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A BRIEF OUTLINE OF INSECT CONDITIONS
AND "'WORK OF THE YEAR 1905.

F. L. WASHBURN.

This has been a year of surprises in that certain destructive
pests have been unexpectedly active, while others which we will
always have with us and which usually work havoc each year have
done little or no injury during the past scason. The Hessian Fly
has been present on grains and grasses, but to a limited extent,
not sufficiently noticeable to cause complaint. It is safe to say,
however, that this insect will be more noticeable the coming
season, and will, if climatic conditions favor, increase in numbers
cach year for several seasons, until it reaches its climax in numbers
and injury done, after which it will practically disappear, as it has
this season, only to repeat the same phenomenon later. This peri-
odic increase and decrease in the numbers of this, probably our
most serious grain pest in Minnesota, is due largely to the presence
of parasitic insects which prey upon it. As the Hessian Fly in-
creases in numbers, so does its parasites, until the latter get the
upper hand, and the fly disappears. But in the killing of its host the
parasite has destroyed its food supply, and hence its numbers are
materially lessened, giving the Hessian Fly another chance. It is
estimated that the average annual loss in the United States alone,
Jdue to this fly, amounts to nearly $50,000,000, and about five years
ago it raised that tax to $100,000,000 for one year, Ohio and Indiana
contributing $24,000,000 of that sum. The Chinch Bug, companion
pest of the Hessian Fly, has been conspicuous by its absence,
though a few were reported from one or two localities. T'his insect,
also while sparing us this year, will visit us again in destructive
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numbers. The United States loses annually, on an average, at the
hands of the Chinch Bug nearly $100,000,000. Of other wheat in-
sects, the Wheat Stem Maggot, Meromyza americana, has been
taken in considerable numbers, and the occurance of the Joint
Worm has heen reported to this office. These two latter pests, as
well as the Frit Fly, are undoubtedly with us, though not in suff
cient numbers as yet to be destructive.

I have to report quite a serious loss to farmers who would raise
alfalfa seed through the voracious appetite of the Red-legged
Grasshopper or Locust, Melanopus femur rubrum, which prevented
the formation of seed on many acres in Hennepin county. This
was not reported to the entomologist until the damage was done; in
fact, the farmers themselves did not recalize the havoc which was
quietly going on in their flelds until too late to prevent it. I have
little doubt but that next season, fore-warned as we are, a repetition
of this can be prevented.

Early in the summer various species of cut worms were reported
bad in certain sections, flax growing districts being perhaps the
worst sufferers. No specimens reached us with the complaints.
We have in Minnesota over two hundred species of caterpillars
commonly referred to as “cut worms.” In June many inquiries
reached us regarding galls on plum leaves. This trouble was caus-
ed by a small mite known as Eriophyes padi. It has been trouble-
some before this date, being reported from Minnesota in 1884. The
Cottony Maple Scale, Pulvinaria itnminerabilis, has been again a
serious pest. It has been discussed and remedies given in a pre-
vious report from this department: we have every reason to hrlieve
that it will be finally conquered by parasites and predaceous insects
The Stalk Borer, Papaipema niicla, has heen destructive again, as
has the corn worm, Heliothis armigera, the cotton holl worm of
the South. A serious report of this pest reached us from Cannon
Falls, where “every other ear” was said to be infested. No com
plaint has reached us this scason of the Grain Plant Louse, an
insect which caused wheat growers some alarm last year. We have
had our usual quota of green cabbage worms, potato beetles, and
insects affecting squashces and melons. Potato beetles were report-
ed as being especially bad in the northern part of the Red River
Valley. The striped cucumber beetle has been kept in check by
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dusting air slaked lime on the plants. The White Grub, larva of
Lachnosterna, sp., has ravaged lawns to a marked extent, its injuries
being particularly noticeable in cemeteries and iike situations,
where large tracts of grass make it a difficult pest to conquer. The
robins are amongst our best friends in waging war on this pest,
since they find and cat many of them daily. A few years ago we
found we could eradicate this grub by the use of bisulphide of
carbon, and we made an effort this year to find some other remedy
which was perhaps more practical for large affected areas. In the
course of our experiments we discovered that the grub could stand
immersion in a very strong tobacco solution for several hours

Fig. 1. Cockscomb Gall on White Elm.

without serious results, apparently. Hellebore was used in various
ways without success. We have in mind two preventive measures
which we shall test next season if opportunity offers.

Bruchophagus (Euwrytoma) funcbris, was rearcd in considerable
numbers from crimson clover. Varieties of thistles, amongst them
the Canada thistle, were noticeably preyed upon by dark colored
caterpillars, the larvae of Fanessa cardui, that most cosmopolitan
of all butterflies, found everywhere, except in South America and
the Arctic regions, and many of these were killed thereby. While
abundant, these caterpillars were not sufficiently numerous, of
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course, to materially affect the thistles, and, it must be confessed,
also turned their attention to garden plants, hollyhock, calendula,
etc.
Mention has been made above of a troublesome gall-producing
mite on the leaves of plum. We have to report, also, in this con-
nection, Cecidomyid gall makers again injuring leaves of Soft
Maples, Box Elder, and the cockscomb gall locally abundant on
leaves of White Elm. In one county we secured specimens of the
peculiar globe-like galls on Red Elms, caused by the gall-making
plant louse, known as Pemphigus ulmi-fusus. The Plum Curculio
has made its presence felt on apples as well as plums, and the
New York Weevil, [thvcerus noveboracensis. working on fruit trees,

Fig. 2. Pemphigus ulni-fusus on Red Elm.

has been complained of in some counties. A lepidopteran borer,
Podosesia syringe, has attacked young ash trees near Adelaide, so
weakening their trunks as to cause them to be broken down by
the wind. A green saw-flv larva has worked on the leaves of ash
trees, and is at present in our breeding cages awaiting its trans-
formations, that we may identify it.

From one to several inquiries regarding injurious insects have
been received from each of the following counties: Becker, Mec-
Leod, Morrison, Itasca, Yellow Medicine, Kandiyohi, Ramsey,
Brown, Rock, Hennepin, Polk, Lac qui Parle, Stearns, Otter Tail,
Wright, Scott, Clay, Nobles, Lake, Norman, Rice, Marshall, Da-
kota, Freeborn, St. Louis, Waseca, Todd, Isanti, Watonwan, Cass,
Nicollet, Big Stone, Dodge, Douglass, Renville, Cottonwood, Crow
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Wing, Carlton, Wabasha, Fillmore, Redwood, Blue Earth and
Lyon.

Four houses in the T'win Cities, to our certain knowledge, and
there were doubtless others, have been over-run with the so-called
“book louse,” Troctes divinatoria, which, by the way, is by no means
always confined to books. In these particular cases these tiny
pests swarmed in bureau drawers and closets, over <lothing, on
walls and the backs of pictures, and in fact in every place likely
to disgust a sensitive house-keeper. An effort was made by this
department to free two houses of this unwelcome guest, and partial
success was attained by the use of hydrocyanic acid gas, the fam-
ilies vacating the premises in question for about thirty hours. We
were unable to locate the starting point or breeding place of the
insects in these two cases. It is a significant fact, however, that
all of these residences known to be infested are new honses, built
within a year, the present occupants being the first to use them.
Serious outbreaks of Psocids are unusual, though some are on rec-
ord, starting from straw or husk fillings of mattresses, in which
they find a congenial breeding place. No such chances were offered
the insects in the cases above referred to, and we are constrained
to believe, from our observations, that they came from the space
betwen the walls, or under the floors, or both. Another family,
which, for a year or more, has been troubled by that very common
household pest, the little red ant, has appealed to the entomologist
for relief, and at date of writing, believe they have been practically
conquered by the use of bisulphide of carbon, after they had been
traced to their retreat, evidently the walls of the furnace room.
Qur object in this case, of course, is to kill the queen or queens in
the nest or nests thus preventing increase, as well as killing all
worker ants in the nest at time of treatment. )

In a special report on the Flour Moth, issued in February, 1go4,
we counselled great care in the use of hydrocyanic acid gas against
this pest, and on account of the danger of its application, unless
in the hands of experienced parties, it was placed among remedies
which were regarded as undesirable for any cause. Personal work
with this agent since that date, as well as work done by others in
the East, convinces us that it is the most effective and useful of
all known remedies when intclligently used. It is absolutely sure
death to all eggs, which cannot always be claimed for the freezing
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method; it is always available at any time of the year; the gas
is most penetrating in its nature, reaching every crack and cranny
about the mill; it recommends itself to insurance companies with
whom millers hold policies, since it is absolutely non-explosive
when used at the strength desired for the Flour Moth, which
cannot be said of treatment with bisulphide of carbon. I heartily
commend it to our millers as safe and effective when properly used.
It should be thoroughly understood, however, that to breathe it
is fatal. This very fact makes its use safer, since it is used with
great caution by those familiar with it.

QOut of the seventy-four listed nurseries in the state, we have
inspected, according to law, forty-five, an increase of seven over
last year. Their names follow below. The money received for
this inspection has been handed to the state treasurer, as evidenced
by his receipt:

F. L. Washburn, in Account with State and Nurseries, Debit by Cash

Received.
No. of No. of

1905. Name and Town. Cert. Receipt. Cash.
July 5. Mitchell Nursery Co., Owatonna............. 66
July 5. Clinton Talls Nursery Co., Owatonna........ 67
July 6. Wedge Nursery Co., Albert Lea......... PR 68
July 6. Albert IL.ea Nursery Co., Albert Lea......... 69
July 6. Gopher State Nursery, Albert Lea............ 70
July 6. Minnesota State Nursery, Albert Lea.......... 7 3 $49.61
July 8 Winnebago Nursery Co., Winnebago City.... 71
July 8. St. John's Nursery, Fairmont................. 99
July 8 McKisson’s Fairmont Nursery, Fairmont. .. .. 75
July 9. Amber Lake Nursery, Fairmont............. 72
July 10. Kanaranzi Nursery, Adrian................... 73/
July 11, Luverne Nursery, Luverne.................... 74
July 13. Hennepin Co. Nursery, Eden Prairie. . . 77 77 5.30
July 15. Decphaven Nursery, A. O. Hawkins, Exce]smr 79 79 1.55
July 15. Chas. Hawkinson Nursery, Excelsior......... 78 78 I.55
July 24. North Star Plant Farms, J. W. Beckman, '

Cokato ....ooovviiiii 83 83 1.40

July 24. Wright Co. Nursery, John Eklof, Cokato. ... .. 8o 8o .40
July 24. D. M. Bowers Nursery, Howard Lake....... 81 81 .40
July 24. Howard Lake Nursery, W. L. Taylor........ 82 82 1.40
July 24 Victor Nursery, W. H. Eddy, Howard........ 84 .. 1.40

July 25. Rose Hill Nursery, John Hawkins, Minneapolis 8g .. 1.00




No. of. No. of

1005. Name and Town. Cert. Reccipt. Cash.
July 25. Jewell Nursery Co., Lake City................ 86 88 5.50
July 26. Pleasant Valley Nursery, Winona............ 90 .. 4.75
July 27. Vinegar Hill Nursery, Houston.............. 91 86 6.50
July 28. Preston Nursery, Preston .....ooveveunvnnen .. 2 87 5.50
July 28. Spring Valley Nursery, Spring Valley........ 88 .. 5.00
Aug. 1. Twin City Nursery Co., Minneapolis.......... 87 .. 2.60
Aug. 10. Vine Grove Nursery, Minneapolis............ 8 .. 2.60
Aug. 12. Farmers’ Seed Co., Faribault................ 93 .. 2.40
Aug, 12. Andrews Nursery Co., Faribault.............. 95 .. 2.40
Aug. 12. Brand Nursery, Faribault.................... o4 o 2.40
Aug. 18. Northwestern Nursery, Pipestone............. 96 .. 8.00
Aug.29. L. L. May & Co. (Mayfield, Lakeland), St.

