroyed by fire in the office of Dr. Webster Peck, at Frank-

ton, Indiana. Identified by the writer. See Columbus. Ind.. Home

Advocate of September 9, 1898.

3. Cariaciis nmericanvs (Harlan).

Extinct elk. Post pliocene fossil. The specimen is the Os froiitis

to which is attached the antler with two branches. Present length

two feet, weight five pounds. When found it measured over seven

feet in length and was then incomplete. By handling it has crumbled

to its present length. Found in White River one mile east of Wailes-

. boro. Identified by the writer. A meager description appeared in the

CohimhuH Herald of .January LI. 1901.

4. Cervus virginianus.

Virginia deer. Sub- fossil. Specimen is the right frontal appendage

(antler). Found in Wayne Tuwnsliip in 1898. Identified by the

writer.

Organic Acid Phosphides.

P. N. Evans.

" Phosphorus in the organic phosphines shows such a perfect analogy to

nitrogen in the amines, that it seems strange that we should not be familinr

also with tlie phosphorus analogues of the acid amides—which we may

appropriately call phosphides. Of this class of bodies no mention is made

in most books on organic chemistry, and an examination of the literature

shows only two of these substances to have been prepared and very super-

ficially investigated, namely, mono- and tri-chlor-acetyl phosphides, dating

back to the seventies.

With a view to preparing other representatives of this class and ex-

amining them, the methods used to make the acid amides were considered

as to their applicability; the reaction between hydrogen pb^sphlle (PH3)

and acid chlorides seemed to be the most promising by which to attempt

to prepare new acid phosphides.
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rrelimiuary experiments were made several years ago with some of

the simpler acid chlorides, but the very imperfect absorption of the phos-

pliine, and the formation of solid hydrogen phosphide seemed to malie the

attempts unpromising, and the subject was dropped for a time.

A year ago, with Charles E. Yanderkleed, the subject was taken up-

again, and dichlor-acetyl chloride selected as the acid chloride to experi-

ment with first, since the reaction had been shown to take place with the-

chlorides of mono- and tri-chlor-acetic acids. The reaction proceeded,

satisfactorily, though slowly, and the originally liquid chloride gi'adually

thickened to a. thick, yellow, transparent mass, from which by solution im

alcohol and precipitation liy ether a fine crystalline powder was obtained",

giving on analysis figures for phosphorus and chlorine corresponding to

the phosphide expected. CHCl, COPH,.

This substance is extremely soluble in alcohol, insoluble in ether, chlo-

roform, and i)erroleum ether, iusolulile in but soon decomposed by water,

especially on warming, with the formation of hydrogen phosphide (PH3)

and dichlor-acetic acid, judging by the odor. It is quite stable in dry air

and chars witliout melting at about 2(X)° centigrade. Its behavior is what

might be expected from a comparison with the amides, especially its

greater tendency to decompose with water, on account of the more weakly

basic character of phosphine compared witli ammonia.

Experiments are being now made l)y Miss Frances M. DeFrees on the

preparation and properties of benzoyl phosphide. C,; H^ COPH^, and a crys-

talline compound has been obtained, charring without melting, and show-

ing similar solubilities and decompositions to those of the dichlor-acetyl

phosphide.

Adsorption of Dlssolved Substances.

P. N. Evans.

The term "adsorption" is used for the attraction exerted by a solid

surface on gases or dissolved substances. With regard to gases, the effects

are familiar in the action of porous solids, such as charcoal, which seem
to condense gases within the pores as if under considerable pressure; the

action is a selective one, however, for in the case of charcoal some gases,

ammonia for instance, are very much more afCected than others. The
numerous chemical reactions taking place in the presence of such porous
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solids as platinum sponge may probably be attributed to this surface at-

traction.

That solids in contact with solutions concentrate the dissolved sub-

stances on their surfaces, has been assumed in many cases, and some very

superficial quantitative experiments carried out. It is commonly accepted

by analysts that the first portion of the solution passing through a filter

should be rejected in volumetric work on account of a possible change in

concentration due to the action of the filter, but little experimental work

has been done to learn how general this effect is among solids and among

solutions, and very little to ascertain the magnitude of the change pro-

((luced. The results obtained by different observers are difficult to harmon-

:ize; most of the experimenters simply show that adsorption takes place

between certain solids and certain solutions; a few attempt a quantitative

examination but omit to report factors essential to the drawing of general

conclusions; a very few investigate the infiuence of concentration—with

more or less contradictory results. One claims that the adsorbed quantitj'.

that is, the weight of the solute close to the solid surface in excess of that

in the same volume of other parts of the solution, is not dependent on the

concentration in the sti-ict sense of Henry's Law, but that dilution always

lowei's the quantity of tlie dissolved substance in the solution more

markedly than that of the adsorbed substance; another, that Henry's Law

applies throughout approximately; still another ascribes the results to

chemical union and not physical attr^action.

About four years ago the writer, with Donald Davidson, carried out

a sei-ies of experiments to learn how general the adsorbing action of solids

on solutions might be, and the magnitude of the effect. The details of the

experiments would be out of place here, and some factors now realized to

be essential to their interpretation were not recorded, but briefly, the ex-

periments showed the following facts:

Twentieth-normal tartaric acid showed a loss of nearly 12 per cent, by

-contact with filter paper; twentieth-normal potassium hydroxide about the

same with filter paper; 2.6 per cent, sucrose solution with animal charcoal

was reduced to 1.9 per cent.; fiftieth-normal acetic acid with silica gave

over 5 per cent, loss; fiftieth-normal hydrochloric acid with silica 2..5

per cent, loss; fiftieth-normal hydrochloric acid with cotton cloth 4 per

cent, loss; fiftieth-normal ammonia with cotton cloth about 15 per cent,

loss. All of these experiments showed, then, a positive adsorption of from

2.5 to 15 per cent, of the dissolved substance. Several others, however,
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showed no effect whatever; 2.5 per cent, sucrose with charcoal made from

sugar, with lampblack, with sand; tartaric acid with cloth; tenth-normal

sodium thiosulphate with silica.

Some experiments with sodium chloride and filter paper seemed to

indicate negative adsorption, that is, the concentration of the solution was

increased, possibly by adsorption of the solvent, and the same result has

been reported in some cases by another observer, but in this instance it

was found to be due to chlorides in the paper, none of the laboratory

supply of tilter paper being really free.

The weights of adsorbing substances and volumes of the solutions were

unfortunately not recorded in these experiments.

The conclusion from this series of experiments is that while adsorption

may be very marked in some cases, it is not shown l>y all solids and all

solutions.

Later, experiments were carried out with Miss Frances DeFrees with

a view to ascertaining the relation between adsorption and concentration.

The adsorber selected was filter paper, and the dissolved substance copper

sulphate. The same quantity of the solution was allowed to stand in con-

tact with a fixed weight of paper in every case, and titrations were made

with potassium cyanide solutions of suitable concentrations on this copper

solution and the same solution not treated with paper. The figures ob-

tained showed the interesting facts that above a certain concentration—

about fifth-normal—no adsorption took place; that is. the concentration of

the solution underwent no change by contact with the paper. As the

concentration was decreased from this point the effect became more and

more marked, the amount of copper removed by the paper increasing in

absolute quantity up to about twelfth-normal and then decreasing with

the concentration to about two-hundred-and-fiftieth-normal. farther than

which It could not be followed. The decrease in concentration of 100 c. c.

of this solution by contact with 5 grams of paper amounted to over 25

per cent.

To learn whether both parts of the copper sulphate were equally af-

fected a number of detei-minations were made on the sulphuric acid and

showed a very close agreement with the copper results, an evidence that

the adsorption is of the non-ionized electrolyte and not of the Ions in-

dependently.
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As to the time required for the action to complete itself, the same

results were obtained after a few minutes and after several days, show-

ing that the equilibrium is very quickly established.

A similar series of experiments carried out with potassium chloride

and filter paper gave analogous results, the adsorption, however, beginning

at twentieth-normal, and only rising to something over 5 per cent, of that

present at five-hundredth-normal concentration.

The work is being continued and promises further interesting results.

The Determination of Manganese in Iron and Steel.

W. A. NoYES AND G. H. Clay.

The process proposed involves no new principle, but is a combination

of several old methods.

REAGENTS.

Ferrous (unmonhim siilphdte.—Dissolve 8.56 g. Crystallized ferrous am-

monium sulphate in water containing 40 cc. of dilute sulphuric acid (2.5 per

cent.) and make up to one liter.

Potassium permatrgandtr.—A standard solution of such strength that 1 cc.

is equivalent to about 0.001 g. Fe. The manganese equivalent for the pres-

ent method is foimd by multiplying the iron equivalent by ff^

Sodium acetate.—Thirty grams of crystallized sodium acetate, £0 cc. of

acetic acid' (30 per cent.) and 170 cc. of water.

Bromine water.—A saturated solution.

TROCESS.

Dissolve 1.5 grams of the sample in 20 cc. of nitric acid (1.20) and 5 cc.

of hydrochloric acid (1.12). Heat till dissolved, transfer to a 300 cc. flask,

add a solution of sodium carbonate till nearly neuti'al and then zinc oxide

slowly till the precipitate of ferric hydroxide forms. After two minutes

add an excess of zinc oxide.

Make up the volume to 300 cc. mix by pouring back and forth into a

dry beaker and filter througli a dry filter. Take 200 cc. of the filtrate,

add 20 cc. of the sodium acetate solution and 40 cc. of bromine water..
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Heat nearly to boiling, stirring: ocoasiouallv and adding: more bromine

water, if necessary, till the precipitate of manganese dioxide separates.

Filter and Tvash. The precipitate adhering to the beaker need not be

removed, bnt the beaker must be rinsed thoroughly. Place the beaker

under the funnel containing the precipitate and drop upon the latter,

from a burette, the solution of ferrous ammonium sulphate till solution is

complete, breaking up the precipitate occasionally with a fine stream of

water from a wash bottle. Unless the manganese exceeds 0.4 per cent.,

not more than 20 ce. of the solution need be used. Wash out the filter

and titrate the filtrate with the standard permanganate solution. The dif-

ference between the nuiuber of cc. of permanganate used and the amount

which would have been employed if no manganese dioxide had been dis-

solved in the ferrous ammonium sulphate, multiplied by the manganese

equivalent of the solution, will give the amount of manganese in one

gram of iron.

The method was tested with solutions containing knowni amounts of

manganese and gave accurate results. The method avoids the evapora-

tion to dryness required by A'olhard"s method and also gives a veiy sharp

end reaction, while the end reaction of Volhard's method is very diffi-

cult to see.

The paper is published in the .Jour. Amer. Cliem. Soc. .?'/. 243.

A XeW HYDROXY-mHYDRO-ALPHA-CAMPHOLYTIC AciD.

W. A. XoYEs AND A. M. Patterson.

Dihydro-alpha-campholytic acid was prepared by W. M. Blanchard and one

of us last year. From this the alpha-brom. derivative, C'sHi^Zb?. ^^^ ^^^ ^°^'

responding hydroxy acid, C>Hh Zqh ^' ^^^^ ^^^° prepared. When the latter is

warmed with lead peroxide and dilute sulphuric acid a ketone is formed which

should be identical with the 2-3.3 trimethyl cyclopentanone, prepared synthet-

ically by one of us, if the Perkin-Bouveault formula for camphor is correct.

From the melting point of the oximes the two ketones appear to be different, and

the formula for camphor referred to seems to be no longer tenable. The rejection

of that formula, however, compels us to suppose a transfer of a methyl group from

one carbon atom to another in reactions which take place readily at ordinary

temperatures under the influence of sulphuric or hydrobromic acid.
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Some Drug Adulterants of Note.

John S. Wright.

[Abstract.]

Phytolacca decandra L.—Tlie leaves, inflorescence and young fruit-

ing i-acemes were found mixed to tlie extent of about thirty per cent, in

bales of belladonna leaves received in Indianapolis from Germany, Decem-

ber, 1898. Since then the writer has not found them as an adulterant,

though many other lots have been carefully searched. The presence of

Phytolacca was first betrayed Ijy the abundance of young floAvering and

fruiting racemes. Deprived of these, Phytolacca leaves make a very clever

adulterant for belladonna leaves, as the two resemble in many particulars,

especially when dried and crushed or compressed in the manner customary

for shipment. Critical examination, however, reveals many differences

of odor, texture, color, size, shape and other gross characters.

Since this report was made, in Decemlier, 1901, the writer has found

that Dr. C. Hartwich [Schweitz. Wochensch. f. Chem. u. Pharm., 1901, p.

430] gives an account of a similar discovery. Furthermore, Dr. Hart-

wich points out some of the histological differences between the two, so

that, according to esta])lislied rules, he deserves the credit of priority.

*Gexista tixctoria L.—The flowering and leafy stems of this plant

have been recently offered, unmixed and neatly baled, on the American

markets as "flowering" Scoparius—Cytissus Scoparius (L.) Link. When
baled, Genista bears a superficial resemblance to the official Scoparius;

however, the pui-chaser who accepts it as such is certainly a very careless

or incompetent inspector of drugs. The botanical characters of the two are

too well known to need mention here. INIedicinally they are unrelated.

Rhizome axd stipes of ferx—species undetermixed—are frequently

offered for the official inale fern or Aspidinm. The official drug should con-

sist of the recent rhizomes and stipes of Dryopteris Filix-mas (L.) Schott,

and D. marginalis (L.) Gray, deprived of all non-green tissues. The spuri-

ous rhizome is smaller and structurally very unlike the true drug. It has

never been observed in the recent state by the writer; contains practically

no extractives, and may be regarded as worthless. So far, neither its

geographical nor its botanical source has been learned. At times the

market offerings would indicate that it constitutes about one-half of the

available supply of so-called male fei'u.

* An examination of the authorities disclosed but one reference to it as an adulterant:
" Do not confuse with Scoparius."—King's Am. Disp., Revision by Lloyd and Felter.
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XoTES ON Apple Rusts.

H. H. Whetzel.

The following notes on the apple rusts of Crawfordsville and vicinity

are presented with the hope that they may prove helpful to those inter-

ested in this group of fimgi. The observations recorded here are the re-

sults of three years' study of these plants. No systematic classitication

of our forms has been attempted, but the species studied is probably

Tremella .Tuniperi-Virginianae (Schw.i. as listed by Arthur in his Generic

Nomenclature of Cedar Apples. This is the most common one in our

locality. Special work on the anatomy of the cedar apple and the various

forms in Avliich this fungus occurs is now under way and will be ready

for presentation soon.

GENERAL rKEVALEXCE OF THE PARASITE THROUGHOUT THIS
DISTRICT.

The general prevalence and abundance of this pest throughout this

section of the State is to be attributed to two causes: First, the occur-

rence of cedars thi'oughout the timbered ti'acts of this region in such num-

bers and so generally distributed as to insure a universal infection of the

orchards of the district: secoud. the prevailing ignorance of the farmers

and apple growers in regard to the relation of the galls of the cedar to

the Roestelia of the apple. Most farmers have planted cedars about their

yards, either for ornament or protection, and as the orchards are always

in close proximity to the house, the fungus is placed in a position for easy

dissemination and perpetuation. One farmer not far from Crawfordsville

alternated a row of apple trees with one of cedars throughout his orchard

for protection from winds. Another gentleman, in the city, planted a row

of cedars through his orchard along either side of the path that led from

the street to his house. The result in both cases, of course, is evident. Al-

most every lawn in the outskirts of the city supports one or more cedars

to the detriment of every susceptible apple tree in the neighborhood.

PHENOMENAL ABUNDANCE OF THE FUNGUS DURING 190O AND
ITS MARKED SCARCITY THE FOLLOWING SEASON.

The phenomenal abtindauce of the cedar apples and the very marked

ravages of the rust on the apple trees of the city during 1900 aroused the

Interest not only of those acquainted with the parasite, but also very
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generally of the citizens of tlie city. On a field trip in November, 1899,

we noticed the extraordinary altundance and grreat size of the galls that

infested the cedars in yards and jiasturcs. In commenting npon this

Prof. Thomas said that never before had he seen them in such numbers

and of such large size, some of them being at that time as large as wal-

nuts. The infection was very general. Every cedar from the small seedling

to the tall tree was fairly loaded on every twig and branch with the choco-

late-brown galls. Just Avhat caused this unusual abundance is not so easily

discovered, but perhaps the following record of the we.ather for July and

August and the first days of September, 1<S99, may throw some light on

the matter. From oliservations made the following year it was found that

the aecidiospoi'es began to ripen about Jtily 26. Beginning, then, with

July 28. we have the following:

July 28, 1899 Rain

August 2, 1899 Rain

August 5, 1899 Rain

August 8, 189!> Rain

August 2.5, 1899 Rain

September 0. 1 899 Rain

Six heavy rains, followed liy intervals of from three to sixteen days of

warm, fair weather, as shown liy the weather reports kept in the city,

the very best conditions for the distribution and germination of the

aecidiospores on the cedar. What other factors may have entered into

this general infection we are unal)le to say.

The conditions the following spring (1900) bore out fully tlie promises

of the previous fall. The warm rains of the latter part (tf April and

througliout May brought forth the yellow gelatinous masses of teleuto-

spores in abundance. So numerous and large were the galls that the liml s

of the trees bent beneath the burden and the large yellow masses could be

seen for long distances. The warm sun of the days folloAving the rain

dried up the gelatinous masses, causing the teleutospores to germinate and

produce countless numbers of sporidia. which were caiTied far and near

to the apple trees of the city and stu-rounding country. How perfect the

weather conditions of that .spring were for the dissemination of this

fungus, the following record will show:
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April 17. 1000 Rain

April 20, 190O Rain

May 6—8. 1900 Rain

May 18—10. 10(M) Rain

May 23. 1000 Rain

May 28—20, HXtO Rain

May :!1. 1900 Rain

Here were heavy rains with longer or shorter periods of fair, warm
days between them, the thermometer standing on an average at from

68 degrees to 70 degrees F.

Under conditions so favorable to the fungns. infection of the apple

trees was very general and the ravages of the Roestelia stage of the rust

were most severe. Late in July the aecidiospores began to ripen, the

leaves of the infected apple trees, already dist-olored by the numerous

yellow spots that had begun to appear dm-ing the latter part of May. now
grew brown and dropped off. so that by the middle of August some trees

were nearly bare and the gi'ound beneath them was covered with dead

leaves. ^lost of the young trees put forth a second growth of leaves.

Many of the old trees, seemingly unable to meet the unusual demand,

either made a feeble effort or entirely refused to put out new leaves and

remained bare imtil tlie following spring. Of course, some perished. We
recall several such trees that were cut the next summer. The apple crop

sufiEeretl accordingly. Almost no fruit was produced and the little that

did mature was knotty and worthless. While the farmers of the northern

part of the State, where cedars are very scarce, were selling apples at

fifty cents to one dollar a bushel, grocers in the city of Crawfordsville

sold them "three apples for five cents" and proiwrtionately per bushel.

This failure of the apple crop of this vicinity, while perhaps due in part to

the diy weather of the latter part of July, August and the first of Septem-

ber, was largely because of the ravages of the apple rust. Comparison of

this district with other apple producing sections of the country, where the

drought was equally severe but where the cedar does not occur, co ifirms

this statement.

The general scarcity of the apple rust the following year (1901) was as

sti'iking as had been its general prevalence the previous season. So scarce

were the galls in the spring of 1901 that it was with difficulty that we

obtained specimens enough to supply a class of nine students. The tree
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which the previous year had bent to the gruund with its weight of galls

now yielded, after careful search, but five or six scrawny specimens. Not

only were the galls few in number, they were very small and produced

comparatively few spores. In many cases they consisted only of new

growths on the sides of the old galls and occasionally, even the old galls

bore a second crop of teleutospores. To what, then, shall w^e attribute

this marked decrease in gall production? Certainly not to a deficiency in

aecidiospore supply, for we have already seen that the supply of aecidio-

spores during the summer of 1900 was unusually large; not, indeed, to

any mishap that may have befallen the galls during the winter of 1900

and 1901, for upon field trips during October and November, 1900, the

general scarcity of the galls was very noticeable. The fact remains, then,

that the galls were not formed. To us it seems that the cause is to be

found in the weather conditions of the latter part of July, August and

early September of 1900. the period during which the large crop of aecidio-

spores was ripened and disseminated and when under favorable condi-

tions ver.v general infection of the cedars should have occurred. The

weather reports for the period indicated are as follows:

July 24, 1000 Rain

August 12—15. 1000 Rain

August 17—18. liiiio Rain

Only three rains, practically only two, with long period^ of from eigh-

teen to thirty days of warm, diy weather between (there was no rain

after August IS until Septeml»er 19), with the thermometer averaging

about SO degrees F. A comparison of the above with conditions during

the same period in 1S99 shows al:)Out one-half the number of rains as oc-

curred during the last mentioned time.

The Roestelia, while not so aljundant during the past summer (1901)

as in IIXIO, have still been plentiful enotigh to aid materially in the de-

struction of the remaining apple trees of the city and country. The dry

weather of the latter part of the past summer (1901) has had its effect

on the infection of the cedars. Galls, while present, are not numerous, and

a repetition of the ravages of 1900 are not to be expected. Weather con-

ditions for this period are as follows:

July, 1901, no rain; average temperature, 90 degrees F.

August 14. 1901, rain; average temperature, 80 degrees F.

August 18. 1901, rain; average temperature, SO degrees F.

Septemljer 11, 1901, rain; average temperature, 80 degrees F.
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AN EXPERIMENT.

For the past three years we have had occasion daily to pass the home

of Mayor Elmore, of Crawfordsville. On the lawn in front of his house

stands a large cedar and just southeast of it, about three rods distant,

is a small apple tree, about seven years old. During the spring of 11X10

we noticed the great abundance of the cedar apples which infested this

cedar and later in the summer the great number of leaves of this apple

tree that were covered with the Koestelia. That the cedar galls were re-

sponsible for the attacks on the apple tree seemed (piite evident, but we
decided to test it by an experiment the following spring, and also to de-

termine if by exclusion of the spores of the cedar galls the apple tree

might not be protected from the ravages of the Koestelia. Accordingly

on April 24. 1901, one of the limbs of the apple tree was enclosed in a

sack of cheesecloth. The apple leaves were just bursting from the buds

and the teleutospores had as yet not ripened on the cedars. Al)out May 1,

just after a hard rain, the tirst gelatinovis stalks with tht'ir teleutospores

made their appearance on the cedar apples, and on the following day

sporidia in abundance were produced. On May 27 the first indication

of the Koestelia, in the form of yellow siwts or patches, appeared on the

exposed leaves of the tree. Examination of the protected leaves showed

only a very few spots. By July 3 no aecidia had ripened, although sper-

magonia in abundance had been produced. .Tuly 27 the first aecidia ma-

tured. The sack had been removed .Tune 25 and the protected leaves

showed only about one-half as many spots as the unprotected. No more

spots appea.red on any of the leaves during the remainder of the season.

The last crop of sporidia were produced about the last of May. at least a

month before the sack had been removed.

It was also observed that the west side of the apple tree, which was

directly exposed to the cedar, bore more clusters of aecidia per leaf than

the east side. This fact, together with the results in the protected branch,

seems to prove conclusively that the sporidia of the teleutospores on the

cedar had produced the infection of the apple leaves. The failure of the

sack to exclude all of the sporidia was due to their minute size and the

openness of the cloth. The experiment will be repeated next spring with

cloth of a firmer texture. The fact that infection took place through the

cheesecloth proves that the sporidia and not the teleutospores are car-
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Tied to the apple leaves, since the openings in the cloth were too small to

allow the latter spores to pass through. This fact seems to have been

overlooked in many published reports on this fungus.

GERMINATION OF TELEUTOSPORES.

Many attempts at the germination of teleutospores were made in the

laboratory. Most of these were more or less successful. The only things

brought out worthy of note were: First, that in general our results con-

firmed the work done by H. M. Richards and recorded in his paper in the

Botanical Gazette for September, 1889; and second, that best results were

obtained when the teleutospores were germinated, not in an abundance

of water, but rather on simply moist slides placed in the sunlight under

bell jars. This allowed the spores to dry slowly, thus affording natural

conditions for sporidia production.

Several gelatinous galls were allowed to dry in tlie sunlight on the

window sill. An abundance of sporidia were produced which covered the

sill beneath and about the galls, while wet material showed upon exam-

ination no sporidia. This strengthens the statement previously made that

the sporidia and not the teleutospores are disseminated by the wind, since

evidently the teleutospores never leave the gall before germination.

THE GALLS PERENNIAL.

As already mentioned, it was observed that many of the galls of the

spring of 1901 were but outgrowths on the sides of old galls and that in

many cases these old galls bore a second crop of teleutospores. Although

no further investigation has been made, there appears to be but one solu-

tion to the pi:pblem. and that is that the mycelium had summered in the old

galls, producing the new outgrowths and the second crop of spores in the

spring. As far as we have found, no record of such a condition has been

made, and while evidence seems to show that the mycelium is perennial,

we wish to investigate further before making a definite statement and

only offer this observation as a matter for consideration by those who

may be working on this fungus.
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SUSCEPTIBILITY AND IMMUNITY OF DIFFERENT SPECIES OF
APPLES.

Some observations were made in different parts of the city to de-

termine the susceptibility and immunity of different species of apples. In

the experiment already described the apple tree infested was of the

Milum variety. In the same yard in which this tree stood was another

apple tree that was never infected by the rust. It was a fall apple,

variety unknown. In another yard in another part of the city stood two

apple trees with interlocking bi'anches; one was of the Bellflower variety,

a winter apple, the other was a large fall apple, variety unknown. Across

the 'street to the west stood two cedars that usually bore a few galls.

The Bellflower always suffered severely from attacks of the pest, while

the other tree remained free from it. The difference in the appearance of

these two trees by the middle of August was most striking. The Bell-

flower, with its sickly, yellowish foliage, mottled with the dark clusters

of Eoestelia, presented a striking contrast to the dark, healthy green of its

neighbor's. The effect was also very noticeable in the apples of the two

trees. Those of the Bellflower were small, knotty and not numerous,

although the branches had been loaded with blossoms during the spring.

The apples of the other tree were large, perfect and plentiful. More

extended observations regarding this point will be made next spring.

The selection of immune varieties seems to be the only solution of the

problem of the extinction of the fungus, at least in this vicinity. Not only

do cedars occur in the natural forests of the region, but they have been

very generally planted by farmers for protection and decoi-ation so that

the only other method, the destruction of the cedars, is quite out of the

question, as so many not concerned in apple gi'owing would not destroy

their cedars, and the absolute destruction of every red cedar would be

necessarv to exterminate the fungiis.

Notes on the Genus Steimonitis.

H. H. Whetzel.

During"the past summer and fall we have made a careful study of the

genus Sremonitis, as represented by the species occurring in the vicinity

of Crawfordsville. Ind. This study has brought out several striking and

interesting conditions regarding the development of some structures of

this genus. The study was made in the laboratories of Wabash College,

15—Academy of Science.
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and the specimeus examined represent the collections of three years from

this vicinity. Many species were from the campus and the shade trees-

along the streets of the city.

Great care was taken in collecting. The exact place of its occurrence,

the date and other important data were preserved with the material. The

best specimens of each species were mounted for future reference, while

the remaining material was preserved for study. On each collecting trip

every specimen of slime mould was taken and subsequently identified to

insure thoroughness in the local work. This was necessary, as many spe-

cies could be determined only by extended study and comparison with

other material. Several species that appear exactly alike to the naked

eye vary greatly in minute structure.

Besides this, very careful mounts were made, both in balsam and

glycerine jelly, from fresh specimens. The spores were removed from

those mounted iu balsam, in order to show capillitium structures; others

to show spore markings were mounted in jelly, containing a small amount

of potassium hydrate to swell the spores. Careful measurements of spores

were kept and records preserved of their color ew masse and under the

microscope. Fresh material was always used for color records, as the

spores change -with age, and the entire siM>rangium with its spores changes

color several times during the process of fruiting. The following record

kept of S. maxima Avill illustrate this:

.June 25, 7 p. m., Plasmodium, pearly white.

June 26, 6 a. m., fruited (still wet), purple black.

June 20. 10 a. m.. brownish, darlc.

June 27, 3:30 p. m.. lighter brown.

July 20, spores shed, purple brown, pale.

This specimen grew on an old charred stnnii) convenient to the labora-

tory, and we examined it several times each day to note any changes of

color. Records of color variation of species of other genera also show

this striking change of color during and after fruiting.

For determination of species, Macbride's North American Slime Moulds

were used. Avhile Twister's Mycetozoa was iised for reference and com-

parison.

Before the presentation of the conclusions based upon a study of spor-

angium and spore structure, the following miscellaneoiis notes and obser-

vations may be of some interest:
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The number of species occuiTiiig in this vicinity, so far as collections

up to the present show, are six of tlie twelve listed l).v Macbride. Be-

sides these, a seventh form was found differing quite materially from any

other species collected, and not corresponding with any description of

species listed by Macbride or any other author consulted. This form is

veiy common, and its distinctive characteristics are so much unlilce those

of closely related individuals that it is doubtless a new species.

^'ery hot days following heavy showers seemed to present conditions

best suited for the development of the fruiting stage of Stemonitis. and

from early in the spring until late in the fall such conditions were sure

to bring forth beautiful sporangium clusters in abundance. A hot morn-

ing following a thunder shower is particularly favorable. Examination of

old trees and stumps early in the morning often revealed the pearly white

Plasmodia pusliing forth upon the surface. As far as we have observed,

all Plasmodia of this genus are of a pr^rly white. Repeated attempts to

bring these Plasmodia to the laboratory to fruit always resulted in their

distortion, partial development or decay. In no case were there normal

fruits produced, although conditions seemed to be favorable.

A careful review of the particular habitat of each species revealed no

special place for each. A^'e have found them almost everywhere, although

perhaps most frequently on the decaying ti'unlcs and stumps of the Retl

Maples that line the streets of the city. One stump of Red Maple has

produced for three successive years the most beautiful specimens of S.

Webberi; several fruitings being produced eacli season. Tliree were

noted this year. Usually an area six inihes in diameter on the side of the

stump was completely covered with rich brown tufts. Board piles, posts

and sides of old buildings yielded many fine specimens. Some species

fruited on grass blades and leaves, which were in close proximity to the

old logs in which the Plasmodia greAV. Some of the best specimens we
obtained came from an old charred stump on tlie campus. The sporangia

almost always occur in very exposed places. This, together with their

large size and abundance, mali.es the discovery of them comparatively

easy.

Many and careful attempts Avere made at germinating the spores of

the different species. None was successful, although several kinds of

media were used. Besides water, concoctions of rotten wood, on which

the specimens grew, were tried, but nil without success.
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OONOLUSIONS DRAWN FROM THE SYSTEMATIC STUDY.

Gomparisou of this genus with otliers of the order has lead us to be-

lieve that Stemouitis represents tlie most perfect differentiation and spe-

cialization of the Stemonitaceae. Next in order below it stands Coma-

tricha, from which the former is not very easily separated, as its lowest

forms are much like the higher forms of Comatricha, only its one char-

acteristic structure, the superficial net, serving to distinguish it.

This superficial net is peculiar in several respects. In the first place,

it is almost the only example of such a structure occurring among the

slime moulds, although a slight indication of such a structure may be

noted in the higher forms of Comatricha. In the second place, its gradual

development and perfection in Stemonitis is indeed very remarkable. Be-

sides, this gradual perfecting of net structure is found to correspond with

a like perfecting of spore markings, so that in a species presenting the best

development of this superficial net we find the most specialized forms of

spore marking. Another and almost equally interesting gradation in struc-

tural development, parallel to the above, is to be seen in the inner

or supporting network of the capillitium. Although presenting some ex-

ceptions, this shows on the whole a tendency to a steady reduction in the

number of threads of the inner network and a thickening of the resulting

ones. In the species we have studied there was noted, corresponding to

the differentiation just described, a gradual increase in the height of

sporangia. An examination of Macbride's listed species present some

interesting exceptions. A wide variation in height of sporangia of the

same species is common. But in general we think it may be safely said

that the tendency is toward taller and larger sporangia, with the increase

in complexity of the contained parts. There are other structures that upon

future investigation will probably reveal a like gradation.

Upon the discoveiy of this gradual and parallel development of certain

structures, it occun-ed to us that a classification of the species of this

genus, upon the basis of the development of some of these structures,

would not only be the most convenient, but might, at the same time,

represent the natural sequence of the species in the genus. Of course

that structure which showed this development, and at the same time

proved most constant in the different species, was the one to be chosen

as the primary basis of classification. Careful investigation of a large

number of individuals of each species showed that spore markings pri-

marily, with size and color secondarily, was the structure to be selected.
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Tlie specimens were then gone over most earefull}', and the following

classification prepared, including only the species that have come under

our observation, although a review of the remaining six species listed by

Macbride showed that they would fit into and complete most perfectly the

classification which we had worked out. For convenience, the species

have been placed in three groups.

CLASSIFICATION OF THE SPECIES OF STEMONITIS.

Generic character—the superficial net.

Basis of species classification—spores; their markings, size and color.

Other structural characters important in separation of species—inner

and outer net structures of capillitium; height of sporangia, and

general color.

a. Epispore smooth or only slightly warted, with low, scattered

warts. Spores small, light colored or colorless.

1. Stemonitis pallida W'ingate.

Spores nearly or quite smooth, 4-5//, pale reddish

brown; capillitium, inner network dense; outer net

meshes small, Q-13 fi; height of sporangia, 4 mm.,

brownish purple, becoming pallid with age.

2. Stemonitis axifera (Bull) Macbr.

Spores with low, scattered warts, 5-6i4,«, pale red-

dish brown; capillitium as in S. pallida; height of

sporangia 5-10 mm., ferruginous, with purple tinge

after spore dispersal.

3. Stemonitis Smithii Macbr.

Spores minutely warted. ofi, pale dusky brown;

capillitium more open than in S. axifera. outer net

meshes 6-15//; height of sporangia. 5-12 mm., bright

yellowish brown, rusty, paler after spore dispersal.

4. Stemonitis — 64 (collection numbei*).

Spores smooth, or nearly so. 5u, pale dusky brown,

not reddish; capillitium. inner network open, outer

net with small meshes 10-25//, height of sporangia

10 mm., dark purple brown, like S. maxima.
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b. Epispore distinctly warted. warts spinose; spores larger aud

darker than in a.

5. Stemonitis Morgan! Peck.

Spores densely but minutely warted with spinose

wai'ts, 7-S/i, reddish brown, dark with purple tinge;

capillitium, inner network loose, few branches,

outer net large meshed 15-4(J//; height of sporangia,

15-18 mm., rich reddish brown, dark with purple

tinge.

6. Stemonitis Webberi Rex.

Spores densely and very distinctly warted, 8-9/i,

reddish brown; capillitium, inner net open, outer

net large, coarse, irregular meshes 50-125/z; height

sporangia IS mm., rusty brown.

c. Epispore reticulate, large, dark, violaceous never brown.

7. Stemonitis maxima Schw.

Spores reticulate, 7-8 «, dark violaceous; capil-

litium, inner net of medium density, outer net

meshes 8-40//; height of sporangia 5-10 mm., dark

purple brown, becoming pallid with age.

The Vegetation of Abandoned Rock Quarries.

Mel T. Cook.

The study of the encroachment of plants on waste land aud the order

of their succession becomes especially interesting in the case of the aban-

doned rock quarries because of the very small amount of soil.

The following observations were made from the study of three lime-

stone quan'ies in Greencastle, Indiana, and vicinity. It is impossible to

give the exact ages of these quarries; a small amount of rock is still

taken from them. Rough estimates will be given in the following de-

scTiptions:

Quarry A.—A small quarry, about ten or tifteen years old; about two-

thirds of the floor covered with Avater, which drains in from a small area;

no natural outlet.

Quarry R.—A much larger quarry, about fifteen or twenty years old;

verv long and narrow and extending east and west; the first work done in
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tne western end; small stream runs tlie entire length from east to west;

another much smaller stream from a spring enters on the north side,

spreads out fan-shaped and joins the main stream. A small marsh in

one part of (luarry. Heavy woodland on the south.

Quariy ('.—Very little larger than B and about twenty or twenty-five

years old. Extending north and south; tirst work at north end; small

stream runs through north end; large pond in south end. Almost sur-

rounded l»y thiu woodland.

Fiir. 1.

There is no soil in these quarries except the small amoiuit incidentally

carried in liy the workmen. l)y the wind. l)y the streams: and the pow-

dered limestone soil, the result of lilastiug and crushing.

Although there may he many factors bringing seeds into the (juarry.

the two principal ones are T\ind and water.

Tlie order in which the plants appear in these quarries is as follows:

Algae, lichens, mosses, scouring rushes, monocotyledons and dicotyledons.



268

The water naturally Ijrinss in the algae, whicli grow in great variety

and alumdauce. Licliens are not very abundant and are usually found in

the higher parts. The peculiar soil formed from powdered limestone

forms a muck in which a few species of mosses grow, but not in great

abundance. A few very poor specimens of Equisetum arveuse were found

in qiiarry B. having come in from the gi-avel bed of the railroad which

runs on the north blutf of this quarry.

i'ig. 2.

Of the Spermatophytes the monocotyledons are the first to appeal-, the

hydrophytes leading and invading the ponds. Of these the rnost showy

is the Typha latifolia L. (Fig. 1), which was very abundant in all three

quarries. Ai-ound the margins of these ponds the sedges were vei-y

abundant, gradually giving way to the grasses a little farther back.

Of the dicotyledons, the willoAvs (Salix sp.i and sycamore (Platanus

occidentalis L.) were the mo.st conspicuous (Figs. 1 and 2i. The willows
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were always in great abundance along the streams and on the margins of

the ponds. The sycamores were by far the most interesting growth and

were found abundantly in quarries B and C. They were more abundant

and much larger in the old parts of the quarry and seemed especially well

adapted to this peculiar soil: in fact, they seemed to be able to grow with

little or no soil except the limestone powder in the crevices. Fig. 3 shows

a tree about eight inches in diameter growing out of the api)arent solid

floor of quarry C. Fig. 4 shows a tree of about four inches in diameter

growing out of a crevice between strata in the wall of the same quaiTy.

In the older parts of the quarry and around the margins, where con-

siderable amounts of surface soil has l)een carried in, the dicotyledonous

plants are very abundant.
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Tlic loiiinioii watcrci'css (l{i)ii|i;i iiastui-thim L.) was abundant in

(iuarry B, liavini:- Ikhmi cMrricd in l)y tlic little stream from the north. lis

spread, however, was vciy slow, srciuinjily dependent on the amount of

surface soil lai-ricd in liy tlio sti-cani. since it ditl not thrive in the lime-

stone soil.

A few plants of llie button busli (Ceplialanlhus occidentalis L.i were

found ai'ound. the pnnd in iinariy ('.

i-iff. 4.

A sunimaiy ;;ives the followinu conchisicnis: il) the liist plants a;e

the algae in great vai-iety and aliniidaiice. (l*i A very few lichens. (3) A

few mosses. i4) E(iuiselu;n very lare: the soil not suited to its growth,

(o) Typical hydrophyte societies in tlie pnnds. tlie Typha latifolia lieing

most conspicuous. Tlie ixnids sh.wiy encioaclied njion by the sedges and

grasses: These plants foi-in a soil for Hie many dicotyledons which are
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found iu the older parts of the quany. ((5) The willows aud sycamores are

the first trees, both being specially well adapted to the thin soil.

The following census of plants was made from quarry B by Mr. Guy

Wilson:

1. Typha latifolia L.

2. .Uisma Plantago aquatica L.

3. Panlcum dichotomum L.

4. INIuhlenbergia sp.

5. Phleum partense L.

6. Agrostis alba L.

7. Cyperus sp .

8. Carex sp .

9. Ixophorus glaucus (L.) Nash.

10. Juncus effusus L.

11. Juncus tenuis Willd.

12. .Tuncus nodosus L.

13. Salix sp .

14. Ulmu.s Americana L.

15. Rumex crispus L.

16. Polygonum sp .

17. Roripa nasturtium (L.) Rusby.

18. Draba Caroliniana Walt.

19. Platanus occidentalis L.

2i). Potentilla monspeliensis L.

21. Pyrus sp. (cultivated).

22. JNIelilotus alba Desv.

23. Trifolium partense L.

24. Trifolium repens L.

25. Acalypha gracilens A. Gray.

26. Euphorbia nutans Lags.

27. Rhus radicaus L.

28. Impatiens sp .

29. Onagra Oakesiana (A. Gray) Britton.

30. Daucus carota L.

31. Asclepias incaxnata L.

32. Vei-bena urticifolia L.

33. Scutellaria lateriflora L.

34. I*runella vulgaris L.
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35. Hedeoiiia pulegioides L.

36. Lycopus nibellus ^loeucli.

37. Mentha piperita L.

38. Miinulus alatus Soland.

39. Plantago major L.

40. Micrampelis lobata (Michx.) Greene.

41. Lactuca Scariola L.

42. Lactuca Canadeusis L.

43. Ambrosia trifida L.

44. Xanthium strumarium L.

45. Vernonica sp .

46. Eupatorium perfoliatum L.

47. Solidago Canadensis L.

48. Brigeron Philadelphicus L.

49. Bidens laevis (L.) B. S. P.

50. Bidens frondosa L.

The Germinative Power of the Conidia of Aspergillus

Oryzj5.

Mary F. Hiller.

Former investigations of tlie mould, Aspergillus orj-zae, have resulted

in many practical suggestions which have determined this mould to be

of interest to the commercial as well as to the scientific public.

In 1876 Ahlburg, the first investigator of the mould, described the

fungus and named it Eurotium oryzae. Colin, in 1883, in his study of

moulds as industrial factors, called it Aspergillus oryzae. Biisgen, in 1883,

gave the first complete description of this mould, and in 1893 Wehmer

attempted a structural study. From this time many investigators were

at work in many different laboratories working out the life history of the

fungus. It was Takamine, a Japanese chemist, who introduced Asper-

gillus oryzae into the laboratories of this countiy.

The careful experiments of many investigators, among whom are Jor-

gensen, Hansen, Klocher, also Atkinson and Hoffman, who have treated

it from the industi'ial standpoint, have resulted in suggesting for this

mould many interesting properties, such as the claims that the mycelium.
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in developing, secretes a diastatic ferment and that under certain conditions

of growth the mould is convertible into yeast. These tvro properties alone

would establish its value to the commercial world aside from its scien-

tific interest.

The object of the following experiments is to study the germinative

power of the conidia of Aspergillus oryzae. the plan being to test the

conidia of various ages in different media.

This study was suggested by a statement of Wehmer's to the effect

that neither the age of the inoculating material, nor the medium upon

which it has been grown, affect the germinative power of the conidia.

The material used in these experiments was taten from cultures germi-

nated upon the following media: Wort (obtained from the brewery, un-

fermented. but after having been hoppedt. wort-gelatine ( wort fortified with

ten per cent, gelatine), dextrose, rice, bran, also some of the so-called orig-

inal material which had been obtained from Takamine. These cultures,

which were seventeen in number, covered the dates of March 29. 1S97,

to November 26. 1898.

A new series of cultures were made from these seventeen cultures.

which varied in age from two years and eleven months to four years and

seven months, the testing medium being wort. I'pon examination of

these cultures the following results were obtained: Culttires obtained

from the six. grown originally upon wort, and which varied in age from

two ye-ars and eleven months to three years and seven months, had been

germinated and the mould was in a vigorous and advanced stage of

growth. Those cultures taken from bran. rice, wort-gelatine and the

original material failed to show any signs of germination.

In the second series of cultures the medium of germination used was

wort-gelatine. I'pon examination of these cultures at various dates, it

was found that the six taken from the wort cultures had germinated and

the mould had grown vigorously, while those cultures taken from bran,

rice. etc.. had failed as in series number one.

Pasteur solution was the medium used in the third series of cultiu'es.

The results obtained were the same as the results from series one and two.

the six cultures taken from wort having germinated and all others hav-

ing failed.

The fourth series, the testing medium bouillon, gave the following

results: Six cultures taken from wort grew, also one taken from bran,
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which was four years and six mouths of age, the cultures from wort-

gelatine, rice and the original material having failed.

For a fifth series of cultures gelatine was added to beef broth, and the

results of these cultures were the six from wort grew, the fungus being

in a vigorous state, also one from wort-gelatine, which was three years

of age, the growth not being vigorous; cultures from bran, rice, original

material and the remaining four of wort-gelatine failed.

The series of moist chambers in which a drop of wort was used was

then made, and the following were the results obtained: Germination had

taken place in cultures obtained from rice three years and nine months

of age, one from wort-gelatine thi-ee years of age and the six from wort.

Those failed which had been obtained from cultures on bran, dextrose,

original material and the remaining four on wort-gelatine.

A series of cultures was also made using Pasteur solution and alcohol

to normal solution, but no results at all were obtained, germination having

failed in every culture.

New cultures were made in wort from the original cultures which had

germinated in just one or two testing media and were as follows: One

from wort-gelatine which was three years of age and had gei-minated in

beef broth and gelatine; one from rice three years and eight months of

age, which had germinated in the moist chamber, wort having been used;

one from bran four years and six months old, which had germinated in

bouillon; one fi-om wort-gelatine three years old. It had germinated in the

moist chamber. These four cultures failed to give any sign of germina-

tion. From this result it is suggested that the cutting off of the air supply

had permitted the conidia to germinate in wort in the moist chamber

where the test tube cultures in wort failed to promote germination.

A microscopical examination was made of the conidia from cultures

of various media and dates, the following being the conidia examined:

Those from original cultures in wort, wort-gelatine, dextrose, from cul-

tures of Series I, in which wort was the medium; Series III, Pasteur solu-

tion the medium; Series IV, bouillon the medium. In these examinations

the conidia showed no apparent difference.

The tabular form of these experiments and the results obtained from

them suggests the following conchisions:

First.—The germinative power of the conidia of Aspergillus oryzae is

dependent upon the medium upon which the inoculating material has been

groAvn.
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Secoud.—The agre of the iuoriihitiug material iu these experiments

varied from two years and eleven months to four years and seven months,

-and from results obtained the germiuative power lessens with age.

Third.—(a) Some media are decidedly favorable to the fimgus in re-

i:alning its vitality. Example 1: Wort, all cultures fi*om it having germi-

nated in each of the six testing metlia. (bi Other media are favorable im-

der eex'tain conditions. Example: Wort-gelatine. Out of five cultin-es one

_gi-ew iu one of the testing media. (c» Still other media are decidedly un-

favorable. Example: Dextrose, cultures from it having failed throughout

the experiments.

Fourth.—Alcohol is not stimulating to the L-onidia of Aspergillus oryzae.
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Spore Resi.staxce of Loose Smut of AVheat to Formalin and

Hot Water.

William Stuart.

The comparative absence of any definite knowledge of the spore re-

sistance of the loose smut of wheat to formalin and hot water, and the

lack of any efficient method of preventing losses to the wheat crop from it.

seem to invite some attention to this phase of the question. In a measure
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the work which has been performed is simply a continuation of some in-

vestigations begun during the season of 1898, and reported in the Acad-

emy Proceedings for that year, pp. 64-70. At that time work was under-

taken with both wheat and oats smut, but on account of the fact that the

wheat smut spores did not remain viable under laboratory conditions

this portion of the work had to be abandoned. P'urther opportunity for

study of the wheat smut did not present itself till last summer. A con-

siderable quantity of smutted heads was collected from last year's wheat

crop just after the grain headed out, and before the spores were blown or

washed off the rachis. This material was kept in the laboratory until

needed for use. Spores mounted in hanging drop culttires over moist cells

showed good germination in distilled or tap water at the time the material

was collected, but in the course of two or three weeks failed to germinate.

As these results corresponded with those of 1898. it was decided to try

germinating them in some nutrient solution. Accordingly a Pasteur sugar

solution was substituted for the water, with the result that a vigorous

germination was obtained.

In order to insure a uniform lot of spores for the culture experiments,

a sufficient quantity of them were jaiTed from the smutted heads, and

after removal of the detritus by screening, they were thoroughly mixed

and collected in a receptacle from which fresh supplies were drawn as

desired.

Treatment of the spores.—The spores were treated in muslin sacks, one

corner of which was weighted with a small quantity of shot In order to

carry the sacks down into the solution and maintain them in proper posi-

tion while being treated.

In treating the spores, especially in the formalin solutions it was

found absolutely essential that only a minute quantity of spores be taken,

otherwise they were apt to collect in masses, and in this way the solu-

tion did not readily permeate the whole mass. Whenever this occurred,

in the shorter periods of treatment, spores taken fi'om the interior of these

masses would invariably show germination.

Formalin treatment.—The strength of formalin solutions used were .18,

.25 and .5 per cent. The periods of treatment to which the spores were

subjected in these solutions were one-quarter, one-half. one. and two

hours, the four lots of spores being treated at the same time, each being

successively removed without in any way disturbing the remaining ones.

The treated spores were mounted as soon as possible after removal from
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the formalin solution, and, after a microscopic examination, were placed

in a moist chamber, the moist chamber being used in order to obviate

the necessity of using vaseline to cement the cover slips to the glass cell.

Better results seemed to be obtained when the culture had free access to

moist air.

The data obtained from the formalin treatment which is given in

Table I, shows that the quarter-hour treatment in the weaker solutions

were apparently not effective. In the .18 per cent, solution with the quar-

ter-hour treatment every culture made showed good germination, while

In the .25 per cent, solution eight out of twelve showed germination in

the quarter-hour treatment and one out of twelve in the half-hour.

TABLE I.

Germination Tests of Spores Treated With Formalin.

Strength
of

Solution.
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The hitter gerinniation is probably accidental, owing to the fact that

the half-hour treatment in the .18 per cent, solution showed no germina-

tion. Treatment in the .5 per cent, solution proved effective in all cases.

In order to note the action of the formalin upon the smut after their

removal from the solution, cultures were made of the spores at ditferent

periods after their removal, varying from a quarter to one and a half

hours. The data obtained, which is presented in Table II, shows con-

clusively that the formalin proved effective in the quarter-hour treatments

if given sufBcient time to act upon the spores before mounting them in the

liquid media. Spores treated a quarter hour in the weakest solution and

mounted one hour after showed no germination.

TABLE II.

Germination of Spores Treated 1/4 Hour in Fornmlin Solution, Mounted Some Time

After.

Time elapsed
after removal
from Formalin

Solution.
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124.5 degrees F., showed over one per cent, of smutted heads in the result-

ant crop.

Hot water treatment.—Only two periods of treatment were tried with

hot water; these were for five and ten minutes. The range of temperature

tried was from 130 degrees F. to 100 degrees F. The highest temperature

used was considered the lowest point at which the treatment of wheat seed

could be expected to prove effective, and it was therefore taken as the

starting point in the work. As this temperature proved effective in killing

the spores, a lower one was tried and so on until the lowei- liiuit of effect-

iveness was reached. The results of the work, which are presented in

Table III, shoAV that the lower limit of effective treatment was 110 degi'ees

F, for five minutes and 105 degrees F. for ten minutes.

TABLE III.

Oermination of Spores Treated With Hot Water.

Temperature
of

Water.
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The unusually Ioav temperature at wliieh the viability of the spores

were impaired seems all the more remarkable when we take into account

the fact that a ti-eatment of the seed wheat for ten minutes at a tem-

perature of 130 degrees F. is not effective in removing all the smut from

the ensuing crop. The results obtained from both the formalin and hot

water treatments would seem to indicate that the spores are easily killed,

in weak solutions of formalin and in comparatively low temperatures of

water, when brought in direct contact with these agencies.

The lack of success in treating the seed for smut seems to be due to

the inability of the agency used to reach all the smut spores. This is

probably due to the fact that the seed coat is somewhat impervious to

liquid solutions; hence, all spores that are held in the interstices of the

seed coat are reached with ditficulty, if at all. Assuming this explana-

tion to be correct, it would appear that a different treatment should be

accorded wheat than that advocated for oats. Some preliminary treat-

ment should be given -nith the object of softening the seed coat, to such

an extent as to permit of the ready action of whatever disinfecting agency

it is desired to employ. With this idea in view a series of experiments

were undertalcen in which the seed, intended for treatment either with

formalin or hot water, was given a preliminary soaking in water at about

70 degrees F. The length of time in which the seed was allowed to soak

in water varied somewhat inversely to the time in which it was to be

treated in formalin and hot water. For example, in the formalin treat-

ments in which four lots of seed were treated, the first lot was soaked

a half hour in the water and two hours in the formalin solution, whereas

the fourth lot was soaked three hours in the water and only a quarter-

hour in the formalin solution. In the hot water treatment, somewhat the

same method was followed, except that a shorter period of treatment was

given.

Germination tests were made of the treated seed in a Geneva germi-

nator. The treatment of the seeds and the data obtained from the germi-

nator tests which are presented in Tables IV and V, show that the forma-

lin treatments injured the viability of the seeds somewhat more than

that of the hot water. In neither case, however, was the seed appreciably

injured.
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TABLE IV.

Oermination of Seed Wheat Soaked in Water, Then Treated With Formalin.

Soaked in
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in ordinary practice it was nevertheless sufficiently high to insure killing

all spores with which it came in contact. Four lots of seed were treated,

for ijeriods vai-ying from one to four hours in the cold water and from

ten to thirty minutes in the hot water. The highest germination obtained

was from seed which had been soaked four hours in cold water and ten

minutes in the hot water.

SUMMARY.

A careful consideration of the evidence at hand would seem to indicate

that in themselves smut spores are easily destroyed by either formalin or

hot water treatments.

Owing to the somewhat impervious nature of the seed coats of wheat,

and the not improbable fact that spores find lodgment in the interstices

of them, it is difficult to reach and kill all the spores with any ordinary

method of treatment.

To render the seed coats of wheat susceptible to such agencies as are

commonly employed for the prevention of smut, it appears to be necessary,

even imperative, that they should be soaked for some time in cold or tepid

water prior to treatment.

A three hours' soaking in cold water and a quarter-hour treatment in

an .18 per cent, formalin solution did not matex'ially injure the viability

of the seeds.

Seeds soaked four hours in cold water and then treated ten minutes

in water at 120 degrees F. gave slightly better gei-mination than the un-

treated seeds.

Some Additions to the Flora of Indiana.

William Stuart.

The accompanying list of flowering and fungous plants are some which

have been collected by the writer during the past two seasons. In the

flowering plants, out of a list of five, three are far removed from the

range to which they are accredited.

In presenting the list it has been thought desirable to append a few

notes under each species, giving the locality and soil in which they were

collected, together with such other observations as might be deemed of

interest.
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FLOWERING PLANTS.

1. Agropyron occidentale Scribn. (A. Spicutum L. & L.) Colorado Blue-

stem. Tippecanoe County.

This species is not listed in Bi-itton and Brown, but may be found in

the revised edition of Bulletin 17 of Division of Agrostology, United States

Depaa-tment of Agriculture, p. 298, 1901. According to Scribner it is found

"in diT or moist soil, Wisconsin to Iowa, and westward to Washing-

ton, Texas and Arizona." It was found in abundance by the writer along

the Wabash and Monon railroads south of Lafayette, in diy. gravelly soil.

Its introduction into the State is doubtless due to the railroads.

2. Sporobolus neglectus Nash. (S. vaginaeflorus Vasey.) Small Rush-

grass. Tippecanoe County.

Found growing in abundance along sidewallis in West Lafayette. No

other station noted.

3. Cheuopodium murale L. Nettle-leaved Goosefoot. Tippecanoe County.

Collected along sidewalk in Lafayette.

4. Asti'agalus Tennesseensis Asa Gray. Tennessee Milk Vetch. Tippe-

canoe County.

This plant was collected in sandy bottom land along the W^ea Creek,

about four miles south of Lafayette, and some two hundred yards down

stream from the W'abash railroad bridge. It is probable that it owes its

introduction into the State to the railroad. Not very abundant. Of this

plant Britton and Brown say: "On hillsides, Tennessee to Alabama and

Missouri, March to May." It was collected in fruit the latter part of May.

5. Psoralea tenuiflora Pursh. Few-flowered Psoralea. Tippecanoe County.

Found growing along the Wabash railroad south of Lafayette. Not

abundant. Collected in fruit July 7, 1901. Britton and Brown give the

range as follows: "Prairies of Illinois and Minnesota to Texas and Sonora

west to Colorado and Montana, May to October."

PLANT RUSTS.

6. Puccinia vexans Farlow. On Bouteloa curtipendula (Michx.) Pen.

Tippecanoe County. II, III, collected July 20, 1900.

7. Puccinia panici Dietl. On Panicum virgatum L. Tippecanoe County.

Ill, collected May 30, 1901. (Teleutospores of previous season.)

II, collected June 22.
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This rust was collected on au isolated clump of Panicum virgatum, In

the same regiou as that in which P. vexans was found. The date of the

formation of teleutospores was not obtained owing to the destruction of

the grass by fire.

8. Aecidium Pammelii Ti"elease. On Euphorbia coroUata L. Tippecanoe

County.

This aecidium was collected June 9, 1901, on plants of E. coroUata, which

were growing in close proximity to the clump of P. virgatum that was

affected with the rust P. panici. The absence of any other aecidium sug-

gested to the writer that possibly this was the aecidial stage of P. panici.

Accordingly some of the affected Eiiphorbia leaves were collected and in-

oculations made upon potted plants of P. virgatum in the station green-

house. Leaves of these plants were inoculated June 11 and 14, the latter

being made with freshly collected material. In each instance well-devel-

oped uredosori were obtained in eight days from the time of infection.

As both inoculations were entirely successful, it would appear reasonably

certain that A. Pammelii on E. coroUata is the aecidial stage of P. panici

on P. virgatum.

9. Aecidium physalides Pk. On Physalis heterophylla Nees. Tippecanoe

County. Collected May 22, 1901.

The writer wishes to acknowledge his indebtedness to Dr. Arthur for

the determination of the rusts.

Effect of the Composition of the Soil Upon the Minute

Structure of Plants.*

Herman B. Dorner.

The growth and distribution of plants are dependent upon four fac-

tors, namely, light, temperature, moisture and soil. Under moisture are

included both that of the soil and that of the atmosphere. Soil and mois-

ture may well be treated together, since the one is greatly dependent upon

the other. In the work carried out. the only factor which was varied was

that of the soil.

The changes occurring in plant structures, due to the variation of any

of these factors, may be divided into two groups. These may be con-

An abstract from a thesis presented to the Faculty of Purdue University for the degree

of Master of Science.
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veniently called iteniuinoit and temiiiiniri/ changes. By pernianent changes

are meant those which have become tixed in the plant and are due to gen-

eration after generation being subject to the same conditions. By tempo-

rary changes are meant those which have taken place for only a genera-

tion or two and which have not 1)ecome impressetl upon the plant to such

an extent but that it will again revert to the normal on lieiug placed under

the former conditions. To this latter group belong the temporary reduc-

tJon of leaf surfaces, stunted growths, and other similar changes. It is

only this latter group which can possibly hgure in the work cai'ried on.

The study of the gross changes, due to the variation of soil conditions,

has always been one of great interest to the botanist. These changes may

be seen in nature all about us and often the vegetation of a region will

give, to the trained eye, the conditions of the soil. The soil is now

studied, not by chemical analysis, but by what will grow upon it.

The object of the experiment has been to determine whether these

variations in the soil have given other than gross changes. Although the

minute differences were the main object in view, all gross changes, which

occurred, were noted in order to trace their connection with the minute

ones.

The soils used in the experiment were a good, dark loam, a good yel-

low clay, and a clean pit sand.

The loam used contained only a very small quantity of sand and was
taken from a tield Avhich had been under cultivation for a number of years,

but to which little or no manure had been added for some time. It

contained a large amount of silt and humus.

The clay also contained a veiy small quantity of sand and wivs secured

only a short distance from a brickyard. The soil, however, was a little

too light for brick-making.

The sand was a clear pit sand, not over sharp or very coarse. On
washing it showed very little silt or foreign substances.

The other three conditions, temperatiu-e, light and moisture, were

kept, as nearly as possible, uniform for all.

In watering, great care was talcen to keep them in the best growing

condition. The plants were only given water when they required it. so that

in no case were they overwatered or allowed to dry out more than

possible.
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The plants were grown in a greenhouse with a day temperature of about

21 degrees C. and a night temperature of about 16 degrees C. However,

on bright, sunny days, the temperature went as high as 27-30 degrees 0.

The plants were arranged upon the bench with enough distance be-

tween them to allow them to receive light from all sides. This was neces-

sary in order to avoid distortions due to overcrowding.

In selecting the plants, an attempt was made, as far as possible, to

select only tliose which were representatives of large families. Those used

were the carnation, chrysanthemum, geranium, bean, corn, and the onion.

At the same time they also represent three modes of reproduction; namely,

by seeds, by bulbs, and by the ordinary cutting or slip.

In making a study of the gross difference the following points were

noted: The size of the plant, the length of the petiole, size and color of the

leaves, diameter of the stems, length of the internodes. and size and

abundance of the roots. For the minute differences, the structures of the

leaf, stem, and roots were studied.

In counting the number of stomata sections were taken from various

parts of the leaves. The sections were then placed, under the microscope

and a spot chosen at random. Twenty counts were made for each side of

the leaf and the average taken.

The bulbs of the onion and the seeds of the corn and bean were planted

directly into the five-inch pots in which they were to remain. On the

other hand, the rooted cuttings of the carnation, chrysanthemum, and ger-

anium were first planted in two and one-half-mch pots and later trans-

feiTed to four-inch pots, in which tliey were allowed to remain.

A close study of the changes in the gross sti-ucture, due to the varia-

tions in the soil, show that the effect of a heavy clay upon a plant is

almost the same as that of a sand. This may be partly explained by the

fact that although a clay soil is very rich in plant foods, the roots find

such difficulty in i>enetrating it that the greater part of it is unavailable.

Hence, the plant suffers in the same manner as when grown in sand, which

is poor in plant foods.

A change in soil was found to result in:

First.—A decrease in size from the loam to the sand. In all cases the

sand produced a dwarfed growth.

Second.—A decrease in leaf surface from loam to sand. In no case

was the leaf surface in the sand over one-half that of the loam.
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Third.—A variation in color. Tlie clay soil gave a very dark green leaf,

while that in the sand was always of a siclvly, yellowish green.

Foui'th.—A decrease in length of petioles from loam to sand.

Fifth.—A decrease in the diameter of the stem from loam to sand.

Sixth.—A decrease in the length of the internodes from loam to sand.

Seventh.—A decrease in the mass of roots from the loam to the sand

witli the exception in the case of the onion. However, wlien the size of

the plant is taken into consideration, the mass of roots of the plants in

sand was always relatively the greatest.

As a result of these numerous variations, the plants in the sand have

a stunted growth above soil and an increased growth in the soil. This

is also true of the clay, but not to such a great extent as in the sand.

The changes in the histological structure are not so general. Those

which do take place are more for specific rather than general cases. Tlie

changes which are general may be summed up as follows:

First.—A decrease in the transpiring surface fi-om the loam to the

sand.

Second.—A decrease in the relative size of the woody tissues of the root

from the loam to the sand. This decrease was due to a variation in the

number of cells rather than to their size.

Third.—A larger numlier of crystals for the clay soil than eitlier of the

other two. This was true in the two plants in which the crystals were

found, the carnation and the geranium. These crystals were found both

in the stems and the leaves.

Fourth.—A greater wood development in the loam than in either of the

others. This increase was not due so much to an increase in tlie size of

the cells as to their number.

There was quite a variation in the number of stomata. but these varia-

tions were specific and not general. In some cases the loam had the

highest average, in others the clay, but in most cases the greatest number

were in the sand. In one case, the corn, the loam showed the greatest

average for both sides of the leaf. In the beau, the clay gave the greatest

average, while in the onion, carnation and geranium the sand gave the

most. (See table.)

In five cases out of the six. the loam gave the thickest leaves. In the

sixth case, that of the carnation, the clay gave the greatest average.

This increase in thickness was caused by a general increase in thickness

of all the tissixes of the leaf.
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In those plants bearing- trieliomes it was found that those growing in

the loam had the smallest number.

An interesting fact was noted in connection with the development of

wood in the carnation. The loam here gave the greatest wood development

and the clay the least, while on the other hand the clay showed a heavy

baud of hard-bast. A decrease in the amount of woody tissue seems to

have been followed by an increase in the amount of liard-bast. In the

clay specimens where there is such a large amount of hard-bast, the wood

is merely represented by a few large vessels and a few wood cells.

In conclusion, it may be said that as a result of the variation of soils,

there are more marked changes in the gross than in the minute structure.

The changes in gross structure are general for all the plants studied, while

the changes in the minute structures are more for specific than for gen-

eral cases.

TABLE SH0WINC4 NUMBEK OF STOMATA PER SQUARE MM.



EXPLANATION OF PLATES.

In the illustratious, 1 always represents those plants grown in loam

2, those in clav : and 3. those in sand.

Chrysanthemum.
Carnation.

J)OMn.

Geranium.

(289)



Bean. Corn.

Onion.

Geranium.
(290)

Chrysanthemum.
Carnation.
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• A Collection of Myxomycetes.

Fred Mutchler.

This collection was made duriug the mouth of October, 1901, iii the

neighboi'hood of Bloomiugtou, lud. Lister's "Mycetozoa" was used in

classifying them and the names given therein have been observed in this

list.

Amavrosporales. (Spores violet.)

I. Calcarinea. (Sporangia containing lime.)

Order I. Physoraceae. (Lime in granules.)

4. Fuligo septica Gmelin.

Order II. Didymiaceae. (Lime in crystals.)

12. Didymium nigripes Fries.

Didymium Xanthopus Fries.

II. AmniirocJiaetineoe. (Six>raugia without lime.)

Order I. Stemonitaceae.

1."). Stemonitis splendens Eost.

Stemonitis fusca Rost.

Stemonitis fusca. var. confluens Rost.

Stemonitis ferruginea Ehrenb.

Lamprosporales. (Spores other than violet.)

I. Anemiiieae. (No capillitium.)

Order I. Heterodermaceae.

24. Dictydium umbilicatum Schrader.

II. Calonemineac. (Capillitium present.)

Order I. Trichiaceae.

33. Trichia fallax Pers.

Ti-ichia athnis De Bary.

Trichia favoginea Pers.

Trichia contorta Rost.

Trichia persimilis Karst.

Trichia botrytis Pers.

Trichia scabra Pers.

Trichia varia Pers.

34. Oligonema nitons Rost.

35. Hemitrichia rubiformis Lister.

Hemitrichia leoearpa Lister.
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Hemitrichia clavata Rost.

Hemitrichia intorta Lister.

Hemitrichia Karstenii Lister.

Hemitrichia stipata Mass.

Order II. Arcyriaceae.

37. Ai-cyria pucinea Pers.

Arcyria stipata List.

Arcyria digitata McBr.

Arcyria albida Pers.

Arcyria incarnata Pers.

Arcyria nutans (Bull.) Grev.

Arcyria ferruginea Sant.

Arcyria flava Pers.

Arcyria insignis Kalchbr. and Cooke.

39. Perichaena variabilis Rost.

Perichaena chrysosperma List.

Order III. Margaritaceae.

41. Dianema depressum List.

Order IV. Lycogalaceae.

43. Lycogala miniatum Pers.

Lycogala exigium Morg.

Lycogala flavo fuscum Rost.

A Study or the Histology of the "Wood of Certain Species

OF Pines.

Katherine E. Golden.

The conifers grow in thicl<ness similarly to the dicotyledons, but their

wood differs very considerably, particularly the secondary wood, in which

wood vessels are entirely absent. In the first-year wood a few vessels are

developed close to the pith, but the after-growth is composed entirely of

tracheides. The tracheides are fibre-lili;e elements with peculiar bordered

pits, and are very similar in their appearance in the different species, and

yet the wood, talven as a whole, differs very materially, varying from the

very soft, light wood of the white pine to the hard, dense wood of the

long-leaf pine.
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In order to determiue, if possible, what peculiarity of structure pro-

duced such variations in the wood, since the wood itself is formed en-

tirely of similar elements, and there is not the chance for variations in

structure that appear in the dicotyledonous wood, certain species of the

pines were examined microscopically, by means of sections and by macera-

tion of the wood, by the latter method separating the elements. Thirteen

species were examined. The wood varied In age from seven years in

Pinus glabra to over fifty years in Pinus elliottii. In order to compare

Pine Tracheides. X 145.

the elements in the different species, and also the spring and summer wood

of the same species, camera lucida drawings were made of the tracheides.

These were then measured, so as to determine the actual length, width,

and the thickness of the walls of the spring and the summer woods.

The tables give the results of the measurements, the characteristics of

the woods as obtained from sections studied with the microscope, and also

the properties of the wood in bulk.
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In examining the figui'es obtained it is seen there are six species in

which the spring -wood tracheides are longer than those of the summer,

while seven species have the summer tracheides the longer. The species

in each group show variations in hardness and strength, so that taking

the length of the tracheides as a factor by itself nothing can be deduced

in regard to the quality of the wood, but taking the length and comparing

it with the width of the cells, and again comparing the width and the

thickness of walls together, and the amount of the spring and summer

wood, the strength can be determined within limits in each species.

For instance, in P. ponderosa scopulorum the spring tracheides are 129.6

times as long as they are wide, and the summer tracheides 164.4 times

their width, the thickness of their walls is not nearly as great as that of

many of the others, but when the thickness is compared with the width

of the cells, it is foimd to be fairly thick, and as about two-thirds of the

annual ring is summer wood, we have an explanation of the strength of

the wood.

Taking any of these factors alone, it does not mean anything, as the

length of the elements may be very considerable, but the width may be

also; then, again, the elements may have rather thin walls, if the thick-

ness of the wall alone were considered. But when the size of the cell

as a whole is taken into consideration along with the thickness, the pro-

portion of wall may be greater than the figures representing the thick-

ness indicate.

Contributions to the Flora of Indiana.

Stanley Coulter.

The notes included in this contribution are based, partly, upon a crit-

ical study of certain species and partly upon reports and materials sub-

mitted by those interested in perfecting our knowledge of the flora of the

State. They are presented in the hope that they may prove of interest

and value to the botanical workers of the State.

Pinus Strobus L. White Pine.

From Mr. C. F. Very, of New Albany, I have received abundant speci-

mens of the leaves and cones of this species with the following notes.

The specimens are from tfees planted by the father of Mr. Very some

seventy years ago. and one of them is about sixty feet in height, with a
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ti'uuk diameter of eighteen Inches: "They came from that native grove

of white pine in the northeastern part of Floyd County, near the line of

Clark. At the time my father got them, about seventj^ years ago, there

was quite a grove of the white pines there,- one of them being quite an old

tree, which would throw them back of the time of white men. The

Knobs in that region are now covered with old field scrub pine" (P.

Virginiana Mill). The note is interesting as extending the local range of

the white pine.

ErioiJlioriint yracile Koch, as given in the State Flora, page 655, becomes

E. paucinerc'linn (Eiigelm,) A. A. Eaton, as will be seen by reference to

Brittou's Manual, page 182, and the latter name should replace it.

ErioitJtoruni (jrucile Koch, of Britton's Manual, but not of the Illustrated

Flora, has been collected by Mr. C. C. Deam, of Blufifton, in Wells

County. The determination of the form was made by E. S. Steele,

Assistant Botanist, Department of Agriculture, Washington.

E. jKiucinervnim, therefore, replaces E. gracile of the State Flora, and E.

gracile of Britton's Manual is to be added to the Flora.

Quercus Texana Buckley.

In Britton's "Manual of the Flora of the Northern States aiid Canada,"

page 333, it will be seen that this species becomes Quercus Schneckii Brit-

ton (Q. Texana Sargent, in part, not Buckley). Under the former name it

was reported in the "Catalogue of the Flowering Plants and of the Feras

and Their Allies Indigenous to Indiana,"^ as occurring in G-ibson. Posey ajnd

Knox Counties, upon the authority of Dr. J. Schneck. The statement was

also made that it would be found to extend farther northward along the

Wabash River. Specimens have oome into my hands since that report

from YermilUon County, where it occurs in considerable abundance.

While closely allied to Q. palustris DuRoi, with which it is doubtless often

confused, it is also liable to be mistaken on casual inspection for Q. rubra

L. In addition to the leaf characters which serve to separate the forms,

I have found the shape of the buds and color of the twigs of value. The

buds are more sharply conical and apparently much more compactly built

tlian in either Q. rubra or Q. palu,stris. The twigs are of a lighter, more

definite gray than in the other forms and have in addition a peculiar dusty

appearance, because of their being slightly tomentulose. A reference to

Britton's Manual as cited above will give leaf and fruit characters. I sub-

mit with this specimens in fioAver and fruit, labelled Q. Texana Buckley,

Report of State Geologiat, p. 710.
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which wi'iv eolh'ctcd in hiw liottonis two miles oast of Ml. Canuel. 111.,

by Dr. J. Schneck. In the Catalogue of the State Flora, therefore, Q.

SrJinrckii Britton should replace Q. Tc.raua Buckley, and Vermillion County

be added to the ran.ue there assiy-ned.

Qitrrrii.s rJliiisni<hilis E. .1. Hill. II ill's Oak.

Mr. Hill informs me th.nt this oak occui-s in the northwestern counties

of the State. The ran.iic as uivcn in Britton's Manual, pa.ye ;>:'>4. is lUinoisj.

Michigan ai;d Minnesota. It is a t.nll ti'ee with drooping lower branches,

close, gray bark. I he innermost layer lieing yellowish. The leaves are oval

to obovate-orl)icuhir in ontline, from (!-l."> cm. long when mature, deeply

o-T lobed. with rounded siiuises: shining alwve. glabrous or nearly so be-

neath; b.nse broa<lly cuneate to truncate: petioles 2. .">-.' cm. long. Acorn

ellip.soid to suliglobose. 1-"_' cm. long. 1-1..") cm. thick. 1-2 tinu's as long as

cii]). iI!i'itton"s .M;niu;il. lac cil.) The species should iic added to the

tlor.a.

Qu<'r<-iis {/(/(/(/ildcfdl ill (Ivll.i .\siic.

It will be recjilled tliat l;ist ycai-' I express. >d the oi>inion that the above

form was "so well marked in oui- area as to se«>m cntilled to varietal, if

not, indeed. t(! specific rank." I further stated, .after reviewing the his-

tiH-y of tlie species, tliat in my judgment "it should be written Q. dUi'itdtd

IKUioddcfvliii Ell., and given a place in the tlora."

In Britton's Manual, page oM. it appears as above, with the following

leaf and fruit description:

"Leaves oval to oblong in outline, cuneate to truncate at base, 2-3 dm.

long, deeply 5-11 lobed, persistently white-tomeutulcse below, dark green

above, the lobes narrowly triangular, vspreading or somewhat ascending,

usually entire; twigs tomentose; petioles 3-0 cm. long; cup sessile, shallow,

its l)racts appressed; acorn glol)ose, about 1 cm. in diameter; about one-

half enclosed in cup."

The tree, which is from KMMIO degrees high in its maximum develop-

ment, is usually fouiul in wet or nutist soil. In the southwestern coun-

ties, \>v. .1. Sclincck. 1 submit for yoiu* inspection spe^MUiens collected by

Dr. Schneck lU'ar East Mt. Ciarmel, Ind.

Q. pafmldffoJia I Ell.) Ashe is. therefore, to be added to the tlora, hav-

ing a place between Q. diiiitdtd (Marsh) Sudw.. and Q. MdriflaiiiUcd Muencli,

being given the range assigned above.

^ Proceedings Indiana Academy Science, Vol. 11, p. 142.

17—Academy of Science.



300

(jiKiciis Alcnniflrri Brittoii. (IMiiiiual of the Florn of tlio Northern States

ami Canmla. page '.MH'>.}

To this species is to l)e referr«Ml tlie forms eited in the State Catalogue,

page 713, under Q. J'riiiiis L.

Q. Alcraiidcri is elosely allied to Q. avvminaia (Miehx.) Houda, includ-

ing really wliat were formerly regarded as broad-leaved forms of the

latter species. The description is as follows:

"A tree similar to the preceding species {Q. acinidnata), but the leaves

broadest al>ove the middle, ol)ovate or oblong-obovate; cup cupulate, short-

stalked or sessile, sliallow; acorn ovoid, l..')-2 cm. long, 2-3 times as high as

the cup; bark; especially tliat of tlie old trees, flaky."

Probal)ly fairly (listril)uted tbroughout tlie State in the same situa-

tions as (J. (icinnnidtii.

In some resitects. notably tlic venation of tlie leaf and the acorn, the

form closely ajiiiroaclies (^. Piiiiiis. The catalogue should, however, be

coiTccted lo read as indicated liy lliis paragraph. Specimens of the leaves

are lierewitli presented.

Sisi/inhriiiiih altissiniunh L.

This species, adventive from Europe, is reported by Dr. Robert Hess-

ler as gi-owing along the State Line Railroad, east of Lake Cicott, Cass

County, June 7. 1901; Lake Maxhikuckee, Marsliall County, H. W. Clark.

The species is easily distinguished from the otlier members of the genus

by its height, from G-9 dm.

Vicin (ing)(siifoJia Roth.

"Growing plentifully along the old Eel River railroad in the nm-thern

portion of Logansport. I had not noticed it in former years and it must

liave been introduced recently." (Robert Hessler.)

Britton. in liis manual, page 5GG, gives the range of the species from

Nova Scotia to Florida. This record is a western extension of the range.

Tlie inflorescence being axillaiy, separates it readily from the other mem-

l»ers of the genus except T. sotira L. and V. seidmn !>.; from I.ioth of

which it is easily distinguished by the character of the leaflets.

S(i(ii>ln(l(tr\(i. UjiordUi Bicknell.

"Lake Cicott, Jiuie 7, 1901, in flower; Lake Maxinkuckee, July 21,

1901. in fruit. Plants are more upright and bloom much earlier thau the

other species, at least l)y the end of May." lRol)ert Hessler.) Also col-

lected at Lake Maxinkuckee by H. W. Clark.
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The form is further separated fipom S. Mari/hnidica L. by its leuives

being '"incised dentate" instead of sliarply serrate: the mostly alternate

instead of opixjsite hractlets; tlie sharply contracted throat of the corolla,

and the corolla being- dull instead of shining within.

An examination of the specimens in the Purdue Herlvarium show that

all of the specimens collected in Hower in May and June are to be referred

to this species, wliicli will prolialjly lie found genci'ally distrilnitcd Ihrougli-

out the lr>tate.

The following additions ai-c also I'eported by Mr. II. W. Clarlc. Init

as specimens have not l)een seen they are included only tentatively:

Savastand odorttta (L.) Scril)n. Holy Grass. Seneca Grass.

Lake Maxiidcuckee. Marsliall County. Tliis locility would l>e a sinitli-

ward extension of range in llic cciitral riiitcd States, the rccorde^l range

being "south to Wisconsin."

Lilium iiinhclldtiiiii I'ui'sh. \\'cst('i-n Itcd Lily.

Lake Maxinknckcc. Marsli.ill ("oniity. Tlie oidy olijection to this ref-

erence seems to lie in the lact lliat it is a (b-y soil jtlant. and the furtiier

fa.ct tliat tlu> ma.joi'ity of .Mr. Clark's .Maxiiiknckc<> collections wcrr in

the marginal zones near the lake. The leaf character and arrangement

would, however, seem sutticient to s<'i)arate it readily from any related

forms.

The following species are to be added upon the authoi'ity qt Britton's

"Manual of the P^lora of tlie Northern .States and Canada." I have not

as yet had opportunity to examine Herbarium specimens to verify the ref-

erences, but have uo reason to doubt their accuracy.

LycopodUnn porophilinn Lloyd and Underw. Rock Club-moss.

Britton's Manual, page 1037. "'Differs from L. luckluluni in its nearly

linear entire leaves and smaller size, and from L. Selago in the bases of its

leaves, which are flattened. On sandstone rocks, AViscousin, Indiana and

Alabama." The familiarity of Dr. Underwood with the Pteridophytes of

the State places this reference beyond question.

Tulinum rmiospcrmnm Holzinger. Rough-seeded Talinum.

Britton's Manual, page 1047. ""Similar to T. teretifolium and confused

with that species. * * T. teretifolium differs in having short, blunt style-

lobes, oblong anthers and smooth, black seeds. In dry soil Indiana to Wis-

consin and Minnesota." In T. ruyospermum the seeds are pale and rough-

ened.
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The following additional stations are reported by Dr. Robert Hessler

and indicate work of a character tliat would much simplify the labors of

the Biological Survey if it could become more general:

Xi/ris fte.ri(i)S(i Muhl. Slender Yellow-eyed Grass.

Low places along Lake Cicott. Cass County, August. T.Kfl. Previous re-

ported stations are Laporte. I>ake and Kosciusko counties.

Vfnitnim Wotidii Uobltins. Wood's False Helleboi-e.

Found several miles southeast of Logansitort, Cass County. Xo flowers

developed, prolialily i>n accomit of the exti-cnie dryness of llie season.

TrlUUnn tiinilr Uiddell. Early Wake U(>l>in.

On rocky, shaded liillsides. lare. This si)ecies is also found in abun-

dance in Tii»in'c,in<>e Coimty. on tlie gronnds of the Germania Club south

of La Fayette.

Jrffcrsuiiia ili/iJillH" il-i I'ers. 'I'win-leaf.

A ](atcli on a sliady liillside east of Loganspoi-t. Cass County.

nmiKiiiirlifi Yirn'iiiUiiKi L. Witch Hazel.

On limestone cliffs along the ^^'al»asll Kiver. near Logansporl.

Flocrlcfd iiroxi rji'iiKicd'nhs Willd. False .Mermaid.

In low, moist woods at the Northern Indiana Hospital for Insane, Cas.s

County. A large patch in blooiu. May 2. UHtL

Oeuotheni hicinidtn Hill. Siuuate-leaved Evening Pnmrose.

Along the Eel Itiver railroad, about two miles east of Logansport. Cass

County, Spreading rapidly along the right of way of the railroad. Previ-

ous records for the State are Vigo. Daviess and Fayette counties.

Li/siiiKicliid (/iKHlri folia L. Whorled Loosestrife.

In sandy soils altont Lake :\Iaxinkuckee, Marshall County.

Still nihil raid thiifsifloni (L.i Duliy. Tufted Loosestrife.

Wet plac-es about Logansport, Cass ("ounty.

Asclciiids aitiiilr.iiciniHx .1. E. Smith. (A. ohtiisifnUii Michx.) P.lunt-leaved

Milkweed.

A cluster fomid in a sand field near Lake Cicoft, only a, shoi't distauce

from the railroad.

The following fi^rms are spreading witli extreme rapidity in locations

indicated:

Vamclhia. sdtira (L. i Crantz. False Flax.

In Logansport. along the right of way of the Wabash railroad.

Micrampelis lohiitit (Michx.) Greene. Wild Balsam Apple.

.S'/Y//r>s aiunddiuH L. Star Cucumber. One-seeded Bur Cucumber.
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"These vines, formerly rarely seen in Oass County, are now very

common n Ions' tlie margins of the AVabash River, covering shrubs and

small trees profusely and often croAvding out small plants." (R. Hessler.)

Should the nomenclature of Britton's Manual. 1901, be generally

adopted, many new si^ecies would be added to the flora of the State, since

in tliat worlc any recognizable plant segregate is given specific rank. No
sweeping clianges should l)e made, however, until there has been sutticient

time to .indge as to wlietlier tlic si>ecies there announced are possible of

recognition except liy tlic comparalive methods of a great herbarinm.
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AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS

AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE.

[Approved March 11, 1895.1

Whereas. The Indiana Academy of Science, a chartered
-,.-,.., i.x j_- Preamble,

scientific association, has emljodied m its constitution a pro-

vision that it will, upon the request of the Governor, or of the several

departments of the State government, through the Governor, and through

its council as an advisory body, assist in the direction and execution

of any investigation within its province, without pecuniary gain to the

Academy, provided only that the necessary expenses of such investiga-

tion are borne by the State, and.

Whereas. The reports of the meetings of said Academy, with tlie sev-

eral papers read before it. have very gi-eat educational, industrial and

economic value, and should be preserved in permanent form, and,

AVhekeas. The Constitution of the State makes it the duty of the (Jen-

eral Asseml)ly to encourage by all suitable means intellectual, scientitic

and agricultural improvement, therefore,

Sectiox 1. Be it riKirtcd hi/ the General AsxcDiblii of the „ ui- .• rPublication of

State of Indiana, That hereafter the annual reports of the the Reports of

meetings of the Indiana Academy of Science, beginning with ^^ademy of

the report for the year 1.S94, including all papers of scientitic Science.

or economic value, presented at such meetings, after they shall have been

edited and prepared for publication as hereinafter provided, shall be pul)-

lished by and under the direction of the Commissioners of Public Printing

and Binding.

Sec. 2. Said reports shall be edited and prepared for pub-

lication Avithotit expense to the State, by a corps of editors to E'bting

Reports,
be selected and appointed by the Indiana Academy of Sci-

ence, who shall not, by reason of such services, have any claim against

the State for compensation. The form, style of binding, paper, typography

and manner and extent of illustration of such reports, shall
Number of

be determined hj the editors, subject to the approval of the printed

Commissioners of Public Printing and Stationery. Not less Reports.

(5)



6

than 1,500 nor more than 3,000 copies of each of said reports shall be pub-

lished, the size of the edition within said limits, to be determined by the

concurrent action of the editors and the Commissioners of Public Print-

ing and Stationery: I'roridcd, That not to exceed six hundred dollars

(.$000) shall be expended for such publication in any one year.
Proviso

and not to extend beyond 1890: Prorulcd, That no sums shall

be deemed to be appropriated for the year 1S94.

Sec. 3. All except three hundred copies of each volume
Disposition Qf sjrjid reports shall be placed in the custody of the State
of Reports.

Librarian, who shall furnish one copy thereof to each public

library in the State, one copy to each university, college or normal

school in the State, one copy to each high school in the State having a

library, which shall make application therefor, and one copy to such other

institutions, societies or persons as may be designated by the Academy

through its editors or its council. The remaining three hundred copies

shall be turned over to the Academy to be disposed of as it may deter-

mine. In order to provide for the preservation of the same it shall

be the duty of the Custodian of the State House to provide and place at

the disposal of the Academy one of the unoccupied rooms of the State

House, to be designated as the otBce of the Indiana Academy of Science,

wherein said copies of said reports belonging to the Academy, together

with the original manuscripts, drawings, etc., thereof can be safely kept,

and he shall also equip the same with the necessary shelving and

furniture.

Sec. 4. An emergency is hereby declared to exist for the
Emergency.

jj-jj^jp^Ufj^-g taking effect of this act, and it shall therefore take

effect and be in force from and after its passage.



AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS
AND EGGS.

[Approved March 5, 1891.]

Section 1. Be it enacted hy the General Asscmhly of the

State of Indiana, That it shall be unlawful for any person to

kill any wild l)irtl other than a game bird, or purchase, offer for sale any

such wild bird after it has been killed, or to destroy the nests or the eggs

of any wild bird.

Sec. 2. For the purpose of this act the following shall

be considered game birds: the Anatidte, commonly called

swans, geese, brant, and river and sea ducks; the Rallid;o, commonly

known as rails, coots, mudhens, and galliuules; the Limicola?, commonly

known as shore birds, plovers, surf birds, snipe, woodcock and sand-

pipers, tattlers and curlews; the Gallina?, commonly known as wild tur-

keys, grouse, prairie chickens, quail, and pheasants, all of which are not

intended to be affected by this act.

Sec. 3. Any person violating the provisions of Section 1

Pcufilty
of this act shall, upon conviction, be fined in a sum not

less than ten nor more than fifty dollars, to which may be added impris-

onment for not less than five days nor more than thirty days.

Sec. 4. Sections 1 and 2 of this act shall not apply to
Pcnnits

any person holding a permit giving the right to take birds

or their nests and eggs for scientific purposes, as provided in Section 5 of

this act.

Sec. 5. Permits may be granted by the Executive Board ^ .. .•' ^ •' Permits to

of the Indiana Academy of Science to any properly accredited Science,

person, permitting the holder thereof to collect birds, their nests or eggs

for strictly scientific purposes. In order to obtain such permit the ap-

plicant for the same must present to said Board written testimonials

from two well-known scientific men certifying to the good character and

fitness of said applicant to be entrusted with such privilege and pay to

said Board one dollar to defray the necessary expenses atttending the

granting- of such permit, and must file with said Board a

properly executed bond in the sum of two hundred dollars,

signed by at least two responsible citizens of the State as sureties. The

bond shall be forfeited to the State and the permit become tj i^ isond

void upon proof that the holder of such permit has killed forfeited.
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any bird or taken the nests or eicj?s of any bird for any other purpose than

that named in this section and shall further be subject for each offense

to the penalties provided in this act.

Sec. G. The permits authoiMzed Ijy this act shall be in

Two VGn.rs
force for two years only from the date of their issue, and

shall not be transferable.

Sec. 7. The English or European House Sparrow (Passer
prey.

^iQij^gy^jf-^g,^ crows, hawks, and other birds of prey are not

included among the birds protected by this act.

Sec. 8. All acts or parts of acts heretofore passed in con-

Acts repealed.
^.^_^ ^^,.^^^ ^jj^ provisions of this act are hereby repealed.

Sec. 9. An emergency is declared to exist for the imme-
Emergency.

^^..^^^ taking effect of this act, therefore the same shall be

in force and effect from and after its passage.
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CONSTITUTION.

ARTICLE I.

Section 1. This association shall be called the Indiana Academy of

Science.

Sec. 2. The ol).iects of this Academy shall he scientific research and

the diffusion of knowledge concerning the various departments of science:

to promote intercourse between men engaged in scientific work, especially

in Indiana: to assist by investigation and discussion in developing and

making known the material, educational and other resources and riches

of the State: to arrange and prepare for publication such reports of in-

vestigation and discussions as may fiutlier the aims and olgects of the

Academy as set forth in these articles.

Whereas, the State has undertaken the publication of such proceed-

ings, the Academy will, upon retiuest of the Governor, or of one of the

several departments of the State, through the Governor, act through it.s

council as an advisory body in the direction and execution of any investi-

gation within its province as stated. The necessary expenses incurred in

the prosecution of such investigation are to be borne by the State: no

pecuniary gain is to come to the Academy for its advice or direction of

such investigation.

The regidar proceedings of the Academy as published liy the State

shall become a public document.

ARTICLE II.

Section 1. Members of this Academy shall be honorary fellows, fel-

lows, non-resident members or active members.

Sec. 2. Any person engaged in any department of scientific work, or

in original research in any department of science, shall be eligible to

active membership. Active members may be annual or life members.

Annual members may be elected at any meeting of the Academy; they

shall sign the constitution, pay an admission fee of two dollars, and there-
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after an annual fee of one dollar. Any person who shall at one time

contribute fifty dollars to the funds of this Academy, may be elected a

life member of the Academy, free of assessment. Non-resident members

may be elected from those who have been active members but who have

removed from the State. In any case, a three-fourths vote of the mem-

bers present shall elect to membership. Applications for membership in

any of the foregoing classes shall be referred to a committee on applica-

tion for membership, who shall consider such application and report to

the Academj^ before the election.

Sec. 3. The members who are actively engaged in scientific work, who

have recognized standing as scientific men, and who have been meml)ers

of the Academy at least one year, may be recommended for nomination

for election as fellows by three fellows or members personally acquainted

with their worli and character. Of members so nominated a number not

exceeding five in one year may, on recommendation of the Executive

Committee, be elected as fellows. At the meeting at which this is

adopted, the members of the Executive Committee for 1894 and fifteen

others shall be elected fellows, and those now honorary members shall

become honorary fellows. Honorary fellows may be elected on account

of special prominence in science, on the written recommendation of two

members of the Academy. In any case a three-fourths vote of the mem-

bers present shall elect.

ARTICLE III.

Section 1. The officers of this Academy shall be chosen by ballot

at the annual meeting, and shall hold office one year. They shall consist

of a President, Vice-President, Secretary, Assistant Secretary, Press Secre-

tary, and Treasurer, who shall perform the duties usually pertaining to

their respective offices and in addition, with the ex-Presidents of the

Academy, shall constitute an Executive Committee. The President shall,

at each annual meeting, appoint two members to be a committee which

shall prepai'e the programs and have charge of the arrangements for

all meetings for one year.

Sec. 2. The annual meeting of this Academy shall be held in the city

of Indianapolis within the week following Christmas of each year, un-

less othei'wise ordered by the Executive Committee. There shall also be

a summer meeting at such time and place as may be decided upon by the
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Executive Committee. Other meetings may l)e called at the discretion

of the Executive Committee. The past Presidents, together with the

officers and Executive Committee, shall constitute the Council of the

Academy, and represent it in the transaction of any necessary business

not specially provided for in this constitution. In the interim between

general meetings.

Sec. 3. This constitution may lie altered or amended at any annual

meeting- by a three-fourths majority of the attending members of at least

one year's standing. No question of amendment shall be decided on the

day of its presentation.

BY-LAWS.

1. On motion, any special depai-tment of science shall be assigned to a

curator, whose duty it shall be. with the assistance of the other members

interested In the same department, to endeavor to advance knowledge in

that particular department. Each curator shall report at such time and

place as the Academy shall direct. These reports shall include a brief

summary of the progress of the department during the year preceding the

presentation of the report.

2. The President shall deliver a public address on the morning of one

of the days of the meeting at the expiration of his term of office.

3. The Press Secretary shall attend to the securing of proper news-

paper reports of the meetings and assist the Secretary.

4. No special meeting of the Academy shall be held without a notice

of the same having been sent to the address of each member at least

fifteen days before such meeting.

T). No bill against the Academy shall be paid without an order signed

by the President and countersigned by the Secretary.

G. Members who shall allow their dues to remain luipaid for two

years, having been annually notified of their arrearage by the Treasurer,

shall have their names stricken from the roll.

7. Ten members shall constitute a quorum for the transaction of

business.
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Donaldson Bodine 1809 Crawfordsville.

W. S. Blatcliley 189.3 Indianapolis.

H. L. Bruner 1899 Irvington.

Severance Burrage 1898 Lafayette.

A. W. Butler 1893 Indianapolis.

J. L. Campbell 1893 Crawfordsville.

Mel. T. Cook 1902 Greencastle.

.John M. Coulter 1893 Chicago, 111.

Stanley Coulter 1893. Lafayette.

(^enn Culliertson 1899 Hanover.

I). W. Dennis 1895 Richmond.

C. R. Dryer 1897 Terre Haute.

C. H. Eigenmann 1893 Bloomington.

Percy Norton Evans 1901 Lafayette.

A. L. Foley 1897 Bloomington.

Katherine E. Golden ISO.") Lafayette.

M. J. Golden 1800 Lafayette.

W. F. M. Goss 1803 Lafayette.

Thomas Gray 1803 Terre Haute.

A. S. Hathaway 189.5 Terre Haute.

W. K. Hatt 1902 Lafayette.

Robert Hessler 1899 Logausport.

H. A. Huston 1893 Lafayette.

Arthur Kendrick 1898 Terre Haute.

Robert E. Lyons 189H Bloomington.

V. F. Marsters 1893 Bloomington.

C. L. Mees 1894 Terre Haute.

W. J. Moenkhaus 1901 Bloomington.

Date of election.
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Joseph Moore 180(j .Hichmond.

D. M. Mottier ISD:! Bloomington.

W. A. Noyes 1893 Terre Haute.

J. H. Ransom 11)02 Lafayette.

L. J. Rettger 189G Terre Haute.

J. T. Scovell 1804 Terre Haute.

Alex. Smith 18o;; Chicago. III.

\V. E. Stone 180;', Lafayette.

Joseph Swain *1808 Swarthmore, Pa.

M. B. Thomas 1803 Crawfordsville.

C. A. Waldo 1803 = , . Lafayette.

F. M. Webster 1804 Champaign. 111.

H. W. Wiley 1805 Washington. D. C.

John S. Wright 1804 Indianapolis.

\()X- RESIDES T MEMHERS.

George H. Ashley. Charleston. S. C.

M. A. Brannon (irand Forks, N. D.

J. C. Branuer Stanford University. Cal.

D. H. Campbell Stanford University, Cal.

A. AMlmer Duff , Worcester. Mass.

B. W. Evermann Washington. I^. C.

Charles H. Gilbert Stanford University. Cal.

G. W. Green Stanford University, Cal.

C. W. Hargitt Syracuse. N. Y.

O. P. Hay Washington. D. C.

Edward Hughes Stockton. Cal.

O. P. Jenkins Stanford University, Cal.

D. S. Jordan Stanford University. Cal.

J. S. Kingsley Tufts College, Mass.

D. T. MacDougal Bronx Park.NewYorkCity

T. C. Mendenhall Worcester, Mass.

Alfred Springer Cincinnati, Ohio.

L. M. Underwood New York City.

Robert B. Warder Washington. D. C.

Ernest Walker Clemson College, S. C.

'• Date of election

.

2—Academy of Science.



ACTIVE MEMBERS.