Paul ... .. g7 and g8 .. 5.70
Sept. 11.  West Concord Nurseries, West Concord..... 111 54 1.50
Sept. 11. Dodge County Nursery, Mantorville......... 100 53 2.00
Sept. 11. Byron Nursery, Byron....................... 101 55 2.00
Sept. 12. Mankato Nursery and Poultry Yard, Mankato. 102 56 5.00
Sept. 12. New Ulm Nursery, New Ulm................ 103 97 5.10
Sept. 14. Cannon Falls Nursery, Cannon Falls......... 100 99 5.10
Sept. 15. G. W. Strand, Taylors Falls.................. 104 .. 5.10
Sept. 15. Old Fashioned Flower Garden, Excelsior... 105 )
Sept. 15. Excelsior Nursery, Excelsior................ 106
Sept. 15. Lyman Nursery, Excelsior................... 107 } 4.35
Sept. 15. Brackett Nursery, Excelsior.................. 108 J
Sept. 15. Hoyt Plant and Seed Co., St. Paul............ 110 1.00
Total o e e e $150.51
Credit by cash paid State Treasurer.................. $150.51

We found the nurseries, for the most part, in excellent condition.
A weak point in our law, however, has been brought to our atten-
tion. One or more nurseries, it is evident, buy trees from the
South, from a region affected by the San Jose Scale, and sell to
Minnesota patrons. It does not follow necessarily that their trees
are infested with this dread scale, because those districts are
fairly well controlled by inspectors; but it is not, as we know from
experience, a difficult matter for an infested tree to be overlooked.
We do not want such trees in this state. The present law gives the
entomologist no option. A man may only own an acre of ground,
or none at all; he may have only a thousand trees or less, on
rented ground, his entire business consisting of buying and sell-
ing, the entomologist’s certificate going upon all trees handled by
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his agent, no matter from what part of the country they may come.
This could easily be remedied by an amendment to the present
law. A move in the right direction was made at a combined meect-
ing of nursery inspectors of the National Nursery Men's Associa-
tion held at Washington, D. C.. in November. Onec object of this
meeting was to securc greater uniformity in the inspection laws of
the various states. Notice has been sent to all Minnesota nursery-
men of the recent passage of an inspection law in South Dakota,
making it necessary to attach the inspector’s certificate to all ship-
meuts into that state.

Since the last report was made we have been allowed by Direc-
tor Liggett about a quarter of an acre at the Experiment Station,
which we make use of as an experimental garden. On this not
overly fertile ground we have planted a couple of hundred fruit
trees, in nursery rows, current and gooseberry bushes, and rasp-
berry and blackberry vines. We also grew during this scason pota-
toes, onions, squashes and melons, and cabbages, cauliflowers,
rutabagas and radishes, the latter four for experiments with the
cabbage maggot. In conncction with the garden we have installed
a stove and boiler for use in making insecticides which require
heat. Upon this ground also we have been testing a number of
honey plants, grown from sced received from the Department of
Agriculture at Washington and elsewhere, to determine their rela-
tive attractiveness to bees, their honey producing qualitics, and
their hardiness in this climate. This experimental garden is to be
regarded as a valuable adjunct to our work. In addition to the
various honey plants in our garden, we have been able through
the courtesy of the Agricultural Departinent of the Experiment
Station, to plant a quarter of an acre with Sanfoin, Onobrychis sativa,
with the same object in view, namely to test its qualities as bee
pasturage. Through the courtesy of the Bureau of Entomology
at Washington we have been cnabled to add to our experimental
apiary a swarm of Carniolan bees and a swarm of Caucasians.

Experiments against the Leaf Hopper, Empoasca mali, in large
nurseries, have been continued during the past scason. We have
used a compound of kerosene and water, mechanically mixed by
means of kero-water pumps, with considerable success. The work
will be continued another season. This pest has not, apparently,
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been as troublesome this year as in preceding years. Qur chief
experimental work during the summer has been against the cab-
bage maggot, and a report devoted to this pest will be made later.
As far as we have gone with the work, we feel that it can best
be controlled by the use of carbolic emulsion. Tarred paper disks
are not practical in this state. In the burrow of one maggot we
captured a Cynipid parasite, Pseudcucocla gillettes, Ashm. To the
hest of our knowledge this parasite has not hitherto been reported
from Minnesota. A number of predaceous beetles were also cap-
tured, which were observed to feed upon the larvae and pupae of
this fly. This pest, which is such a serious menace to the market
garden industry, is figured and discussed in the body of this report.
On account of the loss sustained yearly through its work, it is well
worth serious study.

“Fire Blight” on apple has been seriously injurious this year,
one party reporting that he had 2100 Wealthy trees affected. In-
quiries in this direction are referred to the Horticultural Depart-
ment of the Experiment Station.

The entomologist is looking forward with pleasure to being
installed in the new building, now in process of construction in
the Experiment Station grounds. Sufficient room has been promis-
ed him therein to relieve the present over-crowded condition of
his department in the Drill Hall. The legislature has also grant-
ed $2,500 for an insectary, plans for which are now being made.
In this building the life histories and development of Minnesota
pests will be studied. TEvery well equipped experiment station has
a building of this kind, its importance being generally recognized.

From Jan. 1, 19035, to Nov. 1, 1903, 1,326 letters-have been
written by the entomologist, largely in reply to inquiries regarding
injurious insects, an average of 132 per month. From Jan. 1, 1905,
to Sept. 1, 1905, 930 circulars, bearing upon injurious insects, were
mailed. Lectures were delivered to farmers at Benson and Edina
Mills, two to the school teachers of St. Paul and one under the
auspices of the Minneapolis Y. W. C. A. Papers were also read
before the State Horticultural Society, at their spring and winter
meetings, before the St. Paul Market Gardeners’ Association, before
the Association of Economic Lntomologists at their annual meet-
ing, and various articles have been written to the press and other
publications.



17

This department has the graduating class of the school in
Entomology for an hour each day from October to Christmas, and
courses in Forest Entomology and Economic Entomology to col-
lege students during the first half year. The entomologist also
lectures to farmers in the short course on inscct pests or Agricul-
ture. This, with the work belonging to the department as Station
Entomologist and State Entomologist, occupies the time complete-
ly. Press Bulletin No. 22, “Insects and Insectlike Animals Attack-
ing Live Stock in Minnesota” was issued in April. We have added
materially to our insect collections this year, notably in Diptera.
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EXPLANATION OF PLATE I.
(Figﬁres are all natural size.)

Sargus viridis, Say, Stratiomyide. E {
Furosta (Trypeta) solidaginis, Fitch, Trypetide. - ’
Odontomyia binotata, Loew, Stratiomyide.

Chrysophila thoracica, Fab., Leptide.

Straussia (Trypeta) longipennis, Wied., Trypetide.

Pseudopyrellia (Lucilia) cornicina, Fab., Muscide.

Odontomyia cincta, Oliv., Stratiomyide.

Echinomyia (Jurinia) algens, Wied., Tachinide.

Eristalis tenax, Linne., Syrphide. -
Gastrophilus equi, Clark, Oesiride.

Heliophilus latifrons, Loew, Syrphide.

Calliphora vomitoria, Loew, Syrphide.

Tabanus costalis, Wied., Tabanide.

Spilomyia quadrifasciata, Say, Syrphide.

Thereva frontalis, Say, Therevide.

Eristalis flavipes, Walk., Syrphide.

Leptis mystacea, Macq., Leptide.

Chrysops hilaris, O. S., Tabanide. ;
Psilopodinus patibulatus, Say, Dolichopodida. . ‘ a
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THE DIPTERA OF MINNESOTA.

TWO-WINGED FLIES AFFECTING THE FARM, GARDEN,
STOCK AND HOUSEHOLD.

F. L. WASHBURN.

When one reflects that out of the $795,100,000 which the United
States loses annually at the hands, or rather at the mouths, of in-
sects, the Hessian Fly alone is responsible for $50,000,000 a year
(raised to $100,000,000 in 1900); that the loss on hides caused by
the work of the Ox Warble Fly has frequently amounted to $40,000,-
000 a year, or higher, in the United States; and that our crop of
cabbages and cauliflowers is frequently lessened by one-half
through the agency of the disgusting Cabbage maggot fly, one can
readily see that, in spite of benefits derived from certain members
of the order, the members of Diptera, or Two-winged Flies, clearly
rank among our serious pests, and are worthy of a special treatise.

Not only does stock suffer from the Ox Warble, and to a less
degree from what we call “horse flies”, “deer flies” and “bot flies,”
but at times and in certain localitics it perishes through the attacks
of myriads of black flies, the small voracious pest so abundant
during summer in northern localities of the United States and
Canada as to sometimes cause the death of a man lost in the woods
and enfeebled through fatigue and lack of food. Certain domestic
animals in South Africa suffer and die through what is called
“Nagana” or the “fly disease,” induced by a germ introduced mto
the blood by the bite of the notorious Tse-tse Fly. Much more
serious than this is the part many two-winged flies play in relation
to diseases which cause suffering among hundreds of people, and
at times are the active agents in awful epidemics. We refer to the
mosquito, Anopheles, whose bite is evidently a necessary means of
carrying the malarial germ; to that other mosquito known as
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Stegomyia fasciata, which is the direct cause of the spread of yellow
fever; to various flies, among them the dangerous Screw-Worm
Fly, which lay their eggs in wounds and external cavities of men
and animals, causing suffering and frequent death, and particularly
to our common, ever present house fly, which is a constant menace
as a carrier of disease germs. It is said on good authority that
while only about 250 men were killed in battle during the Spanish-
American war, we lost 3,000 through the agency of house flies.
This refers to the carrying of typhoid germs from hospital trenches
to the food and other effects of our men while in camp.

While denouncing the above pests, we must not lose sight of
the fact that we also find in this same order some beneficial forms,
notably the Tachina Flies, which, very abundant as far as indivi-
duals go, are of marked assistance to the farmer and gardener, by
parasitizing injurious caterpillars and preying upon grasshoppers
and other pests. We also have the Syrphus Flies, the larvae of
many of which feed upon plant lice, nor must we overlook the benefit
which we derive indirectly {from the removal of carrion and deccay-
ing vegetable matter through the work of the maggots of Blow
Ilies, I'lesh Flies, and others. ‘I'hese points are emphasized in the
following treatise in conncction with the useful species. However,
in mentioning this fact it may be well to bear in mind that the same
is true of a number of injurious orders, whercin we find some
redeeming features, but not sufficient to remove these orders from
under the ban.

We quote Osten-Sacken, a prominent worker in Dipterology,
who has the following to say regarding this group:

Diptera during the past century have gradually risen in public estimation,
cspecially among men of science. The superiority of their organization has
been recognized by systematists, and observers of living specimens have noticed
peculiarities in their behavior which prove a higher development of their
faculties than of those of other orders.

Diptera, more than all other insects, show a distinct love of freedom, while
Hymenoptera, with all their perfections, betray drill. Owing to their organiza-
tion, Diptera have more control over their motions than any other insects, in
consequence of which there is a remarkable stamp of individuality in their
actions. They can suddenly arrest their flight, and poise in the air; they can
not only swarm, but dance in cadence, or gambol in the air in the most extraor-
dinary manner. It is principally the males who dance, play and frolic together;
during courtship they perform most ludicrous antics. Schiller said: “The ani-
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mal, the child, as well as man, play; the sense of strength, and the higher
sense of freedom derived from strength, give rise to the joy of playing.”

It was evidently the intention of our predecessor, Dr. Lug-
ger, to publish a monograph on the Diptera of Minnesota, as he
had on the four orders, Orthoptera, Coleopicra, Lepideptera, and
Hemiptera, before death put an end to his valuable work. We
found some drawings and other evidence of this intention on his
part, and it seemed quite fitting and a mark of respect to the mem-
orv of him who stood for so much in Entomology to endeavor to
complete the work he undoubtedly had in mind. There is, further,
a demand on the part of our agriculturists, stock raisers and others
for a report on the pests which occur in this group, with remedies
for the injuries caused by them, or means to prevent such injuries.

For four years, therefore, we have been accumulating specimens,
drawings and data with that end in view. Dr. Lugger was no man
for notes. He left absolutely no data in this group, and this fact
has added materially to the difficulties of the work., 1t must be
acknowledged, too, that the labor involved in properly depicting this
one group alone, as it occurs in Minnesota, is so great that we feel,
in its presentation, we have fallen short of the ideal cherished by
us at its first conception. Yet, although humbled by this realiza-
tion, we present this report on the “Drprira, or Two-WINGED
Fries or MinnEsoTa,” without an apology, hoping that through
means of the excellent illustrations and the two colored plates the
citizens of the state may be able to recognize the leading pests, and
also beneficial insects which occur in this group, and that the
student who is interested in the flics of Minnesota may be helped
in his study. In fact, with this latter end in view, we have so
arranged the report that it may, like other similar publications from
this department, which have been in great demand, serve a double
purpose, namely, while it is primarily a bulletin on injurious flics,
it can at the same time be used in schools, illustrating, as it were,
one department of rural school agriculture. At the end of the
book will be found a complete index, together with a speeial index
of two-winged pests and remedics therefor.

In accomplishing this work we have been hampered by lack
of data, as mentioned above; in some cases by erroncous labeling
of specimens which we found in the collection, notably in the family
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of Simuliidae. 'We have not hesitated, therefore, to ask for co-opera-
tion wherever needed, and have called upon specialists in certain
groups for identifications. These have been cheerfully given.
Many of the Empidids and Dolichopods were identified by W. M.
Wheeler; Stratiomyids and Leptids by C. W. Johnson; Phorids
by C. T. Brues, and the snarl in the condition of our Simuliids was
unraveled by O. A. Johannsen. We have sent many specimens
to Mr. Coquillet of the Burcau of Entomology at Washington, for
corroboration of our own identifications, or for the independent
naming of specimens, and a large amount of material from this
office has passed through his hands. The colored drawings have
all been made in this department, and under our direction, by Miss
LEdith Reed. The same is true of a very large proportion of the
figures in the text. A few of the latter, however, have been used
in previous publications of this department, and a very few have
been obtained from outside sources. Fig. 150 is one of Prof.
Slingerland’s; Fig. 29 was obtained from Vernon Kellogg; Figs.
34 and 35 appeared in “How to Make a Flower Garden ” published
by Doubleday Page & Co., Fig. 36 was obtained from the Depart-
ment of Agriculture at Washington, D. C., and is one of Dr. L.
O. Howard’s. We hereby acknowledge these courtesies. Many
of the photographs were made by Mr A. G. Ruggles, my assistant.

A large amount of dipterous material, representing many
months of collecting, was kindly placed at our disposal through
the courtesy of O. W. QOestlund, of the Department of Zoology in
the State University. This has been of material help. Dr. E. B.
I'rick, of Fort Snelling has collected certain Culicids not previously
in our collection, and has courteously given us data in this con-
nection.

The word “Fly” in common parlance, is frequently applied
to almost everything in the insect line which has the power of
flight. It really belongs only to one order of insects, the Diptera,
in which only one pair of wings (the front pair) is present, the
rear pair being absent, but represented by two ‘“halteres” or
“balancers,” knob-like organs to which various functions are
ascribed by workers in entomology. We have in North America
over 8,000 known species of these two-winged flies, representing
sixty families, and in the following pages these various families
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are described at greater or less length, emphasizing the two-winged
pests of Minnesota. A very common mistake of the uninitiated,
when large and small flies are observed together,—on a window,
for example,—is to regard the small flies as the young of the larger
ones. This is not so, like insects of other orders, flies never in-
crease in size after having attained the winged or perfect stage,
and the small flies observed are the adults of species different from
the larger species. In other words, flies only increase in size dur-
ing the larval or “maggot” stage, at which time they, like other
larval forms, have a voracious appetite. They are maggots, there-
fore, which the farmer squeezes out of the small holes on the back
of his cattle, maggots which issuc from a horse with the droppings
when he has the “bots,” and maggots which are sometimes found
in open wounds of stock running in pasture. We arc all familiar
with the maggot or larval stage of the blow fly, seen on meat which
has been exposed to its attacks. It should also be recognized that
it is in the maggot stage in which the Hessian fly, joint worm fly and
frit fly work injury. Maggots are footless, and many are provided
with two tiny hooks in the mouth, probably the mandibles or jaws.

With a few exceptions where maggots are produced alive «i-
rectly from the parent, or where, very rarely, a maggot brings
forth living maggots, or a pupa lays eggs, every maggot comcs
from an egg laid by the adult female fly upon the plant or animal
or other substance which is to furnish food for the larva. Familiar
examples of flies” eggs are seen on meat, as intimated above, and in
the “nits” which the bot fly so skillfully fastens to the hair of horses.
We also sce the white cggs of parasites attached to caterpillars,
from which eggs the tiny maggots hatch, and at once bore into
the tissues of their host.

When a maggot has attained its full growth, it changes to what
is known as a “pupa,” in which, with a few exccptions, it remains
inactive for a period, until it transforms to the perfect fly. Fre-
quently in forming this pupa the skin of the maggot contracts,
turns brown and hardens, thus forming a pupal case or puparium,
in which the maggot transforms to the pupa, and from which the
changed «pupa, or perfect fly, emerges later. It is these puparia
which one sees in the earth about stalks and cabbages or cauli-
flowers—elliptical, brown bodies from which the perfect cabbage
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maggot flies emerge. The maggots in the backs of cattle and the
maggot known as the bot of horses (the same being true of the
rabbit bot, found in the neck of rabbits) bore into the ground,
where they pass the pupal stage. The “flax seed” stage of the
Hessian Fly is the period in which the brown puparium of this
pest, resembling somewhat a flax seed, is found against the stem.
The puparium of the house fly is found in filth, notably horse
manure, where the egg is.commonly laid, and where the maggot
lives.

We have then, with a few exceptions, already noted, four stages

Fig. 4. Side view of House Fly, Musca domestica, Original.

in the life history of every fly, namely, the egg stage, the larval
or maggot stage, the pupal stage and the adult stage, or the stage
represented by the perfect fly in the winged condition. The adult
fly, as in other insects, is referred to as the imago.

The structure of this “imago,” or adult fly, since it is the con-
dition with which we very commonly become acquainted with flies,
deserves a short description. Fig. 4 illustrates the common house
fly, viewed from the right side, drawn with its right wing elevated
to enable one to see the various parts of the insect. One will at
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once notice that the insect is divided into three distinct parts,—the
head, the middle part or thorax, which bears the wings and legs,
and the abdomen, the latter composed of four visible rings or seg-
ments. The large compound eyes, composed of 125,000 facets, oc-
cupy the greater portion of the side of the head. A glance at Fig. 6
will show the appearance of a portion of the surface of the compound

Proboscis (ensheathed in the palpi)
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Tig. 5. Dorsal view (diagrammatic) of Tsetse Fly to show details of anatomy; from Austen’s
“Monograph of the Tsetse Flies.” The numbering of the veins of the wings and
the nomenclature of the cells differ from that employed by Comstock 1. a. Auxiliary
vein; I first longitudinal vein; IT, sccond longitudinal vein; ILI, 1V, V and VI
are the 3d, 4th, 5th and 6th longitudinal veins respectively. A and I3 are respectively
the anterior and posterior transverse veins; C and D are the anterior basal and pos-
terior basal transverse veins.

eye. Each hexagonal portion is called a “facet,” and represents the
end of a tube, as it were, running down to nerve endings, which are
sensitive to light. There are, therefore, as many “tubes” as there
are facets. Fig. 7 shows a vertical section through a compound
eve; ¢ equals the cornea; [, the corneal lens; #/;, the great rods or
rhabdomes, sometimes solid, but more generally tiny sacks filled
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with fluid; rt, retina just below basilar membrane. Upon this “re-
tina” the image is probably formed. It must not be supposed, how-
ever, that the House Fly sees as many images of an object as it has
facets for such cannot be the case; nor must we believe that the
sight of flies or any other insects is comparable to ours. Just how
much a fly can see is a mooted question, and introduces arguments
altogether too lengthy for this report. Students are referred to
Lowne’s “Blow Fly,” in two volumes, for an exhaustive discussion
of this point, as well as other points which touch on the anatomy
and physiology of flies.

In addition to these compound eyes there are, in most flies,
three simple eyes, or ocelli, on the top of the head, between the com-
pound eyes. There may be but two of these. While without
much doubt they have to do with the discernment of light or
shadow, their exact function is unknown. We show in Fig. 8 a
longitudinal section of a very much enlarged simple eye. The cells
at the bottom of the eye are connected with a nerve, n, and are
probably sensitive to light.

Attached to the front of the head are feelers or antennae. Since
in Fig. 4 they lie close to the head, and are therefore not easily
seen, the reader is referred to Fig. 9, where various forms of an-
tennae peculiar to different families are shown in detail.. As seen
in this drawing, the third joint bears an appendage called the
ariste if it is bristle-like, or a style if it is more like a hair. The
arista shows in the drawing of the House Fly, Fig. 4. The various
shapes and peculiarities in structure of the antennae are important
factors in classifying flies. In one division, or sub-
order, there is a crescent shaped piece just above the
antennae, called the frontal lunule. In most of the
members of this sub-order which have a frontal
lunule is a suture, separating the lunule from that
Tig & osomal  part of the head which Hes above it. The palpi (the

acets of a com-
}’;c“e“dvig{vf'mﬁl“cr}; right one is shown in Fig. 4), are appendages of one
enlarged. of the mouth parts, the maxila.
On the under side, ventral side, of the head, about the mouth
are the mouth parts. A very few species which take no food in
the adult stage, have but rudimentary mouth parts. The mouth

parts of all flies, though variously modified, are adapted for suck-
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ing. Some flies which picrce or stab before they suck, have firm,
strong mouth parts for that purpose, (see Fig. 5), but the majority,
since they take food for the most part in « lijuid state, have mouth
parts adapted for that habit.

The middle portion of the fly, the thorax, as shown in Ifig. 4.
bears the wings and legs. ILach part of the thorax scen in the
figure has a name, but it is unneccessary to place these technical
names before the reader here. Each of the six legs (only the three
of the right side are shown in the figure) is composed of five parts;
the coxa, attaching the leg to the thorax, the trochanter or second
joint, next the fenuir (generally the longest,
stoutest joint), next the #ibia, and finally
the tfarsus, generally composed of five small
joints. On the fifth or last joint are two
clazvs, and between them often is a pad or
bristle, known as the empodium. On the last
joint of the tarsus, below the claws, are two
fleshy pads (not always present) called pul-
il (see Fig. 10).

The halteres or balancers are short club-
like organs shown in Fig. 4, one of which is
shown on the upper and rear portion of the
thorax, just under the alulaze or alulets.
These latter are two membranous scales,
Fig. . Vertical section Ol€ overlapping the other, on each side of

;{‘;gﬁg‘;m?;ng";gji e the fly, just back of the base or root of the

Lowne’s “Blow Fly.” wing, well shown in our illustration. Differ-
ent workers ascribe different functions
to the halteres, which represent the sec-
ond pair of wings. They may be used as
balancing organs, or have also auditory
functions,

The wings are, in the classification
of the Diptera, the most important fea-
ture, since the different families are
characterized by the different arrange-
ment of the veins which, as seen in the
illustration of the House Fly, are

: . : . TFig. 8. Vertical median scction

horny thickenings in the otherwise thraugh simple eye, or occllus,
. much enlarged. I‘rom Lowne's

homogenous structure of the wing. ;Blow Fiya" ICZ;Cgr,mll lense;
H =so-calle 1ypodermal  cells

The veins are really double tubes, an of the integumant: nenerve,
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inner or air tube cnclosed i an outer tube, which latter carries
blood at an carly stage ol its formation.

The venation or neuration of a fly’s wing, that is, the ar-
rangement of the veins, is so important that we have ventured to
include under the various families a number of illustrations, show-
ing different types. A student working with Diptera soon be-
comes so familiar with the venation in the different families that
he can tell at a glance the group to which his specimen belongs.
These figures have heen taken from Comstock, and in reproduc-
ing his excellent drawings we reproduce his method of numbering,
which, it must be said, is not now generally used. The cells of the
wing, that is, the spaces enclosed by the nerves, are named in each

Fig. 9. Different types of antennae found amongst the flies. A, the two antennae of a
Mycetophilid; B, antenna of the Tabanidac; C, Asilidae; D, Leptidae; LK, Dolicho-
podidae; I7, Syrphidae; G, Chironomidac (male); H, Muscidae, H and I are
similar. Figs. A, B, C, D, E, and F after Wandolleck; G and H after Comstock,
much enlarged.

case from the vein just in front of that cell. For example, in the
illustrations, the cell just behind Vein III, is cell III; the cell
behind II is cell II, and so on. Where a vein represents the coal-
escence of two, like III 2-+3 the cell behind is cell 1113, taking its
name from the last numbered vein. When a cell is completely sur-
rounded by cells it is said to be closed, but when it extends to edge
of wing it is open. The base of the wing is where it is attached to
the thorax; the apex is the opposite end.