G. A. Abbott Indianapolis.

Frederick W. Andrews Bloomiugton.

George C. Ashman Franlifort.

Edward Ayres Lafayette.

Artluir M. Banta Franlilin.

Edwin M. Blalie Lafayette.

J. W. Beede Bloomington.

Lee F. Bennett Valparaiso.

William N. Blanchard Greencastle.

Charles S. Bond Richmond.

Fred .J. Breeze Pittsburg.

E. M. Bruce Weston, Oregon.

A. Hugh Bryan Indianapolis.

E. J. Chansler Bicknell.

Howard W. Clark Culver.

Otto O. Clayton Pleasant Mills.

George Clements Springfield, 111.

Charles Clickener Tangier.

U. O. Cox ]\[ankato, Minn.

William Clifford Cox Columbus.

J. A. Cragwall Crawfordsville.

Albert B. Crowe Ft. Wayne.

M. E. Crowell Franklin.

Edward Roscoe Cumings Bloomington.

Alida M. Cunningham Alexandria.

Lorenzo E. Daniels Laporte.

H. .T. Davidson Baltimore, Md.

Charles C. Deam Bluffton.

Martlia Doan Westfleld.

J. P. Dolan Syracuse.

Herman B. Dorner Lafayette.

Hans Duden Indianapolis.

E. G. Eberhardt Indianapolis.

Frank R. E'ldred Indianapolis.

M. X. Elrod Columbus.

Samuel G. Evans Evansville.
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Carlton G. Ferris Big Rapids, Mich.

E. M. Fislier Urmeyville.

Wilbur A. Fiske Richmond.

W. B. Fletcher Indianapolis.

Austin Funlv New Albany.

Charles W. Garrett Logansport.

Robert G. Gillum Terre Haute.

Vernon Gould Rochester.

Walter L. Hahn Bascom.

Victor K. Hendi-icks Indianapolis.

Mary A. Hicliman Greencastle.

John E. Higdon Indianapolis.

Frank R. Higgins Terre Haute.

John ,1. Hildebrandt Logansport.

J. D. Hoffman Lafayette.

Allen D. Hole Richmond.

John N. Hurty Indianapolis.

Lucius M. Hubbard South Bend.

Alex. Johnson Ft. Wayne.

Edwin S. Johonnott, Jr Terre Haute.

Ernest E. Jones Kokomo.

Chancey Juday Boulder, Col.

O. L. Kelso Terre Haute.

Charles T. Knipp Bloomington.

Henry H. Lane Lebanon.

V. H. Lockwood Indianapolis.

Dumont Lotz Indianapolis.

William A. McBeth Terre Haute.

Robert Wesley McBride Indianapolis.

Rousseau McClellan Indianapolis.

Richard C. McClaskey Terre Haute.

Lynn B. McMullen Indianapolis.

Edward G. Mahin West Lafayette.

James E. Manchester Vincennes.

W. G. Middleton Richmond.

John A. Miller Bloomington.

H. T. Montgomery South Bend.
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Walter P. Morgan Terre Haute.

Fred Mutcliler Terre Haute.

J. P. Naylor (xi-eeiicastle.

Charles E. Newlin Irving-ton.

John Newlin West Lafayette.

John F. Newsom Stanford UniA^ersity. Cal.

R. W. Noble Chicago, 111.

D. A. Owen Franklin.

Rollo J. Peirce Logansport.

Ralph B. Polk Greenwood.

James A. Price Ft. Wayne,

Frank A. Preston , Indianapolis.

A. H. Purdue ^ Fayetteville, Ark.

Ryland Ratliff Rlooniington.

Albert B. Reagan Bloomington.

Claude Riddle Lafayette.

Giles E. Ripley Decorah, Iowa.

George L. Roberts Greensburg.

D. A. Rothrock Bloomington.

John F. Schnaible Lafayette.

E. A. Schultze Ft. Wayne.

John W. Shepherd Terre Haute.

Claude Siebenthal Indianapolis.

J. R. Slonaker Bloomington.

Richard A. Smart Lafayette.

Lillian Snyder Rockville.

Retta E. Spears Elkhart.

Charles F. Stegmaier Greensburg.

William Stewart Lafayette.

J. M. Stoddard Indianapolis.

William B. Streeter Indianapolis.

Frank B. Taylor Ft. Wayne.

J. F. Thompson Richmond.

A. L. Treadwell Oxford, Ohio.

Daniel J. Troyer Goshen.

A. B. Ulrey North Manchester.

W. B. VanGorder Worthington.
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Arthur C. Veateh Rockport.

H. S. Voorhees ....... Ft. Wayne.

J. H. Voris Huntington.

B. C. Waldemaier AVest Lafajettt

Daniel T. Weir Indianapolis.

Jacob Westlund . Lafayette.

Fred C. Whitcomb ... Delphi.

William M. Whitten South Bend.

Neil H. Williams Indianapolis.

William Watson Woollen Indianapolis.

J. F. Woolsey Indianapolis.

Fellows 47

Non-resident nu'ml)ers 20

Active members 118

Total 185



LIST OF FOREIGN" CORRESPOJSTDE^s'TS.

AFRICA.

Dr. J. Medley Wood, Xatal Botanical Gardens, Berea, Durban. South

Africa.

South African Philosophical Society, Cape Town, South Africa.

ASIA.

China Branch Royal Asiatic Society, Shanghai, China.

Asiatic Society of Bengal, Calcutta, India.

Geological Survey of India, Calcutta, India.

Indian Museum of India, Calcutta, India.

India Survey Department of India. Calcutta, India.

Deutsche Gesellschaft, fiir Natur- und Volkerkunde Ostasiens, Tokio,

Japan.

Imperial University, Tokio, Japan.

Koninklijke Naturkundige Vereeniging in Nederlandsch-Indie, Batavia,

Java.

Hon. D. D. Baldwin, Honolulu, Hawaiian Islands.

EUROPE.

V. R. Tsehusizu Schmidhoffen, Villa Tannenhof, Halle in Salzburg,

Austria.

Herman von Vilas, Innsbruck, Austria.

Ethnologische Mittheiluugen aus Ungarn, Budapest, Austro-Hungary.

Mathematische und Xaturwissenschaftliche Berichte aus Ungarn, Buda-

pest, Austro-Hungary.

K. K. Geologische Reichsanstalt, Vienna (Wien), Austro-Hungary.
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K. U. Nntui'wisseiiscliiiftliehe Gesellschnt't. Budapest, Aiistro-Hungary.

Natiirwissenschaftlieh-Mediziiiisclier Vereiii in Innsbruck (Tyrol). Austro-

Hungary.

Editors "Termeszetrajzi Fuzotlc." Hungarian National Museum. Buda-

pest, Austro-Hungary.

Dr. Eugen Dadai, Adj. am. Nat. Mus.. ISudapest, Austro-Hungary.

Dr. Julius von Madarasz, Budapest. Austro-Hungary.

K. K. Natiu'historisches Hofmuseum, Vienna (Wien), Austro-Hiuigary.

Ornithological Society of Vienna (Wien), Austro-Hungary.

Zoologische-Botanische Gesellschaft in "Wien (Vienna), Austro-Hungary.

Dr. J. von Csato, Nagy Enyed, Austro-Hungary.

Botanic Garden, K. K. Universitat, Wien (Vienna). Austro-Hungary.

Malacological Society of Belgium, Brussels, Belgium.

Royal Academy of Science, Letters and Fine Arts. Brussels, Belgium.

Royal Linnean Society. Brussels. Belgium.

Societe Beige de Geologie, de Paleontologie et Hydrologie, Brussels,

Belgium.

Societe Royale de Botanique. Brussels, Belgium.

Societe Geologique de Belgiciue. Liege. Belgium.

Royal Botanical Gardens, Brussels. Belgium.

Bristol Naturalists' Society. Bristol. England.

Geological Society of London, London, England.

Dr. E. M. Holmes, British Pharm. Soc'y. Bloomsl)ury Sq., London, W. C,

E'ngland.

Jenner Institute of Preventive ^Medicine, London. England.

The Librarian. Linnean Society. Burlington House, Piccadilly. London W..

England.

Liverpool Geological Society, Liverpool. England.

Manchester Literary and Philosophical Society. Manchester. England.

'"Nature." London. England.

Royal Botanical Society. London, England.

Royal Kew Gardens. London. England.

Royal <Teol()gical Society of ('oruAvall. I'enzauce. England.

Royal ^ficroscopicnl Society. London. England.
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Zor»l(ij;ic;il Society. London, l^n.iilnnd.

Lieut. -Col. .loliii I'.iddnliili. 4:! Cliaiin.n' Ci'oss. London, Knjiland.

Dr. G. A. HoukMificr, l'.ri11sli Mus. (Niit. Hist.), London, P^nsland.

F. DuCnnc Codninn, 10 Chandos St.. Cavendish S(i., London, England.

Mr. llow.-ird Saundei's, 7 Radnor I'lace, Il.vde P.ark, London W., Enjiland.

riiillii) J.. Sclater, :! Hanover S(i., London W., England.

Dr. Uichard T.owlder Slmrpe, British INIns. (Nat. Hist.), Lon(h)n, En.i,dand.

J'l'of. Alfi-ed Kussell \\':ill:ieo. Corfe \'ie\v, Tarlcstone, Dorset, Kn.yhind.

Botanical Society of France, I'arls. France.

Ministerie de rA.urlcul1ure, I'arls, France.

Societe Fntoniolo^i(ine de France, Paris, France.

L'lnstitut Crand Ducal de Luxembour.ii-, Luxembourg. Lux., France.

See. de Horticulture et (h- P.otan. de Marseille, Marseilles, France.

Soclete Llniu'enne <h' P.ordeaux, Bordeaux, France.

La Soc. Ijinneenne de Xoi-niandle, Caen, France.

Soc. des Naturelles, etc., Nantes, France.

Zoological Society of France, Paris, France.

Baron Louis d'Hanionville, Meurthe et Moselle, France.

Pasteur Institute, Lille, France.

Museum d'Histolre Naturelle, Paris, France.

Botanischer Verein der Proviiiz P.ran(hMd)urg, Berlin, (Jermany.

Deutsche (Jeologisclie (Jc'scdlscliaft, P.erlin, (Jermany.

Entomologlscher Verein in Berlin, liei'lln, fJei-niany.

.Tom'ual fiir Ornithologie. Berlin. (lerniany.

Prof. Dr. Jean Calianis. Alle .I:icob Strasse, ld:> A., Berlin, Germany.

Aufisburger Naturhistorischer Verein, Augsburg, (4erniany.

Count Hans von P.erlsi)sen, Miinden, (Jei-many.

Braunschweiger Verein fiii- Naturwissenschaft, BraunschAveig, Germany.

P>remer Nalurwissenscliaftlicher Verein. Bremen, Germany.

Ornithologlscher, Verein Miinchen, Thierschstrasse, 37'/!'. Miiuchen, Ger-

many.

Royal Botanical Gardens, Berlin W., Gei'uiany.

Kaiserliche Leopoldische-C'arolinische Deutsche Akadeniie der Naturfor-

chei-, Halle Saale, Wilhemstrasse 37, Germany.



Koniglieh-Sachsische Gesellsehaft der Wissenschaften. Matbematisch-

Physische Classe. Leipzig. Saxony, Germany.

Naturhistorische Gesellsehaft zu Hanover. Hanover. Prussia, Germany.

Naturwissenscliaftlicber Vereiu in Hamburg. Hamburg. Germany.

Verein fiir Erdkunde. Leipzig, Germany.

Verein fiir Xaturliunde. "Wiesbaden. Prussia.

Belfast Natural History and Philosophical Society, Belfast, Ireland.

Royal l)uMiu Society. Dublin.

Roval Botanic Gardens. Glasnevin. Countv Dublin. Ireland.

Societa Entomologica Italiana. Florence. Italy.

Prof. H. H. Giglioli. Museum Vertebrate Zoology. Florence, Italy.

Dr. Alberto Perngia, Museo Civico di Storia Xaturale, Genoa. Italy,

Societa Italiana de Scienze Naturali. Milan. Italy.

Societa Africana d' Italia. Naples. Italy.

Dell 'Academia Pontifico de Nuovi Liucei. Rome. Italy.

Minister of Agiiculture. Industry and Commerce. Rome. Italy.

Rassegna della Scienze Geologiche in Italia. Rome. Italy.

R. Comitato Geologico d" Italia. Rome. Italy.

Prof. Count Tomasso Salvadori. Zoiiloir. Museum. Turin. Italy.

Royal Norwegian Society of Sciences. Tbrondhjem. Norway.

Dr. Robert Collett. Konsl. Frederil^s Univ. Christiania. Norway.

Academia Real des Sciencias de Lisboa (Lisboni. Portugal.

Comite Geologique de Russie. St. Petersburg. Russia.

Imperial Academy of Sciences. St. Petersburg. Russia.

Imperial Society of Naturalists. Moscow. Russia.

Jardin Imperial de Botanique, St. Petersburg, Russia.
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The Botanical Society of E'dinburgli, Ediiiburyli, Scotland.

John J. Dalgleish, BraulvStou Grange, Bogside Sta., Sterling, Scotland.

Ediuburgli Geological Society, Edinbm-gh, Scotland.

Geological Society of Glasgow, Scotland.

John A. Harvie-Bro^yn, Duniplace House, Larbert, Sterlingshire, Scotland.

Natural History Society, Glasgow, Scotland.

Philosophical Society of Glasgow, Glasgow, Scotland.

Royal Society of Edinburgh, Edinburgh, Scotland.

Royal Physical Society, Edinburgh, Scotland.

Royal Botanic Garden, Edinburgh, Scotland.

Barcelona Academia de Ciencias y Artes, Barcelona, Spain.

Royal Academy of Sciences, Madrid, Spain.

Institut Royal Geologique de Suede, Stockholm, Sweden.

Societe Entomologique a Stockholm, Stockholm, Sweden.

Royal Swedish Academy of Science, Stockholm, Sweden.

Xaturforschende Gesellschaft, Basel, Switzerland.

Naturforschende Gesellschaft in Berne, Berne, Switzerland.

La Societe Botanique Suisse, Geneva, Switzerland.

Societe Helvetique de Sciences Naturelles, Geneva, Switzerland.

Societe de Physique et d' Historie Naturelle de Geneva, Geneva, Switzer-

land.

Concilium Bil)liographicum, Ziirich-Oberstrasse, Switzerland.

Naturforschende Gesellschaft, Ziirich, Switzerland.

Schweizerische Botanische Gesellschaft, Zurich, Switzerland.

Prof. Herbert H. Field, Ziirich, Switzerland.

AUSTRALIA.

Linnean Society of New South Wales, Sidney, New South Wales.

Royal Society of New South Wales, Sidney, New South Wales.

Prof. Liveridge, F. R. S., Sidney. New South Wales.

Hon. [Minister of INIiiies. Sidnev, New South Wales.
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Mr. E. P. Ramsey, Sidney, New South Wales.

Royal Society of Queensland, Brisbane, Queensland.

Royal Society of South Australia, Adelaide. South Australia.

Victoria Pub. Library, Museum and Nat. Gallery, Melbourne, Victoria.

Prof. W. Ij. BuUer, Wellington, New Zealand.

NQRTH AMERICA.

Naliual Hist. Society of British Columbia, Victoria. British Columbia.

Canadian Record of Science. Montreal, Canada.

Mc<iill University, ^Montreal, Canada.

Natural Society, Montreal, Canada.

Natural History Society, St. Johns, New Brunswick.

Nova Scotia Institute of Science, Halifa.s:, N. S.

Manitolia Historical and Scientific Society, Winnipeg. Manitolia.

Dr. T. INIcIlwraith, Cairnbrae, Hamilton, Ontario.

Thr Royal Society of Canada, Ottawa. Ontario.

Natural History Society, Toronto, Ontario.

Hamilton Association Library, Hamillon. Ontario.

Canadian Entomologist, Ottawa, Ontario.

Department of Marine and Fisheries, Ottawa, Ontai'io.

Ontario Agricultural College, Guelph, Ontario.

Canadian Institute, Toronto.

Ottawa Field Naturalists' Club. Ottawa, Ontario.

I'niversity of Toronto, Toronto.

Geological Survey of Canada, Ottawa, Outai'io.

La Naturaliste Canadian, Chicontini, Quebec.

La Naturale Za. City of Mexico.

Mexican Society of Natural Hist(n-y. City of Mexico.

Museo Nacional, City of Mexico.

Sociedad Cientifica Antonio Alzate. City of Mexico.

Sociedad Mexicana de Geographia ,v Estadistica de la Republica Mexicana,

Citv of Mexico.
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WEST INDIES.

Botanical Departnvent, Port of Spain, Trinidad, Rritisli AVest Indies.

Victoria Institute, Trinidad, Britisli West Indies.

Museo Xacional, San .lose, ("osta Rica. Central America.

Dr. Anastasia Alfaro, Secy. National Museum, San .lose, Costa Rica.

Rafael Arango, Havana, Cuba.

Jamaica Institute, Kingston, .Tamaica, V\'est Indies.

The Hope Gardens, Kingston, Jamaica, West Indies.

SOUTH AMERICA.

Argentina Historia Natural Florentine Amegline, Buenos Ayres, Argen-

tine Republic.

Musee de la Plata, Argentine Republic.

Nacional Academia des Cieucias, Cordoba. Argentine Repu))lic.

Sociedad Cientifica Argentina, Buenos Ayres.

Museo Nacional, Rio de .Janeiro, Brazil.

Sociedad de Geographia. Rio de Janeiro. Brazil.

Dr. Herman von Jhering, Dir. Zoiil. Sec. Con. Geog. e Geol. de Sao Paulo,

Rio Grande do Sul. lirazil.

Deutscher Wissenschaftlicher Verein in Santiago. Santiago, Chili.

Societe Scientitique du Chili, Santiago. Chili.

Sociedad Guatemalteca de Ciencias. Guatemala, Guatemala.



. . PROORAlVr . . .

OF THE

EIOHTEENXH ANNUAL NlEKTINQ

OF THE

Indiana Academy of Science,
STATE HOUSE, INDIANAPOLIS,

Decem^ber 26 aiici 2 7, 1902.

EXECUTIVE COMMITTEE.

H. W. Wiley, President. W. S. Blatciiley, Vice-President. John S. Wrhjht, Secretary.

Donaldson Bodine, Asst. Secretary. J. T. Scovell, Treasurer.

M.B.Thomas, Thomas Gray, J. C. Arthur, John C. Braxner,

D. W. Dennis, Stanley Coulter, J.L.Campbell, J. P. D.John,

C. H. Eigenmann, Amos W.Butler, O. P. Hay, John M. Coulter,

C.A.Waldo, W. A. Noyes, T. C. Mendknhall, David S. Jordan.

The sessions of the Academy will be held in the State House, in the rooms of the State

Board of Agriculture.

Headquarters will be at the English Hotel. A rate of S2.00 and upwards per day will be

made to all persons who make it known at the time of registering that they are members of

the Academy. M. B. THOMAS,
M. E. CROWELL,

Committee.

GENERAL PROGRAM.

Friday, December 2P.

Meeting of the Executive Committee at Hotel Headquarters 10:45 a. m.

General Session, followed by Sectional Meetings 2 p. m .
to 5 p. m

,

President's Address, Shortridge High School 8 p.m.

Saturday. December 27.

General Session, followed by Sectional Meetings 'J a. ni. to 12 m.

(29)
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LIST OF PAPERS TO BE READ.

ADDRESS BY THE RETIRING PRESIDENT.

DR. HARVEY W. WILEY.
At 8 o'clock Friday evening, at Shortridge High School.

Subject: "Ye Shall Know Them by Their Fruits."

The following papers will be read in the order in which they appear on the program,
except that certain papers will be presented "pari passu" in sectional meetings. When a

paper is called and the reader is not present, it will be dropped to the end of the list, unless

by mutual agreement an exchange can be made with another whose time is approximately
the same. Where no time is sent with the papers, they have been uniformly assigned ten

minutes. Opportunity will be given after the reading of each paper for a brief discussion.

y. B.—By the order of the Academy, no paper can be read until an abstract of its contents or

(he icritlen paper has been placed in the hands of the Secretary

.

GENERAL.

1. Trausmissible Diseases in College Towns, 8 m. .. .Severance Burrage

2. Sewage Disposal at the Indiana State Reformatory at

Plainfield, 10 ni Severance Bnrrage

3. Some Recent Mound Investigations in Jefferson County, In-

diana, 8 m Glenn Culbertson

4. The Water Supply of Havana, Cuba, 10 m C. H. Eigenmann

5. Results of the Indiana University Expedition to Cuba,

15 m C. H. Eigenmann

G. Naezhosh, or the Apache Pole Game, 8 m Albert B. Reagan

MATHEMATICS AND PHYSICS.

7. Geodesic Lines on the Syntractrix of Revolution. 8 m. .E. L. Hancoclc

8. Comparison of Gauss' and Cayley's Proofs of the Existence

Theorem, 10 m O. E. Glenn

!». Motion of a Bicycle on a Helix Track, 8 m O. E. Glenn

10. A Generalization of Fermat's Theorem, 8 m Jacob Westlund

11. On the Class Number of the Cyclotomic Numberfield

27rr

12. Photographic Observations of Comet c 1902, 10 m J. A. Miller

BOTANY AND ZOOLOGY.

\?>. The Genus Puccinia, 10 m J. C. Arthur

14. Forestry Conditions in Montgomery Coimty, Indiana,

10 m S. J. Record

15. Notes on the Cleavage Plane in Stems and Falling Leaves,

S m Mary A. Hickman

k L^* 1,8m Jacob Westlund
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l(j. On the Veins of the Head of the Snake (Tropidouotus),

15 m H. L. Brnner

17. On the Maxillary Veins of Lizards, 15 m H. L. Eruner

18. Some Rare Indiana Birds, 10 m A. W. Butler

19. The Catalpa Sphinx, Ceratomia catalpce, Destroyed by the

Yellow-Billed Cuckoo, Coccyzus amerlcanus, in South-

ern Indiana, 10 m F. M. Webster

20. Notes on Reared Hymenoptera from Indiana, 10 m. .. .F. M. Webster

21. Preliminary List of Gall-Producing Insects Common to In-

diana, 6 m Mel T. Cook

22. Notes on Deformed Eml)ryos, 5 m Mel T. Cook

23. The Lake Laboratory at Sandusky, Ohio, 12 m Mel T. Cook

24. The Individuality of the Maternal and Paternal Chromo-

somes in the Hybrid between Fimdnliis hetcrocUtus

and Mcnidla notata, 8 m W. J. Moenkhaus

25. An Extra Pair of Appendages Modified for Copulatory Pur-

pose in Caiitharus virldis, 8 m W. J. Moenkhaus

2G. Description of a New Species of Darter from Tippecanoe

Lake, 5 m W. J. Moenkhaus

27. The Myxomycetes of Winona Lake, 10 m Fred Mutchler

28. The Plankton of Winona Lake, 10 m Chancy Juday

2!». The Birds of Winona Lake, 15 m Clarence G. Littell

30. A List of the Dragonflies of Winona Lake, 5 m. .Clarence H. Kennedy

31. A New Diagnostic Character for the Species of the Genus
Argia, 10 m Clarence H. Kennedy

CHEMISTRY AND GEOLOGY.

32. Investigation of the Action between Manganese Dioxide

and Potassium Chlorate in the Production of Oxy-

gen, 10 m Edward G. Maliin

33. The Action of Heat on Mixtures of Manganese Dioxide

with" Potassium Nitrate and with Potassium Bichro-

mate, 5 m J. H. Ransom

34. Criticism of an Experiment Used to Determine the Combin-

ing Ratio of Magnesium and Oxygen, 5 m .T. H. Ransom

35. An Apparatus for Illustrating Charles's and Boyle's Laws.

.7. II. Ransom

36. Some As Keto-R-Hexene Derivatives, 5 m J. B. Garner

37. Action of Hydrogen Peroxide on Cuprous Chloride, 10 m.

W. M. Blaucliard
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38. Geolosy of the JeiiU'z-Allm(incr(ni(' Rcjiion, New Mexico,

S m Albert B. Reagan

30. Tlie .Tenu'z Coal Fields, 10 iii Albert B. Reagan

40. Ripple Marks in Hudson Limestone in Jefferson County,

Indiana, 5 m Glenn Culbertson

41. Some Topographic Featnres in the Lower Tippecanoe Val-

ley, 8 m F. .1. Breeze

THE EIGHTEENTH ANNUAL MEETING OF THE
INDIANA ACADEMY OF SCIENCE.

The eighteenth annnal meeting of the Indiana Academy of Science was

held in Indianapolis, Friday and Satnrday, December 26 and 27, 1902.

Friday. 11 a. m., the P^xecntive Committee met in session at hotel head-

quarters. At 2 o'clock p. m. President Harvey W. Wiley called the Acad-

emy to order in general session in the room of the State Board of Agricul-

ture, State House. The transaction of routine and miscellaneous business,

occupied the first part of the session. Following this, papers of general

interest were read and discussed. On the disposition of these, special tech-

nical subjects occupied the time until adjournment at 5 p. m.

The address of the retiring President, Harvey W. Wiley, was delivered

in the auditorium of the Shortridge High School at 8 p. m. before the

members of the Academy and a number of invited guests; subject, "Ye

Shall Know Them by Their Fruits."

Saturday 27, 9 a. m., the Academy met in general session, before which

the remaining papers of the program were read iind discussed. Following

the disposition of the papers untinished ))usiness was considered.

Adjournment, 12 m.

THE FIELD MEETING OF 1902.

The field meeting Avas appointed for Madison and Hanover, May 22, 23

and 24. The President and some of tlie meuil)ers assembled, but owing to

the heavy rains and tlie inclemency of the weather all attempts to do field

work were necessai-ilv abandoned.
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PRESIDE^^T'S ADDRESS.

H. W. Wiley.

Ye Shall Know Them by Their Fruits.

Mem1)er.s of the Indiana Academy of Science. Ladies and Gentlemen

—

It perhaps marlis a sad epoch in the history of a man when he dehb-

erately chooses a period of reminiscence for a public address. It is one of

the privileges of the old to review the preceding years and di-aw from them

such lessons of wisdom or of folly as may happen to be the case. I have

therefore, chosen on this occasion to look back over the scientific history

of Indiana during a period of a third of a century. Strange as it may st'em.

that short period covers practically all the progress which has been made

in applied science in this great State. I do not forget the early days of the

Owens and their associates, and the great contributions which came to

the intellectual and scientific development of oiu- people from the center

first estal dished at New Harmony, but I speak of the actual accomplish-

ments for the good of the community from the application of the principles

of science to mining, manufacture, commerce, agriculture and puMlc

health.

It was my fortune to entfr up((n the period of my education imm.'di-

ately following the great Civil War. This frati'icidal struggle for f(mr

years had engaged every energy and consumed every resoiuce of om-

country. The end of the war left our people in a remarkalily susceptible

condition—ready for the purpose of re-estal)lisliing their industi'ies and of

utilizing every available means thereto. In the very midst of the period

of the Civil War were laid deep and sure, by wise congressional action,

the foimdations of the system of agricultural and technical education,

which has since grown to i)e the admiration of the world. I refer to the

^Morrill Act of 18(52, setting apart portions of the public domain for the

purpose of piomoting instruction in agi-icidtiu'al and mechanical arts and

military tactics. Every State in our Union received grants of public lands

in proportion to size, popidation and representation in Congress. It is

true that some of the States invested this munificent endowment more

wisely than others, but all have received from it sul)Stantial aid. This

munificent gift to technical education was supplemented twenty years

later by the Hatch Act, whereby there was established in each State and

3—Academy of Science.
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Territory of tlio I'liiou at least one Agricultural Experiment Station with

an annual grant of .^lo,(K)0. Still later Congress added to the income of

each of the agricultural and technical colleges by a money grant which

now amounts to $25,000 annually. I recall briefly the condition of scien-

tific instruction in the State of Indiana in the fiA-e years immediately fol-

lowing the Civil War. I can illustrate these years by brief allusions to

the system of instruction in use in our higher institutions of learning.

By these I mean especially the colleges and universities then existing

rather than the high schools. Beginning Avith the oldest institutions of

learning, I will say that in the State University during the period noted,

instruction in the sciences was given by Professors Owen, Kirkwood and

Wylie. These three names are intimately associated with the beginnings

of scientific instruction in our State. They were all men of remarkable

intellectual power. Professor Owen devoted himself chiefly to the so-

called natural sciences (I wonder what are unnatural?), Professor Kirk-

wood to astronomy and Professor AVylie to physics. It should not be for-

gotten that Professor Richard Owen was chosen as the first president of

Purdue, but never actively entered on the duties of the office. His tastes

and training were not in the line of executive work, and in addition, his

advancing years precluded the possibility of that strenuous service which

even in those early days was looked for, perhaps under another name, in

the executive office. As there were beautiful women before the days of

Helen, so the lives of these pioneers in scientific work remind us that

there were great men in Indiana l)efoi'e the days of Jordan and Coulter.

The next oldest institution is the one I am most familiar with in the

State, namely, Hanover College. In that institution instruction in tlie

sciences at the time mentioned was given, with the exception of the mathe-

matics, exclusively by Dr. John W. Scott. Having studied for four years

with this illustrious man I can speak with knowledge of the great work

which he accomplished; work, I am sure, which was only a type of that

done by other teachers of science in colleges at that time. Dr. Scott had

never received any special training in science more than was given in the

old colleges existing in our country between the years 1820 to 1825. He

was born with the beginning of the last century and happily lived almost

to its close. He was educated for the ministry and devoted practically his

whole life to the church. During the period of his professorship he Avas

pastor of the village church, associating these onerous duties with those

of the classroom. Doctor Scott taught many sciences, viz.. botany, geol-
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ogy, biology, entomology, chemistry and physics. In addition to these he

often had a class in Latin and occasionallj^ other branches. Doctor Scott

was a man of wonderful strength of body and mind, and haxl a capacity

for continued work which was nothing less than astonishing. During the

day, after the end of the recitation, he would spend the hours in his

laboratory i)reparing for the experiments and recitations for the follow-

ing day. Tlie lamp in his study window would often be found burning at

night up to 12 and even 1 o'clock, preparing for his sermons on Sunday.

He was accustomtd to have in his preparatory work in his lalioratory the

assistance of one of his students, and during my time at Hanover I espe-

cially remember the enthusiasm with which Mr. INI. L. Amick, now a

prominent physician in Cincinnati, displayed in the preparation of the

lectures. With a laboratory outfit of the most meager description Dr.

Scott was able to give in chemistry a series of experimental lectures which

would have done credit to many of the ela)>orate lecture rooms of to-day.

There was absolutely no provision for the students' work in the laboratory

whereby the fundamental principles of chemistry could be illustrated by

appropriate experimental work. Some of these experiments were very

ditticult, and at least one of them I have never seen performed in an ex-

perimental lecture anyAvhere else in the world, namely, the preparation

of tlie highly explosive chloride of nitrogen. The preparation of this

compound is one of such danger that it should onlj' be attempted with

those most skilled, yet every year for three years I saw Dr. Scott perform

this experiment in a most successful manner. The small quantity of the

explosive made was placed in a safe place out of doors and exploded by

means of a long stick, the tip of which had been dipped in turpentine oil.

By reason of this devotion to his profession and the success attending his

efforts, he made chemistry, which was at that time one of the dry book

studies, a most attractive science. In like manner he would conduct his

classes in botany to the neighboring woods and tields and teach them not

only the principles of botanical classifications, but the means of identify-

ing the various species of plants growing in the vicinity. The hills of the

Ohio Iliver, rich in magnificent trilobites and other reminiscences of early

geological life afforded a magnificent opportunity for teaching the practi-

cal principles of geology as illustrated in those lofty hills and deep ra-

vines. Since those days, when I have seen practically all the magnificently

equipped lal)oratories of the world, the wonder grows more and more in

my mind at the great work which this great man could accomplish with
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•so fow material appliances to help him. I shall never foi'get the last

time he visited my laboratory in Washington. After leaving Hanover he

had come to Washington and taken a position as a clerk in the Pension

Office. At the time I speak of he was 90 years of age, but still clear of

mind and firm of step. It was soon after the inauguration of Benjamin

Harrison as President of the United States. One morning Doctor Scott

stepped into my office. He seemed uneasy and wore a worried look.

When I in(iuired in regard to his health, he said it was most excellent,

but he added, "Strange to say, I have become a victim of the lie-

publican administration. General Harrison has insisted on me com-

ing to the White House to live with him and has dismissed me from my
position in the Pension Office." He continued, "I am a gentleman of

leisure now, and I think I would like to come and study cliemistry with

you." It is oidy when we can look l)ack on a life-work such as that done

by Doctor Scott that we can realize the inestimable Itlessing of his career

to humanity. Two years after that the end came peacefully to his exist-

ence. I can not help thinking that the feeling of love and interest taken

in him by the I'resident, expressing itself in the desire that he should pass

his last days in the comfort and honor of the White Hou^^e, may have

shortened his life. If he coidd have kept at work, which Avas his mirmal

condition, he might have rounded out the century.

Scientific instruction given during the period I speak of at Wa1)ash

College was in charge of Professors Campliell and Ilovey. Professor

('ampl)ell is still in the harness—possibly almost the only on" of the old

guard that still wears his armor.

At the present time chemistry, biology, botany, matheniatics, physics

and astronomy are all separate departments. The change at Wabash

has taken place gradually and progressively, so that it is not possible to

designate these segregations by any particular peridd. It will l)e suffici'-nt

to say that it has Ijeen the constant effort at Wabash to keep up with the

new without disparaging the old. Wabash is another of the so-called

small colleges which has estalilished for itself a place and a reputation

of the highest character. ^Ye have so many illustrations of institutions

of this kind in Indiana that the sneering remarks which are often made

about the small colleges of Indiana meet with a merited rebuke when one

takes the trouble to investigate the great Avork which has been accom-

plished by them.

At Eai'lham College instruction in science was given liy Professors
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Erastus Test, William B. Morgan and Joseph Moore. In the period from

1865 to 1870 the text-books used at Earlham in chemistry was Stock-

hardt's; in botany, Gray's Structm-al. Herschel's work on astronomy was

the one used in the classroom, and Dana's was, of course, the one used

in geology. Two of these veteran instructors I have had the pleasure

of knowing personally, namely. Professor Test and Professor Morgan.

Earlham College enjoys the distinction of having been one of the fore-

most among the educational institutions of the West in the promotion of

advanced practical instruction in science. In the year 1853 it made the

first beginning in Indiana toward a permanent collection of material in

geology and natural history for purposes of college instruction. The pres-

ent Earlham College museum, with its more than 14,000 specimens, is the

outgrowth of that beginning.

About the same time tlie first astronomical observatory in the State

was established at Earlliam. A room in Earlham Hall, adjoining the

present ((uarters of the Christiiui Associations, was the location of tlie

first chemical laboratory for the use of college students in Indiana.

At present Earlham offers courses in science as follows, a year's higli

scliool lalior.-itory W(irk in simie one science being re([uired for matricula-

tion:* Cliemistry, six terms' work: physics, six terms' work; l)iology, ten

terms' work; geology, four terms' work; astronomy, three terms' Avork;

psychology, two terms" work.

Earlham now has a complete set of lal)oratories devoted to chemistry,

biology, physics and psychology. These lal)oratories are equipped with

all modern appliances, and altliougli not as large as those in many insti-

tutions, they are complete in every respect for the prosecution of re-

search and for purposes of instruction.

At Butler College, at that time known as Northwestern Christian Uni-

versity, instruction in science was given by that distinguished geologist

and chemist. Dr. R. T. Brown, assisted part of the time by Professor

Fairchild. During the years of 1869 and 1870 I learned to know Doctor

Brown intimately, for during that period I served as instructor in Latin

and Greek in the Northwestern Christian University. Interested, as I

was, at that time, in scientific studies, I accompanied Doctor Brown on

some of his geological excin-sions. I remember particularly the trip which

was taken in the spring of 1860 down as far as Spencer. It was at the

time that the railroad from Indianapolis to Vincennes was building and

it was finished practically all the way to Spencer, and part of this trip
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was made on the railroad, and then the rest on foot, several days being

spent in studying the geological formations. Doctor Brown was a man

of practically the same type as Doctor Scott, full of enthusiasm, a won-

derful capacity for work, a magnificent physique, and a faculty of inter-

esting his students in the subjects under consid?ration. These two men,

whom I knew so well, were typical teachers. Tiiey had the genius

doeentis. Mr. Brown's services to the State are written in its Geological

Reports of the coal fields and in the promotion of its industries. Like

Doctor Scott, he was also a preacher, and there was rarely a Sunday that

he did not deliver at least two sermons. He was particularly fond of

walking, and thought nothing, even at the age of seventy, of a tramp of

ten or fifteen miles to fill an appointment. I remember a story which he

told in regard to one of his trips when ho was a young man and soon after

he entered the ministry. He was too poor to have a horse and was in

the habit of going from one appointment to another on foot, inasmuch as

the railroads were then not in vogue. One morning after a long tramp

he stopped at a farmhouse with the expectation of being entertained at

dinner. The fanner h;ippened to l)e a quaker, and, of course, devoid of

any ceremonj-. Doctor Brown was a modest young luan and was not quite

accustomed to the directness of the quakers" hospitality, and when -the

hour for the meal arrived the host said. '"Thy dinner is ready; will thee

come in to dineV He very politely said, expecting to be invited a second

time, '"I thank you. l>ut I am not very hungry;" to which came the reply,

"Very well, thee can sit there until we have finished." AVhereupon the

dinner was served Avith all the good things which a quaker farmer can

put iipon a table, while the young preacher Avas left to regale himself Avith

all the delicious odors from the table and the thought of what he could

do Avith all the excess of peptic ferments AAiiich the odor of the dinner

were producing. After that experience he learned never to decline the

first invitation from a (luaker.

Instruction in Franklin College in science at the time I mention, AA^as

giA-en by Professor Hougham. • Professor Hougham Avas also a remark-

able man in industry and in ability. I afterAvard had the good fortune to

knoAV him quite intimately Avhen he Avas one of the professors in the

early days of Purdue. In his laboratory work he AA'as the perfection of

neatness and order. In fact this was one of the predominating character-

istics of his character, and his great success in life was, in a large meas-

ure, due to it. Professor Hougham was particularly interested in physics
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had a happy constructive faculty and could malce a very modest collec-

tion of appliances serve for extended illustrations. Professor Hougham

was a manufacturer of philosophical apparatus, and Franklin College had

the benefit of many of the pieces of apparatus which he built. He took

post-graduate work at Brown Uuiversity, and the first chemical laboratory

built at Purdue was constructed on the exact plans of the laboratory at

Brown. The Civil War had a depressing effect upon Franklin College, and

I believe it was the only institution of higher learning which was closed

for a period as a result directly or indirectly of that conflict. There was

an interregnum at Franklin from 1SG5 to 18G9. When the institution

opened again in 1S09, President Stott took temporary charge of chemisti-y,

physics, physiology, botany and geology. The text-books used then were

Youman's in chemistry; Ganot and Olmsted's in physics; Dana's in geol-

ogy; Gray's in botany; and Hitchcock's in pliysiology. At the present time

there are four large ronnis devoted to clicniistry. one to pliysii-s, and three

to biology. There are two full lu-ofessors giving instruction in these sci-

ences and the laboratories are well supplied with apparatus and with

working liliraries. Franklin lias also an excellent biological collection,

mostly the gift of Mr. Gorby, at one time State Geologist.

Del'auAv University, in those days, was known as Aslmry, and perhaps

the only science tfaclur in the institution was Joseph Tingley. 1 never

had the good fortune to know Professor Tingley very well, but met him

on one or two occasions. One of these I should like to recall. It was, I

think, in tlie winter of 187n. wlu'U he gave an illustrated lecture on elec-

tricity in Indianapolis. Tliis was the first occasion on which I ever saw

an electric light produced by the current passing between two carbon

points. This current was generated Ity a battery of a great many cells

(I have forgotten just now how many) composed of the elements of carbon

and zinc. It was not a very big light, but xevy intense, and I imagine that

none of the audience present, and it was a large one, had ever seen an elec-

tric light before. I have no doubt I address some here who were students

of Professor Tingley, and they, without question, can say the good things

of him which I, from my personal acquaintance, have said of Doctors

Scott and Brown. In connection with the exhibition of the electric light

which is now so universal in all our cities and towns, I might call atten-

tion to the fact that the first electric light generated by a dynamo seen in

Indiana was at Purdue University. During the Centennial Exposition of
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187G there were exhibited three or four clyuamos manufactured by

Gramme, of Paris. One of these was purchased for the physical labora-

tory of Purdue University and one by Professor Barker for the physical

laboratory of the University of Pennsylvania. Professor Barker, doubt-

less, got his apparatus itefore Purdue, since it Avas nearby. As soon as the

exposition was over the machine Iielonging- to Purdue was sent to Lafay-

ette and early in November, 1S7G, the first modern electric light ever seen

in Indiana blazed forth from the tower of the Purdue chemical laboratory.

It was one of the wonders of the age and was the talk of the newspapers

and the town for many weeks. It seems almost incredible to think that

twenty-seven years ago one electric light would cause such a commotion

in a community. But this fact should fully illustrate to the young people

how much more keenly we of advanced age can understand the progress of

science in our State. Prof. Joseph Tingley, at Asbury University, had a

room 20x30 feet as a lecture room and one 9x12 feet for his store room. At

the present time there are four departments of science teaching at De-

Pauw. namely, chemistry, physics, botany and zoiilogy. These depart-

ments are in charge of Dr. W. M. Blanchnrd, chemistry; Prof. J. P. .May-

lor. physics, and Prof. Mel. T. Cook, Inology. Each professor has an

assistant and their rooms, taken in the aggregate, amoiuit to moi'e floor

space than tlie entire old college 1)uilding of Asbury University. One of

the latest acquisitions at DePauw is the Minshall laboratory. 80x130 feet,

three stories, constructed of stone, brick and iron, fireproof, and with the

most modern appliances for teaching chemistry and physics. Plans are

now practically completed for the departments of l)otany and zoology.

One of the earliest contributions to the material prosperity of Indiana

from the sciences was made by geologj'. I have no time here to revieAv

the voluminous geological reports whicli have been made from time to

time in the history of our State. Tliere are a few salient points, however,

in the history of economic geology which may prove of interest.

I have already made allusions to the services of Dr. R. T. Brown to

the geological development of our State. I have now to speak of a period

in our geological development of most remarkable significance. I refer to

the services of that distinguislied scientist, Prof. E. T. Cox. Trained un-

der the Owens, he had imitated their zeal and their industry, and was

active in all his habits, both bodily and mental. He pushed with utmost

vigor the investigations of a geological nature into tlie extent and cliarac-

ter of the coal deposits of the State. He early saw the importance of
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utilizing tlie assistance of eliemistry in this worlc, and establislied the

first chemical laboratory for research, I suppose, ever built in the State

of Indiana. I remember well this laboratory in one of the dingy rooms

of the old State House as I first saw it in 18G9 or ISTO. Professor Cox had

associated with him a chemist of skill and great industry, Dr. G. M. Levette.

Doctor Levette was not only a skilled chemist, biit had also a work-

ing knowledge of other sciences, and, therefore, his aid in developing some

of the phases of the Geological Survey was of the greatest helpfulness. It

was in this laboratory that I first saw a quantitative detei'mination, and

I rememl>er the feelings with which I used to watch Doctor Levette, Avho

patiently permitted me to hang around his laboratory and probably greatly

interfere with his work AAithout exhibiting any signs of petulance or re-

sentment. All the different varieties of coal which were then known in

the State were submitted to the most careful chemical examinations. He
also erected and operated a small apparatus liy means of which liitumiu-

ous coal could l)e heated under pressiire, making, as he termed it, an

artificial colve or anthracite, illustrating proltably some of the methods

by which natiu'e has secured tlie deposits of hard coal from those of a soft

or bituminous nature. I shall never cease to be grateful for the interest

which these two distinguished men took in my visits to their laboi-atories,

which. I fear, were all too freiiuent for the even march of otticial business.

The personal friendship whicli I formed for Professor Cox at that time,

I am glad to say, has continued until the present. He is noAV an old man

retired from work and spending tlie evening of his life in the grateful

climate of Florida. The services, however, which he rendered to the

economic development of Indiana will be more and more appreciated as

the years roll by. It was also my good fortune to kuoAV one of the suc-

cessors of Professor Cox personally and intimately, namely. Mr. .John Col-

lett, who was first an assistant to Professor Cox and became State Geol-

ogist in 1880. Mr. CoUett had a wonderfully keen insight into tlie nature

of scientific problems and great ability in developing them. His chief

worlv toward the economical development of the State was directed to the

building-stone industry. He called attention to the remarkable character

of the deposits in Lawrence County, and it was during his incumbency of

the oflice that the present State House was constructed of the stone of

that locality and the Soldiers' and Sailors' Monument l)egun. Mr. CoUett

was chiefly active as a geologist, though contributing in many other ways

to the development of applied science in the State. He was the author
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of tlie first fertilizer control law wliich was eiiac-ted in this State, a law

which did so mucli to protect the farmers from fraud, and in its applica-

tion to point out to them the fundamental principle of applying artificial

fertilizer. This is another remarkable instance in which the geological

development of the State was associated with the chemical. Mr. Collett

had a strong personality. His snow-white beard and hair, his bright blue

eyes, and his ruddy complexion made him a striking figure everywhere.

The end of Mr. Collett's administration of office was followed by a re-

markable innovation of a scientific nature. A distinguished poet and nov-

elist, James Maurice Thompson, was elected to succeed Mr. Collett as

State Geologist. Mr. Thompson has shown in his writings an intimate

acquaintance with nature, but it was a poetic rather tlian a scientific

knowledge which lie possessed. Evidently the courses of scientific re-

search were not found compatible with his efforts so signal and success-

fid in the fields of poetry and fiction. After two years he resigned his

office. There was perhaps little loss to geology in his resignation, but

evidently a marked gain to literatiu-e, for had he remained as State Geol-

ogist that delightful romance, "Ali<-e of Old Vincennes," would probably

not have >>een written. ^Nlr. Thompson was succeeded Ijy Mr. S. S. Gorby,

who held the position until the present inciimbent assiimed control of the

office. We are so familiar with the valuable work which Mr. Blatchley

has accomplished that it will not be necessary for me to dwell long upon

it. One of the innovations which has been of distinct value in the prose-

cution of the geological survey of the State by Mr. Blatchley was the

abolition of the method of county surveys formerly in vogue. In their

stead he adopted the plan of taking up each of the natural resources in

detail, and preparing a monograph or special report thereon, accompanied

by maps, cuts, engravings and tables of chemical and physical tests. An-

other successful application of economic science to industry has resulted

from a study of the clay deposits in the State. The description of the char-

acter of these clays, Avith their chemical and physical composition, has

become valuable to intending investors and more than twenty large fac-

tories have been established in Clay, Vigo, Fountain, Vermillion, Parke,

Morgan and other counties for the manufacture of clay products. The

total value of the output of these factories in 1!)00 was .$3,3.j8,350. Another

result of the geological studies of Indiana was the discovery of petroleum

oil deposits. The output of oil in the State of Indiana in 1901 was 5,749,-

975 barrels, of which the market value was only a little less than $1.U0
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per barrel. The magnitude of the building-stone industry which has

gi'own as a result of geological investigations, has raised Indiana to the

first rank in the States of the Union in the output of limestone for build-

ing purposes, as shown by the following statistics: The quantity mined

in 1901 was 7,781,320 cubic feet. Five State capitol buildings, namely,

those of Indiana, Illinois, Georgia, New Jersey and Kansas, have been con-

structed wholly or partly from it. Numerous custom houses and public

buildings of the United States have also been made of this stone, and

twenty-seven court houses in the State of Indiana are built of it. Mr.

Blatchley has also taken up again the study of the coal fields of the

State, as little has been done In that line since the time of Professor

Cox, and the output of coal in Indiana has almost doubled in the last few

years, amounting in 1901 to 7,019,203 tons. In conjunction with chem-

istry the Geological Survey of the State has also developed the resources

for the manufacture of marl and cement. As a result of these investiga-

tions a large output of cement similar to that known as Portland is now

credited to Indiana. It is estimated that the output of this cement for

1902 will be fully equal to 000,000 barrels. The adaptability of the oolitic

and other limestones of Indiana as suitable material to be used in the

manufacture of cement has been described, and, as a result of this, fac-

tories have already been able to make use of these materials. It has been

shown that Indiana has the raw materials to supply not only the United

States, but the whole world with a first-class ai'ticle of cement for hun-

dreds of years to come. The mineral waters of our State are justly cele-

brated for their medicinal and curative properties, and their development

is the joint work of geology aud chemistry. There are now known in

the different parts of the State eighty-six wells aud spi-ings whose waters

are valued for therapeutic purposes. The natural gas industry has also

added hundreds of millions of dollars to the development of the State, and

this development is largely associated with the work of the Geological

Survey. It is hard in so brief a time to do anything like justice to what

geology as a science has done for the industries, and also to recognize the

services of the distinguished men who have been connected with this

work. It is enough for our purpose here to call attention to the leading

characters of the work done by geologists in the development of our in-

dustries.

The contributions made by botany, entomology and zoology, and ani-

mal and vegetable pathology, to the material welfare of the State are no
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which have been rendered by the science of geology. Botanical studies,

which have ever been far advanced in Indiana, have disclosed the nature

and character of our various forests and have especially been concerned

witli the improvements of economic plants for agricultural and horitcul-

tural purposes. The study of economic botany is one which lies near to the

welfare of many of the fundamental industries, chief among them being

agriculture and pharmacy. Especially the study of the development of

special characteristics of plants useful in the arts is one of the phases to

which ))otany in this State has made large contributions. AVithout discrim-

inating against the other botanical laboratories in the State, I can best illus-

trate the useful character of this Avork by what has been done at Purdue

University, the work of that institution being more familiar to me in ap-

plied botanical science than of the other institutions of the State. From

the botanical laboratories of Piu'due University there have been, from 188i

to 189S, fifty bulletins published on botanical subjects of practical im-

portance to the industries of our State. These were chiefly from the fer-

tile pens of Arthur and Coulter. It will, of course, be impossible to even

give a brief review of this magnificent work. I must confine myself

merely to quoting the titles of some of these important contributions in

order to show liow closely allied tlaey are to the industries of the State.

Among these titles I might mention the following: "What Is Common

AVheat Rust?" "A New Factor in the Improvements of Crops," "Black

Knot and Other Excrescences," "Living Plants and Their Properties,"

"The Forest Trees of Indiana," "Science and the State," "Forest Fruits,"

"The Flora of Indiana," etc.

If you add to the contributions which have been made from Purdue Uni-

versity those which liave been made from other centers of botanical stud-

ies and investigations you have a sum total of most important practical

results. In general, it may be said, that by reason of the activity of the

botanical science in this State and the application thereof to our indus-

tries we have a far more accurate knowledge of those plants which are

most intimately related to our industries. In the second place, we have a

systematic and scientific conception of the methods of treating these plants

in oi'der to produce the greatest economic results. Third, we have a more

advanced knowledge of the proper distribution of these plants in such a

manner as to take advantage of the natural qualities of the soil or toi^o-

graiihical features of the State and the meteorological environments. In
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the fourth phice, we have an advanced knowledge of the nature of the

diseases which affect the value of plants and the methods of successfully

coml)attiny them. What has been said of botany is true, also, to a large

extent, of the science of entomology, although perhaps Indiana has not

been so prominent in entomological as it has been in botanical studies.

Nevertheless, most valuable contributions have been made by the ento-

mologists of our institutions of learning to the general store of knowledge.

In regard to animal diseases, we find also that science has been of im-

mense use to our industries. The Htate has lieen well mapped in regard

to the plague of hog cholei-a and other animal diseases, (ireful studies

liave l)een made of tlie causes of these diseases and their distribution

coupled witli tlie regulations for the restriction of tliese diseases and their

suppression. These studies have come largely from Turdue University

and the reports issued by Doctor Bitting of that institution upon animal

diseases have been of the highest utility. The health of the human ani-

mal has also not been neglected in tlie application of science to tlie public

welfare. The Indiana State Board of Health, which is charged with the

general oversight of the hygiene of this commonwealth, has been estab-

lished on a truly scientific basis. The State Board of Health is composed

of eminent physicians in active practice and its executive officer is a chem-

ist and pharmacist of national reputation. You are so familiar with the

contributions which this distinguished liody has made to the welfare of

your people that I can not enlighten you to any extent upon the subject.

There is one thing that I ought to say in reference to this work, and

that is, it should be supported more generously l)y the people. What the

State Board of Health needs from Indiana is a fund for the enlargement

of the activities, and to make its work more useful, a laboratory of hygiene

is necessary for the study of the foods and waters and a control of the

pathogenic germs therein.

The execution of the pure food law which was enacted, I believe, by

the last Legislature or the one before, is of prime importance. No one

will doubt the benefit which the pure food law gives to the people and

its helpfulness to the prosperity of agriculture and the honesty of com-

merce in foods. There is perhaps little lacking in the letter of the law

which has been carefully prepared and worded. I must say, however, that

from a careful study of the facilities at the disposal of the health office

I fear the law can not be administered to the full measure of its letter

and spirit. The population of Indiana in round numljers is 2,750,000 at
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the present time. There must lie at least 500,000 wage earners in the

State, and statistics sliow that the average amount earned by each wage

earner is aliout eighty cents per day. This enormous sum of from $400,-

000 to $500,000 is paid daily in wages to the workers. It is safe to say that

fully three-fourths of the wages earned per day are spent for agricultural

pi'oducts, that is, foods and clothing, so that the average amount spent

each day for these necessities of which food is tlie chief, is not far fi'om

.?;j5O,O0G. Researches of chemists in all parts of the country show the

enormous extent of food adulteration resulting in selling at the high price

of the genuine cheaper and Inferior articles. The wage earners are the

principal victims of these frauds, not perhaps in actual magnitude of ex-

pended money, Ijut in proportion to their income. A A'ery conservative

estimate would place the magnitude of the financial fraud practiced upon

the wage earners of the State in the matter of adulterated foods alone at

from $15,000 to $20,000 daily. Not only is this condition of affairs repre-

hensible by reason of this enormous tax upon the daily wages of hard

working men, women and children, but it is a moral crime of a still more

heinous nature. Twenty thousand dollars a day for fraudulent foods, mean

a tax of 5 per cent, on all wages of all workers. When a fraud of this

magnitiide is considered it does not seem imreasonable to ask the Legis-

lature for an endowment which will support the hygienic laboratory in its

investigations of the nature and character of these fraudulent foods and in

order that the evil effects of these can be properly ascertained. Great as

have been the contributions of the Board of Health to the welfare of

the State in securing immunity from disease, freedom from plagues and

from contagious and epidemic diseases, we look forward to a still more

useful career of this institution when it is fully equipped for the hygienic

work outlined above. An admirable historical sketch of the Indiana State

Board of Health and a statement of the benefits it has conferred upon our

people is found in a paper contributed to the Indiana State Medical So-

ciety by J. X. Ilurty, read at the Lafayette meeting. May G. 1898, and pub-

lished in the proceedings for that year. In that paper Dr. Hurty gives

an admirable summary of the progress of sanitary science in Indiana.

The development of medical education of the State must not be for-

gotten when speaking of the public health. I attended the first lecture of

the Indiana Medical College, given in the Senate Chamber of the old State

House. Later I was one of the first students in the laboratory estab-

lished by Dr. Thaddeus Stevens, where students really worked at the desk.



47

Doctor Stevens had a real enthusiasm for chemieal studies connected with

medicine, and 1 believe supported his laljoratory chiotly from his own

funds.

You now liave in the city at least two, proi)ably more, thoroughly

equipped schools of medicine, with commodious and well-appointed lali-

oratories of chemistry, physiology and pathology, and these institutions

are doing a great work for the public welfare.

Intimately related with the benefits which could be conferred upon the

State of Indiana by its Board of Health are those of a somewhat similar

nature which have come from the State Board of Charities. This acad-

emy is also honored in having among its leading and most industrious

members the Secretary of the State Board of Charities. It is hard to

spealv in an unbiased manner of any of these contributions to the State

Itecause of my intimate personal acquaintance with the men who are most

active in tlie worlv. It is hard even for scieutitic men. and one wlio

has lived so long away from the home of his youth, to l)anisli from liis

heart a very affectionate and praiseworthy prejudice in favor of his

friends. For that reason it is pretty diflicult for me to find fault with

what such men as H. A. Huston. Stanley Coulter, .1. N. Hurty, W. F. M.

(tOSS, a. "NV. Butler <t id oiinic (/rmis do. When I Icnow that they have

done something I am convinced without further investigation that that

!-ometliiug is good for the State. There are some featiu-es of the work of

the Board of Charities wliich perhaps are not fully comprehended even by

those who have read its reports. They liave introduced into the study of

the puldic charities of the State a truly systematic method of investiga-

tion. In tlieir studies of causes and effects they have endeavored to use

every means of securing accuracy. They have striven to get at the indi-

vidual and family history of every person who is an inmate of these insti-

tutions. The results of these endeavors have been the collection and

tabulation of the most accurate and complete set of sociological statistics

in this country. Mr. Butler developed one phase of this work in his A'ice-

presidential address before the section of Anthropology of the American

Association for the Advancement of Science at its Denver meeting. In

this address he took up the study of the heredity effects of feeble-minded-

ness. This study of feeble-mindedness had been pronounced by competent

experts to be one of the most exhaustive and thoroughly scientific of anj^

that has ever appeared. Its excellence has been recognized across the

water and it has been reprinted in Great Britain for public distribution.
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AiiutluT pluiSL' of this work is the study of the probh'uis in tliese records

wliieli liave been secnred in order to determine those conditions which arc

preventive of dependency, delinsiuency and degeneracy. Tlie charitable

institutions of our State have long been tlie admiration of tlie whole coun-

try. The great work of the State Board of Charities looking to the pre-

vention of crime will perhaps bring more lasting benefit to our people than

the institutions themselves over which this board lias control. The suc-

cessful efforts of this Ix^ird in bettering tlie condition of our people has

been seen especially in the enactment of the Child Labor Law, the Child

Saving Law. the Poor Relief Law, the Indeterminate Sentence and Pai'ole

Law, the Compulsory Education Law and the law for the custodial care

of feeble-minded women. It is evident, therefore, that in enacting the

laws providing for the State Board of Charities by the Legislature, in 1889,

Indiana took a great step forward, Vioth in a scientific direction and also

from an economic standpoint. There is no institution of our State more

worthy of support and encouragement tlinn the State Board of Charities,

and no one, if p^'operly supported, will do more for the honor and welfare

of our people.

As a direct effect of the establishment of this Academy we may point

to the law regarding the protection of birds and game. Birds may be

taken for scientific purposes only l)y persons having permits througli the

Indiana Academy of Science. The bird law is well supplemented l»y the

game laAV enacted by the last Legislature. There still remain, however,

to be enacted some desiralile features of one of these laws, and th;it is,

the enactment of a provision for the taking of tish. The Commissioner of

Fish and Game has the oversight of fish and game protection, but" it

niiglit he well to have the law changed so as to liave this otticial in organic

connection with the Academ.^-.

I have already alluded to some of the services of chemistry to the

State of Indiana in connection with the development of its geological re-

sources and also in its .services to the State Board of Health. The chief

Aalue, however, of the science of chemistry to the State of Indiana has

lieen in its application to our ngricultni-al industries. The enactment of the

Morrill Law, already referred to, in 18(12, resulted in th^ estal)lishnient of

Purdue University, an institution devoted to the study of agricultural and

mechanical arts and military science. The foundation thus provided was

generously increased by a gift of Mr. Purdue, and with the assistance of

citizens of Lafayette, a commodious home was secured for the institu-
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tion. iiiid the work ba.sed upon the foundations thus given has l)een gen-

orously sustained by the State by annual appropriations. The enactment

of tlie Hatch Law, already mentioned, about twenty years after the Mor-

rill Act, gave a magnilieent impulse to agricultural research. By the terms

of the Hatch Law there were established in each .State at least one Agri-

cultural Experiment Station charged with the investigation of the prob-

lems relating to agricultui'e. horticulture and forestry. As a result of

these generous endowments no other country in the world has a system

of agricultural research which can compare in magnitlcence of endow-

ments, number of woi'kers and pi'actical results ol)tained, Avith the agri-

cultural institutions of this country. The services which have been con-

ferred upon the State by these endowments have already been pretty fully

exploited in this address.

But I must be permitted still to call attention to the fundamental place

which one of the sciences, viz.. Chemistry, holds iu these investigations

relating to the progress of agriculture. Before the establishment of the

Agricultural Experiment Station of Indiana Mr. John Collett. State Geol-

ogist, as previously mentioned, secured the enactment of a law by the

Legislature establishing the ottice of State Cliemist. I. as most of you

know, had the honor of being the fii'st incuml)ent of that otliee. A pecu-

liar feature iu the history of the enactment of this law Is the way in

which Mr. Collett secured it. He did not consult, in so far as I know,

any of the officials connected with I'urdue I'nivcrsity. The first intima-

tion that I had of the enactment of the law w.-is a commission signed by

the Governor sent by the Secretary of State appointing me to the place.

On looking into the law I found that the (lut!"s of the State Chemist were

particularly contined to the fertilizer control, and thxis there was estab-

lished in 1SS2 at I'urdue the tirst laboratory for the control of fertilizing

products sold in the State. The laws before this were crude and power-

h-.'^s to protect the farmers of our State against l)arefaced frauds.' At that

time any kind of mixture could lie sold as a fertilizer for a fancy price

and there was no otHcial method of detecting a fraud and no provision

for its punishment. Undt'r tlje provisions of the law the farmer is now

completely protected in the character of the goods which he buys. This

has been a saving in hard cash to our farmers in sums difBcult to esti-

mate, but this is not the most valual)le result which has been obtained by

the establishment of this ottice. In addition to analyzing the fertilizers

offered for sale the State Chemist commenced a study of their effects

4—Academy of Science.
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upon the crops to which thoy wore npplicd. This led naturally to an ex-

amination also of the soils for the purpose of determining their needs in

fertilizing materials. The result of all this is that the farmer at the

present day is enabled not only to purchase his fertilizers in a fair and

honest market, but also to have them so balanced in respect of the plant

food the}' contain as to give the most economic results in the crops. If

the farmer of Indiana at the present day adds phosphoric acid, nitrogen

or potash to the soil when it is not needed, he simply does so because he

does not take advantage of the facilities which the State affords him of

learning the true method of fertilizing his farm. Thus the contributions

which chemistry has made with the assistance of the sister science of

geology, and through the medium of the Board of Health to the welfare

of our people have been vastly increased by its solution of some of the

agricultural problems which confront us. With this aid and the efforts

of agricultural chemistry the exhaustion of the virgin soils of our State,

which are among the most fertile of our country, has been checked, and

a start has been made on the up-grade toward the restoration of that

fertility Avhich our early settlers found. It would have been glory enough

to have checked the deterioration of ovu- soils, but it is an additional glory

to our science when it has commenced to Iniild them up again. AVe can

consistently look forward to the near future when fields and farms which

have been practically abandoned by reason of exhausted fertility will be

again brought into cultivation and made to produce abundant and profit-

able crops. The investigations which chemistry has made have also

shoAvn to a large extent, how our agricultural crops could be distributed

with the greatest advantage. In this respect chemistry collaborates with

her sister science, botany, which study I have already referred to. As

a marked illustration are seen the investigations which have pointed out

the fact that the beet sugar industry in Indiana could only prove profit-

altle in its northern part and that it would be economic waste to try to

estaljlish it. for instance, in the southern third of our State. Similar

studies in connection with liotanical science will aid in marking the areas

most suitable for other agricultural crops, such as Indian coi'n, tobac-

co, etc.

As a final result of all these scientific investigations, the farmers of

our State will eventually grow only those agricultural crops which are

best suited to the environment and therefore most prodlable. Tluis agri-

culture will be made more productive and profitaljle l>y such specializa-
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worli:er in a great manufacturing establisliment is placed at that tasli

AYhich he can do best, so the farmer vrUl utilize the field for that which

it can best produce.

These brief surveys of the contributions which science has made to

the industries of our State would be incomplete without some tribute to

the wonderful worli which technical education has accomplished. 1 mean

by technical education, that instruction in the mechanic arts which was

practicallj^ unknown a third of a century ago, and wiiicli has now ad-

vanced to such a degree as to place Indiana in the front rank of states

in developing this liranch of applied science. AVe have in this State two

great centers of technical education, namely, the Mechanical and Engi-

neering Laboratories of Purdue University and the Rose Polytechnic In-

stitute. In addition to these, attention should be called to the splendid

courses given in manual training in many of our high schools and other

institutions of learning. The Hoosier of fifty years ago was the butt of

every jibe. His agricultural skill was supposed to be confined to the

growth of pumpkins, and his mechanical genius was occupied with the

manufacture of the svelt hoop pole, but his State is now the home of the

most famous poets, novelists, statesmen, engineers and scientists.

My friends from other institutions will, of course, pardon me if I

speak particularly of the Avonderful work at Purdue developed first of all

by Professor Goss, who is now assisted by a large corps of mechanical

and electrical engineers. It is evident from the activities of Purdue and

other institutions that we are in the progress of educating as engineers at

least 1,000 of the sons of the State. During the past five yeai's from 50

to 100 have been graduated each year from the engineering classes of

Purdue University, and this great infiux of men has been absorbed by the

industries of this and other states. Purdue has already a thousand grad-

uates in engineering. Without stating in detail the influence of this great

institution upon the material prosperity of Indiana, the fact that so many

of its young men have been prepared for this useful life work is in itself

significanv:.

Tlie whole industrial activities of the State of Indiana have derived

tlu'ir life and vitality from the instruction which I have outlined. It

would increase to an undue size an address of this kind to go into a minute

detail. This technical instruction of our State is touching every branch

of our industries. Without speaking specifically of what it may be doing
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for each of tlie iiidnstiial interests of the State, we may say that

wherever there are waterworks recently designed, or street railwaj- lines,

or electi-ic lighting stations, or a manufacturing plant of any kind, and

in general, wherever the people are enjoying the benefits of modern en-

gineering, mechanics and electrical development, there you will find the

representatives of the technical education of which I have spoken. The

graduates of these technical schools are everywhere. Whatever progres.s

the State is making in industrial lines they are instigating and conducting

it. They are in charge, or assisting in the management, of the great

manufacturing plants of the State. They are superintendents of motive

powers and machine shops. They are found in smaller corporations in

charge of the machinery or of the technical processes. Wherever indus-

try is progressing and where manufacturing is growing and where tech-

nical skill is adding to the prosperity and welfare of the people, the grad-

uates of these technical schools are found.

It is a good old proverb that you should judge the tree by its fruits.

In this free land of ours we judge a man for what he is and from what he

does, and therefore, we are justified in applying this same rule in esti-

mating the value of the sciences in the material development of our State

by what they have accomplished. I have given in merest outlines some

idea of the services of science to our industrial development. Indiistrial

development is always intimately associated with intellectual advance-

ment, moral welfare and spiritual wtll-1>eing. I'he first stone in the founda-

tion of a national edifice is material prosperity-. No nation, no matter

how perfect its ancestry maj^ be and how lofty its pm-poses, could flourish

in a desert, or on an iceberg. The insistent demands of humanity are

for food and clothing and comfort. He who Avould elevate his State must

begin by ministering to these primeval wants. It is useless to trj' to

educate the Ijoy who is starving and to preach religion to a man who

is .shivering. The inventions which increase the power of man to do

things, along mechanical lines, the development of those forces of nature

which give power such as heat and electricity, the discovery of laws which

increase the fertility of soil such as are disclosed by chemistry and i)otany,

the mastery of those sciences Avhich reveal the Avealth of the earth, such

as geology, mineralogy, and iiiiiiiiig. ilie utilization of those sciences Avhich

prevent disease, such as serum therapy and inoculations, the application

of the principles of biologj' to the common affairs of life, as in economic

entomology and zoology, all these underlie and sustain not onlj- our in-
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of education, morality and politics. As human knowledge advances the

realm of superstition and bigotry contracts because there can be no siiper-

stition where knowledge is and no bigotry where broad views of things

exist. Science shows that all processes of nature are based on immutable

laws. Many of these are known, others are foreshadowed by the brilliant

conceptions of the scientific imagination, while some are still unknown

and belong to the category which was once regarded as supernatural, but

which is now relegated to the undiscovered. If science in its comparative

infancy has thus been a))le to make such magnificent contributions to

those elements which make life worth living, what may we not expect of

the future years, when the knowledge Avhich we have to-day will seem

only as ignorance to our descendants? We judge science by what it has

already accomplished. We know it by its results. When these wonder-

ful contributions to human welfare shall have been made in the future,

the words of our text will be no less true: "Ye Shall Know Them by

Their Fruits."

Trans-Missible Diseases in Colleue Towns.

Severance Burrage.

The college town of moderate size is unique in some respects, unique

in the possession of certain opportunities for the contraction and dissem-

ination of various diseases. College students, as a class, are looked upon

as healthy to an unusual degree, and in many respects this view is a

correct one; and yet when looked at from the standpoint of sanitary

science, we find them exposed to many dangers that are oftentimes over-

looked. Many of these dangers do not exist in other communities.

The herding together of a lot of men or boys into unhygienic (luarters

in unsanitary dormitories is one of the features of the student's life that

must be looked upon as a danger. It is also an added responsibility to

the college authorities. When the dormitory fulfills all the requirements

of the rules of hygiene and sanitary science; and when there are good

hospital facilities for students living in the dormitory who may become

ill with a contagious or an infectious disease, then the above statements

might be somewhat modified.
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But when the dormitory system does not exist, and the students are

distributed about the community in private and fraternity boarding houses,

then dangers to the students as a mass are greatly reduced, while on the

other hand there are dangers added to the community at large.

In many of the college towns as we find them in Indiana, there is no

such thing as a detention hospital or a pest-house, and under these con-

ditions the question arises as to the disposition of the sick student, and of

the other occupants of the same house. If the whole house is quaran-

tined, as the rules of the Board of Health require, and I believe rightly

so, then the inmates are or seem to be needlessly exposed to the disease

unless extraordinary precautions be taken by each one who finds himself

at that time a member of the unfortunate household. And under such

conditions, it is difficult not to be in sympathy with the student or students

who break quarantine and go to their homes. I am not giving my sanc-

tion to any such actions, however, unless every preventive measure be

taken before each one departs. I refer to such measures as vaccination,

disinfection of body, clothing, and any articles taken away as baggage.

Another featiu'e that is of vital interest to the student is the matter

of procuring food. The usual method when there is no general dining

hall for the students, is to form clubs, the main feature of which in most

cases is to get the meals for very little money. The consequence is that

l^y paying their $1.50 to .$3.00 per week the students are fed three times

a day on something. It is possible that we have here in our college towns

some experiments on adulterated foods and improper dietaries on a larger

scale than our President Wiley is conducting at Washington, but we have

no one to keep record of them.

Now there are two features about this food that I desire to call at-

tention to:

First. Are not the students who are subjected to such diet—I can not

go into the details of the diet here,—are not the students Avho are sub-

jected to this diet, more prone to come down with a transmissible disease

than those who get a more wholesome diet?

And second. Is there not a greater chance of coming in contact with

infected food at these low-priced boarding tables? Certainly these two

factors working together, form a feature of student life that is worth con-

sideration, as one of the dangers existing in a college community. To

emphasize this last point, I take this opportunity to describe a recent
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epkleiuic of scarlt't fever among the students at Purdue University, and

it is tliis tliat I consider tlie feature of this paper.

About the first of December, 1902, it was reported to the authorities

of Purdue University, lliat there were a few cases of suspicious siclvuess

among the students. One instructor, also, was found to l)e quite ill, and

during the illness had a well defined rash, and later had the characteristic

"peeling" of scarlet fever. This case was not reported at first as being-

scarlet fever.

Six cases were confined in tiie hospital (St. Elizabeth's) and twenty-

nine others, most of v.iiicli were not well defined cases, were at large

among the other students. Some few cases were purposely concealed by

students and physicians, so that other students rooming in the same houses

would not be ciuarantined. and thus lose time from their classes. At

first, no common source of infection could be traced, the boj's not eating

at the same places, and in some cases not even knowing the other patients.

The thirty-five cases, it was found, were fed at eleven different lioarding

houses or clubs, all of \vliich were supplied witli milk from the same

dairyman.

Interesting, too, in tliis connection was tlie fact that the boy who

assisted in delivering the milk, came down with a severe case of "tonsi-

litis" at the same time as the students, and had to give up his work tem-

porarily. Five private f.iinilies. supplied with millv from this same man,

had one or more cases of genuine scarlet fever among their children at the

same time. It is not likely that tlu' boy who delivered the milk spread

the disease, but that he contracted it Ity drinking the milk as did the

students.

An investigation of the dairy, and the dairyman's family, did not re-

veal anything that could liave caused the epidemic. There was no sick-

ness in the family, nor in eitlier of the other tAvo families that supplied

the dairyman witli additional milk. The probable explanation of the

source of infection lies in the fact that last March the dairyman's family

ran through a course of scarlet fever, and this being about the time that

the winter clothing was abandoned for the thin summer clothing, that

winter clothing would again have to be put on l)ut a short time prior to

the outbreak among the students at Purdue. As it is known that the

scarlet fever infection may remain virulent for a considerable time in

clothing, it is not unlikely that it was through this means that the milk

was infected. There is one other possibility, viz., that there might have
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been another family supplying the dairyman with milk in addition to the

two families that he named, and he might have concealed this fact, know-

ing there was some sickness there. In this case the dairyman would be

far more culpable.

This is one of the few scarlet fever epidemics traced to infected milk

that have been reported in this country.

SEWA(iE Disposal at the Indiana State Reformatory at

Plainfield.

Severance Burrage.

The problem which recently presented itself to the authorities at the

State Reformatory, at Plainfield, was a pretty one. An appropriation of

.$0,500 was availalile for the purpose of securing a certain amount of

ijlil (
1-^ SIM Mil, showing metlKHl (if disposal of sewage prior to new system.

plumbing in each of the so-called "family" buildings and to install a

system of sewage disposal tliat tirst, would be sanitary, and second, would
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bf of use in fertilizing and irriuiUing tlio fields on Avliic-h erops are raised.

Until the present year the sewage from the large out-liuilding had been

carried in a southeasterly direction to an open settling tank or cesspool,

situated on the edge of the river bottoms. This cesspool in the summer
time became a mass of ferme'.iting lilth. olmoxious and uidiealthful. Jklore-

over, it could not be utilized in any way. Now, with the introduction of

plumbing into many of the buildings there would arise an appreciable

Site of Suptic Tank north of the grounds, looking toward field to be irrigated and fertilized

by the efHuent from the tank.

increase in the amount of sewage and it would l)e out of tlie question to

continue the old method of disposal. T'p to this time practically all of the

scAvage came from one large out-building, which was nothing but a com-

bination of closets and urinals, and while this made a considerable amount
of sewage, both solid and liiiuid. there would l)e a consideral)le increase

with the introduction of plumbing into all of the "family" buildings. This

plumbing, including water-closets, wash-basins, and perhaps an occasional

bath-tub.
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There were t\Yo possible methods of sewage disposal that could be

considered as praellc'al in this instance, one being the system called

"irrigation," which simply depends npon the distri'nition of the sewage

directlj^ on the fields (in this case on the river bottoms) that are being

cultivated, and the other method was the septic tank system. After a

verj' careful consideration of all the conditions, it was finally concluded

to adopt a system which was a combination of both the septic tanlv and

irrigation. This conclusion was arrived at because, should the raw sewage

Site of the Septic Tank nortli of grounds, ns seen from main drive.

be thrown directly upon the fields in question it was feared by some that

the odor from this raw sewage would be offensive, if not unhealthful, at

certain times, and in view of the fact that these fields were adjacent to

the main drive to the Reformatory, should any obnoxious odors arise,

they would be noticed by everybody, and might be the cause for critical

comment. In all probalnlity there would not have been sufficient sewage

at any one time to cause anything tliat would be called a nuisance in the

manner just described, but it Avas thought better to err on the side of

safety, and consequently the present plan includes a septic tank in which
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the sewage receives preliminary treatment before being distributed on

the fields.

A casual survey of the Reformatory grounds showed at once that the

lay of the land was so favorably arranged that the seAvage coiild be col-

lected and di.strilmted by gravity. At no point would there need l)e any

pumping; and yet when it came to malce an accurate survey, including

the levels, it was found that tliere were a number of quite ditficult points

to settle as to the best lines for the sewers to take in order to collect the

Field to be irrisnted and fertilized l)j- effluent from Peptic Tank, a main drive.

material from all the family buildings, and it was hnally thought ad-

visable to make two main lines of sewers, one leading to the fields north-

east of the Reformatory, and the other following in general the line of

the old sewer from the out-building in a southeasterly direction. Each

one of these sewers ends in a septic tank in which the sewage undergoes

a certain fermentation, and only the clear, or comparatively clear effluent

passes out of the septic tank as an inoffensive liquid, very useful in irri-

gating the fields. Of course, this eflluent from the septic tank is not as

rich in fertilizing properties as the raw sewage would be, but it is free
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from anj' of the objections which might arise should the raw sewage be

distributed upon the fields. The main problem in connection with the

designing of the sewage disposal plant, furnished the material for the

graduation thesis of two students of Purdue University, Messrs. Beuhler

and Armstrong, who graduated in 11)02. Their thesis worlv was done

Agiir Plate, showing oolonies of bacteria in 1-500 cu. centimeter of sewage as entering Septic

Tank.

under the direction of Mr. C. V. Seastone of the Civil Engineering De-

partment of the University, and the writer. The lines for the sewers

w(>re laid l)y another student of the T'niversity, Mr. Alva Baynes, who

spent a large part of his summer vacation on the grounds. When it came

to actually do the work it was foiind advisable, for one ;'eason and another,
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to depart somewhat from the lines as designed by the gentlemen men-

tioned above in their thesis work, asid it was also found advisable to

depart somewhat from certain points in the specifications as set down by

these same gentlemen. For example, the original thesis design called for

but one main sewer collecting the material from all the family buildings

Agar Plate, showing colonics of Icu'teiia in 1-500 cu. centimeter of effluent from Seiitic Tank.

and the hospital, etc.. leading in a northeasterly direction toward the so-

called garden, but the system as now existing includes the two main

sewer lines as described above, one leading in a northeasterlj- direction,

and the other in a southeasterly direction, and each ending in a septic

tUUlv.
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All of the work of laying the pipes ami building the septic tanks, etc.,

was done by the boys of the Reformatory, and thus the expense of the

whole system was very much smaller than it would ordinarily be. The

trenches for the pipes vary in depth from two to seventeen feet, and at

many points considerable difficulty was encountered l)y running across

springs or currents of underground water, which interfered very mate-

rially with the progress of the work. At the time of writing the paper,

the sewer and septic tanks were all ready for reception of the material.

The pluml)ing, however, has not yet been completed, but as soon as this

is done the sewage can i)e tin*ned into the pipes and the result of the

method of disposal inslalKd will lie watched with nuicli interest. It is

practically the tirst experiment of this kind attempted by any institution

in this State; and if successful, and there is no ri>asun why it should not

be, it should serve as a type or an t>xainple for many of the State institu-

tions, and even for many of the smaller towns of the State.

Some Recent Mouxd Ixvestigations in Jefferson County,

Indiana.

Glexx Culbertsox.

During the summer of liurj, through the interest, and under the direc-

tion, of Miss I). I>. Cravens, of Madison. Indiana, several mounds located

in Ji^fferson County were examined, and two were explored. The writer

was asked to assist in the investigation.

The purpose of this pai)er is, in part, to give a record of the contents

of the mounds opened, and in part to call attention to the fact that, in

many parts of our State, and especially along the Ohio River anil its

larger tributaries, there are mounds and other evidences of the existence

of a prehistoric people of which no record has been made, and which

should be of great interest to science. Many of the mounds have been

opened by curiosity or treasure seekers, or destroyed by cultivation, and

the contents scattered or lost, and no record has been, or can be made.

As an example of the ruthless destruction of valuable anthropological

material, a case may be cited of a Jefferson County farmer, who, in gi-ad-

ing a plot of ground for building purposes, ploughed up at least twenty

skeletons, many of which w-ere said to be in a fair state of preservation.
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Some of the boues were carried off by neighbors, others were scattered

about, and no record whatever preserved. This occurred some six or seven

years ago, and simihir cases probably occur every year in different parts

of the State.

The first mound opened in .Jefferson County, in 1902, is linown locally

as the '-Lawson Mound." It is situated in Milton Township, T. 4, R. 11,

Section 14, one mile east of Manville, on the narrow ridge between Brushy

Fork and Indian Kentucky creeks, and approximately 300 feet above

the level of the latter stream. The mound has been, until recently, cov-

ered with forest or uuderbi'ush gi'owth, and is well preserved. It is es-

sentially circular, sixty-five feet in diameter, and approximately nine feet

high. The materials of which the mound was made are of local origin,

and are made up of the ordinary surface soil of the vicinity. They include

a few limestones. Ijurnt and unburnt, and a few pebbles and pieces of

chert. A thorough investigation of the contents of the mound could not

be made, since the central portion was preoccupied by graves of the

former owners of the property. When these graves were dug a skeleton

was found some three feet beloAv rhe sxu'face of the mound. Along with

the human bones nine arrow heads, placed in a circle, and a stone ax

were found so situated as to lead to the opinion that they had been placed

on the breast of the buried body. These articles were not preserved,

according to Mr. Frank AVolf, who was present when the graves were

dug and whose statements I have recorded above.

The excavation of this mound consisted in opening a ditch four feet

wide and to the depth of the original soil, from the east side toward the

center, and surface excavations to the depth of three feet on the north,

west and south of the graves mentioned. At a point some five feet east

of the center of the nmund. and three feet below the surface, an unglazed

earthenware vessel of approximately one and one-half gallons capacity

was found. In shape, this vessel was similar to the ordinary Chinese

rice pot, and was without markings of any kind. It contained two mussel

shells, such as could be obtained from the surrounding sti-eams. The

vessel was cracked and had probably seen considerable service before

being placed in the mound, as the lower portion showed the reddening

influence of the fire.

Within a foot or fifteen inches of the earthenware vessel, and to the

east, there were obtained the fragments of a skull and the larger bones

of the arms and lower extremities, and one rib. All were greatly de-
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cayc'd. Tlic pdsitioii of the ItuiU'S iiiijilit indiciitc burial ol" tlie body on

its side witli anus and legs folded to.ycllu'r, but this conld not )te decided

definitely. The skull was so badly decayed that no definite idea of its

shape conld Ite oi)tained. The liones wei'e those of a medium-sized person.

On the west side of the moiuid, in line with the two skeletons already

mentioned, and at about the same depth as the others, another deposit

of human bones was obtained. This deposit consisted of a skull and the

larger bones of the upper and lower extremities. These wore also greatly

decayed. The position of these bones precludes the idea of their being

the result of an ordinary burial. The long Ijones had the appearance of

having Ijeen piled in, very much as a l)undle of sticks or stove wood

would be placed. The skull was placed directly on top of the other bones.

These bones Avere those of one body of large but not unusual stature. The

relics obtained from this mound are at present in the Hanover College

Museum.

The reputed "Indian Alound" in the village of Lancaster, in Lancester

Township, T. 5, R. !), Section 'A^>, was next examined. It was found to

give every evidence of feeing a natural formation. The so-called "Indian

Mound" on the Wainscott Place, near Middle Fork Station on the P. C.

C. & St. L. It. P.. was also closely examined. Eviden<'e of its human

origin, liuwevi r. Avas entirely wanting. This i)eculiar mound is, in all

prol)al)ility, the result of stream erosion.

A mound situated on the second liottom of the Ohio River, a short

distance beloAV Hanover Landing, in Hanover Township, T. 3, R. 10,

Section IS, Avas next excavated. This mound had been explored in part

by Messrs. G. S. Taylor and W. W. Walker, some fifteen years ago.

As reported l>y ^Ir. (J. S. Taylor, now Superintendent of Scliools of Jeffer-

son Count.v, this mound Avas then some tAvelve or fourteen feet high and

of conical shape. At a depth of about three feet from the original top of

the mound these gentlemen found live copper beads from one-half inch

to three-qiiarter inch in diameter and of rough finish, arranged in a circle,

as though originally forming a necklace. A considerable quantity of char-

coal and ashes AA'as also found, but no human ])ones.

Last July a trench eight feet Avide Avas opened through the mound

from east to Avest, and extending to the depth of the mound. All the

excavated material Avas closely searched. At a point approximately three

feet above the bottom of the mound tAA'O stones, each about 15x7x11/^

inches, Avere found in an erect position and about four feet apart. Two



65

and a half feet to oue side of these stones a copper bead one-half inch in

diameter and thickly encrnsted Avith the green carbonate of copper was

found. No bones were found at this level. On the original soil, at the

bottom of the mound, a large qiiantitj- of charcoal and ashes, and one or

two bone fragments, probably non-human, were obtained. With these

there were fragments of burnt limestone. The failiu-e to find human

bones in this mound may be due to its great age, or it may be accounted

for by the partial destruction of the mound by cultivation, since such

material may have been ploughed out and no record made of the fact.

The AVater Supply of Havana, Cuba.

C. H. ElGENMAXX.

Until recent years the water supply of Havana came from the Almen-

dares River. During the nineties the present waterworks, deriving the

entire supply from a large spring at Vento. on the south bank of the

Almendares River, was completed. The Vento Springs and the covered

aqueduct leading its waters under the Almendares River and into Havana

are the pride of the city of Havana, which has erected an imposing monu-

ment to the engineer by whom the work was conceived. The Vento

Springs are surrounded by masonry with walls sloping outward from the

springs, except on the side nearest the Almendares River, where they are

vertical. The surface water ruuning down the slopes of the masonry ai"e

caught in a gutter which discharges it into the Almendares. At the top

of the masonry, and some distance removed from its margin, another

gutter catches the surface water of the region sloping toward the springs,

and discharges this also into the Almendares. The spring water flows

direct from the basin into the covered aqueduct. The provisions for

maintaining the water in its original purity from the time it issues from

the ground till it is discharged either into the reservoirs near the city, or

direct from the faucets in the city, seem ideal.

There has been some speculation as to the origin of the water issuing

from the spring at Vento. The water is beautifully clear and rather

warm, having a temperatiu'e of 2tj"C. at the time of our visit. The Almen-

dares River, flowing but a few feet away, also has clear water except

after heavy rains, and its water at the time of our visit was slightly colder

than that of the springs. It is possible that the Vento Springs derive

5—Academy of Science.
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highly improljaljle tliat tlie siijii^estion may be left out of consideration.

The springs heing situated on the south side of the lowi-r course of the

Alinendares the region aci'oss the river—that is tlie region nortli of tlie

river—may be excluded as a possilde contril)uting source of tlie sui)i)ly of

the Vento Springs. The region about the springs is composed of corral-

line rock. In such porous material conditions under which territory on

one side of a river may contribute to springs located on the opposite side

of a river are impossible.

The most probable origin of the Vento water supjdy can best be

understood after a general statement of the conditions of the sui'rounding

region.

The southei-n slope of the provinces (Juanajai, Havana and Matanzas

is largely drained by underground streams. The streams arising in the

hills and incnuitains. forming the watershed Itetween north and south

drainage, run aliove gromid for a distance and then disappear under-

ground. The Arignanabo River thus runs into a bank at San Antonio de

los P.auos and disappears among fallen rocks. A few yards away from

its "'sumidero"' the water can l>e seen running in its underground channel

through an opening in the thin roof of the channel. A few yards fiu'ther

on a dry cave leads down to the water, which, at the end of the dry cave

disappears among fallen rocks. Other rivers disappear in a similar man-

ner. They can not be followed in their underground coiu'ses becaiise they

completely till them. The undc^-ground waters and the channels in which

they run can, however, be reached in places through sink-holes. The

streams reappear, in part, at least, in a numl)er of "ojos de agua," some

near the coast south of San Antonio. The region drained by underground

streams i.s comparatively flat with frequently no indications of surface

sti-eams and tlieii- erosion, and extends westward to near San Cristobal,

where the lirst permanent surface stream is observed. At Artimisa and

Candalaria stream beds contained pools of water nt the time of my visit.

From San ("ristolial to I'inar del Rio there are many small perennial

streams. Eastward from San Cristobal the cave region has an unknown

extent. Poey limited it to the jurisdiction of (iuanajay, i)Ut it certainly

extends as far east as tlie meridian of ^Slatanzas, and fi-om reports prob-

ably beyond Cienfuegos. East of Rincon there are, however', frequent

river beds, all l»ut one of which were dry during the time of our visit.

This main cave region Ix'longing to tlie soutiiern slope sends a tongue
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northward from Riiicon to Veuto on the Almeiidares River in the northern

watershed. Aside from the "ojos de agna" along the edge of the cienegas

skirting the southern coast there are two notable places where imder-

gronnd rivers find an exit. The one at Vento, as already mentioned, sup-

plies the entire city of Havana with its water, the other serves to make

the region about Guines a garden, its waters being used for irrigation.

Other sul>terraiiean rivers in all probability have a sub-aqueous exit to

the south.

The large spring at Vento rs the only one on the northern slope as far

as I Ivuow. The origin of the supply Issuing from the Vento Spring has

not been traced. But the region north of the Almendares River, being

shut out from a possiI)le contributing source, it midoul)tedly derives its

water from the tongue of the system of underground streams thrust into

tlie northern slope. An examination of the l)est availal)le map and the

levels of the Western and United Havana Railroads make it seem quite

certain that the Vento Springs derive their water from the region imme-

diately south of Vento and north of Rincon and Bejucal. This region

contains various sinks, without surface outlets, as well as dry sink-holes.

A notable sink-hole in this region is that at Aquada on the United Havana

Railroad. This is very broad, shallow and dry during the dry season, but

the water rises to stand over ten feet deep on the railroad track diu'ing

some of the wet seasons. All of these probal)ly drain into the Vento

Spring.

It behooves the healtli aiithorities of tlie city of Havana to exer-

cise the strictest guard o\er tlie region Itetween Vento on the north and

Rincon and Bejucal on the south. Any contamination of sink-holes in

these regions is sure, during the wet season at least, to contaminate the

underground streams leading to Vento. An examination of the under-

ground channels in the Uost River region of Indiana has shown the main

underground channels to l)e provided with numerous smaller tributary

channels which in ordinary weather do not carry water but which do

carry water into the main stream after a long rain. At sucli a time any

tilth that may have accumulated in any of the sink-lioles over one of the

tributary streams is siu-e to find its way into tlie main stream. The same

is A-ery probalily true of the Vento supply, although on account of the

nature of the region it is not possible to follow the underground channels.

At present some of the sink-holes between Rincon and Vento are u^^ed as

cesspools and receivers of sewage.
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!Naezhosh ; or, The Apache Pole Game.

Albert B. Reagan.

[Abstract. Original in possession of Bureau of American Ethnology. Illustrations used
by permission of Bureau.]

Nai'zliosli is the Apache tribal game. It is played most eveiy day

from early morniDg till late iu the afternoon by the men; in fact they do

but little else, except hunt horses iu the hills and drink Indian whiskey.

This game is sometimes played to pass time; but most always for gain.

The Indians often bet all they have on its outcome, and then having

suffered reverses, they brood over their losses in sullen silence. Below

is a description of the game; and tlie requisites—the pole-stick, the pole-

hoop, and the polo-ground:

i;;^: ulUmJ^^
Fig. 1.

DiACiRAM OF Pole Sticks and Pole Hoop.
Fig. 1. Pole Stick. The grooves b, c. d,g, h; the

spaces e, f, i, and the point a are points used in

the game.
Fig. 2. The Pole Hoop, etc. The spaces 1-4 and
6-11 and the gr ove5are the points on the hoop
used in the game.

Fig. 2.

The Pole-Stick.—The pole-stick is a willow pole one and one-half

inches in diameter at the larger end. It tapers to a point at its smaller

end. Its length is about fifteen feet. It is made in three sections, the

sections being spliced together Avith sinew. The larger end of this pole

is called the counting end. On it are several transverse grooves. These

grooves together with some of the intervening si^aces are the points on

the pole used in the game.

The Pole-hoop.—The pole-hoop is about a foot in diameter. It is made

of a willow withe, the ends of which are tied together with sinew. A
btu'kskin cord forms a diameter to it. On this cord are strung one hun-

di'ed and one beads, one large center bead and fifty smaller ones on each

side of it. These beads are counts used in the game. In addition to the

bead counts, the hoop rim has several counts on it. They are its trans-

verse grooves, together with certain intervening spaces.
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The Pole-ground.—The pole-groiuid is a leveled spot thirty-six yards

in length, by six yards in width, laid off in a north and south direction.

At its center is tlie base, usually a rock, from which the pole-hoop is

rolled and the poles, two in number, are hurled. Nine yards both to the

north and also to the south of this base, are three hay ridges, the

center ridge being on the north and south center line of the pole-ground.

These ridges are three yards long and the distance from the outer edge

of the east ridge to the outer edge of the west ridge is five feet. The

furrows between the ridges are narrow. It is into one of those fuiTOWs

that the hoop rolls, under which the poles are slid before the points are

counted.

Rolling the Pool-hoop.—In rolling the pole-hoop it is held with rim

vortical between thumb and second finger of the right hand, it resting on

the extended front finger over which it rolls when sent on its mission of

chance. If the hoop, wlien rolled, fails to enter either of the furrows, a

break in the game is declared, and it is brought back and rolled again.

On entering one of the furrows, the loose hay retards its speed, and It

soon falls, to be slid under by the well guided poles. The hoop is always

rolled twice to the south and once to the north, and so on for hours, till

the game is finished.

Hurling the Pole-stick.—The pole-stick, when being hurled, is held so

as to slide through the left hand. The propelling power is the right hand,

the index finger being placed against the rear end. The pole being dex-

teriously hurled, slides into the furrow, and stops with the larger end

beneath the hoop. The counting then begins.

Counting the Points.—All j)oints on each pole that fall on or within the

rim of the hoop are counted as are also all points on the hoop-rim, and

all the beads on the transverse cord which fall within the edges of either

pole. The points being counted, the players again proceed to the base

and play again as before. This playing is continued for hours till one of

the contestants gets the number of points agreed upon by the players to

constitute a game. A transfer of the staked property follows. Then the

betting begins for a new game.
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The pole field. Starting the pole hoop. The beginning of

the game.

Hurling the poles. Hurling the poles

The poles speeding on their way. The hoop rolls wide of the counting field. A
break in the game.
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Hoop and poles entering the counting field. Hoop and poles after motion has ceased.

The hoop overUes the counting ends of the

poles. The counting now begins.

Counting the points in the pole gamt Picking u|> the poles in the counting field.

Returning to the base. The game begins anew.
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Geodesic Lines on the 8yntracikix oe' Revolution.

E. L. Hancock.

The syntractrix is defined as a curve formed by taking a constant

length, d upon the tangent c to tlie tractrix*. The surface formed by re-

volving tliis cur\'e about its asymptote is the one under consideration. We
shall call it S.

Being a surface of revolution it is represented by the equations

x^u cos V

y=u sin v

Z: =— v^d^— uM- Jlog-
2 d— v/cl2_u2

Using the Gaussian notationf we find

:

Tj,
u2(d2— 2cd) + c2d2 -p, r- 2 A

u2^-cd_
E=—^^ LJl F= o, G= u2, A=—— , — u cos v, B = —

u2(d2— u2) "^Vd^— v?

V?— cd ^ _ n2rfl2 2cd1-l-cd3 u(u2— cd)
usinvC= u, Di=li^i /ca)+ca j)/_ p/^—

\
'_

Tl/dS— U2 '

'

U(d2— U2)|
' '

l/d2

1 DD"— D'2 (u2— cd)[u2(d— 2c)-f cd2]K -RiR2~ EG— F2 — (d2— u2)[u2(d— 2c) + c2d

In the particular surface given by d= 2c the Gaussian curvature be-

comes o. o d^

1

d2— U2

Here d is positive, and since d > u, the denominator is always positive.

We get the character of the curvature of different parts of tlie surface by

considering the numerator. When u2:= d2 2, K= 0, i. e., the circle u^ d/2

~7= is made up of points liaving zero-curvature. When u2 > d2/2, K> O,

and when u2 < d2/2, K < O.

For tliis particular surface

14 2u2-^d2
E = - , F= o, G = u2, A =— >y—y u cos V, B =—

4u2(d2— U2) 2u^/(i2_ii2

2u« — d2 Ai u(2u2 — d2

o ,-^.^usin vC = o, D= ^-
, T>'= o, B''=i^2u/(i2— u2 2u(d2— u2)|' 2/(12— u2

To get the geodesic lines of the surface we make use of the metliod of

the calculus of variations according Weierstrass§. This requires that we

minimize the integral

:

' Peacock, p. 175.

t Bianchi, Differential Geometric, pp. 61, 87, 105.

j Osgood, Annals of Mathematics, Vol. II (1901), p. 105.
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I =^^2 l^E du2 + 2F du dv + Gdv^ .dt

Denote t/E u'^ + 2 F u' v' + G v'^ by F. Then the first condition for

d
a minimum of I is Fv— -sr Fv' = o||

d
Now, in this case Fv= o, so that -tt Fv' =: o

Hence Fv'=:'', or substituting tlie values E, F and G this becomes

u2 vi = =6
J^^^ +u3y-

Wlien '5 — o, v'= o, hence v:= constant, i. e., tlie meridians are geodesic

lines.

When (^ ^ o

r 'i d- ui
( 1 ) V = s

—

i
— - + (V''

-^ 2uV(d2— u^) (u^— (55)
^

Making the substitution u^l t, (1) becomes

r—ScV t2 dt
(2) V— L, ^_ + 6'

•^^v/(t2 d2 — 1) (1 — d2 t»)

We have for the reduction of the general elliptic integral

*R(x) = A x^ + 4 B x3 + 6 C x2 -f 4 B' X + A'

g2=AA'— 4BB'4-3C2
gg = AcA' 4- 2 BcB'— A'B2 — AB'^ — c^.

These become in the present case

R(t) = (t^d^ — 1)(1— <?2t- ) = — JMn* + (d2 4-<52 )t2 — 1

(d2 + (52)

ga — 6"
I 6

We get also

Il'(t) = — 4 f52dn-3_^2(d2 4-,?2) t

R'(t) = — 12 (52d2t2 + 2 (d2 + rf2)

Making the substitution

i-
R'(a)

Where a is one of the roots of R(t), say 1 d, we get

pu—pv where pv:=yV(cl^ — 5'^'*)

II
Kneser, Variationsrechnung. Fv denotes function v.

" Klein, Ellip. Mod. Funetionen, Vol. I, p. 15.

t Enneper, Ellip. Funetionen, 1890, p. 30.
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Now, since ^= i/R(t) we get from (2)

ft A^ ]

Noting that in tlie present case

p'^ Y=— 62(^(^2 _,S2)

and remembering that

(P'V)2
p(u+v)— p)ii— V) — 2 p V

pil— pv)2 P Tl— pv

(4) becomes

v= ~J[-rS2+ p(ia + v)_p(u-v)-2pv]du + rf'

The functions -^ may be expressed in power series. We have then the

geodesic lines given by the equations

V= f(t)+rK

1

Tlie constant <y being additive has no effect upon the nature of the

geodesies. It determines their position. All lines given by rf' may be

made to coincide by a revolution about the z-axis. The curA'es may be

completely discussed when fr=ro.

Since the parameter lines of the surface consist of geodesic lines

tlu-ough a point and tlieir orthogonal trajectories E may be taken equal to

unity.* Edu2 = du'2

„ d 1
rd + v/d= — uO , T

, 2u^Hence — — log t I ^::=u , or u=:d sech—2^1 u J
• d

Because of the relations of tlie surface to the pseudo-sphere it may be

represented upon the upper part of the Cartesian planet. The relation be-

tween the surfaces is given by the equations

v=v'
c /u^ -^ u
d

' Knoblauch, Krummen FlUchen, p. 49.

t Bianohi, Differential Geometrie, p. 419.
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where u and v are co-ordinates of points on the pseudo-sphere and u' and
\' co-ordinates of points on S. The equations of transformation from S to

tlie plane are

v= x
— u

"d
c e =y
The real part of the surface being represented on the strip included

between y= c and y= c/e.

Comparison of Gauss' and Cayley's Proofs of the Existence

Theorem.

O. E. Glenn.

[By title.]

Motion of a Bicycle on a Helix Track.

O. E. Glenn.

The equation of the helix surface may be conveniently expressed in

surface co-ordinates, thus :

x=;rcosu= fi (ru)

y= r sin u= fa (ru)

z=— r=f3(ru)

in which r represents tlie distance of a point from the z axis, and u the
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augle between the x axis and tlie projection of r upon tlie (xy) plane; b

being a constant.

It will be assumed here tliat there is a force of friction equal and

opposite to the centrifugal force, of a particle (or wheel) moving down the

surface, under the action of gravity (g). If tliese equal and opposite vec-

tors be introduced, the problem reduces to that of determining tlie motion

of a particle (or wheel) on a fixed smooth surface.

The general equation of kinetic energy* is,

(1) d(Jmv2) = [xif-^+Y^+Z^l dr+ [x^+ Y^^ +Z^^1 du.
^ -

I dr dr ' dr J ' [ du ' du du J

where m represents tlie mass, v the velocity and X, Y and Z the axial com-

ponents of the impressed forces.

Denoting the angle between the [xy] plane and tlie tangent plane of

the surface by a there results

:

(2) X=mgsinacosacosu^mg—-— cosu.

,^ . . sin 2 a .Y=mgsinacosasmu=^mg—-— smu.

Z=mg.
And equation ( 1 ) reduces to

, , , _ f
sin 2 a „

,
sin 2 a . „ 1 ,

d ( ^mv^ ) = g—^— cos^ u + g—^
— sm^ u m dr.

, r sin2a .
,

sin2a .
,
gb]

-f- —g ^— r sm u cos u -f g—-— r sm u cos u -1-^ i
mdu ; or,

/ox J /] 9 X r sin2af ,
,

mgb
(3) d(J mv2) =m.g—g— J dr + —̂ du.

But the angle a equals,

27rr
a= cos""^ —7=^ •

-nm sin2a . 2Trb ^ „ .„.
Wlience—-^— = sm a cos a= -.—

, ,
-

. , o and from (.3)

.

This, upon integration, gives,

b^
w*'£ _l_

(5) v^ = ||log
^4 7r2 gb

r—- -I-^ u, the initial conditions being v =:

[ ° ' 4-2

and r^To when u= 0.

•Ziwet Mechanics, p. 103, Vol. III.

t These are partial derivatives.
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.^_f*dfidr df^dui^ fdf^dr df,du}2 fdfadr dfadui^
jNow A —

] ^^^ dt
"^ du dt I

"^
i dr dt

"^ du dt i "*"l dr dt
"^ du dt J

in which t represents the time and v the velocity. Therefore,

f dr . dui 2 r dr
,

dui ^
, f b dul ^

(6) v^ = icosu^—rsmu^j + I smu^^+ rcosu^j + [^ -^,1

IdtJ ^l ^47t2J idtj

From (5) and (6).

(^) B'^^ TT '^ IdtJ ^l ^4~2j [dtj

This is the differential equation of the motion.

Its integral furnishes solutions of the following

:

1. What is the time of descent?

2. What is the equation of the curs-e of quickest descent?

3. What is the space passed over in a given time?

4. What is the velocity at any instant?

5. What is the normal pressure on the surface?

Problem: A wheelman rides down a helix surface along tlie line of

pitcli 30°, keeping his wheel at a constant radial distance of 80 feet. Find

the time of descent and his velocity upon reaching tlie ground; the helix

making one complete turn.

Since r is constant and equal to r^,, we have:

(8) r= ro= 30.

b= 2 - r tan 300= 3, 1416X 60+ i ,/'"3= 108.824.

g= 32.

Equation (7) now becomes,

Substituting from (8)

du _ r
82 X 108.82

i I ,— ,—
dF" '13. 1416X1199.982 J

^^i— -Sevu.

2 /—l27r 200 /

' ~
"cjfi

^^ "96" ^ "^^ 3. 1416 = 5.2 seconds = time of descent.

From equation (4).

/ H2 W 1 08 824
y=\— o i.;r. ' 1^ u ^ ^64 X 108.824= 83.4 ft. per second = velocity

at bottom.

'Partials.
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It may be obsen-ed that the velocity is tlie same as that acquired by a

body falling tlirough the lieight b, and is independent of the radial dis-

tance, r. The time of descent is directly proportional to r; and botli are

independent of the weiglits. That is, we have tlie tlieorem

:

Motion on till' lii'li.r snrfacp is cijiiii-dJinl tn thnl on tin- inclinr ploni', irften r is

constant.

A Generalization of Fermat's Theorem.

Jacob Westlund.

Consider tlie function
n(A) n(A )

n, V n(A) n(Px) n(PO\

_n(A)_ d(A)

/ n(P.Po) \ i n(P,P2...Pi)

+^« + ...J- ....+( -1) «

where « is any algebraic integer and A any ideal in a given algebraic

number field, Pi, ... Pi are the distinct prime factors of A, and n(A) de-

notes the norm of A. The theorem whicli we shall prove is that F( « , A)

is always divisible by A.

For the case when « and A are rational integers several proofs of the

divisibility of F(«, A) by A liave been given*.

Wlien A is a prime ideal the function F(«, A) reduces to a"^-'^)— a,

which, as we know, is divisible by A.

Let us first consider the case when A=zP/, where Pi is a prime ideal

of degree f, and pi the rational prime divisible by Pi. Tlien

fSi ffSi — 1).

Yi'u p^)=« - u

But
ffai — 1)

Pi
a
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or
fsi fisi — i;

(3) F(«, BP^):-F(«''\ B) — F(«'''
, B).

If we let B= P^= we get from (3)
fSl f(8,— ll

F(«, pW) = F(/". pT-)-'Fia'' , p!=)

and hence by (2)

(4) F(«, P'T^')=0, modP^
By a similar reasoning we also get,

(5) F ( «, Pf Pf ) = Omo d P^ and hence by (4) and (5)

.

(6) F(«, P^ P^) ^OmodP-^=P^.

We now assume that for an arbitrary « the function F (", A) is divis-

ible by A, then if P be any prime ideal not contained in A we liave by (3)

fs f (S — 1 I

F ( «, A P^ = F (
""

, A) — F ( rt
, A) and hence,

(7) F(«, APO^OmodA.
Now let A= CQ' where Q is a prime ideal and C prime to Q. Tlien,

ft f'(t-^ii

F(«, AP'^) = F(« '' ,CPn — F('/' ,
CP'^) where q is the ra-

tional prime divisible by Q and t the degree of Q, and since by our assump-

tion the two terms on the right side are divisible by CP" it follows that,

(H) F( ", AP^) EteO mod CP% and hence,

(9) F(«, AP'')=0 mod AP\
Hence if F( «, A) is divisible by A when A contains n distinct prime

factors it is also divisible by A when A contains n+l distinct prime

factors. Making use of (4) we then find tliat F( «, A) is divisible by A
for any A.

On the Class Number of the Cyclotomic Xumberfield

Jacob Westluxd.

[By title.]

[Will appear in Transactions Amcripan Mathematical Society. Vol. IV: 2.]
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Photographic Observations of Comet C, 1902.

John A. Miller.

Comet c (Porriue) 1902, was photographed here on every dear uight

from October 5 to October 22, clouds preventing either earlier or later

ones. With few exceptions two photographs were made on each night.

One photograph being made Avith a portrait lens built on the Petzval

system, but afterward refigured by Brashear. This lens had an aperture

of twelve centimeters and a focal length of fifty-five centimeters. The

other photograph was made with an old "tintype" lens which Mr. W. A.

Cogshall rescued from a photograph gallery here and which performs

surprisingly well. This lens has an aperture of 5.5 centimeters and a

focal length of twenty-two centimeters.

The tail of this comet was exceedingly faint, so faint that it was with

difficulty that it could be photographed at all. Each of the photographs

showed two streamers, a long one nearly straight and a shorter one more

sharply curved. The greatest length of the short tail was shown on the

photograph of October 6. It was then l.°8 long, while on October 22 it

did not exceed one-half degree in length. On October 5 the long streamer

subtended 3.°2. Each succeeding photograph showed the streamer longer

until on October 22 it subtended an angle of 8.°4. In the following table

I have shown the results obtained by measuring five of the photographs,

which represents fairly well the behavior of the comet.

In this table T is the central time of exposure; L, the length of the

long tail in degrees; S, the length of the short tail in degrees; N, the num-

ber which when multiplied by the cosine of the angle between the direc-

tion of the comet's tail and the radius vector from the sun to the comet

gives the length of the long streamer in terms of the mean distance of

the earth from the sun:

T.

b.m. h. m.

October 5,8:10— 9:00.

October 6,8:00— 11:45.

October 7,6:00— 7:20.

October 20, 6:00— 7:20.

October 22, 6:15— 7:45.

L.
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The Genus Puccinia.

J. C. Arthur.

The present paper is a continuation of two previous attempts to bring

to the notice of this society something of the efforts that are being made

to devise a worliable method that will eventually lead to a stable nomen-

clature for plants. The necessity for having one authoritative name for

each species and genus of plants is conceded by all botanists. The

methods proposed for arriving at this desirable state are various. It is

evident that nomenclature will never become stable if left to itself, that

is, to the judgment of the individual. There must be rules of procedure

which most botanists, if not all, will feel bound to respect.

The wise formulation of such rules and the impress of authority,

which they must necessarily bear, are difReult to secure. Were there an

international organization of recognized competency to talce up the matter,

(he way would seem easy. In the absence of such a body, suggestions

and attempts must be expected from various sources, which may linally

crystallize into a form which the botanical world at large will accept.

American botanists, acting through the American Association for the

Advancement of Science, promulgated the Rocliester-Madison rules of

nomenclature in 1S92-93. These rules, after the test of a decade, have

been somewhat modified and extended, and today represent the most care-

fully considered and most practical scheme for securing uniformity of

procedure in naming plants that has yet been Ijrought forward. What-

ever may be thought of these rules, or of any other, it is certainly the

part of wisdom to test tlieir applical)ility, and lend a hand to their im-

provement.

In order to illustrate the American rules I propose to take the very

interesting case of the genus Puccinia. As the name is generally used it

embraces about one thousand species of plant rusts, which are character-

ized by having free, tAvo-celled telentospores. In my paper* of four years

ago I pointed out, that according to the Kuntzean rules of nomenclature

this generic name should be transferred to the cedar apple rusts, to re-

place CiumnosimraiKjium , a name that has been in use since 1805. In my
second paper,! presented two years later, I showed that if we accept the

•'' Indiana plant rusts, listed in accordance with latest nomenclature. Proceedings
Indiana Academy of Science for 1898:174-186.

t (Generic nomenclature of cedar apples. Proceedings Indiana Academy of Science

for 1900:131-136.

6—Academy of Science.
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first spL'L-ic'S yiililislu'd uiuli-r a new .iicuns as the tyitc speoie'S to Avliich

the genus is to bo invariably anchored, and from wiiicli its essential char-

actors are to be drav.n, the cedar apples must be listed under the Linna^au

genus Tremelld, while the fate of the name Piiccinin was left in doubt.

In the meantime the amended rules of nomenclature by the American

Committee have been distributed, and although these recognize the great

value of types, a specimen used ])y the author as tyite of the species, and

a species as type of the genus, they provide other ways of determining

the type of a genus than always taking the lirst species named under it.

The new rules require that the intent of the author, or if that is not

ascertainable, the usage of his followers, shall be respected.

If we examine the status of the three genera. Tmiiclhi. (liiJiuiosi)oniii-

gium and Piicciiiia, under the present rules, we will tind that the first

becomes a genus of algae, not longer to lie incln(h'd among the fungi, the

second is restored to tlie position it has long occupied, while the third

is well nigh lost in the toils.

The name Piicciiiia Avas introdm-ed into botanical literature by ^Micheli

in 172'.», and is conse(inently pre-Limuean. It was employed by Haller

in two different works prior to 17o8, the initial date for the operation of

the law of priority, and by the same author in his HistorUi sfiritiiiiii iiidi-

ijriKinnii HilrctUr iiicJiodtn (\'ol. Ill, p. V2(>} of ITliS. The last Avork, liOAV-

eA'er, does not employ Innomial names, and is not to be used in establish-

ing modern nomenclature. Another early author, Avho cites the name

I'uic'ui'ki. is Adanson in his FamiJhH <hs J'huitcs (Vol. II, p. S) of 17G.3. He
adopts both the name and the desci'iption of the genus from Micheli, but

does not mention any species. There is a failure, therefore, to establish

the genus on accomit of the lack of a type species.

The next oldst author to employ the name is Willdenow in his Flora;

BcroVnicnuis, of 1787. AVilldenoAV characterizes his genus Pnccinia as fol-

loAVs: "('(jrpiif! ci/liinlrucctnii i<(iiiniihi(x ((iiidatis rdtlintiin posifis, clasticr

c.rsiliciitiJxis fdrctinii." Under this genus he places a single species,

Piirciiiid shiiplc.r, Avhieh is described as "/'. i-orixirc ci/liiiiJrico siiniilicissimo

(jlifiisii." It is said to occur on the trunks of plum trees (Pninits

(i.nii('ni<ica'J in autumn, and to be rare in the vicinity of Berlin.

Although reference is made to Micheli, yet careful comparison shows con-

clusively that WilldenoAv's plant Avas different from that of the Italian

author. Moreover, it could not liave Iieeu one of the cedar apples
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[Gi/miiospoj-aiii/iniji ). as pointed out l».v ^las'iuis,* for they neither grow

upon the phun nor produce their spores in autumn. Further confirmation

of this is found in Koth's Flonr <lrnn(iiiic(r, the first volume of which was

issued the year following the appearance of Willdenow's work. In this

volume (p. 547; Piirciiiid si inpier is given, and credited to Willdenow, with

no reference to Micheli, Avhile a few pages farther on in the volume the

common cedar apple of Europe is listed as TrciiuJUt jiiuipcrUia. The two

were evidently considered 1)y the author to l>e distinct fungi.

There seems to be no doiibt, that according to our present form of

procedure, we must consider that the genus Puccinln was established by

Willdenow in 1787, with the single species, /'. s'niiplcv. a species that does

not belong to the I'rrdined'. What fungus Willdenow had in hand, I am

not prepared to sa.v. The description fairly well applies to Connihirid

J'ersiar (Schw.) Sacc, but that is a North American fungus, common in

America but not yet reported from Europe. So far as our present pur-

pose is concerned, however, it is enough to know that the t.vpe of the

genus Piicciuid is not uredineous. Therefore, the largest and best known

genus of plant rusts, the one that includes the chief economic species,

drops entirely out of the extensive family of the I'rcdiiicd'. Probably

Doctor Kuntze is to be followed in placing under Dicivoma the species

that have heretofore been listed under ri/iciiiid. as 1 have already pointed

out in my preceding paper before the Academy.

Whether this is the final word regarding the genus Pdcciiiid, and the

fungi which it has lieen used to cover, yet remains to be seen. It may

appear foolish to some to relegate to obscurity a well known and long

estal)lished name, upon what seem to be technical grounds. But the

loss of a familiar name should not stand in the way of the introduction

of definite rules which will lead to a reasonably permanent nomenclature.

What is most desired is that the period of trial and transition shall be as

short as possible, and to assist in Itringing this about the study of the

genus Puccinia is herewith presented.

• Bot. Centr., Vol. LXXVII, p. 5.
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Forestry Conditions in Montgomery County, Indiana.

Samuel J. Record.

The recent interest in forests and forestry problems in Indiana makes

it very important that every one collecting accurate information regard-

ing tlie forestry conditions in any part of our commonwealth, present in

as conii)lete a manner as possible everything that may be of general

importance in arousing public interest and at the same time serve as a

basis for intelligent Avork in that particular part of the State.

The writer has studied with some degree of thoroughness the condi-

tions in Montgomery County, which conditions, as revealed by the follow-

ing facts, demonstrate the very serious nature of the problems we are

confronting and the lines for future work.

Montgomery County is located in the middle western part of the State

and contains 504 square miles, or 322,500 acres. Owing to its large size,

its prominent location and the diversity of its surface and soil it may
well be considered as a typical section of the central part of Indiana.

Hence, what may be said of the forestry conditions and the plans and

possibilities of its reforestation may in a general way be considered true

of the whole central portion of the State.

The surface of the county is pleasantlj' diversified. The western and

central part near the principal streams is hilly and broken, in the north

central it is gently undulating and at the east and southeast flat and level.

The northern part of the county is notably a prairie region, level or gently

rolling.

The drainage takes direction from the dip of the underlying rocks

generally a little west of southwest. The main stream is Rock River or

Sugar Creek, which enters south of the northeast corner and traversing

the central area, passes out six miles north of the west corner of the

county. Its tributaries from the north are Black and Lye creeks; from

the south, Offield, AValnut and Indian creeks. The southern and south-

eastern parts are drained by Big and Little Raccoon creeks and at the

southwest by Coal Creek, which flows directly into the Wabash.

The early settlers found the county one vast forest, broken only by

the wind swept streak of the cyclones or the marshy land of the prairies.

So dense was the wilderness that their way had to be cut with the axe.

Trees and saplings were cut and their trunks made into corduroy roads.
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forgotten. Though uudoubtedly requirtxl l».v the necessities of civilization

and population, it has been carried too far, and future generations may

have to curse the wanton Avaste of the past. Our fathers had a constant

grudge against trees. Tlie l)est were cut into rails or hewed into sills,

or used for tirewood. Kegular logging 1)ees were held and tree after

tree was cut, rolled together and burned. There is not a farm in the

county today but would, if left in nm1)er, have been worth six times its

present value. And worst of all, this same policy is being continued.

Every year forest OAvners, either tlirough carelessness or ignorance, are

wasting valual)le property. Concerning the nuuket value of the various

crops whicli the farm produces tlie farmer is usually posted, but concern-

ing the marlvct value of tlie various trees malving up his timberland he is

usually ignorant. The amount of timber that has been allowed to go to

utter waste in the past history of the county, because of the failure to

appreciate the true value of forests, Avould have been sufficient, had it

been preserved and sold at current prices, to have paid for every acre

of land in the county. Save for occasional groves, almost all the black

walnut has l)een removed because of its great value, and yet on every

farna in the county, rows of rail fences l)uilt of l)lack walnut and poplar,

puncheon floors, rafters of old barns and sheds attest to its reckless use

in the past.

In this country Avhere all the land is in the hands of private owners,

nothing can be done save through the intelligent co-operation of land

owners.

No land in the county has been reforested by artificial means. A num-

ber of farmers, however, maintain groves of catalpa and black locust

which furnishes material for posts and poles. Numerous instances could

be cited where a few acres of black locust furnish a constant supply of

posts for the fencing of farms containing hundreds of acres each. Such

groves are easy to propagate and furnish the best of posts, which can

not be purchased on the market for less than thirty cents each line post.

The catalpa groves have not proved so successful, owing in some instances

to the planting of catalpa bignonoides which is of small growth, crooked

and seldom forming a well-shaped tree. The valuable variety to plant

is C. speciosa, which is a very rapid grower and furnishes wood valuable

for posts, ties, telegraph poles and lumber.

Not only has there been no planting of forest tracts, but there has
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been a constant cuttiiiK off of the remaining tiuiberland. The following

figures from the statistician's report shows this condition:

1881 07.574 acres timlierland.

1882 (J2,983 acres timlierland.

1883 09.300 acres timlterlaiid.

1884 09.451 acres timberland.

1885 40,508 acres timberland.

1880 44.183 acres timberland.

1000 7.184 acres timberland.

The discrepancies in the early returns are due to inaccurate data; the

later reports are more reliable. They are sufficient to show the vast

decrease in our forest area. In fifteen years 39,324 acres of timber was

removed at the rate of 2.021 acres per year. If this rate were kept up all

the remaining timlterland would be deforested in 2.7 years, but. of course,

the decrease in the amount and value of the timlier would tend to lessen

the annual rate of removal.

The census reiiort tor 10(10 stat"s that the numbei- of acr(>s in timber

but not in pasture land in T'nion Township is 2.240. Mucli of this, how-

ever, is in small lots or groves and has had most of its l)est timber re-

moved. This 2.240 acres is Ijut 3.1 per cent, of total area of the township

and is divided into 103 tracts or lots, only thirty-seven of which contain

twenty acres or more. Of this latter number only eighteen contain as

much as forty acres, and only one of 100 acres.

Kipley Township is rugged and broken toward the south and has re-

maining a larger proportionate acreage of forest. There are twenty-six

tracts of twenty or more acres reported, making a total of 1,273 acres,

comprising 50 per cent, of the total area. Much of this land is covered

with beech, which, however, is not a very prolitable timber. The soil,

especially toward the southern part, is generally poor clay, and if stocked

with young trees would soon Itring much more than can be realized from

the same ground at present.

Brown Township is also much broken along the course of Sugar Creek.

Only fifteen tracts of over twenty acres were reported, but most of these

areas are large, giving a total of 050 acres or 2.7 per cent. Much of this

timber is beech, though white oak is also abundant. The region near

the mouth of Indian Creek, known as Pine Hills, is covered with pine and

hemlock, iSome of these trees are very large with straight, towering
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stems reaching to lofty heights. Hiuidreds of seedlings are growing

everywhere and if left alone will perpetuate the excellent forest condition

now prevailing. Farther down the stream are the "Shades of Death," an

area of 200 acres in virgin forest, especially noted for its beautiful scenery.

The sides and slopes of the sharp hills and promontories are covered with

a thick growth of evergreen hemlocks and cedars and the tip-top heights

with pines which lift their foliage 200 feet above the brook, averting the

sun's rays and tilling the deep chasm with a gloom typical of the "Valley

of the Shades." Here one sees typical forest conditions, the forest litter

holding the moisture and feeding gradually the many pure, cold springs.

This land, if deforested, would be worth practically nothing, but under

proper management a large return could be secured annually from the

timber gi-owing there. This area, hoAvever, has been recommended by the

State Forester as a forest reserve with the purpose of increasing its effi-

ciency as a park. Dr. Henry Moore, of Irvington, Indiana, was chosen

president of the board of control. No other recommendations have been

made.

Walnut Township reports fifty-eight forest tracts containing a total

acreage of 4,493 acres of 20 per cent, whole area. These forest tracts are

comparatively large, thirteen of them containing 100 acres or over.

Franklin Township reports eleven forest tracts, of twenty acres or

over, making a total of 420 acres, or 2 per cent. The areas are small and

most of the good timber has been removed. The boulder trail passes

through the western portion of the township and the land in its vicinity

would be worth much more if properlj' covered with timber than it is in

its present condition; the large number of boulders making cultivation

of crops very difficult.

Sugar Creek Township reports seven tracts or 302 acres, 1.4 per cent,

of total area. Most of the region is black prairie land and the timber is

mostly in groves which have grown since the settlement of the country.

The prevailing species are shellbark hickory and white oak.

Madison is also a prairie region and its condition of soil and forest

closely resembles Sugar Creek. Seven tracts are reported, giving a total

of 458 acres, though the total acreage of the township, including smaller

tracts, is reported as 501 acres or 21 per cent.

Coal Creek reports but two tracts of more than twenty acres, though

the total acreage amounts to 201 acres or .G per cent, of the total area,

of the township.
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Clark Township returns indicate four forest tracts containing over

twenty acres. Only one tract contains over forty acres. The total area

is 135 acres or .G per cent.

"Wayne has but eleven forest tracts, mailing a total of 399 acres or 2

per cent, of the total area. The tracts are small, only one containing as

much as sixty acres.

Scott Township reports no forest tract containing as much as twenty

acres. The total area of the timl3erland in the township does not exceed

ninety-five acres or .4 per cent.

From this glance at the townships it will appear that the amount of

available timber Is very limited and most of the forests now remaining

are so small, open and scattered, that the benefit derived from them is

but a small per cent, of that accruing from well regulated forest areas.

The General Assembly of the State of Indiana enacted, in 1899, a

forest reservation law, whereby upon any tracts of land a portion, not

exceeding one-eighth of tlie total area, could be selected as a permanent

forest reservation which should lie appraised for taxation at one dollar

per acre. The land to be exempted must contain 170 trees per acre, either

naturally or artificially propagated. The act makes further specifications

as to the maintenance of the tract, and designates what trees shall be

known as forest trees within the meaning of the act. The kiAV was a step

in the right direction and has resulted in 284 exemptions covering a total

area of 5,312 acres in the State. In Montgomei-y County, however, not a

single exemption has been tiled. This condition in this county is largely

due to the lack of information on the subject, and succeeding years will

no doubt witness a large number of exemptions.

Deforestation of the headwaters has produced a marked effect in the

size and value of the county's streams. In its early history Sugar Creek

was navigable for good-sized boats and was much used as a means of

transportation. In 1824 William Nicholson came from Maysville, Ken-

tucky, to Crawfordsville in a keel boat of ten tons burden which landed

at the mouth of Whitlock's Spring branch. It floated down the Ohio to

the mouth of the Wabash and thence was rowed up to the mouth of

Sugar Creek, finally, after a long voj-age, reaching its destination. After-

ward two men took the same boat down to Terre Haute for a load of

corn. Other instances could be cited, but these are sufficient to show the

extent of the navigability of the stream which at present would scarcely
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float ail old time llatlmat. Muc-h of this is due to the filling in of the

channel with the products of the denuded fields above.

Records show that Sugar Creek has tiunished a motive power for at

least nineteen mills situated along its course in ^lontgomery County. At

the present time the number does not exceed four and these are oldiged

to use steam during most of the summer season. As is Avell known, a

constant water supply furnishes a most economical and reliable motive

power which would tend to lessen the cost of any manufactured products.

The owner of the Sperry Mill, at Crawfordsville, asserts that the cost of

running the mill one day by steam power, including coal, fireman and all

expenses, is $5; while the total cost of water power for one year, including

repairs to the dam and wheel, is $40. In other words, the amount required

to run the mill one day by steam would pay the cost of running the same

mill by water for nearly forty days.

The amount of power exerted l)y the stream in its course would, if

utilized, be sufficient to turn every wheel in every factory within the

county. This would l)e of especial importance in furnishing an econom-

ical motive power for concerns under municipal ownership, thereby

gi'eatly reducing the expense of operating. But while the volume of water

carried by Sugar Creek in a year has probably remained constant since

the county was discovered, yet the flow is so irregular and uncertain that

it is no longer of great economical importance.

Deforestation has also had a very disastrous efl'ect upon the fish

supply of our streams. In the early settlement of the country Sugar

Creek was full of edible fish. It is related l>y an old settler that during

one night in 1824, DOO fish, consisting of pike, salmon, bass and perch,

Avere caught in a large fish trap. The settler often carried them by skiff

loads from the fish trap and placed them in a pond to l)e retal^en later

and sold or used for food. Now this condition has entirely clianged and

but few food fishes remain in our streams. It is true that stream pollution

and illegal fishing are responsible for much of tliis. l)ut the decrease in

the volume of water, rendering it stagn.uit during the summer months,

is almost directly the result of deforestation of the headwaters. The un-

usually liigh water at the season of spawning seriously interferes with

the repi'oduction of the species. This sudden rise of the stream is pre-

vented by the forest. The litter receives the rain, and, owing to its loos-

ness and lack of capillarity, prevents rapid evaporation. The relatively

low temperature of the forest is also a factor in lessening the rate of



91

evaporation. The unevenness of the forest floor, with sunken logs and

piles of debris, prevents the formation of gullies and consequently the

water sinks into the ground instead of running off on the surface. It can

not wear away the soil upon steep slopes, nor form sudden and disastrous

fi-eshets as in a naked and treeless region. The streams rising in wood-

lands may swell after a rain, hut more gradually, and they will subside

again more slowly. If they rise in woodland swamps, they are scarcely

liable to floods at any season and tend to an even floAV throughout the

year.

The soil of Montgomery County is generally very rich and the disas-

trous effect of the removal of the forest will not be evident for many

years. The land is especially adapted for agi-icultural pursiiits, and ra-

tional farming and rotation of crops is doing much to maintain its pro-

ductiveness. Yet some tracts have been cleared w^hich are of very little

use for farming purposes, and fail to yield a profit for the labor exerted

upon them. We have seen large areas of good timber cut down, much of

it wasted and destroyed, merely to add to the farm land an area almost

worthless for cultivation. Such land should be immediately reforested

with the most profitable kinds of timber, since l»y this means the most

profitable returns can be secured.

An examination of our corn crop yields since 1873 shows the follow-

ing gains:

1873-1877 24 bushels per acre.

1878-1882 31 bushels per acre.

1883-1888 37 bushels per acre.

1889-1893 32 bushels per acre.

1894-1900 42 bushels per acre.

In considering these figures we must remenil)er tliat much newly

cleared land, rich from forest litter, has been added yearly and tends to

increase the average yield per acre.

Our wheat crops have not fared so fortunately and the averages for

five year periods since 1872 show the following decrease:

1872-187G 21.18 bushels per acre.

1877-1881 15.45 bushels per acre.

1882-1886 14.21 bushels per acre.

1887-1891 13.10 bushels per acre.

1892-189G 13.30 bushels per acre.

1897-1900 , , . . .11.60 bushels per acre,
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The exact cause of this decrease is not known, but to the student of

forestry conditions, it seems that deforestation is, in part at least, re-

sponsible.

By far the most susceptible of our crops to the changed condition is

the apple. Though our statistics on this subject are very limited, yet the

memory of every person of mature years will testify to the great decrease

in our apple crop. The raising of perfect apples in this county is very

difficult and yields such poor financial returns that the growers have al-

most entirely abandoned the pursuit. However, the decline in yield is by

no means proportional to the decline in the number of trees. The follow-

ing figures are taken from the statistician's reports for Indiana and ex-

press approximately this condition:

187D 42,007 bushels apples.

1880 37,781 bushels apples.

1881 20,476 bushels apples.

1885 14,544 bushels apples.

1886 98,933 bushels apples.

1897 3,084 bushels apples.

The yield has so decreased that at the present time we are com-

pelled to Import almost all of our apples. The immoderate ravages of

hordes of insect pests is mainly responsible for this condition, though the

apple rust is also very injurious. The disastrous effect of the latter,

however, is probably no greater now than at previous times and will not

account for the remarkable decrease in our apple crop.

Besides a decrease in our soil productiveness, the county has also lost

many valuable wood iuduistries. Until recently there was located at Craw-

fordsville a heading anTl stave factory which used large quantities of

timber and furnished employment to many men. The scarcity of avail-

able timber made further operation unprofitable and the concern was

moved to Arkansas. At one time the county was liberally dotted with

sawmills, but now scarce a half dozen remain, and these are compelled

to import a large proportion of their logs, in some cases nearly one-half.

Crawfordsville at present has but two important wood industries. The

Indiana Match Company nses large quantities of cottonwood and bass-

wood and the supply of this county was soon exhausted. For some time

past the company has purchased these woods in different districts, chiefly

in lower Illinois, but the new Chicago drainage canal has flooded so much
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of the timber country that the wood can not be gotten out. The company

is in a difficult position and the scarcity of any material may cause it to

close down or to be removed. The Casliet Company uses annually $38,000

worth of material, turning out a finished product worth $58,500. The

factory furnishes employment to forty persons, paying annually in wages,

$18,000. Most of the material is shipped here. There are prospects of

another industry for the manufacture of wooden novelties for which there

is claimed an excellent market. In order to have the desired capacity,

about thirty men would be employed at first and if the venture proved

successful the capacity and working force of tlie plant would be doubled.

The principal woods used are the maple and beech, and the county still

has a good supply of the latter.

Such industries contribute largely to prosperity of the county and

whatever Avould tend to foster them in a proper way is promoting the

general welfare. The reforestation of a sufficient area would make good

timber available and not only prevent the removal of our present indus-

tries but invite new ones as well.

XOTES ON THE ClEAVAGE PlANE IN StEMS AND FALLING LeAVES.

Mary A. Hickman.

Adaptation to climate and environment is nowhere better illustrated

than in the forest. Especially is this true of the temperate regions Avhere

adaptation is in response to the winter cold. The deciduous trees, instead

of protecting their delicate leaf structures from the severe cold of winter,

have formed the habit of dropping them and again putting out new leaves

when the Avarm season returns. The deciduous trees have developed the

working powers of their leaves to such an extent that the great surface

exposure and delicacy of striicture make it impossible to carry them

through the winter, therefore, the necessity of the deciduous habit.

However, this habit of shedding is not confined to the leaves only, for

many trees annually shed twigs and branches. The dropping of twigs

and branches is probably to prevent too great a density of foliage. This

last habit is not restricted wholly to the deciduous trees, for some of the

conifers have the same trait.
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This dropping is due, not to breaking, but to growing off by the forma-

tion of a cleavage plane lietween both the twig, petiole and the parent

stem. Thus the reason for the scars left by the sliedding.

lu the shedding of stems, the cleavage plane is gradually developed

across the fibro-vascular system separating the stem from the parent

stem with the exception of the ))ark and a few layers of wood cells which

are easily broken. The scar is virtually formed l)efore the falling of the

stem. Marked illustrations of this habit from the deciduous trees are

found in the family Salicacea^ L. The l)ranches and twigs begin to fall

before the shedding of the leaves and continue tiu-oughout the period of

leaf fall. The twigs shed are green, many bearing large winter buds

upon their tips. Of the conifers, the Tsiif/u- Ciiuddenxis Can:, illustrates

this hal)it very markedly. However, their twigs, when shed, are dead.*

In the shedding of leaves, Ave find the formation of the cleavage

plane the same as in the stem. The most common method is that of

a separation between the petiole and stem, as shown l)y the scars on the

stems.

The Self-pruning of Woody Plants.—John II. Schaffner, Ohio Nat. I., 1902, pp. 171-147



This fall the attention of the writer was called to a peculiar case of

variation found in the vine Amiielopsis veitchie L., native of Japan, but

wliieh has been introduced into America for ornamental purposes. It

clings to the walls by its very numerous disk-tipped tendrils. The leaves

on the j-ounger branches of the vine are small and entire with dentate

margins, but those on the older Ijranches are sharply three-lobed or some-

times three divided.

In this plant we tiud a second cleavage plane formed between the

petiole and leaf blade so that instead of the leaves falling in the usual

way the Idade is slied and tlie petiole remains attached to the stem until

late in the winter.

Due to the differenee in density of structure in tlie stem and petiole,

it is difficult to secure satisfactory results in the formation and structure

of the cleavage plane of that region. But when, as in this plant, there is

a second cleavage plane formed between the petiole and blade, it is com-

paratively easy to trace. Tliere is a l)reaking down and spreading of

tlie tracheary tissue and the formation of a layer of small cells, causing

a complete disconnection l)etween the tracheary tissue of the leaf and

petiole, as is denionstrati d by the illustration.

Some Rare Indiana Birds.

Amos W. Butler.

The following notes are supplemental to those presented at the meet-

ing of the Academy in IS'.l!), wliich wer(> printed in tlie proceedings for

that year:

niAL.Vt'KOCOPvAX DILOPIirS FLORIDAXrS (And.).

Florida ('(innonint.—X liird of tliis species was Ivilled September 28,

ir>02, at Morris Street bridge over Wliite River, in the city of Indianapolis.

It was obtained by Fletcher M. Noe.

PELECAXUS ERYTHROPvHYNCHOS Gmel.

White I'eliniii.—Two were killed on White River April 2.j, 1002, by

Harry Sappentield. Tlie locality is given as between the farms of Frank

C. Lory and A. H. Taylor, in Knox County. It is reported the birds will

be mounted. (E. J. Chausler.)
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Fletcher INI. Koe informs me he saw a specimen -which was killed Oc-

tober 12, 1902, near Martinsville, but Avas unable to obtain it.

C. K. Muchmore wrote me that a flock of thirty-seven White Pelicans

"stopped over" at the pond of the Cincinnati lee Company, two miles

south of Laurel, September 29, 1902. Two of them Avere killed by a boy.

Earl Masters, who brought them to my informant. The next morning he

received a third specimen from Earl Bossert, of Brookville.

From another source I learn that the bird last mentioned was one of

two, possibly from the same flock previously noted near Laurel.

TANTALUS LOCULATOR (Linn.).

Wood /&?«.—Though the Wood Ibises were formerly found irregularly

in some numbers in southern Indiana, and doubtless were summer residents

and bred, they have not Ijeen reported for several years. These peculiar

birds, sometimes called "gourd heads" from their odd, naked heads and

long heavy bills, were formerly found in the lower part of the White

Water and Wabash valleys. To the latter they occasionally recur. With

the increasing warfare upon our larger birds especially and the rapidly

diminishing area of suitable range, they lessened in numbers for years,

and more recently none have been observed by any one who noted them.

Through the most of August and September last they were found in con-

siderable numbers in suitable places in the lower Wabash Valley. The

earliest date reported was August 10, near Montezuma, Indiana, when a

single specimen Avas seen. The latest occurrence was from the same

vicinity September 28.

The folloAving data from Mr. I). W. Overman, of Montezuma, is inter-

esting:

"On August 10 I saAV a single specimen in a dead elm at the Goose

Pond about tAAO miles north of this place, in the Wabash bottoms. On
12th saAv ten or tAvelve more. The 17th an old fisherman brought me a

specimen, and another the 18th. From the 14th they were of daily occur-

rence and Avere seen passing north along the Wabash in flocks varying in

number from four to 150 or 200. The one Avhose head I sent you was

taken the 18th, by Mr. Chas. Doss, from a flock of twenty-five or thirty,

and Avas 'using' along the Wabash just south of town. The specimen

brought me by Mr. Tombs, of Arcadia, was taken the 18th near the town.

"I killed one August 24 at Goose Pond from a flock of thirty-five or

forty. They were last reported as being seen September 28."
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So we have it snnniu'd up: LMist seen Anyust 10. ))eeaiiie common

about 14tli, last seen September 2S. stragglers from the 20th to 2Sth.

Wood Ibises were also reported as numerous along the "Wabash River

in Posey County. Paul J. Ilartman. New Harmonj% has very kindlj' re-

ported to me such information as he has been able to collect in that

county. He says: "In regard to the "Wood Ibis, I Avil'l say that I have

seen it. On August 12 about sundown, I saw ten. I was positive of their

identity. They came down the river flying rather low, and alighting in

a large willow thicket, went to roost. The next evening I saw another at

the same place, but it flew on down the river. On the 15th I saw twenty.

They went down the river. On the 10th, at the same place, I saw more

than I could count, certainly more than a hundred. I saw all at the same

point of observation, and at the same time of day, about sunset. With

the exception of the first ones, they did not stop.

I find the "Wood Ibises were quite common at Hodge's Landing, about

six miles below New Harmony, during the middle of August. They were

very tame and a number were killed. The skins wei-e not preserved.

FLORIDA C.1']RULEA Linn.

Little Blue Heron.—A specimen of this southern species which as been

known to breed in suitable restricted localities in southwestern Indiana,

has been received by the State Museum. It is an immature bird in the

white plumage, and was killed l)y John Michaels near Bainbridge, Put-

nam County, Indiana, August 10, 1002. A few other white herons have

been reported from different localities, including Posey, Knox and Kos-

ciusko counties. Possiblj' some of these were of this species, but the

chances are they were American Egrets, Hcrodiax efiretta (Gmel.) or per-

haps some of them Snowy Herons, Egrettd antfrKlissinid ((Jmel.).

PHALAROPUS LOBATUS (Linn.).

Knrthcni Phahirope.—A specimen of this rare bird was taken at Millers,

Indiana, September 1, 1000, by R. S. Turtle, according to information re-

cently received from Mr. Frank M. Woodruff, of the Chicago Academy of

Sciences. This is the fourth specimen reported as taken in the State.

The gathering of peculiarly maritime species of birds along our great

lakes each fall is a very interesting fact. They l)egin to appear about the

7—Academy of Science.
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couiiueiK-emL'iit of the second (luai-tei- of August, are most numerous be-

tween the middle of that month and mid-September, and generally are

scarce after Octol^er 1. Some, however, occasionally linger until cold

weather. Reference has elsewhere been made to this but attention is

called to it again because of informaiion received of (lie occiu'rence of

some rare species since the last report.

NUMEXirS IIUDSONICTTS Lath.

Hiiilsouidii Curlew.—Ml- . F. I\I. Woodruff states a fine Hudsonian Cur-

lew was talcen at Calumet Heights, Indiana, August :!. in02, liy R. S.

Turtle. It is a very rare migrant in Indiana.

TRINGA CANUTUS Linn.

Knot.—Mv. F. M. Woodruff reports the capture of a specimen of this

world-wide sea-side wanderer near Millers, Indiana, in 1901. He has

kindly placed in my collection a specimen taken at the same place to verify

the Indiana record.

ARENARIA INTERI'RES (Linn.).

Turn-'itoiic.—Ml-. Woodruff also obtained one of these birds near the

same place August 9, 1902. This is early for these seashore species. They

are said to be in exceptionally rich plumage.

MICROPALAiSIA HIMANTOPUS (Bp.).

Stilt Sandpiper.—A specimen of this rare Sandpiper was taken at Mill

Pond, near Greencastle, April 19, 1899, by Alexander Black. This is the

second record of which I know for Indiana. Mr. Black has kindly de-

posited the specimen in my collection to verify the record.

ECTOPISTES MIGRATORIUS (Linn.).

Passenger Pigeon.—The only record of the Wild Pigeon I have been

able to obtain since that of June 10. 1899, was received last spring through

the kindness of Mr. Fletcher M. Noe of this city. From him I learned

that Mr. Chas. K. Muchmore, of I>aurel, Indiana, had obtained a speci-

men of this very interesting bird which was taken near that place last

spring, April o, 1902. Of this Mr. Muchmore says:
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"The bird, which is a beautiful male, was taken by a young man

named Crowell, near his home, about two and one-half miles southwest

of this place. He reported that there were two. He heard the bird cooing

and shot it and brought it to me, having concluded that it was something

new. You can imagine how we almost toolc it away from him when he

unrolled it out of a bloody old newspaper and began to inquire if we knew

what it was. I was convinced that I saw a floclc of five Passenger Pigeons

one day in the spring of 1901, but had never said much about it as I only

saw them flying and at a distance and it seemed rather improbable. I

used to see them occasionally in Iowa about 1882-3, and although I was

then very small, the specimen was not new to me, and I, of course, at

once recognized the same."

Mr. Muchmore in a recent letter says he heard of a small flock near

Laurel last fall (1902).

The Catalpa Sphixx (Ceratomia Catalp.e) Destroyed by the

Yellow-Billed Cuckoo (Coccyzus Americanus)

IN SoFTiiERN Indiana.

F. M. Webster.

This paper was suggested by the receipt of a letter from Mr. A. W.

Butler, calling attention to a statement made by Mr. John B. Elliott, a

very observing farmer of New Harmony. Indiana, who stated that the

catalpa trees in his neighborhood had. until recently, been defoliated by

a large worm, but, recently, this worm had nearly disappeared, having

been eaten by the Cuckoo or Rain Crow, as they are termed in the South.

There did not appear to be any doubt about the food habit of the bird,

though there is but one other similar observation on record, the only

question being as to the identity of the worms. Now, the catalpa, like

the ailanthus, and the China ti-ee of the Gulf States, has very few ene-

mies, and there is no chance of mistaking the larvfe of the catalpa sphinx

for any other insect. On the other hand, there is no data whatever in

possession of the division of Biological Survey of the United States De-

partment of Agriculture, showing that this bird ever attacks the catalpa

sphinx, though the stomachs of ninety birds have been examined. Several

other species of Sphingidre do not fare so well. Two, Dcilephila lineaf^
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and I'hlajctlioiitin.s scita, are frequently taken by these birds. There hardly

seems a doubt about the correctness of Mr. Elliott's observations, and I

give these facts in order to show their value. The catalpa is planted as

far north as extreme northern Indiana and Illinois, but the catalpa sphinx

does not occur north of about the latitude of Vincennes, in this State,

Flora, in Illinois and extreme southern Lawrence County, in Ohio. On

the Atlantic Coast it is steadily working- its way northward, being now
seriously abundant about Philadelphia, Avhich is in the latitude of Colum-

bus, Ohio, and almost that of TTr))aiia, Illinois. It was altundant at Flora,

Illinois, as far back as 1875, but seems to have progressed no farther

northward. The insect has this peculiarity: The female will deposit to

the number of 1,0(>0 eg'^::s in a mass on a single leaf and the young are for

a considerable time after hatching thoroughly gregarious, so that while a

single tree or a row of trees may be defoliated by the larvjie, other trees

in the neighborhood may entirely escape. This gives the enemies of the

larvae an opportunity to literally exterminate a colony hi short order.

Mr. W. H. Edwards, a lepidopterist of Coalburgh, West A'irginia, some

years ago, recorded the sudden appearance of this insect in his locality

for the first in ISOO, and the as sudden disappearance the following year.

The catalpa sphinx is like its food plant, a southern species; the

Sphingidto are a tropical family for tliat matter, and it is interesting to

note that Judge Lawrence .Johnson observed the attacks of the Cuckoos,

both species, on these larvre in 1SS3, in Alabama. The Cat Bird and the

Baltimore Oriole are both known to feed upon them.

Besides the birds there are several insect enemies of the catalpa

sphinx, two being species of Taehinid flies, Eiiphorocera clarlpennis and

Froiitiiia fmiclni. A Hymeno[)ter, Apantrlrs coiifiref/dfiifi also destroys a

large number of the larvpe. As I found many of these caterpillars on

catalpa trees al)out Princeton, Indiana, late in August, 3!)02, with nu-

merous eggs of the Taehinid flies attached to their bodies, there is no

doubt liut what they are doing their full sliai-e in keeping the insect in

check.

I might say. in addition to tlie foregoing, tliat this Cuckoo is exceeding-

ly fond of another caterpillar, Ihitdua aiii/iisii, which so frequently de-

foliates the walnut and hickory trees in midsummer. Here, too, we have

the work of the Taehinid flies i)reviously mentioned, and while at Purdue

L'niversity, several years ago, I observed a case of excessive parasitism,

on the larvae of a closely allied species, Datuna contractu. On four of the
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catei'iiillars of tho latter spueies I counted respectively, 115, 131. 213 aud

228 eggs of these parasites. I mention this, seemingly disconnected cir-

cumstances, because the same species of Cuckoo is fond of all these cater-

pillars, and we are mot Avith that perpetual puzzle to economic ento-

mologists, viz., to determine the exact economic value of an organism.

If the bird ate only the unparnsitized caterpillars, it would be wholly bene-

ticial, Init, on the other hand, if it devours parasitized caterpillars, it has

done no good, l)ecause these would have died in any case, and has done

actual harm, because it has destroyed beneficial insects.

Notes on Reared Hymenoptera from Indiana.

F. M. Webster.

The material upon which this list is based was obtained during two

trips to southern Indiana, the first late in August and the last late in

October, 1902. while in the employ of the United States Department of

Agriculture, and making some special investigations of certain insects

attacking growing wheat. My first intention was to prt'sent a paper that

would include only such species as were new to science, but I have in

addition to such, found .so many forms that are new to the State, and

others discovered liy me about Lafayette, years ago. but of whose habits

nothing was known, have been farther investigated, throwing new light

on their life history and habits, tliat I later decided to include all of the

Hymenoptera reared by me, but not previously reported as inhabiting

Indiana. I m'ay add that the nature of my investigations required that

considerable quantities of wheat stubble, and the stems of Elyiniis can-

adenitis and E. rirc/inicvx, Trinixjiiff f^exh'roides and J>r<>mi'-'< fiecali)nts, the

latter being the common cheat of the wheatfields, be collected and the

Tftofioma and other insects inhabiting these stems secured. The stems

of these grasses and the wheat stubble were collected and placed in paste-

board boxes so that everything developing within them was thus secured.

It will be observed, then, that the prime ol).iect of my reariugs was to de-

termine the food plants of tlie Tsiosnmti. the parasitic species, though of

much importance, were of secondary signitication in these studies.

Isofionia graiide. whicli I reared about Lafayette, during the years 1884

to 188(>, and establisluMl tlie fact of a dimorphism and alternation of
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generations before unknown among these insects in this country, was

represented in my rearings from wheat stubble, collected from about

New Harmony and Princeton, by tlie spring form mimiUtm.

Isosoma tritici Ritch was also reared from wheat straw from these

localities. Specimens of the latter occurring among the former are quite

strongly contrasted, the latter being quite large for these insects and pos-

sessing fully deA'eloped wings, whereas the former are much smaller and

wingless. Reared also from Elyinvs virf/iniciis, an entirely new food plant

for the species.

Imiioma viactdatiiin Howard was reared in eoiisidcralile numbers from

the stems of cheat, Bromvs sccdliniis. The species was described from

individuals collected by me about Lafayette during .June, 1885, and May,

1886, but the food plant has up to tliis time remained unknown.

Isosoma albomaciilutiis Ashmead, originally described from West Vir-

ginia, was reared from Broiuus secalhiiis in great numbers, also to a lesser

extent from the stems of EJjjmvs rlvoinicus.

Isosoma ehjmi French was reared in profusion from Elymus. This

species, at one time supposed to be a wheat insect, confines itself strictly

to the grasses. I have never I'cared it from Avlieat straws and have never

reared Isosoma finivdc from anj'tliing else except wheat.

Isosoma (fiavipes) liordci Harris was reared from stems of Ehjmiis can-

adviisis and in such nuiriliers as to give economic importance to the fact.

The rearing of the .Joint Worm species, /. hordei, and one of the wheat

straw worm species, I. frit id, from Elymus, both of which are wheat in-

sects, shows very plainly that tlioiiuli tlie farmer may overcome these in

his cultivated fields, unless he is careful to destroy these grasses growing

along roadsides and in uncultivated fields, a continual reinfestation will

be going on, and he must fight his foes in the grasses as well as in his

cultivated grains. Besides these, there is a species of Isosoma, of which

I have only been al;)le to rear the male, but the larva? of which infest the

stems of Tric'Kspis scslooidcs, and I have reared these from stems col-

lected near Orleans, Indiana. There is prol)al)ly still another species of

Isosoma, at present not distinguishalile from /. hirtifroiis Howard. This

last had until now been known only from rye straw in California. I did

not rear this from Indiana, lint in Illinois the common cheat, Bromns

secalinvs, appears to be its sole food plant. The larvie are found in the

stenis, and as the stems of cheat in Indiana contain an abundance of
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larvoe it is not uiilikoly tluit those of tliis species are among them. It is

not unlikely to he found infesting rye also.

Tonjiiiiis spV This is parasitic on the Isosoma larva^ infesting the stems

of Tricxspis.

Another species of parasitic Hymenoptera has been determined as a

new species of a new genus of the family Encj/rtidn'.

Euyijto)i>a nov. sp. This was reared from the stems of Eh/niKsi cdn-

(iflcni^is, the adults emerging in late August.

Paraptcromal IIS imsomaiis Ashmead, nov. gen. et. sp. This is parasitic

on a cell inhaljiting Isosoiiki. affecting Eli/nnis. The adults appear in late

summer and at once proceed to oviposit in the occupied cells of the

Isosomas. That is to say. they have developed in the bodies of their

hosts while the latter have been in the process of development and. now.

oviposit in the fully grown larva\ there being tlius two liroods of the

parasite to one of the host.

Coccideiicijrttis fluriis .Vshmead.. nov. s]). This is (bmlitless connected

in some manner Avith a coccid that inhabits the stems of Ehjiniis.

01i(josita. anicricana Ashmead, nov. sp. This is an egg parasite and

belongs to a genus not before reported from AmeiMca. A single species

is known from Europe and three from the island of Ceylon.

ElaaniKS tvcbstcii Ashmead. nov. sp. Ifeared from either the steins of

Elymus or from the stub1)lo of wheat, in t ither case it is prol)al»ly in some

way connected with some species of Isosoma.

Xanthoencijrtus nUjroclants Ashmead, nov. gen. et. sp. Reared from

stems of EUjmus, but not probably in connection with the Isosomas.

The following were reared in considerable numbers from leaves and

stems of grasses about Champaign and Urbana, Illinois, within which the

host insects were feeding, and doubtless are to be found in Indiana also.

Pohjneura citripcs Ashmead, nov. sp. Reared from stems of Eragrustis

poiioklcs, an egg parasite Avhose exact host is unknown.

Pedobiits tcchstcri Ashmead, nov. sp. Parasitic on a dipterous leaf

miner affecting Paiiieiiin prolifomi by mining in the tips of the leaves.

As I have found the same leaf attack in various localities in Indiana,

presumably done l)y the same dipterous insect, it is not at all unlikely

that the parasite is also found in Indiana, as I have reared them in great

numbers from about I'rbana, Illinois. Only one other species of this

genus is known, and it is also a dipterous parasite.



104

Prelimixary Li.<t of (TALL-pRuDrcrxa Insects Common to

Indiana.

Mel T. Cook.

For the past two years the writei' has been very much interested in

gall-produoiug insects and in tlie structures produced by them. Amonsj:

other very interesting phases of this problem is tlie question of distriliu-

tion. We knoAV very little of the distribution throughout the country and

nothing of the distribution In Indiana.

My coll^'Ction of galls includes over 200 species, collected in the states

of Illinois, Indiana and Ohio. Those collected in Indiana are all from

Putnam County and about seventy species are included. Of this number,

I have accurately determined forty species. These forty species represent

five orders (including Acarina) and eighteen genera. The host plants

represent ten orders, twelve families and fourteen genera.

The order and families of the host plants are the following:

Orders. Fain'dies.

Salicales, Salicaceae.

Juglaudales, Juglandaceae.

Tagales, Fagaceae.

Urticales, Ulmaceae.

I

Hamamelidaceae.

Resales, [ Rosaceae.

1 Caesalpinaceae.

Sapiudales, Aceraceae.

Rham^nales, Vitaceae.

Malvales, Tiliaceae.

Gentianales, Oleaceae.

Campanulales, Compositeae.

The ft)llowing is a list of the insects and host plants Icnown positively

to occur in Indiana:

HEMIPTERA.

1. Hormapliis hamamelis, Fitch—Hamamelis Virgiuiaua L.

2. Colopha ulmicola, Fitch—Ulnius Americana L.

3. Pemphigus ulmi-fusus, "Walsh—Ulmus Americana L.

4. Schizoueura Americana, Riley—Ulmus Americana L.
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5. Phylloxera caryae-avenae, Fitch—Hicoria alba (L) Britton.

6. Phylloxera caryae-globiili, Walsh—Hicoria alba (L) Brittoii.

7. Pliylloxera caryae-fallax, Riley—Hicoria alba (L) Britton.

8. Phylloxera caryae-caulis, Fitch—Hicoria alba (L) Britton.

9. Phylloxera caryae-depressa, Sliimer—Hicoria alba (L) Britton.

10. Phylloxera vastatrix, Planchon—!,„.,. ,. , t V^
((\ itis bicolor LeConte.

11. Pachypsylla celtidis-mamniae, Riley—Celtis occideutalis L.

LEPIDOPTERA.

12. Trypeta solidaginis, Fitch—Solidago Canadensis L.

13. Gelechia gallae-solidaginis—Solidago Canadensis L.

14. Cecidomyia verrucicola, O. S.—Tilia Americana L.

15. Cecidomyia pilulae, Walsh—Quercus sp. (many species).

16. Cecidomyia salicis-strobiloides, Walsh—Salix sp .

17. Cecidomyia salicis-semen, Walsh—Salix sp .

18. Cecidomyia salicis-siliqua, Walsli—Salix sp .

19. Cecidomyia salicis-aenigma, Walsh—Salix sp .

20. Cecidomyia gleditschae, O. S.—Gleditsia triacanthos L.

21. Cecidomyia solidaginis, Loew—Solidago Canadensis L.

22. Cecidomyia pellex, O. S.—Fraxinus Americana L.

HYMENOPTERA.

23. Andricus semiuator, Harris—Quercus alba L.

24. Andricus petiolicola, Bassett—Quercus sp .

25. Andricus palustris, O. 8.—Quercus palustris Du Roi.

26. Andricus clavula, O. S.—Quercus alba L.

27. Andricus jiapillatus, O. S.—Quercus .sp .

2S. Amphibolips inanis, O. S.—Quercus rubra L.

29. Amphibolips confiuentus, Harris—Quercus sp .

30. Callirhytis tumifica, O. S.—Quercus alba L.

31. Holcaspis centricola, O. S.—Quercus palustris DuRoi.

32. Holcaspis globulus, Fitch—Quercus alba L.

33. Biorhiza forticornis, Walsh—Quercus alba L.

34. Acraspis erinacete, Walsh—Quercus alba L.

35. Rhodites bicolor, Harris—Rosa sp .
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36. Phytoptus abnormis, Garman—Tilia Americana L.

37. Phytoptus acericola, Garman—Acer saccharinum L.

38. Pliytoptus quadripes, Shimer—Acer saccharinum L.

39. Pliytoptus ulmi, Garman—Ulmus Americana L.

40. Erineum anomahim—Juglans nigra L.

From the above hsts it Avill be seen that Ave have representatives from

every order of insects which produce galls, except Coleoptera.

Doubtless the number of gall-producing insects in Indiana will far

exceed 300 species. I should be very glad if nieml)ers of the Academy

will send specimens to me. Specimens may be sent either fresh or dry

or in formalin. Always send enough of the host plant to enable deter-

mination.

KoTES ON Deformed Embryos.

Mel T. Cook.

It is well known that extremes of temperatui-e will produce malformed

embryos, but it is also probable that malformations may result from

other causes.

Last spring the students in my class in embryology found a very large

numljer of deformed chick eml)ryos. The most common malformation

was two or more blastoderms, but in many cases the embryos did not

\ '

~"^-

develop beyond the formation of the primitive streak. The farthest

developed and most remarkable deformity was in the case of two embryos

so placed that anterior ends were .ioined and the posterior ends extending

in opposite directions. Judging from the mesoblastic somites, the era-
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bi'j-os were about forty-eight hours of incubation, there being eleven well-

defined somites in one and sixteen in the other. The neural canal was

partiallj^ closed, but only one brain vesicle in each case was developed.

Between the two anterior ends was a mass of much distorted structures

and apparently including several gill arches.

The eggs were secured from reliable parties, and I have every reason

to consider them fresh and that they had been properly cared for. My as-

sistant assures me that the temperature of the incubator was regular and

that all conditions were normal.

The slide from wliicli 1h(^ drawing was made was prepared by Mr.

Charles Sudrauskl.

TiiK Lake Lap.uratory at Sandusky, Ohio.

Mel T. Cook.

The past few years has witnessed a wonderful increase in facilities

for l)iologieal work. Among the most noticeable features has ))eon the

estal)lislim('nt of summer laboratories especially adapted for biological

research until avo now have six marine and a larger number of inland

lal)Oi-atories. Since tlie cliaraeter of liiological work is so dependent upon

tlio locality, and since eaeli locality presents certain prol)lems peculiar to

itself, each of these laboratories has certain advantages over its friendly

rivals and the itinerant biologist has the opportunity of reaping the lieue-

fits from all. He meets his fellow-worker and studies the varied fauna

and flora under the most favorable conditions.

Among the earliest of these laboratories was the Lake Laboratory at

Sandusky, Ohio, which was first opened in 1895, under the direction of

Professor Kellicott, of the Ohio State University. In 1S9S Professor

Kellicott died and the laboratory came under the direction of his succe-^sor.

Prof. Herbert Osborn, the present director.

The laboratory was at first intended for investigation only, and for

the first four seasons was used by only three or four workers. In 1899

there were fourteen investigators and it was then decided to offer regular

courses; this was done in 1900 and each succeeding j^ear. For the past

three seasons the Increase in interest has lieen very pronounced. In 1902

there Avere twenty-four students and six instructors; of the twenty-four
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students, sixteen were graduates and eight of tliese were engaged in

investigations.

The laboratory is under the control of the Ohio State University and

under the direct management of the President of the University and of

the director. The equipment consists of three boats and the necessary

dredges for worliing on the aquatic fauna and flora. The microscopes,

microtomes, other apparatus and lilirary are supplied from the Ohio State

University laboratories.

Thus far the work has 1)een conducted in tlie Imilding of the Ohio

Cedar Point Beach, Looking West.

State Fisli Commission, but appropriations liave lieen made for the erec-

tion of a new building especially for this worl\. It is expected that this

building will be ready for use in lOOo. This will give more and better

facilities to meet the increasing demands. Ample arrangements Avill be

made for the general com-ses. both for students and for teachers in the

secondary schools. Special efforts will be made to accommodate advanced

students in graduate courses and to provide opportunities for independent

research liy investigators in the many fields of liiology.

While the control of the laboratory will probably remain with the

Ohio State Universitj', other institutions will be invited to cooperate and
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every effort -will be made to make the laboratory of special service to

the biologist of the inland states.

The location is accessible from all parts of the Central West. The

climate is healthful and conducive to summer work.

The flora is one of the richest in the country. According to Mosely's

"Sandusky Flora" it contains 300 more species than have been reported

from any other locality of like dimensions in the State of Ohio. The flora

is also more extensive than that reported from other parts of North

America. Most plants native to Ohio, with the exception of those charac-

teristic of the Ohio River counties and Sphagnum swamps, are found

within the range of the Sandusky Flora. It also includes IGo species not

reported in the Canadian catalogue and sixty-seven species not known in

Michigan, and many species characteristic of western and southern re-

gions.

This wonderful flora is due largely to the climate and geology, the

lake protecting the south shore from the cold winds of the north and thus

allo\\ing many southern plants to extend their northern limits.

The lake, the bays, the marshes, the rivers, the deep ravines, the rocky

shore line, the mud and sand beaches, the sand dunes, the various kinds

of soil, the prairie, and the woods, all tend to give desirable conditions

for this very rich and strilving flora.

All of tlie above conditions, together with the varied food supply

furnished by the rich flora, give an equally varied and remarkable fauna.
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KKPOKTS FROM THE IXDIAXA UXIVEIiSITY BIO-

LOGICAL STATION AT AVINOXA LAKE.*

II. The Individuality of the Maternal and Paternal Chromo-

somes IN THE Hybrid Between Fundulus IIetero-

CLITUS AND MeNIDIA XoTATA.

"W. J. MOEXKHAUS.

[Abstract.]

In the hylirid liotwocn FiiiKluliifi Jictcroditiis and Miiiidia iiofata it is

possible to distinguish the chroniosoiues that come from each parent.

The chroniosomcs of Fiiiiihihis hctcniclittis are long and straight Avhile

those of MniUlUi iiotntn are short and slightly curved. This difference

they maintain in the hybrids. They can best be distinguished during the

anaphases. They can not be distinguished in the resting stage. During

the first two cleavages each kind of chromosome remains grouped bilat-

terally upon the spindle. After the second cleavage they become mingled

upon the spindle, but the two kinds still retain their individuality and

can readily be identified Tliey have been thus traced to a late cleavage

stage, as far as was attempted.

b. An Extra Fair of AppENDAtiEs Modified for Copulatory

FuRPOSEs IN Cambarus Viridis.

W. J. MOEXKHAUS.

Among the crayfishes used for dissection iu the laboratory we came

upon a specimen that had three pairs of abdominal appendages modi-

fied for copulatory purposes. This is the first time I have ever seen such

abnormality and, furthermore, have not been able to find mention in

literature of a similar occurrence. I have, therefore, thought it worth

while to make a uole of it.

The specimen belonged to the species viridis and was about three

inches in length. Unfortunately the specimen had been so mtich mu-

' Contribution? from the /.oiiiogical Laboratory of Iiuliana I niversity under the direc-

tion of r. H. Eigenmann. No. 53.
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tilated in the dissection by tlie time tlie abnorniiility was noticed that it

was ont of tlie question to get a i>hotograph of all the aypendages in

liositioii. I. therefore, preserved the appendages and give herewith a

drawing of the posterior view of both.

The first and second pairs of appendages were niodilied in the usual

way and in no waj- differed from the corresponding appendages in the

normal males of the same species. The additionally modified third pair

Fiff. 1. Fig. 2.

resemble in plan almost exactly the sectuid pair. The exopod and the

segmented tlabellum of the endopod are much less reduced and much more

extensively provided with feathered setio than the second pair. They are

of a1)out the same size and in position converge and tit against the second

pair of appendages much in the same manner that these do against the

first. Whether they were in any way functional I am, of course, unal)le

to say.

r. Description of a Xew Species of Darter from Tippecanoe

Lake.

W. J. MOENKHAUS.

During the summer of 180G, Avhile collecting large (piantities of Per-

cina caprodes in Tippecanoe Lake, a single large specimen of darter was

taken which could not be identified with any described species. I thought

then and since, until recently, that it might be a hybrid between Percina

caprodes and Hadropterus aspro because of evident intermediate charac-

ters. After holding the specimen for six years with the hope that other

specimens might be taken, I last year published a note in the Proceedings

of the Indiana Academy* under the title "An Aberrant Etheostoma" in

For 1902, pp. 115-116.
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which I brietly de^criliL'd the specimen and compared it with Feix-ina

eaprodes and lladropterus aspro. Last summer the sandbars on the

south side of the east end of the hilce were again extensively seined and

among some 500 or GOO Percina eaprodes two small specimens—probably

that summer's brood—Avere taken which, bej'ond a doubt, are similar to

the specimen which had been taken six years previously in a part of the

lake three or four miles distant. Among a peck of darters from a part of

Tippecanoe Lake that the labels do not indicate, collected in 1898 by some

students of the Indiana University Biological Station, I found three simi-

lar specimens, making in all six specimens of this type from different

parts of the lake. There can no longer be any doubt that we have to do

with a distinct species and, so far as I can determine, the species is un-

described. This new species is among the most beautiful and largest of

the darters. It gives me the greatest pleasure to name the species for Dr.

Barton Warren Evermann, icthyologist, of the U. S'. Fish Commission.

HADItOI'TKUUS EVKRMANNI Moenkhaus.

(New Species.

)

Head 4; depth (J.IC; I>. XVL 14; A. IT, 11; scales S—7!)-!>.

The form of the body is mucli like that of 11. (ispm. rather elongate,

fusiform, somewhat compressed posteriorly. l)ut less pointed anteriorly.

Mouth moderately large, maxillary reaching to the pupil; the cleft of

mouth almost horizontal, lower jaw iucluded; eye large, about equaling

snout; interorbital rather broad, fiat; gill membranes free from isthmus

and separate; opercular spine and flap well developed; preopercle entire.

All scales ctenoid; nape witli fewer, smaller, embedded scales; median

ventral line in one specimen provided with a row of closely set, slightly

enlarged scales, a second specimen has three or four such scales, the re-

maining specimens are without scales; the breast naked; opercle with

closely set ctenoid scales slightly smaller than those on the body; cheeks

with fewer still smaller, embedded ctenoid scales; lateral line complete,

slightly arched over pectorals.

Pectoral and ventral fins about ecjual in length, measuring one and

one-third in head; origin of spinous dorsal one-third the distance between

the snout and base of caudal; origin of the soft dorsal and the anal equi-

distant from the snout, one and one-half in l)ody length; the spinous dor-

8—Academy of Science.
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these three lliis are about the same hciuht. tlie (riMh-r (it their hei.i;ii1 in

an a.sccndins' series heiny si)in(ius dorsal, soft (hirsai, anal; their hei.uhl

e(|uals two in head.

The color patterns suggest an intermediate typo between Pirchid

cain'oth'S and HadroiJtcnis aspro. Sides with about nineceen large, distinct

black blotches wliich, especially along the middle region, alternate witli

smaller ones, these often being tlie ventral ends of more or less well

developed, transverse bars. The dorsal side with a series of large quad-

rate blotches alternating and anastomosing witli variously developed

transverse bars. Tlie color pattern is of the transverse type rather than

the longitudinal characteristics of //. aspro and )ii(icrocciili(iIi(iii. In the

older specimen this dorsal pattern l)ecomes more diffuse and less regular.

Dorsal two-thirds of opercle and the upper part of clieek, black. A dis-

tinct black band extends downward and anotlier. more diffuse, forward

from the eye. Both dorsals and the caudal hn. barred, pectorals indis-

tinctly so; ventrals and anal, plain. A Idack spot at the base of the caudal.

TABLK OF JIEASTJKE.MEXTS AND COUNTS OF ALL TUE SFECIMEXS.

Number of specimen— 1 2 3 4 5 G Av.

Length of body 77.00 49.00 50.00 55.00 49.00 51.00 ....

Plead in length 4.05 3.82 3.84 3.93 3.92 3.92 3.91

Depth in length G.IG 7.00 G.25 G.ll G.30 .... G.3G

Eye in head 3.80 3.G5 3.42 3.79 3.90 4.30 3.81

Snout in head 3.95 4.00 3.82 4.GG 4.17 4.3:3 4.14

Maxillary in head 3.58 3.G5 3.71 4.GG 4.17 4.23 4.00

Interorbital in lieud.... 4.63 5.13 5.20 4.GG 4.17 5.20 4.83

Pectorals in head 1.3G 1.28 1.30 1.21 1.5G 1.30 1.33

Ventrals in head 1.31 1.42 1.32 1.40 1.39 1.44 1..3S

Spinous D. from snout. 3.20 2.88 2.92 3.23 3.0G 3.18 3.08

Soft dorsal from snout. l.GO 1.58 1.6G 1.57 1.58 1.59 1.59

Anal from snout 1.G4 1.58 l.Gl 1.62 1.58 1.59 l.GO

Dorsal fin—XVI.14 XIV,14 XY,14 XIV,13 XIV,15 XIV,13

Anal fin—11,11 11,10 11,10 11.11 11.11 11,11

Sc-ales-7-79-9 9-84-12 9-84-11 8-82-11 9-82-12 8-84-11 82

The species is most closely relatt'd to llaiJi-opti-nix (isprn and Hddriiji-

tenis riiacrocrphaJiiw. From the former it differs most strikingly in the

color pattern, especially that of the dorsal side, which is transverse in
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type rather than loiigitiulinal, and in the greater mimber of scales, which

in this species are ctenoid instead of cycloid, on the cheeks and opercles.

Type No. 9785. Mnseuni Indiana University.

Cotype No. 978G. IMuseuiu Indiana University.

Cotypes have also been deposited in the U. S. National Museum, U. S.

Fish Commission, jNIuseuni of Stanford Universitj- and British Museum

of Natural History.

d. Myxomycetes of Lake Winona.

Fred Mutchlkh.

With the advice and consoit of Dr. C. A. King, I decided to take the

time not reniuh-ed in teaching diu'ing the Station Session of 1902 in mak-

ing a systematic study of the Myxomjcetes of the lake neighborhood

and this report shows tlie result of the work.

The season was one especially favorable for such a study, inasmuch

as the freiiuent waiin lalns were very coiuluciNe to a luxuriant growth

of all kinds of fungi.

This list is liy no means complete, tliougli I fe(>l sure tliat it contains

the majority of the forms indigenous to tlie icgion. Had it been i)ossible

to continue tlie study for another niontli I fei-l sni-e tliat tlie list would

liave been very materially increased, for myxomycetes were as plentiful

at the close as they were at the opening of the station work.

Quite a number of specimens were collected on special excursions to

Tiu'key Lake, Tippecanoe River, and North Manchester. I have included

in this list species found on those trips tliat I did not find at Winona.

The locality of such species is indicated in every case. All others were

collected in the immediate neighborhood of the lake.

Dldijm'mm nUjripcs I found growing October 20, on Sphagnum that

I lirought to Clark University from the lake. On November 21 I noticed

the same species growing on ral)bits' dung that I had also l)rought from

t here.

My first attempt was to follow the classification and nomenclature as

given in Lister's Mycetozoa. I soon found, however, that there are species

here not given in that work, and I therefore used McBride's Myxomy-

cetes of North Amei'ica in connection with it.
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The list inchuliuy ciiihty-six species l)elon.i;iiiy to twenty-one genera

is as follows:

I. Ccratomijxa porioidcs (Alb. and Scliw.) .Schroeter. Very common on

decayed wood from July 1 to August 10. Frequently found covering

almost the entire surface of decaying trunks.

...Z.P-Jnjsunim ilrlOc Pers. Collected at least on three different trips,

.34«ie'-27-, July 13, and July 20. On liark of fallen trees.

S. P. pulchripes Peck. Found in one collection, July 3. On bark of

an old oak stump.

.'/. P. nutans Pers. Collected in considerable quantities from bark of

fallen elm. July !).

5. P. poli/iiiorjiliK)]). Found spreading in large patches over bark of

a beech stump and on blades of grass and leaves of briars nearby, July

14. Turkey Lake.

6. P. nefroidenm Rost. Brought into the la1)oratory several times.

Collected from bark of fallen cottonwood, July IT.

7. P. f/alheiim "Wingate. On oak bark, July 18.

8. P. auriscalimnn Cooke. On decaying leaves. Turkey Lake, July 14.

'J. P. nudcdtmn Rex. Not common. Bark of fallen ash, July 20.

10. P. maciihititin McISr. On decaying wood in considerable quantity,

.Inly 24.

//. /'. diflrniioidrs Rost. A .single .specimen collected on a decaying

sycamore stump. July 21.

J2. P. ii'xIiiUjshiii Cooke and Balfour. On fallen trunks, July 15.

J3. P. (jlohiiUfvnnn Pers. July 31. Decayed Avood.

J.'i. P. ohritsseuni Berk and Curtis. Collected from a fallen poplar

trunk near North Manchester, August 3.

15. P. mellemn Mass. Found in small quantity on decaying leaves

in woods near North Mancliester, August 3,

16. P. citrhnnn Schumacher. Collected along with P. mrJlcum. North

Manchester, August 3.

II. P. riiirrcinn Pers. Found on a growing fern frond in woods near

Tippecanoe River, August 5.

IS. I'hij.^iireUa mirdhili-s Peck. Found literally covering the inside of

a hollow sycamore stump near the biological laboratory, Jidy 7.

HI. TUinoiloche compdctii AVingate. One specimen collected on oak

bark, July 30. Does not seem to be plentiful.
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20. Stiiinniriii albd I>. ('. Very t'oiiimon on stems and leaves of lierb-

aceous plants throughout the month of July.

21. Fiiligo scjitica Gmelhi. ^lost common of any species collected.

Could be found any day throughout the season.

22. F. violacca Fers. Rare, collected from decayed oak stump, July 19.

2^. Leocarpiis rcrnicosKS Lhik. Only a small (piantity collected from

the bark of an oak log, July 29.

2.'i. TithvliiKt ff(i(iif(iriuis l*ers. Quite common on decaying wood dm*-

ing the month of July.

25. T. stipitatii Kost. Only a single specimen, ("ollected from decayed

oak stump, July 18.

26". Crateriiim IciicoccitlHiIiiDi Ditmar. Found freiiucntly on bark of

twigs, July 20 and 29.

27. ('. mliiiDnitii F.erk. and Curt. Found only once. Blades of grass,

July 31.

28. Didjimium rnistavciiin Fries. On green blades of grass and leaves.

Turkey Lake, July 14.

20. D. 7ii(jrii)is Fries. Found growing on Spliagnum and ral»))it dung-

collected at Winona Lake.

.30. ^tcnionitis fii.'ica VdrU'lii (/niii'nia Rotli. Collected in almndance

from decaying Avood, July 4.

31. (S. fiisca vdi'ictii iiifcsccii>^ Kolh. A single spccinien from ds'cayed

oak stump, June 2.").

32. S. splendciis Kost. Quite common on all kinds of decaying wood,

June, July and August.

33. S. SmitJtii McKr. Found in great tufts at base of decaying oak

stiimp, June 2U.

3-'/. S. maxima Sclnveinitz. Quite common. July.

35. 8. pallida Wingate. Collected in small (piantity on bark of fallen

oak. July 10.

id. S. Mor<ja)ii Peck. Collected in plentiful ([uantities on decayed

oak trunk, July 10.

37. 8. Carol iiicnsis McP>r. Found growing, July IT. on the stumji

where *S', 8iiiithii liad been collected June 2^). N. Smitltii was not found

at this time.

3S. 8. herbatica Peck. Single specimen. P>lades of grass. July 17.

30. 8. Tirginiensis Rex. Collected from oak bark along with *S'. ni-

grescens, July 14. Turkey Lake.
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JiO. S. nlgresceus Rex. Tui'key Lake, July 14.

J,1. S. Webheri Rex. Ou fallen elm. July 14. Turkey Lake.

^2. S. confluens Cooke and Ellis. Collected in considerable quantities

from bark of fallen oak trunk, July 20. Probably rare.

43. ComaMclia stemouitis Sheldon. Quite common on decaying wood.

Collected frequently during July.

fi'i. C. irregularis Rex. On fallen cottonwood trunk, July 17.

1)5. C. Siibsdorfii Ellis and Everhardt. Single specimen collected July

30, on an old rail fence.

J/G. C. typhoides Rest. Found quite plentiful on dead wood near North

Manchester, August 3.

-)7. C. equalis Peck. Not common. Collected from a board fence

July 30.

7/8. Dictydlnm nmhUicdtiim Schrador. Collected in great abundance

on various kinds of decaying wood during the month of July.

49. Crihraria tenella Schrader. Collected in large quantities on very

badly decayed wood, June 25 to July 28.

50. C. dictydioides Cke. and Balf. Very common. Quite a large de-

caying oak trunk was found by the elementary students, while collecting.

July 17, that was literally covered with this species.

51. C. microcarixi Pei'S. Taken in su1)stnntial quantities from decay-

ing Avood at Turkey Lake. July 14. Also near Tipix'canoe River, Au-

gust 5.

52. C. macrocarpa Schrader. On rotten wood, July 30.

53. C. minutiHuima Schweinitz. This species taken only once but in

considerable quantity then. On a lichen covered oak trunk, July 20. On

account of its smallness it is probably often overlooked by collectors.

51). Arcyria incarmita Pers. Very common. Collected many times on

all kinds of decayed wood, June 26 to August 20.

55. A. cincrea Pers. Found abundantly during July on decayed wood.

56. A. flava Pers. On decaying maple, July 4.

57. A. pmiicea Pers. Perhaps the most common of the Arcyrins.

Collected on almost every trip during the entire time the station work

was going on.

5S. A. ferruy'niro Sauter. Found growing on old decaying cornstalks.

July 4.

59. A. incnnifitii ixtdulom ^NtcRr. On decaying birch, July 10.
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gin are usually collected in tufts of from four to twelve. July 10.

61. A. i)o))nfoniiis Rost. Fomid along with A. (li</it<U(i, July 10.

62. A. vlteUiiKi IMiilliiis. Turkey Lake. July 14.

6.]. A. Q-]n<tcdlli liost. Growing on decayed wood— nuiple and cotton-

wood, July 2."!.

6'i. A. DKKjiKi Ilex. On decaying trunks, Tippecanoe River, August 5.

0'). A. alhidd I'ers. Very common on dead wood of various kinds.

.1 uly. August.

66. HriiiitricJiid chirdhi Host. Collected from decaying Avatery trunks,

July .3.

67. II. nihifiti-niiK Lister. \'cry coninioii. T'sually found growing on

the watery decaying wood \nider tlic tiark of fallen trunks. Sporangia

are often sessile.

6'S. //. iiifarfd Lister. On decaying ():il<, .Inly IT.

6!>. II. slipildld Mass. Onl\ a small specimen collected from w.iler

soaked wood, July 21.

70. n. scrpida Rost. Found in altundance in the inner liark of water

soaked wood. Tippecanoe River, August 5.

77. Ophiothcca chrysosocnna Currey. Collected July 20 and 2.S. on inner

bark of fallen willow trunks.

72. 0. Wriffhtii Berk, and Curt. Collected in considi'rable (juantity

on inner bark of fallen elm trunks July 2').

7.7. Olif/oiicDHt nitcns Rost. Collected in small (juautity in decaying

w( od near North ^Manchester, August 3.

7'/. (>. fIdrhlNiii .Mass. Found along with O. iiitcnx. North Manchester.

August 3.

7 J. rcricJuH iia cortlrdlis Rost. Collected in small (}uantity on fallen

elm trunk under outer liark. July 30.

76. P. rariahili.'i Rost. On inner bark of willow trunk, July 30.

77. Trichia coiitorta Rost. Collected only in small quantity, July 8,

in decayed wood of oak stump.

78. T. afff)iis DeBary. Found in considerable (luantity in decaying

maple, July S.

7,0. T. falla.r I*ers. Quite common on various decaying woods, July 10.

SO. T. fdvogiiica Pers. Collected quite frequently on various woods

during the month of August. More abundant than any other member of

the genus.
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51. T. scdbia Kost. Collected from (Iccayt'd wood \u-,\y Tippec-anoe

River, August 5.

52. T. pcrsiiiiili.s Karst. Siiij^lo specimen eoUeeted July 2<!. Decayed

elm.

53. T. loiccnsis McBr. Found growing in rotten wood near Tippe-

canoe River, August 5.

8.'/. Lijfof/ala (./ifjiiinn Morg. Not common. Collected only once.

June 20.

So. L. fiaro fuffcinii Kost. Several specimens collected from water

soaked decaying -wood. Turkey Lake, July 14.

SG. L. vnnlatutn Pers. Aery common on all kinds of decaying trunks.

This species was found on almost every collecting trip.

e. The Plankton of Wixona Lake.

Chanc'ey Juday.

Wiuoua Lake is one of the numerous lakelets found in northern In-

diana. It is located in Kosciusko County about one mile (1.0 kilometers)

southeast of the city of Warsaw. Concerning the physical features of

the lake but little need be said as two hydrographic maps showing many

of these points, have been ]»u))lished; one by Large in 1800 (Proc. Ind.

Acad. Sci., 1S9<:>) and another l)y Norris in 1901 (Proc. Ind. Acad. Sci.,

liHili. Tlie lake is irregular in oulline and has an average length north

and .south of about one and an eighth miles (l.S kilometers) and an aver-

age width east and west of about seven-tenths of a mile (1.1 kilometers;

witli a large bay extoiding westward from tlie north end. It has an

area of about 0.9 of a square mile (2.;; square kilometers) and a maximum

de])tli of eighty-one feet (twenty-five meters). Two small creeks flow

into the southeastern portion of tlie lake and there are several large

springs along the east side.

The data for this paper were collected at the Indiana University

Biological Station during the summer of 190L I wish to acknowledge

my indebtedness to Dr. C. H. Eigenmann, Director of the Station, for

many courtesies shown me. I am also much indebted to Jlr. Clarence

Kennedy and Mr. Heilman C. "NVadswoith for their valuable assistance

both in making the observations and in the tedious work of counting the

material.
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TUAXSPAKKXC'Y.

The transparency of the water was determined by means of a Seechi's

disk, about fifteen centimeters in diameter. The depth at which this disk

just disappeared from view varied from 2.1 meters as a minimum to 2.5

meters as a maximum.

TEMPERATURES.

The thermophoue and deep sea thermometer were not in working

order so that the temperatiu-es had to be taken by means of a pump and

hose. This method, of course, is subject to considerable error and the

results were found to be of comparatively little value except to determine

the location and extent of the thermocline, so that the distribution of the

plankton witli regard to this region, might lie studied.

The temperature observations were made in the deepest part of the

lake, and they consisted of eight sets in July and ten sets in August.

During July there was very little wind so that tlie upper stratum of water

was not disturbed to any great extent. As a result this stratum accu-

mulated considerable heat during this period. The surface temperature,

taken at a deptli of eiglit or ten centimeters, averaged 28.0° C. for the

eight sets of observations, witli ol.2° C. as a maximum.

During August, however, the Aviud was much stronger and the upper

stratum of water was mucli more thoroughly stirred up. As a result, the

average surface temperature for tlie ten sets of observations was 25.0°

with a maximum of 20.0.°

Tlie tliermocline consisted of a stratum of water three meters in thick-

ness. The difference in temperature IjetAveen tlie top of this stratum and

the bottom of it varied between 0.0° and 12.0°. In July it extended

from four meters to seven meters, and in August from five meters to eight

meters. The downward movement was doubtless due to the stronger

winds prevailing in August.

The change in liottom temperature during the two months was very

sliglit. 7.")° being the minimum and 8.0° tlie maximum.

METHODS.

Tlie plankton observations as Avell as the temperature oliservations

were made in the deepest part of the lake and by the pump method. An

ordinary pitcher pump, 1-inch garden hose, and a plankton net whose
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The quantity of water strained for a cutcli was the amount produced by

forty strokes of the pump, whicli averaged 22.5 liters.

The counting method AA'as used to determine the relative alnindanc(>

of the varions plankton forms. In most cases 20 per cent, of the material

ol)tained in a catch was counted, and the results thus obtained for the

various forms were multiplied by five in order to determine the number

of individuals in a whole catcli. Whenever a catch contained a compara-

tively small numl)er of individuals, for example, the catches near the

surface in day time, the whole catch was counted. Also, all the indi-

viduals of the larger forms, such as Epischm-a and Leptodora, wlilcli are

readily recognizable with the nalscd eye, were counted.

The sets of observations may be divided into live groups:

1. Twenty sets of day catches which were made not earlier than 9

a. m., nor later than 4 p. m.

2. Six sets of night catches which, with one exception, were made

between 9 p. m. and midnight. On September 2, a series Avas made as

early as 8 p. m., but this, however, was an hour and a half after sunset.

3. Four sets of evening catches were made. These were begun short-

ly before sunset and continued at half hour intervals an hour or more

after sunset.

4. The morning observations were begun one and a half to two hours

before sunrise and were continued at thirty minute intervals until after

sunrise. Six sets of these were made.

5. In August there w'ere two sets of observations in which catches

were made at the surface at regular intervals during the entire night.

Both series were begun before sunset and continued until after sunrise.

Catches Avere made at half hour intervals until 8 and 9 p. m., respective-

ly, then every hour until 3 and 4 a. m., respectively, and again at half

Imur intervals until after sunrise. Tlie results of these observations are

shown in Figs. 1 to 4.

The first and second groups covered the entire depth of the lake

(tAventy-tive meters), Avhile the catches of the third and fourth groups

Avere confined to the upper four meters. The tifth group consisted of

surface catches.
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THE PLANKTON FORMS.

PHYTOPLAXKTOX.

The pliytoplanktou -was made up of three forms, Chithrocystis, Coe-

losphaerium and Oscilhiria. Chithrocystis was much more abundant than

the other two forms as it made up about 75 per cent, of the total quan-

tity of phytoplanlvton.

CRUSTACEA.

Copepoda.—My thanks are due Prof. C. DAvight Marsh for his deter-

mination of the following copepods:

EpiscJiura lacnstris Forbes.

Diaptomus oregoncnsis Lillj.

Diaptomns hirgei Marsh.

Cyclops pulchelhis Koch.

Cyclops hrevispinosits Herrick.

Cyclops lenclcarti Sars.

Cyclops alMdiis Jurine.

Cyclops prasiniis Fischer.

Cyclops seiritlatiis Fischer.

Ergasilus.

The following concerning Diaptomus birgei is quoted from Professor

Marsh's letter: "The finding of D. birgei Is of great interest to me. I

described the species some j^ears ago from a few specimens from New
Lisbon, AVisconsin, and have never seen a specimen since. I had begun

to fear that I had described a freak form and that the species would not

stand; but here comes the creature in the proper proportions. It is a

little queer that I should have found it only in two such widely separated

localities, but doubtless it lives at some intermediate locations."

Cladocera.—The folloAving linmetic forms were found:

Daphnia liyaliua Leyd.

Daphnia piilex De G. var. puliearUi Forbes.

Daphnia retrocun-a Forbes.

Diaplianosoma hrachyurum Sars.

Ceriodaphnia lacnstris Birge.

Leptodora liyalina Lillj.

Chydorns.

Bosinina,
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Littoral furins:

I'lndO-riis iirofurvntiiti Birge.

Plcuro.rus (h-nticuhitiis Birge.

Eiiri/ro'ciis lanuJlatKS O. F. M.

Acropcnif! linrpae Baird.

The following genera were represented by at least one species each.

AIoiKi, (Ir(ii)tolebcris. and Simocciihalus.

Ci/pris: and CordJird larviii were found in some of the catches.

ROTIFERA.

Fiiui- nirniliiTs of tliis group were specifically identified, Triarthra

li)Niiis(t(i. Ainirra cochleans, Ainirai a'-idrata, and Xotholcu louyispiiia. The

other niemlters of the group belonged to the genera AsphnifJnia, Polijarthra,

and Mdstifjoccrca.

CHANGE IN QUANTITY OF PLANKTON.

These oliservations covered too brief a period, July 10 to September 3,

to show much concerning the increase or decrease of the various plankton

coustitutents. In general, it may be said that there was comparatively

little change. There was apparently a slight increase of the phytoplank-

ton, due mainly to an increase of Clathrocystis. Only two forms of the

Crustacea showed any change. During August, there was a perceptible

increase of Diaptomus and Cyclops. They Avere found to be twice as

numerous the first of September as the last of July and first of August.

DIURNAL MOVEMENT.

Einschura locustlis.—This foi-m was not found regularly in the day

catches as it was present in only six of the twenty day series. On these

six occasions it was confined to the thermocline, that is. between five and

seven meters. It v.^as taken, however, in the surface catches of the six

night series. The time of its appearance at tlie surface varied from half

an hour to an hour and a half after sunset and it disappeared from the

surface about an hour before sunrise. In the all-night series of August

5-6, it was found in only one catch. This was at p. m.. five individuals

per 100 liters of surface water. In the all-night series -of August 27-28,

it reached a maxinuun of 14n per Kki liters at S p. m,
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l)iaiitiiiiiii>>.—\>i. iiotefl ;il)ove, two species were present, but they were

not counted separately. For the most part. Diaptonius remained in the

upper ten meters of the hil^e as those found below this depth constituted

less than 5 per cent, of tlie total number of individuals taken in either a

day or a night series. They were found at the surface in sixteen of the

twenty day series, but. with two exceptions, there was a marked increase

in the number of individuals at the surface at night. This increase varied

from five to twi'uty-five fold. The two exceptions were surface catches

made on cloudy days. These differed but little from the night surface

catches. The increase at the surface usually began about sunset and the

greatest decrease occurred half an hour to an hour before sunrise.

Fig. 1 shows the surface conditions for Diaptonius in the two all-night

series. The vertical .spaces represent the number of individuals per hun-

dred liters of surface water and the horizontal spaces rei)resent the time

between (» p. m. and (J a. m. The curves show a striking sinularity of

conditions although the observations were separated by a time interval

of three weeks. They show tliat the maxinuun number was found at

the surface at 7:30 p. m. on both occasions. Both also show a decided

decrease during the next half hour, a second but smaller rise at midnight,

a third near morning, and a fourth is indicated for the period inmuMliately

following sunrise. l>iai)tomus Avas not foimd in the surface catch on

August .J at 11 a. m. and there were 100 per 100 liters on August 2.7 at

9 a. m.

('//r?o/>.*(.—Several species were present but no attempt was made to

count them separately. They were distributed through the entire depth

of the lake. They wen- found at the surface in all the day catches. In

general, the night increase was comparatively small as it did not exceed

five fold. There Avas little or no difference between the surface catches

made on cloudy days and those made at night.

The curves of Fig. 2 rei)resent the status of Cyclops in the two all-

night series. The early evening conditions differ a great deal as there is

no maximum in the curve for August 27-28 corresponding to the 7:^0 p. m.

maximum of August o-O. Beyond this, however, the curves are very

similar. The surface catch on August o at 11 a. m. showed a total of 100

Cyclops per KXi liters and there were 2(X> on August 27. at a. m.

Naupi a.—They were found throughout the entire depth of the lake

and showed no evidence of a movement.
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Ei'ijasllus.—This form was irrogularly distributed in the upper six

meters and showed no movement.

Daphnia liyaUna. — In this species, the young and the adults were

counted separately. The ratio between them was very variable. The

young constituted from 10 per cent, to 78 per cent, of the entire number

of individuals of a series. The young predominated near the surface on

bright sunny days and the adults predominated in the deeper strata. In

all but one set of observations, 70 per cent, to 95 per cent, of the total

number of D. hi/alina, were found in the upper seven meters and in this

one instance (10 per cent, were in this region.

Usually a few young were found at the surface in the daytime. Like-

wise adults were found at the surface on two cloudy days but, on clear

days, they were at a depth of one to two meters. In three sets of ob-

servations, adults appeared at the surface about half an hour after sun-

set, and on a fourth occasion about sunset. In tive sets of morning obser-

vations, the time of their disappearance from the surface varied from

nearly two hours before sunrise as a maximum to thirty minutes before

sunrise as a minimum.

Figs, o and 4 represent both young and adult in the all-night series.

It Avill be noted that the curves for young and adult in each series cross

and recross each other, showing that the ratio between them was very

variable. The two curves for adults do not show the similarity that the

curves for Diaptomus and Cyclops do. In fact, if plotted together, they

cross each other several times, one curve showing an increase of indi-

viduals at the same hour that the other shows a decrease. In the first

series, August 5-(l, the adults reached a pronounced maximum at 8 p. m..

while in the series of August 27-28, two equal maxima were observed, one

at 7:30 p. m. and the other at 10 p. m.

There is the same lack of similarity between the curves representing

the young. The first series showed a maximum of young at 8 p. m. and

the second at 4:30 a. m.

Daphnia piilicarla.~lt occupied the region between the middle of the

thermocline and the bottom. It was usually most numerous within one

to three meters of the bottom. There was practically no diurnal move-

ment. Adults were found at the surface in one evening catch and at a

depth of only one meter in a night catch. These were the only indica-

tions of a movement,
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Daphnia rctnjcuna.—It w:is rarely fouiul at a gToater depth than

seven meters. Both vonny and adult were one to three meters below the

surface on clear days. Both appeared at the surface in the evening about

half an hour after sunset. In the morning-, however, the adults left the

surface ))efore the young. The young usually disappeared about sunrise

while the adults moved down from the surface an hour or more before

sunrise. The surface maximum of young and adults combined, was found

three-quarters of an hour after sunset in the first all-night series and

half an hour later in the second, about S p. m. in each case.