The abdomen, consisting of several rings or segments, making
up the posterior part of the fly’s body, is well shown in Fig. 4.
On the side of each segment of the abdomen shown in the drawing
is a small hole, a spiracle, through which the air is drawn in resp¥
ration, being distributed by means of small tubes called tracheae
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over the entire body. Three of these spiracles show on the thorax
in Fig. 4. It will be seen, therefore, that one could hold a fly's
head under water indefinitely without drowning it, but if all these
breathing holes or spiracles are closed the inscct dies. In order to
make the anatomical details more clearly understood we give a
dorsal view, Fig. 5 of Glossina, taken from Austen’s “Monograph
of the T'se-tse Flies.”

A few words on the internal anatomy of a fly may not be out
of place. The mouth parts have already been referred to. In the
figure of the House Fly,-page 24, only the lower end of the labium

e

(9

Fig. 10. Two types of the

last tarsal joint. llach

) shows  pualvilli. The

Fig. 92. The labella of a left figure has the em-

house fly, greatly enlarged, podium bristle like; the

showing rasp-like surface, figure on the right has

used in scraping or tearing the empodium  pulvilli-
delicate surfaces. form.

shows, the so-called proboscis. The end of this proboscis, the
labella, is practically the food-obtaining organ. It is covered by
many tiny horny ridges (see Fig. ga), with which solid food may
be rasped, and the fine particles obtained by this rasping, mixed
with and dissolved in a salivary secretion, are sucked into the
mouth, and thence find their way into the oesophagus. A glance
at Fig. 12 will give the reader a very good idea of the alimentary
canal of a fly. Calliphora erythrocephala ; oe, is the oesophagus con-
nected with the crop, cr, and through the proventriculus, pz, with
the chyle stomach, ¢/i. ‘I'his latter passes into the proximal intes-
tine shown in a coil, and this, through the distal portion of the in-
testine, di, connects with the rectum. The trachcae supplving
these organs with oxygen are marked ¢ in the drawing; trs—the
tracheal sacs; mm represent the malpighian tubules, which, upon
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high authority, arc believed to function as a combined liver and
pancreas, and not as a kidney; the rectal papillae, shown at rp, Lowne
Delieves to have a renal function.

The nervous system of a fly is well shown in Fig. 13. The nerve
cord, which lies in life in the floor of the body cavity, shows a large
swelling, thg, known as the thoracic
ganglion, from which various
branches go to the wing muscles,
halteres, legs, muscles of skin of ab-
domen, etc. This collection of nerve
cells, the thoracic ganglion, appears
to be the vital nerve center of the

) organism, for if that is injured or
Fitgl{{oralgi.c Isg%gégflcl o;ieﬁ‘llow()fFlg?séil;gi destroyed, all motion ceases, and
ing valve, and on the et iafieres,  death results, whereas a decapitated
From Lowne. Much enlarged. fly or other insect will walk about
for hours with no apparent lessening of vitality, although many
nerves and nerve centers have been removed with the head. The
ventral nerve cord forms a collar about
the oesophagus near the mouth, and
above the oesophagus we have enlarge-
ments, ganglia, as shown in the drawing.
The nerves going to the antennae are
marked by an a; o equals the nerve to
the ocelli; o g is the optic ganglion; o u
the optic nerve, and ¢ equals the retina
of the compound eye.

As might be expected, the blood sys-
tem of a fly is very simple; a dorsal ves-
sel, the so-called heart, lying along the
mid line just below the body wall, by its
pulsations, or rather by the pulsations of
a thin walled sac, the pericardial sinus
which surrounds it, drives the blood for-
ward to the anterior end of the vessel,
whence it finds its way over the air sacs Fig 12 Alimentary eangl of fy,
and viscera of the thoracic and abdominal ~— “Blow Fv.”
cavity, being taken into the dorsal vessel again through valvular
openings in the walls of the latter. The blood obtains a part of
its oxygen probably from delicate tracheal vessels lying in the walls
of the pericardial sinus.
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What can we say about the sensations of a
fly? The sense of smell is evidently located in
the antennae, and some believe all over the body.
The antennae are likewise apparently the chief
organ which has to do with the tactile sense, vet
this sense is also without doubt also located
over various parts of the body. The auditory
sense of a fly is, it is believed, located in certain
organs at the base of the halteres, but since in
other insccts it is thought that certain hairs on
the antennae are auditory in function, we must
belicve that the same is true with flies. The
sense of taste in many insects is apparently lo-
cated in certain of the mouth parts.

If a living fly be held by the legs, its wings
will vibrate rapidly as in flight, the apex of the
Fi(;g(lsm;ys%:&trgé nerv- wing producing a figure 8 in the air (see Iig.

Fly, much enlarged. 133, the entire wing by its vibrations produc-
ing the appearance of a double cone, the apex
of wing forming the bases of the two cones, and the shoulder or
base of the wing forming the single apex which the two cones have
in common. Ordinarily about 330 complete vibrations are made
by a fly’s wing cach second. This rapid movement of the wings
produces a buzzing sound, but if the wings are cut off and the fly
held captive, sound is still produced, made in part
possibly by air rushing into the spiracles. If, how-
ever, the latter arc stopped with varnish, we still
have a production of sound, which we have reason
to believe is made by certain segments of the body
moving upon each other, as well as possibly the
vibration of the stump of the wing. It will be seen,
therefore, that the voice of a fly is quite complicated.
The ability of a fly to walk on smooth vertical sur-
faces, like glass, or on the ceiling, is not due to
suction, but to a secretion on the bottom of the Tig 14 Thoracic

ganglion, much

last four tarsal joints. This secretion issues from enlarged.  After

a large number of hollow pores on cach joint and is sufficiently ad-
hesive to support the fly’s weight.

With this brief description of the anatomy of a fly, we turn at

once to a consideration of the families of Minnesota flies, but pre-
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face that consideration’by a simple synopsis,
which we Dbelieve will be easily understood
by the beginning student, and may be of
some service in helping him to place in its
proper family any fly which he may have
captured in the state. The synopsis is taken
from Comstock’s “Manual for the Study
of Insects.” Since the family Muscidae has
been separated into several, we have called
the same division Muscidea (a term used
by Williston) where the family name occurs
in Comstock’s key, placing in connection all
Fig. 15. Diagram to illustrate  the families which are included thercin.
motion of a fly’s wing in flight.

After Lowne. The three last families, however, Hip-
poboscidae, Nycterybiidae and Braulidae are left in the same posi-
tion assigned them by Comstock. We have also introduced, in its

proper place, the family Acanthomeridac.

SYNOPSIS OF THE DIPTERA.

Tuw Srratcnr SeaMiEp Fries. Flies in which the pupa escapes
from the larval skin through a T-shaped opening (Fig. 16),
which is formed by a lengthwise split on the back near the
head end and a crosswise split at the front end of this, or
rarely through a crosswise split between the seventh and
eighth abdominal segments; adults without a frontal lunule,
Sub-order ORTIORRIIAPHA.

The Long-Horned Orthorrhapha or Nematocera. Flies with four
or five-jointed pendulous palpi and with many-jointed
antennae, which are usually long. The segments of
the antennae, except the basal two, are similar in form, )
and are more than six in number. They are often IZA'}\%-JC(‘;'
fringed with hairs or bristles. Comstock.)

The True Nemaltocera. 'The antennae usually long, and frequently bearing
whorls of long hairs, especially in the males; legs long and slender;
abdomen usually long and slender.

The Moth-like Flies, Family PSyCIIODIDAE, p. 35

The Midge-like Flies. ’

The Cranc-flies, Family T1pULIDAE, p. 36.

The Net-winged Midges, Family BLEPHAROCERIDAE, p. 38
The Dixa-midges, Family DixIpax, p. 39.

The Mosquitoes, Family CuLIcipag, p. 40.

The Midges, Family CllirRoNoMIDAE, p. 52.

The Fungus-gnats, Family MYCETOPHITLIDAE, p. 54.

The Gall-gnats, Family CrcipoMyIDag, p- 57.
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The Anomalous Nematocera. The antennae are composed of many seg-
ments, but are shorter than the thorax, and without whorls of long
hairs. The segments of the antennac are short and broad, and
closely pressed together. Except in the first family the abdomen is
comparatively stout, and the legs are shorter and stouter than in the
True Nematocera.

The False Crane-flies, Family RHYPHIDAE, p. 67.

The Solitary Midge, Family ORPHNEPHILIDAE, p. 67.
The March-flies, Family BiBioNIDAE, p. 68.

The Black-flies, Family SIMULIDAE, p. 70.

The Shori-Horned Orthorrhapha or Brachycera. Orthorrhapha with one or
two-jointed, porrect palpi, and with usually short, three-jointed
antennae. The third segment of the antenna is sometimes distinctly
ringed, showing that it is really composed of many segments grown
together; and sometimes the antennac are four or five-jointed.

The Anomalous Brachycera. The third segment of the antennae is ringed,
showing that it is composed of several segments grown together.
The body is not furnished with strong bristles.

The Horse-flies, Family TABANIDAE, p. 76.

The Soldier-flies, Family STRATIOMYIDAE, p. 8o.

The Acanthomerids, Family ACANTHOMERIDAE, p. 82.

The Snipe-flies (in part), Family LErrinag (Xwvlophagidae and Coeno-
myidae), p. 83. )

The True Braclhycera. 'The antennae are usually three-jointed, but some-
times four or five-jointed. The third segment is not ringed, but
usually bears a style or bristle. The body is usually furnished with
strong bristles.

True Brachycera with the empodia pulvilliform. Flies in which there are
three membranous lobes beneath the tarsal claws (Fig. 10).

The Snipe-flies (in part), Family LEPTIDAE, p. 83.
The Small-headed Flies, Family ACROCERIDAE, or CYRTIDAE, p. 85.
The Tangle-veined Flics, Family NEMISTRINIDAE, p. 86.

True Brachycera with the empodia net pulvilliform. Flies in which there are

only two membranous pads beneath the tarsal claws.
Vein I of the wings four-branched.

The Robber-flies, Family ASILIDAE, p. 86.

The Midas-flies, Family MiDAIDAE, p. 88.

The Apiocerids, Family APIOCERIDAE, p. 88.

The Bee-flies, Family BOMBYLIDAE, p. 89.

The Stiletto-flies, Family THEREVIDAE, p. 9I.

The Window-flies, Family SCENOPINIDAE, p. 92.

The Dance-flies (in part), Family EMPIDIDAE, p. 93.
Vein III of the wings threc-branched.

The Dance-flies (in part, Family EMPIDIDAE, p. 93.

The Long-legged Flies, Family DOLICHOPODIDEA, p. 04.

The Spear-winged Flies, Family LONCHOPTERIDAE, p. 98.
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The Crrcunar-Samep Friks. Flies in which the pupa escapes
from the larval skin through a circular orifice made by
pushing off the head end of it (Fig. 17). Adults with a
frontal lunule.  Sub-order Cyclorrhapha.

Cyclorrhapha without a frontal suture (AscCITza).

I'he Surphus Flies, Family SYRPHIDAE, p. 08. ](’i{{iIT.
. . h N After
I'he Big-eyed Flics, Family PIPUNCULIDAE, p. 102 Cmnslu(ck.)

The Flat-footed Flies, Family PLATYPEZIDAE, p. 102,

The Hump-backed Flies, Family Prioripa, p. 103.
Cyclorrhapha with a frontal suture (ScHIZOPHORA).

Normal Schizophora. :

The Thickhead-flies, Family CoNOPIDAE, p. 103.

The Bot-flies, Family OESTRIDAE, p. 125.