Dkiphanosoiiia hraclii/urinii. — A comparatively small number of this

species was found. It was rather irregular in its movements but, in gen-

eral, it appeared at the surface thirty to forty-five minutes after sunset

and left the surface an hour or more before sunrise. It was found at a

depth of one meter, usually, in the daytime, and rarely occurred in catches

below a depth of seven meters.

Ceriodaphniu hiciistris. — This form was confined to the upper four

meters and was present in very small numliers. There was no dinrual

movement shown by it.

Leptodorn hi/nJiiat.—Only a small number were found. It occurred in

only five of the twenty day series. In these five instances, it was con-

fined to the region of the t;iermo( line, that is, between four and eight

meters. Both young and adult appeared at the surface in the evening

from thirty to forty-five minutes after sunset. The young left the surface

about an hour before suiu-ise and the adults half an hour or more earlier.

Clil/donis and Bosmina wove found in very small numbers. No diurnal

movement was noted.

Ci/pris.—Theve was, apparently, an extended horizontal migration of

Cypris as it was found in a third of the morning and evening series, and

these observations were made in the deepest part of the lake. In the day-

time, however, Cypris was never found in the limnetic region of the lake

))ut in the littoral region.

A few Corethm larviie were found in and below the thermocline in the

daytime. In a few instances they came to the surface at night.

Not ifcm.—The rotifers showed no diurnal movement. With respect

to their vertical distrilnition, they form three groups:

1. M<{Mi(inrriT<i, I'dh/drthra, and AspiaiicJuio were confined to the upper

five, six and seven meters respectively, or the region in and above the

thermocline.
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2. Aiiiiriii (ii-iih'niii and Tr/ar/hrx occupied the region below ;i deph

of ten meters. They were nsnally most al)nndant within two or three

meters of the l)ottom.

8. Aiiiircd cnchh-aris and XdlJidlfd IdiKjisitina were found tlirough tlie

entire deptli of tlie hike.

MAXIMUM NUMBER AT SURFACE.

This diurnal migi-ation must not be taken to mean that the individuals

of the various species concerned, congregate at the surface at night in

sucli numbers as to form what might be called a "swarm," for no such

aggregation was noted. This is shown by the fact that Diaptoimis, Cyclops

and Daplniia Jii/alhia. in a majority of the night observations, were more

numeroiis at a depth of one or two meters or even deeper, than at the

surface. It simply means that the upper stratum, one or two meters in

thickness, is sparsely populated on l)right, sunny days, but that this region

is more or less densely populated at night.

Blanc (1898) and Fordyce (190O) found the greatest number of Crus-

tacea at the surface at 4 a. m. My oljservations do not agree with their

results. Figs. 1 to 4 do not show a morning maximum Avith the exception

of young Daplniia hyaliiia in the second series. On the other hand, Dlap-

tooiKS reached a maximum at 7:.>0 p. m., adult D. hyalina at 7:30 and 8

p. m., and Cyclops at 7:30 p. m. and midnight. Also, each of the other

forms showing a diurnal movement, reached its maximum about S p. m.

CAUSES OF DIURNAL MOVEMENT.

Various theories have been advanced to account for this phenomenon.

It has been ascribed to various factors such as food, temperature, light,

gravity, and in some cases chemical stimuli. Experiments on several of

the Crustacea which show diurnal movement, seem to show that light is

the primary factor. Hut generally, there are other factors involved which

may modify the effect of light to a very considerable degree, thus making

the phenomenon complex instead of apparently very simple.

The migrating forms of Winona Lake may be separated into two

groups. The first group includes those whose day position bears a more

or less direct relation to the intensity of the sunlight. Lkijiliaia hyalina

and irtrocarra, Diaptdimix, and <'yrtdj,x belong to this group. The Daphnias
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desert the upper meter or two on liriglit, sunny d:iYS and the otlier two

menil)ers occupy this region in ratlier linuti'd nund)ers. But, on cloudy

days, all are found in this region in nearly as large numbers as at night.

This seems to show that light is the pi-imary factor controlling their move-

ments. They move down to avoid intense liglit and then move up into

this region again as soon as tlie intensity of the light is sutticiently de-

creased.

EpiKcJiiird. Li'itfndord. and ContJird larva^ belong to the second group.

The depth to which these descend in the daytime did not depend, appar-

ently, upon the intensity of the sunlight as they were fouiul at the same

depth on cloudy as on clear days. Itesides. it does not seem prol)able

that sunlight alone would cause them to descend to so great a depth, that

is, five to seven meters or more, especially since the transparency of the

water was so low, IM lo 2..") meters. Therefore, it seems reasonable to

suppose that some other factors are very largely responsil)le for their

movements.

Ddliluiid inilii-iirid miglii also lie added to this group. Wliile it sliowed

only a very slight tendiMicy foward diurnal movement in Winona Lake, it

did shoAv distinct and i-egidar nngrations in one of the Wisconsin lakes

upon wliich (lie wi'itci' made observations. In tlie latter lake the same as

in AVinoii;! Lake, it remained in and below the thernioclinc in the daytime

and in neither case wa>; its day jiosition affected by the intensity of the

sunliglit. In general, tlie diuni.il migration of :dl tlie members of this

group, seems to be mucli more akin to the "noclurnal habits" of many

other animals, th;in are the uiovements (exhibited 1iy the )iieml)ers of the

tirst groiip.

Some Crustacea upon whicli exp(>riments have been performed, liave

shown that they are ;ittr;icred liy diffuse light. If this were true of all

Crustacea, and if it were to iiold true for them in their natural haunts

as well as in tlie lalxn-atdry. tlu'U one might suppose that there would

be morning and evening siu'face increases of about equal proportions.

Furthermore, it would not be unreasonable, perhaps, to expect moonlight

to pi'oduce an appreciable effect, if the Crustacea were attracted l)y diffuse

light. For the most part, however, the truth of this supposition is not

confirmed by the Crustacea of Winona Lake. With the exception of the

young Ddliluiid Injdlidd in the second all-night series, there was no morn-

ing surface increase comparable iu every way to that of the evening.

9—Academy of Science.
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Didlit'iiiiiis! was the only other form that showed any tendency toward a

cousideralile surface increase after midnight, but its morning increases

were miicli smaller than those of the evening. Then, too, moonlight had

no appreciable effect upon the diurnal movement of any of the Crustacea.

SrifMARV.

1. There was comparatively little change in the quantity of plankton.

2. Diurnal movement was shown by E(nschura, Diaptomus, Cydoys,

Daplnuii hi/alina and rctrocurva TMaphdnosoina, Lepiodora, and Corcthra

larva?.

3. These various forms reached a maximum at the surface about 8

p. m.

4. Light is a verj' important factor in the movement of Diaptomus,

Cyclops, and Daplniia hynlhia and retrocurva. It is, apparently, not so im-

portant a factor in the movement of Epischiira, DapJniid piiUcaria, Lepto-

dorn, and Corethra larvae

5. Diurnal movement was not affected bj- moonlight.
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EXFLANATiON OF FIGURES.

Fig. 1. Didpfoiinis. Scale, one vertical space equals 100 iudividuals

per hundred liters of surface water.

August 5-6.

August 27-28.

Fig. 2. Ci/clops. Scale, one vertical space equals 50 individuals per

hundred liters of surface Avater.

August 5-6.

August 27-28.

Fig. 3. Dui)lnua hyalina. Scale, one vertical space equals 50 iudivid-

uals per hundred liters of surface water.

Adult. )
r August 5-6.

- Young. J

Fig. 4. DapJniia hijaliua. Scale, one vertical space equals 50 individ-

uals per hundred liters of surface Avater.

Adult.
I
\ August 27-28.

1 oung. )
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/. The ])rRDS of Winona Lake.

Clarence Guy Littell.

During the summer of 1902, from June 21 to August 28, while a stu-

dent at the Indiana University Biological Station I devoted all of my time

to a field study of the birds about Winona Lake. I present here my notes

on the occurrence and habits of the birds observed.

The region about Winona Lake was fully described in the Proceedings

Indiana Academy of Science for IDOl and a detailed description is not

necessary. Suffice it to say that the lake is surrounded by swamps,

flooded in times of extreme high water, and by hills reaching a height of

forty feet. The vegetation varies from the aquatics in the margin of the

lake to swamp-grasses and bushes in the marshes, and to oak forests on

the hills.

Observations on birds were all made within a radius of one mile from

the lake shore. In the following list the numbers in brackets refer to

the A. O. U. Code and Check-list.

[6] Podihjmbiis podiceps (Linn.). Pied-billed Grebe.

This Grebe is not common around Winona Lake. I have only seen it

twice, both times near the reedy shores of the western side.

[190] Botaurus lentiginoaus (Montag.). American Bittern.

I have flushed this bird several times in a small swamp at the south-

eastern corner of the lake, but have been unable to find a nest.

[\2l] Ardctta exiUs {G-mel.). Least Bittern. Fig. 3.

This bird is rather common in the small swamps bordering on the lake,

but owing to the lateness of the season when I arrived, I was able to find

but one nest which contained at the time three pure white eggs. I found

this nest on July 23, in the middle of a swamp. It was a platform of

grasses set in the swamp grass.

[194] Ardca hcrodias Linn. Great Blue Heron.

This bird has been identified flying over the lake several times. I have

never flushed it.

[201] Ardea virescenH lAnw. Green Heron.

This species is common around the lake and undoubtedly nested in the

vicinity in numbers in the spring. I found several old nests that I believe

were built by this bird.
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[21-4] I'lmiDKi fiiroliiia (Linn.). Sora.

I tlushetl three of these rails in a oornlield near a swamp, in the latter

part of July. After a short flight they dropped into a marsh, and I failed

to find them again.

r^-j;.r-t:3^.^-^^H\5»

[256] Totanns solitariu.^ (Wils. ). Solitary Sandpiper.

This bird is probably not rare around the lake although I flushed it

but three times. It stays in rather remoA-ed places. Twice I saw it on a

sandbar on the western side of the lake.



[268] A<-t/lis iiiiicnbii'ld (Liuii. ). Spotted Sandpiper.

The most common Avader around the lake.

[278] ^I'Jgidlitis vocifem (Linn.). Killdeer.

Common. Often seen along railroad and on golf links.

[289] Collnus virginianiis {Liinn.). Bobwhite. Figs. 1 and 2.

Verj^ common.

[816] Zenaidura macwura (Linn.). Mourning Dove. Fig. 4.

Very common around the lake, nesting all through the summer in all

sorts of places. It seems to prefer places near lake shore. I found one

nest on a brush pile, about t^yenty feet from the lake in a A'ery exposed

position; another in a tree overhanging the lake, in a small hollow, where

the limb joined the trunk. The nest in the latter case consisted of two or

three dead leaves.

[825] Cathartes aurailjimi.). Turkey Buzzard.

Common.

[331] Circus hiidsoiiius {Ijinn.). Marsh Hawk.

Common around the lake. Nests in marshy places near small inlets.

[388] Acci2:iifer cooper i CBonap.). Cooper's Hawk.

Not common. I have identified one specimen while flying.

[387] Buteo borecdis (GTael.). Red-tailed Hawk.

Not rare. I have identified it several times. It is, however, much

more common farther south.

[860] Falco sparverms Linn. Sparrow Hawk.

Not rare. I have identified it several times, but it is not common.

[868] Syrniiun nehulosuw (Forst. ). Barred Owl.

Rare. One specimen was shot here in the summer of 1901. Personally,

I have never seen it here.

[878] Megtiscops asio CLimi.). Screech Owl.,

Common. Breeds in numbers although all young were out when I

arrived.

[375] Bubo virginianus (Gmel.). Great Horned Owl.

I have heard this owl twice during the summer. rrol)ably not very

common.

[887] Coccyzus americanus (Linn.). Yellow-billed Cuckoo.

Very common. Bree* commonly all during summer.

[388] Coccyzus ergthrophtJudmus (Wils.). Black-billed Cuckoo. Figs. 5, 6,

7 and 8.





138

Common, but not easilj' seen. I found one nest on the side of a rather

steep hill, the female was sitting on the nest. I took a negative of her

just as she was. I then scared her off the nest and found that she only

had one egg. This was on the morning of July 13. I came back every

morning and made negatives of her on the nest in different positions,

afterwards scaring her off, but I found only one egg until July 17. At

three o'clock in the afternoon of the 17th I found two eggs. The eggs

were smaller than those of the Yellow-billed Cuckoo and did not have

the bluish cast. The nest is a much better affair than the Yellow-billed

Cuckoo builds. By the 18th I could approach my hand within eighteen

inches of the cuckoo before she left the nest. Whenever she left her nest

she generally flew about thirty feet and then sat perfectly motionless until

I left. She hardly ever uttered a sound. Her positions on the nest were

at times rather acrobatic. This is illustrated to some extent by the photo-

graphs. On July 24 the first egg was hatched into one of the ugliest young

birds I have ever seen. On July 26 egg number two had disappeared but

the young cuckoo was thriving. On July 27 feathers were pretty well

started. On July 28 everything was as usual, on the afternoon of the 30th

the bird had disappeared. It did not seem ready to leave the nest but

probably the mother coaxed it off early on account of my visits.

[390] Ceryle alcyon (hinn.). Belted Kingfisher.

Very common. I found one nest in a railroad bank. Another in a

steep bank along a creek.

[393] Dnjobatrs villosus CLinn.). Hairy "Woodpecker.

Four individuals of this species were seen this summer.

[394] D)-yobates jnibescens CLinn.). Downy Woodpecker.

Very common.

[402] Sphyrapkus varhts (Linn.). Y'ellow-bellied Sapsucker.

Common.

[406] Melanrrpes erythrocephalus (Linn.). Red-headed Woodpecker.

Very common. These Woodpeckers have become very tame, especially

on the Winona Assembly ground. They frequently hop around in the road

like English Sparrows.

[412] Colaptes auratus (lAnn.). Flicker.

Very common.

[417] Antrostomus vociferus iWi]?,.). Whip-poor-will. Figs. 9, 10, 11, 12, 16.

Common. Often heard, but rarely seen. I found one nest on June 27.

I was crossing an old and rotten rail fence at the top of a woody embank-
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meiit which sloped off sharply to Cherry Creek. The hill was covered

with young willows, weeds and old drj' leaves. Large red oaks were

scattered plentifully here and there. The top i-ail on the fence broke with

my weight and I dropped with a crash on the other side. It seemed that

at almost the same time, I heard a loud chuck. About five feet in front

of me a female AVhip-poor-Avill was lying; she looked as if I had fallen

upon her. She lay with outspread wings, with head and tail up, the middle

part of her 1)ody sagging down as if her back were broken. Somewhat

deceived, I started toward her but she edged away, still going through

various contortive tricks. I looked around and stepped cautiously in the

direction from which I thought she came, the frightened bird, all the

while, giving a series of angry chucks. Finally in a bunch of poison ivy,

I found an elliptical brown and lilac spotted egg in the least indentation

in the dry leaves. About six inches away was the shell of another egg.

But where was the young bird? At last I saw it; not only saw it but

comprehended that it was a young Whip-poor-will. It lay close to the

egg, and looked something like a piece of mouldy earth. A few feet away

it seemed to fade right into the ground. It was perfectly helpless and

was apparently not more than an hour old. I took a negative of it and

left immediately so as to allow the mother to go back on the nest. AA'hen

I stole back softly, in five minutes, she was brooding. She resembled

perfectly the dead leaves around her. If she had not been frightened by

the breaking rail. I would never have discovered her. I left at eleven

o'clock (June 21) and returned at four o'clock that afternoon and the un-

hatched egg was chipped in one place. I reached the nest next morning

at eight o'clock and young Whip-poor-will No. 2 was just out of the shell.

There was still a piece of shell sticking to the down on its back. I judged

that No. 2 was about twenty-one hours younger than No. 1. I took a neg-

ative of the two young ones and left. I had read that a mother Whip-poor-

will carried her young away a distance if they are handled. I resolved,

therefore, although I did not put much faith in the statement, to build a

pen around the nest. This I did on the afternoon of June 28. AVhen 1

went up softly I could now put my hand within two feet of the old female

before she would move. AVhen she did go she jumped up in a hurry,

kicking the young several inches apart, where they lay very still. She

would fall within three or four feet of me and go through the broken back

performance, giving at the same time hoarse but vigorous chucks. After
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a tiuie she atouIcI fly off twenty or thirty feet aud sit either on a stump ot

lengthwise on a limb or log. She always sat lengthwise with her head

toward me and apparently did not move an eyelid while I was there. I

would scarcely leave the nest until she would be back brooding. Her

flight was always perfectly noiseless. In leaving the nest the bird never

emitted a sound, but as soon as she fell to the ground she always gave the

same rapid series of hoarse chucks.

Her large full eye was always very noticeable at such times. I re-

turned at 9 a. m. June 29. The young one No. 2 was just about two-thirds

the size of the older one. The day was cold and i-aw and the older bird

commenced to utter a shrill peet. This sound was perfectly indistinguish-

able to me at a distance of ten feet. HoAvever, it reached the ears of the

mother who sat thirty feet away. She immediately became restless and

commenced to fly from one object to another until I took the hint and

left. I was scarcely forty feet away when I saw the mother fly to the

nest.

I returned at 4 o'clock in the afternoon of the same day (July 29). The

older of the young ones could now toddle around some and was not quite

as helpless. The mother bird in rising kicked the two little birds about

two feet apart. The younger lay perfectly still where she kicked it, but

tlie older one toddled on about one foot farther and hid under a leaf where

it was perfectly indistinguishable.

On the next day, June 30, the older bird could run quite lively for a

short distance. It ran with extended wings, as a quail does. The younger

was still helpless. On this day I searched the entire neighborhood to see

if I could scare up the male bird. I had never seen him yet. I hunted

in vain. I returned to the nest and while gazing at the mother bird brood-

ing I saw to my astonishment a large mosquito light on her head near the

base of her bill. The mosquito probed around awhile and then crawled

out to the very tip of her bill, stayed there meditating for a minute and

then flew away. All the while the mother bird never moved a muscle.

I returned to the pen on the morning of July 1 and found the birds

where I had left them. The younger bird could now move around pretty

lively, but was much smaller than the other. The old bird was getting

accustomed to my presence now, so that I could photograph her with the

lens of the camera not more than three feet from her, without scaring her

from the nest. After taking the negative I approached my hand within

six inches of her before she quietly but quickly flew away. She still per-
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sistcd in licr aci'dli.-itic tricks to try to draw nie away from the nest and

she did in fact go tlirongli this same performance every time I visited her.

On the next day, .Tnly 2, I seared the motlier from the nest l)y toucli-

ing lier on tlie head and tlie two little AN'liip-iiooi'-wills lioth ran and liid

nnder a leaf. It took some little Time for me to find them again. The

older now had promise of fntnre feathers. Nothing was visible on llie

yonnger hut down.

July 3, when I attempted to scare the mother bird from the nest slie

tlew around my head quite fiercely, touching my ear once with her wing

and then fell to the ground in her usual attitude of broken-back misery.

The older of the two young ones now had tlie beginning of some mottled

feathers.

At 9 o'clock on the following morning, July 4, I arrived at the [)en.

Imagine my surpi'ise and chagi'in to find the enclosure empty. Appar-

ently I was wrong and Whip-poor-wills did c.-irry their young away. 1

decided she could not carry tiiem very far aw;iy so I commenced to beat

the bushes around the pen. About ten feet nortli of the i)i'n I flushed the

mother bird. I looked down just in time to see young Whip-poor-will No.

1 run under a leaf but did not see No. 2 at all. I looked around under the

leaves for a few minutes and finally discovered No. 2 sitting cahnly on an

old leaf right before my eyes. I brought them together and i)hotographed

them. It was a warm day and they were directly in the sun's rays. In a

short time I noticed that their throats began to vi))rate rapidly and eacli

uttered a few shrill peets. P.oth, then, almost simultaneously toddled off

and stopped in the shelter of a little Aveed. I left them and examined the

pen. I found several i>laci's wliei'e even the old \\'liip-i>(i(ir-will could get

through. I therefore decided that she had coaxed them to follow hi'r

instead of carrying them. So, to prove it, I l)rought ;i l)ox with th(> liottom

knocked out and about one and one-half feet higli. and pl;iced this over

the nest. I reasoned that if she carried them she could cai'ry them out of

that box without any trouble; if slie coaxed them they could not get out

.•IS one and one-half feet was too much for the young ones.

I retiu-ned three days later. July 7. The family wtn-e still there just as

I had left them. AVhip-poor-will No. 1 now had a much better coat of

feathers, and (juills were beginning to appear on No. 2. I made a visit to

the nest once every day now foi- four days and after scaring the Whip-

poor-will off would retire to a distance and then slip back softly. I fomid

that the mother l)ird invari.-ilily lit on the edge of tlie liox before going to
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the nest. She always lit on the uorth side of the box. No new develop-

ments appeared until four days later, on July 11. When I arrived at fif-

teen minutes of nine on the following morning, I set ray camera down and

wallced boldly up to the nest to inspect. A little noise never scared the

old bird. When I got about five feet from the box a bird sprang out, but

not the homely little female. This was a Whip-poor-will undoubtedlj', but

it had a white ring around its neck and also displayed two dazzling white

tail feathers. At last I had found the male brooding. He did not fall at

my feet as did the female but flew to a log about thirty feet away, eyed

me with evident disapproval, uttered a few protesting chucks and then

with a flirt of his white tail feathers vanished among the bushes. I now

turned to the nest and to my surprise found only one bird there and that

was Whip-poor-will No. 2. It Avas all made plain now. The mother had

succeeded in getting the older one to fly over but the younger was not

able to do so. Therefore, she had spirited the older away, leaving her

mate to brood the younger. I retreated al)oiit thirty feet and sat down to

watch developments. In about ten minutes the male Whip-poor-Avill ap-

peared, lit on the edge of the box opposite to the side that the female al-

ways lit on, sat there two or three minutes and then dropped in. I ap-

proached and tried to get a photograph of him but he absolutely refused to

sit for me and so I left. I returned twice the next day, July 12, to get a

negative, but he was just as wild as ever. When I arrived at the box at

8:30 the following morning, July 13, the box was empty; the last bird had

flown. Thus is the history of the family for sixteen days, that being the

time re(juired for them both to fly. They would have probably remained

near the old nest several days longer if they had been undisturbed.

[420] (Vionlelli's vi)'(jiukma>< (Gmel. ). Night Hawk.

Not rare. I saw it tliree times during the summer.

[423] CIi;itiii(( pilat/ira (Linn.). Chimney Swift.

[428] Tr(ic]iiln>i cohihrls Linn. Ruby-throated Humming bird.

Rather common. I have been unable to find a nest but have seen this

i)ird very often.

[444] Tyrannus tijnumns (Linn.). King Bird.

Very common. One of the liveliest and commonest birds around the

lake.

[452] Mi/larrhns rrinltus (Linn.). Great Crested Flycatcher.

Common.
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[456] Sai/ornis phabr (Lath.). Phoebe. Fig. 17.

Common. Breedhig all through the summer. I found one nest under

the veranda roof of one of the hotels. I took the negative .shown in Fig. 17

on July 7. The nest was under a small bridge near the station. It con-

tained four young almost ready to fly.

[461] Coiitopm virem (Linn.). Wood Pewee.

Very common. These birds are very common in the Assembly grounds

and have become tame. I found several nests; one with fresh eggs ou

July 21.
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[i6')] Euiiti'lnnn.r rirrscnis! (YitiU. ) Acadian Flycatcher.

I shot (iiic (if these July 7. the only one I liave iilontitied dnring the

summer.

[477] CiiiiiKicittti frixUdii (Linn. ). Blue Jay.

Very common. These lih-ds have het-ome vei'y tame in the park, eating

remains of lunches, etc. I have often seen one lake a bath in a certain

little trough of running ^\ater; croAvds of people iiassing within eight or

ten feet. I found one nest under the porch roof of one of the cottages.
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[488] Curnis aincriadiii.s Aud. Crow.

Common. These Itirds' lives si'em to lie a burden to them around the

lake on account of the numerous Kingbirds who att;;ck them at every

opportunity.

[494] Dolkhonyx orizironis (Linn ). Bobolink. Fig. 13.

Common. These birds are to be found in large flocks around the lake

in boggy meadows. I have found several nests. Fig. 13 represents a n?st

in a clump of swamp grass on the edge of a small swamp.

[495] Moloth rus alir {Bodd.). Cowbird. Fig. 14.

Common. Tliese birds si'i-m to have a preference for the nest of the

Maryland Yellow-throat. It is an exceptional thing to Hnd a nest of this

little warbler without its young Cowbird or Cowbird eggs. The negative

of the two cowbird's eggs in the nest of a .Maryland Yellow-throat was

taken July 1.

[497] Xanthocephalns xanthocephalns (Bonap. ). Yellow-lieaded Blackbird.

Rare. I have seen only one of these birds this summer. It was sitting

on an old fence post in a dense swamp.

[498] Agelaias phcenkeiis (Linn.). Red-winged Blackbird.

Very common. These birds nest in large numbers around Winona

Lake.

[501] Sturnt'JIa miniiKt (Linn.). Meadow Lark. Figs. IS and 19.

Very common. Numerous nests were found on the golf links near

the lake uidil tlie nuddle of August. The photographs of the Meadow

Lark's nest were taken .Inly IT. On .July 25 the young had left the nest.

[506] Icterus spuriiis (huni.). Orchard Oriole.

Not common. 1 have only seen three paii's this summer.

[507] Iderui^ galbtil(( (Linn.). Baltimore Oriole.

Common. '

[511b] Quisrahts (jaii^cida a'nens (Ridgw. ). Purple Grackle.

Very common. This bird is quite common in the park. It is found

extensively also in meadows a mile or so back from the lake.

[529] Spinus tristis {luiun. ) . American Gold Fiuch.

Common. These beautiful birds are quite common around the lake.

I have often seen them taking a bath at a certain sandy beach on the

southeast shore of the lake.

[540] Pooceetes gram incus (Gmel.). Vesper Sparrow.

Not rare. This sparrow is fairlj- common in the higher meadows back

of the lake.
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[ ] I'axscr domestic (IX (Liun. )• Englisli Sparrow.

Very common.

[542a] Ainmodrrnnxs sandwichensis savamm (Wils. ). Savanna Sparrow.

Not common. I shot two of these sparrows in a bushy pasture, rather

higher than surrounding fields. They are very difficult to see as they

run through the grass and will rise only as a last resort.

[546] Amtnodramm mvanmwum paxserinnK (Wils.). Grasshopper Sparrow.

Rare. I shot one of these sparrows in a clover field. It is the only

one I haA'e identified here this summer.

[547] A III modramus Iwuslovti (Aud.). Henslow's Sparrow.

Rare. I have succeeded in taking one of tliese sparrows in aj wet

meadoAV. It arose from a tuft of grass and dived into a willow bush.

[560] Spizt'lla social IK (Wils.). Chipping Sparrow.

Common. This sparrow does not seem to breed here as commonly as

in most places in this State.

[563] Spizella jHixiUa (Wils.). Field Sparrow. Fig. 15.

Very common. The photograph was taken .July 11. The nest was

situated aljout six inches above the ground in a clump of grass.

[581] Melonpiza fasciafn (Gmel. ). Song Sparrow.

Very common. Always to be seen, rain or shine, sitting on the top of

small willow trees near the lake on the eastern side. Tlie photograpjli

of its nest was taken July 8.

[584] Melospiza (jeorrjiana (Lath.). Swamp Sparrow.

Not rare. I have seen only five or six of the.se dark colored sparrows

this summer.

[587] Pipilo enjthrophthalimis (Linn.). Towliee.

Very common. A bird whose power of song is of no mean oi'der.

Always to be fovmd among the hazel bushes around the lake scratching

among the dead leaves. I found a nest Avith eggs as late ns August 20.

They keep singing throughout August. With the exception of the Wood

Pewee this is the mo.st abundant species seen about the lake in August.

[593] Cardincdis cardinalis CLiun.). Cardinal Grosbeak.

Common. To be heard at all times of day from some lofty perch.

[595] Jlabia Judoriciana (Linn.). Rose-breasted Grosbeak.

Not rare. I have seen this l>eautiful bird several times and heard it

much oftener. It is generally flitting around in a double row of old wil-

lows in the park.
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[598] PaKsen'na cyanea (Linn.). Indigo Bunting.

Very common. Its :-:ong is one of tlie most persistent all tln'onjih the

summer.

[604] Spiza americana (Gmel.). Diclicissel.

Not common. This bird is not as conimDii as in SDUthern and ccnlral

Indiana. I liave only seen ten or twelve individuals this summer.

[608] PinoKjd n-i/throiiirlds Vieill. Scarlet Tanager. Fig. 20.

Common. 1 h-.xw succeeded in tindiny but one nest of this l»ird this

sunnner but they are doubtless fairly coniniDii. I photojiraphed the nest

on August 2. It then contained three eggs. The nest was on the horizon-

tal limb of a red oak. al)out six feet from the trunk and twelve feet from

the ground.

[610] Piranga rubra CLinn.). Summer Redbird.

Kare. I have seen but one individual of this species.

[611] Pro(/ue !^nl>ix CLinn.). Purple Martin.

Common.

[612] Pefrochdldon Juni/rom (Say). Clitf Swallow.

Not rare. This bird is not often seen. It is more connnon Inland than

near the lake.

[613] Chdidon erytJirogcifitcr (Bodd. ). Barn Swallow.

Common. Often seen skimming the air near and over the lake.

[614] Tachi/cincfd biculor (VieilL. ). Tree Swallow.

Common. Living in dead trees close to the lake. Often seen skimming

over the surface of the lake seemingly within thrc or four inches of tlu-

water.

[616] Cl/riroli ripariu (Linn.). Bank Swallow.
Common. Found nesting in the bank of the railroad and various

places.

[619] Ampelis ccdrijriiiH (Vieill.). Cedar Bird.

Not common. I have seen three pairs this summer. On August 10 1

found a pair of these Idrds in a swamp with two young. Tliey had left

the nest.

[622] Laniioi hidovkianuH Linn. Loggerhead Shrike.

This bird is not very common around the lake. I have seen two indi-

viduals. Their nesting tin).e is so much earlier than when I arrived that

all tlnit did nest here had left to wander over the country.
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[(124] ]'iiro III in K-r IIS {hinn.). Red-eyed Vireo.

Common. I'robably much more common than they seem, as they are

rather hard to identify if they do not sing. A most curious bird. I have

seen one of these little bh-ds folloAV me over one hundred yards from pure

curosity apparently.

[627] yirco (jUpiik (Yieill.). Warbling Vireo.

Fairly common. This little bird is much oftener heard than seen. It

prefers lofty perches, gen^i'^'illy around damp places. I have in mind a

very large willow near the lake shore, in swampy ground, that often offers

a perch for one of these songsters.

[628] Vireo flavifrons Vieill. Yellow-throated Vireo.

Not common. At least 1 have not often recognized it.

[636] MmotUta vuria (Linn.). Black and White Warbler.

Rare. I have seen but one specimen of this warbler. It was picking

industriously at an old gnarled root of a white oak. The tree was on the

bank of Cherry Creek, about one half a mile up from the mouth. I

seai"ched all around the tree but could find no signs of a nest.

[652] Dmr7(wV'a<-e.s//Va (Gmel.). Yellow Warbler. Fig. 21.

Very common. This bird's nest is very often found in young willows

and in rose buslies around the lake. In this region they seem to prefer

swampy places for nesting. I have frequently seen males of this species

with the chestnut stripes few or wanting entirely. The nest in the photo-

graph was taken on July 1. It was situated in a wild rose bush on the

edge of a swamp.

[658] Di'adroica ram {y^ilii,.). Cerulean Warbler.

Rare. I have noted two of this species. I shot one of them. It was

luuiting over the bark of an old oak, up in the topmost branches. The

other one was in the top of a large sycamore.

[674] Seiunis aiiwcnpillns (Linn.). Oven Bird.

Rare. The rather damp forests do not seem to be adapted to this bird.

I secured one specimen and recognized it at another time.

[675] Selarm novcboracensiti (Gmel.). Water Thrush.

Not rare. This is a hard bird to identify and is perhaps more common

than it seems. I have found one nest on the bank of Cherry Creek.

[676] Seiurm 7notacilla (Vieill.). Louisiana Water Thrush.

Not rare. To be seen at times along Cherry Creek and the lake shore.

They are very quick in their movements and hard to see.
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[677] Geothlypis fonnosa (Wils. )• Kentucky Warbler.

Not rare. These bii-ds inhabit the low wet woods so abundant in this

region. I have found one nest here.

[681] Geothlypis tricJms (Linn.). Maryland Yellow- throat. Figs. 22, 23,

24, 25.

This is the most common warbler around Lake Winona. In fact it is,

probably, excepting the song-sparrow, the most common songster here. I

have found numerous nests; generally in rather damp ground at the bot-

tom of a clump of weeds, about four or five inches up. When you ap-

proach the nest of eggs the female will noisily di'op over the side and

run away through the Aveeds, from Avhich it is almost impossible to flush

her. When their young are hatcliod thoy resent intrusion, often flying

by you within three or four fcot.

On the morning of July 23, I found a nest containing three eggs of

the Maryland Yellow-throat and one of the Cowbird. It was in a bunch

of weeds within six inches of the ground. The place was rather damp

and about twenty yards from the lake shore. It was so cleverly con-

cealed I would never have found it had not the female jumped up. I

took a negative and left, coming back twice a day till July 26. On my

first ti-ip in the morning the eggs were still unhatched but at 3 o'clock in

the afternoon I found the Cowbird and one Maryland Yellow-throat

hatched and another almost out as the shell was chipped considerably.

I came back at 5 o'clock and the second Maryland Yellow-throat was out.

On coming back next morning things were the same; two birds and

one egg. The young Marj'land Yellow-throats kept their mouths open all

the time while the Cowbird never opened its mouth. The young Mary-

land Yellow-throats were continuously struggling to maintain their place

and keep the Cowbird from smothering them.

On the 28th the extra egg had disappeared and was not to be seen

around the nest.

On the 29th things were as usual and on the 30th they were also the

same. On the 31st the last born Maryland Yellow-throat had disappeared

and was not to be seen around the nest. The Cowbird and the remaining

Maryland Yellow-throat had feathered out pretty well by this time. On

August 4 the Cowbird was occupying the entire nest and the Maryland

Yellow-throat was sitting on the edge. They were both ready to leave.

In the afternoon at 4 o'clock the nest was empty. The vociferous cries
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of the old liirds nssiirod me that they were iu the weeds thereabouts, aud

so I left them.

[683] Icteria rt'renx CLinn.). Yellow-breasted Chat. Fig. 26.

Not common. I found only one nest of this bird. It was in a bush three

feet up on a steep bank sloping down Cherry Creek from Chicago Hill.

I photogi'a plied it on .Tidy 13. It then contained three eggs.

[687] Setophaga rvticilbt'JlAnn.). American Redstart.

Common. This little bird is often seen flashing from some perch after

an insect and then i-eturning to its lookout again. I found one nest in

the fork of a sapling about eight feet up.

[704] GnhoHcoptes cawJinemiis (Ijinn.). Catbird. Fig. 27.

Very common. Nesting in damp thickets largelj*. The nest in the

photograph was discovered July 2. It was situated in a bush in swampy

gi-ound near the lake shore.

[705] Harporhynchiis riifiiR (Linn.). Brown Tlirasher.

A'ery common. A l)ird having, as a rule, extreme devotion to nest and

seemingly without fear when disturbed.

[718] Thnjofhorus ludoi'icianti.f (Lath.). Carolina Wren.

Rare. I have seen but one specimen of this Avren and that was about

four miles away from the lake, near an old abandoned log hut. I hunted

diligently for a nest but failed to find one or to see the mate.

[721] TrogIo(J>jtrs acdonYieill. House Wren.

Not common. I have seen but nine specimens of this wren diiring two

months of summer. I can not account for it as twenty or thirtj" miles

from here they are common. The large number of Jays in the park and

around the lake may have something to do with it.

[724] Cistothoruii fifelInn's (Lisht.). Short-billed Marsh Wren.

Rare. I noticed one of these birds sitting on a reed in a marsh, sing-

ing. The marsh Avas full of the long-lulled wren, but I have only seen

the short-billed wren once in this locality.

[725] Cistothorus paluMriif (Wils. ). Long-billed Marsh Wren.

Common. They are confined to the little swamps around the lake.

I found twenty-six nests within tAvelve square feet in one swamp. The

nests are gloljular with a very small entrance in one side which often

takes quite a search to find. They are generally lined with vegetable

down or nioss,
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[727] Sitfa roivliiicitxis Lath. Wliite-breasted Nuthatch.

Common. Thcs'.- liirds ai'f oftou seen aromid the hike. I have watehed

a pair hunt over a -willow within fonr feet of my window.

[728] Sitta cauadcnxii^ Linu. Red-hreasted Nuthatch.

Rare. I have seen one specimen in company with a pair of White-

hreasted Nuthatches. These were luintiuK ou some large oaks near Tippe-

canoe River, a few miles away from the lake. They worked within twenty

feet of me at one time.

[731] Pui-u.-< birolor Linn. Tufted Titmouse.

Common. (Ji'nerally to he heard and then seen.

[735] P((rti.'< (ilr/rdjillhix Linn. Ciiickadee.

Very common. To he seen ahout the tirst of Au.unst in large flocks

among the trees. Noted l)y tiieir wheezy note and industrious tapping.

[751] I'olidjilila nrnilia (Linn.). Blue-gray Gnatcatcher.

Not common. I have seen only four individuals.

[755] TunJiix niiis/i'linns Gmel. Wood Thrusli.

Common. Tlieir innsie is olti-n heard ai'ound the lake.

[761] Meridd iiiigraiorid (Linn.). Rohin.

Very common.

[766] .SV(//(V( .s/(///.s (Linn. ). Bluebird.

Not common. Rlueljirds seem to avoid this locality for some reason.

I have not seen over thirteen or fourteen specimens this summer.

DESCRIPTION OF FIGURES.

Figni'e 1. Nest of a Bob White just as found.

Figure 2. The same nest with tlie grass whicli concealed it pushed aside.

The eggs themselves wer(> not touched.

Figure 3. The nest and eggs of a Least Bittern. It is a mere plafform

of swamp grass about two feet above the water. The water was

altout tlu-ee feet deep.

Figure 4. The nest of a ^lourning Dove. The nest T\-as in a vei\v exposed

position on a lirusli pile. It was about twenty feet from the lake shore.

Figure 5. The nest and eggs of a Black-billed Cuckoo. It was ou the

hanging limb of an oalc about five feet from the ground.

Figure (>. The same nest with one young Iiird.

Fignre 7. A back view of the Black-billed Cuckoo sitting on her nest.
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Figure 8. A side view of the Black-billed Cuckoo on her nest.

Figure 9. Nest of Whip-poor-will with a young Whip-poor-will, of part of

the shell it came from and of an unhatched egg.

Figure 10. A view of the two young Whip-poor-wills, showing difference

in size, caused by about twenty-one hours difference in age.

Figure 11. Female Whip-poor-will brooding in a pen place around the

nest.

Figure 12. Whip-poor-will lengthwise on a log, resembling a knot.

Figure 13. Bobolink's nest in a clump of swamp grass. One side of the

clump of gi-ass is cut away to expose the nest.

Figure 14. Nest of a Maryland Yellow-throat with two Cowbird eggs.

Figure 15. Field Sparrow's nest and eggs.

Figure 16. Female Whip-poor-will brooding. The two young have their

heads out in front. They are in a box placed around them after she

had coaxed the 3'oung away from the first pen.

Figure 17. Phoebe's nest with young.

Figure 18. Nest of a Meadowlark.

Figure 19. The same nest with the grass pushed aside so as to expose

the eggs.

Figure 20. The nest of a Scarlet Tanager. It was on a horizontal limb

of a red oak, placed about six feet from the trunk of the tree and

about twelve feet from the ground.

Figure 21. The nest and young of a Summer Warbler. The nest was in

a wild rose bush.

Figure 22. The nest and three eggs of a Maryland Yellow-throat and one

of a Cowbird.

Figure 23. One young Cowbird, two young Maryland Yellow-throats and

one egg of the Maryland Yellow-throat.

Figure 24. One surviving j'oung Maryland Yellow-throat and the young

Cowbird. Same nest as in Fig. 22.

Figure 25. The young Maryland Yellow-throat pushed upon the edge of

the nest by the Cowbird, while the Cowbird comfortably fills the nest.

Same nest as in Figs. 22 and 24.

Figure 26. The nest and eggs of a Yellow-breasted Chat. The nest is

situated in the fork of a bush about two and one-half feet from the

gi'ound.

Figure 27. The nest and eggs of a Catbird. The nest was in a bush at

the edge of a swamp.
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g. A List of the Bragonflies of AVinona Lake.

Clarence Hajultox Kennedy.

Tho drniionfiios in the list below wero collected by the writer during

the summer of 1900 and by Mr. E. B. Williamson and the writer during

the summer of 1JX)1. The writer is especially indebted to Mr. E. B. AYil-

liamson for assistance and encouragement in the work.

The region indicated in this paper by the term "Winona Lake" includes

not only the present body of Avater of that name but also the loAvlands

surrounding it, which, together with the present lake-bed once formed

the bed of a much more extensive body of water. There are thus included

the two short tributaries of the present lake. Cherry Creek and Clear

Creek, and also about a quarter of a mile of the present outlet down as

far as the old glacial dam. This gives a small, well-defined region in

which, with the exception of the surroundings afforded by larger streams,

are included nearly all types of dragonfly environment, swamp, meadow,

woodland, lake and stream.

Consequently the number of species found is relatively large. The

list, if we count Sympctrvm assimilatum as a distinct form, now numbers

forty-five species. It is fairly complete for the smaller kinds but will

probably have several additions yet from among the larger, swift-fiying,

rarer species.

The outlet as far as the old glacial dam should be well worked. Here

will probably be found several stream inhabiting species not at present

included in the list. Thorough collecting during May and June might add

a species or two not found later in the season. Practically no collecting

has been done previous to June 25.

1. Caloptcryx mandata (Beauvois).

This species is exti-emely abundant in the heavy shade along the banks

of Cherrj' Creek during the early and middle summer. In 1!>(X), after a

few heavy rains about the 1st of August their numbers were greatly

diminished.

2. Hetxrinn amerkana (Fabricius).

Common in the old outlet below the first wagon bridge. A male was

taken at the mouth of Cherry Creek about the first of August, 1900.
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3. Li'stis ili.yinicliis Selys.

A male and female taken by Mr. E. B. 'Williamsoii in the swamp south

of the lake on July 13, I'Jito. One female taken liy the wi iter south of the

lake July 23, 1J>00.

4. Xt'.s/c.s rcrtaiiijiilar/s Say.

Four males taken )>y Mr. E. I*.. Willi.-unson in the swamp south of the

lake, July 13, 1!)UI». One male tiiken by the writt'r at the same place,

July (•), 1!»()1.

5. LcMes vigila.r Hagen.

One female was taken August 1."), IDLH), south of the lake.

6. Lextf'it ini'(jii(ilii< Walsh.

One female was taken in the si)atterdoek ))e(ls on the south shore of

the lake. July S. IIHJI.

7. Argiu iintrlda (Hageu).

Occasional on the sand Imnk and pier at the moutli of ("lierry Treek.

8. Ai'iild ridlacca (Hagen).

Fairly common about tlie water. This species is especially aluuidant

along the banks of Cherry Creek during August.

9. Argia sednJa (Hagen).

One specimen, a male, v.as taken July 8, I'.inl. along the soutli sliore of

the lake.

10. Argid tibiitlix (Rambur).

Tlu'ee males of this sjiecifs were taken south of tlie lakt-, July 13, irMK).

E. P>. Williamson.

11. Argid ii/ticiilis (Say).

Two males were taken liy All'. E. I'>. ^\'illiamson. .-oulli of the lake,

July 13, V.llMt. One lemale was taken liy t])e writer July LM'.. I'.tltl, in the

same swamp.

12. Xi']iiili'i))iiii jKis/'id (Hagen).

("onnnon in tlie grass about Die lalioratory.

13. Xi]i((li-niii(i iri'iir (Hagen). -

One siiecimeii, a male, was taken ))y .Mr. E. I*.. AVdliaiiisoii near tlie

Biological Station, June 22, I'.iiil.

14. EnoJUigma Ikujou (Walsh).

This species is common in tlie vegetation along tlie shores of the lake

until the middle of July.
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Common everywhere about the lake. Next to En. sifjnatiDii this is the

most common species of Enallagma about the lake.

16. Enalldgma ((sjicrsum (Hagen).

"A single female was taken .lune 27, 19ul. in the woods on Chapman

Hill, near Winona Lake. The female of this species of Enallugma is so

distinctively colored that I do not hesitate to record the species for the

State on such scanty material."*

17. EnaJlagma tmrintum Selys.

This species is. common on the willows and in the sedges about Winona

Lake until the middle of July.

18. Enallagmd (jeminatnm Kellicott.

Very common on the willows near the IaI)oratories until the middle of

July. They have generally l)ecome rare by August 1.

19. EnaUagina e.isiilartx (Hagen).

This species occurs with En. ti'iinatiun. En. <i<i)iin(itiini and En. carnn-

rnhitniii. It is common until August 1.

20. Enallugma antennatum (Say).

This species is common about the laboratories during June. One male

was taken. .Inly (i. 1901, along the south shore of Winona Lake.

21. Entillagmii .ligridfirm (Hagen).

This is tl)e most abundant form of Enallagmd. It is especially alnni-

dant over the lily lieds where it reaches its maximum abundance during

the latter part of the summer after most other Enallagmas have disap-

peared.

22. Endllaguid imUntum (Hagen).

This species is common on the lilj- beds along the south shore of

Winona Lake during July where it appears only at dusk, probably re-

maining secreted in the dense vegetation of the adjoining swamp during

the daytime. One specimen, a male, was taken on the lily beds at the old

outlet August 17. 1900, by Dr. Howe.

23. hcliiiura iirticalls (Say).

This is common aliout the sedges and lily beds. Thf females are ap-

parently much more aljundant than the males, especially is this so among

those found in the sedges and grasses.

E. B. Williamson. Proceedings Indiana Academy of Science, 1901. p. 119.

11—Academy of Science.
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24. Pi-dr/DiiipIii"- <)h.-^<-iiiii-< (Rambur).

Taken aloiiu" tiie shore in front of the hiboratories (lnrin;r the hitter

part of June. V.)\\\. E. P.. Willhunson.

25. Dromoi/oiiijiJiiix sjiiiioxn-^ Selvs.

Taken (hiriut;- .July several times at Winona Lake. E. B. Williamson.*

26. Jiiiiierid riiinxn (Say).

Occasional in the woiuls aliont the lake, where they are generally

fomul tlyin.^- slowly in and out amonu- the Imshes hunting small diptera.

27. I>'imu'-'<cltiia j(iti'if<i (Say).

One specimen, a female, was taken August o. l!>On. in the bacteriolog-

ical tent by :Mr. Showers. The specimen is not at hand. The late date

makes u.s doubt the identihcation.

28. Ancf.r junl>('< (Drury).

This species is common during the early summer about the shores and

over the lily l;eds. .V few badly frayed individuals remain the entire

season.

29. Kj)lcnv<Jiiht itriiiccps (Hageu).

( ommon during the entire summer along the shores of the lake, over

the lily lieds. and I'.ack over the swamps and meadows. It is a very strong

flier and is en the wing from dawn to dark, never being seen to alight,

and s; Idom seen in copidation.

30. Trii)n"ft liurruta Hagen.

This is t ommon aliout the shores and over the lily pads the entire

sununer. It is ;i high, swift flier and, though common, is seldom taken.

31. Pi ritlinnix (Jumitid (Druiy).

This little dr;igont1y is common over the lily and potamogeton 1);h1s. Of

the two s^exes the males are much the more abundant.

32. CiU'thi'mix epnnina (Drury).

Very common over the lily and potamogeton beds diu'ing the middle

and latter part of summer. Constantly pairing.

33. ('('Ii'fhemly rlisa (Hagen).

This very pretty species is moderately commoji in the swamp south

of Winona Lake dni'ing the middle and late summer.

34. SiimprtrHYii rnhii-nn'Jiilmn (Say).

This species is very common in the meadows and tields about the lake

during the latter j art tif summer. It is esi>ecially common south of the

Profecbns,« Indiana .\eademy of Scienoe, 1901, p. 121.
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lake. Tlion.a:li a good tliei- it spends most of its time aliglited on some weed

or fence. A male of Var. iissiniiliitKiii T'lilei* Avas fallen .Tnly .".0. 1000. by

Mr. Cyrus Rntor.

35. Sympetrum obtrnxitm (Hageu).

One specimen, a fomale. taken .Inly lo. r.Hiii, was donlittully referred

to this species bj- Mr. E. B. Williamson. This species should be fairly

common.

36. Sympitnnn i-lcimiiii Hagen.

Two females were taken durlni;' the summer of I'.ino, one by Dr. .1. H.

Slonaker. and one by the writer.

37. Si/mpfinim corriiplinn (Hagen).

••Near Winona Lake. Auiiust to. I'.MH. one male. Miss N. O. Harrah."*

38. Mesoiliinii.'! siiiiplicirollii< (Say).

Common (luring the entire summer over the lily licds. along' the sandy

shores and (ivrr the sloughs and swamps.

39. I'dflnjdlpJa.i loiKiipciniiif (Burmeister)

.

(ienci-ally associated with MrKunicnt}^ siiiiiilivirollis. Iiut very much

less alnmdant.

40. Libcllxht ixiydl/'x Say.

This is the most conspicuous species of dr.-igontly nlioiit the lake, .-uid

of the larger forms the most almudant. It is found everywhere over the

meadows and swamps, ahmg the shores and over the lily beds.

41. Lihillidit iiicfxtit Hagen.

Seldom. One male was taken on the lily bed at the outlet. .luly 1*8,

I'.liiu. Anotlier was seen earlier in tlie season tiying slowly up and down

Cherry Creek.

42. Libclliila cyniud Fabricius.

Occasional. Associated with Mcsottinnis siiiijdirifollis and l'<tcliij-

iHjilo.r litiii/iiK iiiiix over the lily i)eds.

43. LIhrlhihi pnlrhelbi Drmy.

Next to Liliclliihi hnsdlis this is the most almudant of the larger spei-ies.

Common in nearly all situations.

44. Flaflii'uiis h/d/'d (Driiry).

This species is common about the drain ditches in the fields south of

the lake. An occasional specimen is seen near the mouth of Cherry Creek.

A 'J'nniK'i. either curoJiim or niiiistu, was seen in 19.11 several times about

the laboratories. Also in the held just back of Chapman Hill a fmit'ihi.

Williamfon.^PioececHngs InJiana Academy of Seienee IPdl. \i. 120.
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probably Jn/iiiriiaed. gave the collectors several wild chases. Both Cele-

iheniis fasciritu and LlheUuUi semiffisciata are almost certain to be taken

sooner or later.

/'. A New DiaitXostic Character for the Species of the

Genus Argia.

Clarence Hamilton Kennedy.

The following- paper was undertalien at the suggestion of Mr. E. B.

"Williamson, to whom the writer is also indebted for other suggestions

and for much of the material examined.

The paper is the result of an attempt to find some character, if possi-

ble structural, by which tlie females of the five species of Argia found

in Indiana could be separated.

The characters generally used in the classification of Odonata are the

venation of the wings, the shape of the prothorax, the shape of the ab-

dominal appendages, and the color pattern. A distinction upon the basis

of venation has not been attempted. The color pattern is notoriously

inadequate, and after careful comparison I find that the structure of the

prothorax and abdominal appendages is equally so.

After a close study of the thorax a structure was discovered rarely,

if ever, used in classification, which in the case of the five Indiana species

is sufficiently different to separate the females readily. This is the pecu-

liar shield-shaped structure on the anterior end of the mesepisternum.

I can find no mention of this very peculiar structure except in Selys'

''Synopsis des Agrionines."' Here, .iust as I was finishing this paper, I

found the following, in which Selys recognizes the diagnostic value of

this character in the case of the females of the genus Argia: "De grandes

difficultes se presentent pour donner les diagnoses des quarante-six especes

(Argia) Americaines. dont plusieurs sont tresvoisines les unes des autres.

Les appendif-os anals des males et les lames (In decant an thorax des fem-

elles fournissent. il est vi-ai, pour la plupart, des caracteres positifs; mais

ils eussent rendu les diagnoses tres-longues, et ces organes ne pouvant

etre bicn vns (]u' avec un certain grossissement, j'ai cherche dans les di-

agnoses de ce Syno])sis, a me passer de ces caracteres, qui seront reserves

pour une monographic speciale.'"*

'• De Selys-Longchamps, Synopsis des Agrionines, Bulletins de I'Aeademie royale de
Belgi<iue, 2me s'rie, tome XX,Xo. 8, p. (9).
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As far as 1 know the ''inomxjnipliie specialc"' was never published.

Calvert, too. in a paper which has just appeared on the genus Argia,

reco.iiuizes this structure.*

This structure occurs, as far as I have examined, in all the native

genera of the Zygoptera. but it is laclcing entirely in the Anisoptera or

possi])ly is replaced tin re l>y the low transverse carina across the extreme

anterior end of the mesepisternuni. It is found on the same general plan

in the different genei'a. consisting of a heart-shaped enlargement of the

mid-dorsal carina, on either side of which is a triangular wing with its

apex nuniing down to the mesinfraepisternum.

.hern ,btsalcirifj

In the genus Argia a more or less oblong depression (cavity—see figure

abovei. bounded on either end by the high basal carina of either wing

(see figure aliovei occurs in front of tlie heart-shaped end of the mid-

dorsal carina. The l)asal carina of each wing ends in front in a horn,

and l)eliind. in the case of the females of four of the five species, in an

ear-lil<e lobe (the ear—see figure abovei. In the male no elaliorate ex-

pansion into an ear occurs. The most strilving differences in this sti'ucture

are those of the size and shape of the ears. As these ears are absent in

the males, for tliem tlie structure loses most of its diagnostic value. How-

ever, for interest in comparison, figiu-es of this structure as it occurs in

the males of the five species are shown in the plate (see Plate II, Figs.

1. .>. •">. 7 and 0). Ky reference to tliem it will lie seen at once that, in the

male, this structiu-e is of a more generalized type than in the female. The

structure as found in the male is nearer the general type found in related

genera.

The .above would seem to indicate that this structure is a sexual organ

functiiining in the female and merely passively present in the male. One

would at (inco jump at the conclusion tliat it is tlie organ by wliicli tlie

male holds the feiiiah' during rhe act of cupulatinn. Tlic cavity would

Cidvert, Bull, Mus. Coiiip. Zool Xov. 1902.



seem especially fitted for the insertion of the alKlominnl appendages of

the male. Bnt from direct observation it is known that tlib» male holds

the frmale liy the prothorax. pvoliahly liy the oncirclin.n' groove at its

anterior end. Moreover, because this strnctm'e is covered ))y the posterior

lolte of the jirothoi-ax. it would l»e impossi))le for the male to reach it.

See Plate II. Fig. 2.

Nevertheless this structure must in some way l)e involved in the act

of copulation. It is interesting to note tliat in the Anisoptera where the

male linlds the female liy tlie head instead of by the tliorax this i)eculiar

structure is not developed at ali.

P>ut wh.it(>ver its function, nv whether it has n fundicm or not, its

form is sutliciently different in tlie females of the different species of

Argia. and sufficiently constant among those of any given species to

warrant its use in classification. How far this structure is good in show-

ing relationshii)s. it is ditficult to say. According to it jnitrida would fall

in a very distinct group liy itself. Aipeal is would fall by itself. Tiolacea,

sfdnld. and tihiaJis would fall in a group l)y themselves, in which rinlacea

and scdiild wordd lie much more closely related than either to tibialis.

A key to females may be constructed as follows:

.4. The ear-! entirely absent. The whole structure wide laterally and

nai'row fi-om front to ))ack apicdlis.

AA. The jxtsti-rior <(li/r of each wing produced into a broad rectangular

lobe. The median longitudinal fossa of the base liroad and

shallow piitrida.

AAA. The /I'l^trrior (iin/lc of each wing producetl into an ear. The median

fossa relatively deep.

H. The apex of each ear pointing forwards and upwards.

The eiUire structure relatively deep from front to liack.

tibialis.

HB. The apex of each ear pointing upwards and backwards.
*

('. Tlie cavity very narrow. The ears broad and fiat.

ridhicea.

('('. The cavity of usual width. The posterior edge of

each ear turned up scdiila.
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EXPLANATION OF THE PLATES.

Plate I.

The drawing;- were made with a camera lueida, using a Bausoh and Loinb ^,; oli.iective

witli the lower lens removed and a 2-inch eyepiece.

Fig. 1. Argix ai>icalis (Say). Blufftou, Iiid., Aiigust 18, 1900, E. B. Wil-

liaiusou. Dor.sal view of head, protliorax, aud niesotliorax of rf, disjointed.

.1—Head, r/i, compound eye.

B—Protliorax. PL, posterior lobe. AG, anterior groove.

C—Mesothorax, tlie metathorax showing underneath. AM, anterior

end of mesepisternuni. .Ufx
', middorsal carina. MES, mesepisternum.

MI, mesinfraepi.«ternum. //Il', liindwing. F]]', forewing.

Fig. 2. Argia apicalh (Say). Bluft'ton, Ind., August 18, 1900, E. B. Wil-
liamson. Lateral view of prothorax, and mesothorax.

-IN—Articulating surface for liead. Other lettering as for Fig. 1.

Plate H.

The drawings were made with a camera lueida, using a 15ausch and Lomb % objective

and 2-ineh eyepiece.

1. Avgia tibialis (Ramhur). Bluifton, Ind., June 17, 1901, E B. Will-

iamson. Anterior end of mesepisternum of -J.

2. Aiyi,! tihiali.^ (Ramlmr). Blutfton, Ind., June IT, 1901, E. B. Will-

iamson. Anterior end of mesepisternum of ^ .

B. Argia sednix (Hagen). Fort Wayne, Ind., July 18, 1901, E. B. W^ill-

ianison. Anterior end of mesepisternum of (^.

4. Argi(( xnbila (Hagen). Fort Wayne, Ind., July 18, 1901, E. B. Will-

iamson . Anterior end of mesepisternuni of V •

5. Argia riolacca (Hagen). Tippecanoe River, Ind., July 2, 1901, E. B.

Williamson. Anterior end of mesepisternum of rj'.

6. Argia riolacca (Hagen). Pittsburg, Pa., June 15, 1899, E. B. W^ill-

iamson. Anterior end of mesepisternum of 9 ,

7. Argia apicalis (Say). Bluffton, Ind., June 2, 1901, E. B. William-

son. Anterior end of mesepisternum of (^.

8. Argia apicalis (Say). Blutfton, Lid., June 2, 1901, E. B. William-

son. Anterior end of mesepisternum of $.

9. Argia pufrida (Hagen). Bluffton, Ind., June 17, 1901, E. B. Will-

iamson. Anterior end of mesepisternum of (J

.

10. Argia putrida (Hagen). Fort Wayne, Ind., July 18, 1901, E. B.

Williamson. Anterior end of mesepisternum of 9 •
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Investigation of thh Actlon Between Manganese Dioxide and-

Potassium Chlorate in the Production of Oxygen.

Edward G. Mahix.

The inethod for i)roi»;irin.u- oxyKfH I'.v lieatiii.t; inixtui-cs of potassium

chlorate and iiiaunaiicso dioxide has heeii v.^vtl l>y eh;mists for some time.

Since, however, the nian.iianese dioxide comes out unchanged at the end

of the process, yrt consideralily lowers the temjierature necessriry for de-

coniiiosition of iiotassiiuu chlorate, its exact function has heen and is yet

imi;erfectly understood.

There is not only a iiractical, Init also a very intir;'stin.y theoi'etical

([uestion in\olved in the exiiliiualion of the reaction takinn' place in this

process, and it was the desire for obtaining further light on certain

points that lid Professor Ransom and the writer, at the suggestion

of the former, to jointly- und' rtalce a study of the facts. S:nne questions,

the settlement of which was to Ite attempted, were: 1. I)o;'s variation in

proportion of potassium chlorate and manganese dioxide affect the t'-m-

perature at which oxygen is evolved, and, if so. wli.it mixture yields it at

the lowest temperature? "J. Is tlie .action continuous wlit'ii the mixture

is heated for a long period at or just alove the decompositiim tempera-

ture, and what are the products? 3. Heating for a period just below this

temperature, are any intermediate products formed and what are they?

4. To notice any new facts brought out by the experimental work.

Search of the literature shows that the men who have performed the

most important work upon this particular phase of the subject are Mc-

Leod. Brimck and Scnleau. McLeod had noticed the well-known fact that

a gas resembling chlorine was evolved with oxygen, and in ISSO, pub-

lished a statement of experimental work, dedm-ing the following reactions:

2 Mu O2 + 2K CI O3= K2 Mn2 Os+ CI2 -j- O2.

K2 Mu2 Os= K2 Mil O4 + Mil O2+ O2.

K2 Mn O4 + Cl2= 2 KCl 4 Mil O2 f O2.

rpon this basis he explained the supi>osed fact that free chlorine is

evolved only at the beginning of the process, since chlorine is liberated l)y

the first reaction and at the lowest temperature, and that corresponding to

this free chlorine, there was a certain amount of undecomposed potassium

manganate at the end. In ISO?, Brunck argued that if these reactions
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took place, the residue should either l)e alkaline or coutaln potas-

sium inanganate. or permanganate, and that he could obtain no evidence

that either was the case. He brought forward experimental evidence to

prove that the evolved gases did not contain more than a mere trace of

chlorine and artirmed his belief that the odor and the property of Iduing

starch and potassium iodide paper was due to ozone. In 1894 McLeod

stated that when the gases Avere led through alkaline silver niti'ate solu-

tion, and this later acidihed. a precipitate was obtained which corresponded

in quantifj- with the alkalinity of the residue in the generator. He could

obtain no evidence of ozone. Some further work was done by these men

but they did not apparently succeed in settling the point at issue.

Sodeau. in llXil. proved that the action of manganese dioxide, barium

sulphate, sand, and other supposedly inert l)odies increased the evolution

of oxygen not mechanically, Imt rheniically.

EXPERIMENTAL.
'

The apparatus used in the experimental part of the present investiga-

tion was very simple. Hard glass test-tubes tive inches in length, with

side necks, were used for heating the mixtures, these being placed in a

bath of Wood's fusible metal, heatetl in a thick cast-iron cup large enough

to accommodate tive tubes. A thermometer was also placed in the metal.

Short delivery tubes, with ends drawn to a narrow aperture, letl to a ves-

sel for collecting the evolved gases in test-tubes over water.

The manganese dioxide used was Merck's "Artificial Pure," and pre-

vious to using was heated for several hours in an open dish over a free

flame, in order to remove moisture: it was then placed in a glass stoppered

bottle for keeping. Elmer and Amend's potassium chlorate was dried

for six hours at 105°-110° for this purpose. It was not labeled "C. P."

but tested free from chlorides lioth before and after drying.

The first mixtures were made in tlie following molecular ratios of

manganese dioxide to potassium chlorate: 10:1. 2:1. 1:1. 1:2, 1:10. These

were ground together, placed in the tubes, and slowly heated. At 150°-

1G5° a gas was evolved from all, showing the presence of oxygen by means

of a glowing spark, and giving a strong odor of chlorine or chlorine oxide.

This odor is certainly not that of ozone and may be either chlorine or

chlorine oxide, or both. In this paper it will be provisionally called

chlorine. It was noticed that considerable moisture collected upon the



niilier parts of the geuerator tn))es. indicating that at least one of the

suhstauces still contained moisture.

Other portions of the same mixtures as above AA'ere dried in their tubes

for several hours at 100°-10o°. Chlorine was evolved upon heatiny to

122° Ijut no oxygen Avas evidenced l>.v a spark. At 13.")° the rate of evolu-

tion of oxygen was approximately in direct proportion to the amount of

manganese dioxide used, this lieing the reverse of the case when the ma-

terials were not dried. This, however, is not stated as a definite law.

Four other mixtures were mofe carefully dried, then heated in the

bath. Chlorine was evolved at 14^)°, oxygen at 108°.

It was early seen that no reliable i-esults could be obtained so long as

the manganese dioxide held moisture. To determine whether this sub-

.stance Avas hygroscopic, and if so. roughly the amount of water taken up,

some freshly dried material Avns AA-eighed in a closed bottle, then allowed

to stand open for definite periods, Aveighing after each period. In tAventy

minutes its Aveight increased approximately 1 per cent.: after one and a

half hours. .'I per cent.: after forty-five hours. <i per cent.

To determine the difference in bthavior due to this moisture, Iaa-o mix-

tures AA-ere prepared: In (Xi the manganese dioxide AA^as dried oA-er a

free flame. Aveighed in a glass-stoppered bottle and the Aveighed potas-

sium chlorate added. The other mixture (Yj Avas of potassium chlorate

and ordinaiw undried maugauese dioxide: both were molecular mixtures.

In this and future experiments chlorine Avas tested for hj starch and

potassium iodide paper. At 125° (X) gave no chlorine or oxygen, (Y) gave

large quantities of chlorine but no oxygen. Much moLsture collected in

(Yi. At 148° a .steady stream of oxygen came from (Y). continuing as long

as heated. Xo trace of chlorine or oxygen came from (X).

More manganese dioxide Avas purified by digesting in cold distilled

Avater, then washing until free from chlorides. The AA'a.sh water contained

small amounts of manganese and cal<-iuni. Tlie Avashed mass Avas dried

for tAvo and a half hours at 200°-21(r.

Foiir tubes were noAv lilled Avith mixtures in molecular proportions,

transferring the manganese dioxide quickly at 211(1" to the hot Aveighing-

bottle, cooling, weighing, adding the ground and weighed potassium

chlorate, and mixing. The mixtures Avere quickly transferred to the tubi\s,

the delivery tuljes of Avhicli were in this case guarded Avith granular

calcium chloride. A tulie of dry potassium chlorate Avas heated Avith the

others, in order to judge the amount of expanding air forced over.
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The tubes were kept at loo'-JJU^ for four and a bait' lioiirs: no gas was

over beyond that due to simple expansion, and not the sliglitest trace of

either chlorine or ozone was found in any generator tube. No oxygen

could be discovered. The mixtures upon testing were found to contain a

considerable amount of clilorides. The temperature was raised to and

kept at 150° for tiiree hours and no chlorine or oxygen was produced.

The quantity of chlorides seemed to be increased. At 17o° all of the tubes

began to evolve oxygen and so long as this temperature was maintained

a steady but slow stream of oxygen was produced. No trace of chlorine,

chlorine oxide or ozone was produced as high as 180°.

At this point the work was stopped for lack of time. Thus far a few

conclusions may be provisiouallj- advanced:

The conditions under which oxygen is ordinarily produced are not

ideal, and the moisture always present materially intinences the reactions.

This moisture makes possible the production of oxygen at a lower tempera-

ture than in the case of dry materials, also the formation of chlorine or

chlorine oxide, or both, as low as 125° and liefore oxygen is evolved. This

may be due to hydrolysis of the potassium chlorate or chloride, thus allow-

ing oxidation by the manganese dioxide. It is possible and even probable

that no chlorine would be evolved at any temperature within the ordinary

range of heating, if the materials were entirely free from moisture. In

such a case, McLeod's explanation must fail, since if it be true, the forma-

tion of free chlorine is a necessary step in the evolution of oxygen.

This point, witii others mentioned, will be more fully investigated by

future Avork. and it is hoped that some facts of interest may be brought

out during the investigation.

AcTiox OF Heat i»x Mixtcres of Manganese Dioxide With
Potassium Nitrate and With Potassium Ukiiromate.

J. H. Kaxsom.

The fact that different metallic oxides mixed with potassium chlorate

cause the latter to evolve oxygen at considerably lower temperatures than

when heated alone has long been known, though the natttre of the chemi-

cal action involved is not with certainty established. No work has been

done, so far as I am aware, to see what the effect of these oxides might

be on other sulistances decomposable )jy heat.
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It seenu'd. tluTrforc, of intfrest to investigate the subject. ;nul espe-

cially the action of manganese dioxide on various substances, as the re-

sults might throw some light on the action l)etween it and the chlorate.

The substances chosen for the preliminary work were potassium ni-

trate and potassium I)ichromate. When potassium nitrate is heated to

a high temperature it loses one-third its oxygen and forms the nitrite.

If molecular proportions of the nitrate and manganese dioxide are mixed

and heated in a metal bath, little if any evolution of oxygen occurs below

2Ho° C. Between that temperatiire and 3.50° C. there is a constant, though

not rapid, evolution (»f a gas which gives the usual test for oxygen. The

amount, however, is not large, and during the heating there are formed

brown oxides of nitrogen. In the .same l)ath was a tube containing the

same weight of pure dried i)otassium nitrate but there was no evidence of

any decomposition. During the heating some moisture collected in the

colder part of the tup)e. but whether this had any effect in causing the

decomposition of the mixture, as is found in the case of the chlorate,

lias not yet been determined.

When potassium bichromate is heated alone in ;i free bunsen flame

little or no oxygen is evohed even at the highest temperature o1)tainable.

When mixed with manganese dioxide, however, a steady stream of gas

is evolved at a comparatively low temperature. The decomposition begins

at 285° but does not increase greatly in rapidity up to 350°. The tempera-

tures at which the nitrate and the bichromate decompose are so nearly

the same that a similarity of action is suggested. Whether the oxygen

comes from the oxide, the other substance or from liotli has not yet been

determined. That the oxide has some effect in producing the evolution

of oxygen is certain. The investigation will l)e continued along this and

related lines and the nature of the actions will be thoroughly studied as

soon as time permits. It will also be of interest to know whether such

oxides as the one used will lower the temperature at which substances

ordinarily decompose, but without the evolution of oxygen. Such a sub-

stance would be ammonium nitrate. This subject will also be inquired

into. In the meantime I wish to reserve this tield of investigation.
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CRniciSM OF AN Experiment Used to Determine the CoxM-

BiNiNG Ratio of MA(iNESU.M and Oxyuen.

James H. Ransom.

Ill some of the niodeni lal (oratory iiiuiiuals for use in iieiieral chem-

istry work ail exiierimeiit is descrilied whereby a wei.uhed amount of

mayiiesium iiowder is oxidized in a covered rrucilile until a constant

weight is obtained. The increase in weiiiht has liecii assumed to l»e due

to (ixy.ii'cn. and tlius tlie ratio of the two elements in the oxide easily

calculated.

My students have pi-rfoimed this experiment duriiiL;- tlu' last two years

but have not been alile to secui-e sutticiently coiicordani results t(( make

it apiiear to them as illustratin.i;- the law of constant comiHisitioii.

Foiiie observations are readily made in perforniin.u- tlie experiment.

The pioduct. except perhaps at the surface, is not white, as is niaiiiie-

siuiii oxide, but of a .uray color, due evidently to a mixture of substances

of different colors. Also the crucililes at the end of the experiment are

coated within with a black substance which can not be rem ived even ou

scouriiift' with sand: and tlie crucibles lose in weight.

Examination of the product of burning shows that on treatment with

small amounts of water ammonia is evolved, tlius indicating that m.ig-

nesiuiii nitride is one of the substances present. As in this compound

the ratio of the elements is 1:888 while in the oxide it is l;(i(;T it follows

that from this standpoint the increase in weight niusi lie less than the

theory. Again, on treating the product with fairly concentrated hydro-

chloric acid a disagreealily odorous gas is evolved which at times is spon-

taneously eoml)ustible. It is. without dould. hydrogen silicide from mag-

nesium silicide formed Ity the action of magnesium on the crucible ma-

terial. On treating with acid as above described there always remains

a black insoluble amorphous residue mixed with white particles which

under a handdens look like silica. The lilack mass when heated ou

platinum foil changes to a white i)owder which resembles silica. Appar-

ently the black portion is silicon. It is conceivable that a part of the

silicon after lieing formed, and during the heating, is oxidized by the air;

and as it unites with nearly twice as much oxygen as does the same

weight of magnesium, it might equalize the loss of the oxygen content

due to the causes already indicated. Thus can lie explained the nearly

theoretical results so often obtained. But at best these results must re-
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maiu a matter of chance and the experiment, seemingly so simple, but

in reality so complicated, can not well )>e put into the hands of students

doing their first work in chemistry.

Modifications of the experiment which will avoid these sources of

error are in the mind of the writer, hut have not been subjected to test

for lack of time. Should they prove successful I shall be pleased at some

future time to communicate them to the Academy.

An Apparatus for Illustrating Charles's and

Boyle's Laws.

James H. Raxsom.

Some difficulty having been experienced in making clear to students

the changes in the volumes of gases due to the simultaneous changes in

temperature and pressure, it seemed that a clearer notion could be given

by having a single piece of apparatus to illustrate their laws. Such an



iili]iiH-;itU!s. a cut of which is presented, was devised to overcome the diffi-

culty. It consists of an ordinary graduated gas burette connected with a

reservoir for mercury and siu-rounded by a water jaclcet which in turn

is connected with a flasl^ containing water. Tlie flask and jacket are so

arranged tliat water of any dt'sired temiierature can be siphoned from

the former through the latter, thus heating the gas in the burette to any

temperature between 0° and 100° C. A thermometer inserted in the jacket

indicates the teniperatui-e of the water. At the lieginning of the experi-

ment the water in the jacket should be at the room temperature, and

the tiask should hold several times the volume of the jacket. By the

nietliod of siphoning the change in tcnipeature is so gradual that the

gas is heated to the water temperature almost as rapidly as the latter

passes through, and there is no danger of l)reaking the burette. With the

apparatus each law may I)e deduced separately with a fair degree of

accuracy. Then the two laws united and the results compared with those

found mathematically from a combination of the two. The idea of ab-

solute zero is illustrated in a very clear and convincing way. If desirable

the burette may be filled with different gases, and thus it may l)e shown

that all obey (practicallyl the same laws.

Some ^s-Ketg-Tv-Hexene Derivatives.

James B. Garner.

A study of the reactions which might be brought about between ben-

zoin and unsaturated aldehydes, ketones, and esters through the agency of

cold (15° O. ) alcoliolic sodium ethylate, was begun several years ago^ At

that time it was found that benzoin is added to benzalacetone giving rise

to a 1.5 diketone which by loss of water and ring formation, is converted

into 3—I-5-triphenyl-l-oxy-^2-keto-R-liexene. This substance had previ-

ously been prepared by Professor Alexander Smith^, using potassium cyan-

ide as condensing agent''. When sodium ethylate is used as condensing

agent, the yield is much greater, the reaction takes place more smoothly

and th3 product formed is purer than wlien potassium cyanide is used.

Knoevenagel has made an exhaustive study of the ^s-keto-R-hexene de-

* Dissertation, Chicago, 1897, p. 17.

^ Berichte, S6, 65.

^ Amer. Chem. Join-. XXII, 250.

12— Aciidemy of Science.
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rivatives. He has found, (1) tliat substances of tlie type of aeetoaeeticether

and aliphatic aldehydes', and aromatic aldehydes^, condense in the pres-

ence of diethylamine or piperidine to form 1.5 diketones, and that tliese

diketones, with loss of water and ring formation, are converted into

/12-keto-R-liexene derivatives; (2) that desoxybenzoin adds itself to sub-

stances of the type benzalacetylacetoue forming 1.5 diketones, which, by

loss of water and ring formation, yield 2-keto-R-hexene derivativts.

Recently the study has been extended to include the reactions which

might take place between the ketols—benzoin, cuminoin, furoin, anisoin

and piperonoin—and the unsaturated ketones-benzalacetone, cuminalacet-

one, p-methcxy-benzalacetone, and piperonyleuacetone. In all the re-

actions, A 2-keto-R-hexene derivatives are formed, except in those in which

furoin is used. Under no conditions has it been possible to bring about

any interaction in any of the experiments in which furoin is used. All of

the other reactions progress smoothly and excellent yields are obtained in

each case. It has been ascertained also, that in place of the unsatured

ketone, a mixture of the corresponding aldehyde and acetone may be used

and the course of the reaction is in no way changed, but the yield is ma-

terially increased. To insure the completion of the reactions, however, it

is necessary to boil the mixtures for fifteen minutes on the water-bath.

Equal volumes of a ten per cent, solution of sodium hydroxide may be

used instead of the alcoiiolic sodium ethylate and the same reactions will

take place but the yields are very much poorer.

In the present paper the study is limited to the consideration of only

those cases, which will in a general way, indicate, ( 1 ) the nature of the

products formed and, (2) the extent to which tlie reaction is applicable.

I. ADDITION OF BENZOIX TO CUMIXALACETOXE.

.i-4-<Iij)lieniil-')-<-iiiiii/l-4~<>-i'!l-_ .,~^.'i to-R-hc.irne.

CII.CcH4 .CH.lCHa).

CbHs . C . (OH)

CoHe.C

CH,

CO

^ Ann. ;.'Si, 25. .\nn. -V, 321.

= Ann. .3').-% 223.

CH
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For the preparation of tliis 2-keto-R-hexeiie d'.'rivative, one mole-

cule (6 gr. ) of benzoin is dissolved in boiling al)solute ethyl alcohol

(lOOcc. ), and to this solution is added one molecule (5.32 gr. ) of euminal-

acetone. Tliis mixture is treated with an alcoholic solution (4cc. ) of

sodium-ethylate (.5 gr. sodium in 3()cc. absolute ethyl alcoliol). The mix-

ture becomes deep red in color and upon standing in a cool place for two

hours deposits clusters of needle-like crystals. The crystalline mass is

filtered off and after washing witli absolute ethyl alcohol is recrystallized

twice from glacial acetic acid. Clusters of long, fine, white needles result

w'hicli melt at 231°. It is insoluble in ligroin (40-60), ether, and cold alco-

hol, but dis.solves readily in liot benzene, glacial acetic acid and chloro-

form .

Calculated as C27H2ii02.



ISO

This oxim is obt:iiii'^d by boiling :i inixrure of oii.^ molrcuk' (1 grj of

the _2-l;efG-R-liexene derivative wit li tlirc;' mokcuk's {.niigr.) of hydroxyl-

a:nint' livdrccliloride and ime a;id onf-li;ilf niolecuk'S (.56 gr.) of sodium

carbonate dissolved in ttlivl alcohol lUUcc. ) for forty-five minutes, using

a return condens; r. ()n3-h;,lf of the alcohol is distilled off and the residue

on cooling deposits wliite crystals, which, when they have been recrystol-

lized from a mixture of benzene and ligroin, melt at 221-3°. The sub-

stance is easily soluble in hot alcohol, cold etiier, acetic acid, and hot ben

zene, bv.t very sparingly soluble in bot ligroin (40-60^ j.

Calculated as CiTHirOgN. Found.

N. 8.o;3 3.72

J-4-<l'jihiiiji}-')-< II ji III/ -Jill I IK il-tin tiitr.

C. C„H,. CIIlCII.U

CuHo .C

CbH , . C . .CO Clin

This body is prepared by boiling the _-i-keto-R-hexene derivative with

excess of eithc^r acetic anhydride or acetyl chloride for thirty mint.t( s. The

mixture assunn s a yellowisli-red tint, and yields a solid substance only

when it is poured into a large excess of water. The white amorphous mass

recrystallizes from hot ligroin (40-60°) in bunches of long needles, melting

at i)S°. It is soluble in cold glacial acetic acid, benzene, ether and alcohol,

but is sparingly soluble in ligroin.

Calculated as C2;.H2602. Found.

C 85.72 85.50

H 6.40 6.62

C . C„H4 . CH (CH3)o

CbH-. .C

C 1I-, .C C.OII

(MI
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The acetate is boiled upon a water-bath with alcoholic potassium hy-

droxide for fifteen minutes. The mixture resulting is poured into excess of

dilute hydrochloric acid, and a white mass is obtained. The amorphous

phenol is recrystallized from hot alcohol. It forms white needles, which

melt at 155°, It is readily soluble in cold chloroform, benzene and ether,

but sparingly soluble in hot ligroin (10-60°).

Calculated as C27Hl'40. Found.

C 89.00 88.9(5

H 6.60 6.87

II. ADDITION OF BEXZOIN TO AXISYLIDEN ACETONE.

.i-4-iH[>hitiijJ-'>-aiii»ijl-.i-o.iii-i\2 kcto-R-lu'.ii'iic.

CH .CsHUOCHj)

CHs .C. lOH)

CcHs .C

.CH,

CO

. CII

The 3-4-diphenyl-5-anisyl-4-oxy-^^-keto-R-hexene is prepared by

the condensation of one molecule (6 gr.) of benzoin, eitlier with one mole-

cule (5 gr. ) anisylidenacetone, or with one molecule each of anisaldehyde

(3.9 gr.) and of pure acetone ^1.7 gr. ) under exactly the same conditions

which were uj^ed in tlie preparation of 3-4-diphenyl-5-cumyl—l-oxy-A^2~

keto-R-hexene. The substance crystallizes in bunches of needles, either

from hot glacial acetic acid, or absolute alcohol, and melts at 233.5°.

However the amount of alcohol required is large—for each gram, 70cc. of

hot absolute alcohol are required. It is soluble in hot benzene and cliloro-

form, but insoluble in ether and ligroin (40-60^). With cold concentrated

sulphuric acid, a deep red coloration is produced.

Calculated as C.^H.^Oa. Found.
C 81.08 80.91

H 5.95 6.03

O.I i III iif tlic .>-4-(lii>JicniiI-.'j-!(iUK!il-4-0.r(/-^ .^-keto-R-Jn'.ri'ue.

For the preparation of the oxim, a method, analogous to that described

in the preparation of the oxim of 3-4-diphenyl-5-cumyl-4-oxy- _ 2~^^<^o-

R-hexene, is used. After recrystallization from liot alcoliol, it melts at 196°.
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It is soluble in hot glacial acetic acid, chloroform, and benzene, but in-

soluble in ether and ligroin (40-60°).

Calculated as C25H23O3N. Found.

N. 3.63 3.80

Acctatr of S-4-rJiph enj/J-o-n 1 ; isi/l-pJi rno!

.

Tliis product is obtained by boiling the ^^-^^^to-R-hexene derivative

with acetyl chloride on the water-bath for ten minutes. Tlie mixture as-

sumes a deep red coloration. Nothing separates on cooling. "When excess

of water is added, however, an amorphous mass separates which, upon

crystallization from hot ligroin (40-60°) or from aqueous alcohol, melts at

141^-2°. It is soluble readily in cold benzene, ether, glacial acetic acid

and chloroform; sparingly soluble in hot benzene and aqueous alcohol.

Calculated as C27H22O3. Found.

O 82.22 82.10

H 5.59 5.84

S-4-'Ti}>hrniiT-5-anhyJ-phenol

.

The acetate upon saponification with alcoholic potassium hydroxide

yields the phenol. The reaction requires only fifteen minutes heating

upon the water-bath to complete it. The product, which is obtained when

the resulting solution is poured into dilute hydrochloric acid, is recrystal-

lized from a mixture of alcohol and ligroin (40-60°) and melts at 159-60°.

It is readily soluble in cold ether, benzene, chloroform and acetic acid,

and almost insoluble in hot ligroin.

Calculated as C25H20O2. Found.

C 85.24
'

85.17

H 5.68 5.93

This phenol reacts vigorously at the ordinary temperature with cold

concentrated nitric acid and yields nitro derivatives. These nitro bodies

will be investigated later.
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III. ADDITION" OF BENZOIN TO PIPERONYLENACETONE.

.l-.'f-<lililii tiijl-.'i-iiifi'iiiJ-4-i'i 11-^ —keto-R—he.iciK .

CH . Ce H3 . (CII^ 0,1

Ce H5 . C . (OH)

Ce Us

^CHo

Oue molecule (6 gr.) of beiizoiu aucl one molecale (5.9 gr. ) of piper-

onylenacetoue are dissolved iu hot absolute ethyl alcohol (lOOcc.) and a

solution (4cc) of sodium ethylatc (.5 gr. sodium in 30cc. absolute alcohol

)

is added. As in all these conden.sation reactions with sodium ethylate,

this mixture assumes a deep red coloration. Upon standing for two hours

rosettes of yellow needle-like crystals separate. These crystals, upon re-

crystallization from glacial acetic acid, are obtained in fine white glitter-

ing needles, melting at 240^. The substance is soluble in hot chloroform;

sparingly soluble in hot benzene and alcohol ; and insoluble iu ether and

ligroin (-10-60').

Calculated as C25 H^„ O^. Found.

C 78.12 78.00

H 5.21 5.38

The method above described for the preparation of 3-4-diphenyl-o-

piperyl—1-oxy- ,-keto-R-hexene does not progress as smoothly and as

completely as when one molecule each of piperoual (4.25 gr. ) and of pure

acetone (1.7 gr. ) is used in place of the piperonylenacetone, and the reac-

tion is carried out at the temperature of the water-bath. The crystals

obtained by this method are very pure and clean, and the yield is almost

quantitative, especially if the mother liquor is treated again with more

sodium ethylate and the mixture again boiled.

Ten per cent, sodium hydroxide solution also effects the condensation.^

However the yield is poor.
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O.riin of 3-4-diplii'iii/l-o-j>lj><'ri/l—4 "''.'/-A i-^i'fo-Ii-he.icne.

Tliis oxim is prepared iu an analogous method to that described pre-

viously for the preparation of oxims. Wlien recrystallized from a mixture

of alcohol and ligroin, crystals are formed melting at 190-1°. It is soluble

in hot alcohol, cold ether, chloroform, and liot benzene, and is insoluble in

ligroin (40-60^)

Calculated as CasHgiO.N. Found.

N3.51 378

IV. ADDITION OF CUMINOIN TO BENZALACETONE'

.)-4-0 i(' ti ni iil-.'>--pheniiJ-4-o.nj-l\2-ki't()-Ii-]ii"X('nc

.

CH . C'eHs

(CH3)2CH.C6H4.C.(0H)

(CH3).. .CH.CeH^ .C

CH,

CO

CH

Cuminoin, in general, reacts less rapidly tlian benzoin and the yields

of A,2~1^6to-E<-hexene derivatives are poorer.

One molecule (6 gr.) of pure cuminoin'^ and one molecule (3 gr.) of pure

benzalacetoue dissolved in hot absolute ethyl alcohol (60cc. ) are treated

VPith a solution (6cc.) of sodium ethylate (.5 gr. sodium in 30cc. absolute

alcohol). Upon the addition of the sodium ethylate, the mixture turns

deep red, and after standing for six hours clusters of needles separate. By

recrystallizing twice from glacial acetic acid, pure 3-4-dicumyl-5-phenyl-

4-oxy-A2-J^6to-R-hexene is obtained. It melts at 214°. It is soluble in

cold acetic ether, chloroform, hot benzene and ligroin (110-120°) ; insoluble

in cold alcohol, ligroin (40-60°), and ether. The yield is about 27% of tlie

theoretical.

Calculated as C3„H3 20. Found.

C 84.90 84.77

H 7.54 7.83

' Dissertation, Chicago, 1897, p. 19.

» Berichte, XXVI, 64.
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O.n'ui (if thi' .y-4-dlcinniil-'i-ii}n')ijil-4-ii.nj- _ ^'^ci'to-Tt-hexeiy

.

A molecule of the substance dissolved iu alcohol was boiled with three

molecules of hydroxylamiue liydrocliloride for an hour. On cooling, nothing

appeared, but after the larger portion of the alcohol had been distilled oif

in the water-bath a solid separated, which on being well waslied witli water

and recrystallized from a mixture of benzene and ligroin (40-60°) gaA'-e

fine wliite needles melting at 208"". It may be recrystallized also from

aqueous alcohol. The analysis shows it to be the mouoxim.

Calculated as 03„H,,02N. Found.

3.11 N3.30

The substance is easily soluble in cold acetic acid, benzene, and acetic

etlier; insoluble in ligroin (40-60^).

i-.'f-dicn iiiiil-'i-itliriiijl-plii'iinj iic( tdtc.

Tliis body can easily be prepared by boiling the /^ 2~1^6to-R-hexene

derivative witli a mixture of acetic anliydride and anhydrous sodium acetate

for forty-five minutes, or until the mixture becomes decidedly pink iu color.

The solution is then poured into a large amount of cold water and allowed

to settle. After recrystallization from glacial acetic acid, it is obtained in

large bunches of long radiating fibers, and melts, when pure, at 122°. It

is soluble in cold benzene, chloroform, ether, and ligroin (40-60°), in hot

alcohol and acetic acid.

Calculated for G^o^^.O^- Found.

85.71
"

' C 85 60

7.14 H 7.55

The acetyl derivative, wlien hydrolyzed by means of alcoholic potash

yields 3-4-dicum5'l-5-phenyIphenol

.

By warming the acetate in a water-bath for ten minutes with four

molecules of alcoholic potash and pouring into dilute hydrochloric acid, an

amorphous mass is obtained which crystallizes from warm alcohol in large

thin plates, melting at 137°. This substance is soluble in cold acetic etlier,

benzene, chloroform, ether and hot ligroin (40-60°); insoluble in caustic

soda.

Calculated as C,„H3„0. Found.

C 88.66 88.26

H 7.39 7.99
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The addition reactious of cuminoiii with cuminalacetoue, piperouylen-

acetoue and anisylideuacetone are being studied at present, and I liope to

he able soon to publisli tlie results obtained.

V. ADDITION" OF AXISOIX TO EEXZALACETOXE.

.)-4-fliiiiiixi/l~'j-jiIn'iii/!-4-().ri/- _ ,-J:i't(t-Ji-he.ieue.

CH . Cllr.

CHaO.Cilli.C. (OH)

CH3O . C,;H4 . C

CH,

A.nisoin adds itself to tlie ethylene grouping much more readily than

either cuminoin or benzoin to j-ield the expected 1.5 diketone, but the

readiness with which this 1.5 diketone loses water to form the correspond-

ing A o-keto-R-hexeiif derivative is markedly less. In fact the 1.5 dike-

tone constitutes the major portion of tlie reaction product. Attempts to

prepare the 1.5 diketone pure, /. i-., free from the /^^-keto-R-hexene de-

rivatives, liave failed partially. However, its approximate melting point

has been obtained, nam^ely, 168-174^. When boiled with the ordinary sol-

vents in whicli it is soluble, the 1.5 diketone loses water and forms tlie

A2~li6to-R-hexene derivative, wliich melts at 207°.

The mixture of the 1.5 diketone and the ^j-keto-R-hexene derivarive

is prepared as follows:

One molecule (4.4 gr. ) of anisoin and one molecule (2 38 gr. ) of ben-

zalacetone are dissolved in absolute ethyl alcohol (62cc. ) and to the mix-

ture sodium ethylate solution (4cc. ) is added. The solution becomes deep

red and upon standing for two hours deposits a large mass of crystals

(2.4 gr. ). The solid is filtered off and washed well witli absolute alcohol.

A trial determination of the melting point shows that tlie product is a

mixture. It melts at 168-74° and 204". The mother liquor from tiie crys-

tals upon treatment with more sodium etliylate solution yields more of the

same products (.4 gr ) Upon recrystallization from either of three sol-

vents—benzene, alcohol or acetic acid—fine white needle-like crystals are
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obtained, having a constant melting point of 207°. It is soluble iu chloro-

form, slightly soluble in ligroin, and insoluble in ether.

Calculated as C,„H.,^0^. Found.

C 78.00
'

" 77.62

H fi.OO 6.13

The acetate and oxim have been prepared, but as yet no analyses have

been made, but the i)hysical properties determined correspond very closely

with tiiose of the other _\ ^-keto-R-hexene derivatives wliieh I liave pre-

pared.

An investigation of the reaction of anisoinwitli cuminalacetone, piper-

onylenacetone and anisylidenacetone is being carried on.

(xEOLOciY OF THE JeMEZ-AlBUQUERQUE RE(iION, N". M.

Albert B. Reauan.

(.Abstract.)

(Original published by the American (Geologist. Illustrations ii.scd by permission of that

Publishing Company.

1

(JEXEUAL DESCKIPTION.
The .Iemez-Alliu(iuer(iue llegion described in this paper, is in north-

western New Mexico between longitude 10(),° 2(i' and l»i7° W. and latitude

o.j° and ?>i\° X. Roughly s]ieaking. it is a triangle with its apex toward

the south. It is boundt'd on the southeast l>y thi' San I>ia Mountains, ou

the sovitliwest ))y the Kio Pueico. and on tlie nortli l»y the uppri- i)lateau

of the Jemez Mountains. Its prineijial river is tlu" Kio t;ran<le. ami its

commercial center is Albnciuerciue. The Santa Fi^ Railroad enti is the

region at the northeast, near Tliornton. and passes through it. ,iust to the

east of the Rio Grande to All)U(iuer(pie. At this point tlii' road liranches,

one l)ranch of the systeni noing to El I'aso. Texas, tlie other, the Atlantic

and r.-icitie. to ("alifcnaiia and the Paeitic coast.

GENERAL STTRVEY.

Tliis section, as a whoU'. is one \ast desert area, sparsely covereil with

grass. pifioni'S. red cedar, sage iirush and cactiis, except in the valleys

where there is sutticient water for irrigation. In those valleys c(aai. wheat,

fruit and lieans ai-e raised b\' the natives and Mexicans. To consider the
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entire urea a.iiam. it presents two I'asln-sliaped districts, tlie Rio Fuereo

aud tlie Rio Grande, witli the strata in each respective basin dipping in

general toward its center. The separating line at the north l)etMeen

these basins is the Xaciniiento Mountains, the west wing of the Jemez

uplift. It is continued at tlie soutli in a line of hills which decrease in

altitude as tlicy recede from the main range. The two liasins merge

into one below Albuquer(iue. The whole area is faulted and much broken

and high escarpments often still mark the fault lines. Examples of such

escarpments are the San Dia Mountains, Mesa Blanco, and one on each

side of the Red Beds just soutli of the Jemez range. There is also evi-

dence that the Nacimiento Mountains were, originally, the result of a drop

on their western side. The resulting escarpment has been worn down and

subsequently covered in part by sedimentations that it is not so strong

in relief as the San Dia escarpment: the Carboniferous strata which flank

this range on the east are entirely wanting to the west of these moun-

tains. Mesa Blanco was left an escarpment by a drop on its northern

side of more than 1,000 feet, 1,000 feet of which still remain. The escarp-

ment to the east of the Red Bed mesa is now 900 feet in height and the

escarpment to the -nest of the same mesa is 1,200 feet. On its western

margin the strata of this mesa dip toward the east at a great angle, and

at a greater angle toAvard the west on its eastern side. The whole coun-

try, as is indicated altove, is extremely broken up; the rivers in their

process of base-leveling have chiseled their channels deep into the rock.

Great dikes and numerous volcanoes puncture the strata; and lava-flows

-cover hiuidreds of square miles of its surface. The dip of the whole re-

gion. Avhen a dip is noticeable, is usually away from the mountains at an

angle ranging from l."t° to !)0.^ In many places the region is a bad laud

country. "Where the lava is superimposed on it. it is of the "mal pais"

type: and where the lava is wanting, especially along the I)reak-lines.

"mauvaises terres." The culminating points of the area under considera-

tion are, the crest of the San Dia Mountains, the monolith Mt. Cabizon on

the Rio Puerco and Mt. Pelado, the culminating point of the Jemez Moun-

tains.

XATT'RK OF ROCKS.

Tlie rocks of tins region are intrusive, eruptive aud sedimentary.

Tlie intrusive I'ocks are the cores of the respective mountain districts

•of Jemez and San Dia. and the dikes throughout the entire area. Tliey

are granites, jiorphyries. gneisses, etc. The eruptive rocks are volcanic





I



A





181)

pluys. lavas ami tuHs. The lavas are liasalt, trachyte and rhyolite. Obsi-

dian also occurs in large quantities on the Jemez Plateau. The sedimen-

tary deposits are the country rocks of nearly the entire region where not

covered •with lava. They were laid down in the seas aiul lakes that sur-

rounded the islands which now form the high mountains of San Uia and

Jemez. These deposits date hack well into the Carlioniferous, and con-

tinue almost without lireak to the recent times.

The I'ivers of The region are tlie Kio Tuert o. the Jemez and the Rio

Grande. Tln' Kit) I'uerco. as we have seen, closes in on the west the

region discussed in This paper: The Jenu^z Kiver and its triliuTaries drain

the south and also the southwest slopes of the Jemez Moiuitains; and the

Rio Gi'ande passes soiTth thi-ough the section east of the Jemez Mountaius.

and west of the San I Has. The Rio I'uerco and the Jenu-z rivei's are

tril)utaries of the Rio Grande.

MOI'XTAIXS.