The Muscids, Division Muscipea (Familics, BORBORIDAE, p. 105;
AGROMYZIDAE, p. 105; GEOMYZIDAE, p. 105; OSCINIDAE, D. 100;
DROSOPHILIDAE, p. I1T; EPHYDRIDAE, p. 112; DIoPSIDAE, p. 113!
SEPSIDAE, p. 1T14; MICROPEZIDAL, p. 115; PSILIDAE, p. 116; ORTA-
LIDAE, p. 116; TRYPETIDAE, p. 117; SAPROMYZIDAE, p. 118; Riorar-
OMERIDAE, Dp. 119; HELOMYZIDAE, p. 119; HETERONEURIDAE, p.
119; SCIOMYZIDAE, p. 120: PIYCODROMIDAE, p. 121; SCATOMYZIDAE,
or SCATOPHAGIDAE, . 12T: ANTIIOMYIDAE, p. 122; OESTRIDAE, p.
125; SARCOPHACGIDAE, p. 14T7; MUSCIDAE, p. 143; TaciINIDAE, p.
156; DEXIIDAE, p. 159). '

The Pupa-Bearing Flies (PUPIPARA).
The Louse-flies, Family HirroBoscinag, p. 159.
The Bat-ticks, Family NYCTERIBITDAE, p. 104. )
The Bee-louse, Family BRAULIDAE, p. 164.
It has been our aim to make this a treatise on Minnesota species

of Diptera. Where we have departed from this principle, indica-
tion is made in the text. We have made use of numerous draw-
ings of Dr. Lugger's, which were found here. A few of them do
not represent species which are at present in our Minnesota collec-
tion. We have further included amongst the Minnesota species
some specimens labeled “South Dakota,” since, although we have
not yet met them here, they probably occur within our state
boundaries. In every such case, however, the designation “So.
Dak.” follows the insect’s name. Inasmuch as we are still working
with some Dipterous material as this report goes to press, in all
probability new species will be added to our list later. Therefore,
anyone desiring a more extended list of our Diptera should write
us six months from now. It is planned to include the names of
flies not yet listed, in next year’s report.
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In many cases Washington authorities give us only the generic
names of specimens sent to them for identification ; this is especially
true of Chironomidac and Tipulidac.

PSYCHODIDAE.

Extremely small, fragile moth-like flies, well covered with
“hair,” whose larve are found in water, decaying vegetable matter,
and even sometimes in cow dung. They are frequently found on
the lower surface of leaves and upon windows, and especially in
shady places. The different species are hardly one sixth of an inch
in length. While they are fairly active on foot, their flight is

Fig. 18. Wing of moth-like fly, much en-
larged. After Comstock.

not strong. Only four genera are in North America—Psychoda,
Pericoma, Sycorax and Trichomyia, the most common species, I°. alter-
nata, Say, occurring ‘pretty generally over the United States. A few
specimens of this species are in our collection. The accompanying
drawing, Fig. 18a, represents this fly enlarged.

Fig. 18a. Psychoda
alternata, enlarged

about 8 times. (Orig-
inal.)

Psychoda alternata, Say, and a Trichomyia, sp., occur here.
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TIPULIDAE.
Crane Flies.

Almost every one is familiar with these long legged, some-
what delicate flies, which in England are called “Daddy I.ong-Legs.”
Comstock, in describing the family, fittingly quotes:

“My six long legs, all here and there,
Oppress my bosom with despair.”

They must not, however, be confused with the spider which in
this country we refer to as “Daddy ILong-Legs.” Probably few
realize the large number of species found in this group, nearly or
quite 1200, 300 of which occur in the United States, ranging in size
from that of a large mosquito to forms over two inches long, re-
sembling superficially a giant mosquito. These are the flies which
are so prone to lose a leg or two when handled, though this loss
does not seem to inconvenience them in any way. They all have
as a distinguishing mark a » shaped suture on the upper part of

Fig. 19. Helobia hybrida, Meigen. (Original).

the thorax. Most of them, the larger species particularly, are
clumsy in flight, keeping rather close to the ground and frequently
alighting, but some of the smaller species are capable of more sus-
tained flight, and are seen in cloud-like swarms at twilight in early
spring, and in autumn, and occasionally in winter on warm days.
Found commonly in fields, meadows and woods, which places are
frequented by the larvae, the latter living commonly in decaying
vegetation ; some, however, are aquatic; some are found on leaves
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Fig. 20. Larva (on the left)
and pupa (on the right) of
the Giant Crane Fly. The
central figure is the pos-
terior end of the larva, en-
larged, showing spiracles.
Larva and pupa three-quar-
ter natural size. From
Kellogg’s “American  In-
sects.”

O MINNESOTA, oY
of plants, and some are of economic import-
ance, since they destroy the tender roots of
grass and grain. The terrestial larvae, often
called “leather jackets,” are produced from
the egg generally laid in the ground, in sone-
thing more than a week. The eggs are gray-
ish or brownish in color. The internal organs
arc partly visible through the integument and
body wall, and the “worm” moves awkwardly
by the action of transverse swellings on the
body provided with small bristles. Of the
adults a few are wingless, one, Chionea, fre-
quenting the surface of snow. This fly, mat-
ing males and females, Dr. Lugger has cap-
tured in this state, about Christmas time,
crawling about over the snow, with the ther-
mometer below freezing. The drawings illus-
trate Chionca valga, Harr.; Bittacomorpha cla-
vips, Fab.,, whose larve are aquatic, and

‘ /

TFig. 21

Bittacomorpha
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Helobia hybrida, Meigen. A colored figure of one of the smaller
species, Pachyrhina ferruginea, Fab., is shown in Plate II.
Minnesota species: Bittacomorpha clavipes, Fab.; Pachyrhina fer-
ruginca, Fab.; P. erythrophrys, Will; Helobia punctipennis, Meig. ;
Tipula, Sp.; T. abdominalis, Say; Discobola argus, Say; Pedicia
albivitta, Walk.
A large number of specimens
returned from Washington, la-
iTig. 22. Larva of Bittacomor[:hu. clavipes. beled SImply T;L[mla, Sp., would
Natural size. After Hart. indicate that this group has not
been at all well worked, and offers a fertile field for a dipterologist.

- G—E‘fﬁ T gy it o,
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Tig. 23. Chionea wvalga, “Snow Fly,” Lugger.

BLEPHAROCERIDAE=LIPONEURIDAE.
Net-winged Midges.

Rare flies of moderate size, frequenting the neighborhood of swift
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running streams.  In 1896 Willis-
ton gave seventeen known species
distributed as follows: Six in FLu-
rope. onc in Asia, six in North
Aher  America, one in \West Indies and

X E
Fig. 24, Wing of net-winged Midge.
Comstock. three in  South America. The

larve live in the swiftest water, at least one species being provided
with six suckers on its ventral side, evidently of use in the swift cur-
rent. The complete life history of any omne '
species is not known. From the fact that the
larvee inhabit clean swift streams, it follows
that these flies are more numerous in moun-
tainous districts than they are in low lands.
The food of the larve is said to be chiefly dia-
toms. The pupe are found fastened to rocks.

Kellogg says, in commenting on the
emergence of the imagoes from the pupal
cases, that so many are swept away before
their wings are unfolded or before their legs
can be loosened from the pupal sheath that it Fig 2. Dorsal and ventral

view of the larva of a net-

k - 1v 1 1 - winged Midge. !'rom Kel-
seen?s no wonder that the family is a disap e N Cinged M.
pearing one. es.
DIXIDAE.

The Dixa Midges.

Only one genus, Dixq, is found in this family, which appears close-
ly allied to Tipulidae on the one hand and Culicidee on the other.
They are small gnat-like flies, with long, slender legs, resembling
mosquitoes in a general way, but quite unlike the latter in wing

-
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Fig. 26, Larva of Dixa. From Miall's “Aquatic  Tig. 27. .Pupa of Dixa. From Miall’s
Insects.” ‘‘Aquatic Insects.”

structure. The species (about twenty in number) are found in
shady, swampy places, and, like other midges, have the habit of
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forming dancing swarms in the air. The larva are aquatic, and not
unlike the larvae of mosquitoes.

The genus Dixa is widely distributed over the world. ~ Ten spe-
cies appear to have been taken in North America, and four species
not known in North America occur in Great Britain.

CULICIDAE or MOSQUITOES.

Veritably no family among insects offers such peculiarly in-
teresting matter for discussion as the present one. ‘The world
over mosquitoes are anathematized, not only on account of the dis-
comfort caused by their presence, but, and this is far more serious,
it has been proven that the bite of certain mosquitoes, under proper
conditions, causes malaria, yellow fever, and probably one or more
other diseases. Fortunately the knowledge of this evil has shown -
us how to avoid these diseases in affected localities.

Fig. 28. Mosquito larva and eggs; also a single egg. Greatly enlarged. Lugger.

This family has become of such economic importance, on account
of its disease bearing qualities, that many books are published on it
alone. Perhaps the most comprehensive is that of F. V. Theobald, who
under the title of “A Monograph of the Culicidae of the World,”
gives us three volumes of text and plates on this interesting group.
Col. George M. Giles, of the British army, has published a thick
volume on mosquitoes, and Dr. IHHoward, Chief of the Entomological
Burecau at Washingten, has written, and is constantly writing much
of economic value of these pests to man. I'he same may be said
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of Dr. J. B. Smith of New Jerscy, who has recently issued a most
complete and voluminous report on the mosquitoes of his state.

The word “mosquito,” which
we see rendered in America also
as “Musquito,” and even “Mus-
queto” and ‘“Musketo,” is the
diminutive form of the Spanish
“Mosca,” which means fly. In
France mosquitoes are called
“Mostiques,” “Maringouin,”
“Cousin;” in Germany “Stech-
mucker;” in Russia “Camari,”
and in Italy “Zanzare,” or “Zan-
zaroni.”

Many other small flies are
frequently mistaken for mos-
quitoes, notably the midges, be-
longing to the family Chironomi-
dae, which bear a close resem-
blance to mosquitoes, but have
not their despicable habits.
Small crane flies, Tipulidae, also
slightly resemble members of
this family.

As intimated at the head of
this article, the family is cosmo-
politan, its members being found
in arctic regions as well as in
Fig. 2. Mosquito, latva, pupa and imieo- T™Mhe tropics, nor is altitude any

barrier, for in Java they are
found at 3,000 feet, and are reported as very troublesome in the Hima-
layas at 13,000 feet. Of the genus Anopheles alone, twelve species are
known to be in India, five in Asia, six in West Africa, four in the West
Indies, five or six in Furope and four in Australia. Turther study
will probably swell the list.  To illustrate their wide distribution
over the globe, we note that one of our most common species in Min-
nesota, C. pungens (syn. C. fatigans) is found over all the United
States, the West Indies, Argentina, Brazil, Panama, British Guiana,




(2 DIPTERA OF MINNESOTA.

Demarara, all of Africa and the islands near its eastern coast, Malay
Peninsula, China, Austria, Iiji and Mauritius.

Fig. 80. Anopheles maculipennis, the malaria-bearing mosquito. Lugger.

C. pipiens, another common species in Minnesota, is found
throughout the United States and Canada, in Bermuda, Algeria, and
all of Europe. :

Anopheles maculipennis, which we have quite
commonly here, and which is the elaborator of the
germs which cause malaria, spreading the disease
from one individual to another, is found over the
United States, Canada and all of Europe.

Fig 3L Eegs of A. C. consobrinus, also common in Minnesota, is
paculipennis, -much found over all of the United States and Canada.
Howard. Stegomyia fasciata, not, as far as we know, in

Minnesota, the dread carrier of yellow fever in dis-
tricts subject to this discase, besides being in some of the southern parts
of the United States, is found also in the West Indies, Italy, Spain,

Portugal, Gibraltar, Africa, India, Malay Peninsula, Japan, Australia,

Bermuda, and many other localities,
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To account for this distribution of the various families of mos-
quitoes, it must be borne in mind that they are easily spread from onc
locality to far distant points in various ways, the cars and ships being
the most common means of dispersal.

As the male of the human race finds it convenient to lay the blame
of all mishaps to the opposite sex, so may the head of the house in tle
mosquito family say with equal emphasis, “The woman, she did it,”
for with one or two isolated exceptions the female mosquito does all
the biting. She it is which drives sleep away from our eves in the
summer, distracts us in the open, and causes unlimited profanity.
The sufferer from yellow fever goes to his grave as a result of her
bite. ‘The disease known as Filariasis can be laid at her door, and
the malarial patient can ascribe his helplessness to the lady Anopheles,
not to her mate.

Now, while it is believed that mosquitoes which are associated
with warm blooded animals, man included, apparently cannot lay
fertile eggs until fed upon blood, it is very evident that mosquitoes
breed by the millions in localities where no such food is at their
command. They may and do attack cold blooded animals, such
as turtles and the like, but this limited diet would not suffice for the
myriads which are found on the edge of the Arctic circle and eclse-
where, where even cold blooded animals are very few in number. We
are forced to the conclusion, then, that originallv these pests were,
as they must be now in certain localities, vegetable feeders, and that
the blood sucking habit, upon which many of them have become so
dependent, is an acquired habit. ~ To bear out this theory is the fact
that they appear very fond of bananas, clustering about the grow-
ing fruit, and have been kept alive upon slices of this fruit.  They
‘are apparently fond of any juicy fruit, and even jam, or a syrup made
from sugar. Theobald has observed C. pipiens in Tingland feeding
upon decaying apples, and we know that they are attracted to beer and
wine. Doubtless the fermentation of the juices of the apple, referred
to by Theobald, was the attraction.