The moTintains. as has lieen statt d. are the San Dia anil Jemez. The

former was caused by a fault of ll.(MH> feet along their western side. 7,0(K»

Littlo Piginy V.il;-;uin.

feet of which still remain, as an escarpment. Their core is granite, their

cap C'arlionifei-ous. Tlie latter (the Jenuz ^Mountains) have a core of red

granite, overlaid in most cases, with Imndreds of feet of volcanic debris,

except along the west win.g of the group where the crest is granite.
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STKATKIUArilY.

At tlu^ rlosf ul" ('jiriionirt'i-ijus tiiiii's or ('.-irlicr. the .IciiU'Z .Moniilaiiis

woro uplif It'll, and associated with their d{M-elopiiieiit are to he found lar,i;o

intrusions of jiranites and porphyries ocenpyin.i;- an axial positicni. During

the period of ni(mntain linildin.u- The western tlank of the JeuieK Avas

faulted olf. Thi se mountains were suiise(inently siu-rounded liy a shallcjw

.'ui-assic sea, i]i which were deposited red sandstones and shales to a

thickness of Li.dii'i feet. Then came the Jurassic revolution. The moun-

tains were r( -elevated and tlie Jurassic strata to the west of the moun-

tains wei'e faulted and tilted to a nearly vertical position. At this time

the volcanoes near Pelado became active, and poured out the itreat rhy-

olitic sheet which now on the plateau covers the .i;ranite porphyritie core

of the Jemez range, over which these sann- volcanoes, at a later time.
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hurled out 12(» feet of iminic-e.ons tuff. These inoiintains were still Islands

in Cretuceous times, Imt their area then was mneh fireater. than foruievly.

In this period the mountains seem to liave been .liradually risinsi' until in

the Fort Fnion eiioeh ureat swamps covered the entire country, the sea

beiuK oi)iiterated lor a tinu\ In thesi> swamps vegetation was-hixuriaut.

and the ve^etaltle matter laid down in them forms today the coal fields

of nortli western New ^lexico. At the close of the Fort Union epocli^ there

w;is a slow sulisich nee. The I'uerco was deposited on the Fort Union,

and then the Focene on that, the whole series being conformal>le. Then

^V^•,

Sir^ .^^KTf^Vi-'*A^A.^^^v

there came a violent change. The whole country was elevated al)Ove the

sea, much faulted and broken up, and blocked basins on a grand scale

resulted. Tiiese depressions were the lakes of Pliocene times. One large

lake existed in the vicinity of .Temez. and another in the liio Grand Valley.

The lake at .Temez was lilled up with the Temez marls by the tril)utaries

of the .Temez Itiver: and tlie Rio (irande Lakt' was silted up with the

Albuquerque marls, pro'iably liy the trii)utaries of the river which at

present occupies that valley. When tliese lakes were almost filled, tlun-e

was a further re-elevation of the country, and the rivers at once com-

menced to cut down their respective channels: but tliis deepening of their
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chaunels was suddenly arrested by the seismic distnrl)auees and the lava

flows of Post-Tertiary times. The former changed the incline of the river

channels, and the latter dammed up the rivers, thus forming lakes. In

these lakes were deposited the Pleistocene marls of the river valleys. At

the close of the Pleistocene, these lakes in turn were obliterated and the

country took on the general appearance that it has today.

ECONOMICS.

The altitude of this re;;ion. ."..(inu To U.om feet above the sea. and

the latitude thirty-tive to thirty-six degrees north, combine to give it

a climate which for mildness and equality has no superior in the world.

Its location, near the center of the vast rainless region of the West, and

its remoteness from .any large liody of water, give it an atmosphere al-

most totally devoid of moisture. At the .same time. l)y reason of the

latitude and altitude, the air is both warm and light, thus furnishing, in

unlimited nuantities. nature's sovereign remedy for all diseases of the

lungs.

Soil.—The soil on the table lands, esiiccially on the Tertiary formations,

is poor. There is too much alkali, r.iit if the water for irrigating pur-

poses could be had. even the soil of these mesas, in a few years, could be

made prcdiu-tive. It would require considerable labor and the use of

fertilizers such as gypsum, liurned lime, etc., luiT in the end it would pay.

On the mountain plateaus the soil is good, especially in the .lemez

Mountains in the Valle Orande country. This great valley, to interpret

the Mexican, occupies a high altitude, averaging O.OflO feet. "It embraces

KMj.tMJO acres, and forms fine prairies with abundant grasses. On it also

the fir and pine are most magnificently developed."

In the valleys the soil is. without exception, the best in the world. It

surpasses evtn the soil of the Nile Valley. In speaking of the Rio Grande

mud. Dr. Loew. in the I'. S. (Geological Surveys of the Territories west of

the lOnth meridian (\"ol. 111., p. ."iT.S-.jS^i sjtys:

"Irrigation with these mud-carrying waters furnishes the lands with

a layer of the best virgin soil in a finely pulverized condition, and the

belief of the farmer that the Rio Grande water is an efficacious fertilizing

agent is fully warranted by the facts re^•ealed by the chemical analysis.

13—Aeatleiny of Science.
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Indeed tlic iiihnlitauts of the Rio Grande will never require any other

fertilizer than the waters of the Rio Grande Del Kol'te."

.MINERAL RESOURCES.

Coal.—The Fort Union coal formation underlies most all the lands in

this region, except the mountain districts. Its coal outcrops are quite a

distance fnmi the railroad and until just recently only Mexicans and In-

dians knew of its occurrence. Ihe coal is a good quality and the seams

are thick. It is reasonable to Ijelieve that the time is not far distant when

coal will be mined there on a large scale.

iJl/ps; 11)11.—The .Jurassic rocks, wherever found, are capped with gypsum

from ten to forty feet in thickness. Owing to its thickness and its lack of

Picture showing Tufa near Jemez Hot Springs
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cover, it can be Avorked to a great advantage. AA'itli railroad facilities a

gi'eat industry will be developed, for the raw material is of good quality.

OoUl. Silrer iiitd Copper.—The mountains are crossed in all directions

by mineral bearing veins: but to date the ores found are too low in grade

to shii». the railroad being too far away, and they are not enough in quan-

tity to pay to put a smelter on the ground to smelt them. Should a rail-

load lie put up Jemez Valley, mining woidd at once Itecome a paying

business. Besides the ore in veins, placer gold is found in the Pleisto-

cene deposits, but. water for hydraulic mining is wanting, ("ould the

necessary water be obtained, this region woidd without dount become one

of the leading placer mining districts of the west.

M((}iciii(il Sin-iiii/K.—The springs of the region are numerous, most all

are hot. and all possess medicinal properties. Among them are the famous

Jemez Hot Springs, and the Suli)hurs. These springs surpass those of

Minnesota and California. They are visited I)y people from every part of

the United States, and foreigners not infre(inently visit them.

This region, with its building stone, with its gypsum, with its forests,

with its medicinal springs, with its gold and silver veins and coal tields,

and with its fertile soil and unequaled climate, is one of the best regions

in New Mexico; and under proper handling, will become one of the wealth-

producing regions of the counti-y.

The .Femez Coal Fields.

Albert B. Reagax.

The Jemez coal fields are situated about tweuty-tive miles west of

Bernalillo, thirty miles a little to the west of north of Albnciuerque. and

six miles south of the Jemez River at San Isidro in longitude 106° 50'

west, and in latitude 35° 30' north. They cover an area of about twenty

square miles.

The strata of this field show a predominance of soft yellow sandstones

interbedded with clays and sandy shales. luterbedded with these are

strata of lirown coal which are freely exposed in the perpendicular walls

of the mesas. These coal seams vary from two to twelve feet in thick-

ness; and, along one fault in this respective coal area, seventy feet of coal

are exposed at one view. In examining these coal fields, it was oltserved
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that iu many instances tlio strata had been destroyed by fire; and the

coal being bnrned out. the r( ots liad caved in by a succession of faulting,

or had collapsed nnder the iiressure. Tliat tlie desti'oying agent was fire

is attested not only by tlie claj' accompanying the seams l)eing turned to

brick, but also by lieaps of slag composed of silicates of iron and alumi-

num. This coal is bitunieinjus and Fort Union, or Laramie. It is very

brittle, somewhat lamlnattd, dull luster.

These coal fields are quite a distance from the railroad, and until just

recently only Mexicans and Indians knew of the coal outcrops there. This

coal is a good quality and the seams, as we have seen, are thick. The

time, no doubt, is not far distant when coal Avill be mined there on a large

scale the same as at Gallop at the western limit of the same coal horizon.

Some Topographic Features in the Lower Tippecanoe

Valley.

Fred J. Breeze.

In the valley of the Tippecanoe aljout a mile below the Carroll-Tippe-

canoe line are two features of relief which perhaps deserve some attention.

On the east side of the river is a long, narrow ridge of gravelly ma-

terial, about twenty-five feet high, a few yards wide, and three-fourths of

a mile long. (See A on map.) It starts from a hundred foot bluff, and in

a short distance slopes down to an elevation of twentj'-five feet, and for

the remaining distance is nearly level. On the up-river side of the ridge is

an abandoned channel of comparative recency. This ridge is evidently a

remnant of a large spur of upland which was gradually made narrower

by the southward movement of a river bend, of which the present aban-

doned channel marks the southern limit. Before the spur had lieen en-

tirely removed, the river straightened its course, thus forsaking the bend;

and the remnant of the upland spur is this narrow ridge.

Just west of the ridge, on the other side of the river, is a gap joining

the valley of the Tippecanoe with that of Moot's Creek, a tributary which

empties about a mile below. (See B on map.) The floor of this gap Is

forty feet above the river, is nearly 200 yards wide, and is bounded on the

north and south by bluffs sixty feet high. At first sight it seems that this

gap was formerly the mouth of Moot's Creek; but investigation justifies
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another explanation. For two or three miles above its mouth. Moot's

Creelv flows in a valley roughly parallel with that of the Tippecanoe. At

many places the creek valley widens into crescentic hollows which are

separated from each other l>y sharp-pointed, narrow ridges. The floors of

these semi-circular areas are aljout twenty feet higher than the present

flood-plain. One of these areas is marked C. Doubtless the gap B was one

of the widened portions of the valley, and only a very narrow strip of
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nplaiul separated it from the Tippecanoe Valley. Later, after Moot's Creek

had .swung- to the west side of its valley, the Tippecanoe by its westward

meander removed the dividing strip, thns forming the present gap.

The Action of IIydro(}en Peroxide on Cuprous Chloride.

W. M. Blanohard.

This investigation was snggested by the resnlts obtained in the study

of the action of large volumes of water on cuprous chloride. Some time

ago my attention was called to the fact that when a large volume of water

is added to cuprous chloride the salt becomes orange colored. If this water

is removed and a second quantity added the color of the salt deepens, and

if this operation is carried on long enough, a few days being sufficient if

the water is changed every few hours, the salt finally becomes a bright

i*ed and in all respects resembles cuprous oxide. Upon analysis the com-

pound proved to he almost pure cupi-ous oxide.

A search through the literature at command was made but no such

action as this was found I'ecorded. A careful study of the reaction was

then made. It was at first believed that the reaction took place according

to this equation:

CU2CI2 + H2O = Cu^O 4 2 HOI.

It seemed that the first water added resulted in the conversion of a

part of the cuprous chloride into cuprous oxide and hydrocloric acid and

that no further change took place luitil this acid was removed, and more

water added. But further investigation showed that this was not correct.

The water removed was found to contain cupric chloride; this salt could

be produced in this case only by oxidation, and the oxidation could result

in all probability only from oxygen dissolved- in the water.

By properly constructed apparatus it was shown that water which

had been previously boiled for an hour and cooled in a current of hydro-

gen produced no change on cuprous chloride.

About this time I had access to Dammer's Handbook of Inorganic

Chemistry and there I found a reference to this very reaction. It was

expressed by the following equation:

2 CU2CI2 + O = CU2O + 2 CuCl^.
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A further study of the reaction proved this to be correct. The re-

action, however, is not complete, for only about 97 per cent, of the cuprous

chloride is changed, even when the process is carried on for several months

and the compound shaken repeatedly with water in a stoppered bottle.

Since these results are produced by dissolved oxygen it seemed that

the reaction might be hastened by running a current of oxygen into the

Avater containing cuprous chloride in suspension, since in this case the

oxygen could 1)e replenished as fast as used up. The experiment was

carried out. but instead of getting a red product, a l)lue one was obtained.

This is proltably the basic chloride described by Mallet^ as formed when a

current of moist air is passed over hot cuprous chloride.

This unexpected result led to a study of the action of hydrogen per-

oxide on cuprous chloride. The investigation is not complete; the resiilts

obtained up to date are as follows:

Wlien hydrogen peroxide is added to cuprous chloride, the color of the

salt immediately liecomes a dirty green, and upon the addition of more

peroxide, tinally becomes a delicate blue. The compound appears very

flocculent. If tlie reaction is carried out in a bottle or flask connected with

a burette, a considerable amount of oxygen can be collected. The volume

of oxygen evolved does not seem to bear any direct ratio to the amount

of cuprous chloride used. If the reaction is carried out at 100° instead of

at ordinary temperature, the reaction seems to be the same except that

the evolution of the oxygen is much more rapid. The compound is evi-

dently a basic chloride. It is insoluble In water, does not change in boil-

ing with water, does not materially diminish in weight or change in

color until heated to 250,° and is easily soluble in dilute acids and in

ammonia. There is some evidence in favor of the following reaction:

3 Cu^CU + 6 H^O = 2 Cu.ClO.OH + 2 CUOI2 + 5 K^O -f 3 O

The reaction probably taking place in two stages. The blue compound

would seem to have the composition:

Cu<OH
^ 0.3H.,0
Cu<ci

A curious fact was o1)served in connection with this study which seems

to be true of other complex copper ions. If this blue compound is dis-

solved in ammonia and hydrogen peroxide added, a violent reaction takes

' Comp. rend. 62, 049
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place, accompanied bj- a rapid evolution of oxygen. The compound itself

does not produce such a change, neither does ammonia, but only the solu-

tion of the one in the other. It was found that copper sulphate dissolved

in ammonia will behave in the same manner.

Ripple Marks in Hudson Limestone of Jefferson County,

Indiana.

Glenn Culbertson.

In the proceedings of the Indiana Academy of Science for 1901, and in

a paper entitled: Concerning Well Defined Ripple Marks in Hudson River

Limestone. Richmond. Indiana, Prof. Josepli Moore and Allen D. Hole de-

scribe Hudson limestone ripple marks near Richmond, Indiana.

In this paper I desire to give briefly the location and some points of

description of similar markings in the Hudson limestone of Jefferson

County, Indiana. In this county, to my knov^'ledge, Hudson limestone

ripple marks occur in five widely separated localities and at six different

horizons. In all essential points the accurate and full description of the

ripple marks at Richmond may be applied to those mentioned in this

paper.

The geographical positions of the Jefferson County markings will be

given in the order of their geological horizons, the Clinton limestone' being

used as a basis for measiu'ements. Following this a few of the principal

points of interest touching the ripple marks will be included.

The Wolf Run ripple marks are found at the roadside and in the creek

bottom within 200 yards of the end of the Ryker's Ridge pike on Wolf

Run in Madison Township. In this place there are two quite distinct

series of markings. The upper is in a stratum approximately seventy feet

below the Clinton outcropping on the neighboring slope. The lower is in

a stratum some six or eight inches below the first. The upper series of

marks are exposed over a space some 35x8 feet, while the lower is ex-

posed over a surface of some three or four square yards. The trend of

the crests of the upper marks is N. 70° E., and of the lower N. 50° E., ap-

proximately. I say approximately since there are many small irregular-

ities in the trend of the crests. These crests are, however, essentially
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parallel. The stone in which all the markings spoken of in this paper

occur is the blue, abundantly fossiliferous limestone, so characteristic of

the lower and middle Hudson formation in the region of the Cincinnati

geanticline. The fossils found in the various ripple marked limestones

vary with the horizon in which they occur.

The thickness of the stratum containing the upper Wolf Run marks

is from two to three inches, while that of the lower is from one and a

half to two inches. The distance from crest to crest or wave length is in

the upper series twenty-one inches, and in the lower eighteen inches,

approximately. The depth of trough in the upper is one and a half ineh«>s,

and in the lower one to one and a half inches.

The Cliffy Creek series of markings occur in the bed of that stream at

a point about one and one-fourth miles above the bridge on the Madison

and Hanover pike. The ripple marks are exposed in this place at intervals

for a distance of 200 yards. The trend of the crests here is N. 10°-l.j° E.,

quite a little irregularity being noticed. The distance from crest to crest

is from thirty to thirty-six Inches, and the depth of trough three inches.

The thickness of stratum five to seven inches, and the approximate verti-

cal distance below the Clinton limestone, 190 feet.

In the bed of the West Fork of Indian Kentucky Creek, one-tliird of a

mile above Manville, a series of ripple marks are found extending some

seventy-five yards where the stratum is unbroken. This series I shall call

the Van Buren, since they are found but a short distance from the house

of John Van Buren. The trend of crests here is N. 40° E.; wave length,

thirty inches; depth of trough one and a half to two and a half inches;

thickness of sti-atum, two to three and a half inches. The approximate

vertical distance below the Clinton limestone is 342 feet.

In the creek bed, beneath the bridge across the east fork of Indian Ken-

tucky Creek, and within 200 yards of Manville postoffice. a ripple marked

layer of limestone from four to six inches thick is exposed at intervals for

a distance of 130 yards. At low water the marks are here exposed over a

space of 150x25 feet and as many as sixty consecutive crests may be

counted. The trend here is approximately N. 10° E., the wave length

thirty inches, the depth of trough two and a half inches, the vertical dis-

tance below the Clinton formation 350 feet. At this place the wide ex-

posure, amounting at times to 300 or more square yards, affords an ex-

cellent opportunity for the study of the relations which the marks bear
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to eacli other. It is observed that, while the crests are not straight, but

more or le.ss curving in tlieir outline, they are essentially parallel.

On Doe Run. about two miles from Brooksburg, a ripple marked lime-

stone is exposed in the creelv bed. over a space of a few square yards. The

trend of crests here is approximately N. 45° E.; wave length, thirtj^-three

to thirty-six inches; depth of trough, three inches; thiclcuess of limestone,

three to five inches. Tlie vertical distance of this series of marks below

the Clinton formation could not lie determined so readily as in the other

<?ases, since the outcropping Clinton is not found within a distance of

several miles. An approximate vertical distance of 380 feet below Clinton

Avas reckoned on the basis of an observed westerly dip of ten feet to the

mile of the Clinton formation in other parts of the county.

The main facts in regard to these ripple marks are placed in tabular

form below.

These Hudson limestone ripple marks are exceptional in that ripple

marks are unusual in limestone, lieing found in sandstones and shales

chiefly. They are exceptional also in the fact that they are of such large

size. A few inches usually measures the distance from crest to crest of

ripple marks. Since a ripple is a small wave, these limestone markings

might well be called wave marks, Avere that term not preoccupied. These

ripple marks indicate essentially seashore conditions during the period

occupied in depositing some 300 feet of Hudson x-ocks and that the condi-

tions finally resulting in the Cincinnati Geanticline or uplift at the close

of the Ordovician, had long been present. The trend of these marks from

N. 10° E. to X. 7.j° E'., goes far towards indicating prevailing winds from

the northwest or the southeast during that part of paleozoic time repi-e-

sented in the deposition of these rocks.
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AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS
AND PAPERS OF THE INDIANA ACADEMY OF SCIEJSTCE.

[Approved March 11, 1895.]

Whereas, The Indiana Academy of Science, a chartered

scientific association, has embodied in its constitution a
''^'^™ ^'

provision that it will, upon the request of the Governor, or of the several

departments of the State government, through the Governor, and through

its council as an advisory body, assist in the direction and execution

of any investigation within its province, without pecuniary gain to the

Academy, provided only that the necessary expenses of such investigation

are borne by the State; and,

Whekeas, The reports of the meetings of said Academy, with the

several papers read before it, have very great educational, industrial

and economic value, and should be preserved in permanent form; and

Whereas, The Constitution of the State makes it the duty of the

General Assembly to encourage by aU suitable means intellectual, scien-

tific and agricultural improvement; therefore,

Section 1. Be it enacted by the General Assemblu of the „ u,- ..- r•^ ^ ' Publication of

State of Indiana, That hereafter the annual reports of the the Reports of

meetings of the Indiana Academv of Science, beginning .
® ,° '^°^

" * < » » Academy of

with the report for the year 1894, including all papers of Science.

scientific or economic value, presented at such meetings, after they shall

have been edited and prepared for publication as hereinafter provided,

shall be published by and under the direction of the Commissioners

of Public Printing and Binding.

Sec. 2. Said reports shall be edited and prepared for

publication without expense to the State, by a corps of Editing

Reports,
editors to be selected and appointed by the Indiana Acad-

emy of Science, who shall not, by reason of such services, have any

claim against the State for compensation. The form, style of binding,

paper, typography and manner and extent of illustration of
Number of

such reports, shall be determined by the editors, subject printed

to the approval of the Commissioners of Public Printing Reports.

and Stationery. Not less than 1,500 nor more than 3,000 copies of each
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of said reports shall be published, the size of the edition within said

limits to be determined by the concurrent action of tlie editors and the

Commissioners of Public Printing and Stationery: Provided, That not

to exceed six hundred dollars ($600) shall be expended for

such publication in any one year, and not to extend beyond

1896: Provided, That no sums shall be deemed to be appropriated for

the year 1894.

Sec. 3. All except three hundred copies of eacli volume
Disposition of ^aifi i-eports shall be placed in the custody of the State
of Reports.

Lil)rarian, who shall furnish one copy thereof to each pub-

lic library in the State, one copy to each university, college or normal

school in the State, one copy to each high school in the State having

a library, which shall make application therefor, and one copy to such

other institutions, societies or persons as may be designated by the

Academy through its editors or its council. The remaining three, hundred

copies shall be turned over to the Academy to be disposed of as it

may determine. In order to provide for the preservation of the same

it shall be the duty of the Custodian of the State House to provide

and place at the disposal of the Academy one of the unoccupied rooms

of the State House, to be designated as the office of the Indiana Academy

of Science, wherein said copies of said reports belonginj to the Academy,

together with the original manuscripts, drawings, etc., thereof can be

safely kept, and he shall also equip the same witli the necessary shelving

and furniture.

Sec. 4. An emergency is hereby declared to exist for
mergeney.

^^^^ immediate talving eft'ect of this act, and it sliall there-

fore take effect and be in force from and after its passage.



AN ACT FOR THE" PROTECTION OF BIRDS, THEIR NESTS
AND EGGS.

FApproved March 5,1891.]

Section 1. Be it enacted hy the General Assembly of the

State of Indiana, That it shall be unlawful for any person
^^''^'

to kill any -wild bird other than a game bird, or purchase, offer for sale

any such wild bird after it has been killed, or to destroy the nests or

the eggs of any wild bird.

Sec. 2. For the purpose of this act the following shall

be considered game birds: the Anatida^. commonly called

swans, geese, brant, and river and sea ducks; the Rallidie, commonly

known as rails, coots, mudhens, and gallinules; the Limicola?. commonly

known as shore birds, plovers, surf birds, snipe, woodcock and sand-

pipers, tattlers and curlews; the Gallina', commonly known as wild

turkeys, grouse, prairie chickens, quail, and pheasants, all of which are

not intended to be affected by this act.

Sec. 3. Any person violating the provisions of Section

1 of this act shall, upon conviction, be fined in a sum not

less than ten nor more than fifty dollars, to which may be added iiu-

prisonment for not less than five days nor more than thirty days.

Sec. 4. Sections 1 and 2 of this act shall not apply to

any person holding a permit giving the i-ight to take birds

or their nests and eggs for scientific purposes, as provided in Section

5 of this act.

Sec. 5. Permits may be granted by the Executive „ .. ,^ ^ ' rermits to

Board of the Indiana Academy of Science to any properly Science.

accredited person, permitting the holder thereof to collect birds, their

nests or eggs for strictly scientific purposes. In order to obtain such

permit the applicant for the same must present to said Board written

testimonials from two well-known scientific men certifying to the good

character and fitness of said applicant to be entrusted with such privilege,

and pay to said Board one dollar to defray the necessary expenses

attending the granting of such permit, and must file with

said Board a properly executed bond in the sum of two

hundred dollars, signed by at least two responsible citizens of the State

as sui-eties. The bond shall be forfeited to the State and
Bond

the permit become void upon proof that the holder of forfeited.



such permit has killed any Ijird or taken the nests or eggs of any bird

for any othi'r purpose than that named in this section, and shall further

be subject for each offense to the penalties provided in this act.

Sec. 0. The permits authorized by this act shall be
wo years.

.^^ force for two years only from the date of their issue,

and shall not be transferable.

Sec. 7. The English or European House Sparrow
ir s prej'.

(Pagggj. domesticus), crows, hawks, and other birds of prey

are not included among the birds protected by this act.

Sec. 8. All acts or parts of acts heretofore passed in

e 8 repea e
. conflict with the provisions of this act are hereby repealed.

Sec. 9. An emergency is declared to exist for the im-
mergency.

mediate taking effect of this act, therefore the same shall

be in force and effect from and after its passage.

$
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CONSTITUTION.

ARTICLE I.

Section 1. This association shall be called the Indiana Academy

of Science.

Sec. 2. The objects of this Academy shall be scientific research

and the diffusion of knowledge concerning the A-arious departments of

science; to promote intercourse between men engaged in scientific Avork,

especially in Indiana; to assist by investigation and discussion in devel-

oping and making known the material, educational and other resources

and riches of the State; to arrange and prepare for publication such

reports of investigation and discussions as may further the aims and

objects of the Academy as set forth in these articles.

Whereas, the State has undertaken the publication of such proceed-

ings, the Academy will, upon request of the Governor, or of one of

the several departments of the State, through the Governor, act through

its council as an advisory body in the direction and execution of any

investigation within its province as stated. The necessary expenses

incurred in the prosecution of such investigation are to be borne by

the State; no pecuniary gain is to come to the Academy for its advice

or direction of such investigation.

The regular proceedings of the Academy as published by the State

shall become a ljublic document.

ARTICLE II.

Section 1. Members of this Academy shall be honorary fellows,

fellows, non-resident members or active members.

Sec. 2. Any person engaged in any department of scientific work,

or in original research in any department of science, shall be eligible

to active membership. Active members may be annual or life members.

Annual members may be elected at any meeting of the Academy;

they shall sign the constitution, pay an admission fee of two dollars,
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and thereafter an annual fee of one dollar. Any person who shall

at one time contriliute tifty dollars to the funds of this Academy,

may he elected a life member of the Academy, free of assessment.

Xou-resideut memljers may be elected from those who have been active

members but who have removed from the State. In any case, a three-

fourths vote of the members present shall elect to membership. Appli-

cations for membership in any of the foregoing classes shall be referred

to a committee on application for meml)ership. who shall consider such

application and report to the Academy before the election.

Sec. 3. The members who are actively engaged in scientitlc Avork,

who have recognized standing as scientific men, and who have been

members of the Academy at least one year, may be recommended for

nomination for election as fellows by three fellows or members per-

sonally acquainted with their worlc and character. Of members so

nominated a number not exceeding five in one year may, on recom-

mendation of the Executive Committee, be elected as fellows. At the

meeting at which this is adopted, the members of the Executive Com-

mittee for 1S1J4 and fifteen others shall be elected fellows, and those

now honorary members shall become honorary fellows. Honorary fel-

lows may be elected on account of special prominence in science, on

the written recommendation of two members of the Academy. In

any case a three-fourths vote of the members present shall elect.

ARTICLE HI.

Sectiox 1. The officers of this Academy s^hall lie chosen by liallot

at the annual meeting, and shall hold office one year. They shall

consist of a President. Vice-President. Secretary. Assistant Secretary,

Press Secretary, and Treasurer, who sliall perform the duties usually

pertaining to their respective offices and in addition, with the ex-Presi-

dents of the Academy, snail constitute an Executive Committee. The

President shall, at each annual meeting, appoint two members to be

a committee which shall prepare the programs and have charge of the

arrangements for all meetmgs for one year.

Sec. 2. The annual meeting of this Academy shall be held in the

city of Indianapolis within the week following Christmas of each year,

unless otherwise ordered Ijv the Executive Committee. There shall
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also be a summer meeting at such time and place as may be decided

upon by the Executive Committee. Other meetings may be called at

the discretion of the Executive Committee. The past Presidents, together

with the officers and Executive Committee, shall constitute the Council

of the Academy, and represent it in the transaction of any necessary

Inisiness not specially provided for in this constitution, in the interim

between general meetings.

Sec. 3. This constitution may be altered or amended at any annual

meeting by a three-fourths majority of the attending members of at

least one year's standing. No question of amendment shall be decided

on the day of its presentation.

BY-LAWS.

1. On motion, any special department of science shall be assigned

to a ciu'ator, whose duty it shall be, with the assistance of the other

members interested in the same department, to endeavor to advance

knowledge in that particular department. Each curator shall report

at such time and place as the Academy shall direct. These reports

shall include a brief summary of the progress of the department during

the year preceding the presentation of the report.

2. The I'resident shall deliver a public address on the morning of

one of the days of the meeting at the expiration of his term of office.

3. The Press Secretary shall attend to the securing of proper news-

paper reports of the meetings and assist the Secretary.

4. No special meeting of the Academy shall be held without a notice

of the same having been seni; to the address of each member at least

fifteen days before such meeting.

5. No bill against the Academy shall be paid without an order

signed by the President and countersigned by the Secretary.

G. Meniliers who shall allow their dues to remain unpaid for two

years, having been annually notified of their arrearage by the Treasurer,

shall have their names stricken from the roll.

7. Ten members shall constitute a quorum for the transaction of

business.
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MEMBERS.

FELLOWS.

R. J. Aley *1898 Bloomiugton.

J. C. Arthur 1893 Lafayette.

George W. Benton 1896 Indianapolis.

A. J. Bigney 1897 Moore's Hill.

A. W. Bitting 1897 West Lafayette.

Donaldson Bodine 1899 Crawfordsville.

TV. S. Blatcliley 1893 Indianapolis.

H. L. Bruner 1899 Irvington.

Severance Burrage 1898 Lafayette.

A. W. Butler 1893 Indianapolis.

J. L. Campbell 1893 Crawfordsville.

Mel. T. Cook 1902 Newcastle.

John M. Coulter 1893 Chicago, 111.

Stanley Coulter 1893 Lafayette.

Glenn Culbertson 1899 Hanover.

D. W. Dennis 1895 Richmond.

C. R. Dryer 1897 Terre Haute.

C. H. Eigenmann 1893 Bloomington.

Percy Norton Evans 1901 West Lafayette.

A. L. Foley 1897 Bloomiugton.

Katherine E. Golden 1895 Lafayette.

M. J. Golden 1899 Lafayette.

W. F. M. Goss 1893 Lafayette.

Thomas Gray 1893 Terre Haute.

A. S. Hathaway 1895 Terre Haute.

W. K. Hatt 1902 Lafayette.

Robert Hessler 1899 Logansport.

H. A. Huston 1893 Lafayette.

Arthur Kendrick 1898 Terre Haute.

Robert E. Lyons 1896 Bloomington.

V. F. Marsters 1893 Bloomington.

G. L. Mees 1894 TeiTe Haute.

W. J. Moenkhaus 1901 Bloomington.

'Date of election.
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Joseph Moore *1896 Richmond.

D. M. Mottier 1893 Bloomington.

J. P. Naylor 1903 Greeucastle.

W. A. Noves 1893 Terre Haute.

J. H. Ransom 1902 Lafayette.

L. J. Rettger 1896 Terre Haute.

J. T. Scovell 1894 Terre Haute.

Alex Smith 1893 Chicago, 111.

W. E. Stone 1893 Lafayette.

Joseph Swain 1898 Swarthmore, Pa.

M. B. Thomas 1893 Crawfordsville.

C. A. Waldo 1893 Lafayette.

F. M. Webster 1894 Champaign, III.

H. W. Wiley 1895 Wasliington, D. C.

Jolna S. Wright 1894 Indianapolis.

NON-RESIDENT MEMBERS.
George H. Ashley Charleston, S. C.

M. A Brannon Grand Forks, N. D.

J. C. Branner Stanford University, Cal.

D. H. Campbell Stanford University, Cal.

A. Wilmer Duff Worcester, Mass.

B. W. Everman Washington, D. C.

Charles H. Gilbert Stanford University, Cal.

C. W. Green Stanford University, Cal.

C. W. Hargitt Syracuse, N. Y.

O. P. Hay New York City.

Edward Hughes Stockton, Cal.

O. P. Jenkins Stanford University, Cal.

D. S. Jordan Stanford University, Cal.

J. S. Kingsley Tufts College, Mass.

D. T. MacDougal Bronx Park, New York City.

T. C. Mendenhall Worcester, Mass.

Alfred Springer Cincinnati, Ohio.

L. M. Underwood New York City.

Robert B. Warder Washington, D. C.

Ernest Walker Clemson College, S. C.

'Date of election.

2—A. OF Science, '03.
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ACTIVE MEMBERS.

George Abbott Indianapolis.

Frederick W. Andrews Bloomingtou.

George C. Ashman Frankfort.

Edward Ayres Lafayette.

Edward Hugh Bangs Indianapolis.

Walter D. Baker Indianapolis.

Arthur M. Bauta Franklin.

J. W. Beede Blooniiugton.

William N. Blauchard Greencastle.

Edwin M. Blake Lafayette.

Lee F. Bennett Valparaiso.

Charles S. Bond Richmond.

Fred. J. Breeze Pittsburg.

E. M. Bruce Weston, Oregon.

Herman S. Cliamberlain Indianapolis.

E. J. Chausler Bicknell.

Otto O. Clayton Geneva.

Howard W. Clark Cliicago, 111.

George Clements Springfield, 111.

Charles Clickener Silverwood, R. D. No. 1.

U. O. Cox . . Maukato, Minn.

William Clifford Cox Columbus.

J. A. Cragwall Crawfordsville.

Albert B. Crow Charleston, 111.

M. E. Crowell Franklin.

Edward Roscoe Cumings Bloomington.

Alida M. Cunningham Alexandria.

Lorenzo E. Daniels Indianapolis.

H. J. Davidson Baltimore, Md.

Charles C. Deam Bluffton.

Martha Doan Westfield.

J. P. Dolan . . Syracuse.

Herman B. Dorner Lafayette.

Hans Duden Indianapolis.

E. G. Eberhardt Indianapolis.

Frank R. Eldred Indianapolis.
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M. N. Elrod Columbus.

Samuel G. Evaus Evansville.

Carltou G. Ferris . Big Rapids, Mich.

E. M. Fisher • Urmeyville.

Wilbur A. Fi.sk Richmond.

W. B. Fletcher Indiauapolis.

Austin Funk New Albany.

John D. Gabel Montpelier.

Charles W. Garrett Logansport.

Robert G. Gillum Terre Haute.

Vernon Gould Rochester.

Walter L. Halm Bascom.

Victor Hendricks Indianapolis.

Mary A. Hickman Greencastle.

John E. Higdou Indianapolis.

Frank R. Higgins Terre Haute.

S. Bella Hilands Madison.

John J. Hildebrandt Logansport.

J. D. Hoffman Lafayette.

Allen D. Hole Richmond.

Lucius M. Hubbard South Bend.

John N. Hurty Indianapolis.

C. F. Jackson Greencastle.

Alex. Johnson Ft. Wayne.

Edwin S. Jolionnott. Jr Terre Haute.

Ernest E. Jones Kokomo.

Chancey Juday Boulder, Colo.

O. L. Kelso Terre Haute.

Norton A. Kent Crawfordsville.

Charles T. Kjiipp, Bloomington.

Henry H. Lane Lebanon.

William E. Lawrence Richmond.

V. H. Lockwood Indianapolis.

William A. McBeth Terre Haute.

Robert Wesley McBride Indianapolis.

Rousseau McClellan Indianapolis.

Richard C. McClaskey Terre Haute.

Lynn B. McMullen Indianapolis.
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Edward G. Mahiu West Lafayette.

James E. Manchester Vincennes.

Clark Mick Indianapolis.

W. G. Middleton Richmond.

John A. Miller Bloomington.

H. T. Montgomery South Eend.

Walter P. Morgan Terra Haute.

Fred Mutchler Terre Haute.

Charles E. Newlin Irvington.

Jolm Newlin West Lafayette.

John F.Newsom Stanford University, Cal.

R. W. Noble Chicago, 111.

D. A. Owen . . Franklin.

Rollo J. Peirce Logansport.

Ralpli B. Polk Greenwood.

James A. Price Ft. Wayne.

Frank A. Preston Indianapolis.

A. H. Purdue Fayetteville, Ark.

Ryland Ratliflf Bloomington.

Albert B. Reagan Rose Bud Agency, S. D.

Allen J. Reynolds Peru.

Giles E. Ripley Decorah, Iowa.

George L. Roberts Greensburg.

D. A. Rothrock Bloomington.

John F. Schnaible Lafayette.

E. A. Schultze Ft. Wayne.

John W. Shepherd Terre Haute.

Claude Siebentlial Indianapolis.

J. R. Slonaker Madison, Wis.

C. Piper Smith Alexandria.

Retta E. Spears . . Elkhart.

J. M. Stoddard Indianapolis.

Charles F. Stegmaier Greensburg.

William Stewart Burlington, Vt.

William B. Streeter Indianapolis.

Frank B. Taylor Ft. Wayne.

J. F. Thompson Richmond.

C. H. Underwood Indianapolis.
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A. L. Treadwell Oxford, Ohio.

Daniel J. Troyer Goshen.

A. B. Ulrey North Manchester.

W. B. Van Gorder Worthington.

Arthur O. Veatch Rockport.

H. S. Voorhees Ft. Wayne.

J. H. Voris Huntington.

Frank B. Wade Indianapolis.

Daniel T. Weir Indianapolis.

B. C. Waldemaier West Lafayette.

Jacob Westlund Lafayette.

Fred C. Wlutcomb Delphi.

William M. Whitten South Bend.

Neil H. Williams Indianapolis.

William Watson Woollen Indianapolis.

J. F. Woolsey Indianapolis.

Lucy Youse Indianapolis.

Fellows 48

Non-resident members 20

Active members 127

Total 195
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LIST OF FOREIGJN" COREESPOISDENTS.

AFRICA.

Di-. J. Medlej' Wood, Natal Botanical Gardens, Berea Durban, South

Africa.

South African Philoi^ophical Society, Cape Town, South Africa.

ASIA.

China Branch Koyal Asiatic Society, Shangliai. China.

Asiatic Society of Bengal, Calcutta, India.

Geological Survey of India, Calcutta, India.

Indian Museum of India, Calcutta, India.

India Survey Department of India, Calcutta, India.

Deutsche Gesellschaft, fiir Xatur- vmd Vullcerkunde Ostasiens, Tokio,

Japan.

Imperial University, Tokio, Japan.

Koninklijke Naturkundige Vereeniging in Nederlandsch-Indie, Batavia,

Java.

Hon. D. D. Baldwin, Honolulu. Hawaiian Islands.

EUROPE.

V. R. Tschusizu Schmidhoffen, Villa Tannenhof, Halle in Salzburg,

Austria.

Herman von Vilas, Innsbruck, Austria.

Ethnologische Mittheilungen aus Ungarn, Budapest, Austro-Huugary.

Mathematische und Naturwissenschaftliche Berichte aus Ungarn, Buda-

pest, Austro-Hungary.

K. K. Geologische Reichsanstalt, Vienna (Wien), Austro-Hungary.

K. U. Naturwissenschaftliche Gesellschaft, Budapest, Austro-Huugary.

Naturwissenschaftlich-Medizinischer Verein in Innsbruck (Tyrol), Aus-

tro-Hungary.

Editors "Termeszetrajzi Fuzetk," Hungarian National Museum, Buda-

pest, Austro-Hungary.

Dr. Eugen Dadai, Adj. am. Nat. Mus., Budapest, Austro-Hungary.
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Dr. Julius von Madarasz, Budapest, Austro-Hungary.

K. K. Naturhistorisches Hofmuseum, Vienna (Wien), Austro-Huugary.

Ornithological Society of Vienna (Wien). Austro-Hiuigary.

Zoologische-Botanische Gesellscliaft in "Wien (Vienna), Austro-Hungary.

Dr. J. von Csato. Nagy Enyed. Austro-Hungary.

Botanic Garden, K. K. I^niversitat. Wien (Vienna), Austro-Hungary.

Malacological Society of Belgium, Brussels, Belgium.

Royal Academy of Science, Letters and Fine Arts, Brussels, Belgium.

Royal Linuean Society, Brussels, Belgium.

Societe Beige de Geologie, de Paleontologie et Hydrologie, Brussels,

Belgium.

Societe Royale de Botanique, Brussels, Belgium.

Societe Geologique de Belgique, Liege, Belgium.

Royal Botanical Gardens, Brussels, Belgium.

Bristol Naturalists' Society, Bristol, England.

Geological Society of London, London, England.

Dr. E. M. Holmes, British Pharm. Soc'y, Bloomsbury Sq., London, AV. C,

England.

Jenner Institute of Preventive Medicine, London, England.

The Librarian, Linnean Society, P.urlington House, Piccadilly, London

W., England.

Liverpool Geological Society, Liverpool, England.

Manchester Literary and Philosophical Society, Manchester, England.

"Nature," London, England.

Royal Botanical Society, London, England.

Royal Kew Gardens, London, England.

Royal Geological Society of Cornwall. Penzance, England.

Royal Microscopical Society, London, England.

Zoological Society, London, Kngland.

Lieut.-Col. John Biddulph, 43 Charing Cross, London, England.

Dr. G. A. Boulenger, British Mus. (Nat. Hist.), London, England.

F. DuCane Godman, 10 Chandos St., Cavendish Sq., London, England.

Mr. Howard Saunders, 7 Radnor Place. Hyde Park, London AA ., England.

Phillip L. Sclater, 3 Hanover Sq., London W., England.

Dr. Richard Bowlder Sharpe, British Mus. (Nat. Hist.), London, England.

Prof. Alfred Russell Wallace, Corfe View, Parkstone, Dorset, England.
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Botanical Society of Fiance, Paris, France.

Ministerie de rAgricultnre, Paris, France.

Societe Entomologique de France, Paris, France.

L'Institut Grand Ducal de lAixembourg, Luxembourg, Lux., France.

Soc. de Horticulture et de Botan. de Marseille, Marseilles, France.

La Soc. Linneenne de Normandie, Caen, France.

Societe Linneenne de Bordeaux, Bordeaux, France.

Soc. des Naturelles, etc., Nantes, France.

Zoological Soci.ety of France. Paris, France.

Baron Louis d'Hamonville, Meurthe et Moselle, France.

Pasteur Institute, Lille. France.

Museum d'Histoirc Naturelle. Paris. France.

Bontanischer Yerein der Provinz Brandenburg, Berlin, Germany.

Deutsche Geologische Gesellscbaft, Berlin, Germany.

Entomologischer Yerein in Berlin, Berlin, Germany.

Journal fiir Ornithologie, Berlin, Germany.

Prof. Dr. .Tean Cabanis, Alte .Tacob Strasse, 103 A.. Berlin, Germany.

Augsburger Naturliistorischer Yerein, Aug.sburg, Germany.

Count Hans von Berlspeu. Miinden, Germany.

Braunscbweiger Yerein fiir Xaturwissenscbaft, Braunschweig, Germany.

Bremer Xaturwisseuschaftlicher Yerein, Bremen, Germany.

Ornithologischer Yerein Miinchen, Thierschstrasse, S7y>, Miinchen, Ger-

many.

Royal Botanical Gardens, Berlin W.. Germany.

Kaiserliche Leopoldische-Carolinische Deutsche Aliademie der Naturfor-

scher, Halle a Saale, Wilhemstrasse 37, Germany.

Koniglicli-Siichsische Gesellscbaft der Wissenschaften, Mathematisch-

Physiscbe Classe, Leipzig, Saxony, Germany.

Naturhistorische Gesellscbaft zu Hanover, Hanover, Prussia, Germany.

Naturwissenscbaftlicber Yerein in Hamburg, Haml)urg, Germany.

Yerein fiir Erdkunde, Leipzig, Germany.

Yerein fiir Naturkunde, Wiesbaden, Prussia.

Belfast Natural History and Pliilosophical Society, Belfast, Ireland.

Royal Dublin Society, Dublin.

Royal Botanic Gardens, Glasnevin, County Dublin. Ireland.
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Societa Elntomologica Italiana. Florence. Italy.

Prof. H. H. Giglioli, Museum Vertebrate Zoology, Florence, Italy.

Dr. Alberto Perngia, Museo Civico di Storia Naturale, Genoa, Italy.

Societa Italiana de Scienze Naturali, Milan. Ital.v.

Societa Africana d'ltalia, Naples, Italy.

Deir Academia Pontifico de Nuovi Lincei, Rome, Italy.

Minister of Agriculture, Industry and Commerce, Rome, Italy.

Rassegna della Scienze Geologicbe in Italia. Rome, Italy.

R. Comitato Geologico d'ltalia, Rome, Italy.

R. Comitato Geologico d'ltalia, Rome, Italy.

Prof. Count Tomasso Salvadori, Zoolog. Museum, Turin, Italy.

Royal NorAvegian Societ.v of Sciences, Tbrondbjem, Norway.

Dr. Robert Collett. Kongl. Frederiks Univ. Christiana, Norway.

Academia Real des Sciencias de Lisboa (Lisbon), Portugal.

Comite Geologique de Russie. St. Petersburg, Russia.

Imperial Academy of Sciences, St. Petersburg. Russia.

Imperial Society of Naturalists, Moscow, Russia.

Jardin Imperial de Botanique, St. Petersburg, Russia.

The Botanical Society of Edinburgh, Edinburgh, Scotland.

John J. Dalgleish, Brankston Grange, Bogside Sta., Sterling, Scotland.

Edinburgh Geological Society, Edinburgh, Scotland.

Geological Society of Glasgow, Scotland.

John A. Harvie-Brown, Duniplace House, Larbert, Stirlingshire, Scotland.

Natural History Society, Glasgow, Scotland.

Philosophical Society of GlasgOAV, Glasgow, Scotland.

Royal Society of Edinburgh, Edinburgh, Scotland.

Royal Physical Society, Edinbiu-gh, Scotland.

Royal Botanic Garden, Edinburgh, Scotland.

Barcelona Academia de Ciencias y Artes, Barcelona, Spain.

Royal Academy of Sciences, Madrid. Spain.

Institut Royal Geologique de Suede, Stockholm, Sweden,

S'ociete Entomologique a Stockholm, Stockholm, Sweden.

Royal Swedish Academy of Science. Stockholm, Sweden.
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Naturforschencle Gesellsclmf t, Basel, Switzerland.

Naturforschende Gesellsehaft in Berne, Berne, Switzerland.

La Societe Bontanique Suisse, Geneva, Switzerland.

Societe Helvetique de Sciences Naturelles, Geneva, Switzerland.

Society de Physique et d'Historie Naturelle de Geneva, Geneva, Switzer-

land.

Concilium Bibliograpliicum, Ziirich-Oberstrasse, Switzerland.

Naturforschende Gesellsehaft, Ziivich, Switzerland.

Schweizeiische Botanische Gesellsehaft, Zurich, Switzerland.

Prof. Herbert H. Field, Ziirich, Switzerland.

AUSTRALIA.

Linuean Society of New South Wales. Sidney, New South Wales.

lioyal Society of New South Wales, Sidney, New South Wales.

Prof. Liveridge, F. R. S., Sidney, New South Wales.

Hon. Minister of Mines, Sidney, New South Wales.

Mr. E. P. Ramsey, Sidney, New South Wales.

Royal Society of Queensland. Brisbane, Queensland.

Royal Society of South Australia, Adelaide, South Australia.

Victoria Pub. Lil)rary, Museum and Nat. Gallery, Melbourne, Victoria.

Prof. W. L. Buller, Wellington, New Zealand.

NORTH AMERICA.

Natural Hist. Society of British Columbia, Victoria, British Columbia.

Canadian Record of Science, Montreal, Canada.

McGill University, Montreal, Canada.

Natural Society, Montreal, Canada.

Natural History Society, St. Johns, New Brunswick.

Nova Scotia Institute of Science, Halifax, N. S.

Manitoba Historical and Scientific Society, Winnipeg, Manitol)a.

Dr. T. Mcllwi-aitli, Cairnbrae, Hamilton, Ontaria.

The Royal Society of Canada, Ottawa, Ontario..

Natural History Society, Toronto, Ontario.

Hamilton Association Library, Hamilton, Ontario.

Canadian Entomologist. Ottawa, Ontario.

Department of Marine and Fisheries. Ottawa. Ontario.

Ontario Agricultural College, Guelph, Ontario.
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Canadian Institute, Toronto.
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PROORAJVE

OF THE

Nineteenth annual ivieeting

OF THE

Indiana Academy of Science,
STATE HOUSE, INDIANAPOLIS,

December 28 and 29, 1903.

OFFICERS AND EX-OFFICIO EXECUTIVE COMMITTEE.

W. S. Blatchley, President. C. L. Mees, Vice-President. John S. Wright, Secretary.

Donaldson Bodine, Assistant Secretary. G. A. Abbott, Press Secretary.

W. A. McBeth, Treasurer.

H. W. WiLKY, Stanley Codltek, T. C. Mesdrnhall,
M. B. Thomas, Amos W. Butler, John C. Branner,

D. W. Dbnnis, W. a. Noyes, J. P. D. .John,

C. H. Eigenmann, J. C. Arthur, .John M. Coulter,

C. A. AValdo, J.L.Campbell, David S. Jordan.

Thomas Gray, 0. P. Hay,

With one exception, the sessions of the Academy will be held in the State House, in the

rooms of the State Board of Agriculture and Horticulture; the President's address will be

given in the auditorium of the Shortridge High School.

Headquarters will be at the English Hotel. A rate of $2.00 and up per day, American
plan, will be made to all persons who make it known at the time of registering that they

are members of the Academy.
Reduced railroad rates for the members can not be secured under the present ruling of

the Traffic Association. Many of the colleges can secure special rates on the various roads.

Those who can not do this, could join the State Teachers' Association, whose sessions begin

on December 29, and thus secure a one-and-one-third round-trip fare.

PROGRAM COMMITTEE.
Mel. T. Cook, Greencastle, Indiana. Glenn Culbertson, Hanover, Indiana.

GENERAL PROGRAM.

Monday, December 28.

Meeting of Executive Committee at Hotel Headquarters 10:30 a. m.
General Session followed by Sectional Meetings 2 p. m. to 5 p. m.
President's Address, Shortridge High School 8 p. m.
If advisable, the President's Address may be followed by a short session.

Tuesday, December 29.

General Session, followed by Sectional Meetings 9 a. m. to 12 m.
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LIST OF PAPERS TO BE READ.

ADDRESS BY THE RETIRING PRESIDENT,

WILLIS S. BLATCHLEY,

At 8 o'clock Monday evening, at Shortridge High School.

Subject: " The Indiana of Nature ; Its Evolution.'"

The following papers will ba read in the order in which they appear on the program,

except that certain papers will be presented "pari prrsiw " in sectional meetings. When a

paper is called and the reader is not present, it will be dropped to the end of the list, unless

by mutual agreement an exchange can be made with another whose time is approximately

the same. Where no time was sent with the papers, they have been uniformly assigned ten

minutes. Opportunity will be given after the reading of each paper for a brief discussion.

N. B.—By the order of the Academy, no paper can be read iinlil an abstract of its contents or

the written paper has been placeii in the hands of the Secretary.

GENERAL.

1. "Colds" and Cold, 10m Robert Hessler

2. A rreliistoric Fortiflcatiou ueur Madison, Indiana, 5ni

Glenn Cnlbertson

3. The Apache Stick Game, 10m Albert B. Keagau

4. Some Paintings from one of the Estufas in the Indian Village

of Jemez, New Mexico, 10m Albert B. Reagan

*5. Notes on the Caves of Cuba 1. A\'. Beede

G. What Bacteriology has done for Sanitary Science, HUn

Severance Burrage

7. Conditions affecting the distribution of Birds in Indiana, 2<ini.

Amos W. Butler

PHYSICS. CIIE:MISTRY and GEOLOGY.

8. A new problem in Hydrodynamics with Extraneous Forces Act-

ing, lOm E. L. Hancock

9. On the use of Nickel in the core of the Marconi Magnet Director,

10m Arthur L. Foley

*10. Effect of Ultraviolet Light on the action of the Coherer, 10m.

Arthur L. Foley

*11. The Life of Radium, 5m Arthur L. Foley

12. The Edison effect in a "Hylo" Lamp, 10m Arthur L. Foley

13. On the use of MnO, in the generation of O from KCIO3, 5m.

R. R. Ramsey, Arthur L. Foley

*14. A Method of Determining the Absolute Dilation of Mercury, 5m.,

Arthur L. Foley.

Paper not presented.
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15. Geology of the Fort Apache Region. Arizona, (by title)

Albert B. Reagan

16. Geology of Monroe County, Indiana. North of the Latitude of

Bloomington Albert B. Reagan

17. What is the Age of the Aubery Limestone of the Rocky Moun-

tains? Albert B. Reagan

*18. Some Fossils from the Lower Aubery and Upper Red Wall in the

Vicinity of Fort Apache, Arizona Albert B. Reagan

19. The Fossils of the Red Wall Compared with Those of the Kansas

Coal Measures, 10m Albert B. Reagan

20. Double Salts in Solution, 10m P. N. Evans

21. Ionic Friction. Kim P. N. Evans

22. A Topographic Result of the Alluvial Cone. lOm A. II. Purdue

23. A Note on the Radio-Activity of Strontium-Salicylate, 10m

J. P. Woolsey

24. Progress in Locomotive Testing, 10m W. P. M. Goss

BOTANY AND ZOOLOGY.

25. A Note on the Breeding Habits of the Common or White Sucker,

3m Glenn Culbertson

26. Additions to the Flora of Indiana, 8m II. B. Dorner

27. Additions to the List of Gall-Producing Insects Common to Indi-

ana, 5m Mel. T. Cook

28. Botanical Notes, 10m .' M. N. Elrod

29. Bird Notes from the Indiana State Forestry Reservation

Chas. Piper Smith

30. Notes Upon Some Little Known Members of the Indiana Flora,

10m Chas. Piper Smith

31. The Development of the Spermatozoid of Chara, 10m. .1). M. Mottler

32. Further Studies on Anomalous Dicotyledonous Plants, 10m

D. M. Mottier

33. A Crow Roost near Richmond, Indiana, 5m

D. W. Dennis and W. E. Lawrence

34. A New Adjustable Stand for Physiological Apparatus and Modi-

fications in other Physiological Devices, 10m

J. F. Woolsey and John S. AVright

35. An Abnormality in the Nut of Hicoria ovata, 5m. .. .John S. Wright

''Paper not presented.
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*3G. Contribution to tlie Flora of Indiana, No. YIII, 10m. .Stanley Coulter

*37. On tlie Germination of Certain Native Weeds, 10m. .Stanley Coulter

38. Revised list of Indiana Plant Rusts, 10m J. C. Arthur

*39. Cuban Notes, 10m C. H. Eigenmann

40. Ecological Notes on the Mussels Winona Lake, 10m.. .T. J. Headlee

41. Ecological Notes on the Birds occurring within a radius of 5

miles of the Indiana University Campus (with photographs

by G. C. Littell), 10m Waldo L. McAfee

*42. List of Mammals. Reptiles and Batrachians of Monroe County,

Indiana, 10m Waldo L. McAfee

43. Birds Nests of an Old Apple Orchard near Indiana University

Campus, 10m Gertrude Hitze

44. Nerve end organ in the Pancreas, .5m E. O. Little

45. Discoidal Pith in our Woody Plants, 5m F. AV. Foxworthy

46. New Science Laboratory, Moores Hill College, 5m A. J. Bigney

47. The Sun or Gunelpiya Medicine Disk Albert B. Reagan

THE NINETEENTH ANNUAL MEETING OF THE
INDIANA ACADEMY OF SCIENCE.

The nineteenth annual meeting of the Indiana Academy of Science

was held in Indianapolis, Monday and Tuesday, December 28 and 29,

1903.

Monday 10:45 a. m., the Executive Committee met in session at hotel

headquarters.

At 2 o'clock p. m. President Willis S. Blatchley called the Academy to

order in general session in the room of the State Board of Agriculture,

State House. The transaction of routine and miscellaneous business

occupied the first part of the session. Following this, papers of general

interest were read and discussed. After the disposition of these, special

technical subjects occupied the time until adjournment at 5 p. m
The address of the retiring President, Willis S. Blatchley, was de-

livered in the auditorium of the Shortridge High School at 8 p. m., before

the members of the Academy and a number of invited guests, subject—

"The Indiana of Nature; its Evolution."

'•'Paper not presented.



32

Tuesday 29, 9 a. m., the Academy met in general session before wliich

the remaining papers of the program Avere read and discussed. Follow-

ing the disposition of the papers unfinished business was considered.

Adjournment.

THE FIELD MEETING OF 1903.

The field meeting of 1903 was held in Madison and Hanover, Thurs-

day and Friday, May 21 and 22. Thursday evening a Avell attended public

session was held in the auditorium of the Madison High School; the pro-

gram consisted of musical numbers and addresses. President W. S.

Blatchley spoke on the mineral fuels of the State and Dr. Stanley Coulter

on forestry work in Indiana. After the adjournment of the public session

a short business meeting was held in the Madison Hotel.

At 8:30 a. m., Friday the 22d, the members left hotel headquarters for

the field, proceeding by carriages over the Hanover road to the mouth of

the gorge which leads to Cliffy Falls. The remainder of the trip to the

Falls was made on foot over territory of great interest to naturalists,

especially to geologists and botanists. Cliffy Falls was reached about

noon. Luncheon was served here, after which a cross-country drive was

made to Hanover College. The remainder of the afternoon was spent in

viewing the college buildings and equipment, and in enjoying the magnifi-

cent scenery of the vicinity. At 6 o'clock dinner the visiting members of

the Academy were guests in the homes of the members of the Hanover

College faculty.

At 8 o'clock a public meting was held in the college chapel, addresses

were made by Drs. Stanley Coulter, .T. C. Arthur, M. T. Cook, N. A. Kent

and A. F. Foerste. After this session an enjoyable reception was tendered

the Academy at the home of President Fisher. The return to Madison

was made that night, after Avhich a very brief business meeting was held

in the hotel headquarters. Adjournment, 12 o'clock, midnight, Friday,

May 22.

The spring meeting of 1903 will be remembered as one of the most

successful and enjoyable in the history of the Academy. The weather

was delightful and the locality interesting from every standpoint. The

Academy gratefully acknowledges its obligations to the Madison Commer-

cial Club and to the members of the Hanover College faculty, especially to

Professor Culbertson, for their generosity and thoughtful courtesies

which anticipated every want of the excursionists.
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PRESIDENT'S ADDRESS.

The Indiana of JSTature : Its Evolution.

By W. S. Blatchley.

Afar out in the limitless realms of space a planet moves—propelled

onward by an unseen, uncontrollable force around its parent orb, a sun.

For millions, perhaps billions, of years, as man counts time, that planet

has moved in the same pathway, meanwhile undergoing most wonderful

changes in bulk and form. At first a vast, irregular mass of burning,

gaseous matter, thrown off from that sun about which it still revolves,

the planet gradually cooled, condensed, and assumed a spheroidal form.

Its gaseous elements rearranged themselves to form new compounds, at

first liquid, then solid, until in time it came to be a solid globe, or at least

one with a solid but uneven crust. The processes of cooling and contrac-

tion still continued. The ocean of vapor which formed a large portion of

the atmosphere about the planet condensed and fell and formed an ocean

of water whicli filled the depressions in its crust. Above the rim of this

ocean there showed in places large areas of land—bare igneous rocli, abso-

lutely devoid of life—as, for millions of years, the temperature of both

rock and ocean remained too high for living things.

When the mean temperature of its oceanic waters by continued and

oft repeated evaporation, cooling and condensation, was reduced to about

150° (degrees) F.. there occurred the grandest event in the history of that

planet. In some unknoioi, iinknoicabic niatnin-, Life came to be. Within the

waters of its ocean there was brought about a combination of matter—

a

living thing—whicli could take from the water and from the air above

certain elements, and by their aid increase in size and reproduce its kind.

The first lowly parasites upon the face or surface of the planet were thus

aquatic plants—alga\ fungi and kindred forms. In the course of ages

there evolved from them other and hlglier plants which could live on

land; for the decay and erosion of the igneous rocks, added to the remains

of the aquatic plants thrown upon the beaches of the ocean, produced a

soil from which the higher land plants could derive a part of their nour-

ishment. As the centuries and the teons rolled by, the plants—true para-

sites that they were—found their way to every part of the planet's

3— A. OF Science, '03.
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surface. Onto the tops of the loftiest mountains, into the abysses of the

deepest oceans, they made their way; their province being the conversion

of inorganic matter—earth, air. water—into a form of food suitable to the

needs of a higher type of parasite which meanwhile was coming into

existence upon the planet's surface. For, as the temperature of the

ocean gradually decreased, the Era of Animal Life was ushered in.

The first animals on the planet were also lowly aquatic form.s^

scarcely differing from the first plants, but possessing a freedom of mo-

tion Avhich enabled them to procure a better supply of air and water.

Then, evolving into higher and more varied forms as they became adapted

to new environments, they spread far and Avide through ocean's depths

and over plain and mountain, until the whole surface of the planet was

peopled, too, by them. But, ever and always, from the time the first ani-

mal came to be upon that iilant-t. until The last one finally disappears

into the darkness of everlasting night, the (jroicth of animal life will de-

pend upon living food prepared by the plant—the motion of animal life

upon enerrj!/ stored within the cells of the plant.

That sun, which in the beginning first cast off the matter of which

the planet is formed, still controls it—still rules over it and its destinies

with an iron will. Both plant and animal parasite must forever bow

before its power. Of the vast floods of energy which stream forth from

that sun's disk, in the form of heat and light, an insignificant fraction

falls upon the surface of its satellite. Of the minute portion that the

planet thus an-ests, an equally insignificant part is caught up by its plants

and used directly in their growth. Yet the entire productive force of the

living portion of that planet tm-ns on this insignificant fraction of an

insignificant fraction.

The vegetable cell is thus a storer of power—a reservoir of force. It

mediates between the sun—the sole fountain of energy—and the animal

life on the planet. The animal can not use an iota of power that some

time, either directly or indirectly, has not been stored in the plant cell.

Thus, of the two great groups of parasites upon the surface of the planet,

the plant must, perforce, have preceded the animal.

For thousands of centuries each type of animal and plant parasite

upon that planet was content if it could secure food enough to reach ma-

turity and then a mate to reproduce its kind. All the energies put forth

—all the variations in organ and form—all the adaptations to modified

environment—were but means toward the better accomplishment of these
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two ends. Sometimes a type would reach a culmination or highest point,

beyond whicli it could not advance. Then a degeneration would occur

along side lines, oi', in many instances, even total extinction of the race or

group. Finally, after the planet was hoary with age, a race of animal

parasites evolved from the lower forms, whose variations were ever con-

centrated toward the head or cephalic region. During untold ages their

brains slowly but surely increased in size until, in time, they became

possessed of the power of reason and of abstract thought. In that age

the "prince of parasites" was born. From then on he began to rule not

only the other animal and plant parasites about him, but to discover and

control the powerful forces of nature, heretofore wholly latent. As he

grew in l>rain power, he grew in greed, in egoism. He came to think that

the planet, on which he was but a pai'asite, was created for him alone;

that all otlior plants and animals were put there for his especial benefit,

though many of them out-dated him by millions of years. He began to

modify the surface of the planet in all ways possible—to change, as it

were, its every aspect to conform to his ideas. He imagined, vain creat-

ure that he was, that he could improve upon the works of Nature. In

time he divided up the entire land surface of the planet by using some-

times imaginary lines and again natiu'al boundaries. Acres and sections,

townships and counties, states and republics, kingdoms and empires were

the terms he used to denote bis subdivisions, and over all lands, and even

seas, he proclaimed himself chief ruler. For that planet is the earth.

That "prince of parasites" is Man.

To 36,350 square miles of the earth's surface, lying between the imag-

inary lines 37° 41' and 41° 46' north latitude, and between 84° 44' and

88° 0' west longitude, man, in time, gave the name "Indiana." How
came this area to be where it is? Of what kind of matter is its surface

composed? What was its condition at the time of the advent of the white

I'ace? These are questions which should be of interest to every resident

of the Hoosier State.

The oldest known rocks on the American continent are those of

Archfean Time laid down during the Azoic or lifeless seon of the earth.

They are known as the Laurentian System of Rocks and consist mainly

of coarse granites, thick-bedded gneisses and syenites, serpentines, schists

and beds of modified sandstones, limestones and clays. They were

formed from the debris of other rocks still older than themselves; these in

their turn having been derived ages ago from those original igneous or
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primary rocks whose molten sands rose lirst above tlie Ijoiling floods and

cooled and criisted into a chaotic continent. For Arclnean ±ime com-

prised those millions of years which elapsed while the crust of the earth

Avas cooling down to a i oint where life was possible.

The Laurentiau rocli^s are thus devoid of fossils or contain only tlie

remains of the simplest aquatic forms. In North America they com-

prise the surface of a vast, V-sliaped area of 2,000,000 or more square

miles which lies, filled with wild lakes, pine clad, rugged, almost impass-

able, spread in savage sleep from Labrador to the Arctic Ocean. This area

embodies the general form of the North American continent and was the

nucleus of all the land which was afterward added to it. From these old

Laiu'entian rocks came the debris and sediment which was laid down in

the bed of a shallow ocean to form the first rocks comprising the surface

of what is now '"Indiana."

At the close of the Azoic or Lifeless oeon, during wliicli the Laureutian

rocks were formed, the Paleozoic or "JEon of Ancient Life" was ushered

in. At its beginning the entire area of what is now known as Indiana

was covered by a broad ocean which stretched far away to the southwest,

while to the north and northeast it extended beyond the present sites of

the Great Lakes. This ocean is known to geologists as the '"Interior

Paleozoic Sea." Into it was carried the sediment derived from the erosion

and destruction of the old Laureutian roclvS by water and ail", which

agencies then, as now, were ever at work. The Potsdam sandstone of the

Cambrian era, which probably underlies tlie Trenton limestone of the

Lower Silurian beneath the greater portion, if not all, of Indiana, was

one of the first strata to be laid down in this sea. But as none of the

surface of Indiana is represented by the Potsdam stone, it will be passed

with this mere mention.

Following the Cambrian came the second grand sub-division of Paleo-

zoic Time, the so-called Lower Silurian or Ordovician Age. At its

beginning the sea covering Indiana and the area to the north and east

was of course more shallow, as 1,000 feet or more of Potsdam sandstone

had been deposited on its floor. The first great stratum of Ordovician

rock to be laid down in this sea which is of interest to us was the

Trenton limestone, which, during the past two decades, has become so

noted in Indiana as the source of natural gas and crude petroleum.

It is a well known geological fact that most, if not all, limestones owe

their origin to tlie pre.'^ence of minute organisms in the water in which
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the limestone was formed. The animals from whose remains the Trenton

limestone was, for the most part, derived, were probabljf very low forms

—the polyps and bryozoaus of the ancient Silurian seas. In untold num-

bers they existed, and the carbonate of lime, which makes up 80 per

cent, of the unmodified Trenton rock, is largely the remains of their

secretions and incrustations. Associated with these lower forms were

myriads of higher ones—crinoids, brachiopods, trilobites, gastropods and

even fishes. The presence of such swarms of animal life made necessary

the existence of an abundance of plants; since the plant must ever pre-

cede the animal and gather for the latter the energy, and form for it the

food—the living protoplasm—necessary to its existence. These plants

wei-e mostly marine algae or seaweeds and fucoids, though doubtless

many other forms existed of which no remains have been preserved in

the rocks of that age.

The Trenton limestones were evidently formed in rather clear waters,

at moderate depths. Near the bottoms of these shallow seas great beds of

calcareous sediment were gradually collected, and were swept to and fro

by the tides and currents. Rivers from the older Cambrian rocks

brought down their eroded particles and added to the thickness of the

ocean fioor. Within these beds of sediment Itoth plants and animals

found a grave—their bodies in vast numbers being buried beneatli the

slowly accumulating deposits of centuries. Once buried in such deposits,

they did not decay, as do animals on land, because by the waters above

and the calcareous ooze around them, they were shut off from free oxy-

gen, which is the chief agent in decay. Gradually this ooze or fine sedi-

ment Avas, by the agency of the sea water, cemented and consolidated into

limestone. In this manner that great layer of Trenton rock which under-

lies at variable depths the whole of Indiana, was formed. From it has

been derived, directly or indirectly, more wealth than from any other

one formation, eitlier underlying or forming a portion of the surface of

the State.

In time the waters of the ocean containing this vast stratum of

Trenton limestone, with its enclosed accumulations of undecayed plants

and animals, became turbid, and instead of calcareous sediment, depos-

ited mud and clayey sediment in thielv l3eds on top of the limestone strata.

These deposits of mud and silt were afterward, by later deposits, com-

pressed into the fine-grained, impervious Utica shale, 100 to 300 feet in

thickness, which thus effectually sealed the Ti'enton limestones and so
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retained within tliem tlie oil and gas derived from their enclosed organic

remains. This oil, and its more volatile portion, the natural gas, was not

formed in a short time, but is the result of a slow decomposition or de-

structive distillation, carried on through thousands of centuries. Ac-

cumulating in vast reservoirs—the more porous portions of the Trenton

limestone or mother rock—it there remained until man came with his

iron drill and furnislied a vent through which it could rise. Then by

combustion he caused it to yield up the stored energy, conserved since

the sun's rays fell on the plants of the old Silurian seas.

After the Utica shale had been laid down as a thick, impervious cover

above the Trenton limestone, there followed the Hudson River epoch

during which 200 to GOO feet of alternating beds of shale and limestone

were deposited in the old sea bottom where now is Indiana. These form

the uppermost division of the Lower Silurian age. During the myriads

of years necessary to their deposition marine forms were excessively

abundant and the advancement in the scale of animal life was corre-

spondinglj- great. All the principal groups of marine invertebrates which

came into existence during the Trenton epoch were represented, but the

species were widely different. In addition to life in the sea, there came

also to be life on land. Acrogenous plants—forerunners of the ferns and

mosses—harbingers of the vast forests of future centuries—came into

being along the moist waterways of the growing continent, while insects,

the first winged creatures, began to traverse the air.

As yet no part of Indiana was above old ocean's level, but at the close

of the Ordovician, after the Hudson River limestones and shales had

been laid down, a great upheaval, caused by some subterranean force,

brought above the sea a large island of Ordovician rock which ever since

has been dry land. This upheaval was greatest over the point where

Cincinnati, Ohio, is now located, and the "Cincinnati Uplift" is the name

given by geologists to the island and the broad belt of shallowly sub-

merged land which extended from its northern shore in a northwesterly

direction, diagonally across the area of the future Indiana. The main

portion of that island comprised the southwestern corner of what is now

Ohio and a part of northeastern Kentucky. It also included a small part

of what is now Indiana and formed the first and oldest portion of the

surface of our State. The area whose surface rocks belong to this

Hudson River formation comprises part or all of Wayne, Union, Fayette,

Franklin, Dearborn, Ripley, Ohio, Switzerland and Jefferson counties.
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Over this area the exposed rocks are composed of a series of bluish, thin-

bedded limestones intercalated with blnish-green limey shales, while at

the top are massive sandy limestone beds of a brownish color The shales

are soft, easily weathered and very fossiliferons. while the bluisli lime-
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stones are in places largely composed of fossils. As a part of an island,

therefore, upheaved from the Ordovician seas, was the first born land of

Indiana; and to that little corner all other portions of our noble State

were added in their turn by the workings of nature's forces during after

ages.
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At the end of the Ordoviciau or beginning of the Upper Silurian age,

the Interior Paleozoic Sea had greatly diminished in area. A broad belt

of land had lieen added to the southern border of the old Laurentian crest,

especially over what is now Wisconsin and a portion of northern

Illinois; Avhile, extending from what is now Labi-ador down to Georgia,

was another broad lielt, following the general trend of the present Alle-

ghany mountains. By the raising of seA eral large islands above its sur-

face at the time of the Cincinnati Uplift, aided by the broad belt of

shallowly submerged land already noted, the area of the Interior Sea was

still further diminished and to that portion covering what is now the

northeastern part of Indiana and the greater part of Ohio, West Virginia,

New York and Pennsylvania, the name of "Eastern Interior Sea" is given.

This was simply a great bay or eastward extension of a greater "Central

Interior Sea" which, at that period, covered most of Indiana, southern.

Michigan, Illinois and a large portion of the present United States west of

the Mississippi River. The most northeastern limits of the Eastern In-

terior Sea were the present sites of Albany and Troy, New York. The

rock-making material which was deposited on the floor of both it and the

Central Interior Sea was derived in part from the land along their boi*-

ders, but mainly from the limey secretions of the life within their waters.

The dry land draining into them was small in area and hence there were

only small streams for the supply of sediments. Yet, in the course of

countless years, suflicient material was deposited to form the thick layer

of Niagara limestone which now forms the surface rock over much of

northern and eastern Indiana.

The epochs of the Upper Silurian age, as represented in Indiana, are

three in number, viz., the Clinton, the Niagara and the Water Lime, or

Lower Helderberg. Kach is represented by its characteristic rocks, bear-

ing the peculiar fossils of its time. The Clinton epoch is represented in.

the State by a close-grained, salmon-colored limestone, varying in thick-

ness from a few inches only to about seven feet. It outcrops in a very

narrow strip along the western edge of the area of the Hudson River

limestone, already mentioned as the oldest rock in Indiana, and overlies

that formation beneath the surface of at least the eastern third of the

State. It has no economic importance and serves only as a line of de-

marcation separating the older Silurian rocks from those great beds of

Niagara limestone which were afterward laid down in the Upper Silurian

seas.
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At the beginning of the Niagara epoch the ^Yatel•s of the Central and

Eastern Interior Seas were laden witli sediment and beds of bluish-green

shales, known as the Niagara shales, and varying in thickness from two to

forty feet, were first laid down. Owing to gradual changes in the level of

the sea bottom, and a consequent shifting of its tides and currents a

clearer, deeper water then resulted, within whose depths there existed life

of great variety. Corals and bryozoans were especially represented, and

from their remains and those of other marine forms were gradually con-

structed those beds of gray and buff Niagara limestone, varying in thick-

ness from 100 feet along the Ohio River to 440 feet in the northern and

northwestern portions of the State.

Near the close of the Niagara epoch a gradual uprising of a portion of

the Eastern and Central Interior Seas took place. From their bottoms

there emerged a long peninsula-like strip of land, whose general trend

was northwest and southeast. In the former direction it was imperfectly

attached to those portions of AVisconsin and Illinois which had come into

existence during the Ordovician era. At its lower extremity it merged

with that old island of the Cincinnati Uplift which had formed the first

land of our present State. The surface rocks of the northwestern corner

of Indiana, a narrow and probably interrupted strip extending diagonally

across the State, a wide area in the central third and a narrower southern

prolongation along the western border of the pre-existing Hudson River

group, were thus, for the first time, brought above the level of the sea.

It appears that the force which caused this upraising of the Niagara

sea floor was more pronounced at certain points than at others, and so

caused a number of dome-like ridges or crests resembling true upheavals

in the Niagara beds. These domes are present in an area extending from

the Illinois line in Newton County, through the Upper AV abash Valley

nearly to the Ohio line, being especially prominent near Wabash, Delphi,

Monon, Kentland and other points in the region mentioned. In them the

Niagara strata, elsewhere nearly horizontal, are strongly tilted and show

other evidence of a true upheaval. These domes were at first probably

small islands whose crests remained permanently above the surrounding

sea. They thus formed, for a long period, a more or less broken or inter-

rupted connection between the larger area of the Niagara to the south-

east and that area in northwestern Indiana which was from now on a

part of the continent proper.
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The Water Lime and Lo\Aer Helderberg are two closely related lime-

stones of the Upper Silurian age which, in Indiana, po merge as to be

difficult to distinguish. Ihey I'epresent an epoch between that of the

Niagara limestone and the lowest or oldest rocks of the Devonian era.
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Their texture and composition shows them to have been laid down in very

shallow seas close into the shores of the recently upraised Niagara lime-

stone. The Water Lime is an impure magnesian hydraulic rock, ranging

in thickness in Indiana from 20 to 90 feet. It outcrops near Kokomo
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where have been found numeroiis fine examples of its most characteristic

fossils—gigantic crustaceans, two feet or more in length, closely related

to the king crabs of the present seas. Over the extensive mud flats of

the closing period of Upper Silurian time they were the undoubted rulers,

while in the nearby waters sported descendeuts of those mail-clad fishes

which first appeared in the Trenton period of the Lower Silurian era.

The Lower Helderberg represents the final epoch of Upper Silurian

time. In Indiana its rocks form a buff to gray cherty limestone, 25 to 250

feet in thickness and often irregular and uneven in its bedding. It di-

rectly overlies the Niagara limestone where the Water Lime is absent.

Outcrops occur at Logansport and other points to the northwest, and

drill holes sunk for oil and gas shoAV that it probably forms a portion of

the surface rock beneath the deep drift-covered area of the northern third

of the State.

The advance in life during the Upper Silurian era was not propor-

tionally as great as that of the preceding age. The earliest of Arachnids,

the scorpions, came to be, their first remains being in the Water Lime,

showing that they were neighbors of the giant Eurypterid ci'ustaeeans.

Cockroaches and progenitors of dragonfiies were also present, but re-

mains of other terrestrial forms are few or lacking. Among marine

invertebrates, Cephalopods reached the acme of their development, the

gigantic Orthoceratites of this group, whose remains are so common

in the Niagara limestones of Wabash and adjoining counties, being

worthy of especial mention.

We have seen that liy the beginning of the Devonian Age or Era,

which succeeded that of the Upper Silurian, the waters of that great

bay known as the Eastern Interior Sea, had become farther separated

from those of the Central Interior Sea by the uprising of the Niagara

limestone area of eastern Indiana and western Ohio, and also by the

deposition along the margin of this formation of the sediment comprising

the Water Lime and Lower Helderberg limestones. A probable connec-

tion still existed between the waters of these two basins across the

broken or interiiipted strip connecting the main body of Niagara lime-

stone in eastern Indiana with the main land area of the same formation

in northwestern Indiana and northern Illinois.

The Devonian rocks of Indiana may be roughly classed as represent-

ing two great epochs, the Corniferous and the Genesee, the former being

represented by beds of more or less pure limestone, ranging up to 55
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feet in thickness: the latter by beds of black or brownish ])ituminous

shales, which i-each a known maximum thickness of 195 feet. The

waters in which the materials of the Corniferons limestone were depos-

ited were clear and comparatively pure, and in them sponges, corals,

crinoids, trilobites and lower animal forms existed in great profusion.

From the lime secreted by these marine forms the upper and purer beds

of the Corniferous rock are mainly composed. The great abundance

of coral life during the period is grandly shown at the Falls of the

Ohio, opposite Louisville, Kentucky, where the Corniferous beds have

a notable outcrop. Here "the corals are crowded together in great num-

bers, some standing as they grew, others lying in fragments, as they

were broken and heaped up by the waves; branching forms of large

and small size being mingled with massive kinds of hemispherical and

other shapes. Some of the cup corals are six or seven inches across

at the top, indicating a coral animal seven or eight inches in diameter.

Hemispherical compound corals occur, five or six feet in diameter. The

various coral-polyps of the era had, beyond doubt, bright and varied

coloring like those of the existing tropics; and the reefs formed there-

fore a brilliant and almost interminable flower garden."

Near the close of the Corniferous epoch deposits of silt, mud and

sand began to becloud the clear waters and put an end to the life of

many marine forms. The upper beds of rock then laid down, known

as the Hamilton, contain in places quite a percentage of magnesia and

clay, and embody those vast deposits of hydraulic limestone which, in

southern Indiana, have been so extensively used in making natural rock

cement.

The Corniferous rock, when raised above the surface and added to

the pre-existing land of the State, formed along the western margin

of the latter an irregular strip 5 to 40 miles in width, extending from

the present bed of the Ohio River at Jeffersonville northward to the

present sites of Logansport and Monticello. North of the Wabash it

has been found to be the surface rock in a number of the deep bores

sunk for oil, but on account of the thick mantle of overlying drift, its

exact limits are unknown. It is probable, however, that at the close

of the Corniferous epoch a strip 20 miles or more in average width

and extending nearly across the State was, in this region, raised above

the floor of the old Devonian sea, to become a part of the permanent

land of the future State.
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During the latter part of the Devonian Era those lowly acrogenous

plants known as Rhizocarps flourished in vast numbers in the fresh

waters and brackish marshes of the time, and their spores by count-

less millions of tons were carried out as sediment into the surrounding

seas. Mingling with the mud and silt and sand, brought down by

erosion from the rapidly increasing land surface, they formed those

vast mud flats which have since, by age and pressure, been consolidated

into the thick beds of brown and black, tinely-laminated shales which

form the rocks of the Genesee epoch in Indiana. At New Albany the

outcrops of this shale are 104 feet in thickness and especially prominent,

so that the local name, "New Albany black shale," has been given

it by geologists of the State. Along the western edge of the Corniferous

limestone this shale forms a continuous strip, 3 to 35 miles in width,

reaching from the present sue of New Albany north and northwesterly

to Delphi and Rensselaer. Over much of this strip it is covered by

a thick mantle of drift, but everywhere within the area wells or the

eroding streams have proven it to be the surface rock. The black shale

has also, by deep bores, been found to be the rock immediately under-

lying the drift over much of the area embraced within the two northern

tiers of counties in the State.

The Genesee shale is rich in bitumens, derived from the spores of

the ancient Rhizocarps, which also gave it color. When kindled, it

will burn until they are consumed, and it is therefore, by the uninitiated,

often mistaken for coal. These bitumens are, by natural processes, some-

times separated from the shale and in the form of gas or petroleum

are collected in reservoirs in it or in the underlying Corniferous lime-

stone.

During the thousands of centuries of the Devonian Period, a great

advancement took place in the flora and fauna of the times, especially

in the vegetation of the land and the development of the higher aquatic

vertebrates. Among the acrogens growing on land, ground pines, tree

ferns and equiseta or horse-tails came into existence and flourished

in vast numbers. Their remains are often found in the Corniferous

limestone, into the sediment of which they were drifted and preserved.

The first Phanerogams, conifers of the yew and cycad families, were

also evolved, their leaves and branches being found in the upper or

Hamilton beds of the Corniferous epoch. As the land plants increased

in number and variet3', insect life became more varied and numerous.
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Mayflies al)nuiided and the tiist musicians of tlie eartli appeared in

the form of Ortliopterans Avhicli. by means of tlieir shrilling organs,

enlivened the solitudes of the strange old Devonian forests with their

love calls and wooing notes. Among fishes, the Ganoids and Selachians,

Legend.
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At the beginning of the Lower or Sul)-Carboniferons Era. which

followed the Devonian in regnlar sequence, we find more than half

of Indiana above the level of the sea. By the deposition and subsequent

raising of the rocks of tlie Corniferous and Genesee epochs, the gap

between the large area of Niagai'a limestone in the eastern part of

the State and the mainland to the northwestward had been tilled and

that portion of the future Indiana became for the first time a part of

the' slowly growing North American continent. The roclvs which were

afterward added on its western side were deposited on the sloping floor

of the Central Interior sea which stretched far away to the southwest,

and they consequently have a notable dip in tliat direction.

The lowermost stratum of the Sub-Carboniferous rocks in Indiana is

a thin but very persistent bed of greenish limestone, known as the Rock-

ford Goniatite limestone. It is but about two feet in thickness at its

most notable outcrops, and hence forms but a very narrow area of

the surface rocks of the State. It serves well, however, as a line of

demarcation separating the Upper Devonian shales from the thick beds

of Knobstone which represent one of the early and important epochs

of Lower Carboniferous time.

These Knobstone rocks consist at the base of a series of soft, bluish

shales, which gradiially become more arenaceous or sandy, until toward

their western horizon they merge into massive beds of impure grayish

sandstone. The formation ranges in known thickness from 440 to G50

feet. The name "Knobstone" was first given it by that eminent geol-

ogist, David Dale Owen, because its siliceous strata weather into those

peculiar conical "knobs" or hills which are so prominent a feature

of the topography in the southern unglaciated portion of its area. By

the deposition and upraising of the Knobstone a strip of territory, 3

to 38 miles in width, extending from the Ohio River southwest of

New Albany north and northwesterly to a point a few miles south

of the present site of Rensselaer, Jasper County, was added to the

existing land of the future State. Deep bores have also shown the

Knobstone to immediately underlie the drift in a strip of varying width

along the extreme northern border of the State. By its deposition

and subsequent upraising over this area, all of the northeastern portion

of the State became for the first time dry land, and the waters of the

Eastern Interior Sea were forever banished from the future Indiana.
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Over much of the northern part of its main area in Indiana, the

Kuobstone is at present more or less covered by glacial debris, its strata

being- exposed only in the stream valleys. The shales of the basal or

eastern third of its nnglaeiated portion are excellently adapted to the

making of vitrified wares, as paving brick, sewer pipe, etc., as well

as for the clay ingredient of Portland cement; though as yet their pos-

sibilities of service for these products have been largely ignored.

FolloAving the Knoljstone epoch came that of the Lower Carbonifer-

ous limestones. Four distinct horizons of these limestones are recog-

nized in Indiana, viz., the Harrodsburgli, Bedford, Mitchell and Huron,

in the order named; each representing a distinct period of deposition

in the slowly retreating Central Interior Sea. Their total thickness is

nearly 60O feet, and together they form the surface rocks over an area

40 miles wide on the Ohio River, but which gradually narrows north-

ward until it disappears beneath the drift in the vicinity of Crawfords-

ville, Montgomery County.

Of the four horizons that of the Bedford is by far the most noted,

since from it is obtained that famous Bedford or Indiana oolitic lime-

stone which is now widely recognized as the finest building stone on

the continent of America. It is mainly composed of the globular shells

of microscopic foraminifera or Rhizopods—minute one-celled animal or-

ganisms—which must have swarmed in untold myriads in the sea waters

of the time. The shells or cell walls of these animals were composed

of a very pure carbonate of lime, and when they died and sank on

the old sea bottom these shells were cemented together by the same

material. Under the lens they resemble a mass of fish eggs soldered

together, hence the name "oolitic," meaning "like an egg." The Bedford

stone is noted among architects for its strength and durability, and

for the ease with which it may be sawed or carved into any desired

form. For many years it has ranked as one of the principal natural

resources of the State.

The "Mitchell limestone" overlying the oolitic is composed of a series

of close-grained limestones, shales and cherts. Its outcrop—5 to 30

miles in width—is a fairly level plateau which is pitted with a great

number of sink holes, many of which form the openings into under-

ground caverns and the beds of subterranean streams. The thick beds

of Mitchell limestone, taken in connection with the underlying Bedford

and Harrodsburgh limestones, afford a series of rocks which are more
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or less jointed, and therefore easily eroded by underground waters.

As a result, large caves, some of them possessing great vaulted rooms,
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deep pits, high waterfalls and streams of water large enough to allow

the ready passage of a boat, are found throughout this area. All of

these caves are due to the action of water—that greatest of nature's

4—A. OF Science, '03.
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solvents and abraders—its work of a day, a year, a century, upon the

solid limestone not appreciable to the eye—yet l)y slow unceasing action

through the ages which have elapsed since that limestone was x'aised

above the sea, it has carved every room and passage, constructed every

pillar and stalagmite existing beneath the surface of southern Indiana.

The Huron limestone or Huron group of rocks represents in Indiana

the latest epoch of the Lower Carboniferous Era. It is composed of

three beds of limestone with two intervening beds of sandstone, their

combined thickness being about 150 feet. The sandstones carry in places

concretions of iron ore and thin beds of coal, the latter being the fore-

runners or harbingers of those vast veins of stored energy which, in

southern Indiana, represent the Carboniferous and hnal era of Paleozoic

time.

The Carboniferous Era is noted as one of gentle oscillations in the

surface of those shallow seas bordering the land, these "causing suc-

cessive more or less wide emergencies and submergencies, the former

favoring the growth of boundless forests and jungles, the latter burying

the vegetable debris and other terrestrial accumulations beneath fresh

water or marine deposits."

During the era, that cryptogauious land vegetation which had sprung

into existence in the Devonian Era, advanced with wonderful strides.

The temperature was mild; tne atmosphere moist and heavy laden with

carbon dioxide. x\-S a result the vast lowland marshes were overgi'own

with great trees of Sigillaria, Lepidodendron and Calamites; while at

their base grew dense thickets of fern underbrush, inhabited only by

insects and amphibians. For the first examples of the latter evolved

during this period from some mud-loving, fish-like creature. No flow-

ering plant had as yet unfolded its petals. No bird had, as yet, winged

its way through the buoyant air. No mammal was, as yet, a denizen

of earth or sea. Those dim watery woodlands were flowerless, fruit-

less, songless, voiceless, unless the occasional shrill of a cricket or grass-

hopper could be called a song. Yet in the cells of the semi-aquatic

plants and trees of those old forests there was stored that heat which

was destined in after ages to be freed by man and used in doing the

work of the world.

The rocks laid down during this era were alternating beds of sand-

stone, shale, clay and limestone with occasional .beds of compressed

vegetation which, during after centuries, has been changed into coal.
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The basal formation of the Carboniferous Era iu Indiana, as generally

elsewhere, is a bed of coarse-grained sandstone, known as the Manstield

sandstone or "Millstone Grit." It has a total thickness of loO feet

and forms the surface rock over a strip 2 to 22 miles in width, extending

from the northern part of Warren County in an east of south direction

to the Ohio River, a distance of 175 miles. In Martin and Orange

counties it occurs with an even, sharp grit, furnishing a most excellent

material for whetstones and grindstones.

Above this sandstone are tlie Productive and Barren Coal Measures,

which comprise 7,50<i S(iuare miles of the land surface of the State.

At the time of their deposition or formation the area which they cover,

as well as a large part of Illinois, was a great basin or depression,

but little above the level of the sea. and surrounded on every side ex-

cept the southwestern by the higher lands of the older formations.

By successive alternations of upheaval and subsidence—carried on

through thousands of years—this depression was at times an area of

the southwestern sea, again a fresh water lake, and then, for a period, a

vast swamp or marsh. When raised high enough to form a marsh, the

luxiu'iant vegetation, above mentioned, sprang up from the ooze and mud

at its bottom, flourished for centuries, the newer growths springing from

between the fallen masses of the older, as in the peat bogs of today, and

so formed a mighty mass of carbonaceous material. By subsidence, the

level of the marsh was, in time, lowered until it became a lake into which

rivers from the surroimding highlands flowed, bearing with them millions

of tons of cla.vey sediment and disintegrated quartz, the remains of the

older decayed rocks. This sediment was spread out over the mass of

submei'ged vegetation, compressing it into the hard, mineral coal; the

clayey sediment itself being in time compressed into vast beds of shale,

and the particles of quartz into sandstone. In some places a more pro-

longed subsidence took place, sinking the floor of the lake below the level

of the sea, and allowing the waters of the latter with their accompanying

forms of marine life to flow in. In time beds of limestone were then

formed over those of the shale or sandstone, but none of these cover an

extensive area or are of great thickness.

After each subsidence, with its resulting beds of coal, shale and sand-

stone or limestone, had taken place, an upheaval followed. The floor of

sea or lake was again raised so near the surface that the semi-aquatic
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vegetation for a new coal seam could spring up and, in time, the processes

above detailed were again undergone. Such, in brief, was the origin and
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formation of those five great veins of coal which form today the chief
mineral wealth of our State, and of those vast beds of overlying shale
which, in recent years, have come to be used for so many varied products.
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We have now traced the growth of the area comprising Indiana

through Paleozoic time. We have seen how that area gradually appeared

above old ocean's rim. But it was not yet the "Indiana of Nature"—the

finished product of the ages ready for the advent of man. Centuries un-

told had yet to come and go before it was complete—centuries during

which changes of momentous importance were to come to pass. For, as

yet, no palm, no angiosperm or floAvering plant with seeds, no osseous or

common fish, no reptile, no bird, no mammal had come to be upon the

surface of the earth. All these were evolved from pre-existing forms

during the age or era immediately succeeding the Carboniferous or final

period of Paleozoic time. This age is known as that of the Mesozoic or

Middle Time, represented by the Triassic, Jurassic and Cretaceous eras.

For our purpose there may be combined with these eras the Tertiary of

Cenozoic or recent time. During the myriads of years ascribed to these

eras, while vast changes were taking place in other parts of the American

Continent, the sux-face of Indiana probably remained above sea level.

On it there grew the plants and over it there doubtless roamed, in their

turn, the animals of each successive era, but as its surface was above the

sea, they left no fossil bone or footprint to tell us of their presence.

All this time, however, the silent processes of nature were unceasing

in their labor, and wrought great changes in the surface of the future

State. Decay and erosion were in action then as they are today. Sun-

shine and rain, wind and frost, trickling rills and strong streams were

ever at work, softening and sculpturing and wearing down the exposed

rocks, forming clays and sand and gravel and bearing them away to lower

levels. At the close of the Tertiary Era, the entire surface of what is now

Indiana resembled that of today in the driftless area of its southern part,

being cut up by erosion into a complex network of valleys, ridges and

isolated hills. In certain portions of the northern half great streams, of

which there are now no surface indications, had worn their channels a

half mile in width, 200 feet or more down into the solid Niagara lime-

stone. The Ohio River valley, a trench from one to six miles wide and

400 feet deep, was mainly eroded during this period, as was also the

greater portion of the Wabash Valley, from Huntington to its mouth.

Everywhere over the surface was a thin soil, formed from decaying rocks

and vegetation, poorer, perhaps, than much of that which at present

covers the surface of the driftless area, where the xmderlying limestones

and shales have been the parent rock. In this soil grew the cedar and the
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sassafi-as. the willow and the maple, ihe oak and the beeeh. while over its

surface spread many of the coarser grasses, sedges and mosses of the

present day.
,

During these long periods of erosion and decay, mild climatic condi-

tions had prevailed. But near the close of the Tertiary a change in these

conditions came gradually to pass—a change which was most sweeping

and far-reaching in its final results. For some, as yet unknown, reason,

the mean annual temperature of the northern hemisphere became much

lower. The climate of the regions to the east and south of Hudson's Bay

became similar to that of Greenland of loday, or even colder. The snow,

ever falling, never melting, accumulated during hundreds of centuries in

one vast field of enormous thickness. Near the bottom of this mass a

plastic, porous sort of ice was gradually formed from the snow by the

pressure from above. This ice mass or glacier took upon itself a slow,

almost imperceptible motion to the south or southwestward, until it

covered three-fourths or more of what is now Indiana. As it moved

slowly southward great masses of partly-decayed rock and clay from

hillsides and jutting cliffs rolled down upon it and were carried on and

on until, by the melting of their icy steed, they were dropped hundreds of

miles from the parent ledge. Large irregular masses of rock from the

region in which the glacier Avas formed were either frozen into its nether

portion or rolled along beneath it, and as the ice sheet moved they served

as great stone drags, grinding down and smoothing off the hills and

ridges and filling up the valleys, until the irregular, uneven surface of

the old preglacial rocks was planed and polished.

Prom the stride formed by these imprisoned boulders and from other

evidence Avhich it is difflcult to otherwise explain, it is now believed that

there were several distinct epochs in the glacial period. The great ice

sheet, which was at first formed, several times advanced and as often—

by an increase of the temperature of the region which it entered—melted

and receded; its retreat or recession being each time as gradual as its

advance had been. Like a great army which has attempted the invasion

of a country and has been compelled to withdraw, it would again assem-

ble its forces and start in a slightly different direction. But, perchance,

before it had reached the limit of its former invasion a force of circum-

stances would render a retreat necessary. Its advancing margin was thus

not in a straight line, but in lobes, or long, gradual curves.
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When the hrst ice sheet reached its greatest advance into the region

now comprising Indiana, tlie ice "was at least oOO or GOO feet deep over
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the present site of Terre Hante and nearly as deep over that of Indianap-

olis, and it thicljened gradnally northward. If an observer could have

stood on one of the hills in Brown county at that time, he would have
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seen to the east of him the great wall of the ice front extending south

toward Kentucky, while toward the west it would have been seen in the

distance stretching away toward the southwest. For hundreds of miles

to the east and west, and for 2,(K]0 miles or more to the north, the glaring,

AA-hite desert of snow-covered ice, like that seen in the interior of Green-

land by Nansen and Peary, would have appeared, stretching away out of

sight, with not a thing tinder the sun to relieve its cold monotony."

By the incursions of the various ice sheets all the so-called "drift

soils" of northern and central Indiana Were accumulated where they lie.

Derived, as they were, in pari, from the various primary and igneous

rocks in the far north, ground tine and thoroughly mixed as they were by

the onward moving force of a mighty glacier, they are unusually rich in

all the necessary constituents of plant food. Principally to them does

Indiana owe her present high rank as an agricultural state. All the

level and more fertile counties lie within this drift covered area, and its

southern limit marks, practically, the boundary of the great corn and

wheat producing portion of the State. But few of the present inhabitants

of Indiana realize how much they owe to this glacial invasion of our

domain in the misty past. It not only determined the character of the

soil, the contour of the country and the minor lines of drainage, but in

manifold other ways had to do with the pleasure, the health and the

prosperity of the present population.

When the final ice sheet gradually receded from the area now com-

prising Indiana, the surface of the glaciated portion was left covered with

a sheet of drift or till composed mainly of clay, gravel and boulders, and

varying in thickness from one to 400 feet or more. Over the greater por-

tion of this area the surface of the drift was comparatively level, but in

the northern fourth of the State it was in numerous places heaped up in

extensive ridges and hills, due to irregular dumping along the margins

and between the lobes of the melting ice sheets. In the hollows or low

places between those ridges and hills the waters of the melting ice accu-

mulated and formed those hundreds of fresh water lakes which are today

the most beautiful and expressive features of the landscape in the region

wherein they abound. At first all of those yet in existence were much

larger than now, while for every one remaining a score have become

extinct.

A new vegetation soon sprang up over the land left desolate and

barren by the retreating ice. The climate gradually became much
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warmer than it is today. The great exi ause of water iii lalces and rivers,

aided l)y the increase in temperature, gave rise to excessive moisture.

Fostered by the rich soil and the mild, moist atmosphere, a vast forest

of deciduous trees spread over the hirger portion of our State. Through

this forest and about the margins of the lal^es and marshes there wan-

dered for centuries the mammoth and the mastodon, the giant bison and

the elk, the tapir and the peccary, the mighty sloth and that king of ro-

dents, Cdstoroides oMoensis. Treying upon these and smaller mammals

were the great American lion, and tigers and wolves of mammoth size.

The bones and teeth of all of these species of extinct animals have been

found buried beneath the surfaces of former bogs and marshes in various

portions of the State. It is not improbable that with them was also that

higher mammal—man—in all the nakedness of his primitive existence.

But over this phase in the evolution of the future Indiana there came

again a change, for nature knows no such thing as rest. The great rivers

which had borne south and southwestwardly the floods and debris of the

melting glaciers gradually diminished in size and tilled l)ut a small por-

tion of their former valleys. Extensive shallow lakes in the northwestern

part of our present area gave way to marshes and these, in time, to wet

prairies, possessing a rich black soil derived largely from the decay of

aquatic vegetation. The climate gradually grew less moist, more cool.

The mammoth, the mastodon and contemporaneous mammals disappeared,^

and in their stead came countless thousands of buffalo and deer. With

them came, too, that son of Nature—that descendant of the naked barba-

rians of centuries before—the noble Red Man. From out of that dark

night which hangs forever over all we know or shall know of early

America he came—a waif flung by the surge of time to these later ages

of our own.

With the advent of the Red Man the "Indiana of Nature" was com-

plete, was perfect. It possessed that primeval savage beauty of a world

unmarred by man. Lakes, streams, forests, prairies, stored fuel, noble

game—all were here. For centuries the Indian lived in peace within it&

bounds. The forest yielded him bear and deer—the prairies, buffalo and

wild fowl. On the higher ridges, overlooking the larger streams and

lakes, he had his principal village sites. Over their placid Avaters he

paddled his birch bark canoe. From their depths he secured with spear

and hook fishes sufficient to supply his needs; while the skins of musk-

rat, otter and beaver Avhich he trapped about their marshy margins
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furnished liiiii protection against the cold. Through the forest glades,

when returning from the chase, his cries of triumph were echoed. Here,

in a land of plenty, his wants were few and easily satisfied; his ambitions

lowly, his hopes eternal.

But to this, as to all things peaceful, there was an end. From across

the seas came that "prince of parasites," the white man—self-styled heir

to all the ages—so-called conqueror and civilizer—but in reality the great-

est devastator that Nature has ever known. First as a discoverer came

he. Then as a trapper and trader among the Indians; last as a settler of

the future State. His first permanent hamlets or settlements were, like

those of the Indians, located on the larger streams. From these he

penetrated farther and farther the forest, building his cabins wher-

ever a spring purled forth from a hillside to furnish water. In less than

two centuries—a mere second as compared with those measureless eterni-

ties before he came—the white man has changed beyond recognition the

"Indiana of Nature." Only its outlines remain as they were.

From its Itounds he has driven forever the buffalo, bear, panther, elk,

deer, wild turkey, ivory-billed woodpecker, paroquet and wild pigeon,

together with the noble Red Man, the one-time contemporary and lord of

them all. From its surface he has cleared that dense forest of tall trees—

of which no domain could boast a better—leaving in its stead a mere

remnant of what would have been termed underbrush a century ago.

Following the felling of the forests came, as a direct result, the drying up

of springs and the, dwindling to mere rivulets of former creeks and

streams. To gain control over a few more acres of mother earth, he has

dredged deep ditches and so lessened greatly the size or brought about

the total extinction of 90 per cent, of those crystal lakes which once gave

variety and beauty to the northern fourth of the State.

He has caused the picturesque trails and woodland paths of the

Indian to disappear, and in their stead Ave find, at intervals of a mile or

two, those broad unshaded roadways, many of which are floods of dust

In summer and seas of mud in winter. As a complement to these he has,

in nearly every county, leveled hills, filled up valleys, bridged streams,

and stretched long bands of steel spiked to wooden ties. Drawn by the

harnessed forces of Nature, he rushes over these at almost lightning

speed; while along them he sends, with many a roar and rumble, those

necessities and luxuries of his artificial life.
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Not content with his dostriiction of the natural beauty of the surface

of the State, he has delved deep into its depths, in search of those riches

of stored power, there hidden since the sun gave up its heat and light to

the plant cells of the old Silurian seas and Carboniferous marshes. With

his iron drill he sunk, in eighteen years, ten thousand vents to the

Trenton rock. Through these there poured natural gas valued, even at

the extremely low price at which it was sold, at .$77,018,189. So greedy

was he, so ignorant of the real value of this gaseous fuel and the manner

of its formation, so reckless in its consumption, that at the end of less

than a score of years there remains only the dregs of the plenty that

has been.

As with natural gas, so with its mother liquid, crude petroleum.

Since 1891, 16,975 bores have been sunk within the limits of the State,

for it alone. Through these 55,172,755 barrels of oil, valued at $42,757,-

834, have reached the surface. But few years will elapse before the

stored supply of it, too, will have vanished. A priceless gift of nature

—

hundreds of millions of years in forming—it will be sacrificed to the

greed of the white man in less than the life of a generation of his kind.

More valuable than either gas or oil, closer to the surface and, there-

fore, more easily seciired, are those vast veins of coal which vuiderlie

the southwestern area of our State. For sixty years man has sunk his

shafts and pitholes to their levels, and tunneled miles along their courses,

until the output has risen above nine million tons per annum. Less than

two centuries will see the end of this stored fuel, and Indiana will then

have been raped of all those riches which, in the ages past, were formed

beneath her surface.

But why continue? Examples manifold could yet be given of the

changes wrought by man since first he gave the name Indiana to the

area in which we dwell—changes which one and all have but marred the

face of nature and left everywhere the signs of his greed, his egoism.

Only the great blue ethereal dome—the sun which shines and riiles over

all—the moon, cold and lifeless—the stars, gleaming from their heights in

the realms of space—the clouds which oftentimes hide even these from

vie"w—seem as they were when the Indiana of Nature was first perfected.
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A Prehistoric Fortificatiox Xear Madison, Indiana.

By Glenn Culbertson.

On the farm of Mrs. James Snyder in Trimble county, Ky., and at the

head of Broadway Hollow, so-called because it is directly across the Ohio

river from Broadway in Madison, Ind., is located a prehistoric fortifica-

tion. To a few people in the immediate vicintiy this fortification is

fK N fort.

Trcrnb I £- Co.

known as the Indian fort, but to my knowledge it has never been de-

scribed, although it is one of the most interesting remains of prehistoric

people in all that region.

The hills in the vicinity of Madison are approximately four hundred

feet above low water level of the Ohio river. They are capped by the
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resistant Xia.uara and Clinton limestones, underlaid by the soft Hudson

shales. Hence bluffs and precipitous slopes are not at all infrequent. The

fortification, mentioned, is situated about a half mile back from the bluffs

and steep slopes facing the Ohio, and between the two principal tribu-

taries of the stream which occupies Broadway Hollow. These streams

have eroded deep but narrow valleys which in the upper portions are en-

closed in part l)y perpendicular cliffs.

The fortificatiou, as may be seen from the map, is roughly triangular

in shape and is bounded by cliffs some 75 feet high near the apex at the

north end. These cliffs become lower gradually as the south side of the

fortification is approached. At the southwest angle the height is still

some thirty feet, while at the southeast angle the height of the cliff is

at present not more than eight or ten feet.

The neck of land beeween the two streams at the south was fortified

by means of a stone and earth wall, with a ditch or moat on the outside.

The remains of the wall, except on the steeper slopes near the ends,

form a mass of earth and stones some ten feet wide at base and three or

four feet high. The ditch outside is still six or eight feet wide and has a

maximum depth of two or three feet below the original surface. The

wall was about one hundred and twenty yards long and strongly curved

outwards. The area of the fortification proper is about one and one-third

acres, and as the site of the fort has never been cleared of its forest

groAvth. it is still covered with thick underbrush and small trees.

The fortification is admirably located for the purpose of defense. On

two sides of the triangle it would be almost impossible for an enemy to

enter the fort even if undefended, except, perhaps, at the southeast angle,

where in all probability a supplementary wall was built. The stone and

earth wall across the neck may have been, and probably was, surmounted

by a stockade, as was done in case of many of the prehistoric fortifica-

tions in Ohio. There are, at present, however, no evidences of a stockade

visible.

Of the different kinds of prehistoric fortifications now known and

recognized, viz., signal and observatory stations, stockade forts, hill forts

and stone forts, this one should probably be classified as a hill fort, and

was intended as a place of retreat on the approach of an enemy. The tribe

or clan using the fort probably cultivated the fertile bottom lands neai',

and fled to the fort as occasion demanded. This fortification may have
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been used as an oliservatory and signal station, also, but was not one of a

series known to extend along either side of the Ohio River, since from

this point it is impossible to see or be seen from the Ohio at any distance

either up or down. The site is an admirable one, however, for signaling

across to the headwaters of Indian Kentucky creek, in Indiana, along

which are found many evidences of prehistoric inhabitants. There are no

visible ash or charcoal remains in the vicinity of the fort, so the signal

theory remains unproven.
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A Note on the Breeding Habits of the Common or White
Sucker.

By Glexx Culbertson.

While lishing on Big Creek In Jefferson County, Incl., last April tlie

writer had an opportunity to observe at short range the spawning habits

of the common White Suclcer (Catostomus teres). It is the habit of this

fish to s])nwn in tlie swiftly tiowing water of ripples rather than in the

still water of pools, and if I am not mistalcen during the night rather than

the day.

In the case under observation there was a school of suckers, some

twenty or twenty-five in number, and ranging in size from nine or ten

inches to thirteen or fourteen inches in length. The location was a short

reach of swift water some three or four indies in depth. betAveen two

large pools. The ripple was close to a steep bank and was overliung by

the branches of trees, making the place rather dark even at noon. The

fish with few exceptions were constantly swimming about, now in the

deeper water and. again for a short time in the shallow water of the

ripples. A few were lying quietly on the l^ottom in the swift water.

My attention on observing the school for a few minutes was soon

attracted to a large female, thirteen or fourteen inches in length and two

males about ten or eleven inches long. Whenever this particular female

SAvam from the pool aljove down into the swift water, tlie two males,

which always swam approximately side by side, and some five or six

inches apart, would endeavor to pass one on either side of the female.

In the one case where th^ actual spawning occurred, the two males

reached positions close to and on either side of the female and with the

anterior portions of their heads some two inches farther back than that of

the female, the heads of all b.eing upstream. While thus stationary in this

position the males struck the female each with head and then tail, al-

ternately, and with great rapidity. This motion was continued some four

or five seconds. At the same time, the swift water of the ripple below

the spawning fish became of a milky white color, due to the spermatic

fluid of the males. On taking the same female a few minutes later the

^— ,\. OF SCTKvrK, '03.
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spawn was found to be abundant and to pass very readily from the

body. On taking two or three of the males the usually smooth portion of

the heads was found to be covered with numerous tubercles from one to

two millimeters long. The tail fins of the males were also found with

rows of similar tubercles along the rays. No tubercles were found on the

female.

The spawn could have done nothing else than to have floated off into

the still water of the pool below, where some may have found lodgment

among the water plants.

Whetlier polyandry, or perhaps more exactly diandry, if the term

may be so used, is always the habit of the female suclcer I am unable lo

say, but in this case it certainly Avas.

Notes on the Caves of Cuba.

By J. W. Beede.

(By title.)

Effect of Ultraviolet Light on the Action of the Coherer.

By Arthur L. Foley.

(By title.) .

The Life of Radium.

By Arthur L. Foley.

(By title.)
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"Colds" and Cold.

By Robert Hessler.

It is often said that on account of variable weather conditions, that is,

sudden and violent atmospheric changes, the climate of Indiana is an

unhealthy one and that this is the reason why "colds" are so common

among us. Now is this true, especially the deduction?

Most of us, I believe, will admit that changes in temperature are

rather sudden at times and that the daily weather conditions are quite

variable, but that our climate—that is, the sum total of all weather condi-

tions for long periods of time—is one conducive to the production of

"colds," per se, may be denied by some.

Now when I speak of a "cold" I am assuming that everybody knows

what that means. A cold—wliy, yes, of course. Everybody knows what

a cold is.

As a matter of fact many think they know—which is something

entirely different. We all know the dictionary definition: "Cold.—An
indisposition commonly ascribed to exposure to cold; especially, a

catarrhal inflammation of the mucous membrane of the nose, pharynx,

larynx, trachea, bronchi, or bronehal tubes." (Century.)

Pliysicians use the term very freely in conversation or consultation

with their patients. There is good reason for this. When the patient

comes to the physician he not only wants a medicine or a prescription but

ho also wants to Ivuow about his disease or affection; he will want to

know the name at least, and very likely also the cause. We all want an

explanation of what is wrong when we are sick, and the simpler the

explanation the better. If the physician wants to be exact and gives the

explanation in technical terms that have a definite meaning, then he must

explain the terms themselves, all of which takes a lot of time—and so the

busy practitioner has recourse to a number of terms and phrases which

have long been in use and with Avhich the laity are familiar. When, there-

fore, the anxious patient aslcs for the common name of his disease or for

its cause, and the knowing physician answers assuringly and perhaps

authoritatively the magic word "cold," all is serene. Such words as
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cold, rhenmatisni. umlniia ami the like are timesavcrs. Sncli tenns are

often used both in tlie sense of cause and effect.

Well, I don't see where I got my cold or caught my cold, the patient

will say. Well, I don't either, the physician may reply, while he writes

the prescription or puts up the bottle of medicine. In the meantime the

patient will mentally go over the events of the past few days until he

finds where, as he thinks, he has exposed himself to cold, perhaps to a

draught or went out bareheaded; and then he is able to account for his

illness or for his "cold." This is all very simple.

Now, as a matter of fact the term cold as ordinarily understood as an

ailment, or even as a cause for an ailment, has practically gone out of use

among physicians themselves, and the word is seldom seen in the best

medical literature of today.

But let us return to the popular use of the term. Colds in the human

body have a most varied form of manifestation. A cold in the head is

perhaps the most common. We often hear of colds settling in certain

parts of the body or of traveling about from one organ to another. A
cold which begins in the nose may travel down into the lungs or down

the alimentary tract. Affections Avith different names maj' follow, such as

catarrh, or tonsilitis, bronchitis or pneumonia, or congestion of the stom-

ach or liver or kidneys; we also hear of colds m the eyes and ears.

Now a "cold" in the sense of a bodily ailment is by many of us in-

timately connected with cold in the physical sense, that is, the absence of

heat or a lessened amount of heat in the atmosphere. An ingenious ex-

planation that I once heard was this: A sudden alternation of heat and

cold acts on the mucous membrane as it does on glass—it causes it to

crack, and then disease results. This would be a simple explanation why
Indiana, with its great and sudden variations in temperature, is un-

healthy.

Now, this sounds plausible, and yet we are told by arctic explorers

that they are singularly free from colds—and acute respiratory affections

generally—while in the far north, notwithstanding that they go from

their warm huts or cabins out into the intense arctic cold, where the

contrast is much greater than any changes in Indiana. It would seem

that if a cracking of mucous membranes takes place at all it would cer-

tainly take place there, and disease result.

It is a common observation that colds are most prevalent among us

during the cold season, and so we naturally associate cold with "colds,"
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yet explorers tell us that 'colds'' are practically unknown in the far north

—there must need be some other explanation.

Our domestic animals with an anatomy and physiology closely re-

sembling our own are not subject, at least to any extent, to diseases of

the respiratory tract or to colds.

If our State is mihealthy, I believe we must look elsewhere than to the

climate to account for the prevalence of respiratory diseases, and espec-

ially colds. The old pioneers and the farmers at the present time living

in thinly-settled districts do not complain of the climate; they have been

and are healthy.

The use of natural gas and overheated rooms is a fruitful cause of

colds, we are told. Fires burn day and night and dry out the atmos-

phere, and this causes the respiratory mucous membranes to become dry

and inflamed. This sounds reasonable, but, Ave may ask, why do not the

inhabitants of dry, arid plains or deserts—with an exceedingly hot and dry

atmosphere, exceeding that of our rooms—why do they not suffer from

inflammations and colds? The Bedouins are said to have such delicate or

sensitive mucous membranes that they can not bear the odor of a city;

however, at times of windstorms they get nose and throat full of sand and

dust and yet they are none the worse the day after.

Physicists tell us that the amount of moisture the air is capable of

holding depends on its temperatui-e; the higher the temperature the more

moisture it can hold. A very cold air may be a very dry air which may

take up considerable moisture on coming in contact with the respiratory

membranes—yet it is known that in an otherwise pure atmosphere no

harm results. On the other hand, a hot, dry desert atmosphere may take

up considerable moisture from these membranes, and this is readily sup-

plied as long as tlie body contains sufticient fluid or where there is no ex-

cessive thirst. We see practically the same conditions in an iron

foundry or rolling mill. In this excessively hot atmosphere the respira-

tory membranes of the men may suffer very little because they give off

the fluid so freely supplied the body as drink. Membranes keep them-

selves moist in a dry atmosphere just as the skin keeps itself moist. As

a matter of fact, the amount of moisture or the dryness of the air has

nothing to do with the production of colds—other things being equal.

A variation of this hot-air and dry-room theory is that it is necessary

to come in contact Avith the outer i-aw air before inflammation results;

that this iirst brings on a congestion and this in turn is followed by the
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inflammation or the cold. We may also he told that improper clothing

plays an important part; that we either bundle up too much or that we
do not dress warmly enough. Some persons account for their colds by the

underwear used, Loth as regards material and texture.

Now, it is well known that individuals who in town are subject to

colds will be free from them on going to the wild woods. The experience

of hunters far away from civilization is of interest in this connection;

they will undergo all sorts of hardships and exposures, get wet and cold,

leave their little cabin witli its red hot stove and step out into the cold

winter air and bade again, and yet they do not take cold.

Taking it all in all, it would seem that we will have to look elseAvhere

than to exposure to physical cold for the pi'oduction of the affection we
know as a "cold." It is not to be denied that we do take colds after an

exposure, as we all know from experience, but there must be some other

factor involved. Indeed, long ago that patient scientist and philosopher,

Benjamin Fi'anklin, arrived at this conclusion. In his autobiography are

recorded a number of observations that he made on colds, and he came to

the conclusion that simple exposure to cold was not a sufficient cause.

What this something, this unknown factor, is he did not know—in fact we

are just beginning to find out. I am almost inclined to believe that if

Ben Franklin had been a physician or had had the education of a physi-

cian we would have known long ago.

Now, we have been using the term "a cold" without any real definition

of its meeting; we assumed that everybody knows what a cold is, but as a

matter of fact there is a whole list of words used by the laity in a loose

way which all stand for the same thing. A cough or a running nose,

headache, sore throat, catarrhal affections, tonsilitis, stiff neck, pleurisy,

rheumatism, neuralgia, lumbago, gout, fever, malaria, inflammation or

soreness of the kidneys and so forth, are either synonyms for a cold or

are said to be due to cold or that a cold has settled in some particular part

of the body.

For instance, the significance or meaning of the term malaria as ordi-

narily used may at first sight seem obscure, but it is very frequently used

in those cases of "cold" where there is considerable fever and perhaps

some chills. As a matter of fact, real malarial fever is a comparatively

rare disease and is practically absent during the winter months. It can

be definitely diagnosed by an examination of the blood, and cases usually

require active medication, that is, the use of some autiperiodic like
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quinine, before recovery talies place. Self-diagnosed cases of "malaria,"

that is "colds," usually get well in a short time, and without the use of

large doses of quinine.

Popular medical terms are used in a very loose way and physicians

using them among each other are constantly compelled to define them or

explain just what is meant—and we all know of the proverbial doctors'

quarrel.

Now, if a phj-sician speaking before a medical society or in writing

for a first-class medical journal used the term "a cold" and had to give a

definition he likely would find it a difficult task. Perhaps on examining

the underlying facts we may arrive at some definite conclusions and per-

haps be able to make a definition. It would likely be something after

this fashion: A cold is the reaction of the body toward some irritant or

infective matter, the amount of reaction depending on the amount of this

matter and its localization in the body; the reaction may be general or

local; it differs from the specific fevers by its history.

During a cold some iiTitant substance is in the body. This irritant

may differ in different forms of cold. The inhalation of certain gases or

chemicals or vegetable substances may be followed by a transient cold.

Some forms are regarded as due to the inhalation of pollen, as rose cold

and hay fever; other forms occur in diseases like measles, scarlet fever

and the lilve. A common cold differs from these special forms by its

history.

As to causes: "Getting chilled" or "overheated," or "getting the feet

wet" are not real causes of common colds—they are regarded as simply

exciting causes or of opening up the avenues for the real cause. They

stand in about the same relation as the plowing of the field does to the

sowing of the seed—you can plow and harrow and prepare the ground as

much as j-ou please, but no crop will follow unless you seed the prepared

gi'ound. A "cold" will not follow an exposure to cold in the physical

sense unless the seeds are present—and this is why arctic explorers are

free from colds. Moreover, we know from experience that we can catch

a cold in the hot summer days as well as in the winter time.

This brings up the question: Where do we get the seed of a cold?

As elsewhere, we get the seed from a previous crop. We get our colds

from persons who have colds especially that aggravating form of cold

known as catarrh.
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dust we inhale, is tlie answer.

A short time ago we spolie of infective matter; this infective matter is

the seed, placed in the dust by persons who have colds.

Now, this is all theory, some will exclaim. Let us admit it is a theory.

Now, a theory is of value if it explains phenomena and in proportion as it

explains it liecomes a true theory; moreover, a Avorking theory has value

in enabling us to predict.

Let me cite a few instances or examples and see how this infective

dust theory, if you choose to call it so, woi-ks out.

Men who in towns are constantly nttiicted with colds and catarrhs,

with pains and aches in the joints, and with headaches, are often singu-

larly free from these complaints while in the country for an extended

period. It is true that mode of life has something to do with this; the

exercise, the plain food, etc., all contribute to their well-being, but one

factor stands out aliove all others—the pure atmosphere with the absence

of infective dust.

It has long been noticed by those susceptible to colds that a cold often

follows a ride on the railway, and it is usually ascribed to some draught

—

to some open window or door. In reality it is due to the highly con-

taminated air of the car—the aisles at times resemble in filthiness the

habitation of some domestic animal.

Since interurban cars have come into use a new phase of this question

of railway colds, so to speak, has developed. ' The open car furnishes an

abundance of fresh air while the closed one in the Aviuter season may not

differ greatly from the steam road cars in regard to the polluted atmos-

phere. Svisceptible persons have often been puzzled hoAV they catch cold

0:1 a closed car on a comparatively warm day and do not catch cold in an

open car on a cold, raAv day, saj- in the fall Isefore the open cars are taken

off. The one is all di aught and the other has practically no draught. The

discerning individual will readily see that the air of one is pure, while

tliat of the other is not.

Individual susceptibility of ( ourse varies greatly. Some persons seem

almost immune, or succumb only after an unusual exposure; the attack

itself may be slight or severe.

Some men habitually employed in situations with infected dust seem

almost immune. Railroad passenger conductors are usually the picture

of health. This is easily explained: it is simply the action of the law of
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the survival of the fittest. The managers of our railways are careful

vs'liom they employ and still more careful whom they advance. A con-

ductor reaches his position by successive advancements, or the man best

suited to the position gets the place. A consumptive conductor or one

with a red, inflamed nose or watery eyes, or subject to chronic hoarse-

ness, is almost an anomaly on our large railways—if such a man did not

resign of his own accord because of his inability to adapt himself to f.ie

conditions, it certainly Avould not take long until the management "lired"

him.

This weeding out process plays a most important part throughout life.

The most susceptible perish early; long lived individuals are found mainly

in thinly settled regions. It is often said of the backwood mountaineers

of some of our Southern States that they do not die; they simply wither

up of old age.

It is not to be understood that everybody is susceptible to dust infec-

tions; as in all other diseases, there are always some persons who escape,

or who are attacked so slightly at the time of the prevalence of an

epidemic that Ave can scarcely consider them affected. On the other hand,

some individuals ctimplain severely after each exposure, after a railway

journey, or after the prevalence of a windstorm or after attending a

crowded hall with poor ventilation, in fact any idace where the atmos-

phere is contaminated. The cold may show itself the same day or not for

several Aveeks, as in the case of pleurisy. With many persons about who

are infected, the chance of becoming infected is of course greater.

The habit of SAveeping and dusting a closed room AA'hile persons are

compelled to be in it is a most reprehensible one—the dust stirred into the

air irritates the respiratory mucous membranes, to say the least, and the

feather duster is a fruitful source of coughs and colds; it is too often

brought into action to dust the seats and furniture in a room or hall just

prior to the arrival of an audience.* The accumulated dust of a Aveek or

more may be suspended in the air ready for inhalation, and we think little

about it, although a thick layer of dust on a chair we are about to occupy

strongly attracts our attention, and yet it is intinitely worse to inhale the

dust than it is to get it on our clothing. It is evident that this stirred up

'"Note.—To my certain knowledge this very thing occurred in the room where the Acad-
emy met ; dust which lay thickly on the chairs was stirred up with a feather duster half an
hour before we met. The amount of coughing and sneezing at the time this paper was
read was so noticeable that the newspapers called attention to it.
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dust is redeposited on our respiratory mucous membranes and only too

often with evil results.

I have had many persons under observation who are subject to this

dust infection, and where the source of their cold could be readily traced,

and who, moreover, suffered less after it was explained to them how they

catch cold—and in proportion as they have been able to avoid the inhala-

tion of an infected dust atmosphere they have found the climate of Indi-

ana a healthy one.

City and town people are, of course, the worst sufferers, and a seden-

tary life with a body habitually overloaded with food and waste products

is a contributing factor—such a life places the body at a disadvantage in

warding off or in resisting disease. Colds, moreover, often allow the

entrance and spread of other diseases. We can frequently trace a dan-

gerous disease back to the time of a "cold."

The subject is a serious one. According to the recent report of the

Indiana State Board of Health last year, a total of 7,607 persons found

their death breathing dust-laden air. Indeed, if the whole truth were

known the total number would be even greatei*. The number of persons

who are simply afifected, made sick, and who do not die from the attacks

of cold and diseases traceable to colds, is an extremely large one.

The experience of arctic explorers in the far north has already been

referred to. Although severely exposed to cold, thej^ are free from colds,

and now it should be added that the moment they return to civilization

they suffer most acutely.

We might be tempted to ask: Are "colds" a product of civilization?

It would seem so. Civilized countries, however, differ greatly in the

prevalence of colds and catarrhs and a host of infections due to infected

dust—a number of which have already been mentioned. The Inhabitants

of many European countries suffer but little; inhabitants of the United

States suffer greatly, and in our State colds and catarrhs are almost uni-

versal. I believe it was Charles Dickens who remarked about the accu-

rate aim of the American in spitting, and travelers from the old world are

amazed at the condition of our sidewalks and floors of public halls and

railway coaches.

How far do we have to go to find the cause for the so-called un-

healthy condition of Indiana It would seem that if our State is un-

healthy, man himself has made it so.
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I might stop here, but I am inclined to think that some one will

say that the term "infective dust" is rather vague. A pathologist or

bacteriologist would demand something more definite. He will likely

call our attention to the little bits of yellowish or greenish matter

which we so frequently spit up and which is coughed up in large quan-

tities by persons severely afflicted with inflammation of the respiratory

tract. He will tell us that this matter is made up mainly of white cells

from the blood which have been killed off in the struggle with this

so-called infective matter, and he will mention a lot of big names that

are Greek to 999 in every 1,000 persons.

Now, I have purposely refrained from making use of the term mi-

crobe. A wise sanitarian has said that as long as you speak of infective

matter you come in for very little criticism, but the moment you men-

tion microbes the newspapers jump on you and ridicule the idea that

dust is dangerous or that it is dangerous to spit whenever and wherever

we choose. The newspapers are great factors in disseminating useful

knowledge, and if they will not speak ill of infected dust bvit will

antagonize any statements based on microbes, it seems to me that we

would best stop and let the bacteriologist continue the discussion.

A Method of Determining the Absolute Dilation of Mercury,

By Aethur L. Foley.

(By title.)





What Bacteriology Has Done for Sanitary Science.

By Severance Bukbage.

Sanitation, the science of disease prevention, has been practiced vari-

ously and in varying degrees from time immemorial; but it was of

little importance and remained in comparative obscurity and impotence

until the birth of bacteriology in the latter part of the nineteenth cen-

tury. The establishment of this new science by Robert Koch in ISSl

marlvcd a most important epoch in the history and practice of preventive

medicine. Sanitation at once became transformed from a puny, uncer-

tain, "hit or miss"' science into one of the most iaiportant factors in

modern civilization. The causes of many diseases being positively

knoAvn. The possible causes of many others being inferred, the sani-

tarian had the most important key in his possession for the prevention

of those diseases. In other words, he became much better fitted to

practice his profession. Furthermore, each separate branch of sanitary

science has received from the bacteriologist definite knowledge which

has made it far more exact and practical, and correspondingly more

efficient.

Take for example the subject of disinfection. This science in various

forms has been practiced for many centuries. Ovid states with regard

to it. that sulphur was used by the shepherd of his time for purifying

wool from contagious diseases. At the time of Hippocrates sulphur

was used as a preventive against plague. While good results were often

obtained by pursuing these and other such practices, the exact reasons

for the results were not imderstood. Today, however, the bacteriolo-

gists have shown by exhaustive and conclusive experiments that certain

specific disease germs are destroyed by certain disinfectants under cer-

tain conditions. They have also shown that the spores of certain bacteria

will not be killed liy the same processes which destroy the vegetative

forms of the same species. Thus they are able to tell us that some

of the ancient practices were entirely useless, others were quite unneces-

sary, while still others were very efficient.

More than 400 years B. C, Hippocrates advised that all polluted

water should be boiled and filtered before being used for drinking pur-
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poses. Today we know what constitutes dangerous pollution, and the

bacteriologist tells us precisely Avhat the processes of boiling and filtering

do to this pollution in the water. He can very readily detect a polluted

water by analysis, and aside from showing the presence of pathogenic

bacteria, he can show the presence as Avell of those bacteria which come

only from sewage. Along this same line bacteriology is indispensable

to the sanitary scientist in testing the efficiency of water filters, both

large and small. In the matter of sewage disposal, he has shown the

effects of the soil bacteria in destroying the infectious material in filth

which is spread over the surface of the ground, or upon filter beds;

and again, in the putrefying action in the septic tank, he has shown

an efficient purification.

It is now known through the researches of the bacteriologists that

the ti'phoid bacillus and other pathogenic bacteria can and do resist

the freezing temperatures for many weeks. Hence the freezing of water

does not necessarily purify it of all of its disease-producing agencies.

It has been shown that the changes which occur in milk are wholly

due to bacteria. Hence the bacteriologist has pointed out the necessity

of bacteriological cleanliness in and about the dairies. Oftentimes dis-

ease germs may be found in the milk, pointing to the need of inspection

of daii'ies and the careful supervision of our public milk supplies.

Putrefactive changes in meat and oth(?r foods, due to bacterial

growths, result oftentimes in the production of ptomaines. Therefore

care should be exercised in the sale of meat and other foods. Fruits

and vegetables are known to harbor germs on their outer skins, and,

when handled by infected persons, may result in spreading disease.

Undoubtedly this is the source of many so-called sporadic cases of

disease. Experiments have shown that the typhoid bacillus may remain

alive in the stomach of the living oyster for several weeks. Serious

epidemics of typhoid fever have been spread through the agency of

oysters which were fattened in sewage polluted waters.

The masterly researches of Pasteur, Tyndall and Lister resulted

in the protection of wounds from infection, and made it possible to

undertake previously impossible surgical operations. They simply proved

the presence of germs in the dust of the air, and showed the necessity

of keeping this germ-bearing dust away from the vicinity of the oper-

ating table.
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Bacteriology assists materially in tlie prompt diagnosis of many

of the contagious diseases, such as diphtheria and tuberculosis, making

early isolation and quarantine possible.

The old idea that consumption was a constitutional disease has been

exploded. Dr. Koch, in 1882, declared this to be a germ disease. Expe-

rience has shown that there are as many as two million bacteria in

a single expectoration. It is undoubtedly through the medium of the

sputum that most of the consumption is spread, and these facts point

out the necessity and importance of precautionary measures.

There have been many recent discoveries made by bacteriologists

showing that certain diseases are due, not to bacteria, but to animal

parasites, protozoa. There are many cases in which these animal par-

asites appear to be carried through the agencj' of insects. An example

of this is the carrying of malaria germs by the mosquito. This has led

the sanitarian to make important crusades against the mosquito, de-

stroying their breeding places, and in this way checking a spread of

the disease.

Experiments with the common house fly have shown that these in-

sects carry infected material on their legs and probosces. Hence the

need of disinfecting all germ-bearing material which may come within

the reach of the fly. Also the destruction of their breeding places so

as to reduce as far as possible the numbers of these insects.

The discovery of antitoxic serums, the direct or indirect products of

bacterial action and growth, have been a great advance in bacteriology

and medicine, not only for the curing of disease, but, more important,

for protection against disease as well. The use of protective serums

is now in its infancy, and I look forward to the time when the bac-

teriologist shall have discovered or manufactured, with the assistance

of the bacteria, a serum or mixture of serums with which we may

be inoculated, and thereby protected against all diseases, perhaps through-

out life. That would indeed be a great factor in preventive medicine.

These facts show briefly the great and incalculable assistanc;e given

to sanitary science by one of the youngest of the many "ologies." That

the sanitary scientists have taken advantage of this aid is evidenced by

the attention which they everywhere receive, and the importance which

is now attached to their dictum and doings. They can now compel

legislation to enforce safeguards against disease, and it is a benighted
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comuiiuiity that does not respect these measures. These measures pro-

tect the state, municipality and the home; they affect schoolhouses,

public buildings, foods, and street cleaning; in fact, there is hardly a

phase of social or industrial life that is not reached by the arm of

sanitary precautions. Further evidence is shown by a study of vital

statistics during the past fifty ye/irs, wherein may be seen a marked

reduction in the deaths from all preventable diseases. All of this has

come about, and much more is yet to come, I believe, through this re-

naissance period in the science of sanitation, marked by the estab-

lishment of the germ theory of disease and the birth of bacteriology.

Fiom that time the bacteriolcgist and the sanitarian have marched hand

in hand in their grand fight against disease and death.
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On the Use of Xickkl in the Coke of the Marconi

Magnetic Coherer.

By Arthur L. Foley.

Tlie luaguetic detector of electric waves, descrilted and used by

IMarcoiii,* consisted of a "core or rod of thin iron wires on which were

wound one or two hayers of thin insulated copper wire. Uver this

winding insulating material was placed, and over this again, another

longer winding of thin copper wire contained in a narrow bobbin."

One terminal of the inside M'inding was connected to earth, the other

to an elevated conductor. The ends of the outside winding were con-

nected to a telephone. A horseshoe magnet, suitablj' placed, was moved

by clockwork so as to cause a continuous change or successive reversals

or the magnetism of the iron core. Electric oscillations of suitable

period appeared to reduce the effects of magnetic hysteresis, hence the

magnetism of the iron core increased or decreased suddenly with each

spark of the transmitter, inducing a current in the outer winding con-

nected to the telephone. Marconi had (..Tune, 1UU2) used this apparatus

for some months in the reception of wireless telegraph messages over

a distance of l.i^ nnles, and with less power employed at the transmit-

ting station than would have been required had he used a reliable coherer

instead of the magnetic detector.

Marconi noticed that "the signals in the telephone are weakest when

the poles of the rotating magnet have just passed the core and are

increasing their distance from it, whilst they are strongest when the

magnet poles are approaching the core." To obtain more definite results

on this point I arranged to use a ballistic galvanometer instead of a

telephone, and to take readings for various determined positions of

the magnet and core.

The core, which was 5 cm. long, consisted of twenty-six pieces of

annealed piano wire, .003 cm. in diameter. Over this was wound a

single layer of two hundred turns of silk insulated copper wire No. 3G,

giving a total diameter of core and coil of approximately .4 cm. One

end of the coil was connected to a vertical wire 200 cm. long; the other

end was put to earth.

"Note "n a .Magnitie Detector of Electric Waves. Uj- G. Marconi, Proceedings of tho
Royal Society, Vol. LXX, Nu. MV.',, July 29, 1902,

C— A. OF SciKXCK. '03.
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The outer or secondary coil, consisting of one thousand turns of

No. 30 wire, was wound on a wooden spool of such dimensions that

the coil itself was 1.7 cm. long and .0 cm. in diameter (inside). The

terminals of this coil were connected to a Rowland D'Arsonval galvanom-

eter through a key arranged to short-circuit the galvanometer after

each throw of the needle. This brought the needle to rest very quickly,

and permitted the position of the magnet to be changed without affect-

ing the galvanometer.

The induction coil (one inch) of the transmitter Avas operated by

a storage cell and was adjusted to give a 2 mm. spark between two'

small brass spheres, one connected to a vertical wire 200 cm. long,

the other to earth. The distance between the transmitter and receiver

was varied from two meters to twenty meters. The results given iu

this paper were obtained when the distance was made five meters.

No effort was made to "tune" the circuits.

The magnet was made from a bar of steel 1.6 cm. square and 3.7

cm. long, bent so as to malie a horseshoe magnet about 16 cm. long with,

parallel legs 4.8 cm. apart. The primary and secondary coils were

fastened in place on a board grooved and graduated so that the magnet

could be slid back and forth in the same horizontal plane with, and

in a direction at right angles to, the iron core, and placed at any desired

distance from it. The graduations extended from to 12 cm., zero

distance corresponding to contact between the ends of the magnet and

the core.

To get a reading the galvanometer was first short-circuited and

the magnet placed in position. The sliort circuit was then broken,

the transmitter operated as long as the deflection of the needle w^as

increasing, and the throw observed.

Table I gives the throws of the galvanometer for the given distances

between the magnet and core.

A. When the magnet is placed 10 cm. from the core and moved
one space nearer eacli successive reading.

B. When the magnet is placed in contact with the core and is

moved one space farther fiom it each reading.

C. When the magnet is removed some distance after each reading

and the transmitter operated before the magnet is placed in position

for another reading.

D. When the magnet is turned over (tlie field reversed) between
readings.
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TABLE I.

Distance.
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upon both the distance and direction of motion of tlie moving magnet.

Wlien tlie magnet is near tlie core the detector is more sensitive wlien

the magnet is approacliing. but when some distance from the core the

detector is more sensitive wlien the magnet is receding. Both curves

indicate a maximum of sensitiveness at a distance from the core, the

distance being less when, the magnet is approaching than when receding.

Removing the magnet and operating the transmitter tended to de-

magnetize the core. Then when the magnet was placed in position and

the transmitter again operated, as in Curve C, there was a relatively

greater change in the magnetism of the core than was obtained under

the conditions of Curves A and B. Hence the deflections in column

C are .greater than those in A or B. It is evident that the relative

change in the magnetization of the core would be greater still where

the magnetic field is reversed after each reading, as in Curve D.

Since nickel is more susceptible than iron in weak magnetic fields,

and less susceptible in strong fields, it occurred to the writer that

a more uniform sensibility for varying distances between the moving-

magnet and core might be obtained by making the core of nickel.

Four cores were made, each one being 5 cm. long, approximately .4

cm. in diameter, and being wound with two hundred turns of No.

36 copper wire.

Core 1 consisted of 26 pieces of piano wire, .003 cm. in diameter.

Core 2 of 10 pieces of piano wire and 10 pieces of nickel wire, .082

cm. in diameter.

Core 3 of 2 pieces of piano wire and 13 pieces of nickel wire.

Core 4 of 14 pieces of nickel wire.

Table II gives the deflections at various distances between the-

magnet and each of the four cores, the magnet being moved one space

at a time and having its poles reversed after each reading. The data,

for three of the cores is plotted in Fig. 2.



TABLE II.

Distance.
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to expectations, however, the sensitiveness with the niclcel core ap-

peared to be the greater in strong fields and with the iron core in

weali fields. Both showed a maximum of sensitiveness at a short dis-

tance from the magnet, the maximum for nickel being the farther re-

moved. The nickel core proved to be more sensitive than the iron

core for distances up to 2.5 cm.

When the detector was worked with the mixed core of iron and

nickel wires the deflections of the galvanometer increased as the magnet

approached the core, even up to the point of contact. The curve (Fe

& Ni, Fig. 2) lies above the Fe curve at all points and above the Ni

curve at most points, showing that a mixed core consisting of annealed

piano wire and hard-drawn nickel wire produced a more sensitive de-

tector than was obtained bj' using a core of piano wire only.

The detector gave small deflections of the galvanometer when I

used an antimony core; also when I used a core of iron filings contained

in a thin-walled glass tube. In both cases deflections were obtained

only when the magnet was near the core. A core of bismuth gave

no deflection.

It is probable that the form of the curve of Figs. 1 and 2 depends

upon other points than those considered in this paper, as for instance,

the frequency and intensity of the oscillations sent out by the trans-

mitter and the annealing of the steel wires used in the core.

Since electric oscillations appear to "have the power of reducing

the effects of magnetic hA'steresis," it has occurred to the writer to test

their effect upon the hysteresis loss of transformers, armatures, etc.

Some experimental work on this subject has been done, but I am
not yet ready to announce results.

Physics Laboratory of Indiana University, April, 1903.
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The Edison Effect in a " Hylo '" Lamp.

By Arthuk L. Foley.

The figure is a cTiagram of a "Hj^lo" turu-down incandescent lamp

in which N and s represent (when the current is in the direction indi-

cated) the north and south ends respectively of the 16 c.p. filament

(F) and the 1 c.p. filament (f), the former consisting of two and

the latter of three turns. Whatever be the direction of the current the

filament coils are of opposite polarity, the potential difference between

legs 3 and 4 is small, and that between legs 1 and 4 a maximum.

When f is burning F is in series with it, but the current is insufiicient

to render the latter luminous. When F is burning f is short-circuited,

but has the same potential as leg 4 of F.

P

Let P and P' be points on the globe at the ends of a diameter

through the plane of the filaments, and NS and sn be points ' on the

globe where the axes of the filaments F and f meet it. At P there

is a deposit from one to two cm. wide, while the globe is perfectly

clear on either side. At P' the conditions are exactly reversed, the

central region being dark with clear glass on each side. At n, also

at s, there is a small circular deposit about half the area of a turn
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of f. This deposit is surromidetl l)y another in the furni of a ring about

1 tm. Avide and 2 cm. in diameter, the ring being oi)en next the base

of the lamp. Between the central deposit and tlie ring the glass is

clear. There is no deposit within 2 cm. of the base of the lamp, and

very little on the crown.

The theory of molecular shadows and the Edison Effect, so thor-

oughly worked out by Fleming* and others, explains the general char-

acter of the deposit, but seems to fail to explain the definiteness of

it. In general the deposit is of uniform density and quite dark, while

the clear places are perfectly clear, the line of separation being as

definite as if the deposit had been laid on with a brush.

The weak magnetic teld of the small filament was sufficient to

concentrate the deposit at the ends of its axes, leaving certain regions

perfectly clear. It seems that it should be possible to keep clear any

desired part of the wall of a vacuum tube.

The peculiarity of the deposit above described was noticed but a

few weeks since, hence the incompleteness of this investigation. An

attempt to age a number of similar lamps by running at an excessive

voltage resulted in a practically uniform deposit.

"'.Molecular Shadows in Incandescent Lamps. Philofophical Magazine, Vol. 20, 1885.

A Further Examination of the Edison Effect in Glow Lamps. Philosophical Magazine,

Vol.42, 1896.
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On the Use of Manganese Dioxide in the Generation of

Oxygen from Potassium Chlorate.

By R. R. Ramsey.

The statement is sometimes made in texts on chemistry that the

part played by manganese dioxide in the generation of oxygen from

potassium chlorate is one of conduction only, that any other oxide, or

ordinary sand, which would come in intimate contact with the potas-

sium chlorate, would do as well. Since the black oxide, although not

expensive, is more expensive than sand, the use of sand would to

some extent diminish the cost of oxygen when generated from potas-

sium chlorate.

To test this point Prof. Foley and the writer, at the suggestion

of the former, made the experiments as described below.

The potassium chlorate, mixed with a detinite proportion of blacR

oxide or other material, was placed in an ordinar.v sheet-iron generating

retort which was heated with a large Bunsen burner. The oxygen

was led through a lead pipe coiled inside a calorimeter. From the

calorimeter it passed through an experimental gas meter' reading to

10 c.c. By this means the total volume of oxygen generated and th>^

generating rate could be determined directly, and from the rise of tem-

perature of the contents of the calorimeter the approximate temperature

of the gas could be determined. Experiments were made with man-

ganese dioxide, pow.dered silica, sand, and Venetian red.* In no case

except with the manganese dioxide, did the amount of gas given off

compare with that computed from the chemical formula. In fact the

rate of generating, when using sulistances other than manganese dioxide,

was so slow that calorimetric determinations could not be made. Th*^

following table Avill give a general view of the results:

*Equal parts iron oxiJe .ind cTleium sulphate.
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Sulistance. KCI03 |Genera'ing
Time.

Volume.

Observed. Calculated.

SOgins.MnOa ..

200 "

186 " Silica .

500 '• Sand ..

120 " MnOz..

65 Venetian red

250 gms.

1000 "

930
"

500
"

600
"

325
"

8 min.

18.5 "

24 "

20 "

11 "

25 "

73 Liters.

257
"

56
"

16.7
"

137.5
"

21.9 "

74.4

296.5

273

147.5

177.5

97.6

22°

18

19

21

21

25

Gas lost.

Exploded.

Gas lost.

The fii'st column gives the amount and name of substance used;

2d, amount of potassium chlorate; 3d, duration of the experiment in min-

utes; 4th, the volume of gas liberated as shown by the gas meter; 5th,

volume of gas as calculated from mass of potassium chlorate and tem-

perature and pi-essure of gas in the meter; 6th, temperature of gas in

meter.

In the third experiment with powdered silica heat was applied stead-

ily for twenty-four minutes until suddenly the delivery tube connecting

the retort to the calorimeter was blown off and a stream of blazing

molten silica was shot a distance of iifteen feet across the room. Upon

cleaning the retort it was found that the mass of chlorate and silica

had been in a foaming semi-fluid condition filling the entire retort and

forcing itself through the delivery tube. In the case of sand (from

the shore of Lalie Michigan) heat was applied for twenty minutes with

a very small amount of oxygen given off. In every case with manganese

dioxide the gas had been entirely driven off in a shorter time with

a flame greatly reduced from the normal. In fact a considerable amount

of gas bubbled through the meter owing to the rapid rate of generation.

With Venetian red a very small amount of oxygen was obtained, al-

though the temperature was raised to the point where the entire mass

was fused. Subsequent experiments performed in a test tube showed

the temperature of fusion to exceed 360° C, while the temperature

at which oxygen is liberated from the manganese dioxide mixture as

shown by Mahin [Proc. Ind. Acad. Sci., P. 170, 1002] does not exceed

180° C. Calorimetric computations and direct observation in test tubes

show the temperature of the gas to be from 65° to 100° C. It would

«eem that there is a lowering of temperature at liberation analagous
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to the fall of temperature when water vapor is driven from a salt

solution.

In conclusion, it seems that manganese dioxide serves for more than

a distributer of heat, that it has a catalytic effect upon the potassium

chlorate, permitting the oxygen to be liberated at a much lower tem-

perature than when potassium chlorate is used alone. Powdered silica,

sand, and Venetian red do not produce this effect, at least not to the

same extent, at low temperatures, as black oxide of manganese.
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Double Salts in Solution.

By p. N. Evaxs.

In a paper presented to this Academy four years ago, the author

<'alled attention to numerous apparent exceptions to the rule that an

electrolyte is less soluble in a solution of another electrolyte with an

ion in common with the first than in water alone. The evidence presented

at that time was that many saturated solutions fail to give precipitates

on addition of second electrolytes having ions in common Avith those

already in the solutions.

Since that time some of the cases then noted have been further

investigated, and it has been proved, as then suspected, that in these

-cases the electrolyte is more instead of less soluble in a solution of

a second electrolyte with a common ion than in water alone.

The substances chosen were lead chloride and nitrate, and l)arium

•chloride and nitrate. The method of investigation was the determi-

Jiation of the solubility at zero centigrade of one compound in solutions

of the other of varying concentrations up to saturation, one hundred

cubic centimeters of the solution being used in each case for analysis.

Lead chloride was estimated l)y determining chlorine in the solution

volumetrically, beginning with pure water and ending with a saturated

solution of lead nitrate, after saturating with lead chloride. It was

found that the solubility of the chloride increased with the concen-

tration of the nitrate, the ciu-ve being a straight line within the limits

-of experimental error. The solubility of lead chloride in water was

found to be 0.5420 grams in one hundred cubic centimeters of the solu-

tion; in saturated lead nitrate solution, 1.83 grams.

The solubility of lead nitrate in solutions of lead chloride was not

determined, on account of the very limited solubility of the latter.

Barium chloride was estimated by determiifing chlorine in the solu-

tion. It was found in this case also that the solubility of the chloride

increased with the concentration of the nitrate, the curve again being

a straight line. The solubility of barium chloride in Avater was found

to be 33.89 grams in one hundred cubic centimeters of the solution:

in saturated barium nitrate solution, 37.42 grams.
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Barium nitrate was estimated by determining barium in the pure

water solution, barium and chlorine in the solutions containing chloride,

and considering the excess of barium over chlorine to be present as

nitrate. Again the curve was a straight line, showing an increasing

solubility of nitrate with higher concentrations of chloride. The solu-

bility of barium chloride (anhydrous) in water was found to be 5.11

grams in one hundred cubic centimeters of the solution; in saturated

barium chloride solution, 9.38 grams.

These results all agree with the assumption that double salts are

formed when these salts are mixed in solution, as lead chloride-nitrate

and barium chloride-nitrate.

A single instance of this kind has been noticed by other observers,

potassium nitrate and lead nitrate by LeBlanc and Noyes. In this

Instance it is interesting to note that the common ion is the anion, while

in the new cases here presented it is the kathion.

These exceptions to the general rule are apparently not uncommon

and deserve more consideration in the text-books on physical chemistry,

where they are rarely mentioned at all.

In conclusion, the author desires to express his appreciation of the

careful experimental work performed by Mr. R. W. Duncan, B.S.,

at that time a student in Purdue University.

Lafayette, Indiana, December, 1903.
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Ionic Friction.

By p. N. Ea^ans.

The velocity of a moving body is proportional to tlie impelling force

and inversely proportional to the resistance offered by the surroundings.

In the case of dissolved particles moving through a solution the resist-

ance Is of the nature of friction.

The movement of ions through solutions may be observed in the

diffusion of dissolved electrolytes from positions of higher to those of

lower concentrations, and also in the migrations of the ions during

the electrolysis of solutions. The impelling force in the first case is

the osmotic pressure; in the second, electric tension. The resistance

in both cases is the friction against the other particles—mostly those

•of the solvent. That this resistance or friction is enormous is seen

in the force necessary to overcome it—three hundred and two million

kilograms will move a gram of hydrogen ions in water with a velocity

of one centimeter per second.

It has been observed that the addition of a non-electrolyte to a

solution of an electrolyte increases the resistance to the passage of the

electric current. This might be due to either or both of two causes—the

number of ions or carriers of the current might be diminished by the

non-electrolyte's causing a partial deionizatiou of the electrolyte, or the

I'esistauce of the solution to the migration of the ions—the ionic fric-

tion—might be increased. The second of these two hypotheses has been

shown to be the correct one when only moderate quantities of the non-

electrolyte are added, though the first also becomes appreciable with

larger quantities.

The lines of reasoning and experiment leading to this conclusion have

been of two kinds. First, the degree of ionization of the electrolyte

in pure water and in water containing the non-electrolyte was deter-

mined in the usual way, based on the conductivity at some definite

concentration compared with that at infinite dilution and found to be

the same when moderate quantities of the non-electrolyte were present.

Second, the increase in the resistance to the passage of the electric
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current and to the movement of ions by diffusion due to osmotic pressure-

has been found to be approximately proportional to the increase in in-

ternal friction measured by the rate of flow through a capillary, indi-

cating fi'iction as the immediate cause.

The purpose of the investigation here reported was to attack the

problem by a method not hitherto used apparently in this connection.

The freezing point method was employed, and the solutions examined

were those of hydrochloric acid and sucrose. The freezing points deter-

mined Avere those of water, of twice-normal and twentieth-normal water

solutions of hydrochloric acid, of water solutions of sucrose containing 1,.

5, 10, 25 and 35 grams in 100 cubic centimeters, and of water solutions

of hydrochloric acid and sucrose of corresponding concentrations. Tlie

ordinary Beckmann apparatus was used.

It was found that the lowerings of the freezing point produced by

known weights of acid and sugar mixed in a given quantity of water

was equal to the sum of the lowerings produced by the same weights

of acid and sugar each dissolved separately in the same quantity of

water. This result harmonizes with those found by the other methods

mentioned above in showing no effect of the sugar on the degree of

ionization of the acid, and leading to the conclusion that the increase

in resistance to the current observed in corresponding solutions of hydro-

chloric acid on addition of sugar, was due wholly to an increase in the

friction between the ions and the solutions.

The author desires to express his appreciation of the experinunital

work done by Mr. H. E. Bachtenkircliei', B.S., at that time a student

in Purdue University.

Lafayette. Indiana, Dertmbev. Wm.
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A New Problem in Hydrodynamics with Extraneous

Forces Acting.

By Edwakd Lee Haxcock.

The solution of most problems in liydrodynamics depends upon ilm

proper coml)ination of the equations of motion of the fluid interior of

a given closed surface with the difi"(>renlial eciuatiuii of the surface, or

with tlie e(iuati(ins expressing the Loundary conditions.

Lord Kelvin has shown that the differential equation of the surface

for )ioth compressilile and incompressible fluids has the following form:

u.F'(x) + v.F'(y) -f w.F'(z; + F'(t) =
wliere (t) is a variable parameter of the equation

F (X, y, z, t)=0.

In the ti'catment of problems of the motion of incompressible fluids

in three dimensions, where the surface under discussion is spherical

or nearly so, the usual particular solutions of Laplace's equation

( ^72 -_ )^ such as, zonal, tesseral and spherical harmonics, are

adequate, .since in these cases the velocity-potential satisfies Laplace's

equation. The solution used in any particular case depends upon the

symmetry of the boundary conditions. Where the surface differs much

from the splierical form as in ellipsoids, ellipsoidal harmonics are used.

Problems of this kind have been extensively investigated.

In discussing the anchor ring Mr. "S^'. M. Ilick.s^ has derived modified

forms of the zonal, tesseral and spherical haimunics by means of which

the potential both outside and inside the ring may be completely inves-

tigated. The same problem has been solved by Mr. F. W. Dyson- hj

using elliptic integrals.

The problem is much simplified when the motion takes place in a

single plane, in which case, if the boundary consists of a straight line,

two parallel straight lines, or is rectangular, the velocity-potential may
be expressed as a Fourier's series or a Fourier's integral.

1. Phib Trans. ]893.

2. Phib Trans. 1881, Part III.

7—A. OK SciENcr, '03.
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In other cases there is no direct metliod of procedure. The inverse

process of finding what boundary conditions Avill give Ij^uown solutions

of Laplace's equation is used. Avitli the hope uf finding the desired solu-

tion. The method of images is also applicable to some cases, more

especially perhaps in the case of rotational motion.

For the irrotational motion of a perfect liquid there always exists a

velocity-potential which satisties the equation

The potential o and the rfctaugalar velocities u, v and w may be

found from the given conditio.is, for all points of the interior. The

potential being always least at the boundary the lines of flow and eqlii-

potential lines liegm and end there. This is true whether the motion

is "steaciy" or not arid true, therefore, when the extraneous force is

gravity.

Much woi'k has been done on the motion of many of the regular solids

immersed in a liquid, when acted upon liy a system of impulsive forces

and also by constant forces. The motions of the liquid in the neighl)or-

hood of such solids has also been discussed. Both tidal Avaves and waves

due to local causes have been investigated and their properties discussed

to some extent. The related problem of the effect of high land masses

upon neighlioring bodies of water has been worked out by Professor

R. S. Woodward and others.

Perhaps the most familiar problem of the effect of an extraneous

force upon a body of liquid, is the "Torricelli Theorem" on the efflux of a

liquid fi'om an aperture in the side or bottom of the containing vessel.

There the vessel is kept filled to a constant level the motion becomes

steady making --- ^0, -^— = and -^^^ = 0; and giving the well-known re-
dt dt dt

suit q''^ = 2 gz, where q is the velocity. In case the liquid rotates under

the influence of gravity angular velocity is introduced, giving ~z —= 2w.

Showing that a velocity potential does not exist, and that such motion

could not take place in a perfect liquid.

Cases of motion where no extraneous forces are acting have been com-

pletely worked out by methods of conjugate functions and the theory of

images, iln these cases the lines of flow and equipotential lines are

orthogonal systems of curves, and methods of plotting such are easily

devised. But when extraneous forces are acting these lines no longer
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belong to ortliogoual systems of eiu-A-es and no method has yet lieen de-

vised by means of which tlie lines could he drawn under specified condi-

tions.

It was lioped that some graphical method applicable to all cases

might be found in connection with the present work, Init thus far none

has been discovered that is at all general. I have found the eciuipotential

lines and lines of flow for a rectangular area where a constant extrane-

ous force is acting.

Taking the liquid as incompressible since the external forces is con-

stant the motion is steady and the velocity potential may be made to

satisfy the equation

^ (Vy _
dx^'^cly2 — "

and

—

^ = ku, -^ = kw.
t5x f^z

A constant must he added to one of these velocities to express the effect

of the constant f<jrce. This is more clearly seen perhaps in the case of

vertical motions due to the force of gravity. In this case the constant to

be added to w is of course g and since this is a constant Laplace's equa-

tion is still satisfied. The lines of flow and equipotential lines are no

longer orthogonal, but are, as we shall preseutlj- see, inclined at different

angles, lieing tangent at some points of the interior.

If the area be taken in the sphere of attraction of the earth and near

enough so that the attraction may be taken as constant we shall have

Uzrik -L-
dx

V = k '— + kpg.
dz^ ^

where satisfies Laplace's equation.

Professor C. 8. Slichter^ has shown that the motions in an area

A B C D, Fig. 1, filled with sand and having water flowing through it,

entering along A B and flowing out along A D—the sides B C and C D
being impervious—may be fully discussed by replacing the sand and water

by a perfect liquid having a velocity potential, and that the velocity po-

tential in this case would be identical with the pressure function. This

being true, it is possible to find the pressure at any point in the interior

as well as the component velocities at these points, just as soon as the

1. 19th Annual Report, U. S. Geological Survey, Part II.
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boundary conditions are knoAvu. Accordingly in Avliat follows the velocity

potential will be replaced ))y the pressure function.

If the section be horizontal, the problem may be treated in the usual

way, but in case the section is vertical the extraneous force, gravity, gives

a system of curves which are not orthogonal.

Let D C = a and A D == b, and suppose the head of water along A B
zero. The boundary conditions then to be satisfied are:

P — when x z==

P 1= when x = a

P = h when z ^ b

w = when z =
And since the area is a rectangle P, u and w are expressed as Fourier's

series

:

. n- (b — z)n =3 cc smh
P = -^ 2 ^. sin^-

11 — 1 11^ cosh -;5
2a

This differentiated with respect to x and z for u and w gives:

. - n-(b — z)
, , n = GO smh „ „ ^
4gf)k .^ 2a UTTx

u = —2^ Z ^ • CCS ~K~-
n ^

ij-b 2a
11 — 1 11 cosh ^^—

2a

, n T ( b — z

)

. , n ^ GO cosh ;

4gpk ^ 2a .
nTTx

.

^^=-^ S, H^- «"^^^^^'^^
11 ^ 1 u cosh

2a

In the above equations n represents eacli of the successive odd numbers,

a and b being the sides of the rectangle may have any desired value. But

for simplicity they were in the present case taken equal to ten, and for

the same reason g/^k was taken equal to unity.

Making these changes the equations become:

. , n-(10 — z)
„_ u = 30 smh —

„ 80 ^ 20 . UTTx

TT''
, , , IIT 20

11 =^ 1 u- cosh --
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. . n-(10— z)

4 ,^ 20 n-x
U= — Z . cos -jrpr-

TT
, , IITT 20

n = 1 n cosh —

n-(10— z)

4 ^^ = "- ^^^'^ 20 . n.x ,,

'''-If -, TUT-- •'^"^-2^ + ^

n ziz 1 u cosli —

From these equations the vahies of P, u and w were found at each of

the one hundred joints given in the area. This was done by computing

the series for x = 1, 2, ;^. 4, 5. (>, 7, 8. 9, 10 when z -- 1, and then Avhen

z = 2, 3, 4, 5, 0, 7, S, 9, 10, i. e., by making one hundred computations of

each .series. The value of u and w being found for eacli point it was not

difficult to determine the resultant in both magnitude and direction. This

gave the flow at each of the points of tlie area. We find from Fig. 1

that there is actual motion throughout the whole area.

The motion, indeed, at some points is very slight, but there is no

point in the entire area where there is no motion. This is imporrant if we

regard this as an innnense area in homogeneous ore-bearing rock. It

indicates that at every point of the area the water is continually moving

and coming into contact with new rock surfaces, thus increasing its

capacity for dissolving the mineral salts from the area. From the length

and direction of the arrows it is seen that at the corner D the lines are

crowded down closer together than at A. This shows that the constant

force gravity has distorted the tield, causing the lines of flow to be con-

centrated at the bottom, and showing that underground waters must take

very long journeys before reaching their destination and so come in con-

tact with a very great area of rock surface.

As before stated, the relations of the equipressure lines to the lines

of flow differ from that found in horizontal planes. From Fig. 1 it is

seen that the angle between the systems of curves varies from nearly a

right angle to two right angles, that is. to tangency. In fact, there is in

the area what may be called a line of tangency meeting the sides A D
and D C. These lines of flow as before indicated taken at equal dis-

tances along A B crowd near each other down near D, showing the

etfect of gravity upon them. If we cause the constant force g to cease to

ai?t in the case under consideration, the lines of floAV would be arcs of

circles cutting A B and A D at equal distances from A. The effect of
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gravity then is to pull these ares of circles out into cycloidal-like curves

crowding near 1) C. As a matter of fact the curve drav^-n from x = 5,

z = 10 is nearly a cycloid. Those in the upper left-hand corner being too

low and long and those in the lower right-hand corner too short and high

for cycloids.

The lines of pressure are hyperbola-like curves drawn for pressures,

1, 2, 3, 4, etc., all the curves beginning and ending in the boundary.

It is easy to see that we maj^ take a similar area a b to the right of

A B C D and leaving an open face similar to A D and an impervious bot-

tom and water at zero pressure along the top. We should then have these

two areas one on each side of B C with the liquid flowing in op])osite

directions. The liquid in each area flows directly down B C and so the

motion will not be interrupted if B C be removed. That is, the method

of images is applicable horizontally. If. however, a similar area to A B
C D be taken just below C D we can not say that the method of images

as usually applied holds true. We may regard A D in the upper area as

an absorbing slit and A D in the lower area as a similar slit and the

position C D between them as a mirror the corresponding parts of A D
in the upper and lower slits are not found at equal distances above and

beh)w C D. Tliey are found drawn down by gravity so that the

method of images must be modihed for vertical distributions. Bj'

9 9
integrating u with respect to z between the limits b and tt; • b; r,. b and

g
ZTTT. b, etc., tlie amount of flowage from eacli of the ten equal divisions of

A D may be calculated. And in a similar way the amount of liquid going

in at each of the ten equal divisions of A B is obtained by integrating

9 9 8w with respect to x between the limits a and T7;-a.; tt. • a and tt; • a,

etc. The equations for the flowage and the amount absorbed are then:

, n TT (b— z)n= Gc cosh ^ -,A

f_ fd „^, _ Sag^k ^ 2a__
.os^L^L^r

2a
J c

/

J
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9 9
where c varies from t . 1j or — . a down to zero, and d varies from a or b

down to — . b or . a. Solving the ten equations for the ten ditferent

values of f and a, we get the following table:

No.... 1 2 3 4 5 6 7 8 9 10

a .958 .875 .800 .726 .6«4 .611 .566 .535 .512 .502

f .042 .126 .216 .315 .424 .556 .716 .935 1.24 2.07

Table I.

It will be seen from the table by countiiiLC the divisions from A as 1. 2. 3.

etc., that nearly half the water flows through the first three divisions

and that there is a gradual decrease toward B. The relative value of f

from the different divisions shows a very slight tlowage from the iirst

division with a rapid increase from each of the succeeding divisions until

the two lower divisions at 1) carry off one-half of the amount aljsorbed.

This shows in a very vivid way the pnmounced effect of gravity or any

constant external force upon a liquid. The amount going in along A B is

of course eciual to the amount flowing out along A D. since the equation

of continuity must hold true.

It is interesting to note that the curve given by plotting the tlowage

from A D is very nearly a tractrix or antifriction curve. See Fig. 3. It

would undouldedly be an exact tractrix had the number of divisions of

A D been taken small enough, i. e., if twenty or thirty equal divisions had

been taken Instead of ten.

In Fig. 3 the line O X corresponds to the distance A D in Fig. 1, and

the y-coordinates of the curve are given by the values f taken from

'j.able I.

Fig. 4 shows the distribution of absorption into the area A B C D
along A B, the line A B of the figure corresponding to the line -x B of the

area. The y-coordinates of the cui've being taken from Table I as the

different values of a.

Figs. 3 and 4 then show the distribution of absorption ana flowage

along A B and A D.

E'xtending this method by taking A B one hundred and keeping A D
ten, we get approximately an artesian well area. The values of f and a

for this case are given below:

6 7 8 9 10

005

.616 .762 .981 1.82 2.53

No..
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Table II.

It will be seen that the amount tlowing in at the first division of A B

is al out tAYo-thircIs the total amount floAving- into the entire area, and that

this snpplits the f.owage for the first nine divisions of A D while the

tenth division of A D gives out the water from j\ the distance A B. If

the rock in the area be soluble it is easily seen that the water flowing

from this lowest division of A D will be very highly charged with mineral

matter, while the remaining two-thirds that flows out above will be very

slightly charged. This is more especially evident when the long sweeping

paths of the water are considered compared with the very short paths of

the waters of the first division of A B. We have this represented graph-

ically in Fig. 5, where the lines of flow are drawn for the case where

A B = 100 and A D = 10, or a typical artesian area. If A D be a crevice

in the rock it is evident that this place will be favorable for the deposition

of the mineral salt dissolved in the Avater since the pressure is released at

this point and there is apt to exist some reagent that aaMII cause a precip-

itate of the ore. This reagent may exist in the crevice itself or in the

opposite wall.

In Fig 6 the curve has been plotted for the flowage from A D for

the case A D = 10 and A B = 100. This does not differ much from the

case where A D = 10 and A B = 10, except that the convexity dowuAvard

is somewhat more pronounced, making the curve less like the tractrix.

Ten equal divisions were taken along A D and the A'alues of y taken

from Table II corresponding to different A'alues of f.

The absorption curve for the case A D = 10 and A B = 100 is given in

Fig. 7. Here the scale has been somewhat changed due to the large

A-alue of A B. The distance A B was divided into one hundred equal

divisions, while the same vertical scale was used for y as in the preceding

cases. The values of y were taken from Taljle II, being the different

Aalues of a in that table.

The rapid fall of the curve at first and then more gradual fall corre-

sponds to the values of a found in Table II and also emphasizes the

relatlA'e slowness of the motion of the Avater in the right-hand half of the

area A B C D, Fig. 5, as compared Avith that of the left-htuid half.

The method used in the preceding cases might be extended to areas of

different dimensions, but the results Avoiild not differ much from those

already stated.
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If A B be taken iirertter than one liundrefl. while A D remains ten,

or if we have anj- similar relation between the two. it will l)e more ad-

A'autageoiis to use the Fourier's integral instead of the Fourier's series,

since for such a difference between A B and A D the area may be con-

sidered as an intinite strip.

The results obtained are especially interesting in connection with the

motion of ground water, because of their bearing on the theory of ore

deposits, artesi.au wells and drainage flumes. The fact that sand through

which water is flowing, as before indicated, can he replaced by an ideal

liquid having a Aelocity-potential which is identical with the pressure

opens a new field of investigaiicn in Ir.drndyiiamies from which many

important results will be obtained.

Tiq.-l
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Ba-4.

T,^-S
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A Topographic Result of the Alluvial Cone,

By a. H. Purdue.

An alluvial cone that is eoniro>ed mainly of more or less finely com-

minuted material would not last loni;- enough after the area covered by it

ceases to be one of deposition to produce an enduring topographic feature.

It would soon succumb to the agents of erosion and transportation. Even

if composed of coarse material, its life might be short if the lithological

character and climatic conditions were such as to bring rapid disintegra-

tion. But if tlie cone be composed mainly of coarse material that can

withstand the weathering agencies, there is every reason to believe that it

would have lasting topographic residts.

In transverse section, alluvial ccuies are higher in the middle than on

the borders next the escarpment, as shown in Fig. 1, so that the tendency

is for the streams which form them to shift either to the right or to the

left, running along the base of the escarpment. If such a stream is not

overloaded at this point, it becomes a cutting stream, and the profile, that

shown in Fig. 2. Should the cone be formed immediately below the .iunc-

tion of two streams, as in Fig 3, both streams might shift, one to either
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side, leaving the cone betAveeu lliein, as iu Fig. 4, and witli tlie profile as

shown in Fig. 5. The writer has in mind a case of this l^ind, where the

shifting has recently talceu place.

r.D.5.
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lu the Boone chert region of northern Arkansas, there are many

alluvial cones, composed almost entirely of fragmentary chert. This

chert withstands weathering to a remarkaljle degree. It readily permits

the rainfall to pass through it, thus preveuting erosion, and forming an

ideal protection for the underlyiug rocks.

Ali-o, over this region, there are numerous knobs of the character

shown in Fig. 6. These knobs are capped with fragmentary chert, resting

upon the magnesian limestone that underlies the Boone chert. The sur-

F.S.6

rounding geography is thai sliown in Fig. 4. Nearly all the capping

material is angular, lint close search will often reveal water-worn pebbles.

The writer is of the opinion that the capping material is that of

alluvial cones, and that the preservation of the rock beneath from erosion,

is due to the protection afforded l)y the cones. Such knobs are sometimes

500 feet above the valley-; lieneath. The small number of water-worn

pebbles is accounted for in the fact that the debris of the cones was

transported Imt short distances, and there was not time for much round-

ing. Besides, the material is hard, and would Avear slowly.

The material of these old cones must not be confounded with the

gravel that is common in this region, and which occurs on the hill sides

(see Fig. 6) often extending up to the height of 200 feet or more above

the present stream level. This material, imlike that capping the knobs,

is all water-worn, and was left on the inside curve of the streams as they

shifted laterally.
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Pro(;kess in Locomotive Testing.

By AV. F. M. Goss.

It is now fourteen years since the initial steps were talcen to install at

Purdue University a locomotive testing plant. Plans wbicli were then

formulated were rapidly worked out, and in the fall of 1891, the completed

plant was put into operation. It consists of a mounting mechanism,

upon which any locomotive can be operated in much the same manner as

upon the road, while retaining its fixed position in the laboratory; and of

such accessory apparatus as is needful in measuring its power and in de-

termining its elhciency. A locomotive mounted upon the testing plant

can be tired as if upon the road and can bo run at any speed and under

any load, its action being controlled in precisely the same manner as when

in actual .<^ervice, while its fixed position in the laboratory allows the

attachment of delicate apparatus, and permits great accuracy in the

methods employed in studying its performance.

The pr;;ctieal value of the Purdue plant was at once recognized. It

had long been luiderstood that in testing a steam engine, the maintenance

of constant conditions was of prime importance, whereas the operation of

a locomotive on the lo.id is attended by a great variety of changes in

conditions which affect its action. Again, upon the road, so great are the

limitations governing the attachment of apparatus that observations had

necessarily been of a very elementary sort. Difficulties in testing arising

from these and other causes were entirely overcome by the advent of the

testing plant. By its use it became possible to apply to the locomotive

the same acciu*ate methods in observing the performance of a locomotive

which had lireviously been elaborately developed for testing stationary

engines. Mechanical engineers and superintendents of motive power

visited the laboi'atory to witness the operation of the Purdue testing plant,

from many parts of our own country, and from several foreign countries.

Other plants were soon proposed. In 1S96 the Chicago &: Northwestern

Railway Company equipped its Chicago shops for locomotive testing, and

more recently. Columbia University has supplied a locomotive testing

plant for its engineering laboratory. Other institutions have plants in

contemplation. Meanwhile, the work of the Purdue plant has proceeded

8— A. OF SciE.NCE, '03.
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steadily from the )iej2;inuiii.n'. Besides serving in tlie instruction of Imn-

dreds of students, it lias suitplied the means for conducting a nuinher of

important researches, the results of which have been duly published and

important problems are now in process of solution under the patronage

of the Carnegie Institution. This, Avhile in terms too brief to be entirely

complete, gives a fair picture of the present status of locomotive testing

from a laboratory point of view.

Just at this time, all who are interested in locomotive design or per-

formance have their faces turned to the Louisiana Purchase Exposition.

Engineers have always looked upon a great exposition as serving in many

ways to advance the practice of their profession. It has often happened

that in addition to the far-reaching influence of their general exhibit, such

expositions have given occasion for a considerable amount of highly

scientific work. At the Centennial Exposition at Philadelphia, in 1S7G,

a system of steam-boiler testing was developed. The Columbian Exposi-

tion at Chicago in 1893 had its engineering congi-ess, and it is of interest

to know that the Louisiana Purchase Exposition at Pt. Louis is to bo em-

phasized b.v tlie working out of extensive plans for locomotive testing.

It has been announced that the Pennsylvania Railroad Comijany is to-

make a locomotive testing plant the central features of its exhibit at

St. Louis, and is to conduct tests upon locomotives througliout the perio:!

of the Exposition. To this end. it is now installing in the Transportation

Building at the Expo-ition, an ela1)orate and most beautifully designed

testing plant. The undertaking is being directed by Mr. F. D. Casanave.

acting as special agent in charge of the company's exhibit, with whom the

various technical departments of the railroad are co-operating. That the

work of testing locomotives may be free from all taint of selfishness, and

that it may serve as large a purpose as possible, the company has in-

vited the American Society of Mechanical Engineers and the American

Railway Master Mechanics' Association to have a part in giving direction

to its work. Each of these organizations, in accepting the invitation has

appointed a committee of three to represent it, which committees, acting-

together, constitute what is now known as the Advisory Committee of

the Pennsylvania Company for Locomotive Tes^tiug. The writer's connec-

tion with the work is that of a member of the Advisory Committee.

It has been planned to test twelve locomotives, a number of which

will be of foreign manufacture. One is to be a de Glehn balanced com-

pound, which has been ordered by the Pennsylvania Company and will
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be iuiported from France for use on the testing plant. German manu-

facturers are to send locomotives equipped with superheaters. The com-

ing to this country for the purpose stated of these typical foreign locomo-

tives is a matter of more than ordinary significance. The American

locomotives selected for test will represent different types of modern

freight and passenger engines.

It is expected that a test will be started each day between eight and

nine o'clock in the morning, and will be continued for from two to four

hours, depending upon the conditions of running. Any engineer, there-

fore, interested in locomotive testing may see a test in progress by visit-

ing the Transportation Building during any morning of the Exposition.

It is proposed to have the results obtained from all the tests given

publicity by means of bulletins, which will be issued from time to time

by the Pennsylvania Company, and which will be sent to the technical

press and to individuals under conditions yet to be announced. Bulletin

No. 1. describing the organization and the methods has already been

issued.
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Additions to the Flora of Indiana.

By Herman B. Doexek.

The plants given in the list below, are some Avhlch were collected, by

the writer within the past three years, and have not, as yet, been included

in the State flora.

It was thought best, in presenting this list, to add such notes as might

be of interest to botanical workers of the State.

The nomenclature used is that of "Britton's Manual of the Flora of

thi' Northern United States and Canada."

1. Faiii'uni Columbiantnn Scribn. Tippecanoe County.

Collected, in 1902. along the Wabash Railroad east of Lafayette.

2. Pdiiiciijii L'uiiitjinosiini Ell. Tippecanoe County.

This species was collected, during the season of 1902, in three locali-

ties. It Avas first collected along the Wabash Railroad, east of Lafayette,

and again on a wooded liillside about three miles east of the city. The

third collection was made about three miles nortli of tlie city, along a

shaded I'oadside.

Britton gives as the range of this species, "from southern New .Jersey

to Florida and Alabama."

3. Panicin)! olifiosfinthes Schult. Tippecanoe County.

This was tirst collected, in llWl, along the Wabash Railroad east of

Lafayette. Observations in this locality, during the succeeding years,

show that it is gradually spreading over more territory.

In 1902, it was again collected sotith of the city, along Wea Creek.

Britton gives for its range, "Virginia to Georgia and Mississippi."

Its introdtiction into the State is prol>ably due to the railroads.

4. Sporoboliis loiiijifolius (Torr.) Wood. Tippecanoe Cottnty.

This occurs in Tippecanoe Cotuily in several localities. It was first

collected south of Lafayette, along tlie banks of Wea Creek. Later it was

found on a dry, open hillside, about three miles east of the city.

It is quite abundant where found.

5. Bromvs patulits M «& K. Tippecanoe County.

Quite common on Purdue farm and on State Street, West Lafayette.

All attempts to determine this species referred it to B. xquarrosus but

the description did not seem to fit it. Specimens were then sent to Prof.

Hitchcock who determined it as B. patiilus M. & K. In regard to it he
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says, "It is allied to B. sijiia)-rosiis, but lias a more loose and open panicle.

It is not described in tbe manuals, as it seems to lie introduced in only a

few places in this country."

A description of this species will be found in Mr. Shear's "Revision

of the Genus Ilromns," published as bulletin 28 of the Division of

Agrostology.

The plant seems to lie well esta!)lished in this locality.

6. Hordeum piisilliim Nut. Tippecanoe County.

This species was collected along the Wabash Railroad, east of La-

fayette, where it seems to be well established.

It was first collected in 1!X)0 and specimens have been taken each

succeeding year.

This species was pi'olialily introduced in refuse, tlirown out from

<-attle-cars.

7. Tnuh'HCdntid hrciicdiilis Raf. Tippecanoe County.

Found very commonly, at;out Lafayette, on partly shaded hillsides.

S. Asariiiii aciinunat'iun (Ashe) Biclinell. Tippecanoe County.

Very common in wojds and on shaded hillside, east of Lafayette.

A. Cdiiaih-nse F. with which it is confused was also found in the same

locality.

9. Allion'w linearis I'ursh. Tippecanoe County.

First collected along the Wabash Railroad in lUOl. Observations since

then show that it has become well established and is slowly spreading.

10. Geratiiiim pvsslUinii Burm. f. Tippecanoe County.

In the summer of 1!J(!2, tliis was found growing among the grass on

the Eslierlment Station grounds.

This one collection, however, without any additional observations is

hardly enougli to admit it to the State flora.

11. Aii<I)-osarc occidcntalis Pursli. Tippecanoe County.

Found growing somewhat abundantly in lowland near Wea Creek.

This is listed on page 600, of the Catalogue of the Flowering Plants

of Indiana, by Prof. Coulter, as a doubtful member of the State flora.

Specimens of all the plants listed above have been deposited in the

herbarium of Indiana plants at Purdue University.

In conclusion, the writer wishes to acknowledge his indebtedness to

Prof. Stanley Coultei-, for much kind help in his work, and to Prof A. S.

Hitchcock, of the Department of Agriculture, for help in the determina-

tion of the grasses.
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Botanical Js'otes.

±5y Moses N. Elrod.

Tecoma radicans (L.) D C. The trumpet-flower presents many peculiar

cliaracters that are of great value in securing cross-fertilization, and it

seems to be constructed on a plan admirably adapted to meet the needs

of the humming-bird.

One among the first things in its structure to attract attention is the

nearly horizontal position of the flower, its short, unexpanded lower lip,

the opposite of the arrangement in many flowers dependent upon insect

visitors for fertilization, and the manner in which the filaments are

twisted right and left so as to bring the dehiscing anther on the same

plane with their backs against the upper lip of the corolla. This group-

ing of tlie authors is effected by the outer and longer pair of the angular,

dini(irpli<nis filaments making one turn on their axes and the inner pair

making a half turn. The pistil is a little longer than the stamens and

terminates in a two-branched, foliaceous, spatidate stigma.

In July, 1002, I noticed that the stigma is sensitive. AVhile searching

in my pocket for a magnifying glass the lobes of a plucked flower had

closed so that the stigmatic surfaces Avere in close contact. The use of

force failed to separate them for more than a moment and when one of

the thin lobes was cut away the other curled up into a loost- roll. At the

time, I supposed that I had made a discovery. l)ut soon found that 1 had

been anticipated. In Mullcr's "Fertilization of Flowers" it is stated that

when the stigma of BlfinonUi has been "touched by an insect vi-sitor they

then close \\\) immediately." He also quotes the experiments of his brother

on a South American species, showing that successful fertilization was

secured only Avhen the pollen applied came from a plant growing "at a

distance." It was to test the sensitiveness of the stigmas and the condi-

tions under which cross-fertilization was" effectual that my observations of

Tecoma radicans were made.

The stigmatic lobes of a flower which had just come into bloom, when

irritated with the point of a knife-blade or any other hard substance,

closed In five seconds, and those of the faded flowers in thirty seconds.

A drop of water acted as an irritant when applied soon after the stigiuas
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bad matiiretl. but a warm rain bad uo effect. Fresb flowers placed in a

refrigerator were not affected by tbe reduction of tbe temperature, wbile

tbose exposed to cold rains seemed to bave tbeir irritability diminisbed.

Tbe application of pollen from tbe same or anotber flower had no effect

wben care was exercised not to rougiily touch the stigma. Pollen was

applied one evening to the tip of the lower lobe, which is the larger and

longer of the two lobes, and it did not binder their opening next morning.

After closing up from tbe use of an irritant alone they opened again in

about two hours. But if the irritation bad been accompanied with the

application of pollen from the same or another vine they rarely opened

again, and never if tlie ovary was fertilized.

More than fifty experiments to determine the effects of pollenization

with pollen from the same flower as the stigma treated, or from another

flower growing on the same stock, gave negative results. In some cases

the ovary seemed to swell and remained attached to tbe vine longer than

those not pollenated, but they all turned black or dropped off within

fifteen days.

All the stigmas treated, to determine their irritability, and the effects

of pollen applied to them coming from a distance, grew on vines in the

back yard of No. 823 Washington Street. Columbus, Indiana. Six strong

stocks, coming from the same root, cover the fence and an old apple tree.

In the autumn of 1901 they produced many matured capsules. August

the 10th and 20th, 1902, eleven stigmas were pollenated from flowers col-

lected two and one half squares distant. Six of these began to develop in

fine style, but came to naught. September 9tb and 10th, six stigmas vrere

treated with pollen from a vine found growing outside tbe city limits, one-

fourth mile west on the Nashville road. As a result, the ovary, in one

instance grew to be one inch long and then withered. The others were

failures and tbeir ovaries did not appear to bave grown a little bit. The

season closed with nothing to show for my work and the distance theory

unverified. The vine in my yard began blooming again July 1st, 1903, and

the first experiment of that year was made to see how much influence the

soil in which the vine grew had to do in determining the final results of

cross-fertilization. July 5th, I collected flowers from a vine growing in

the rich bottom land of Clifty Creek, two miles south of the cit.y, and

twenty stigmas growing in my yard were pollenated. The flowers treated,

were in all stages of blooming, from those just opening to others that

were fading, Imt none where the lobes of tbe stigma did not promptly
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close when irritated. These exiieriniputs resulted in twelve full grown

capsules. July 31st and August 3d eighteen stigmas were pollenated from

flowers found growing on clay soil, one mile south of the city, which,

resulted in three mature capsules. August the 14tli and 18th, nineteen

stigmas were treated with pollen from a vine growing in clay soil one-

half square north of my vine, and three mature pods were the result.

Ten stigmas were pollenated August lOth from a vine growing in clay soil,

at the root of a large elm tree, about one square northwest of the home

vine, and eight matui'e capsules were the result.

Summarized, the lesults show that sixty per cent, of the polleu.ations

made with pollen from a vine growing in rich loam were successful;

fifteen and sixteen per cent, were successful when the pollen came from

clay soil, and the vines grew in the open, under conditions nearly the

same as that of my back yard, and eighty per cent, as the result whea

the pollen came from a vine whose roots were planted in clay soil and

eutertwined with those of a big elm. From this it seems that the soil in

which the vine grows, has some influence on the fertilizing power of its

pollen. The pollen used in the 1902 experiments, which resulted in fnil-

ures, came from vines growing in the open and rooted in clay soil. Th^;

idea that pollen coming from the big elm tree vine is in some way pecu-

liarly efficacious in prcdiicing seed is confirmed by the fact that a vine

within one hundred yards of it, and favorably located to encourage hum-

ming-birds to visit betAveen the two, has lorne an abundant crop of cap-

sules for the past two years.

The only insects noticed on the trumpet-flowers were rol)l)ers. whose

visits were without compensating advantages. Black ants and little

sweat bees came early and stayed late; the ants to get nectar, and the

bees to collect pollen. Sometimes they found an entrance between the

lobes of the corolla limb before the flov.-er was open. The bees made short

work of collecting all the pollen in sight—half of it going within fifteen

minutes. When the pullen Avas knocked down into the tube they did not

seem to be in any way put out, but Avent on collecting until all was gone.

As many as six bees Avere seen together in a corolla, very busy, croAvding

and fighting for place. Had they found any pollen on a stigma they

would have taken it. During a drouth conical holes were found in the

calyx, of many floAvers, that reached doAA'u to the ovary, and as mud-

dauber wasps, t^phcgidc. Avere seen about the holes they Avere charged Avith

making them. After r;iin came they disappeared, and may have done the
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drilling' to yet at the nectar as food, or as a substitnte for water in temper-

ing tlieir building material. Hnnible and lionej'-bees occasionally were

seen prospecting around the flowers, but they rarely stopped for more

than a moment.

It is remarkable, while the mechanism of Tecoma is peculiarly effective

in preventing self-pollenation, that its j)ollen is impotent except when

applied to the stigma of another plant under restricted conditions, and

that the humming-bird is us only visitor of service in its fertilization.

Impaticns aiirea Muhl. The pale toi:ch-me-not is a common plant in

Indiana, growing best in the damp, rich soil of the shaded river bottoms.

The mechanism of the flower is generally understood, but the part

played by the scales, on the inner side of the filaments, is not so well

known. The filaments are so arranged as to form a group, which is held

together by the coherent scales. With reference to the moutli of the spur

the posterior part of the group is closed by a single filament and the sides

by tAvo filaments, leaving the front with a larger opening between the

anterior pair than elseAvhere. The scale of the posterior filament is di-

vided into two parts which are continuous with the coherent scales of the

sides. The two resulting appendages are symmetrical, and are in close

contact, on an antero-posterior line, so as to form a roof or hood over the

end of the stigma. On the under side of the hood is a pocket into which

the stigmatic end of the ovary is inserted. The end of the ovary is

marked by a slight papilla near the anterior end of the dividing line of

the hood. The pocket is so placed with reference to the plane of the hood

that the end of the ovary does not push at right angles, but in an oblique

direction. The filaments cease to grow when the flower opens, while the

ovary continues to increase in length, and by this arrangement with refer-

ence to the hood it pushes against it without protruding, until the fila-

ments are broken from their attachment to the receptacle. When the con-

nection with the receptacle is broken the filaments curl backward with

such force as to often cause the cap of withered anthers to fall to the

ground. If this does not happen, the cap is easily displaced by the first

insect-visitor that attempts to enter the spur.

When it is recalled that the touch-me-not floAver is suspended from the

end of a slender peduncle, and bobs and swings with every breeze or

touch of an insect, the function of the hood in excluding self-pollenation

becomes evident. Observations show that the hood is frequently covered

with pollen that has sifted througli the chink between the anthers, or has
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been carried to it by small insects. But the stigmas are not always so

well protected as the foregoini;; mij.'lit indicate. As the season advances

flowers begin to appear in which the stigmatic end of the ovary is ex-

posed. On the IGth of Septemljer a patch of /. aurea was visited and the

ovary fonnd protruding in a ma.iority of tliose examined. That this

change was due to the waning vigor of the plant seems to be shown when,

at a later date, after rain and contiuxied warm weather, only one out of

twenty-five flowers was found with the stigma exposed. Examination

with a microscope showed pollen adhering to the papilla* of the stigma.

Soon after the exposed stigmas are seen cleistogamous flowers begin to

appear.

Just over, or anterior to the protuberance, made on the hood by the

end of the ovary, is an erect, mem1)ranous appendage, composed of two

pieces about one line long. Its fmiction is not obvious, but it may serve

as an increased protection to the stigma against self-pollenation. So far

as seen it is peculiar to Iiiipatiois (nnrn.

Impatlcns hiflora, Walt. After two years of observation, I am led to

believe that the spotted touch-me-not produces its crop of cliestogam-

ous flowers in the spring only, before the conspicuous flowers begin to

appear. This fact has led some writers, who looked for them in autumn,

to state that this species does not produce concealed flowers. Last

spring hundreds of them were examined and concealed flowers found in

the axils of the leaves of all the plants over six inches high. The glau-

cous stem of the /. aiirea distinguishes the young plant of that species

before it blooms, but to make sure of the species, they were again visited

after conspicuous flowers had become abundant. The first conspicuous

flowers had the stigmas exposed through a hole in the hood. But this

exposure of the stigma Avas confined to the spring flowers. The first

normal flower seen in my yard came into bloom June the 0th, and pro-

duced a seed-l)earing capsule. The distance at which this plant grew,

from any others then in bU.om of the same species, probably excludes the

possibility of cross-fei tilization. Those blooming a few days later had

holes in the hood.

The touch-me-not is cross-fertilized through the agency of bees.

Rarely a humming-bird poises over a flower, Init does not seem to find

anything to detain it long. Its bill is too long and slender to make it a

good instrument for carrying pollen. Humble-bees become numerous

about the flowers late in the season, and by their size and clumsy move-
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ments, not only detach the anther cap, but frequently manage to bring

themselves to the ground imprisoned in a withering corolla. Other

smaller bees, in search of honey, enter the spur without touching the

anthers.

Claijtonia yirgivica L. The movements of the stamens and stigmas of

this plant are curious and somewhat puzzling. When the petals first open

the pistil is longer than the proterandrous stamens, but of the same

length- after the branches of the stigma are recurved. In some flowers the

stamens remain clustered around the style and closed stigma for a time

after the petals have opened, and while in this position, the under part

of an insect-visitor readily becomes dusted with pollen. Later the sta-

mens are lient backward until the anthers rest on the face of the hori-

zontal pistils. When this outward movement of the stamens takes place

the lobes of the stigma are also bent outward and in position for cross-

fertilization, (^uite often it happens that it can scarcely be said that the

stamens are proterandrous, all the movements before described occurring

at the time the anthers liecome dehiscent. When this takes place the

insect-visitor has little chance of collecting pollen, l)ut it leaves the stigma

in an ideal position for cross-fertilization. Flowers can be found in all

-of thes-e sta.^es at the same time: and the honey-bee in making its rounds

soon becomes dusted Avith pollen, Avithout having to depend on the re-

curAcd stamens for a supply.

I'nlike many iloAA-ers tnat are in part or Avholly dependent on insects

for feitilizatioii, tlie spring beaiity lasts but one day. It comes into bloom

early in the season and its day is past before insects become numerous,

hence, as miglif lie expected, there is a provision Avhich assures self-

pollenation. The jierals that open in the morning begin to close in the

afterno nn. and by vAiihi are gatliered into an imbricated roll. If the day

has been cnkl and tlie lobes of the stigma have not become fully recurved,

so as to l)riiig their pa;)ilhie on a IcA'el with the anthers, the process of

recurA-atiou is completed before they are caught by the closing petals.

Examination shoAvs that after closing the anthers Avith pollen still adher-

ing are in close contact Avith the stigma. Pollen was found at night on

the papilla? of the old floAvers that was not there Itefore insects ceased to

tiy that afternoon. No insect other than tlie honey-bee Avas seen about

them, and, as its visits Avere rather rare, the numerous and well filled

capsules must have Ik en the result of self-iioUenation.
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Hijdropluil 11)11 apiicndiculitni Miclix. is proteranclrous. When the

floAver flrst comes into bloom the pistil is about one-half the length of the

mature stamens. The dehiscing anthers are gray with pollen, which dis-

appears within six hours. By the time the pollen is gone the pistil has

grown to the same length as the stamens, the two lobes of the stigma are

recurved and ready for ei'oss-poUenation. Bees are the pollen carriers,

which they get from the anthers of flowers that bloom at irregular hours

throughout the day. A plant in my yard began to bloom early in ^Nlay

and was still producing a few flowers August Sth. During dry weather

in Jidy, the flowers were less than oue-luilf the normal size, the tube

very much shortened, and in others the corolla changed from campanulate

to rotate.

rolemoiuioii reptcnis L. The stamens are not as long as the pistil.

Dehiscence begins wlien the corolla is about half open, and before the

lobes of the stigma are re<nirved. Later the stamens are bent outward and

the pistils left to occupy the center fleld. Honey-bees enter the half-

blown flowers and come out well dusted with pollen, which they carry to

the older flowers. Invariably, when a bee comes to a plant, it pays its

respects flrst to the half-blown flower, and may not visit the older ones at

all. It seems to know that they liave been exhausted of nectar. As it en-

ters the slenderly supported flower it clasps all tlie organs at once, and its

movements are al)out as gracefid as those of the humble-bee.

Tl:e pistil of Liishiiacliia qiKHlrifolla \j. and of L. trrrcstri^ (L.) B. S. P.

when the flowers first open are sharply curved to one side by a bend

near tlie middle of the style. After the anthers have shed their pollen

the pistil is erected and the stigma in position for cross-fertilization by

the insect-visitor. That this may be accomplished, the blooms last for

seieral days.

The stiimatic lobes of Salilxit'ni (iiii/iihiris (I.. I Piirsh. are as long or

longer than the supporting style and the whole pistil only aboiit one half

the length of the stamens when the flower first opens. To make it

doubly sure that self-pollenation shall not occur, the lobes are closely

twisted together until the coiled anthers have unrolled and shed their

pollen. In the meantime the pistil has increased in length and the lol)es

curved back at right angles to the style. The lobes are stigmatic along

the inner side, and remained twisted after they are recurved, so that an

Insect passing over or under them with pollen on its back or under parts,

would be likely to effect fertilization. Many of the flowers are in bloom
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;it the same time, are (inite handsome, frajirant. and stay in bloom a week

or more. It is curious that finding the plant in a certain locality one

season is no sij^n that it can lie lonud there next year.

Tfiraxdcuin Tuni.rdcinii (L.i Kcrst. While watching the effects of tem-

perature on the dandelion in .fune a nundier wei'e found which were not

producing pollen, the heads were perfect in every way. ))ut had no pollen

on the styles or liranches of the stij^mas when the bees Avere excluded.