BREEDING HABITS.
Mosquitoes breed mostly in fresh water, though some frequent

salt water for this purpose, and some breed in both fresh and brackish
water. Almost without exception they require the water to be still,
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and not too deep. Open tanks and cisterns, drains, ditches, puddles,
shallow ponds, post holes, depressions under side walks, watering
troughs where the water. remains unchanged for some time, muddy
holes made by the feet of cattle and other stock, marshy places, old
- basins, tin cans, bottles, broken crockery,
cess-pools and rain barrels are a few of
the places chosen by these pests in which
to deposit their eggs; any place, in fact,
that will hold half a pint of water for ten
or twelve days may be the source of a hun-
dred or more. IEven if the water almost
dries up in depressions where the eggs
have been laid, or where the voung “wig-
glers™ are living, if it is then renewed by
T, S : “a slight shower, it is probable that “wig-
) . . olers” survive and complete their develop-
Fig. 32, Overlooked brecding
places. ment.

The eggs of many of our common species resemble, superficially,
a little speck of soot on the top of the water, which resolves itself,
upon being examined by a glass, into a little skiff shaped mass, con-
sisting of several eggs fastened together.  The eggs of Anopheles
maculipennis, however, are laid separately, and are not fastened to-
gether, except that they naturally adhere more or less when they
come in contact wth each other.

The popular belicf that mosquitoes breed in grass is doubtless
thus accounted for. The grass is sought for shelter from heat and

Fig. 3. A stickleback, fond of mosqdito larvae.

wind, and the very small depressions above alluded to, too small to
be observed in the grass, afford places for egg laying. It may be
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too, that our mosquito, as does the salt marsh mosquito, lays its cges
in mud or elsewhere, where its instinct tells it water will come later.

Every one is familiar with “wigglers,” which are the larvac of
mosquitoes, changing their appearance to Decome pupae, m which
condition they exist for a short time before issuing from the water
as perfect flies.  Our illustrations show these stages, as also the
appearance of the eggs. In a general way we may say the egg stage
lasts from ten to twenty-four hours, the life of the “wiggler” from
seven to ten days, sometimes longer, the pupal stage ordinarily from
two to three days, sometimes longer, and the adult’s life on an average,
under natural conditions, probably from eight to twelve days. This
statement is only a general one, since climatic conditions probably
have great influence on duration of life.  Mosquitoes have been
kept alive in captivity for three weeks. Consideration of the above
data shows that the duration of one generation is naturally, in round
numbers, from 1734 to 26 days.  Turning to the individual species,
we can speak more in detail :

"

Total time required
from laying of egg
to emergence from
pupal stage.

|
Egg. TLarvae. ' Pupae. !
I
|
|
i

\
Anopheles i !

maculipennis | 1 to 4 days 16 days } 4 to 5 ds 21 to 25 davs
C. pipiens 20 hours 2 to 4 wks. | 2z to 8 ds 17 to 37 %
C. pungens | 10 to 12 hrs. 7 to 8 days. 2

days. . 9l to 10l ¢

To show the enormous number of mosquitoes which may be found
in a comparatively small amount of water, we quote from an experi-
ment made by Dr. Lugger in 1896. DBy a careful estimate he found
that one rainwater barrel contained 17,250 eggs, larvae and pupae,
and in another barrel he found 19,110 eggs, larvae and pupae.

A curious person at once asks, “Well, where do they come from
in the spring; does not the winter kill them all off ?”, and the answer
is that many impregnated adult females hibernate, passing the win-
ter under boards, under moss, in cellars and in garrets, in crevices of
various sorts, in the woods, about the barns and out-buildings. They
are often found in curtain hangings and in"draperies indoors.  These
are sufficient to start them in the spring, and their rapid rate of in-

crease does the rest.  FEven “wigglers™ frozen solid in the ice in
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late fall have been found to retain their vitality, and in the spring,
when thawed out, to complete their changes and develop into full

2rowi 1

m, Lymasn Underwood

Goldfish feeding on mosquite larvae

Fig. 34 (From “How 1o Make A Flower Garden”, Doublecay, Page & (o)

ENEMIES OF MOSQUITOLS.

“arious birds eat large numbers of adult mosquitoes, notably
the might hawk, Goo being found in one crop, swallows, martins,
flycatchers, also bats.  Dragon flies prey upon them in the air when
adult, and the nymph of the dragon fly feeds upon the larval mosquito
in the water. Many other aquatic insects are useful in the same
way, and many small fish are instrumental in freeing shallow ponds
of this pest. The adults are also attacked by one or two varieties of
fungus, and by a small mite, resembling superficially the so-called
“red-spider.”
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Remedies and Means of Prevention.

First, the filling in or draining of swampy marsh land in the
vicinity of dwellings; the evening of shore lines of ponds and lakes,
where possible, making the same regular, and thus doing away with {he
small, shallow inlets and wet depressions, which afford breeding places,
Ponds, the surfaces of which arc well covered with leaves of aquatic
plants, are not so much infested as open shallow water, hecause the
female mosquito is discouraged in trying to reach the surface of the
water for egg laying.  On the other hand, in ponds where there are
large leafed plants growing benecath the surface, the wigglers above
the leaves are more or less protected from the view of the fish helow,
which would otherwise prey upon them.

Kerosene is a good agent used against these pests upon ponds,
drains and tanks where the use of it does not interferc with the le-
gitimate use of the water. Lven in tanks where the water is used for
the needs of stock or man, if an arrangement is made to draw the
water from Dbelow, a film of oil can be made to cover the surface
without affecting the quality of the water. The use of oil is based
upon the fact that the larval and pupal mosquito have to come to the
surface for air, the air entering through certain tubes adapted to that
end. The slightest contact with oil is fatal to them. Omnc applica-
tion every three weeks should be sufficient. It is preferably spraved
over the surface, though if it be simply poured on the surface, it will
gradually cover the entire surface area. As long as a film is seen
on the surface no treatment is necessary.

A quite important remedy is the introduction of fish, the stickle-
backs, minnows, or common sun fish, into ponds and elsewhere,
wherever kerosene cannot be used. These prey upon the wigglers,
consuming large numbers.

The covering of cisterns and rain barrels, preventing adults from
reaching the water and laying their eggs thercon, is a thought which
would occur to any one knowing their habits.

Most compounds devised as preventives for application to the
face and hands are either nauseating or ineffective or both.  The
writer in common with many others, has found, however, that oil
of citronella, for sale at most drug stores, is the best preventive, and
its odor not at all disagreeable. This should not be diluted, and should
be applied to the face, neck and hands where one is exposed to the
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attacks of these pests.  Omne application is effective for from one-half
to one hour, or as long as the surface of the skin remains moist with
the oil, if not longer than that if the creatures are not very numerous

cor very hungry.  Care should be observed not to get it into one’s

eves. Fvery one to whom this has been recommended, and who has
used it, speaks highly of its efficacy. . When in camp in the woods,
the writer uses a home made canopy, manufactured from mosquito

bar, about six feet wide, by seven feet long and three feet high. The

bough bed made six feet by seven, a post is driven at each corner to

ght, 19

How mosquitoes breed in the absence of the goldfish

Fig. 35, (From “How to Make a Flower Garden”, Doubleday, Page & Co.)
project above the surface of the ground about two and one-half feet.
Over this the canopy is thrown, the edges tucked under the hed,
thus making an inverted box of netting, as it were, and under which
one is secure from attack.  Asan auxiliary I have a curtain of netting
over the door of the tent. Smudges are, of course, also effective,
but disagreeable.
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It has been observed that mosquitoes are attracted to people
wearing dark clothing more than to those clothed in light colors or
in white, and this suggests certain action as regards dress when in
mosquito infested districts.

Mosquitoes instinctively seck shelter from a strong wind, and
it is believed that the old theory that mosquitoes are borne long dis-
tances on the wind is erroneous, and that probably breeding places
in such cases are much nearer than supposed.

Fig. 36. The Yellow Fever Mosquito, Stegomyia fasciata, female. L. O. Howard.

Various remedies have been suggested from time to time to re-
lieve the itching and smarting caused by mosquito bites. Some suf-
ferers find relief in one remedy, others in some other.  Giles recom-
mends a mixture of cologne and water, others favor weak ammonia,
still others soda in water. However, with most people, the annoyance
from these pests is caused before and at the time of biting and not
afterwards.

Mosquitoes taken in Minuesota.

The following Culicids have been found in Minnesota: Culex

svlzestris, Theob.; C. consobrinus, Desv.; C. tarsalis, Coq.; C. tmpiger
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(syn. nigripes, according to Theobald) ; C. nemorosus, Meig.; C.
pungens (pipiens, fatigans) ; C. canadensis, Theob.; C. cantans, Meig.;
C. triseriaius, Say; C. restuans, Theob.; C. dyari, Coq.; Grabhamia
curriei, Coq.; Sayomyia plumicornis, Fab.; Aedes smithii, Coq.;
Tacniorhynchus perturbans, Walk.; A punctipennis, Say; Anopheles
maculipennis (quadrimaculata), Meig.

The last is the malaria bearer, yet it must not be supposed that it
is a menace in the state, for we have practically no malaria here, and
this mosquito has to bite an organism affected with malaria before it
can transmit the disease.

In 1903 the writer, when in camp on Basswood Lake, St. Louis
county, allowed many of these insects(.A. maculipennis) to bite him, in
order to obtain some idea of the time required by this species to digest a
full meal.  After from 19 to 68 hours, showing great variation in
individual cases, their abdomens had shrunk to their normal size,
and they apparently were ready for business again, though they could
not be induced to bite a second time. In this connection it may be
stated as a fact, that the old idea that a mosquito can bite but once
has been found to be wrong.  Anopheles does not hurt in biting as
much as Culea, at least, that has been the writer's experience, therc
being but little or no pain when the insect was operating.

Since 1880 it has been known that malaria is due to the presence
of a small organism in the blood, a microscopic animal, not a plant,
attacking the red corpuscles.  In 1882 Dr. A I'. A. King of Wash-
ington read a paper before the Philosophical Society, advancing strong
arguments as proof that this disease might be distributed by mos-
quitoes.  Acting largely upon his ideas, many scientists at once began
to work along the lines indicated in his suggestions.  MacCullam,
of Johns Hopkins University, Baltimore, was one of the most im-
portant contributors to our knowledge upon this point, but the work
was by no means confined to that college nor to the United States.
It was not, however, until several vears after Dr. King’s presentation
in 1882 that the important fact, i. e, that malaria could not be trans-
mitted naturally from one individual to another except through the
bite of a mosquito was established, Anoplicles being the only one, as
far as we know, which transmits it.

‘The vital activities of the micro-organism referred to as attacking
the red corpucles may be checked by quinine.  If not checked by
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this or by some other means, the spores in the corpuscles break out into
the serum, and other corpuscles arc attacked.  The development to
this point will take place, according to authors, anvwhere, even on
a glass slip under the microscope, in the stomach of the genus of
mosquito known as Culexr, and it is quite likely in the stomachs of
various other biting insects.  But as far as we know it is only in
the stomach of Awnopheles that the manner of development changes
to a different form and finally penetrates to the duct of the salivary
glands of the above mosquito; thence, when the insect is biting,
through the proboscis these enter the blood of the victim, who is
thus inoculated with the malarial germ, and shortly after shows the
well known symptoms of the disease. It is now known that malaria
is not caused by the air of swampy districts; that the swampy areas
are only secondary in affording breeding grounds for mosquitoes;:
and that, as far as our knowledge goes at present, the onlv natural
way by which the disease can he transmitted is through the bite of
one, and only one insect, the mosquito we know as “Anophcles.

In Italy, on the Campagna and elscwhere, a series of careful
experiments were made to demonstrate that individuals had to be
bitten by malaria-bearing mosquitoes in order to become infected.
In 1900 certain experimenters lived in the most malarial infested
region of the Campagna dufing the malarial period. They entered
screened houses at sundown, and remained there until daylight, thus
avoiding being bitten, while people all about them, not protected as they
were, became affected with the discase, particularly at the advent of the
rainy season. The doctors referred to, although they were frequently
wet through by being exposed to the rain, showed not the slightest
symptoms.  Check experiments have been made by allowing speci-
mens of Anoplieles which had fed upon the blood of malarial patients
at Rome to bite an individual not affected, and who had not since a
boy, and was not at the time, living in a malarial district.  In other
words, the mosquitoes after biting the patient in Rome were sent to
London. At the proper time malarial symptonis appeared in the in-
dividual, and the parasites were found in his blood.