The connate anther-tubes, which were of the normal form in all stages

of development, were examined iindei- the microscope and not a grain of

pollen found in them. The sterile head.s were of a uniform pale yellow

and lacked the golden tinted center of the fertile heads found growing

near liy. Bees indifferently passed from one kind to tlie other. Seed was

foiniid on the sts'rile licads, l>ut tlxMc were more al)ort('d achenes than

usual.

The dandelion is very sensitive to change of temperature, while the

absence of sunshine has very little elfect. Early in the season the same

heads may be exposed as often as three days in succession, and the in-

voluci e not ),e opened f(jr more than two or three hours at any one time.

As the temperature increases they stay exposed from early morning until

shut up by the falling temperatui'e of the afternoon, and may not open

again next day.

Riiflliii sin'ijens L. produces a large crop of cleistogamous flowers

during lute summer and autumn. The flowers are clustered in the axils

and hidden by the long segments of the calyx. The change from con-

spicuous to concealed flowers involves more than a change from gamo-

petalous to apetalous. The stamens are reduced in length to that of the

ovary with a small pollen-producing surface at the tip, which is in close

proximity to the sessile stigma. The resiilting ci!i)suli s are numerous and

well filled with seed.

Ftilcatd coiiKjsd (L.) Kuntze sends forth long, slender, stoloniferous

runners in early simimer that produce apetalous flowers before the con-

spicuous blooms appear. Not only is the form of the flower quite differ-

ent from that of those coming later, but the early, ovoid, single-seeded,

fleshy pod is very unlike the three-seeded, bean-like pod of the later

flowers. The mature single-seeded pods are found on or near, the ground

after the conspiciious flowers have come into bloom.

If ().i-(/lis utricla L. produces cleistogamous flowers on recurved scapes,

at the base of the plant I have not seen them, but have found flowers in
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July in which the enlyx remained closed over the dwarfed corolhi. The

only change in stnu-tnre noted was that the five shorter, stamens bore

aborted anthers, and that the pollen-bearing anthers were in contact with

the stigma. Contrary to what some writers state the stamens of 0.

Stricta are often dinorphic. Tlie self-poUenation of the normal flower is

accomplished by the corolla closing after exposnre. and pressing the

anthers against the stigma.

One of the most interesting changes in structure from a conspicuous

to a cleistogamous flower is seen in the violet. The showy flowers are so

constructed that the honey-bee is the only insect that I know to be of

service in its fertilization, and only a part of the anthers are called into

tise by it. To reach the spur in which the nectar is stored, the bee, after

it settles, has to reverse iis position, and force its tongue l)etween the two

-appendages on the lower stamens. In doing this it comes in contact

-with the .stigma antl at the same time is dusted with pollen from the

appendagcd stamens. The an.tht rs of the other three stamens do not aid

in supplying the Itee with pollen, and seem to be of vei-y little if any use

to the plant. In the concealed fbnvcrs. they ai'c aborted. The pistil, of

the cleistogamous flowers of Mula Striiit>i Ait., is declined, so as to bring

the stigma against the end of the ovary, and in contact with the two con-

nivent anthers. Two appendages grow from the fertile stamens, just

below the anthers, that are expanded so as to cover the anthers and the

whole of the pistil.

1. sti-i(it(i continues to iirodui-e showy flowers longer than many other

species, and as a consequence its concealed flowers come in summer.

Viola pubescciis Ait. develops a few yellow flowers in early spring. It

continues to grow imtil August, and as it grows, concealed flowers are

developed in the axils of the leaves.

The altruptness of the change from a showy to a cleistogamous flower

Avas beautifully shown on a plant of Impaticns hiffara that produced a w^ell-

•developed, consjiicuous flower on one branch of a peduncle and a concealed

flower en the other branch.

The fact that the stigma of Tccoiun radicaiis returns to its former posi-

tion in two hours after it has l)een changed in response to an irritant,

unless the irritation has been accomplished by pollen of a certain quality,

shows that the process of fertilization begins within two hours after the

right kind of pollen has lieen applied, and that the stigma is endowed

with renuirkalde selective power. The whole process suggests the shad-
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owy beginning that has ciilmiiiatecl in the will, and recalls Professor

Minot's definitjon of consciousness, "the function of consciousness is to

dislocate in time the reactions from sensations." lu Teconia the reaction is^

not dislocated from the sensation, for there can not be such a tiling as

sensation in a plant, but there is a curious tendency in that direction.

The calyx of Scentellaria cordifolia Muhl. splits back to the base at

maturity, and the helmet-like upper lip falls away. Before the upper lip

falls the ripe nutlets lie loose in the bowls of the persistent lower lip. A
gust of wind strong enough to sot the dry leafless stems to swaying v»'ill

detach the upper lip and send the seeds flying with the wind.

The following plants, which are not included in Professor Coulter's

"Flowering Plants and Ferns of Indiana," are known to occur in Barthol-

omeAV County. Qiicrciis Schnevkii Britton is common in the western part

of the county, and frequently wherever red and black oaks grow.

Qucrciis Alcxaiulcri Britton formerly was abundant on the Knobstone hills

of Bartholomew and Biown counties and the north part of Jackson

County. Locally it is known as chestnut oak or tan-bark oak. Some

years ago the bark was an important source of revenue to the inhabitants

of Brown County. Along the line of the Baltimore & Ohio Southwestern

Railroad, where it grows in dense forests, it is being shipped for use as

telephone poles.

Perilla friitescens (L.) Britton grows on the south side of Columbus,

Hope »& Greensburg Railroad one-fourth mile east of Lambert's Switch.

It is abundant in that locality.

Tradescantia hractcata Small occurs sparingly, and T. rcficxa Raf.,

commonly, on the sandhills of Bartholomew and Brown counties. T.

hractcata blooms in April, and does not last later than May. The oaks

above named have been reported as occurring in the State by Professor

Coulter, the others are believed to be new to the Indiana list.
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Bird Notes From the Indiana State Forestry Reservation.

By Chas. Piper Smith.

During the summer of 1903 I was fortunate in 1)eing located, for

f:ome five weeks, upon tlie State Forestry Reservation, in the "Knob"

region of soutliern Indiana. Altliougli engaged in malving a survey of the

plant life of the Reservation, my ears were ever attentive to the bird

voices about me, and a list of the A'arious species heard or seen was pre-

served. Sixtj'-one species were noted within Reservation limits, as re-

corded below. No especial care was taken to study the relations of the

birds to the trees and their other natural surroundings; but a few general

remarks may be based upon a review of the bare list.

It will be noticed that the birds enumerated include forms character-

istic of both woodland and open, though the number of woodland species

far exceeds the number of kinds loving the field, sky or orchard. The

absence of running water, during the summer and fall months, makes

impossible the conditions necessary to attract water and swamp-loving

forms; hence the scarcity of such in the list. Of tlH> two thousand acres

composing the Reservation, possibly eighteen hundred are wooded. Thus

it is apparent why the woodland birds exceed in number of species; and

it is likewise true that many of these woodland forms lead in regard to

number of individuals. Some four hundred feet difference in elevation

exists between the lowlands and the tops of the higher knobs, the deep

ravines between the knobs forming tempting bird haunts.

Although not intending to give time to my favorite study, the birds

and all that concerns them, I was ready to give heed to Mr. Butler's sug-

gestion to look for the Pine Warbler, Deiulroica riyorsii, and evidence of

its nesting there. As far as known to us, this l)ird has not been definitely

reported as a breeder within our State, although there are several locali-

ties Avhich have conditions apparently meeting the demands of this pine-

loving little warbler. What evidence I was able to glean is contained in

the following testimony, but it is, of course, not equal to the best evi-

dence, namely, the collection of a nest with the eggs and the parents.

I first saw the Reservation on the twentieth of Jidy and I Ijegan my

9—A. OF SCIENCK, '03.
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list that day. Two days later, while upon the Hollister knot), an un-

familiar bird song diverted my attention from stuffing plants and leaves

into my "botany-can," and, forgetting my botanical Avork for a fCAV mo-

ments, I turned aside to seek the singer. The song ceased upon my
intrusion, lint after a short search, I spied a family of four small dull-

colored warblers which seemed not anxious to make my acquaintance.

As I had no means of getting one of these into my hand, I was about to

pass the group by as too uncertain of identification for recoi'ding, when

a male Pine Warbler, as easily recognized, joined them and showed him-

self to be no stranger amongst them. Then resemblances in plumage

were noted which removed all doulit on my part as to the identity of the

others. Three of the family, in appearance and voice, strongly suggested

young of the year, and, before I left them, or rather they left me, I had

the pleasure and satisfaction of seeing the supposed female side up to and

feed one of the three of juvenile appearance.

Later this i^ong was heard on various occasions, and, on July 21st

and August ISth, I had most satisfacfory observation of Pine Warblers,

both of adult males and their duller-colored followers; but no further

evidence was secured as to the breeding of this species there. All my
Pine Warbler observations were upon the knob-tops, close to the pine

areas. I ura anxious to visit the Reservation during some May or June

when, I am confident, I coiild collect more conclusive evidence of the

breeding of the Pine Warbler within our State.

As to the other Reservation birds I will limit myself to the mere list-

ing of them, the species recognized being:

1. CoUiius virginmrms (Linn.). Bob-white.

2. Zenaidura macroura (Liiui. ). Mourning Dove.

3. Cathartes aarn {Liinn.). Turkey Vulture.

4. Falco sparverius Linn. American Sparrow Hawk.

5. MegascopK otiio CLinn.). Screech Owl.

6. Coccyzii^ amcricanns (Linn.). Yellow-billed Cuclioo.

7. Dryobaies rillo.nts (Linn.). Hairy Woodpecker.

8. Dryobates pubescens mediatuis (Swains.). Downy Woodpecker.

9. Melanerpes erythmcephaJHi^ (Linn.). Red-headed Woodpecker.

10. Colaptes arntus luteus Bangs. Northern Flicker.

IL Antrostomns vodfcrns (Wils.). Whii)-poor-will.

12. Chordeiles rirginianns (Gmel.). Nightliawk.
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14. Trochilm colubri.'i Liuu. Ruby-tliroated Hummingbird.

15. Tyrannus tyranniis CLinn.). Kingbird.

16. Myiarrluis criiiitus (Liun.). Crested Flycatcher.

17. Sayornis phcebe CLuth. ]. Phoebe.

18. Confopns rireiis CLinn. ). Wood Pewee.

19. Empidonax rirei:!rens (Vieill. ). Green-crested Flycatclier.

20. Cyanocitfa cristata CLinn. ). Blue Jay.

21. ('orvus americarnis Aud. American Crow.

22. ^[oIof}na'< atcr {Bodd. ) Cowbird.

23. >StiirneU(t magna (Linn.). Meadowlark.

24. Icterus galliida (Linn. ) . Baltimore Oriole.

25. Astragal linis trl.'<t''s (Linn.). American Goldfinch.

26. Pooerctci gramineiis (Gm.e\.). Vesper Sparrow.

27. (Joturnicnhm sarannarnm pas-vriims (Wils. ). Grasshopper Sparrow.

28. Clionde-'ites graminacit.^ (Say). Lark Sparrow.

29. Sj)izeUa ^uci(dls (Wils.). Chipping Sparrow.

30. Spizcila pn.'o'l la (Wils.). Field Sparrow.

31. Pcaaca ;f.sf/r<(//.s- liaclnnaiiii (Aud.). Bachman Sparrow.

32. PIpUo erytln-upJithalmiis (Linu. ). Towhee.

33. Cardinal is cardiDol is (Linn.). Cardinal.

34. Cyanosjilza ryaiira (Linu.). Indigo Bunting.

35. Piranga crytlvornclas Vieill. Scarlet Tanager.

36. Piranga rahra (Linn.). Rose Tanager.

37. Progne suhix (Linn.). Purple Martin.

38. Hirundo crythrugaster Bodd. Barn Swallow.

39. Ampclis Cf'drornni (Vieill.). Cedar Waxwing.

40. Lanins hidoririanns Linn. Loggerhead Shrike.

41. ]'ir('o oliraceus {Linn.). Red-eyed Vireo.

42. T/Vco (///rM.s (Vieill. ). Warbling Vireo.

43. Mniotdta raria (Linn.). Black and White Warbler.

44. Ili'bninthophila pinas (Linn.). Blue-winged Warbler.

45. Dendroica rigarsii (Aud.). Pine Warbler.

46. Seiarus aurocapillns (Linn.). Oven-bird.

47. Gcutldy/jis formosa (Wils.). Kentucky Warbler.

48. Gcolldypis trichas (Linu.). Maryland Yellow- throat.

49. Icteria rirens (Linn.). Yellow-breasted Chat.

50. M'ilsania mitrata (Gmel.). Hooded Warbler.
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51. Gah'osf(>pt('i< rai'oliiti'ii.'<ix (Linn.)- Catbird.

52. To.rostoma ritfdm CLinn.). Thrasher.

53. Thri/olIinrH.t Iiidoi-irlaniis (Lath.). Carolina Wren.

54. Thri/omanes bein'rkil (And.). Bewick Wren.

55. Sitfa carolinctisix Lath. White-breasted Nuthatch.

56. BceoJophns hiroJor (Linn.). Tufted Titmouse.

57. Pa/-»,s rar()Jinensii< And. Carolina Chickadee.

58. Polipofila cicndea (Linn.). Blue-gray Gnatcatcher.

59. Hyloclchla inustdina (Gmel.). Wood Tlirush.

60. }rerula migratoria (Liinn.). American Robin.

61. ,SVV///« -s^fZ/.N' (Linn. ). Bluebird.
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JS'oTES Upon Some Little-Known Members of the Indiana

Flora.

By Chas. Piper Siiixn.

As a member of the senior class in botany at Purdue, during the

last spring, I began a season of active field work in botany, which

circumstances led me to continue through the summer and autumn.

Five weeks during July and AugTist were spent upon the State For-

estry Reservation, in Clark County, the major portion of the season,

however, after leaving Lafayette in June being spent about Indian-

apolis.

Britton and Brown's "Illustrated Flora of the Northern States and

Canada" was used as the basis of study, the more recent Britton's

Manual not being at hand for comparison.

Dr. Coulter's catalogue of the State flora was always referred to

as each plant was handled, and it is in reference to this list that I

make the following notes.

Most of the plants here considered have been checked over for

mc by Mr. Bartlett, of rhe Shortridge High School, and most of the

specimens upon which determinations have been based have been laid

before Dr. Stanley Coulter and left in his charge.

Carer BaUeiji Britton. Bailey's Sedge.

Common about Indianapolis. Taken by Mr. Bartlett and myself

along streams and in wet places. Also taken by me upon the

Forestry Reservation, where it was first recognized. Not recorded

by Dr. Coulter.

Carcoc Ritchcockiana Dewey. Hitchcock's Sedge.

Taken by me m Tippecanoe County. Noted but once.

Curex Careyana Torr. Carey's Sedge.

Found once in Marion County.

Carex stiixita Muhl. Awl-fruited Sedge.

Taken in Tippecanoe County.

Carex vulpinoidea Michx. Fox Sedge.

Taken in Hamilton Countv.
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Carer slcrilis Willd. Little Prickly Sedge.

Taken in Ti]ipecanoe County.

Carex Mvskiiir/iiniensis Sclnvein. Muskingum Sedge.

Taken in Hamilton County, associated with the next.

Carex scoparia Schk. Pointed Broom Sedge.

Carex cristafclla Britton. Crested Sedge.

Common in Hamilton and Marion counties. Heretofore unrecorded.

JioiCKS niar(/iii(itii.s (iristi(hitii-'< (Michx.l Coville.

This form of the Grass-leaved Rush was found upon the Reser-

vation. Not reported in the State catalogue.

Quercvs Prinus I^. Rock Chestnut Oak.

This species is the chestnut oak of the Forestry Reservation. As

Dr. Coulter withdraws the re( ord for Tippecanoe County, this

form is not definiiely recorded fiom the State, though I am sure

that others have recognized it. I have studied the specimens

of Q. Alexatulrii near Lafayette, as also various specimens of

Alexandril and (iciiniiiuifd ahout Indianapolis, and I am sure that

the Reservation chestnut oaks should be referred to this species.

ISisjjmhriuni aJtissimum L. Tall Sisj'uibriura.

Taken by Mr. Benj. W. Douglass and myself along the "Monon,"

north of the State Fair Grounds. Indianapolis. One tine, large

specimen was the only one found.

Afjrimonia ptimila Muhl. Small-fruited Agrimony.

Taken upon the Reservation. Not very common. Found with A.

mollis, which was quite common.

Vicia angiistifolin Roth. Smaller Common Vetch.

Taken by ^Nlr. Harley, H. Bartlett and myself along the "Monon,"

north of the State Fair Grounds, Indianapolis.

Hi/ixriciim iiiaciilatiim Walt. Spotted St. John's-wort.

Reported from only one county (Steuben), but frequent in Marion

County, and abundant upon the Reservation. H. perforatum was

also taken in Marion Coimty, and was used for comparative

study.

Sarothra gevtiauoides L. Pme-weed.

Presumably one of the rarest plants of the State. A small patch

of plants was found upon the Reservation.

Lechea racemulosa Miclix. Oblong-fruited Pin-weed.
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Lechea tenuifolia Michx. NavroAv-leaved Piu-weed.

These two pin-weeds are common in certain dry, barren areas on

the Reservation, and are ahvays associated wliere found. L.

raccimilosa has not been recorded from the State.

Angelica villosa (Walt.) B. S. P. Pubescent Angelica.

A common plant on the Reservation. An addition to the State florri.

SGHtelluria canipcstris P.ritton. Prairie Skullcap.

Noted as common on one barren knob-side upon the Reservation.

First record for the State. »S'. ixirrula was also taken, in moist

soil in the lowlands. The hairy form seems to be well delined.

StacJiiis (niilnijim (A. Gray) Britton. Dense-flowered Hedge Nettle.

Taken upon the Reservation. First record for the State.

Salvia lauccolata Willd. I.ance-leaved Sage.

Found sparingly at a dumping ground along Fall Creek, at Central

Avenue, Indianapolis. Identification verified by Prof. W. S.

Blatchley. Second Indiana station of tliis western plant.

IlysanfJies atteniiata (Muhl) Small. Short-stalked False Pimpernel.

This easily recognized form was taken upon the Reservation. First

record for the State.
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The Development of the Spermatozoid of Chara.

By D. M. Mottier.

(Abstract.)

The spermatozoid of Cham frayUis is a spirally-coiled body con-

sisting of a nucleus and a specially differentiated part of the cytoplasm,

the blepharoplast, existing in the form of a thread, or band, bearing

two long cilia. The nucleus occupies the middle part of the sperma-

tozoid. The anterior end of the blepharoplast is thinner than the

posterior and tapers slightly toward the extremity. The two cilia are

borne some distance back of the anterior extremity. The posterior end

is bi'oader and thicker and terminates bluntly. In cross section the

blepharoplast is crescentic, being convex on the outside and concave

within. With tlie exception of a strip of granular substance along

the concave side of the posterior end, it is of a homogeneous structure.

The entire spermatozoid makes two and one-half or three spiral turns.

The blepharoplast arises as a delicate thread-like differentiation of

the cytoplasm at the surface of the cell, extending some distance along

the cell from the nucleus and on opposite sides of the latter. It seems

to be a modification of the plasma membrane. No centrosome-like

body, or "Plasmahocker," was observed from which the blepharoplast

might develop as descril^ed by Belajeff, Strasburger and others.

The nucleus is transformed from an elliptical or oval body, with

a hollow chromatin spirem, to a dense, homogeneous, sausage-shaped

structure making one spiral turn or more.

The cilia were always found attaclied some distance back of the

anterior exti'emity of the blepharoplast. Their origin was not traced

to a centrosome-lilie body, but tliey seemed to grow directly from the

thread-like blepharoplast.

Contribution to the Flora of Indiana.

By Stanley Coulter.

(By title.)





Further Studies on Anomalous Dicotyledonous Plants.

By D. M. Mottier.

(Abstract.)

The studies reforred to deal with the development of the embryo

with special reference to the origin of the cotjiedous in Actcu albit,

Stylopl'.oruiii diihyUum and HaiKjvimty'Ki canadensis. In the origin of the

cotyledons all three species show, in varying degrees, the distinguishing

characteristics of typical anomalous dicots. In each the embiyo be-

comes pear-shaped before any indication of the cotyledonar primordium

is apparent. The primordium of the cotyledons uoav appears as an

almost complete, circular, ridge-like outgrowth from the margiii of the

broadly truncated end of the emliryo. With the further growth oi' this

ridge a bifurcation soon appears at a point exactly opposite the pri-

mary cleft of the primordium, so that the tAvo young cotyledons, wliieh

may cr may not be of the same size, seem to represent two s;'pa;are

and opposite lobes of the distal end of the embryo with one of the

clefts a little deeix r than the other. ^In some cases (Styloplioruni) the

two cotyledons seem to arise as separate and independent outgrowths,

but a little later their common base grows faster on one side than

on the other, and in this manner the two clefts or bifurcations become

unequal in depth.

It is important to note, however, that in embryos of different indi-

viduals of the same species tlie Mnumalous character is much more

strongly marked than in others.

On the Germination of Certain Native Weeds.

By Stanley' Coulter.

(By title.)
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Revised List of Indiana Plant Kusts.

By J. C. Arthur.

Five years ago a list of the plant i-iists of Indiana AA^as prepared,

and printed In the Proceedings for 1898, to show not only how many

and what species occur within the State, but the application of the

rcA'ised nomenclature, to which great attention has been directed within

the last decade. At that time the AA-riter had made little study of the

basis for the generic names, but accepted largely the conclusions an-

nounced by Kuntze in his Revisio generum plantariim. Since the presen-

tation of the list, two other papers haAe been brought before the Acad-

emy by the writer, discussing the status of the genui^ names Puccinia

and Gi/miiosporaiigium, the only considerable points in controA-ersy

touched by the Indiana list.

In order to embody the latest conclusions and reaffirm those remain-

ing unchanged, as Avell as to correct a few errors and add the species

brought to light since that list was issued, the writer presents hercAvith

a rcAised list of the Indiana plant rusts. It is giA'en in the latest

nomenclature to familiarize the members of the Academy with this

phase of scientific movement. It is not a nomenclature that can be

generally used at present, for the reason that no standard works of

reference are yet available employing the accepted names. But it does

not materially detract from the usefulness of a local list, lil^e the

present one, and yet gives the reader a chance to see the direction

in which the neAV movement is leading.

The present list, lilve the preceding one, does not include the unat-

tached aecidia and uredo. Some thirteen of these that have been men-

tioned from time to time in the Proceedings of the Academy have been

traced to their teleutosporic connections since the last revised list was

published, and are here included as autonomous species. Besides these,

eleven species of rusts have been added to the State flora, having never

been reported in any form before. The hosts reported in this list for

the first time are recorded by month, county and collector. The speci-

mens, on which these data ai'e based, are in the herbarium at Purdue

University. The references after the other hosts are to the page and
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year of the Proceedings of the Academy, where additional i:iformation

can be found. Tlie nomenclature for hosts is that of B.-itton and

Brown's "Illustrated Flora of the Northern States and Canada."

The present list contains 105 species of plant rusts under sixteen

genera, being an increase of more than 83 per cent, over the previous

list of 1898, which contained SO species under ten genera.

COLEOSPORIACE^.

1. COLEOSPOKIUM SONCHI-ARVENSIS ( P^'CS. ) 1(7///.

On Hieracium scabrutn Michx. Vigo Co., 5, 1893 (Underwood).

2. CoLEOSPORiUM Ipoiiai:.g<: {Schir.) Bur.

On Ipomoea pandurata (L.) Mey. 1896:171, 218.

3. COLEOSPOKIUX SOLIDAGINIS (»SV7///. ) ThnPiu.

On Aster azureus Liudl. 1893:50.

On Aster cordifolius L. 1893:51.

On Aster Novae Angliie L. 1893:51.

On Aster paniculatus Lam. 1893:51.

On Aster puniceus L. 1893:51.

On Aster sagittifolius Willd. 1893:51.

On Aster salicifolius Lam. 1893:51.

On Aster Shortii Hook. 1893:51.

On Aster Tradescanti L. 1893:51.

On Solidago arguta Ait. 1893:51.

On Solidago caesia L. 1893:51.

On Solidago Canadensis L. 1893:51.

On Solidago ftexicaulis L. (S. latijolin L. ) 1893:51.

On Solidago patula Muhl. 1893:51.

On Solidago rugosa Mill. 1893:51.

On Solidago serotina Ait. 1893:51.

4. CoLEOSPORiUM Vernoni.e B. & C.

On Vernonia fasciculata Michx. 1893:51.

On Veruonia Noveboracensis (L. ) Willd. 1893:51.

MELAMPS0RA0E.3E.

5. Chrysomyxa albida Klihn. {Colcoxporintn Rnhl E. &. II.)

On Rubus cuneifolius Pursb. 1893:50.

On Rubus villosus Ait. 1893:50.
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6. PucciNiASTRUM Agrimoni.i: ( /)C. ) Diet. (Vivotna Afirimonix Sc\\-\\.)

On Agrimonia liirsuta (Muhl. ) Bick. (A. Eapatoria Am. Auct.

)

1893:50. 1896:1^18.

On Agrimonia parviflora Sol. 1893:50.

7. Thecopsoka Hydrange.^ ( B. ct C ) Magn. (Vredo IL/drangcu'B. &C.)

On Hydrangea arborescens L. 1893:56. 1896:218.

8. Hyalopsora PoLYPODii (Pers.) May II. {Uredo Polypodii DC.)

On Cystopiis fragilis (L. ) Benili. 1893:56.

9. Melampsora Medus.e Thue in.

On Populus balsamifera L. 1893:51.

On Populus deltoides Marsh. (P. muiu'li/n-a Ait.) 1893:51.

1896:218.

On Populus grandidentata Miclix. 1893:51.

On Populus tremuloides Michx. 1893:51. 1898:188.

10. Melampsora farinosa (Pcrii.) Srhrai.

On Salix.amygdaloides Anders. Steuben Co., 8, 1903 (KeUcrman).

On Salix cordata Muhl. 1893:51.

On Salix discolor Muhl. 1893:51. 1896:218.

On Salix fluviatilis Nutt. (S. loiKjifulki Muhl.) 1893:52.

On Salix interior Rowl. Steuben Co., 8, 1903 (JCellenmm)

.

On Salix nigra Marsh. 1893:51.

11. MeLAMPSORIDIUM BETUT.TNUSI (Pcrs.) KJch.

OnBetula lutea Michx. Steuben Co., 8, 1903 (KeUerman).

PUCCINIACE.E.

12. Aregma DisciFLORA (Todc) Arth. (Phragmidium suhcorticium Wiut.

)

On Rosa Carolina L. 1893:52.

On Rosa humilis Marsh. {P. Iwidn Am. Auct.) 1893:52.

On Rosa setigera Michx. 1893:52.

13. Aregma Fragarli.e ( DC. ) Arlh.

On Potentilla Canadensis L. 1893:52. 1896:218.

14. Aregma speciosa Fr. (Phvagmidimn ^pcciosnin Cke.

)

On Rosa Carolina L. 1896:219.

On Rosa humilis Marsh. 1898:179.

15. Triphragmium Ulmari.e (Schniu.) Lk.

OuUlmaria rubra Hill. Tippecanoe Co. , 6, 1899 (Arthur).
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16. Gymnocoma interstitialis (Srfd.) Lfifjh. (Fuccinio I'eckiana Howe
and .EriiUiim nitens Schw.

)

On Rubns occidentalis L. 1893:54.

On Rubus villosus Ait. 1893:54. 1896:220. 1898:188.

17. C.^OMURUS ACUMIXATUS {Arth.) Kiintze.

On Spartiua cynosuroides Willd. Jasper Co., 5, 1903 (Arthur);

Steuben Co., 8, 1903 (Kdlemtan).

18. C-^OMURL'S Caladii (S'-liir.) Kuntzc. (Fromycen Caludii Farl.)

On Aristema tripliyllum (L. I Torr. 1893:56. 1896:222. 1898:189.

On Arisiema Dracontium (L.) Schott. 1893:56. 1896:222.

19. C^OilURUS CARYOPHYLLIXUS ( Sclir. ) Kuiitze.

On Dianthus Carvopliyllus L. 1893:56.

20. d:oMURUS Euphorbia (.SV7(/'-. ) Kmitze.

On Eupliorbia dentata Michx. 1893:57. 1896:222.

On Euphorbia nutans Lag. ( E. hypcricifolki Gr. ) 1893 : 57. 1896 : 222.

On Eufjhorbia humistrata Engelm. Tippecanoe Co., 6, 1902

{Arthur).

21. C^OMURUS Solidagixi-Caricis {Arth.) nom. run-.

On Carej;, lanuginosa Michx. Jasper Co., 3, 1903 {Arthur).

On Carex varia Muhl. Jasper Co., 3, 1903 [Arthur).

22. C^OMURUS GRAiirXICOLU.S {Burr.) Kiiiit:r.

On Panicum virgatum L. 1893:57.

23. GjE.O^i.VRL'S HowEi ( Pk.) Kuntzr.

On Asclepias incarnata L. 1893 :.57. 1896:222.

On Asclepias purpurascens L. 1893 :.57.

On Asclepias Syriaca L. (.1. Cnnuil! Dec.) 1893:57. 1896:222.

1898:187.

24. C.EOMURUS HeOYSARI-PAXICULATI (Srhu:. ) Arth.

On Meibomia Canaden.sis (L. ) Kuntze (Desmodium C). 1896:222.

On Meibomia canescens (L. ) Kuntze (Desmodium c). 1893:57.

On Meibomia Dillenii (Darl. ) Kuntze (Desmodium D.). 1893:57.

1896:222.

On Meibomia Itevigata (Nutt. ) Kuntze {Desmodium I.). 1893:57.

On Meibomia pauiculata (L.) Kuntze {Desmodium p.). 1893:57.

On Meibomia viridifiora (L. j Kuntze (De.'imodiinn v.). 1893:57.



145

25. C^OMURUS Hyperici-frondosi {Scktr.) Arfh.

On Hypericum Cauadense L. 1893:57.

On Hypericum mutilum L. 1893:57.

On Triadenum Virgiuicum ( L. ) Raf . ( Elodea campanulata Marsh.

)

1893:57.

26. C-EOMURUS JUNCI (Srhir.) Knntze.

On Juncus tenuis Willd. 1896:222. 1898:187.

27. O^EOMURUS Lespedez.e-procumbentis (Sriuv.) Avth.

On Lespedeza frutescens (L. ) Brit. (L. reticulata Pers. ) 1893:57.

On Lespedeza procumbeus Michx. 1893:57.

On Lespedeza repens (L.) Bart. 1896:222.

On Lespedeza capitata Michx. Jasper Co., 8, 1903 (Arthur).

On Lespedeza hirta (L.) Ell. Marsliall Co. , 10, 1893 ( Underwood).

28. C.EOMURUS Orobi (Pers.) nam. nov.

On Vicia Americana Muhl. 1896:222.

29. C-EOMURUS PERIGYXIUS (Ilillxt:) Kuutze

.

On Carex virescens Muhl. 1893:57.

30. C.EOMURUS Phaseoli (Pcrx.) Arlh.

On Strophostyles helvola (L) Brit. (Phaseohis direrxifoliux Pers.)

1893:56. 1896:172, 222.

On Vigna Sinensis (L. ) Eudl. Tippecanoe Co., 10, 1903 (Arthur).

31. C.^OMURUS PLUMBARius (I'lc.) Kuntzc. (Uredo (jduriaa (Pk. ) DeT.

)

On Gaura biennis L. 1896:222.

32. C-^EOMURUS POLYGONI (Pern.) Kuntze.

On Polygonum aviculare L. 1893:57. 1896:223.

On Polygonum erectum L. 1893:58.

33. Cjeomurus RudbeckI-E (Artli. A Ilohv.) Kuntze.

On Rudbeckia laciniata L. 1894:152. 1898:187.

34. C-EOJiURUS Trifolii (i/rc?//. ) Gray.

On Trifolium hybridum L. 1893:58.

On Trifolium medium L. 1893:58.

On Trifolium pratense L. 1893:58. 1896:223. 1898:187,189.

On Trifolium repens L. 1893:58.

35. C^OMURUS Rhyxcospor-E (E. c( G.) Kuntze.

On Rhyncospora alba Vahl. Tippecanoe Co., 10, 1894 (King).

36. DiC-EOMA ALBIPERIDIUM (Arth.) nom . nov.

On Carex pubescens Muhl. Tippecanoe Co., 4, 1901 (Arthur).

10—A. OF Science, '03.
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37. Dic^OMA Aletridis ( B. c( (\ ) Kuntze.

On Aletris farinosa L. Lake Co., 7, 1884 (/////).

38. DiC-EOMA AMBIGUA (.1. t( S. ) Kioitze.

On Galium Apariue L. 1896:172.

39. DiC-EOMA Andropogoxis (Srlur.) Kimlze. {Piiccinia Amlropogi 8c\\w.)

On Audropogon fiircatus Mnhl. 1896:219.

On Andropogon .scoparins Miclix. 1896:219.

On Pentstemou hirsutus (L. ) Willd. 1896:217.

40. Dic.-EOMA Anemones-ViRGixiAXvE (Sch/r.) Arth. (Puccbiia wlida

Scliw.)

On Anemone cylindrica Gr. 1896:219.

On Anemone Virginiana L. Tippecanoe Co., 6, 1903 (Arflnir);

Steuben Co., 8, 1903 (KcUcnium).

41. DiC-EOJIA ANGUSTATUM (Pk.) Kiuitzc.

On Eriopliorum polystachyon L. Noble Co., 8, 1884 ( Van Gorder).

On Eriopbornm Virginicum L. Noble Co., 8, 1884 ( Van Gorder).

On Scirpus atrovirens Mulil. 1893:52. 1896:219.

On Scirpus cyperinus (L. ) Kuntli. 1893:52.

On Lycopus Americanus Mulil. {L. x/'niinfiis Ell. ) 1898:189.

42. Dic^OMA APOORYPTUJi (E. ct Tr.) Kiintze.

On Hystrix Hystrix (L. ) Millsp. 1893:52.

43. DiC.EOMA ARGENTATUM (Sell nil:) Knnfzc.

On Impatiens biflora Walt. ( L. fnJnt Nutt. ) 1893:52. 1896:220.

44. DlC^OMA ASPARAGI ( DC. ) Knnttr.

On Asparagus officinalis L. Lake Co., 10, 1899 {Breyfuijlc}; Foun-

tain Co., 9, 1900 (Betitfi/); Tippecanoe Co., 3, 1901 { Arthur);

Steuben Co., 8, 1903 { Kcllrrmnn).

45. DlC^OMA ASPE]?IFOLII ( Pr'/'.S'. ) Kntitzi'. (Pnrriiiiu R/dn'r/n-rerd (DO.)

Wint.
)

On Avena sativa L. 1893:55.

On Secale cereale L. 1896:221.

46. DiC.EOMA ASTERIS (Diiliii) Knntzc.

On Aster cordifolius L. 1893:52.

On Aster lateritlorus ( L. ) Brit. (.1. diffnxnx Ait. ) 1896:219.

On Aster paniculatus Lam. 1893:52.
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47. Dlc.EOMA CANALICULATA (Sclur.) Kinttze. (Piwrinia nigrorelata E. & T.

and P. i)uhtsiatn D. & H.

)

On Cyperas strigosus L. 1893:53,54. 1894:154,157. 1896:219,220.

48. Dic.-EOMA Caricis-Asteris {Arlh.} )i(>m. nor.

On Aster cordifolius L. 1893:49.

On Aster Drummondil Lindl. Tippecanoe Co. , 5, 1901 (Aiihii)').

On Aster paniculatiis Lam. Tippecanoe Co., 5, 1901 (Arllinr).

On Aster sagittifolius Willd. 1893:49.

On Carex cephalopliora Mulil. Tippecanoe Co., 6, 1902 {Arflmr).

On Carex faniia Willd. Tippecanoe Co., 4, 1901 (Artliur).

49. DiO-EOMA Caricis-Eeigefontis (.\iili.) iioni. nor.

On Erigeron annuns L. 1894:151.

On Erigeron ramosus (Walt.) B. S. P. Jasper Co., 6, 1903 ( Ar-

flmr ).

On Leptilon Canadense (L. ) Brirt. Jasper Co., 6, 1903 (Artliur).

On Carex festucacea Willd. Tippecanoe Co., 4, 1901 (Arthur).

On Carex straminca Willd. 1893:52.

50. DlC^OMA CaRICIS-SoLIDAGINIS (ArtJi.) 110)11. nor.

On Solidago cassia L. 1893:49.

On Solidago Canadensis L. 1893:49.

On Solidago fiexicaulis L. (N. lotifullu L. ) 1893:49.

On Solidago imtula Mnhl. Tippecanoe Co., 6, 1902 (Arthur).

On Carex Jamesii Schw. Tippecanoe Co., 4, 1902 (Arthur).

On Carex tetanica Sclik. Tippecanoe Co., 6, 1899 (Arthui').

51. DiCLEOMA Chrysanthemi (Roze) noiu. nor.

On Clirysanthemum Indicum L. Tippecanoe Co., 10, 1899 (
Dornrr).

52. Dic^s:OMA CiRC.E.E (Prrx. ) Kitntzc.

On Circiva Lutetiana L. 1893:53. 1896:219.

53. DlC^OMA CONVOLVULI ( /V/'.s. ) Knntze.

On Convolvulus sepium L. 1893:53. 1896:219.

54. 'DiCMO'Six DxYi (Clint.) Knntze.

On Steironenia ciliatum (L. ) Raf. 1893:53.

55. DiC-EOMA DuLiCHil (SijiJ.) nom. nor.

On Dulicliium arundinacea (L. ) Brit. 1893:52.
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56. Dld:oMA Eatoxi.e (Artli.) koiu. nor.

On Eatonia Penusylvauiea (DC) Gray. Tippecanoe Co., 5,

1903 {Arthur).

On Ranunculus abortivus L. 1893:50.

57. Dic.EOMA Eleochakidis (Arfh.) Kuntze.

On Eleocliaris palustris (L.) R. & S. 1898:53. 1896:219.

58. Dic.EOMA Ellisianum {TItiicm.) Kuntze.

On Andropogon scoparius Miclix. Tippecanoe Co., 11, 1898 (Stu-

art).

59. DlC.EOMA EMACULATUM (Srlnr.) Kuutze.

On Panicum capillare L. 1893:53. 1896:220.

60. Dic.^OMA EPIPHYLLUM (/v.) Kuntzr. {Puccinia Poarum Niels.)

On Poa pratensis L. 1893:57. 1898:189.

61. DiC.EOMA FUSCUM (Prrs. ) Kuntze.

On Anemone quinquefolia L. (.1. uemm-Dxa 'Mrs..) 1894:151.

62. DiC-EOMA Heliaxthi {Sritir. ) Kuntze.

On Helianthus annuus L. 1893:55.

On Helianthus divaricatus L. 1893:55.

On Helianthus giganteus L. Steuben Co., 8, 1903 {KeUennan).

On Helianthus grosse-serratus Mart. 1893:55. 1896:221.

On Helianthus mollis Lam. Jasper Co., 3, 1903 (Arthur).

On Helianthus strumosus L. 1893:55.

On Helianthus tracheliifolius Mill. 1893:55.

63. DiC.EOMA Heliopsidis (Srhw. ) Kuntze.

On Heliopsis scabra Dunal. 1893:54.

64. DiC.-EOMA MuHLENBERGI.E (.1. d II.) UUJU. iUir.

65. DiC.EOMA WlXDSORI^ (tSeJtir.) Kuutze.

On Sieglingia seslerioides (Mx. ) Scrib. (Triodia cuprea Jacq.)

1894:154. 1896:221.

On Ptelea trifoliata L. 1893:50. 1896:217.

On Muhlenbergia diffusa Schreb. 1893:53, 55.

On Muhlenbergia sylvatica Torr. 1896:221.

6f). Dic.EOMA Impatiextis (Scltw.) nam. nor.

On Elymus Virginicus L. 1893:55. 1896:221.

On Imi)atiens biflora Walt. ( /. fulra Nutt. ) 1893:50.

On Impatiens aurea Muhl. 1896:217.
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67. DlC^OMA KUHNI-^ iSrhtr.) Kuntzc

.

On Kulmia eupatorioides L. 1893:54. 1896:220.

68. Dic^OMA LATERiPES {B. t( R.) Kuntzc.

On Ruellia strepens L. 1893:54. 1896:218.

69. DlC^OMA LoBELi.^ ( Ger. ) num. nov.

On Lobelia syphilitica L. 1893:54. 1896:220.

70. DlC-^OMA LUDIBUXDUM •( A'. c( E.) Kiinlzi'.

On Carex sparganioides Muhl. 1896:220.

7J. Dic.-EOMA Majanth^ {Schum.) noni. nor.

On Phalaris arundiuacea L. Tippecanoe Co., 10, 1889 (Stnarl).

72. Dic.EOMA Melic.'E {Sijd.) nom. iioi'.

On Melica diffusa Pursli. Tippecanoe Co., 10, 1899 (Stuart).

73. Dic^OMA MenTH.^ (Prns.) Gray.

OnBlephiliahirsuta (Pursh.) Torr. 1898:54. 1896:220.

Ou Cunlla origanoides (L. ) Brit. 1893:54.

On Mentlia Canadensis L. 1893:54.

On Monarda fistnlosa L. 1893:54. 1896:220.

On Koellia pilosa (Nutt. ) Brit. 1893:54.

On Koellia Virgiuiana ( L. ) MacM. 1893:54. 1896:220.

74. DlC^OMA OBTECTUM (Plc. ) Kinitzr.

On Scirpus lacustris L. 1894:151.

75. Dic.EOMA PA3XMELII (Trcl.) 110)11. itor. ( Puccinia Panici Diet, and ^Eci-

dium Paimndii Trel.

)

On Panicum virgatum L. 1901 :283.

On Euphorbia corollata L. 1893:49. 1901:284.

76 Dic^OMA Peckii {Dc T.) nom. nov.

On Carex cephalophora Muhl. Tippecanoe Co., 6, 1902 (Arthur).

Ou Carex stipata Muhl. Tippecanoe Co., 6, 1902 (Arthur).

On Carex trichocarpa Mulil. Tippecanoe Co., 11, 1901 (Arthur).

On Onagra biennis (L.) Scop. 1893:50. 1896:217.

77. Dic.F.OMA Physostegi^ (P. iC C.) Kuntzc.

On Physostegia Virginiana ( L. ) Benth. 1894:151. 1896:220.
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78. Dic.^OMA POCULi FORME {Jar(j.) KHnf:r. {Puci-tnin. (jramini'i Pers. and

.J'Jridium Herhcridis Pers.

)

Ou Agrostos alba L. Steuben Co., 8, 1903 (Kdlernuin).

On Avena sativa T.. lcS93:53. 1896:220.

Ou Berbcris vulgaris L. 1893:49.

On Ciiina arundinaeea L. Tippecanoe Co., 4, 1901 (Arthur).

On Dactylis glomerata L. 1896:220, 223.

On Hordeum jubalum L. 1896:220, 224.

On Poa compressa L. 1893:53.

On Poa prateusis L. 1893:53.

On Triticum vulgare L. 1893:54. 1898:188.

79. DiC.EOMA PODOPHYLLI (Srliir.) Kinitze.

On Podophyllum peltatum L. 1893:54. 1896:221. 1898:189.

80. DlCLi:0>IA PoLYGONI-.\MPHIBII (Prrs.) Jiih.

On Geranium maculatum L. 1893:49. 1898:217. 1898:188.

On Polygonum emersum (Mx. ) Brit. (P. MuJtlenhergii Wats.)

1893:55.

On Polygonum hydropiperoides Miclix. 1898:184. 1898:189.

On Polygonum lapatliifolium L. 1898:184.

Ou Polygonum Pennsylvanicum L. 1898:184.

On Polygonum I'uiictatum Ell. { P. (irrr H. B. K. ) 1893:55, 57.

81. DiC-EOMA POLYGOM-COXVOLVULI { Hi'dl'. } Arlll.

On Polygonum Convolvulus L. 1898:184.

On Polygonum scaudens L. 1896:223.

On Polygonum Hartwrightii Gray. Steuben Co., 8, 1903

(Kdlerinan ).

82. Did;oMA Prexanthis. ( Prc.s-. ) Kunlzc.

On Nabalus albus (L. ) Hook. 1893:55. 1898:221.

83. DiC.EOMA PUXCTATUM (Str.) )IOIII. nor. •

On Galium asprellum Miclix. 1893:53.

On Galium coneinnum T. & G. 1893:53.

On Galium triflorum Michx. 1893:53.

84. DlC^OMA PUSTULATUM (('mi.) nam. nor.

On Andropogou furcatus Mulil. Jasper Co., 6, 1903 (Arthur).

On Andropogou scoparius Michx. Jasper Co., 3, 1903 (ArtJtur).

On Comandra umbellata (L. ) Nutt. 1893:50.
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85. Dic.EOMA Ranunculi (Seijm.) Knntze.

On Ranunculus sei)tentrionalis Poir. 1893:55.

86. Dic^EOMA Rhamni ( Gind. ) Kuutze. (Puccinia rownata Cda,. and .Ecidium

Rhamni Gniel.

)

On Avena sativa L. 1896:219. 1898:189.

On Calamagrostis Canadensis (Mx. ) Beauv. 1893:53.

On Rliamnus lanceolata Pursh. 1898:184.

87. Dic^-EOMA Sambuci (Scliir.) nam. nuv. {Piircinia Bollft/anaSacc.)

On Carex lurida Walil. 1893:52.

On Carex Frankii Kunth. 1893:55. 1898:187.

On Carex trichocarpa Muhl. 1893:52. 1896:219.

On Sambucus Canadensis L. 1893:50.

88. Dic.EOMA Sanicul.^ (Grev.) Knntze.

On Sanicula Canadensis L. 1893:55.

89. DiC-EOMA SiLPHll (,SV7;(/'. ) Knntze.

On Silpliium sp. 1893:55.

On Silpliium integTifolium Michx. Tippecanoe Co., 8, 1901

{Dorner .

90. Dic.EOMA SoHGHi ( Srhiv. ) Kunfze.

On Zea Mays L. 1893:54. 1898:188.

91. DiCLEOMA Taraxaci {Pl()n:i:) Knnt:e.

On Taraxacum Taraxacum (L.)Karst. 1893:53. 1896:219. 1898:188.

92. DiC-EOMA tenue ( Burr. ) Kunize.

On Eupatorium ageratoides L. 1893:55. 1896:221.

93. DlC-^OMA Thalictri (Cher. ) Kuvfzc.

On Thalictrum dioicuni L. 1893:55.

94. Dic^^omaUrtic^ ('SV7nu». ) Knntze. {Pnccinia Caricis'Re}:). and .Keidium

Urticie Schum.

)

On Carex riparia Curt. Steuben Co., 8, 1903 (KeUennan).

On Carex stricta Lam. Tippecanoe Co., 4, 1901 (Arthnr); Steu-

ben Co., 8, 1903 ( Kellerman).

On Urtica gracilis Ait. 1898:185.

95. Dic.EOMA VERBENICOLA { E. lC A'.) nom.. nor. (Purclniu Vilfic A. &H.)

On Sporobolus longifolius (Torr. ) Wood. 1896:221.

On Verbena stricta Vent. 1896:218.
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9f). Dic.EOMA Verxonle (.SV/i?';. ) A'«n/rc.

On Venionia fasciculata Miclix. 1898:55.

97. DiO.EOMA VEXAXS (Farl.) Kuntzt'.

On Bouteloua curtipendula (Miclix.) Torr. 1901:283

98. DlC.^OSIA VlOL.^ (Srhitm.) Knntze.

Oil Viola obliqua Hill ( V. mcllata Ait. ). 1893:56.

On Viola striata Ait. 1893:56.

On Viola pubescens Ait. Decatur Co. . 5, 1889 (Arthur); Tiope-

canoe Co., 4, 1898 i Arthur j.

99. DiCEOMA vuLPixoiDis ( D. it- JT. ) Kiuitze.

On Carex vulpinoidea Miclix. 1893:56. 1896:221.

100. DiC.EOMA Xanthii ( Srhir. ) Kuntzp.

On Ambrosia trifida L. 1893:56. 1896:222.

On Xantliinm Canadense Mill. 1893:56. 1896:222.

On Xantliium strumarium L. 1893:56.

101. GYMXOSPORAN'fTlUM GLOBOSUM Farl. (Rirxtrllii lar-t'rata Ft. )

On Crataegus coccinia L. 1893:56.

Ou Cratsegus Crus-Galli L. 1894:153.

On Crataegus mollis (T. & G. j Sclieele. (C. suhriUom T. & G.

)

1898:186. 1898:188.

On Crataegus punctata Jacq. 1893:56.

On Juniperus Virginiana L. 1893:51.

102. GYMNOSPORAN(iiuM .Juniperi-Virgimanm: Schv. (licestelia pyrata Thax.

)

On Malus coronaria (L. ) Mill. (Piirnn coronaria L. ) 1893:56.

1896:218.

On Malus Malus ( L. ) Brit. ( P///-».s- .Vahi.< L.) 1898:186. 1901:255.

On Pyrus communis L. 1893:56.

On .Tuniperus Virginiana L. 1893:51. 1896:218. 1901:255.

103. Jackya Cxif 'I (Mart.) iKim. nor. ( PiM'ciiu'a Clrsii-lanceolati Schvoet.

)

On Carduus lauceolatus L. 1893:53.

101. PiLEOLARIA BREVIPES Ji. <l Br.

On Rhus radicans L. (R. To.n'rodrndron Am. Auct. ) 1893:58

1896:223.

105. Uropyxis A>iorph.^i; ( Curt. ) Schroet.

Oil Amorpha cancscens Pursli. 1893:58.
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Additions to the List of Gall-Producing Insecta Common to

Indiana.

By Mel T. Cook.

One year ago the writer presented a list of gall-producing insects,

with a list of host plants, for the State of Indiana. This list is uo

doubt very incomplete, since the writer has collected specimens in Illi-

nois and Ohio which have not been reported from Indiana. Further-

more, this collection of galls which I have received from other parts

of the United States and Canada lead me to believe that galls have

a very wide distribution; it is probalile that the galls are distributed

over as wide an area as the host species and, in some cases, are as

widelj- distributed as the host genera. However, the insects may in

some ca.ses be restricted to smaller areas, due to other environments.

Our Icnowledge of American galls is at present so limited that it is

impossible to draw any dehnite conclusion on this subject.

"Witliin the yast year I have collected a large number of galls in

Illinois, Indiana, and Ohio, but, of course, many of these duplicate those

reported in the list of one year ago. I have also received collections

from various parts of the United States and Canada, and wish espe-

cially to thank Mr. F. L. Sims, of I>aporte. Indiana. Mr. C. C. Deam,

of Bluffton, Indiana, and Prof. W. A. Kellerman, of Columbus, Ohio,

for interesting collections of Indiana galls.

The additional list which I now present gives an increase of two

genera and eleven species of insecta.

Hoxiptcra :

41. Pemphigus populis-caulis, Riley, on Populus deltoides Marsh.

42. Pempliigus populis-transversus, Riley, on Populus deltoide.s

Marsh.

Diptera :

43. Sciara ocellaris, O. S., on Acer saccharium L.

44. Cecidomyia holotricha, O. S., on Hicoria alba L. (Britton.)

45. Cecidomyia tubicola, O. S., on Hicoria alba L. (Britton.)

f{y»ic)wpter(i

:
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46. Ampliiholiiis sciilpte Bass, on Quercu!?' rubra L.

47. Andriciis femoratus Asbiu. on Quercus ruln'a I..

48. Andricns lana Fitcli. on Quercus rubra L.

49. Diastrophus nebulosus O. S. on Rubus villosus Ait.

50. Diastrophus cuscutseformis O. S. on Rubus nigrobaccus Bailey.

51. Rhodites clichlocerus Harris, on Rosa sp .

Xos. 41 and 42 were collected in Wells County. Indiana, by C. C.

Deam: >>os. 4G and 47 were collected near Laporte. Indiana, by F. L.

Sims: No. 50 was collected in Steuben County, Indiana, by Prof. W.

A. Kellerman, of the Ohio State University. All others were collected

by me near Greencastle. Indiana.

No. 12, Trypeta solidaginis of the last report should have been

placed under the order Diptera.

I should very much appreciate collections of galls from various parts

-of Indiana.
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Xerve-Exd Organs in the Pancreas.

By E. O. Little.

The folloAviug- is au abstract of work clone to determine the number,

position, and distribution of the Pacinian corpuscles in the pancreas of

the cat. Mr. F. C. .Taclcson sectioned tlie material and counted the

corpuscles.
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A Crow Roost Near Richmond, Indiana.

By D. W. Dennis and Wm. E. Lawrence.

What is said in this paper aliout crows and their roosting is leased

upon observations talien by Professor Dennis and myself of one particu-

lar roost found about three miles south of Richmond, Indiana.

Through the latter part of January, 190.S, crows were noticed flying

in a direction about south by east in the evening and returning from the

same direction in the morning. The evening flight was from 3 to 5:30;

the crows were in floclvs of from two or three or in a constant stream.

The principal line of flight was about one-half mile west of Richmond.

By actual count crows passed at the rate of one hundred or more in a

minute for more than two hours. They were often so numerous it was

impossible to count them. Judging from this there must have been at

least 15,000 crows which roosted at this place. By 7 o'clocli in the morn-

ing nearly every crow had returned from the roost on its way to corn-

fields, etc., in search of food.

Not far west of Richmond, in a small woodland, they stopped to rest

or for some other reason. I have seen crows here by the thousand. It

was here at this resting station that very evident exemplification was

noted of their fear of man and their signaling to others following. 1

entered the woods and climbed a tree in order to watch better their

raaneuverings; however, they were not so Icind and not one flew over the

tree in which I was stationed. Repeatedly they flew at top speed in a

line directly overliead but always, on discovering my presence, made a

quick turn, uttered a peculiar call and passed around. This call evi-

dently was a signal for those following to fly in lilie manner, because for

the next few minutes the line passed to one side. Then some crow, not

noting the signal, would appear coming directly towards me; but he never

failed to malje the sudden turn, utter the call and fly around.

This is more clearly brought out by "Driving the line." It was only

necessary to walli in a railroad cut under a line of flying crows and it

would bend around at a greater distance, the crows at the bend all the
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while sij^naling to those beliiiul. In this maniiei- on one occasion Pro-

fessor Dennis drove them one-lialf mile to the Avest after Avhich they

passed on the east. On his return he in like manner drove them an

equal distance to the east.

For some reason the crows never went directlj- to the roost. Whether

it was done purposely to conceal the real roost can not be stated. How-

ever, they deceived us in this manner and caused us much trouble to find

the roost. Three visits were made to the vicinity, two at night and one

in the day time. The first visit, February 21st, they Avere found in a

wood and an adjoining cornfield along a small stream of water. As we
approached they preceded us. Approaching as quietly as possible, we

stopped by a large tree and remained quiet, thinking we might be in the

midst of the roost. Gradually all left; meanwhile scouts had been sent to

watch us. They would fiy directly overhead and then return to give

information to the othei's. The roost was yet to be found. We went to

the top of a neighboring hill and saw in the darkness several hundred

feet beyond thousands of crows on the snow-covered ground. We could

not approach without disturlting tin m. We did not remain till they went

to the trees.

The next time was February 2od, from G to (i:30 p. m. We now found

all the crows in the trees, most of them across the river from the place

where we first saw them, in a large wood, the others in the sycamores

along the river quite a distance from the main roost. They must have

been doing picket duty, because they uttered no cries, while the others

were constantly cawing; also when we purposely disturbed them some of

them left silently to join the others.

The last visit, March 2d, Avas in the day time; the ground was care-

fullj' gone over; the boundaries were easily determined by the droppings,

examination of which gave good evidence that they were eating a great

deal of corn.

The main roost Avas located on the north side of a hill, 120 feet high,

thickly Avooded with beech, elm, and ash, and near the foot of this hill.

Reference to the map Avill show that the roost was located in a gorge

shut in by hills 90 feet high on the east, 50 feet high on the north and

west, and, as before mentioned, 120 feet high on the south. A public

road runs north and south to the east of the roost, and, as would be

expected, the ground gave evidence of more crows roosting some distance

from the road.
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This particular hill was only used during the coldest weather; at other

times the crows moved about from place to place for their roost. The hill

MAP OF VALLEY OF CROW ROOST.

//'Vi: Indicates roosting erowp.

Indicates path of crows entering the valley.

Contour lines 10 ft. apart.

and the elevation of the surrounding land (as shown in the map) certainly

furnished protection against the cold.

The crows began to arrive about 4 p. m., alighting in the neighboring

trees and along the river banlv, drinlcing water and picking pebbles. The
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main line seemed to arrive from tlie northeast and from no other direc-

tion. But, to our sui-prise, on our way home after leaving the valley, it

was discovered that the crows from the northwest were flying southeast

on a tangent with the valley and alighting in the trees and tlelds to the

east; then turning at almost right angles they flew over the hill down into

the valley Avhere the roost was. Was this purposely done for protection?

In conclusion the main things to be noted are the bending of the line

when men are seen; the signaling of danger to the oncoming line; that

the crows never approached the roost directly and that they only roosted

on the hillside during the coldest weather.
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Some New Forms of Piiysiolocical Apparatus.

By .1. F. WooLSEV.

All Itrauches of scieiiTitic work rtMiuire special apparatus to fiiltill

tlu'ir inirticular iiocds. The apparatus liei'e shown was devised to meet

certain i'e(jnirenients for adjustable apparatus, for use with the kymo-

.yraph, in recording physiological exi:eriiuents. It is apparently desirable

in this work to have as many adjustments to the apparatus as possilde,

the solidity of the apparatus liein.i;- unimpaired.

ad.ti'stablp: stand.

This stand consists of a base .')i._."x.S"xl": a standard 18" high and

1" in diameter, to which is attached, by means of arms, the swinging

rod upon Avliich is supported, by means of imiversal clamiis. the va-

riotis forms of apparatus used in niakini;- the records upon tlie smoked

drum of the kymot;raph. The entire stand weighs 1.5 pounds.

The syringing portion of the apparatus deserves special notice. Fig-

tne 2 of the mechanical parts serves as the top arm. and the upper plate

of the lower arm. It is :U-_." long and 1%" wide at the broadest part.

Figure 1 is the lower plate of tlie lower arm. and is proportional in size

to the upper plate. Figtires M and 4 show the entire mechanism. In

Figure ."!. (a) is the coarse adjustment, and by releasing the set-screw the

swinging rod (d) can lie revolved aliout the standard (o: the desired pres-

sure of the stylus against the drum of the kymograph is obtained l)y the

luanipulation of tlie more tinely-thrcaded screw (b). In Figure 4. (b) rei>

resents the tine adjusting scrcAv. and (f) the strong coiled spring, which

operates the swinging rod attached to (gi. as shown in Figure o. The

swinging rod is 14" long.

The Uiuversity of Pennsylvania uses adjustal)le stands, devised and

made by themselves, but the entire movement of the swinging rod is

obtained from the liottom, and the mechanism is entirely dift'erent from

II—A. OF Science, '03.
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the above. Credit is due Mr. ti. P. Hobbs for his assistance in devising

the mechanical parts.

FROG TABLES.

These tables are modifications of those used in the University of

Pennsylvania, and meet certain requirements better. They consist. Figure

6, of a brass plate 4i^"x8", to which is glued a single piece of cork y/'

thick, and the adjustable arm or support. The adjustable part consists

of a brass block (c) which slides upon the square rod (e), the set-screw (b),

and has a horizontal play of 4i/^". The set-screw (ai allows of a further

circular movement of the plate, and the square supporting arna is held to

the staud by a luiiversal clamp.
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Fig. 5. Adjustable Stand.

s.

Fig. 6. Frog Tables.
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An Abnormality in the Xut of Hicoria Ovata (Mill)

Britton.

By Johx S. Wright.

The abnormal hickoi-y iint tignred aud (lescribed here was one of a

lot purchased iu the market. In all outward appearances it was normal,

the peculiarities were noted in orackin.u: it. Fig. 2. a transverse section of

a normal nut, shows the relative proportion of shell and seed. Fig. 3.

transverse section of the abnormal fruit, shows the cavity one-celled and

greatly reduced by tlic tliickened walls (l*i. Figs. ?> and 4 show the in-

terior tilled with a nut somewhat like that of the hazel: (si the walls hard

and shell-like, and (Ki the kernel, folded as indicated by the convolution

on one side. Tlie kernel had a l)land. oily taste, faintly resembling that

of the hazel nut. At the apex the tissues of the shell of this smaller nut

appear to be continuous with those of the outer shell (Tp». The inner

nut had a ])edicel. indicated (sti in the figure. In cracking, this pedicel

separated from the body of the small nut along a definite line. The shaft

of this pedicel reached through the thick outer shell and readily separated

from the surrounding tissues.

In view of the fact that the hickory nut is not extensively cultivated

and apparently has not been observed hybridizing to any extent, or other-

wise modified by breeding, the occurrence of this deviation from the type

is deemed worthy of notice.

J-LiUtiov 0^ WaxrruA UvA.

Off«aray\c«,

IfirowJlW th.«.

Rtnormal UmA-.

3 — TtQ-nb ai-c. Kbnormal Vu^.





1G7

13iRD Xests of an Old Apple Orchard Xear Indiana

University Campus. "="

By GERxraDE Hitze.

As part of my work in Nature Study duriug the Spring of 1002 I

"was assigned an old orchard east and north of Indiana University

Campus, ily work was to h)cate and report on all of the birds' nests

of this orchard.

As a preliminary a plot was made of the orchard. The rows of

trees were numbered serially from 1 to 22, and the individual trees

m each row were also numbered. The orchard was thoroughly searched

for nests between the latter part of April and the early part of June.

The exact location of the nests is omitted in this report.

From an ethical and sentimental standpoint the work was very

discouraging. Two-thirds of the nests were not completed or were

destroyed in different ways. In all. 24 nests were found, and IS of

these came to grief in one way or another, as the report will show.

The report will be of interest as showing the vicissitudes of birds

near a town, and the expense at whicli birds become and remain

adapted to their environment.

TURTLE DOVE.

May 21st I found a nest loosely made of twigs, lined with hay and

feathers, and containing two pure Avhite eggs. May 23d this nest

was robbed and destroyed. The old birds were flying about the orchard.

On June 2d I saw no doves in the orchard.

CHIPPING SPARROW.

May 21st I found a little nest under a grapevine. It was built of

dry grasses and lined with horsehair. The nest was built in a little

hole in the ground. It contained one white egg with many brown

"Contributions from the Zojjogical Laboratory of Indiana University. No. 61.



108

spots. May 'SAd this nest had ))t';'n r()l)l)t'd like so inaii.v others. The

nest was not destroyed but the birds never rettirned.

May 23d I foiuid a nest under another jirapevine. The nest had

four eggs in it. Two of the eggs were pipped. .Time 2d foiu* little

birds were in the nest, one of tliem witli a hidy l)eetle in its mouth.

June 4th. birds almost featliered. Tlie.v seemed not to lie afraid of

me as I drew near them. The mother did not go far from the nest

as long as I was near. .June Stli. tlie Itirds have flown. There were

aid' little birds hopping al)out in a tree near the deserted nest.

8()XG STAKHOW.

May 2:!d. along the north fenee I found a nest in a grapevine,

nicely hidden among the leaves. The nest was made of twigs lined

with dry grass. There was one white egg, spotted Avith heavy brown

spots. .Tune 2d. two eggs were in the nest. No bird was near at this

time. .Tune 4tli. tlie nest liad been rol)))ed but not destroyed. No birds

were near,

WH ITK-THROATE I ) SIW It liOW.

On April ;'>()tli I found a White-throated SparroAV building a nest

in a brush heap. The l)ottom of the nest was finished and made of

twigs. Every time the Sparrow cari'ied any material to the nest a

Catbird would fiy down and take it away. The Catldrd fought and

chased the Sparrows imtil the.v left tlu> nest unfinished.

HOUSE WREN.

May 21st. in the soiitheast corner of a shed I found a nest in the

old wooilwork. The nest was made of dry roots lined with chicken

and turlvcy feathers. Thei'e were seven yomig almost feathered and

nearly ready to Hy. ;\Iay 2;><1, the birds have fiown.

CR ESTEI ) FIA'CATCI-IER.

May 7th I saw two Crested Flycatchei's flying around an old tree.

They were building a nest, for one carried a feather, while the other

flew at me whenever I came near them. I was unable to find their
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nest. May 0th I looked again f(>r the nest l)iit was unable to tincl it.

May 21st I found the nest in a hole in the old tree. It was in a dead

limb at a depth of about twelve iuclie.s from the opening. It was

lined with featliers. There were five light eggs with heavy brown

markings, especially at the large end. May 23d, no change in the nest.

The birds were near. June 2d, tive little birds were in the nest. June

9th, birds are just ready to leave the nest. June 11th, birds have flown.

BROWN THKASHERS.

I found a nest in a ln-usli pile on April 2:'>(1. Tlu' nest was made

of twigs lined with dry grass. There were three eggs with Itrown

specks, more spots at the large end. On April :>(tth the nest had been

robbed and no birds were neai'.

On April oOth I found another nest in another Iti'ush h('Mi>- There

were two eggs in it. The mother remained hiding in the brush. On

May 5th I found the l)rusli pile was l)urned and the birds gone.

On May Ttli I found an luifiuished nest in still another brush pile.

May 0th, the nest was linished but no bird was near. May 14th,

four eggs in the nest with the Hrown Thrasher on the nest. She

was not a bit shy, and allowed me to come quite close to her. She

then hopped off the nest and from twig to twig, and out upon the

ground, and then flew away. The male sat off at the other side of

the orchard and sang very merrily. May IGtli. the female was still

upon the nest, the male was very happy as he sat up in the tree and

sang. May 21st, the nest had not been destroyed. The ))ird was

quite friendly, as she Avould sit and allow me to talk to her. On the

23d I found that some boys had been in the orchard. They had robbed

and destroyed all the nests. This one was not spared. The birds

have disappeared.

On May 7th I found the foundation of a nest in a tree, nicely

hidden by leaves. It was built of large twigs and lined with a few

dry grasses. The nest seemed deserted. On ;May 0th no birds were

near and no work had been done on the nest. June 1st, the birds had

been working on the nest. It had been entirely reliued. June 5th. one

egg, blue, flaked with brown, was in the nest. June 0th, there were
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three eggs in the nest. The mother bu-d was quite nervous when I

was near the nest. No further observations were made on this nest.

CATBIRD.

On May 2d I saw two Catbirds weaving straws into a nest. May

5th, the nest was gone. Catbirds not near. I believe they are hard

to please, for they begin a nest and then desert it, sometimes leaving the

foundation and other times entirely destroying every trace of it.

On May Tth I found a nest made of twigs and dry grass with

Catbirds near it. On May 9th this nest was partially destroyed. The-

birds were gone.

On May Tth I found a nest in a tree. I chased the birds off from

the nest to find two greenish eggs in it. The eggs were smaller than

the Robin's eggs. The old birds fought me. May 9th, no change in

the nest. Birds fought even harder than the last time. May 14th,.

one egg was pipped. Maj- 16th, I climbed the ti-ee. No birds flew

at me, and I soon found that, like so many other nests, this one had

been robbed. The eggs were gone. No shells nor birds were near.

On May Tth I found an unfinished nest. It was nicely hidden by

leaves. It was built of twigs and a few dry grasses; no birds were-

near. This nest was deserted, as no more work had been done and

no eggs were found in it on later visits.

On May 9th I found the fifth Catbird's nest. It contained one egg.

No bird was near to fight. On May 14th two eggs were in the nest,.

and on May 16th the eggs had been broken and the nest torn up. No'

birds were near.

The sixth nest was found on May 9th. It contained one egg, but

no bird Avas near to fight. On the 14th the nest had two eggs in it^

but they were broken and the nest was destroyed.

On May 14th I found a nest quite high in the tree. There was-

one egg in it. May 21st, the egg was gone; it looked as though

it had been broken. The inside of the nest was torn out.

On May 21st I found a newly built nest. The Catbirds were in

the tree and seemed very interested in the nest. On May 23d the nest

was destroyed and no birds were near.
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It OP. IX.

Oil April 21st, 1902, a Robiu's nest was found ou the rail of a fence,

about four feet from the ground. The nest was made of roots, dry

twigs, dry grass, plastered together and to the fen'ce with clay. Softer

grass was used in the center. Two l)lue-green eggs were in the nest,

their small ends toward the center of the nest. On the 23d the bird

was on the nest when 1 made my round, but she fleAV off. There were

four eggs in the nest, and just as soon as I left she flew back. On

the 30th the nest was found to have been toi-u from the fence and

thrown upon the ground. The eggs were broken. No l)irds were no-

ticed near this place again.

On April 14th I found an unfinished nest in a tree. It was being

constructed like the one above described. Birds working hard. April

17th the nest was completed, but the birds were not near. April 21st

I found one blue-green egg in the nest. April 23d I found that three

eggs had been laid but had been broken, and the shells were on the

ground near and far. The nest was wet with the white of the egg,

and the inside of the nest destroyed. I was unable to find the cause

of the nest being destroyed. Notliing further was done on this nest

by the birds up to the end of the observations.

On April ITth I found a nest in a tree which had been completed.

The Blue Jays and the Robins were fighting, the latter being driven

away. On April 2od I found a Robin on the nest sitting ou one

egg. April 30th I found the bird sitting on three eggs. The Robin

seemed qtiite friendly, for she allowed me to come very near to her.

Then she flew only after 1 made a motion as though to touch her.

May 2d I found the bird sitting on four eggs. May 5th the Robin

was still on the nest. She allowed me to come quite near. Jlay

7th, two little Robins in the nest; the other two eggs were pipped.

May 9th, four little birds. They seemed all mouths and eyes. The

mother flew as soon as I came near the nest, but did not go more

than five feet. The male followed me a long distance. This was the

first time he had shown fight. On March 14th, the birds have grown

very much. They would not take anything from me. Both the old

birds tried to fight, and as I left the nest the male followed. May
16th the birds were nearly feathered; very shy. May 17th, all the
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birds have flown. In just one month from the time I found the nest

all trace of the Iiirds was gone. It was twenty-foiu- days from the time

the first egg was laid in the nest until the nest was empty.

On May 4th I found a Robin's nest up high in the tree. Made

like those above described. :May Tth I found four blue-green eggs

in the nest witli the female on the nest. On May 14th two of the

eggs were pipped. The mother was very nervous. On May 16th four

little birds were in the nest. On May 21st the little birds were nearly

feathered, and on the 2od the birds nad flown.

BLUEBIRD.

'Slay 21st I found a nest with one Itlue egg in an old and partially hol-

low ti'ee. It was in a cavity on the east side about ten inches from the

opening. The nest was lined with fine feathers, but in pulling off the bark

much of the loose, decayed stuff fell into the nest. May 23, the nest has

been robbed and the lining ijullcd out.

List of Mammals, Reptiles and Bairachians of Monroe
County.

By Waldo L. McAtee.

(By title.)
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EcoLO(JicAL Notes on the Mussels of Winona Lake.*

By T. J. Headlee and James Simonton.

In the siimuier of I'.Mt:^ the writers, under the direction of C. H.

Eis'enmanii. made oliservations on the mussel distribution of Winona

Lalve with a view to determining the reason for the same. We examined

the shore line from 4 inches to 4 feet by wading, from 4 to 7 with

a clam rake, from 7 to SO feet with an ii-on dredge.

The species found Avere determined by comparison with shells that

had been named by Call. Simpson and Baker. The nomenclature is

that used by Call in his report on Indiana Mollusca. Geological Report,

1899. They were; I'nio luteolus. Unio subrostratus, TJnio glans, Unio

fabalis, Unio rubiginosus. Anodonta grandis, Anodonta edentula Mar-

garitana marginata.

This is a deep kettle-hole lake. In general tUe beaches are composed

of sand and gravel, which shade off with A'arying rapidity into marly

sand, then into sandy marl, then into coai'se white marl, and finally into

the fine dark marl that covers the l)Ottom in all the deeper parts of the

lake and which is the accumulation of plankton tests. The bottom

steadily grows softer as the proportion of dark marl increases. So soft

does it become that a small sounding lead sinks into it of its own weight

from 6 to 12 Inches. In some places, especially the southwest side and

in the little lake the shallow part of the beach is formed of muck which

shades off into marl witliout the presence of any sand or gravel.

In general it may be said that the mussel zone extends from the

shore line to where the bottom changes to very soft marl. This region

will average from 4 inches to feet of water, although in some places

the mud comes to within a few feet of the water's edge, while in others

the sandy and gravelly bottom runs out into 22 feet of water.

A. grandis is usually found just on the outer edge of the sand

and gravel bank, while A. edentula appears most numerously a little'

farther out. A few specimens of both species were taken closer in shore,

"Contributions from the Zoological Laboratory of Indiana University, No. 62.
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grandis oeing sometimes found on sandy bottom, edentula, however,

invariably upon a soft bottom. Neitlier (liealtliy forms) was ever talien

on hard sand or gravel.

U. glans has been taken upon sandy and gravelly bottoms, in from

4 feet out. U. fabalis appeared in about the same region except that

it goes out on the soft bottom even farther than edentula.

U. subrostratus appears on the outer edge of the sand and gi-avel

banks in about four feet of water and extends out as far as the light

form of U. luteolus.

U. luteolus is the most variable, the most widely distributed and

the most abundant species in the lake. It varies from a moderately

thin, light straw-colored shell, marked by radiating greenish lines, to

an extremely heavy, almost black form. The gradations of form, color,

and size are shown in the plate and are very nearly perfect. The

straw-colored variety is found in from 4 inches to 22 feet of water;

it is, however, dominant inshore, in weed patches (Potomogeton and

Ceratophyllum), and on chara-covered bottoms. The dark variety

occupies the same region but is dominant upon sand and gravel bottoms

in from three and one-half to twenty-two feet of water. The inter-

grading forms cover the same territory as the straw-colored and dark

varieties but can not be said to be dominant anywhere.

U. rubiginosus occupies about the habitat dominated by the dark

form of U. luteolus, except that it was not found in deeper water than ten

^eet.

M. marginata was found so infrequently (only six times) that the

writers could tell little of its distribution. The specimens found were

taken on sand and gravel, and white marl bottoms in from four to

twenty-two feet.

There are a number of conditions in the environment which sug-

gested themselves to us as possible explanations for this distribution

—age,, sex, light, heat, food supply and oxygen, pressure, wave action,

character of the bottom, and enemies. Sex can not be important, for

males and females are found together throughout the habitat; light can

have but little to do Avith it, for mussels are absent in places in three feet

of water and are abundant in others in fifteen feet, the difference in

tight being considerable. Further, the light over some of the immense

beds in White River is no greater and perhaps even less than in twelve

feet of lake water. That heat has little effect, during the summer at
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least, is shown liy the fact that heavy beds were foiuul iu different

temiieratiires, and by the fact that temperature variation in the mussel

zone did not amount to more than two degrees: oxygen is not important,

for the supply of oxygen throughout the mussel zone varies very little;

pressure can have but little to do with it. for we found specimens on a

sandy bottom in twenty-two feet of water, while on dark marl bottoms

in ten feet none Avere taken in any case. Food supply can not be effec-

tive, for it is about equally abundant throtighout the zone. The food

consists principally of diatoms; secondarily of low algoe forms, and one-

celled animals.

It seems to us that there are three causes which control the distribil'

tiou of mussels as it appeared in Winona Lake—wave action, character

of the bottom and enemies.

The hrst cause applies only in water less than three feet deep.

As U. luteolus and A. grandis appear in this region they are subjected

to this agency. Specimens of both A. grandis and the dark form of U.

luteolus have been found washed ashore after a storm, and scores of these

shells appear along the shore line. Under similar conditions we have

seen the light form of U. luteolus moving from the water's edge out

into deeper parts; these facts point to the conclusion tliat the two first

mentioned forms are prevented from occupying shallow water by wave

action, but that the light form of U. luteolus. being very active and

having a tliick shell, can well occupy this region. Not only is washing

ashore fatal to A. grandis. but wave action quickly action quickly wears

away the shell and leaves the animal open to attack. Unio glans, fabalis,

edentula, and subrostratus are very light and slow moving; U. rubigiU"

osus is heavy and clumsy, like the dark form of luteolus; the first three, if

washed ashore, would be unable to get back, and their shells would be

unable to resist the wearing action of the waves, while the last men-

tioned form could resist Avave Avearing but Avould be unable to get back

if washed ashore.

The character of the bottom applies throughout the mussel zone.

The bottom in the weed patches differs from that iu the deeper parts

of the lake in being slightly less soft. The sandy and gravelly bottom

affords tirm foothold and alloAvs the mussel to assume that position

which enables it to get the best supply of food and oxygen, while

the pure marl allows it to sink so far as to be smothered. Even if

the animal does not sink entirely under, the overlying sediment is suf-
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ficient Id sinotlier it. That there is an oveiiyiiiji' sediment is shown

by the following- experiment: We pumped w;iter from twelve and six

inches above the sandy and gravelly bottom in seven, ten. tifteen,

twenty-five feet of water; the specimens revealed no sediment that

wotild not settle on standinji'. Specimens were taken in thirt.v and

thirty-six feet of water over a marl bottom and the twelve-inch samples

yielded a small amount of such sediment, while the six-inch samples

showed a decided amount. Tliat matter in suspension is fatal to the

mussel is shown by the fact that we found in the west side and south

end of the lake what were evidently once thriving mtissel l)eds, Iniried

under a thin layer of coarse marl, which had Ijeen stirred tip by the

action of the steam dredge two years l)efore. These mussels were

found in the normal position undisturlied in any way. That the mussels

were alive five years ago is shown l)y I>r. Moenkhaus" statement that

he and his classes collected an ahundance for study in those same regions

at that time.

In order to test the abilit.v of the mussel to stand these bottom

conditions we made three wire clam l)askets. lowered one in twenty-

five feet of water, another in thirty-five feet, another in eighty-five

feet. "We got the following results:

August •"). a basket containing thirteen T'. luteolus and one A. grandis

was placed in I'o feet of water on a dark marl bottom. On the loth

two examples of T'. luteolus were dead: on the l.'th one U. hiteohis was

dead-; on the 17th two U. luteolus were dead and four were missing.

August '.). a liasket containing five T'. luteolus of the light variety

and one of the dark, and one A. edentula was lowered in 35 feet of water

on a sandy gi-ay marl iiottom. On the l.'itli, one A. grandis and one U.

rtibiginosus were added. On the 2(ith (lue I', luteolus of dark variety

was dead: on the 24tli five U. luteolus and ctue V. rubiginosus were found

to have the gills liadly choked witli sidiment. while the anolontas were

missing.

Angiist 1.1, a basket containing seven T'. luteolus of light and one of

dark variety, two -A. edentula. and one A. grandis was lowered in 85

feet on a pure dark marl bottom. On the 21st one U. luteolus of dark

variety was dead: on the 24th seven I', luteolus and one A. grandis

phowed gills liadly choked A\'itli sediment, while the two edentida were in

better conditi()n, showing very few patches of marl in gills.
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To sum up: In the liMsket in twenty-tive feet, lowered on dai'k ni;irl.

in nineteen days ti\e were found dead and four niissiiiy; in the basket

in tliirty-tive feet, h)wered near Sandy Point on a sandy gray marl bottom,

in fifteen days one was dead, all showed .sill>^ partly tilled with sediment;

in tlie Itasket in ei.uhty-tive feet, lowered on pure dai'lc marl, in nine

days two were found dead and tlie uills of all liut A. edentiila badly

ehoked with sediment. T'. fal)alis. U. .i;lans and V. snlirostratus were not

inchidt'd in this experiment lieeause the tirst two woidd have slipped out

throu.uh the meshes and the third eould not be obtained at the time.

HoAA'ever. it seems reasonable to supi)ose that they would have proven

not unlike the others. It seems, therefore, that those foi'nis possessing

light weight in prop(»rtion to surface e.xposed and close-titting valves

are best able to i-esist the soft marl and the overlying sediment.

A. grandis and edentula. having light and close-titting valves, are

fotuid accordingly on the outer edge of the sandy marl liank; the edentula,

being better fitted to withstand the bottom ooiulitions, is found out

in the edge of the dark marl. V. glans and fabalis. owing to lightness and

close-fitting valves, ocetipy alxmt the same sittiation. the fabalis having

much the lighter shell, lieiug found out as far or farther than the

edentula. They are also found inshore, where not subjected to wave

action. U. suln'osti'atus. liaving nu'diuni weight valves, which are also

close-fitting, is confined to the gravel and sand banks, weed patches and

chara-covered beds. U. ruVtiginosis, having very heavy and rather loose-

fitting valves, is eonlined to clear sand and gravel banks. The dark

form of luteolus. having extremely heavy and rather loose-fitting valves,

is confined to hard sand and gravel banks. The straw-colored form by

its medium weight and tight-fitting valves is alile to live on sand, gravel,

in mud patches and on chara-covered bottoms. Owing to the fact that so

few specimens of M. marginata were found we were unable to draw any

conclusions as to its ecology.

The muskrat is the principal enemy of the mussels: around his

house many mussel shells are found, but no live mussels. Shells of

all the species in the lake except the smaller ones are found, the Ano-

donta shells being in much greater evidence than is proportionate to

their total number. They do not appear so on first examination, for

they are Inoken up l)y the animal and worn by the waves. The con-

ditions on the sand lianks ))eyond reach of wave action are very favor-

12—A. or SciE.vcF.. '03.
,
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able for Auocloutu life, except for the presence of the muskrat. Ano-

dontas are absolutely absent from water some distance from his home,

where we found Unios rather abundantly. This points to the fact

tliat tlu' muslvrat confines the Anodonta to the deeper waters at tlie

edge of the sandy and gravelly banks.

It seems to us that the foregoing facts give basis for the following

conclusions: First, that the mussel zone lies mainly upon sandy and

gravelly banks, and on the outer edge of the same; second, that wave

action and the muskrat determine the limit of the distribution shoreward,

and that the character of tlie liottom is the priiieipal factor determining

the outer liouiularv of the zone. •
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EXPLANATION OF PLATES.

Plate L

1—Unio falinlis; 2—Unio jilans: 3—I'nio siil)r()str;Un.s: 4— Uiiio riibi-

ginosus; 5—Mar.ii:irit;ui;i niariiiiiata: —t'liio liitcolns; 7—AiKKloiita

^ranclis: 8—Aiiodonta tMleiituhis.

Plate IL

1, 2, 3, and 4 are pairs of L'. luteolus, wliieh exhibit gradations of form,

-color and size from the light straw-colored forms to the almost black

varietj'.

a, b, c, d, e, f. g. and h exhibit the gradations of color and markings

found, from white to dark varieties, without I'egard to sex.
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OoNDiTfONS Effecting the Distribution of Birds in Indiana.*

By Amos W. Bvti.ek.

GENERAL CONDITIONS.

The re^iihir aiuui:il movements of birds, their migrations, are-

among- the most striking of the manifestations of Nature. "With the

revivifying breath offspring, the absent bfrds return. Last fall, when

the summer's work Avas done, they went to warmer climes. Now. they

seek anew their breeding grounds. Some make their homes with us;

others go farther nortli to rear their j-oung. The semi-annual ebb

and flow of these tides of bird-life, the Itreeding range and the food

supply are general factors that enter into the distribtition of liirds

everywhere. Our ancestors noted them as signs of the seasons. They

exist today, though we do not see them so readily because of our

changed conditions.

ZOOLOGICAL AREAS.

Indiana is a meeting-ground of various birds. Into it range typical

forms of different zoological regions. From the west, are prairie birds;

slightly tinging the north, are northern forms: wliile the dominating

influence of the lower part of the State is .sotithern. Indiana lies within

the eastern (Atlantic) faunal province. According to Mr. Ajlen, it Ms

distinctively Carolinian (Bull. Mus. Comp. Zor>l. II. No. 8. pp. 893-395),

yet the southwestern part is within the range of many birds char-

acteristic of the Louisiauian Faima (Atistroriparian Province of Prof.

Cope, Btill. U. S. Nat. Mus. No. 1. 18To. pp. (jT-T1i. I»r. Merriam would

include the bulk of the State in the Upper Austral Zone, the Lower

Austral Zone reaching into southwestern Indiana and the Transition

Zone influencing the northern part (Bull." Xb. Id Biol. Surv. V. S. Dept..

Agr. 1898).

•'Contributions from the Zoological Laboratory of Indiana University, No. 37..
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DISPERSAL BY STORMS.

Followiiiu' heavy storms, of wide extent, at sea, it soiiietiines happens

that birds are blown or driven far inhuid. This, in part, accounts for the

iiiiiisnal occnrrenoe. at times, of numbers of eert.-iin birds. One of the

most notable instances of this was tlie wide dispersal of Briinnioh's

Miirres (I'ria iomviai by a nortli-Atlantic storm, in December. 1890.

They were driven as far snnth as South Carolina and over the eastern

United States, at least to Indiana and Michi.mm. A number of specimens

were taken in Indiana (Butler. The Auk, XIX. IS'.iT. April. l!t7--J;Mii.

CHANGES IX COXDITIOXS.

The bii-ds aixtut us are not those that were familiar to our f;itliers.

Many kinds that were common to them have disappeared. Others that

they did not know have eonie to take their places. In the early days

of our history, dense forests stretched unbroken, save by water cotu'ses,

from the Ohio Kiver northward almost to Lake Michigan. Throtigh

these, threaded the runways of wild animals and the trails of wild men.

Within the gloom of these eontinnons woodlands dwelt birds peculiar to

such surroundings. With the clearing of our laud, there disappeared from

that area many forest-inhabiting birds. The range of others became

restricted to the remaining timber districts. Meadows and pastures re-

placed the forests. Birds loving stich surroundings, prairie forms, there

made their homes.

The beautiful little Carolina Paroquet (Conurus earolineusisi, which

once ranged in countless numliers throughout the eastern L'nited States.-

as far north as the Great Lakes, has not onl.v disappeared from our

limits, but also from almost every part of its range. From but a few

almost inaccessible localities in the Southern States has it been recently

reported, and it is now on the verge of extinction. It was last reported

in Indiana from Knox County in 185!) (Hasbrouck. The Atik. VIII.

Oct. 18!n. pp. 3<i!>-3T0: Butler. Ibid. IX. .Ian.. 1892. pp. 49-.5(j).

The Ivory-billed Woodpecker (Campephilus principalis), the largest

representative of its family, was found in the earl.v part of this centur,v

in suitable localities in southern Indiana, notably in Franklin and Monroe

counties and in the h)wer AVabash Valley. Their shy. retiring ways led

them to leave when men appeared bearing the evidences of civilization.



182

They have almost entirely disappeared from earth. A few individuals

linger among the almost inaccessible regions of the Southern States

{Hasbrouck. The Auk, VIII. 1801, pp. 174-17(i).

The Pileated AVoodpecker (Ceophloeus pileatus), known to the early

settlers as Logcock and Black Woodcock, was familiar to the eyes and

ears of the early colonists. They were averse to sharing their haunts

with the white man. Less and less their luimbers grew. They disap-

peared from one locality after another, until now but few are left in the

more sparsely settled districts of the- State (Butler. Birds of Ind., 1897,

p. 838).

The croak of the Raven (Corvus corax sinviatus) was a familiar sound

to the early pioneers. Thej' saw its numbers lessen from year to year,

until their children, now, never see its form and do not know its voice.

From one locality after another, the feAv remaining birds have disap-

peared, until at this time it is probable that none are to be found within

the State. Until within the last five or six years, they have been known

to nest in Martin and Dubois counties, but I can learn of none having

done so since (Proc. Ind. Acad, of Sci., 1897, p. 202).

The Wild Turkey (Meleagris gallopavo), our most noble game bird,

has been generally extirpated, although it is still reported from Knox,

Gibson and other counties of the lower Wabash Valley. It, probably, is

also to be found, in rare instances, in some of the wilder regions, else-

where, in southern Indiana. It formerly was numerous throughout the

State.

The Swallow-tailed Kite (Elanoides forflcatus) is known but to few.

In 1812, Alexander Wilson reported these graceful, giant, swallow-

.shaped birds as abundant upon the prairies of Ohio and Indiana Terri-

tories (Amer. Orn., VI, 1812. p. 70). For seventy years after that but

one was reported from Indiana (Haymond. Proc. Phil. Acad. N. S., Nov.,

1856. p. 287). Since then they have been seen at irregular intervals

in the f-outhern two-thirds of the State.

Wild Pigeons (Ectopistes migratorius) were formerly found in such

countless numbers that no estimate could be made of their abundance.

During the season of their flight, flocks of enormous size successively

passed, obscuring the sun and sometimes hiding the sky. At night, they

gathered in roosts in favorite localities. These roosts Avere often of great

extent. They alighted u] on the underbrush, crushing it to the ground,

and so weighted the trees that limbs of large size were broken off by the
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burden put upou tlieiu. After the tirst third of the century, their num-

bers began- noticeably to diminish: but few hirge flights were seen in our-

State after bSTO. Ten years later, they had almost disappeared. Noav, ,

they are nearly extinct. A few individuals are to be found iu certain

localities in the rougher portions of southern Indiana (Proc. I. A. S.,

1899).

In the extreme northern part of the State, prairies and swamps, lakes,

and woodland alternate. The marshes and loAvlands of northwestern In-

diana form attractive spots to many swamp birds and waterfowl. Differ-

ent kinds of ducks collect there and a uumber of species breed iu the-

more retired places. Formerly, they Avere much more numerous. There,

also, the Whooping (Grus americana) and Sandhill Cranes (Grus mexi-

cana) bred in numbers. Snipe and Plover were found abundantly.

Phalaopes and Black Terns (Hydrochelidon nigra surinamensis) fre-

quented the lakes and ponds. Gallinules, Coots and Grebes still rear

their young. Rails of four species make their homes among the reeds.

Marsh Wrens and both the American (Botaurus lentiginosus) and Least

Bitterns (Ardetta exilis) frequent the sedges; while the stems of these-

plants are drawn together to form nesting places for the Red-winged

(Agelaius phoeniceus) and Yellow-headed Blackbirds (Xanthocephalus^

xanthocephalus), and their tops are woven into the globular nests of the

two species of Marsh Wrens. The dryer marshes are the breeding

grounds of such rare forms as Henslow's (Ammodramus henslowii) and

Nelson's Sparrows (Ammodramus candacutus uelsoni). The swampy
woodland is the home of other water-loving species. Among the tops of
the tallest trees are still to be found the small remnants of large colonies

of Groat Blue Herons (Ardea herodias) and Black-crowned Night Herons.

(Nycticorax nycticorax na>vius). Here, too. we have recently learned

that the beautiful AVhite American Egrets (Ardea egretta) commonly

made their homes, nesting in colonies or heronies. By this fact, its:

known breeding range is extended northward a distance about equal to-

the length of this State (Proc. I. A. S., 1S9T, pp. 198-201). Among the

tree-tops, too, were to be found the nests of the Osprey (Pandion halifTetu&.

carolinensis) and Bald Eagle (Halitee.tus leucocephalus). In the larger

cavities in the tree trunks, the Wood Ducks (Aix sponsa) still rear their-

broods, and the deserted Woodpecker holes in the old snags are occupiedL

by White-bellied Swallows (Tachycineta bicolor) and Prothonotary War-
blers (Protonotaria citrea).
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All this has jrreatly chanjietl. Some of these charaoteristic forms

liave almost disappeared, while the draiiiinir of the swamps and the le-

claimin.a: of the land have lessened the area favorable for the homes of

others. Few. indeed, are the numlters of most of these birds in this

Tejiion compared with the innumerable company that occupied it a half

century or mure ago.

Field Sparrows (Spizella pusill:u. A'esper Sparrows (Poocietes gram-

ineus). Dickcissels (Spiza americanai. (Grasshopper Sparrows L\mmo-

dramus savannarum passerinusi and Meadowlarks (Sturnella magna)

are representatives of those that sought the fields with Avhich man re-

placed the native woods. Others, such as the Bol)Olink (Dolichonyx oxy-

zivorus) and Prairie Horned Lurk (Oiocoris alpestrls praticola). also ex-

tended their range as favorable localities Avere found. At tlie time of

the settling of our State, the lireeding-grounds of the Bo1)olink within our

present limits were probaldy about the southern end of Lake }^Iicliigan.

extending southward over the prairies of the Kankakee Basin and east-

ward as far as the site of Rochester. Possibly some bred in the smaller

prairies in the northeastern part of the State. From these points they

have gradually spread sovithwaid. extending their lireediug range as far

.south as the counties of Union. Decatur. Marion and Vigo. They are

not numerous there: but nnder favorai)le conditions, a few may Ije

found at nesting time, enlivening the scenes of rural life Avith their

charming songs, as far south as has been indicated (Butler. Proc.

L A. S.. ISlMi). The Prairie Horned Larks, too, from practically the

same districts, have gradually been found to nest farther south until they

have been reported as breeding in Franklin, Decatur. .Tolnison. Monroe

and Knox comities. Following their extension soutlnvard. their ntimljers

have graduall.v increased until no\v they are familiar l)irds in many

places where they were tniknown a fi'w years ago (Butler. Birds of

Ind.. 18r>7. pp. 874-0).

As tillable land is neglected and begins to grow tip in liuslies and

briers, other liirds press in to occupy such congenial haunts. The most

notable of these, perhaps, aie P.achman's Siiarrow (Pein-;ea aestivalis

baclimaniii. ihe Lark Spai-rovv (Cliondestts granmnicusi. the Cardinal or

common Kedbird (t'ardinalis cardinalis) and the Yellow-breasted Chat

ticteria virens). All these have been ol)served to be extending their

range, where conditions are favorable: but the extension, perhaps, is

the most striking in the case of the twf> sparrows first mentioned.
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From the south other forms are ranging into our limits. The lilack

Vulture (Catharista atratai was found liy Audubon in southern Indiana.

From 18.j4 to ISTO. it was not reported from the Ohio Valley. It was next

noted in Indiana in 18Ti» (Quick. J. C. S. N. H. 1881. p. 341). It is

now reeognized as a resident in some numbers in the lower Wabash and

Whitewater valleys, and is found in I'egularly increasing iiunilu'rs in the

southern third of the State. Bewick's Wren (Thryothorus bewickiil is

slowly spreading ovei- the same district (Trans. Ind. Hort. Soc. 189.

p. 0!»i. It soon 1)ec(inies acciuainted with man and takes up its abode

aliout his home. In tliat I'egion. it becomes the House Wren, replacing

the larger Carolina "\\'ren (Thryothorus ludovlcianusi which has. latterly,

to a great extent, left tlie vicinity of man's structures ami inhabits the

thickets and the undei-bnish df the more open woods. These are not

to be confused with tlie smaller Short-tailed Wren, the true H(mse Wren

(Troglodytes jedoni. that breeds in central and northern Indiana. Other

birds, also, have cliaiiged their habits. The Purple ^lartin (Progne

sniiis). P.arn Swallow (Clielidoii erythrogasteri and Phcebe (Sayornis

phubel have generally sought after otlier breeding sites than the cliffs

and bluffs where the white men first found their nests. Tlie Clumney

Swift ((Tuetnra pelagicai now prefers an unused chimney to a liollow

tree. We have become so accustomed to these sociable Iiirds that it is

hard to realize that they have not always been dwellers with man about

his home. Some of them, most notably the Eave Swallow (Petrochelidon

lunifronsi and the Purple Martin, have been the birds mo-;t persecaited

by the European House Sparrow (Passer domesticusi. generally called

"English Sparrow." They have made use of the nests of the foinier:

have occupied the sites of the latter. The result is that comparatively

few of either of these liirds are h'ft with us.

INFLUENCE OF RIVERS.

The rivers of Indiana penetrate the State from different directions, and

each has its iutluence. be it greater or less, upon the distribution of life.

The most prominent streams are the Wabash and its trilmtaries. and the

Whitewater and Kankakee. Lake Michigan totiches our limits: and its

effect is likewise felt. The extension southward into the upland meadows,,

between the water courses, of the birds of the open prairies, and the
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"jraiige of soutliorn foiius up the valleys of ouv streams is as though the

great spread tingers of two mighty hands were interlocked, the one rep-

resenting the extension of life southward and the other the projection of

••southern birds i:o;thward.

The region of the Lower Wabash, with its bottoms, cypress swamps

tind ponds, was the home of many southern birds which found there the

northern limit of their range. Among these congenial surroiuidings Avere

noted such southern forms as the White Ibis (Guara alba). Wood Ibis

(Tautahis loculator). Yellow-crowned Night Heron (Nycticorax violaceus).

Little Blue Heron (Ardea csBruleal, Snowy Heron (Ardea candidiesima),

American Egret (Ardea egretta) and Florida Cormorant (Phalacrocorax

diloiihus floridanus). Some of these there made their homes and reared

their young. Other birds ranged farther up the stream and it, and other

water-courses, are now known to be routes along which certain species

move to breeding grounds farther north.