Just as malaria is transmitted by the bite of a mosquito, so it
is with the yellow fever. Most conclusive proofs arc present to es-
tablish this fact. ‘That the disease is not spread by contact was
demonstrated to the whole scientific world by volunteer observers
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wearing the clothes of and using the soiled bedding taken from the
beds of patients who had died of this disease. ~ The mosquitoes of
the district were kept away, and these brave men passed through
this trying ordeal safely.  The transmitter of the yellow fever is
the mosquito known as Stegomyia fasciata.

As stated above, we know also that the disease known as filariasis,
giving rise to the condition known as “elephantiasis” (not E. grac-
corum,) in which a limb of a human individual becomes enormously
enlarged, is caused indirectly by the bite of a mosquito, which forms
one of the hosts of a tiny parasitic worm, Filaria. The writer will
never forget sceing in the streets of Tangiers, Morocco, a sufferer
from this loathsome, leprous-like disease, his right leg enormously
swollen, keeping at bay a horde of heartless boys who were stoning
him, and taunting him for his deformity. One could almost imagine
he heard the biblical “Unclean!” “Unclean!” in the unintelligible
tongue of the Moorish lads.

Considering the part that mosquitoes play in spreading disease,
is it any wonder that this family Culicidac, is one of intense econom-
ic importance?

CHIRONOMIDAE.
The Midges.

These small, dclicate, gnat-like flies, frequently called midges,
might well be referred to as “Sunset Flies,” since they are wont to
appear in clouds just before or after sunset, preferably in damp
places, about water in the woods, and elsewhere, though one meets
with them in all localities.  In the short days of autumn we fre-
quently see the air full of them “dancing” as it were, in the warm
afternoon sunshine.  Williston has seen them in the Rocky Mountains
at nightfall, rising in incredible numbers, so abundant as to produce
a humming noise like that of a distant waterfall, audible for a long
distance.  Trequently they are mistaken for mosquitoes, resembling
them somewhat superficially, but unlike mosquitoes, they are, with a
few exceptions, harmless to man. One curious and distinguishing
difference between them and mosquitoes is the fact that when resting
they usually lift their fore legs in the air, whereas mosquitoes when
resting generally have their hind legs raised. ‘T'here are in all con-
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siderbly over 1000 known species of Clironomidae in the entire world.
The larvae or maggots are delicate, frequently translucent, crea-
tures, living for the most part in water, but also found in other places

Fig. 37. A Chironomid.
antenna of male.

Fig. 88. Pupa of Chironomid,
Tanypus dyari. Original. Note
Also the resemblance to the pupa

(Original.) of a mosquito.

where there is moisture, such as under leaves in the soil, in decaying
vegetables, in pitcher plants, in the sap under bark, etc. The larvac
of some species are red, which color is due to haemaglobin, such as
we have in our own blood, and which so easily unites and parts with
oxygen. The aquatic larvae of some species form an important item
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Yig. 38a. Ceratopogon, sp., “No-

see-um,”  ‘“‘Punkie,”
enlarged. Lugger.

greatly

in the food of trout. It is interesting to
note that some of these larvae are found in
salt water, occasionally at great depths. The
late Dr. Packard dredged live Chironomid
larvee in the harbor of Salem, Massachu-
setts, and in Lake Superior Chironomid
larvae have been dredged from 1,000 feet be-
low the surface. They are found in salt
lakes, and the larval form of one species
has been discovered living at a depth of
twenty fathoms at sea. The pupz are
found in water, and the pupz of at least one
species is said to produce cggs. We find
in this family the celebrated “punkies” or
“no-see-ums’”’ (see illustration), those al-
most invisible pests, which are veritable
blood suckers, and which go through almost
any net, no matter how fine. When one
is atacked by these creatures, scientific im-
pulse upon the part of the victim is lost,
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and instead of confining the specimen within a bottle, it is generally
smashed, while the mind frames, but does not always give utterance
to, a bad word. Aldrich (1904) lists 268 species of Chironomids in
North America. Eighty-eight of these species belong to the genus
Ceratopogon. In the June, 1905, issue of the Journal of the New
York Entomological Society, Mr. Coquil-
lette described twenty new North Amer-
ican species of Ceratopogon, the genus
to which the “punkies” or ‘“no-see-ums”
Fig. 89. Wing of a Chironomid, belong'
Chironomus. — After Comstock. Species taken in Minnesota are as
follows (see also Fig. 14, Plate II):
Diamesa waltlii, Meig.; Tanypus, sp. (several Chironomus sp.);
Ceratopogon (?); (?) Tanytarsus, sp., Coq.; Tanypus annulatus, Say;
Tanypus dyari, Coq.; Tanypus pinguis, Loew.; Chasmatonotus bimacu-
latus, O. S.

MYCETOPHILIDAE.

The “Fungus Gnats” are extremely abundant over almost the en-
tire globe, and they range from north of the arctic circle to within
the tropics. They are, for the most part, small mosquito-like flies,
and all have long antennae or “feelers” which, as a rule, are not hairy.
The larva or maggot of the species of this family has a distinct head.
With us they are found in greenhouses, on window panes in the house,
and near and about decaving fungi; in fact, growers of mushrooms
have sometimes to complain because of the
fondness of these insects for the edible
varieties they raise. The female fly lays
her white eggs generally on the under sur-
face of the fungus, and frequently the fungi,
or varieties which are commonly spoken of
as “toad stools,” will be found in a decay-
ing state, and riddled by the small active
larvee of these insects.

One genus in this family, Sciara, and
perhaps the only one which does not live
on fungi, preferring vegetable mould, cow
dung, and the space under the loose bark Iig. 40. A Mycetophilid.
of dead trees, has a peculiar habit of retnal
migrating in large numbers in the larval stage, forming in this process
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a long band on the ground, two, three, four or mwore inches wide,
nearly half an inch deep and sometimes ten feet or more long.  Some
observers claim to have seen bands {rom forty to one hundred feet
long, five or six inches in width and one inch deep. T'his peculiar
column advances, slowly, at the rate of about four inches in five
minutes; those in the rear working toward the front over the tops
of the others. On account of this peculiarity the species which have
this habit are spoken of as the “Sciara Army Worm.” ‘The Germans
refer to it as “Heerwurm.” What is the purpose of these migra-
tions in every case is not known; it cannot always be to obtain food,
beciuse they are frequently full grown when the journey is under-
taken.

Fig. 41. Sciara. Original.- The lines below fly indicate natural size.

Another peculiar trait of Mycetophilids is the luminosity, a rare
thing amongst Diptera, shown by certain larval forms of the genus
Sciara. Some members of this genus, too, are said to make galls
on plants. '

There are probably nearly 1,000 species of this family known,
and others not described. Fconomically they are of some importance.
Hopkins has shown that Epidapus scabies is the causc of potato scab;
the larve of Sciara mali “destroy the interior of apples,” particularly
those that have already been injured by the Codling Moth. The fond-
ness of some of the species for edible mushrooms has already been
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referred to. At the same time we must acknowledge that the removal
of rotting fungi from our woods and gardens, or the hastening of
the decay of the same by the activity of these insects, is a most de-
sirable thing. In the ‘southern United States, from the fact that a
species of Sciara or “Army Worm” appeared in large numbers con-
temporaneously with the appearance of yellow fever, it was errone-
ously supposed to have some connection with this dread disease, and
hence was called the “vellow fever fly.”

3

Fig. 42, A procession of Sciara larvac. From Brehm's “Thicrleben)”

We find in Minnesota the following species, and there are doubt-
less numerous others not vet met with: Lastosoma quadratula, Loew. ;
Mycetophila monochaeta, Loew ; Mycetophila punctata, Meig.; M. (?)
contigua, Walker; Neoglaphyroptera bivittata, Say; Sciara, sp.;
Epicyta, sp.; Dynatosoma, sp.
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CECIDOMYIDATL.

Extremely minute and fragile flies, the maggots of many species
causing galls upon plants or trees. Members of the family are there-
fore spoken of as “Gall Gnats.” Defore Malpighi's time, 200 vears
ago, it was Dbelieved that these galls were due primarily to the condi-
tion of the plant, and that the maggots therein arose spontaneously.
Malpighi, however, advanced the theory, which is in part accepted
to-day, that the abnormal growth was due to irritation in the plant
tissue caused by a liquid deposited by a female fly at time of egg-laying.
These small flies are found in most parts of the globe, from the far
north to in or near the tropics, being more abundant in the warmer
portions of the earth. There are probably at least 1,000 described

- I'ig. 44. DPortion of antenna of
Fig, 43, A wing of a Cccidomyid. Much Xylodiplosis, very much  en-
cnlarged.  After Comstock. larged. After Janct.

forms, which are being added to each year. 'Tne antennae or “fecl-
ers” are long, and generally hairy, and there are fine hairs over the
body and wings of the insects. The antennae are somectimes strik-
ingly Dbeautiful. We figure one peculiar form from a Cecidomyid
known as Xwvlodiplosis. In this species the hairs on the antennac
have no free extremities, but form loops, as indicated.

The tiny larvae, or maggots, are of various colors, red or pink, or
shades of yellow and orange. Their bodies consist of fourteen seg-
ments, which is apparently an exception to the rule that maggots have
thirtcen segments. A most striking structural peculiarity of almost
every species of the family is the presence of a small forked horny
picce, with the horns pointing forward, beneath the anterior end, be-
tween the second and third segments. It is called the “Dreast bone,”
in England the “anchor process,” and its use evidently is not known,
though it may be analogous with the mentum, the structure having
to do with the under lip. Miss Ormerod regarded it as a scraper or
digger, to assist in obtaining food from the stems of plants. Tt is
shown in our illustration.
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An extremely interesting point in the life history of insects in
this family, according to Theobald, is their parthenogenetic develop-
ment. In the larval stage parthenogenesis is not at all uncommon
among insects in general, and is found to some extent in the order of
Diptera, but nowhere so peculiarly interesting as in the larval life of
the Cecidomvidae. 'The ovaries in the larve become fully developed
and give off eggs; these eggs hatch into other larvee, which in turn,
give rise to further larvee in the same way; “and so on,” says. Theo-
bald, “until as many as five generations may be seen in an old larval
skin.” The discovery of this peculiar phenomenon in the Cecidomyidac,
in 1860, is credited to a Russian naturalist named Wagner. The larvae
of some species leap, being assisted in this act by processes upon the
last segment. The pupal case or puparium made by individual mag-

IFig. 45. Fertilization of Aristolochia clematis by Cecidomyiids. From Theobald’s “British I'lies.”

gots in this family is brownish. In the case of the Hessian fly it has
a slight resemblance to a flax seed, and is commonly thus referred to
by wheat raisers.

Although the Cecidomyids represent a very injurious group of
insects, they undoubtedly do good by bringing about cross-fertilization
in minute plants, too small for most insects to enter. Theobald de-
scribes in the following words the fertilization of the European Aris-
tolochia clematis, which is largely accomplished by Cecidomyids. FHe
says that he has seen as many as five of these insects in a single blos-
som of this plant: “Each of these greenish blossoms commences with
an expanded lip. This passes into a funncl or throat (A)” (see illus-
tration), “which is lined by hairs, so placed that they allow the en-
trance of an insect, but not its exit. This long funnel opens into a
flask-shaped enlargement (B), m which are placed the generative
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organs. This cavity is also lined by hairs, especially at the hase.
around the anthers. The stigmas arc placed above the anthers, and
curve over them, the anthers being surrounded by the hairs of the
flask.

“Fertilization takes place in the following way: The Cecidomy-
id enters the throat and passes down it, the hairs being placed so as
to allow its free passage. As soon as it enters the flask it crawls about
until its back, which is laden with pollen, comes in contact with the
stigma, and thus fertilizes them. Upon this taking place, they spring
up and assume an erect position. At the same time the hairs of the
flask collapse and the anthers dehisce. ‘T'he insect then crawling down.
gets the pollen upon its back. While all this has been taking place
the hairs of the funnel have withered up, and the Cecid or other insect.
laden with fresh pollen, flics away to another blossom to repeat its
experiences. But this is not all; as soon as the insects arc free from
the fertilized flower, the lip of the corolla bends over the entrance to
the blossom, and thus effectually stops another fly from entering on a
useless mission. The whole pedicel assumes a hent appearance, while
the unfertilized ones are erect.