The extreme effect of a river on the distribution of a Ijird is illustrated

in the case of the Prothonotary AVarbler. Prior to 1875, it was regarded

as solely a bird of the Southern States, yet its actual range was then,

without doubt, practically the same as we now know it. In that year

Mr. E. W. Nelson observed it to be common in the LoAver Wabash Valley

in Illinois (Bull. Essex Inst. Vol. IX. 1877. p. 34). In 1878, Mr. Will-

iam BreAvster found it abundant in Knox and Gibson counties, Indiana

(Bull. Nutt. Orn. Club, Vol. Ill, 1878. p. 155). The natural haunts of

these birds are the SAvampy Avoods and the thickets along water-courses

or about ponds or lakes. As one suitable locality after another Avas dis-

covered farther nortliAvard, it was found to be occupied by these bii'ds.

They were reported from Vigo, Clinton and Carroll counties and from

just over the State line near Danville, Illinois. They extended up the

Mississippi River, sending off numbers of migrants up the different river

courses. Some ascended the Kaskaskia and others the Illinois (Loucks

Bull. 111. Lab. N. II., Vol. IV, 1894). The Kankakee, a tributary of the

latter stream, comes into northwest Indiana from the west and becomes

quite a factor in its influence upon bird life. At Momence, Illinois, its

course is blocked by an outcrop of stone. Above this, it is a sluggish

stream, at times Avideuing into lakes. Much of its course Is bordered by

woods. Marshes and swamps alternate Avith thickets and sloughs along

its valley. Amid such attractive surroundings, Prothonotary Warblers

find summer quarters and are characteristic birds. Tliev likelv reach
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this valley by ^v:ly of the Illinois River, though possibly some may come

from the Wabash Valley. The divide betAveen the Kankakee Basin and

the Lake Michigan Basin is but a slight barrier. Occasionally, these

birds are found near the Lake Shore in Lake and Laporte counties, and at

places along the St. .Toseph Itiver and its tributaries, both in Michigan

and Indiana (Cook. Birds of Mich. 1893. p. 110). In St. Joseph

County, Michigan, and the counties of Elkhart, Lagrange, Steuben, and in

the adjoining county of Dekalb, In this State, they have been found, at

some places, breeding commonly. The Prothonotary Warbler has never

been reported along the Ohio Kiver above the mouth of the Wabash.

The Sycamore AVarbler (Dendroica dominica albilora) is another bird

that prefers the vicinity of streams and in its migration follows their

courses. It is found not only along the Wabash River, but also along the

Ohio and AVhitewater. It is common up the Wabash River to Carroll

County and has lieen noted from Lafayette and Ft. Wayne. There is

nothing to show that it is found in the Kankakee Valley or reaches the

basin of Lake Michigan. It is common up the White River Valley, as far

as Indianapolis, and up the Whitewater River to Brookville, ranging to

Connersville and Richmond. By one of these routes, it pushes on to

southeastern Michigan. There, is has been found in some numbers in

the valley of the Raisin Itiver, INIonroe County, in Kalamazoo County, and

has lieen reported as not uncommon near Detroit.

The Cerulean Warbler (Dendroica rara) is not a bird living solely"

along the streams, but appears to prefer the wooded sides of the valleys.

It extends its range up the Wabash River to Carroll, Tippecanoe and

Wabash counties. It has been found at English Lake near Kouts in the

Kankakee A^alley. It ranges up the Whitewater River to its upper

waters; is found about Muncie; is tolerably common in Dekalb County;

and is one of the most common Avoodland birds in Monroe, Wayne and

Ingham counties, Michigan. These localities are probably reached by

way of the Whitewater or Miami river. It, like both the Warblers pre-

viously referred to, breeds in suitable places throughout its range. Each

of these three species frequents different kinds of localities; the Pro-

thonotary Warbler, as noted, prefers the wooded swamps; the Sycamore

Warbler seeks the tall timber along the streams, preferably, as its name

indicates, the sycamore trees; the Cerulean Warbler occupies the woods

of the river valleys, but appears to prefer the wooded hillsides that
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border them. Each is notably affected in distribution by the w..ter-

courses.

EFFECT OF LAKE MICHIGAN.

Tlie effect of a large interior body of water is well illustrated by

"Lake Michifjan. There, on the open water, many kinds of water fowl,

that would otherwise go south, remain through the winter. To it, come

•dift"erent forms of sea birds in spring, winter and fall. Among these are

Jaegers, the rarer Gulls and some Sea Ducks.

It also attracts such cosmopolitan birds as the Knot (Tringa canutus).

Turnstone (Areuaria interpres) and Sanderling (Calidris areuaria). The

latter and the Semi-palmated Plover (.Egialitis semipalmata) are found

along its shores in considerable numbers in late summer. The Belted

Piping Plover (^Egialitis meloda circumcincta), a bird supposed to

breed much farther northward, has been found breeding along the

pebbly lake beach. The eft'ect of the lake upon the local climate

has been observed by farmers. The result is noticeable in the

fruiting of plants. Fringing the southern shores of Lake Michigan are

sandhills or dunes of varying sizes, some reaching an altitude of more

than 150 feet. Upon and near these, grow northern pines and other

characteristic A'egetation. As would be expected, birds that love homes

among the pines are to be found. AVhile comparatively little study has

been given to this i-egion, it is known that the Pine Warbler (Dendroica

vigorsii) breeds there (Brayton. Proc. Ind. Hort. Soc. 1879. p. 108).

Other northern forms have been reported, and it is likely careful investi-

gation will show other interesting facts concerning this district. Where-

ever pines grow, the American Crossbills (Loxia curvirostra minor) seem

to be more or less regularly found. This is not only true among the sand-

dunes near Lake Michigan, but about Lafayette, Bloomington and Brook-

ville. At each of the two first named places, they have been reported as

breeding. While this would not be surprising the reports have not been

verified. The pines in other restricted areas, notably Pine Hills. Mont-

gomery County, and the Knobs in southern Indiana, are interesting fields

for the study of these points.

The most notable influence in the bird-life of our State is the changes

that have ]>een wrought Ihrough man's influence. The general coudi-
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tions of migration, broeditiu- and food supply are tliose eomiuou to all

regions. They operated in The day.s of the aboi'igines as they do this yeax%

differing only in some of tlieir manifestations. The unusual conditions,

such as storms, effecting the dispersal of l)irds. worlv now as hitherto.

There are special conditions manifested in favorable surroundings, at-

tractive bird-homes, and in topographical encouragement, leading them

to extend their range. Tliese are strongly illustrated in this i^tate. To

him who carefully studies the lurds of any locality, these powerful in-

fluences are apparent. They are emphasized by their details and

their repetition. By grouping the results of local observations, is told the

storv of the influences acting in the distribution of the birds of the State.
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Discoid Titii in AVoody Plants.

BV F. W. FOXWOETHY.

The occurrence of a discoid pith, i. e.. one which is interrupted at

frequent intervals by cross partitions variously known as disks, dia-

phragms, plates or lamellfe. has been noted by numerous observers

in certain of the woody plants.

The first* mention of it seems to have been by the Anatomist GrcAV

<Anat. Plantarnm, 1GS2. PI. 10. f. 4), who described and figured it in

JugUins.

Ch. Morren. in the Ann. Nat. Hist., Vol. 4, No. 22, 1839, gave a good

historical sketch of the ol)served cases of discoid pith, and described in

detail and figiu'ed certain forms.

W. C. Williamson (Proc. Man. Lit. and Phil. Soc. for ISolt in a paper

"On the Structure and affinities of the plants hitherto known as Steru-

bergise"—described the casts of this kind of pith which had been con-

sidered entire fossil plants—with the group name Sternherakv, and

showed their true nature and affinities—as members of the genus Dad-

o.rylon Brougii. He also mentioned the occurrence of discoid pith in a

number of recent plants.

M. Gris, in his very painstaking work '"Sur la moelle les plantes

ligneuses" (Ann. des Sci. Nat. ser. 5. No. 14, lS72j, described two struc-

turall3^ distinct forms of discoid pith. The first, which he terms Hetero-

genous Contiiutoiis Diaphrcigniatie. has the pith continuous between the

disks, e. g. Liviodeiitlrnn.

The second he terms Heterogenous Diseontlnuous Diaphraginnfic and. m
this, the pith is not continuous between the disks, the interspaces being

empty or filled with air. e. g. Jiighins.

Pith of the first type occurs in Liriodendron and Magnolia si)ceies, in

Asimhia and some other representatives of the Anonaeea\ in Niissa. and,

according to Solereder (Anatoniie der Dicotyledonen, Stiittgart. 18!i!M, in

many of the Ternstroeinidcea'. as well as in Braeliiineina {Khriiarcai and in

certain of the Conrolrnlaeeir.
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The cells in;ikiiiji' up these disks .-ire larye. ii-reunlar in ontline. very

thick-walled, liyiiitied. and contain starch in wiiitt r. Tlic cells hllin.ii' the

interspaces are small, regular, very thin-walled, nnliuiiitied and emiity.

The formation of the disks takes i)lace at a very early Stage in the

growth of the twig: tliey may he seen just l)ack of the growing point in

Fig. 1. which is a longitudinal section through a young twig of Liri-

ode)i(]ro)i.

The genus Moiniolia presents .some interesting moditications of this

type. The genus has been described a.s always having these partitions in

the pith: but, several have pointed out that this statement is incorrect.

In the examination of the American and some of the Asiatic species. I

have found only two. .1/. MrniHidud and .1/. faiidti. in which the fully

devehjped disks occurred. In all the other species examined, cells of the

sort descril)ed as maki)ig up the disks occurred scattered singly or in

small groups throughout the pith. Baillon, in his Natural History of

Plants, says of this: "In the rapidly developed shoots of some Magno-

lias Ave have seen these septa reduced to a single cell, nearly central, on

which all the surrounding cells of the ordinary parenchyma abut by one

end. bent, or drawn out in a quite peculiar fashion."

In Fig. 2. which is a longitudinal section of a twig of .V. triprtalo,

these scattered groups of cells are shown; and. Fig. 3 shows the same

kind of cells in a cross-section of a twig of the same species.

In Asiiniiia the disks seem to be made up of more regular and thicker-

walled cells than are fotmd in M<i;iii<ili(! and Lirifxlfiidroii.

In the slender woody twigs of Xi/ssn. very strongly developed disks

Avere found, stronger in fact than in any other case examined.

Fiiiicfioii iif /tifJi of this tiii>c:—
No satisfactory explanation of the function of tliis type of pith has

l)een offered. From superficial exannnation. the suggestion tliat its func-

tion was one of mechanical supiiort would seem reasonable: Imt. the fact

that the most strongly developed diaphragms were found in the strong

and slender twigs of Xyssn. Avhile the thick Md'nioJhi twigs with their

relatively large pith showed the Aveakest developnier:t of tiiis typ.e. seems

to indicate that the suggestion of mechanical supp(}rt is not a sufficient

explanation of their function.

The second type of pith has often been mentioned and ligiu'ed in

species of -Ivijhins. I have also studied it in I'ti'voruriin. Celtic. MoJiro-

(Iciiflrrjii (Hdlcsifi). J'ursi/thid riridissiiiid. .hisuiiinun x/yr'c/r.s. I'diihiiniia. and
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Figr. 1. Fis'. 2.

Fi?. 3.

13—A. OF Science, '03.

Fig. 4
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Actinidia. Besides these, Solereder found it in Wormia (Dilleniacece),

Diplotaxis (Crncifer(e)-Fouqiera (Tamarisc), Pi'incepia Chri/sobalanacecs),

Aucuha (Cornaceic, only in herbarium material), Pedaliiim (Pedaliacew)

,

DaplnujphyUum {Daphnyphyllacea:): AYilliamson also found it in the fossil

plants known as Sternhergice and mentions it as occurring in certain liv-

ing species of Finns. In some genera, as e. g. Forsijthia and Jasmininn,

it occurs in some species but not in others.

The cells making up the partitions are thin-walled, empty and often

shrunken and the space between the partitions is irregular in outline and

extent. Fig. 4, from a twig of Jufjlans cinerea, shows this type.

Function and manner of formation :—

Morren and Williamson both considered that the pith served as a

mamilla for the bud and, as the nourishment is exhausted from the pith

it separates into disks^beginning first in the immediate vicinity of the

bud. The cells in the center of the pith become shrunken and the pith

separates into layers. This takes place quite early in the growing season.

Morren gives good figures of this process in ,hir/lans ref/ia. The fact that

twigs of Celtis often have the pith very plainly discoid in the region of

the nodes but solid in the central part of the long internodes lends sup-

port to this view.

Taxonomic value of the occurrence of discoid pith:—

Juglans and Pterocarya are definitely separated off from the rest of

the Juglandacew (A. Engler in Engler & Prantl-Nat. Pflanz. Fam. 111. I.

p. 21) by the possession of discoid pith. In Liriodendron, Asimina, Nyssa

Celtis, Mohrodendron, Actinidia, and several others, the presence of dis-

coid pith seems a good generic distinction; but, in certain cases, as,

Forsythia and Jasmimtm, it is of only specific value.
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The New Science Laboratury at Moores Hill College.

By a. J. Bigney.

At the last meetin.a of the Board of Trustees of Mooves Hill College,

in June, 1904, they made additional provision for the Science Department

by purchasing a large three-story brick building in the town which had

been used as a business house. This building is very well adapted to its

new purposes. Most of the internal changes have been made and the

building occupied except the third story. It is forty-five feet front and

seventy feet deep, and three stories high, with a full basement. The

basement is used as a furnace room, shop, store-room, and photographic

room.

The first floor contains a scientific library, a private room for the

iiislruetor, a combined biological laboratory and recitation room, a com-

l.iiied museum and geological laboratory, and one room occupied by the

i . M. C. A. and Y. W. C. A.

The second floor is occupied by the Philoneiliean Society as chapter

looms. When the college needs these rooms the Society will vacate them.

The third floor will be occupied by the chemical and physical depart-

ments.

The scientific departments now have plenty of room for increasing

their efficiency. The museum is growing very rapidly and this building

will make it much more serviceable. No movement has been started in

recent years that will prove as helpful not only for the college but also

for the scientific interests of soxitheastern Indiana.
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The Apache Stick Game.

By Albert B. Rkagax.

(Abstract.)

(Original in possession of the Bureau of American Ethnology. lilustra

tions used hy permission of Bureau.)

The Apache stick game is played only by the women. It is played in

the winter when there is no farm wt)rk to be done; also at any other time

when the women are not employed in the daily toil. At this game the

women are experts. It is a gambling game, and the women often l»et

and lose all they have on it. even the clothes on their backs. Most

usually, however, only beads and such-like trinkets are staked. Below is

a description of the game and the requisites: The game-tield. including

its rock-circle, the counting sticks, and the three "S^etdilth"" sticks used in

playing the game.

The G.vjie Field.- This field is a level, circular spot, si.x or seven

feet in diameter. This circular area is inclosed in a circle of cobble-

stones, forty in number. These rocks are arranged in groups of ten each,

that is. ten to each quadrant of the circle. The rocks are the tallies; an

entire circle of fort.v tallies constitutes a game. Besides the rocks in the

circle, a large Hat rock occupies the center of the field. On this rock are

hurled the setdilth sticks on their mission of chance, as we shall see later.

The Couxtixg Sticks.—These are small sticks used in marking the

tallies gained. One of these is placed between the last rock tally and the

next rock in the circle in the direction the player is moving it.

The Setdilth Sticks.—1'hese ai'e three in number. E'ach is a foot

in length and is the half of a green limb or a willow shrub of about an

inch in diameter. The liark is left on the round face: its split face is

marked liy a broad diagonal charcoal mark across the center. These

sticks are all held in the hand in a vertical position at the same time;

and are hurled endwise upon the center rock to fall with whichever

face up chance may direct. Counting the points then begins.

Counting the Points.—The points in the game are decided by the

faces of the setdilth sticks that are up after the sticks have fallen. If
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one split face is up it counts two points; if two split faces, three points;

if all three split faces, five points; and if the three rounded faces are up

ten points and the player has the privilege of playing again before pass-

ing the sticks to the next player.

Masking tup; Points Gained.—Usually lour per.sons play this game.

The opposite players are partners. One set of players move the counting

The Sftdilth Game— Sticks falling after having bounced on the centc rock.

Sticks round the stone-circle in one direction (Each player has her own

counting sticks whether a partner of another man or not); and their oppo-

nents move in the opposite direction. For the points gained in hurling the

sticks an equal number of rocks in the circle are counted and the count-

ing stick is moved forward to the position l:)etween the last rock tally and

the next cobble-stone in the direction the counting stick is being moved.

In moving the counting stick, should it chance to be placed in the space

between two i-ocks that an opponent's counting stick is occupying, the
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opponent's counting stick, that is. tlie lirst .sticlv occupying tlio space is

taken up and its owner must begin tlie game again. Two skilled players

will often throw each other back in this manner time after time. This

makes the game quite interesting. When a counting stick has completed

the entire circle, that is, when it has marked forty successive tallies its

owner has the game. A transfer of the staked property follows. Then

the betting begins for a new game.

A XOTE ON THE RaDIO-ACTIVITY OF StRONTICM SALICYLATE.

By J. F. Woor.SEY.

(By title.)

Cuban Notes.

By C. H. Eigenmaxx.

(Bv title.)
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Some Paintin(;s from One of the Estufas in the Indian

Village of Jemez, N". M.

Albert B. Reagaa'.

Sodii after I becanu' U. 8. Indian Fanner at Jamez. N. M.. the .Tamez

Indians had a masked dance, and as this dance occurred on mail day they

stopped the mail carrier and would not allow him to proceed on his

journey. Tliis tli( y did in accordance with their custom not to allow a

white man to enter or to pass throu.ah the villajie while they were thus

occupied. The stopping of the mail led to the arrest of the Indian Gover-

nor, Jose Romero, who. as a i-esult of the preliminary examination, was

bound over to the United States grand .iury which was to meet the next

March, six months after the crime was committed. Taking pity on the

Indian. I bailed him out. and took him back to the village. From that time

on throughout the winter months the Jamez were very friendly to me and

allowed me to visit their performances at Avill. though they did not send

me special invitations to do so. At tlie trial in March the governor was

found guilty and tined the full extent of the law for interfering with the

carrying of the mail. As soon as the sentence was handed down. I went

to the judge, and after a great deal of argument, persuaded him to sus-

pend the sentence upon the promise of good behavior. So I returned to

the village with the governor a second time. In the evening aftev our

return the "Principals" of the place met. and as the greatest favor they

could bestow upon me they invited me in the name of their tribe to visit

any and all of their ceremonies, both open and secret, stating further

that they would let me know whenever they had any special ceremony.

This, with but one exception, they carried out to the letter. Acting upon

this invitation I visited each of the Estufas at will, often being with the

Indians in thom sometimes as high as six nights in a week. I tlso

examined the "blind closets" and secret rooms in the dwellings. Thus

was I enabled to see many things of interest. Amon-; these are the masks

worn l)y the clown dancers in the masked dance, and the paintings on

the inside walls of the Estiifas and of the secret rooms. Some of these

are here given.
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1. Sun-God Section in One of the Estifas at Jemez. .V. M.

1. Clouds, the Steps to Heaven, (Dark marginal figures.)

2. The Bolt Lightning that does not strike the earth. (Upper figures.)

3. The Bolt Lightning that strikes the earth. It is the Red Snake or Indian Devi),

called Savah by them, i Second figure from the top on each side.

)

4. The Flash Lightning, the God of Flowers. (Third figure from top.)

5. The Good Snake, the Blue Snake, the God of Rain. (Lower figures.;

6. The Sun, the father of the universe and the God of all things. By the Indians he

is called Fatah gatzah or Pay.

6.

or Pah

II. The Moon-God Section in one of the Estufas at Jemez, X. M.

Clouds.

Bolt Lightning that does not strike the earth.

The Red Snake or Indian Devil.

The Flash Lightning, the God of Flowers.

The Blue Snake, the God of Rain.

The Moon, the Mother God of the Universe, called by the Indians Ahtahwahtzah,



IV. The Evenin<j 8tak SErTK)N ix one of the Estifas at -Iemez, X. M.

1. Clouds.

2. Bolt Lightnins? that does not strike the ground.
3. The Red Snake f)r Indian Devil.

4. The Flash Lightning or God of Flowers.

5. The Blue Snake, the (^od of Rain.

6. The Evening Star, the God of the Evening. Jointly with its brother, the Morning
Star, it possesses the attributes of Tnith and Filial Love. Its Indian name is Homa
Wangho.

Note.—The photographer having spoiled the negative of the Morning Star Section. I

eannot show a photograph of it here.

VI. A Rainbow Section in One of the Estufas at Jemez, X. 31.

1. Clouds.

2. The Bolt Lightning that does not strike the ground.
3. The Bolt Lightning that strikes the earth. It is the Red Snake or Indian Devil.

4. The Flash Lightning, believed by the Indians to be the producer of l)looni. hence
the God of Flowers.

5. The Blue Snake, the God of Rain.

6. The Rainbow in the East, (a) Water receptacles of the universe; (b) Clouds, the
Steps to Heaven; (c) raindrops; (di the rainbow arch: (ei dart-heads thrust out l)y the

rainbow as a means of protection.

Note.—This is the rainbow in the east. Beneath the arch the representatives of good
and evil, the rain snake and the i-ed snake, are in combat. The rain snake, being de-

feated, is retreating eastward and is taking the clouds with him, hence the rain is over.*

*The Rainbow Section just opposite this section represents the rainbow in the west.

It differs from the rainbow section given here in that it has the God of Flowers project-

ing from the water jars beneath the arch.
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VII. A Wall Painting in a Secret Dark Room in One of the Indian
Houses at Jemez, N. M.

1. Sun. (In left-hand upper corner.

)

2. Moon. (In right-liand Tipper corner.

)

'i. Morning Star.

4. Evening Star.

5. Rainbow in the West.
6. The Red Snake.

7. Tlie Blue Snake, the drod of Rain.

8. The Flash Lightning, tlie God of Flowers. It is projecting from the water recep
tacles of the universe. The step-like figures below the water-jars are clouds from which
raindrops, represented by black points, are dropping.

Vlll A Miscellaneous (tROUp.

1. The Sun as carved on a bowlder on the trail between Zia and Jemez, N, M,; also

on a rock near White River, Ariz.

2. A Sun drawing in an Estufa at Santa Anna, N. M.
3. A Getlu, probably a representation of a comet. It was used as a handpiece in the

masked dance of March 17, 1900. (Used here by permission of the Bureau of American
Ethnology.)

4. A Head Ornament worn by a male column dancer in the masked dances at.Jeme/,
N. M.

5. A Sun Mask worn by a sun clown in the masked dances at Jemez.
6. A Moon Mask worn by a moon clown in the masked dances at Jemez.
7. A Morning Star Mask worn by a morning star clown in the masked dances at

Jemez.
8. An Evening Star Mask worn by an evening star clown in the masked dances at

Jemez.
9. The Bolt Lightning drawn on the beam at the entrance of an Estufa at Santa

Anna, N. M.
10. The White Snakes drawn on the center beam in the south Estufa at Jemez, N, M.
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Geology of Monroe County, Indiana, North of the Latitude

OF Bloom IN gton.

Ky Albert B. Reagan.

This work was inulertiikeii as independent research work in strati-

graphic geolojiy in Indiana T'nlversity, in the summer of 1903. at the

suggestion of Dr. J. W. Beede.

In 1880 Mr. G. K. Green published a paper entitled "Geology of INIonroe

County,"* in which he discusses the stratigraphy of the county, giving

several sections and lists of fossils and a very generalized geological map

of the county. Mr. ('. E. Siebenthal has given a lengthy description of

n considerable part of the the region here under consideration in his

report on the "Bedford Oiilitic Limestone."** Prof. V. F. Marsters

describes the geography of Bean Blossom Creek in an article entitled

"Topography and Geography of Bean Blossom Valley, Monroe County,

Indiana."*** These papers will be discussed when the subjects with

which they deal are taken up.

GENERAL REMARKS.

The rocks of this region, with the exception of the Glacial and post-

glacial, are Mississippian in age. At the close of the Mississippian period

or in the later Carboniferous time the region was raised above the sea.

With the exception of a few cases due to local warping its strata dip

gently to the southwest. After the area was elevated, the erosive agencies

thoroughly dissected the region. The master stream. Bean Blossom Creek,

and its numerous tributaries incised for themselves canyon-like valleys.

Then on reaching grade, they widened their Inner valley floors. On these

floors the streams meandered, until a glacier, which crossed the northern

part of the county, dammed the lo^er Bean Blossom and hiked the region.

Since the i-etreat of the glacier, side tributaries have, for the most part,

recut their channels through the glacial debris to their former level; and

•''•2d Ann. Rep. Bureau Statistics and Geology, Indiana, pp. 427-449, 1880.

•"•21st Ann. Rep. Geol. Nat. Res. Ind. pp. 293.

•"••••Proc. Ind. Acad. Sci. 1902 (for 1901), pp. 222-237.
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Bean Blossom is now aggrading its cliannel. The region tlius dissected

by stream-cutting presents an intricate mass of small, deep canyon-lilve

valleys separated by sharp ridges.

STRUCTURE.

The Mississippian rocks of northern Monroe County are divided into

the following formations beginning at the top; Mitchell limestone, Salem

(Bedford) limestone, Harrodsburg limestone and the Knobstone (the lattc

including the Riverside sandstone and the New Providence shales). These

formations are exposed in the order named as one passes across the

county from west to east. The dip is to the south of west.

SECTIONS.*

Section 1.—From Stout's Creek east to the top of the divide on thQ

half section line of Section 8, Bloomington Township:

Harrodsburg limestone— *

Feet.

1. Unseen 20

2. Thin-bedded limestone 15

3. Very thin-bedded, gray limestone (crinoid stems abundant). 5

4. Thin-bedded limestone 10

5. Massive limestooie forming base of cliff 20

Knobstone

—

6. Massive sandstone 20

7. Shaly sandstone and sandy shale 32

8. Unseen 25

Total 147

Section 2—On small creek near northwest corner of northeast 'A Sec-

tion 7, Bloomington Township:

Oolitic—

Feet.

1. Unexposed 70

Harrodsburg limestone—

2. Thin-bedded limestone (Spirifer) 2

3. Unseen 12

*The strata of the -sections are numbereJ from the top downward.
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Feet.

4. Dark, irregular, non-fossiliferous linaestoue weathering-

rough. (There are rusty particles in this stone which

forms the falls in the stream.) 10

5. Limestone 4

G. Rather massive, dark, iron-gray limestone forming second

fall 2

Knobstone—

7. Very hard, thin-bedded, light-colored sandstone 4

8. Massive, hard sandstone 4

9. Thin-bedded limestone grading into massive sandstone.

Forms third fall 25

10. Unseen. Sandstone? 5

1 1

.

Sandstone 5

12. Massive, thin-bedded, soft, light-colored sandstone 20

13. Light-colored sandstone weathering to yellow and brown. . 10

14. Shaly sandstone and sandy shale 20

15. Unseen 20

Total 213

Section 3—On the west line of Section 5, Bloomington Township, near

southwest corner:

Knobstone—

Feet. Inches.

L Massive sandstone with reddish-brown bands 4

2. Laminated white sandstone with reddish-brown

bands 5

3. Massive light-colored sandstone 2

4. Laminated soft, brown sandstone with reddish-brcfwn

bands 8

5. Shaly sandstone 9 4

(). Massive, rather soft, light-colored sandstone. AVeath-

ered surface dirty brown, rough, pitted 10

Total -. 31
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Section 4—Near tlie northwest cornor of the soutbeast V^ of tho north-

oast 1/4 of Section 25, Bloomiugton Township:

Uarrodsburg limestone—

Feet. lucltcK

1. Light to dark gray limestone 5

2. Very thin-betkled, rough, non-fossiliferons limestone. 12

3. Unseen. Limestone? 10

4. Dark gray limestone weathering rough and pitted.

Very fossiliferous 2

5. Thin-bedded limestone, gray in color and weathering

a pitted surface 5

6. Laminated, thin-bedded, fine-grained, gray limestone (!

7. Unseen 5

8. Thin-I)edded, course, iron-gray limestone weathering

rough. Forms an escarpment 10 n

Knobstone—

9. Sandstone 40

Total 87 8

Section 5—Just east of Andrew Stine's residence, one and one-half

miles east of Stinesville.

Glacial—

Feet. Inches.

1. Unseen 2

2. Cross-bedded ))rown sand, induratcHl at the top 12

3. Unseen 5 (»

4. Very finely laminated, yellow sand, banded wltli

brown 4

5. Closely compacted gravel composed mostly of angular

fragments, many of wliich are foreign to the I'egion 1

G. Irregularly stratified sand (moulding) 5

7. Uncemented, light-brown sand 25

8. Reddish-brown sandy clay 5

Harrodsburg limestone

—

9. Limestone forming precipice in ravine 4

10. Very hard, thin-bedded, dark-gray sandstone 5

11. Very hard. l>luish-grav sandstone 15
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Feet Inches.

12. Thinly-bedded .t;ra.v saudstoue. banded with streaks

of white 4

13. Thin-bedded, liyht-coloied sand;f;lune 10

14. Sandstone 35

15. Uu.seen 20

Total 140 8

The sand represented in the upper part of this section was deposited

at the foot of the glacier. The mouth of the little stream was closed by

the ice and its basin laked. allowing the deposit of the stratified material.

The stream lias since cut a gorge through the center of the deposit. The

lateral extent of the deposit is not great because the little lake was

small and narrow.

Section 6—In railroad cut 1 mile north of Stinesville:

Thicknesses, in part, estimated.

Harrodsburg limestone—

Feet. Inches.

1. Massive to thin-l)edded limestone 40

Knobstone—

2 A'ery hard, rough-feeling, granular, calcareous sand-

stone weathering to a rusty l)rown 3

3. Hluisli-gray. massive sandstone 3

4. Bluish-gray sandstone filled with chert and geodes. . 8

5. Soft, blue sandstone 3

('). Calcareous, fossiliferons. somewhat cherty sandstone G

7. Bluish-gray, very soft shale 8

S. Thin-bedded, soft, very light-biown sandstone 2

9. Stratum of chert concretions 4

10. Massive, brown sandstone weathering dark and

pitted G

Total 53 8

Section 7.—On the road an eighth of a mile west of Bowman School-

house. Bean Blossom Township:

14— A. OF SciF.xcK, '03.
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Glacial-

Feet. Inches.

1. Yellowish, jointy clay -witli small rock fragments and

occasional bands of l^rown moulding sand one to

six inches thick 12

2. Very light-brown sand, when wet (white when dry),

atid extremely fine 40

Section 8.—On the road west of the Able Schoolhouse, just east of

Mr. Maple's residence, Bean Blossom Township:

Glacial material—

Feet.

1. Yellow clay grading into moulding sand 15

2. Light-colored clayey sand 10

3. Yellow sand 10

4. Light-colored sand with occasional bands of gravel and a

few bowlders 55

5. Yellow clayey sand 4

(J. Gravel 3

Knobstone—

7. Sandstone 2

Total 05i

Section 9.—Township line, %-mile north of Lemon P. O.

A section in delta deposit. Glacial—

Feet.

1

.

Yellow clay 3

2. Thinly-bedded, tinely-stratified, yellow to light-brown clay

breaking down to a hard yellowish-brown clayey earth 3

3. Yellow, laminated, exti-emely fine moulding sand, banded

with bands of yellow, brown and white indurated

material 10

Total 1«
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Section 10.—North and sontli section line. 420 yards west of Lemon

P. O., on tlie south side of the ridge.

Harrodsburg limestone—

Feet. Inchcfi

1. Thin bedded, bluish-j'ellow limestone 5

2. Thin-bedded, gray to brown limestone, poor in fossils

and weathering pitted 20

3. Brown to gray, rather hard limestone, composed of

crinoid stems and Brj'ozoa 5

4. Yellow, non-fossiliferons limestone with rnsty par-

ticles (J

5. Blue-gray limestone weathering yellow and brown. . . 5

G. Very hard, .speckled limestone

7. Very hard, rough, gray limestone, composed largely

of crinoid stems 2

8. Yellowish-blue limestone 1

9. Massive, hard, fossiliferous limestone 4

10. Limestone 10

11. Thin-bedded, xevy hard, fossiliferous limestone (crin-

oids and Bryozoa) 1 (i

Knobstone

—

12. Sandstone 45 (»

13. Unseen 30

Total 129

Section 11.—Near Mr. C. C. Fulford's home on Indian Creek, half a

mile west of Canada Gap:

Knobstone. Thickness estimated—

Feet.

1. Sandstone grading into coarse shales 100

2. Bluish-gray, very soft shale 25

Total 125

Section 12.—Up ravine near the northeast corner of northwest % of

Section 3, Bean Blossom Township, near Mr. Samuel Kid's residence:
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Harrodsburg: limestone—

Feet.

1. :\Ias.sive, white to grajs hnrd limestone with many geodes. . 15

2. Thin-bedded, very fossiliferous. iron-gray limestone 4

(Bellerophon. Prodnetus and Spirifer.)

Knobstone—

3. Thin-bedded, rnsty sandstone with geodes 4

4. Massive, blnish sandstone 3

5. Thin-bedded, bine sandstone 3

0. Massive, bluish-gray sandstone 5

7. ^'ery thin-bedded, shaly sandstone, weathering to white

sandy clay 20

S. Thin-bedded sandstone 35

'.). Massive sandstone 10

Total 'M

Section 13.—Ellet's Hill, % mile west of Lemon Schoolhouse. south

of the west side of Ellet's graveyard.

Oolite—

Feet.

1. Fine-grained, whitish-gray, oolite, like that quarried at

Stiuesville and Bedford 25

2. Massive, coarse-grained, dark-gray oolite 10

Harrodsburg limestone—

3. Limestone G5

Knobstone—

4. Sandstone and sandy shale 100

Total 200

Section 14.—In ravine north of Mrs. W. E. Wood's house near the

center of the north line of the south east V^ Section 32. Washington

Township

:

Harrodsburg limestone

—

1. Mostly thin-bedded, very hard, steel-gray limestone with

crinoid stems 10
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Knobstone —

Feet.

2. Soft. l)i-oAvii. massive sandstone 10

3. Tliiu-betkled, blnish-gray, soft sandstone sbaling on -weatb-

eving 45

4. Sbale 20

T). Unexposed 10

(». Yellowisb-brown sandstone 5

7. Not exposed 10

5. Tbin-bedded, yeUowisb-brown sandstone 2

9. Covered . IH

Total 127

Section 15.—15 rods Avest of townsliip line on Ilindostan road near Mr.

T. J. Farr's house:

Ilarrodsbury limestone

—

Feet.

1. Hard, rough, dark-gray limestone containing fossils 15

2. Covered slope 5

3. Hard, gray limestone weathering rough, darlc, and pitted. . 5

4. Tbin-l)edded, bard, cherty, fossiliferous limestone 10

Knobstone—

5. Sandstone 4

Total 39

Section 10.—Ravine west of road, one-half mile south of Bean Blossom

Church, north of Unionville:

Feet.

1. Oolitic limestone

2. Very hard, tbin-bedded, ligbt-graj' limestone, weathering

rough and pitted. Contains fossils 20

Knobstone

—

3. Sandstone, varying from shaly to massive, very soft, blue,

weathering yellow and brown 90

4. Covered slope 10
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Stoljo Iniiesloue. Icmis—

Feet.

5. Hard, rough, gray, criiioidal limestone 1

<i. Hard, gray limestone, few fossils lo

7. Hard, gray limestone with rusty particles and crinoid stems 5

S. Soft, blue, sandy shale 10+

Total 151

STRATIGRAPHY.

The Knobstone is the surface rock over the greater part of the region

here considered. It extends from Brown County west to the Harrodsburg

limestone contact which extends in a general northwest and southeast

direction, crossing the country east of Bloomington. Northeast of this

line, however, there are several detached patches of limestone resting on

the Knobstone. The entire thickness of the Knobstone is not exposed

in this area; but according to Mr. Siebenthal it is about 600 feet. The

formation, as far as examined, is composed of a series of alternating,

friable, arenaceous shales and sandstones. On the whole the formation

is non-fossiliferous. At intervals, however, as at Stobo Post Office, there

are intercalated, lenticular beds of limestone and calcareous septaria with

rich faunas. This formation, on account of its incoherent, looscl.v-

cemented, easily-eroded condition, has been cut up into a confused tangle

of crooked ridges and deep hollows which trend in all directions. Com-

mercially the Knobstone is of little value on account of its friable con-

dition, but the arenaceous shales may be of value in the making of brick

and cement.

The Harrodsburg limestone lies on the Knobstone and below the Salem

(Bedford) limestone. In the main, it forms a belt from three to five miles

in width along the eastern outcrop of the Salem limestone or oolite, ami

is bordered on the east by the broken hills of the Knobstone. This lime-

stone once covered the entire region east of the oolitic contact, as is

attested by its patchy remains in various parts of the county. The triangle

between Bean Blossom Creek and White River from Mt. Tabor east to

within one mile of Canada Gap is capped with it. A large, irregular, much

lobed area of it occurs as the surface rock in the vicinity of the Farr
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schoolhouse east of Hindostnn, tind another just west of Hubbard's Gap.

East of the railroad, about two miles southeast of Gosport, a small area

of this formation is half submerged in glacial sand. Another small

triangular area, with strata dipping to the east, lies on the east side of

a ridge a mile south of the Bean Blossom Church. Besides the patches

mentioned, there are several other small ones of this formation in the area.

In addition to these, main lobes extend to the east from the limestone belt

for several miles. One of these lobes extends in a linear strip to Union-

ville. From there it turns back toward the northwest for three miles.

This strip is the watershed of the region through which it extends. On

the limestone lobes are located most of the roads in the Knobstone region.

The Harrodsburg limestone as exposed on EUet's hill is G5 feet thick. Its

lower portions are limestones containing a great number of geodes, oi

"mutton heads," which range in size from a pea to a bowlder two feet in

diameter. Above the geode layers the stone contains pyrite, is somewhat

crystalline, and is tinted with blue, gray, or green.

This limestone is thin-bedded. The bedding planes separating the

strata are, in many instances, lenticular, intercalated masses of chert.

The strata were found to be more massive toward the top of the formation.

Also as the top of the formation is approached the limestone gives up

its moUuscan fauna and takes on a Byrozoan fauna.

"The contact of the Harrodsburg and oolitic limestones is almost

always marked by a 'crowfoot' (stylolite), with which are associated

masses of silicified oolitic fossils and black siliceo\is masses."*

To the present time the Harrodsburg limestone has proved of com

mercial value only for macadamizing purposes.

The Salem limestone lies above the Harrodsburg limestone and beneath

the Mitchell limestone. It forms a belt about three miles in width. It

begins near Gosport and extends beyond Bloomington, embracing the

quarry districts of Big Creek, Stinesville, Elletsville and Bloomington.

Beside the belt strip there are several detached areas. One caps Ellet's

hill, near Lemon Post Office. This latter patch covers an area of about

ten acres. The oolite of this patch is of average thickness and is of fair

quality. It is massive, free from lamination and bedding planes.

*Siebenthal, loc. eit. p. 298.
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Analyses of Saloui liiiiesloiu':

Sample 1 from Adams (jiiarry--

Fcet.

Residue insolultle in acid 44

Lime (CaO) 52.70

Magnesia (MgO) l.OJ

Carbon dioxide (CO,j 43.S<»

Alumina and ferric oxide (ALO;,, Fe.Oa) 1.57

SO, 0(!

Total 99.G7

Sample 2. Johnson quarry, liloomington—

Feet.

Residue insolulile in acid 77

Lime (CaO) 54.67

Magnesia (MgO) 00

Carl:)on dioxide (CO,) 43.04

Alumina and ferric oxide (ALO;,, Fe.O^) 42

Phosphorus peroxide (P0O5) 19

SO3 19

Total 99.88

For exhaustive treatment of the Salem (Bedford) limestone the reader

Is referred to Siebenthal's article already mentioned.

THE GLACIAL DEPOSITS.

The glacial deposits, so far as the writer's observations extend are:

Glacial till, outwash and eolian deposits, liench or terrace deposits and

delta deposits.

GLACIAI. TILL.

The drift deposit was first observed on .lack's Defeat Creelv in tlie

neighborhood of the old Dutch church. From there it continues in a north-

easterly direction, crossing Bean Blossom Creek near the mouth of Cam-

den Branch. According to Siebenthal's description* it then bends south

of Lost Ridue. near the mouth of Indian Creek, and follows the course

-21st Geol. Rep Inil. p. 300.
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of the latter creek to Canada Gap. continuiiic,- in the same direction and.

passing- a half mile sonth of Godsey Post Otfice. it crosses into Morgan

County three-quarters of a mile east of Godsey. S\Yin,iiinf;- southeastward

it re-enters Monroe County where Hacker's Creek leaves it, extending- up

that creek to the neigh! )orhood of Hacker's schoolhouse. From here

eastward tlie drift limit becomes liarder to trace. The ice-sheet must

liave been very thin, since the topography shows little, if any, moditica-

tion. Scattered erratics are found all over the ridge dividing the waters

oi' Roberts' Creek from the lieadwaters of Honey and Hacker's creeks.

If seems probable that the foot of the ice-sheet rested on this hill, and

that the drift found in the head waters of Honey Creek was carried there

by the water resulting from tlie melting of the glaciei'. Many large

granite bowlders from one to three feet in diameter are found along the

small stream leading north from Hubbard's Gap. in Sec. 11 (10 N.. 1 E.),

and along the other tributaries of Roberts' Creek. In section two of the

same township heavy deposits of sand, gravel and till lie against the

hillsides. In the neighborhood of (iodsey Post Otflce the same plienomena

may be seen. Heavy beds of gravel and till lie against the hillsides

bordering their slopes on the south. In Canada Gap, section 1) (10 N..

1 W.), the evidences of ice occupation are plain thoiigh the quantity

of -drift material is very limited. The territory between Indian Creek

and Bean Blossom Creek and Wliite River displays evidence of ice

occupation in many places in moditied topography and deposits of till,

sand and gravel. Till, sand and gravel occiir in the valleys leading south

from Hubbard's Gap in the vicinity of Fleener Post ()fTice. and patches

of these same materials ar(» occasionally met with south of the divide

east of that gap. On tlie whole tlie drift is thick in the valleys and thin

on the hills. This light drift on the liills indicates that the ice-sheet which

crossed them was comparatively thin.

OUT-WASH AND EOLIAN DEPOSITS.

North of Mount Tabor and between there and Gosport, as well as the

south slope of the hills between Mount Tabor and Ellet's hill are covered

with a heavy deposit of sand. A sand apparently identical with the

above caps several hills and fills several preglacial ravines on the south

side of Bean Brossom Creek near Andrew Stine's residence about two
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miles east of StinesvlUe. The saud near Andrew Stine's residence was

evidently deposited in water. That it was of glacial origin is attested

by the fact that it is banded with erratic gravel. The sand here is cross-

bedded, stratified and, in several instances, finely laminated. The lamina-

tion and stratification, however, are not constant. Towards the top of

tliis sand the stratification ceases. This top seems to have been of eolian

origin. This sand was deposited as an ont-wash in front of the advancing

glacier after it had filled the channel of Bean Blossom. That it was

deposited in front of the advancing ice-sheet is clearly shown by evidence

that after its deposition the glacier passed over it, crushing it under its

weight until now the sand is almost as compact as the Knobstone forma-

tion beneath it. Still further evidence tliat the sand was deposited just

in front of the ice-sheet is the fact that the Bean Blossom was filled at

that point with ice. Had it been filled with sand instead of ice to the

level of the present deposits some remnants of the sand would still remain

on the south side of the inner valley of Bean Blossom Creek, which is

not the case. The sand in the vicinity of Mt. Tabor and Gosport is very

fine and flour-like. It usually forms a loose or slightly compact, massive

bed twenty or more feet in thickness. Occasionally it shows indications

of stratification, but at no place is the stratification constant. In spealv-

ing of this sand Mr. Siebenthal says that it seems to have been deposited

from high water resulting from a melting ice sheet.* It is therefore out-

wash material. How it came to be deposited as it is, however, is quite

a mystery. The deposit is V-shaped with the apex to the west. A lime-

stone ridge separates its legs. On this ridge the sand is thin and suggests

by its distribution that it might be eolian in origin. It seems clear, then,

that the sand on the south side of the ridge must liave come around the

west end of the ridge instead of over it, and that the whole deposit was

laid down in the slack water between Bean Blossom Creelv and White

River at the time of the high water that accompanied the melting of the

ice-sheet. This opinion is strengthened by the fact that the sand plain

gets lower and lower toward the east instead of higher as it would had the

sand come over the ridge. This conclusion is further strengthened 1iy the

fact that this sand does not occur on the current, or south side of the Bean

Blossom as it probably would had it not been deposited in slack water.

The sand, on the whole, seems to have been an eddy deposit.

*0p. eit.
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BEN.CH OR TERRACE DEPOSITS.

These deposits have been described both by Mr. Siebenthal and Pro-

fessor Marsters. In speaking of them Mr. Siebenthal says: "Terraces

occur in the valley of Bean Blossom Creek above the crossing of the

drift limit. Drift deposits occur beloAV that, but are irregular in height

and have not the level top of terraces. The terraces range from mere

knolls to benches a mile wide. The lower portions of these beds consist

of sand and erratic gravel with sand and smaller gravel above, and over

all sandy clay and loam. These terraces seem to have been deposited

by high waters which must have resulted from the melting of the glacier

which covered the head waters of the creek in Brown County, and tlie

drainage of the glacier which crossed its loAver course. The various

tributaries of Bean Blossom Creek have similar deposits in a smaller

way, the materials of which are. however, of local origin. The fact that

the drift material of foreign origin is confined to the creek itself, argues

that it was derived from the glacier occupying the upjier course of the

creek."

In speaking of the same terraces Professor V. V. ]Marsters says:*

•'Rimming the valley slopes are to be found a number of benches of

variable widths, with surfaces sometimes as flat as a floor or with an

exceedingly gentle decline valleyward, v\^ith outer edges lobate in shape

and descending with a marked angle to the level of the valley floor. These

occur at various points within the limits of Monroe County, invariably

situated on the north and east sides of the valley, and varying 1n eleva-

tion from twenty feet in the lower part of the stream to seventy or more

feet in the upper part of the valley near the east line of Monroe County.

In all the cases examined they were found to be composed of mixtures

of clay and sand undoubtedly derived from the disintegrated rock forma-

tions constituting the surface of the uplands. No glacial debris of any

sort was found either on the surface or in any of the sections or cuts

in the benches noted within the limits of Monroe County."

It will be readily seen that the two authors quoted above differ from

each other concerning the origin of the bench material. Mr. Siebenthal

says in substance, that it is of glacial origin; and Professor Marsters

gives a directly opposite view, stating that no glacial material of any

"Proe. Ind. Acad. Set. for 19 H, p. 225.
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kind was foiuul in any terrace within the limits of Monroe County. The

difference of opinion may be explained in part, by the fact that Mi'. Sie-

benthal has included the delta plains in his terraces and Professor Mars-

ters has omitted them, as is found later in liis paper.

To turn to the terraces themselves, the most of them are capped with

ten or more feet of a mixture of clay and sand undoubtedly derived from

the disinte.sirated rocks constituting- the surface of the uplands. Some

of the other benches are capped with glacial material; others with both

glacial and residual material. Underneath the loose material are always

to be found friable sandstone, or more frequently sandy shales many feet

above the water in Bean Blossom Creek. The bench lying between Mt.

Tabor and Ellet's hill is composed of shale and shaly sandstone except

at the top. The sandstones and shales are exposed at several places along

the road leading east from Mt. Tabor as w'ell as in the ravines north

of the road. The top is capped hy a thin layer of sand or sandy clay.

The bench on Avhich Pleasant A'allty Church is situated is all shale except

the top part which is composed of a few feet of residual clay on which

rest ten feet of erratic gravel and clay. The bench on the north side

of Bean Blossom Creek, beginning almost one-half mile east of Bean

Blossom Church and extending to the Brown County line is coiuposed

of blue shale resting upon which are ten to twelve feet of residual clays.

The benches seem to be due not to glacial agencies in the main, but

to the bench-weathering of the arenaceous shales of the region, together

with the formation of small side deltas which have become confluent.

This opinion is strengthened by the following facts: (1) The terraces are

higher above the creek bed at the east than at the west, when if tlu-y

had resulted from a laking of the basin as Mr. Siebenthal supposes they

were, they would have been higher at the west. (2) The material did not

come from tlie foot of the glacier in Brown County, as this author sup-

poses, because the finer material is along and just west of the Brown

County line, the coarser, farther down the creek. (3) While the benches

rise toward the east the deltas of the larger trilmtaries do not always do

so, thus leaving gaps that would have been tilled had the bench material

come doAvn the creek from the glacier which crossed its upper tributaries.

(4) The benches rise toward the east with the rise of the shales.

In preglacial time Bean Blossom Creek, as we shall see later, cut its

channel to l)ase level. At that time all its tributaries likewise cut to grade.

Both the creek and its tributaries began to meander and to etch l)ack



.221
their valley sides. The thin Harrodsburg- limestone l)eing: removed as

well as the uppei' Knobstone, the shaly slopes, weathering flat, became,

with the modifications mentioned above, the terraces of todtiy.

This snl\iect will l)e further investigated in the near future. At that

time it is hoped that the origin of the terraces can be more definitely

determined.

After the ponding of Bean Blossom Creek the tributaries silted up

their channels which became miniature estuaries. They then began to

form deltas in the lake and in the slack water regions. The western

tributaries, for example. Buck Creek, built their deltas in a direct line

toward the center of the lake. This demonstrates that the water in which

the delta was built was free from strong currents. The deltas of the

eastern tributaries swing westward, often forming an east and west bar,

now a ridge, thus indicating that these tributaries entered a swollen,

westerly-moving stream. Tlii" eastern deltas also attest that Bean Blos-

som Creek Avas not then ponded but was a slowly moving stream reach-

ing from lilnff to l)luff. ^^']len the estuaries wpre all filled and the deltas

had readied the level of tlie lienches the trilnitaries spread their del)ris

over the benches as well, so that today it is hard to tell, so far as

topographical appearance goes, where the terraces leave off and the deltas

begin. Two of the most conspicuous deltas are those of Buck and Wolf

creeks. In writing about these Pi'of. Marsters says:*

"Besides the portion of each creek, wriggling across the valley bottom,

there are rather long and narrow strips or delta-like accumulations simi-

lar in content to the benches already described, and extending from the

valley .slope to within a few yards of the Bean Blossom channel which

hugs the south slope of its valley. The surface does not attain the char-

acteristic fiatness of tlie rimming ))enches. Imt is slightly irregular in

relief and increasingly so towards the slope to which it is attached. This

is especially true for the Buck Creek case, but not for the Wolf Creek.

The increasing irregularity may be in part due to the nearly complete

burial of a projecting spur, whose top is barely coated over with the

delta deposits now spread almost across the entire v^idth of Bean Blos-

som; lint it must be said that no outcrops of limestone or sandstone, such

as make the slopes of the valley, have been discovered within its limits.

On the other hand, the irregularity of relief may have been produced by

*Loc. cit. p. 235.
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the piling up of the great load of silt within Bean Blossom by the tribu-

tary, but did not succeed in building it up to the lake level; in other words,

it is an incomplete delta, or bar.

The Wolf Creek case differs from the former only in having a moder-

ately flat top, or at least the higher flats on it attain about the same level,

thus suggested that it was built up nearer to water level, and hence more

even and uniform in relief. These differ from the rimming benches only

in that they extend across the valley floor, while the former, being made

by smaller streams close to each other, have built a series of small benches

or deltas which have become confluent, and hence continuous aloiuj the

valley side."

The delta material is deriA^ed from the disintegrated rocks of the adja-

cent uplands or is of glacial origin or is of both glacial and residual debris

according to the source of the tributary and the proximity of the foot

of the ice-sheet. The ice-sheet entered both Canada and Hubbard's gaps

and at several places between these two gaps its foot rested on top of

the Bean Blossom Creek—White River divide. Consequently glacial mate-

rial is to be found in the deltas of Indian and Honey creeks leading south

from these respective gaps. Below are sections from some of the most

conspicuous deltas of the area:

Sections taken on the Buck Creek delta:

Section 1.—Well on Dolan road one mile north of Dolan.

Feet.

1. Yellow clay 18

Section 2.—Well on Dolan road, one-half mile north of Dolan.

Feet.

1. Black soil 1

2. White sand 6

3. Yellow clay 15

Section 3.—On A. Oliver's place on the Dolan road one mile north of

Dolan. A well was once dug here through yellow clay for 47 feet.

Section 4.—Solomon Laughlin's well about a mile south of Dolan.

Feet.

1. Clay and sand 36

2. Solid rock 7
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Section 5.—On tlie road on the half section line between sections 34

ami 35, Washington township, one and three-fourths miles north of Dolan.

Feet.

1. Yellow clay breaking down to yellow earlh 5

2. Whitish-yellow clay 1

3. Yellow clay 1

4. Whitish, laminated clay l)ecoming' very hard on exposure. . 5

5. Yellow jointed clay 5

6. Yellow to brown jointed clay 5

7. Shale :... It

No glacial material of any sort was found in this delta.

INDIAN CREEK DELTA.

Section 1.—Well at Lemon Post Office.

The section here was composed entirely of loose material. The bot-

tom of the well was in loose erratic gravel at a depth of 20 feet.

Section 2.—Marion Coater's well, forty rods east of Lemon Post Office.

Feet. Inches.

1. Black earth 2

2. Yellow clay 8

3. Yellow coarse sand 8

4. Gumbo clay 14

5. Fine quicksand 3-1-

The Indian Creek delta is composed more or less of glacial material,

as is shown by the sections. This, of course, was anticipated as the

stream heads in Canada Gap.

Sections taken in the vicinity of the Honey Creek delta.

Section 1.—Well north of the road one-eighth of a mile east of Pleasant

Valley Church.

Feet.

1. Clay 5

2. Erratic gravel 7

Section 2.—Another section near the preceding one.

Feet.

1. Gravel 18

Bowlder stratum 4

Like the Indian Creek delta this delta contains glacial material. The

glacial material came through Hubbai'd's Gap.
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A section tiikcii (in a delta at the mill sonTli of Dolan .nave the fol-

lowinji':

Feet.

1. Bedded, jointed yellow clay lianded with red. burns red... 20

2. Bedded. laminated, jointed ))lne clay, hard when dry, soft

Avhen wet 5

?>. Very soft, massive, blue day. burninj;- white 20

POST GLACIAL DEPOSITS.

cruder this head will be considered the alluvium and the alluvial fan

deposits.

Alluvit.m.

At the close of glacial times Bean Blossom Creek and its tribu-

taries recut their channels to an unknown depth. Then a process of

meandering and slight aggrading set in. which has continued to the pres-

ent time. As a result the creek and its tributaries have developed large

alluvial plains. The alluvial plain of Bean Blossom Avill average a mile

in Avidth throughout ^Monroe County, while many of its branches have

bottoms a quarter to a half mile wide in their lower courses. The depth

of the alluvial deposits was not ascertained, but in loAver Bean Blossom

Valley they are probably quite thick. The best farms of tlie region are

located on these plains.

Alluvial Fans.

A number of small V-shaped valleys with vei-y steep channels were

found traA'ersing the steepest, southern slopes of Bean Blossom Valley.

These on reaching the valley-floor spread out their debris in the form

of alluvial fans, their channels disappearing altogether where the fan

intercepts the valley floor. The fans ]troject but a few yards beyond the

mouths of the valleys. These are evidently fans as they do not possess

the flat tops and steep outer margins of the deltas. That they are post-

glacial is evident from the fact that some of the little valleys have cut

their channels through glacial debris. The one just east of Andrew

Stine's house will serve as an example. In addition to this the fans are

built on the alluvial floor of the creek which has l)een made since glacial

times.
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PHYSIOGRAPHY.

Springs.

The springs of the area are to be foiiud mostly in the limestone

regions. They owe tlieir origin to underground drainage. None are min-

eral springs so far as the writer knows. They furnish the water supply

for the city of Bloomiugton and supply the water for domestic uso

throughout the region where they are found.

Abandoned Swamps.

About three-quarters of a mile north of the Lemon schoolhouse, on

the top of the north bench of EUet's hill, is a deposit of iron ore gravel.

This limonite is scattered over a large area and is evidence of the exist-

ence of a large swamp which has now dwindled down to a pond. This

swamp probably dates back to glacial times. It was most likely formed

between the foot of the ice-sheet and the ridge that terminates Ellefs hill

at the south.

Salt Licks.

Several salt licks are to be found in Indian Creek and Bean Blossom

valleys. They seem to be evidence of saline shales beneath the valley

floors.

Boulders not Glacial in Origin.

In a ravine just north of Ellet's hill, about a mile northwest of Lemon

Post Office, are several large bowlders some of which will weigh several

tons. These bowlders are not glacial in origin because they are neither

scratched nor worn, but are large concretions weathered from the adjacent

sandstones of the ravine. That this conclusion is correct is attested by the

fact that a half-weatheredout concretion of large size is in situ project-

ing from the sandstone wall of the ravine near by. The concretions are

largely composed of silica and are very hard.*

Lost Ridges.

Standing in line with a point between White River on the left and

Bean Blossom Creek on the right in section 5, Bean Blossom Township,

is a subcircular knob called Indian or Pasture Mound. This mound being

•In the vicinity of these bowlders were several granite bowlders of glacial origin.

15—A, OK Science, '03.



226

ill line with the mound to the north and being composed of the same kind

of material suggests that the two were once continuous and are yet con-

tinuous beneath the valley floor.

South of Bean Blossom Creek, opposite the railroad cut in section 9

of the saiiie township, there is another ridge standing in line with the

projecting "mainland" cast of Jack's Defeat Creek. It is almost a third

of a mile in length, aliout 400 yards wide and some 80 feet above the

valley floor. It seems to have been a ridge between Jack's Defeat and

Bean Blossom creeks before the aggrading of the valley floor caused the

former creek to change its channel to the east through a former wind

gap in the ridge. This left the ridge isolated.

North of the Bean Blossom, in section 24 of this same township, there

is another consiiicuous ridge known a'< "Lost Ridge.'" It is in line with

the "main land" to the north, from which it is separated by only about

a hundred yards of flat floor, through which a small stream runs from

the Bean Blossom Valley to .ioin Indian Creek. In this case, as in the

previous one. the trend of the slope and the trend of the adjacent valley

slope, together Avith the fact that the composition of the rocks is identical,

suggest attachment beneath the present valley floor. There are several

other similar islands in the Bean Blossom Valley.

These lilts of relief are "islands" surrounded by alluvial material.

They strongly attest that the Bean Blossom Valley has been aggraded

very considerably.

Half Stjbmeeged Points and Peninsulas.

.Several tied-on. peninsula-like ridges, known as knobs and points, pro-

ject from the valley walls into the valley of Bean Blossom Creek, -with

the connecting neck almost submerged beneath the alluvium of the vallej*.

They also attest to the aggrading of the valley.

Abandoned A'alleys.

In tlie glacial region on the south side of Bean Blossom Creek several

of the short valleys that were fllled with glacial debris still remain fllled.

The glacial fllling of the other valleys have been removed wholly ci- in

liart. Those Avhich remain fllled have had no springs at their heads since

glacial times. Since mucli of the drainage of that part of the county is

underground drainage the little valleys have remained filled.
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YotixG Valleys.

The steep-graded, Y-shaped valleys of the south side of the Bean Blos-

som Valley have alreadj^ been described iu this article and shown to be

postglacial. In Avriting of these valleys Prof. Marsters says:*

"Traversing the steepest slopes of Bean Blossom are to be fonnd

numerous V-shaped valleys, with remarkably steep channels, ending their

lower course at the point of intersection of the valley floor with the adja-

cent slope. In all cases small alluvial fans are built on the valley floor

with their apex projecting but a few feet or yards at most beyond the

mouths of the young valleys. In none of the observed cases was it found

that the level of the valley floor would extend into the mouth of the young

valley. It is therefore believed that the greater part of the ciitting of

these young valleys may date subsequent to the preglacial filling. The

fact that alluvial fans and not deltas with steep outer edges and flat tops

occur at their mouths, suggest that they have been constructed since thci

laking of the valley, and hence are regarded postglacial."

Rea'ersed Drainage Due to Aggrading.

In section 24, Bean Blossom Township, the little stream which flows

through the little gap between the "mainland" and Lost Ridge normally

should flow direct to Bean Blossom Creek instead of into Indian Creek.

Its head waters are in Bean Blossom Valley proper, not in Indian Creek

Valley. The reversal of drainage is due to the aggrading of Bean Blos-

som Creelc so that the fall is greater through the gap.

Change of Channel Due to Aggrading.

Jack's Defeat Creek, running northeast from Stinesville. from all

appearances normally ran just east of the Monon Railroad tiack lie-

tween the "mainland" and the lost ridge, previously described, to join

the master stream. With the aggrading of Bean Blossom Creek this little

creek likewise aggraded itself until, having dammed its lower course witli

debris, it turned east and joined Bean Blossom farther up stream.

Abandoned Channels.

There are two abandoned channels of considerable size in the region.

The one, that of Jack's Defeat Creek, between the "main land" an^ the

*Loe. cit. p.236.
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lost ridge just east of the railroad, has already been mentioned. The

other channel extends from the top of the divide just north of the Abel

schoolhouse west to the limestone ridge that is half submerged beneath

the sand just east of the railroad track in section 5, Bean Blossom Town-

ship. It is about a mile in width and extends from the Bean Blossom

Valley north to the White River Valley. The bed of this channel, which

is noAv filled with glacial sand, is at least twenty-five feet below the

present surface, as is attested by the sections taken in the wells of the

region. The origin of this channel is still undetermined. The data at

hand seem to suggest that after the retreat of the ice-sheet from the

immediate vicinity, an ice-gorge dammed White River and compelled It

to cut a new channel. After the breaking of the ice dam the river, as the

new channel was not as deep as the old, abandoned the new and resumed

the okl channel. As it was being abandoned the new channel became a

slack water region in which was deposited the sand which now fills it.

Wind Gaps.

Tliere are many wind gaps in the area. They are the result of the

degrading action of small streams on opposite sides of a divide. The

streams have etched back their respective channels until they have cut

through the divide, thus forming a wind gap. Conspicuous among these

are Canada and Hubbard's gaps. These two gaps are both on the divide

between White River and Bean Blossom Creek. They were both in

existence in glacial times as they have glacial material deposited in them.

In each rested the foot of the ice-sheet, and througli each was carried

south into the Bean Blossom Valley large quantities of glacial debris

as has been shown in the discussion of the deltas of Indian and Honey

creeks; the latter creek heading in Hubbard's Gap and the former in

Canada Gap. These gaps are in interest now as they furnish prospective

routes for steam and electric railways.

Beax Blossom Creek.

Bean Blossom Creek enters ^lonroe County from the east a little south

of the northeast corner of the county and flows a little south of west

to the northwest corner of Bloomington Township.* Here it changes its

direction to a northwest course. It continues in this direction imtil it
•

'"The change in the course of this creek is due to ito sheering off to the northwest on
coming in contact with the harder Harrodsburg and Salem limestoDcs. Its lower course

follows the trend of these out-crops.
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enters White River a mile below Gosport. Throughout the county it

has a wide, flat-floored picturesque inner valley, averaging a mile in

width, the sides of which range from 100 to 200 feet in height. In this

valley the present diminutive creelc persists in keeping to the southwest

side. The slopes of the valley usually range somewhere between 25° and

40°; the steeper slopes being usually on the south side, the south slopes of

EUet's hill and Mt. Tabor north of the creek being the only examples

to the contrary. Rimming the valley slopes are a number ; c benches of

variable widths, as has been previously noted, while projecting above the

alluvium of the valley are hummocks and ridges, "islands" whose content

is precisely the same as the country rock on either side of the valley.

Beside these, tongues, promontories and tied-on ridges project into the

valley.

This stream has had a varied history as has been already roughly out-

lined. It will be discussed under three heads, Preglacial, Glacial, and

Postglacial liistory.

Preglacial History of Beax Blossom Creek,

At the close of the Mississippian ])eriod, or later in preglacial time,

Bean Blossom Creek incised its channel to a depth much below its present

level. That the incision was made in preglacial time is indicated by the

following facts: (1) The old A^alley is now half filled with debris some

of which is glacial in origin. (2) Its tributaries to the north as well as

the wind gaps due to preglacial drainage likewise have glacial debris in

them. (3) The glacier which crossed the northwestern part of Monroe

County passed over and filled the creek, as is evidenced by the sand and

glacial drift left in its valley. That the channel was deeper in preglacial

time than now is demonstrated by the following evidence: The creek

now meanders on a flat floor a mile in width. The floor, which is com-

posed of alluvium for the most part, is still being aggraded. (2) Wells

dug in the valley floor north of the channel, show that the loose material

has great thickness. Mr. James Hughes' well, at his home on the road

one mile east of Mt. Tabor nearly in the center of the southeast quarter

of section 10, is 65 feet deep, yet it does not penetrate the entire thickness

of the valley filling at that place. (3) Many of the meander-cut slopes

have been largely buried beneath the valley filling. (4) Many of the

tributaiy valleys, such as Jack's Defeat Creek, are aggraded for some

distance up stream.
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After incising the valley and widening it by meander cutting, Bean

Blossom Creek began to aggrade its channel and at the close of the pre-

giacial time had filled it nearly to the level it is today. The evidence in

favor of such'a conclusion is as follows: (1) At all points where the creek

was protected from the invasion of glacial debris by promontories, such

as Mt. Tabor and Ellet's hill, it still flows on the north side of its valley.

At all other places it was driven to the south side by glacial debris.

(2) The greater part of the clay and silt occupying the valley floor is of

precisely the same kind as that covering the unglaciated highlands and

valley slopes. It is evident that this filling simply repi'esents the wash

and soil-creep from the slopes and iiplands on either side of the valley.

(3) At the mouth of the creek where the glacier crossed the country only

a patchy film of sand associated with bowlders composed partly of crys-

talline rocks cover the underlying clays, silts, etc.

This conclusion agrees with the folloMing statement of Prof. Marsters

concerning the preglacial filling of the valley:

"Inasmuch as the greater part of the clay and silt occupying the valley

floor is precisely the same in kind as that covexnng the unglaciated uplands

and valley slopes, it is evident that this filling simply represents the wash

and soil-creep from the slopes and uplands on either side. Moreover, the

rate of filling was so far in excess of the ability of the stream to carry

off its load that the preglacial valley became clogged with the waste to

such a degree that the stream noAv occupying the valley floor is for much

of its course quite unable to spread its meanders over the entire width;

only at the narrowest sections does Bean Blossom succeed in occupying

the entire valley from slope to slope.

"Inasmuch as the filling of Bean Blossom at its mouth and for some

little distance up stream is covered over by a patchy film of glacial sand

associated with bowlders, composed partly of crystalline rocks, the under-

lying clays, silts, etc.. antedate the glacial coating. ^Moreover, the occur-

rence of benches (to be associated with the glacial history) resting upon

the valley filling also point to the same conclusion, that the present filling

of the valley, less the benches and the glacial sands, etc.. near the mouth

of the valley, is preglacial."

The valley fillings, less the glacial sand, are. therefore, mostly pi-c-

silacial.



231

Glaciai. History of Bean Blossom Creek.

As has been previously stated Bean Blossom Creek was laked by the

ice-sheet which crossed its lower course. At the time of its laking there

were deposited in its vallej* the deltas together witli the loose materials

that now cover the benches on either side.*

Post-Glacial History of Bean Blossom Creek.

Since glacial time Bean Blossom has been a diminutive, meandering

creelv in a bi'oad, fiat-tloored valley, and throughout all postglacial time it

has persisted in keeping to the south or west side of its valley. Evidently

it does not fit its present valley. This fact suggests that the creek has not

been able, on account of its diminutive size and the lack of time, to do

much constructive work since tlie ice retreated. It is now at grade for

ten miles above its moutli and must be actually aggrading its channel.

We quote Prof. ^Marstcrs for a more detailed description of this

topic.**

•'Since tlie close of tlie laking stage Bean Blossom River has developed

a meandering course on its broad floor. Only in the narrowest sections

of the valley lias it succeeded in spreading its meander belt across the

entire tioor. For the most part it keeps to the west or south side of the

valley, and yet still assumes a meandering habit for considerable

stretches. In other words, the stream does not fit the present dimensions

of the broad valley, which, accordingly, must have Ijeen brought al)out ))y

otlier conditions tlian that resulting from lateral cutting, by a mature

stream. Cross sections of the valley at its broadest places reveal a slight

curvature of surface in the center and occasional abandoned meandering

channels. This slight variation from a plain surface suggests flood plain

construction. Whether this constructive work antedates the glacial

episode of Bean Blossom is not certain, but it would seem from the d;ita

at hand, that the present postglacial Bean Blossom has not l>ad tinu' or

the ability to do much constructive Avork since pleistocene time."

Two more things of interest in connection with Beau Blossom Creek

remain to be explained. They are: (1) The reason for the channel of the

creek keeping to its south l)ank. and (2) the reason why the slopes on the

south side of the valley are steeper than those on the north.

*'See Marsters. loe. eit. for further Jiseussion of this subject.

'•"'•Loe. eit. p. 236.
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The explanation of the former seems to be that the Ijranehes from

the north carried in much more material than those from the south. The

tributaries from the north are more numerous and larger than those from

the south and carried into the valley great quantities of glacial material

from the foot of the ice-sheet or material from the slopes near its foot.

This caused a greater accumulation of sediment on the north side of

the valley, and the deltas thus formed drove the stream .to the south side

of the valley. The deltas of Buck and Wolf creeks, for example, extend

nearly across the valley to the south side. Where Mt. Tabor, or Ellet's

Hill, protected the valley from glacial or upland sediments from the north,

the channel finds its way to the north bluff. To sum up, it seems from the

foregoing statements that the creek keeps to its south bluff because of

accumulated material from its tributaries in the north side of the valley.

The answer to the other question, Why are tlie valley slopes steeper

south of Bean Blossom than north of it? seems to be as follows: It was

observed that the variation in the slope had a direct relation to the minute-

ness of dissection, or the .spacing of the streams crossing it, and that the

closer the streams are to each othei-, the more subdued the slope. As a

greater number of streams cross the valley slope on the north side of

the valley we find the more subdued slopes on that side. In addition

to this the .stream occupying the south side of the valley has confined

its side-cutting- to that side which has tended to keep these bluffs steeper.

^Mineral Resources.

The principal mineral resources are rock, sands and clays. The rocks

having been mentioned as to use and value, the sands and clays remain

to be discussed.

Sand.

The sand of the area is in the vicinity of Mt. Tabor, and between that

point and Gosport. This sand is very fine and flour-lilve and, consequently,

it is not a plastering sand. However, it is a good quality of moulding

sand and may be used for paving purposes. For these purposes it has

been satisfactorily tried, several car loads being used. There is, besides

detached patches, a continuous sand area covering several square miles

to a depth of 20 to 40 feet.
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Clays.

Tbe residual clay derived from the breaking down of tlie Harrods-

burg limestone is very stiff and of a deep red color. The clay resulting

from the decomposition of the Knobstone shales is usually blue except

on weathered surfaces, where it is light yellow. All the other clays of

the region, those of the deltas being good examples, are yellow.

The blue clay is derived from the blue stone and shale of the Knob-

stone. Only three patches of this clay were noticed, one north of Bean

Blossom Creek near the Brown County line, one just across Honey Creek

on the road east of Fleener, the other in the delta (bench) south of Muddy

Flat Creek, about a half mile south of Dolan. There are probably several

other patches of this clay in the area, but as my investigations did not

have reference to clays, no particular search was made for them. The

clay of the first two patches mentioned is residual, while that of the last

is probably stream wash and about 25 feet deep. On being burned in a

kiln it burns white. The foreman of the tile mill at Dolan states that it

is a good potter's clay. In burning tile the blue clay is mixed with equal

parts of the yellow clay. This mixture produces a tile of fair quality.

Both the delta and bench formations in the Bean Blossom Valley are

yellow above and sometimes down to a depth of 20 feet. This clay is

the same in appearance as the yellow clay at Dolan that is made into

tile. It is the opinion of the writer that a large tile and brick industry

could be built up in this valley.

Indiana University, December 31, 1903.

Geology of the Fort Apache Region, Arizona.

By Albert B. Reagan.

(By title.)
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AVhat is the Aoe of the Aubkev Limestone of the IvOcky

Mountains?

By Albert B. Rea(4an.

The Carboniferous rocks of the Rocky Mountains are divided litho-

logically and palaeontologically into two distinct groups: The Red Wall

and the Aubrey groups. The Red Wall is divided on palaeontologlcal

grounds into the Upper and Lower Red Wall, and the Aubrey on strati-

graphical and lithological grounds into the Upper and Lower Aubrey.

The Upper Aubrey is usually called the Aubrey Sandstone, the Lower

Aubrey the Aubrey Limestone. In this paper it is the writer's purpose to

establish the age of the last named group.

This group of rocks rests conformably upon the Upper Red Wall and

shows conclusively by its position that it is Palaeozoic. Then as the

Upper Red Wall is Coal Measures in age (see paper on "The Fossils of

the Upper Red Wall Compared with those of the Kansas Coal Measures"],

the Aubrey Limestone must be either Upper Carboniferous or Permian.

Its position immediately above the Red AVall suggests the former; that is,

that it is Upper Carboniferous. This conclusion is attested by the fossils

identified from the group. They are: Seminida argeutia, Product its

punrt'tfii-'^, Prodiicfus semi-n'CtiailatKS, Pwdurtu)< coHntua (f), a Prodartii.'^ rlosehj

allied to if wit, P. portJochienu^, Spirifrr caineminx, BeJleropJion, Spirifcv liii-

eutu)<, Eaompihalas periiodosus, Arinculupcctrn orcidcnUdix Ariitculopccti'n, a Hcm-

ipmniti'H (Gilbert), Mekrlla stnata-contaia, etc.

These fossils were all obtained in the first 100 feet of the Aubrey

Limestone. They are all Upper Carboniferous, not Permeo-Carboniferous,

in age. and therefore establish the age of the rocks in which they are

found to be Upper Carboniferous beyond a doubt.

Note.— A few shells (Plevrophonis, Schlzodiis, and BalceveUu) found by

Mr. Gilbert (U. S. Geographical Surveys west of the 100th meridian, vol.

3. page 177) in the topmost layer of the Auljrey Limestone suggests the

Permeo-Carboniferous of the Mississippi Talley. This would seem to

imply that the Aubrey Sandstone Avhich is conformably superimposed on

the Aubrey Limestone is Permeo-Carboniferous in age.
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Some Fossils from the Lower Aubrey and Upper Red AVall

Limestones in the Vicinity of Fort Apache, Arizona.

By Albert B. Reagan.

The Fort Apache region, Arizona, is the home of the White Mountain

Apache Indians. The region, as described in the November number of the

American Geologist for 1903, is included between the parallels 33° 15' and

34° 15', and the meridians 109° 30' and 111°. In this region, practically-

all the geological ages are represented from the Archaean to recent. The

Carboniferous Age, to which the fossils belong, is represented by the

Au1)re.v and Red Wall groups of rocks. Each of these groups is sepa-

rated geologically and stratigraphically into two divisions; the Aubrey

into the Upper and Lower Aubrey, and the Red Wall into the Upper and

Lower Red Wall. The fossils were collected from the Upper Red Wall

and Lower Aultrey divisions. Those from each division were collected

separately, and their exact position Avill be given in the description.

FUSULIXA FISCHER (1837).

FUSULIXA SECALICA.

Plate, Figs. 1 a, b.

White's description (in partj: Shell varying from terete to subglobose,

assuming all intermediate fusiform shapes, generally somewhat obtusely

pointed, usually having the appearance of being slightly twisted at the

ends; septal furrows moderately distinct, extending in more or less direct

lines longitudinally, but are a little deflected just at the ends; centrifugal

apertures about twice as high as the thickness of the cell-wall covering

them, more than twice as broad as high, and of nearly uniform size

throughout the whole coil.

The locular or external aperture is seldom clearly shown upon the

fossils. It was apparently linear the full length of the shell until closed

by a ncAV longitudinal septum at each side, leaving only a new centrifugal'

aperture at the middle, in line with the others. Volutions from five tO'

eight; septa from twenty to thirty in outer volution; septa nearly straight

at their outer or external edges, but laterally undulating at their inner

edges, where they .loin the outer surface of the next volution within.



238

as may be seen in specimens that liave liad a part of their outer volution

removed by weathering-.

Dimensions very variable.

Position and Locality.—Strata of the Upper Red Wall, north bank of

Wliite River, twelve miles soutliwest of Fort Apache, Arizona. A few

specimens of this species were also seen at several other places in the

Fort Apache region as follows: At the crossing of the government trail

on Carrixo Creek, on west bank of Cibucu Creek, one mile north of U. S.

Indian farmer's residence, and on the east edge of the bluff one half

mile iKirfhwest of agent's residence at White River. Arizona.

CAMPHOPHYLLUM.

[Milne Edwards and Haime, Brit. Foss. Corals, PI. LXYIII (1850).]

CAMPHOPnYLLU:M TORQUUM.

Plate, Figs. 2a,b.c.

Simple, usually large, conical to subcylindrical corallum, which in

the case of specimens under three inches in length is usually bent or geni-

culated, but in larger specimens is nearly straight. Epitheca thin, with

small encircling wrinkles and strong undulations of growth. Calice not

seen. Septa very numerous, strictly radial in arrangement, extending

about two-thirds the distance from the exterior toward the center, stout

and usually straight Avithin the outer vesicular zone, but becoming attenu-

ated and somewhat curved or a little tlexuous in crossing the vesicular

area, where they alternate with an equal num1)er of very short, thin ones.

Visceral chamber filled with numerous imperfectly developed tabulpe,

which pass nearly horizontally across the cavity with a more or less

upward arching. Vesicular dissepiments highly developed in the periferal

portion, forming numerous obliquely ascending small vesicles. Entire

length unknown.

Range and Distribution.—Red Wall Group. Fort Apache, White River.

Salt River, Carrixo Creek at the crossing of the government trail, and

on Cibicu Creek, one mile north of the U. S. Indian farmer's residence.

Arizona.
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ACERVULARIA Scliweis-,tf.

ACERVULARIA DAVIDSONI Milne—Edwa ids and Hnime.

[Pal. Fo=B. des Terr. Pal. P. 418. PI. 9, Figs. 4-4 b (18-).] •

Coral composite, astraeiform and massive, composed of unequally sized,

usually live or six-sided corallites, having both an outer and an interior,

slightly undulated or zigzag wall. The outer wall is thin; the inner wall

is rarely well defined; the surface sinks, at first gradually and then

abruptly, to form the cup, the diameter of which is about one-fifth of an

inch. The bottom of the true calice is flat to slightly elevated. The

s('pta> are radially arranged, and are stout and finely denticulate, there

being about seven denticulations in the space of one line. They are

usually about forty-two in number, and for the most part, extend into

the true calice. The tabuhx' are abundant in the central area; the dis-

sepiments a1)undant in the periferal zone. The diameter of the larger

corallites is about one-half inch.

This species is most nearly allied to A. Profunda Hall, from which it

is distinguished by the larger size of the corallites, the greater constancy

in the size of the calices. the less number and less conspicuous denticula-

tion of the septa, and in tlie zigzag undulations of the outer walls.

Range and Distribution.—Devonion formation, on the government trail,

four miles east of Canyon Creek, Arizona; on the John Dazen trail, three-

fourths mile southeast of the cliff houses, near Oak Creek, and along the

rim of the Tonto basin. Arizona; at the falls of the Ohio and at Sandusky,

Ohio, etc.

CERIOCRINUS?
Plate, Fig. 3.

The specimens referred to this genus are a few detached plates and

are insufficient to fully identify even the genus.

Position and Locality.—Upper Rett Wall, north bank of White Rivci'

Canyon, twelve miles southwest of Fort Apache, Gila County, Arizona.

ARCH.EOCIDARIS McCoy.

ARCH.EOCiDARIS.
Plate, Fig. 7.

The specimens here called ArcJiaocidaris are some fragments. They are

too imperfect for identification of tlie species; but, though much worn,

are sufficient to identify the genus.

•'For a figure of the fossil here described the reader is referred to plate XXX of ihe

November number of the American Geologist for 1903.
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Position and Locality—Upper Red Wall, north side of White Kiver

Canyon, twelve miles southwest of Fort Apache, Arizona.

FENESTELLA?

Plate, Fig. 4.

Bryozoa; reverse side, branches ridged, long and generally straight;

•dissepiments from one-fourth to one-half the size of the branches; surface

'Covered with a porous calcareous covering.

Position and Locality.—Upper Red Wall, near Fort Apache, Arizona.

PUGNAX HALL (1893).

PUGNAX UTA.

Plate, Figs. 8 a, b.

Meelv's description: Shell small, more or less variable in form, often

subtrigonial, generally wider than long, more or less gibbous; front trun-

cated, or sometimes sinuous in outline; anterior lateral margins rounded

in outline; posterior lateral margins convex or nearly straight and con-

verging toward the beali at an angle of from 90° to 120". Dorsal valve

more convex than the other, greatest convexity near the middle or between

it and the front, which has a broad, rather deep, marginal sinus for the

reception of the corresponding projection of the front of the other valve;

mesial fold somewhat flattened, but slightly prominent, and rarely trace-

able back of the middle of the valve; generally composed of three but

sometimes four—rarely more—plications; side rounding down rapidly on

each side of the mesial fold, and each occupied by about three or four

plications; beak curving strongly beneath that of the other valve; interior

with a faint linear mesial ridge, on each side of which is a raised cmwed

line enclosing an ovate space, occupied by the abductor muscular impres-

sions. Ventral valve distinctly less convex than the other, with a broad,

shallow, short sinus, occupied by about two or three plications; anterior

lateral margins on each side of sinus, with from two to four plications;

beak moderately prominent, and more or less arched, rather pointed;

foramen small."

Position and Locality.—Upper Red Wall, north bank of White River,

twelve miles southwest of Fort Apache, Arizona.
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AMBROC^LIA Hall (1860).

AMBROCyELIA PLANOCONYEXA Shumard.

Plate, Figs. 9 a, b,c.

"WTiite's description*: "Shell very small; breadth varying from a little

rmore to a little less than the length; hinge-line of considerable length,

but always shorter than the full width of the shell in front of it; lateral

4ind front borders regularly and continuously rounded.

The dorsal valve would be almost circular but for its truncation by

the hinge-line; nearly flat, but slightly convex at the umbo, and sometimes

:slightly concave at the front; beak minute, not prominent; area very

marrow.

Ventral valve capacious, especially its posterior portion, which extends

xnuch behind the hinge-line, and ends in a prominent strongly incurving

pointed bealv; area very narrow, high, concave, mesial sinus absent, but

in its place there is usually a slight flattening at the front and sometimes

an indistinctly impressed line is to be seen extending from beak to front.

Surface apparently smooth, but under a lens it is seen to be finely

granular, tlie apparent granules being the bases of minute strife; a few

•concentric lines of growth are observable upon both valves."

Position and Locality.—Strata of the Upper Red Wall, north bank of

^Vhite River Canyon, twelve miles southwest of Fort Apache, Arizona.

RETICULARIA McCoy (1844).

RETICULARIA PERPLEXA.

Plate.FigB.lOa.b.

Shell ordinary size, nearly circular in outline; breadth a little more and

'Convexity a little less than the length; hinge-line shorter than the full

width of the shell in front of it; lateral and front borders regularly and

^continuously rounded; cardinal area distinct, arched, and moderately high.

Ventral valve convex, extending much behind the hinge-line in a

prominent, strongly inciu-ved beak; area small; mesial sinus absent, but

in its place there is a slight flattening at the front and three indistinctly

impressed lines are to be seen extending from front to beak. This flatten-

ing gives to the shell a slight sinuosity.

''White, U. S. Geog. Surv. W. of the 100th meridian, Vol. IV, P. 135, PI. 3, Figs. 10 a, b, c

16—A. OF Science, '03.
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Dorsal valve circular in outline except where truncated by the hinge-

line; regularly convex; beak less prominent than that of the other valve,

extending beyond the hinge-line; area very narrow.

Surface marked l)y very numerous almost indistinct radiating costje

and l)y somewhat strong concentric markings.

Position and Locality.—Upper Red Wall Group, north bank of White

River Canyon, tAvelve miles southwest of Fort Apache, Arizona.

DIELUSMA King (1859).

DIELUSMA BOUVIDINES (Morton).

Plae, Fig. 11.

White's description (in part)*: Shell ovate or elongate-ovate in outline:

sides behind the middle laterally compressed. Ventral valve strongly

arcuate from front to lieak. the curvature lieing greatest behind the

middle, rather more capacious than the other valve; beak prominent, in-

curved; foramen moderately, not squarely, truncating the beak, but open-

ing obliquely backward, mesial sinus lu'oad. and more or less distinct

at the anterior part of the valve, but becoming obsolete at or behind the

middle. Dorsal valve generally almost straight along the median line

from front margin to a little behind the middle, from which part it gently

curves to the beak; gently and somewhat unifoiiuly convex from side to

side, without a mesial fold.

Surface nearly smooth; shell structure finely punctate.

Position and Locality.—Upper Red Wall Group, Fort Apache. Arizona.

SEMINULA McCoy (1844).

SEMINULA ARGENTIA Shepard.

Plate, Figs. 12 a, b, c, p.

Shell varying considerable in outline, generally subovate; seldom as

wide as long, usually moderately gibbous. Init sometimes old shells are

much inflated. Ventral valve generally a little more capacious than the

dorsal; beak rather prominent, incurved; mesial sinus usually not very

deep, and becoming obsolete about the middle.

*U.S. Geog. Surv. W. of the 100th meridian, Vol. IV, P. 141, PI. XI, Figs. lOa.b.c.
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Dorsal valve somewhat imiformly convex, but most prominently so

near the umbo; beak small, slightly prominent, mesial fold entirely want-

ing as a rule. Surface marked by faint traces of radiating striae and by

occasional imbricating lines of growth.

Range and Distribution.—Upper Red Wall group and LoAver Aul)rey;

Carrixo Creek, at the confluence of White and Black rivers, and on either

side of White River in Maricopa County, and at Fort Apache and at

Jemez, NeAV Mexico, White River, Arizona, etc. Common throughout the

upper carboniferous of America and in England and India in the suii-

carboniferous also. Its range also extends into the Permian.

MYALIXA de Konnick, 1844.

MYALINA?

Plate, Fig.13.

The specimen here tigured in outline is too badly cruslied to warrant

a description, but is obviously a member of the genus Myalina.

Position and Locality.—U]ip?i' strata of the Upper Red Wall, south

side of White River Canyon, one mile west of Fort Apache, Arizona.

EUOMPHALUS Sowbery (1815).

EUOMPHAUUS PERNODOSUS Meek and Worthen.

Plate, Figs. 14 a, b, c,e

White's description* (in part): "Shell rather above medium size when

full grown, nearly discoidal, the spire being only very slightly elevated,

and the inner portion of it l)eing quite flat, or evenly depressed. Test

thick, volutions five or six, the upper side flattened and sloping gently

inward to the distinct suture, outer side flattened, convex, under side

rounding; the angles formed by the upper and outer sides constitute a

distinct carina which is riigose or corrugated upon the outer volution;

upon the under side of the volutions there is a row of moderately large,

roimded nodes, separated by spaces of about their own width, those of

the last half of the outer volution being obsolete;" umbilicus not seen.

'U. S. Geog. Surv. W. of the lOOth lasridian, Vol. IV, P. 158, PI. 12, Figs. 2 a, b, c.
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PLATE EXPLANATION.

Fig.
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Position and Locality.—In limestone strata at top of the lower Aubrey

group, Aubrey Cliff, one mile northeast of White River, and at the cross-

ing of the gOA^ernment trail on Carrixo Creek, Arizona.

CALAMARI.E.

CALAMITES.

CALAMITES CANN.T5F0RMIS.

Long, slender, tapering reed-like stem, jointed and having a large pith.

Its exterior surface is finely striated, but the stride are not continuous,

Init are interrupted at the joints by a "break." The striae on each side

of said "joint break" correspond to each other. Each stria has a small

pinhead-like projection on it near its upper extremity. The bark which

was left in the cast is about 1-132 of an inch in thickness. It seemed

to be fibrous. The strise impressions and the grooves i)etAveen the striae

which were filled with the bark tissue show very distinctly, the latter

being ridges on the inside of the bark, the former depressions. The

leaves were strap-like (?) the stem is flattened and in its longer diameter,

three feet above the ground it exceeded five inches. At its lower end the

joints grow rapidly smaller and shorter, so that this end is conical, but so

curved as to represent a dog's tearing tooth. From these lower tapering

joints came out the small roots which nourished this peculiar tree and

which were still found imbedded in the clayey stratum by the writei'.

The top of the stem was not found but it most likely was cone-like.

Habitat.—West of Cibicu Creek and one mile north of the Phoenix-

Fort Apache trail, Arizona. The specimen above described was found im-

bedded in a shaley white sandstone, underlaid with a thin stratum of clay,

into which the lower part of the above-mentioned tree extended. The

location is on the east side of the mesa to the west of the aforementioned

Cibicu Creek, and about 42 feet below its summit.*

''The specimen here described was sent to the university at Albuquertiue, N. M., and is

now in the collection there.
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The Sun or Gunelpiva Medicine Disk.

By Albert B. Keagax.

This disk is used as a last resort in the Apaclie medicine ceremonies.

It is drawn on a leveled, sanded spot of ground some sixteen feet in

diameter. The materials used in painting the figures are obtained as

follows: The green is ground up leaves; the red, ground up sandstone;

the yellow ground up limestone; the black, powdered charcoal. The

rings separating the concentric spaces are rainliow circles. The central

figure is the sun. and the squares associated with tlic sun are the medicine

blocks. The first and second concentric spaces from the central area

represent land; the space in which the frogs are swimming, water; and

the outer concentric space, the abode of the gods.

This drawing is an Apache prayer in an elaborate form. In it liiey

have all the gods of the universe represented, and on the mercy of these

gods they throw the patient. As lias been stated this is a last resort.

The gods can either make the sick one well or take him to themselves,

that is, to the Happy Hunting Ground.

When this drawing is completed, which is always at about four o'clock

in the afternoon of the same day in which it was commenced, the patient

is carried and placed on the central figure with face toward the eA'ening

sun. A medicine' dancer wearing a ghost hat then enters the medicine

cii'cle. and, carrying a bowl partly filled witn water in one hand, he takes

a pinch of dust from each of the representative figures and puts it into

the bowl. Having completed his dust-gathering, he proceeds to the sick

one and daubs him all over with the muddied water. This being com-

pleted, he sends a hissing breath through his hands, thus expelling sick

to the four quarters of the earth. He then leaves the medicine circle and

gallops off into obscurity. When he has departed the chief medicine man.

after sprinkling the patient with cattail flag pollen as he prays to the

gods, takes up the bowl of muddied water left by the ghost dancer, and

daubs the patient as the ghost dancer had daubed him before, while those

present chant a medicine song to the gods. When he has completed his

task, the oldest woman present takes the muddied boAvl and continues the

daubing process. Her act completes the ceremony. The siclv one is then
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carried from the scene aud all who wish, gather dust from the repre-

sentatives of the gods and put it into some containing receptacle, usually

a tobacco sack. The dust gathering being completed, the medicine disk

is at once obliterated. It must be made, used, and destroyed in a day.

On the night following the Gunelpiya medicine disk performances, the

ghost dance is given for the benefit of the sick one. The next day the

patient usually dies.

The Sun Dr (iunelpiya .Medicine Disk.
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The Fossils of the Red Wall Compared with Those of the

Kansas Coal Measures.

By Albert B. Reagax.

For the purpose of detiuitely determining the age of the upper half of

the Red AVall limestone of the Rocky Mountains the writer has prepared

the following tabulated comparison of the fossils of that series of rocks

with those of the Kansas Coal Measures. The Kansas fossils were taken

from Dr. J. AV. Beede's Carboniferous Invertebrates of Kansas (Uuiv.

Geol. Surv. of Kansas, vol. VI, pp. 1-187, plates 1-22). Some of the Upper

Red Wall fossils were identified by Prof. Meek (see Gilbert's Report, U. S.

Geog. Surv. w. of the l(X)th meridian, vol. Ill, p. ITS); some by Prof.

White (see White's Report in vol. IV. U. S. Geog. Surv. w. of the 100th

meridian); the others by the writer, luider the direction of Dr. Beede of

the University of Indiana. The fossils identified by Meek are marked

(1), those by White (2).

RED WALL FOSSILS.

Fusulina secalica.

Camphophyllum torquum.

Archff'ocidaris ?

Archaeocidaris tudifer.

'

Derbya ?

Derbva crassa.

Derbya Kuokuk.

Derbya affinis.

Ohonetes mesolobiis. *

KANSAS FOSSILS.

Fusulina secalica.

Anolopra anna.

Camphopliyllum torquum.

Limopteria alata.

Trachypora austini.

Archteocidaris agassiz.

Archaeocidaris tudifer.

Derbya beunetti.

Derbya crassa.

Derbya cymbula.

Derbya biloba.

Derbya Kuokuk.

Cliouetes granulifer.

Ohonetes niesolobus.

Clionetes glabcr.

Ohonetes vememlianus.

Productus pertenius.

Productus svmmetricus
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Prod actus nebrasceusis.

Porductus costatus. ' -

Prodiictus semi-reticulatus. -

Productus pratteiiianus.

'

Productus. ?

Productus, like P. portlockienus.

Reticularia perplexa.

Ambocoelia planoconvcxa.

Spirifera keiituckensis.

Hemiprouires crinistria.

Hemipronites crassus.^

Spirifer cameratus.

Pugnax uta.

Meekella striatacostata.

Avineulopecten interlineatus. ^

Avinculopecten occidentalis.

Avineulopecten V

Monoteria mariani.'

Myaliua sp.

Myalina (?) swallovi.

Nuculana ( ? )

.

Scliizodus ( ?) ' sp.

Rlionibopora sp.

Feuestolla slmmardi. '

Feiiestclla sp.

Polypora stragulata.

'

GL'uicoiiome nereides.

Svnocladia biseralis.

Productus nebrascensis.

Productus costatus.

Productus longispin^^s.

Productus semi-reticulatus.

Productus cora.

Productus sp.*

Reticularia perplexa.

Ambocu'lia planoconvexa.

Spiriferina kentuckyensis.*

Spirifer cameratus.

Enteletes liemiplicata.

Pugnax uta.

Pugnax rockymontana

Meekella striatacostata.

Avineulopecten liertzeri.

Avineulopecten providencensis.

Avineulopecten sculptilis.

Avineulopecten interlineatus.

Avineulopecten occidentalis.

Avinculoi)ecten carboniferus.

Avineulopecten McCoyi.

Avineulopecten germanus.

Avineulopecten sp. *

Limopteria mariam.

Myalina sp.

Myalina swallovi.

Nuculaua bellistriata.

Scliizodus wlieeleri.

Schizodus hari.

Rlionibopora lepidodendroides.

Fenestella sliumardi.

Feuestella sp.

Polypora sp.

Pinna topora teuuilineata.
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Fistulipora nodulifera.

Modiola (?) ?

MuTchisouia sp.

Platysomus- sp.

Phillipsia- sp.

Nautilus occideutalis.

Euoniphalus (like E. nodosus).'

Euomphalus peniodosus.

Macrocheilus^ sp.

Pleurotonieria^ sp.

Belleroplion crassus.

Dielasnia bovidines.

Seminula argeutia.

Fistuipora nodulifera.

Modiola sulbelliptica.

Murehisouia sp.

Phillipsia sp.*

Nautilus planovolvis.

Euoniphalus sp.*

Euomphalus peruodosus.*

Pleurotomeria tabulata.

Pleurotoiueria sp.

Belleroplion crassus.

Dielisma bovidines.

Seminula argeutia.

Of the 30 genera of the Upper Red Wall tabulated above, 32 are repre-

sented in the fossils of the Kansas Coal Measures, and of the 32 species

identified 2G are identical. The tabulated comparison, therefore, deter-

mines the age of the Tapper Red Wall of Arizona to be practically the

same as that of the Kansas Coal Measures.

Note.—The species and genera marketl C ' were taken from Bulletin 211 of the U. S.

Geological Survey. Some of the other Kansas species (not marked) were taken from Dr.

Beede's Report, Kansas I'niversity Science Bulletin, Vol. I, No. 7, September, 1902.
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Owing to the limitations of the appropriation and the length

of the paper, it was found necessary to defer until 1904 the

publication of the paper described below :

ECOLOGICAL Notes on the Birds Occurring Within a Radius

OF Five Miles of the Indiana University Campus.

By Waldo Lee McAtee.

With Photographic Illustrations by Clarence Guy Littell.
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