“This is, perhaps, one of the most curious adaptations that a plant
has undergone for fertilization by insects, and has called forth a great
deal of attention.”

A few larvee of this family are found in decaying wood, one species
has been reared from decaying tulip and hyacinth bulbs. For the
most part, one species will confine itself to a certain species of plant.
or closely allied species of plants. Note, for instance, the much
dreaded Hessian fly, which affects wheat almost entirely, although
taken on barley, and on rye sparingly. One curious exception to this
seeming rule is noted in the case of C. sisymnbril, which it is claimed
forms a gall in the spring on the barberry, and later in the season on
the nasturtium. It is to be noted also that the larvie of some species
live as guests or parasites in galls formed hy other species, and some
live parasitically amongst plant lice. Attempts have Deen made to
classify the galls made by individuals of this family. No doubt all
of our readers have observed the peculiar cone-like growth on the tips
of branches of some of our willows (see illustrations). ’L'his is called
the “Pine Cone Willow Gall” and 1s made by a Cecidomyid very com-
mon in Minnesota.
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Some observers claim to have observed a great activity of Cecid-
omyid larve after a thunder storm, claiming that they leave their
hiding places under ground, and crawl about restlessly for some time.
One of the prominent pests in this family is the Clover Leaf
Midge, which folds the clover leaf lengthwise. We have also the
Clover Seed Midge, which is exceedingly destructive to both red and
white clover, preventing the maturity of the seed. " But by far the

Fig. 46. Hessian Fly, female, reared
in the laboratory, greatly enlarged. Fig. 47. Four puparia, “flaxseeds” of Hessian Fly,
Original. found in one voluntcer wheat plant. Original.

most injurious of the family, indeed, at times, the worst of pests in
wheat growing districts of the United States, is the Hessian fly,
Mayetiola destructor, which gets its common name from a supposi-
tion that it was brought to America in the bedding of the Hessian
soldiers. Much work has been bestowed upon this insect, and much-
written upon its ravages and treatment. It has been thoroughly dis-
cussed in various reports from this department, and perhaps needs

i
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no further comment at this time; vet on account of its widespreal
distribution in Minnesota, and the importance of knowing the hest
way to handle it, we give here, in condensed form, the methods of its
control :

I. Burn the stubble when, from any rcason, shallow plowing is
unavoidable, or when plowing is to be delayed in the spring until
after emergence of flies. If the stubble is left long it will burn casier.
Some farmers are willing to go to the trouble of spreading straw from
threshing over the stubble, thus insuring the burning, and at the same

TFig. 48. Different stages of Hessian Fly; (a) female; (h) flaxsced pupa; (¢) larva; (D
head and hreast bone of same; (¢) puparium; (f) cocoon; (g) infested wheat stem
showing emergence of pupae and adults. From C. L. Marlatt, U, S. Dept. ol
Agriculture, DBureau of Entomology.

time the getting rid of some “flax seeds” which may have lodged on
the surface of the straw pile at the time of threshing. It is well, how-
ever, to remember that repeated burnings, from the standpoint of our
chemists, are not good for the soil.

2, Tall plowing of the stubble in such a way that the straw is
completely turned under. In this connection we should not overlook
the fact, made evident from the findings of 1903, that volunteer wheat,
wherever found in the fall, may contain “flax seeds.”
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3. All screenings and hitter
be cleaned up, and either fed immediately or burned, leaving no
litter from the threshing in the field. There is no absolute need of

about the threshing machine should

Fig, 40,

Three straws showing work of the e

-881¢
at right. Ori

burning the straw pile. The flies emerging from “flax seed” in the
center of the pile will never reach the surface.
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4. Since the fly lays its eggs, as a rule, near the locality where
it emerges from the “flax seed,” it is best not to plant wheat on the
same g;;‘mnd two years in succession where rotation is possible.  Vari-
eties of wheat that produce a stout stalk are the least affected by this
pest, and sarieties of wheat should be selected and the soil handled to
that end, remembering that a rank growth does not mean strong straw,
but the contrary.

5. Co-operation is absolutely necessary, for however careful one

may be, if his neighbor 1s not equally so, the latter’s fields will afford

a supply of this pest for the former.  Since the pest issues from the
“fax seed” carly in May, a stubble field left for corn land not plowed
up to the 1oth of May or later has probably discharged its quota of
flies, ready for mischief, before plowing. :

il
Fig. 2. The gall shown in Tig. 81
opene 3 s maggots. L hose
Fig. 61. A Pine cone willow gall in the center are the gall makers
caused by a Cecidomyid. Oxu,mal Original.

As stated elsewhere, this pest will increase and decrease at regular
intervals, due to the increase and decrease of its many parasites,
which in turn are due to the abundance or the contrary of the fly.
Regarding the number of broods of Hessian fly in Minnesota, bear-
ing in mind the fact, as clamed, that the pupa may live many months
in its case before emerging as a fly, we hardly feel justified in claiming
a number of broods of this pest each season, until further observations
have been made along this line.

The Wheat Midge, Diplosis tritici, another pest of this family,
works in the flowers of the wheat.  Another species of the same

»
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genus, D. violicola, found in Minnesota, rolls up violet leaves and lives
within.  Still another, D. resinicola, or the “Resin Gnat,” is found
living as maggots in lumps of resin on various species of pine. This
resin may have formed there as the result of injury by some caterd
pillar, or by abrasion of the bark; whatever its origin, it protects the
maggots, which undergo their transformations in it.  Our box elders,
always a prey to insects, have been for three vears or more disfigured
by galls on their leaves, as shown in Fig. 55.

s
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Fig. 53. A “skipping” Cecidomyii
larva, bred from Polyporns. Much
enlarged. Original.

g, 54, The imago of the maggot shown in Fig b
much enlarged. The cross below shows actual
of insect.

Another tiny member of this family, C. aceris, also reared in
our laboratory, causes a rolling of the leaves of the soft maple, in
which very imperfect gall lives the maggot.  We also have in Minne-
sota, in fact, we have reared them from the galls, Cecidomyia robiniae,
working on the leaves of locusts.  The leaves of our basswoods too
frequently suffer from a Cecidomyid gall maker. We have also
reared specimens of a Cecidomyid from the fungus known as Poly-

porus.  The larvae found in this fungus had the power of leaping.
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The imago and larvae of this insect are shown in Figs. 53 and 54,

The gall like growths caused by many flies in this, and by insects
in other gall-making families, said growths being seen on willow,
oak, goldenrod, sumac, maple and countless other trees and plants,
are caused by the tissue of the plant n the immediate vicinity of the
egg or larvae making an abnormal growth, due evidently to the
presence of an irritating agent placed there by the parent insect, or
by a secretion from the newly hatched larva, or in some. other way
not at this time thoroughly understood.

Vig, 55, Unsightly galls on box elder leaves. Caused by a Ceeidomyid, Ruggles.

of this family collected in Minnesota are: Contarinia
wiolicola, Coq.; Mayetiola (Cecidomyia) destructor, Say.; C. aceris,
shim.; C. robindae, Hald; C. (7) negundinis, Gill.; Asphondylia, sp.,
“bred from cabbages in October;” a Cecidomyid bred from Polyporis,
There are doubtless many others not vet encountered.

Species
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Boa.  Ceeidomyid galls on soft maple.

RHYPHIDAL

False Crane Flies.

-

Fig, 56. Rhsyphus punctaius, Fab., much enlarged. Original
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A very small family of flies, containing only a few species, pos-
sibly less than twelve in the United States. Rhyphis fenestralis,
as its name indicates, is frequently found on windows.  Comstock
has observed species of this family feeding at night-fall on sugar,
placed on trees to attract moths.  They are also said to feed upon de-
caying fruit and other vegetable matter.  The small larvae are worm-
like, legless, and are found in pools of water, brooks, puddles, in decay-
ing wood, rotten fruit and cow dung. Our illustration (Fig. 56),
shows the appearance of Rhyphus punctatus, Fab., taken in Minnesota
in May, and typifies the imagoes of this group. The flies are small,
mosquito-like, and look like small editions of Crane Flies (Tipulidae),
but lack the V-shaped suture on the thorax, which characterizes the
latter family.

Minnesota species so far taken: Rhyphus punciatus, Fab.

ORPHNEPHILIDAE.

Solitary Midges.

The members of this family are very rare, and belong to one genus,
Orphnephila. Very little, if anything, is known of their transform-
ations. The flies are small, brownish or yellowish, and found in the
neighborhood of streams. One species occurs in Great Britain, and
but one, according to Comstock, 1895, O. festacea, in the United States.

BIBIONIDAE.

March Flies. i

Perhaps “Spring Flies” would be a better appellation for these
insects, since as far as Minnesota is concerned they rarely appear in
March, some species being first observed when spring is quite well
along, and a few do not appear until autumn. They are well illus-
trated in Figs. 57 and 58, and for the most part are dark colored,
though the legs of the females of some of the species are brightly
colored; some species are yellow, and a very common species, Bibio
albipennis (see illustration), one of the earliest observed here, has
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whitish, milky wings, contrasting with its black body.  They all
fly heavily, and are quite likely to be found among grass and other
vegetation close to the ground.  The sexual differences in coloration
are striking, and oftentimes so marked as to lead one to think that he
is looking at a different species.  In this connection we might speak
of another striking structural difference between males and females
of many species, viz.: not only are the eves of the males contiguous,
but each eye is divided into a large upper portion and a small lower
portion.  The larvae or maggots fced upon vegetable matter, some

Yig. 57. Bibio albipennis, female. Iig. 58. Bibio albipennis, male.
riginal. Original.

forms being particularly fond of roots of grasses.  While they can
hardly be regarded as pests, one species, Dilophus febrilis, the so-
called Fever Fly, very common in Great Britain, causes serious injury
to hops by feeding on the roots of the vines.

There are three hundred or more described species of the family,
and they have a wide range, from Scandinavia to the tropics. Their
range in time, or geological range, is not extensive, though they are
more abundant in fossil form than any other insect. The writer has
captured B. albipennis, Say, very commonly in Minnesota in May and
June, and B. pallipes, Say, at Basswood Lake in June. B. wariabilis,

NotE—In a few cases we have found specimens in the collection labeled
South Dakota, not represented by species from this state. Since they are with-
out doubt also found in Minnesota, though not yet taken here, we have in-
cluded them with the Minnesota species; in every case, however, disignating
them by the abbreviation, “So. Dak.,” placed after the name.
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Loocw, has been captured at Lake Superior, and Plecia heteroptera,
Say, is the fourth species recorded in this state. We also record
Dilophus breviceps, Loew, So. Dak.; Dilophus scrraticollis, Walk. ; Sca-
topse notata, Linn. Plecia heteroptera is illustrated in color on
Plate TT.

SIMULIIDAE,
Black Flies, Buffalo Gnats.

These minute flies, belonging to the single genus, Simulinmn, are
always more or less troublesome in summer to both stock and man in
certain localities.  Only the females “bite,” but many of us can bear
witness that each female can do enough mischief for two, and many a

Fig. 59, Simulivm wvenustum, male, Lugger.

would-be prospector, surveyor, or fisherman has returned in disgust
from the woods, vanquished by the persevering hosts. A clot of
blood generally marks the point of the creature’s attack. Swarms
of them frequently annoy horses during the spring plowing, and when,
as sometimes occurs, .they attack stock in enormous numbers, serious
loss is occasioned. Cloudy weather discourages them, for, like the
chinch bug, they want warm sunshine,
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The perfect flies, that is, the imagoes or adult insects, are about
one-eizhth of an inch leng, more or less downy or velvety, a “humped”
thorax and the short antennae consisting of 11 joints. They breed
in running water, hence they are particularly abundant in the northern
part of Minnesota, where, for them, ideal summer conditions exist.
The writer, in a trip to Labrador several years ago, found them un-
bearable a short distance from the coast, and was glad to flee back

Fig. 60. S. venustum, female, and eggs. Lugger.

to the shore. They are nearly as bad, quite bad enough, in this state.
In the northern part of Minnesota in ordinary seasons, they begin
to be troublesome a little before the first of June. Oil of citronella,
used as for mosquitoes, is effective as long as the skin is moist with
the same. Louis Agassiz refers feelingly to their attacks, in “Lake
Superior,” and even such an enthusiastic coleopterist as E. A.
Schwartz has been obliged to give up collecting insects in localities
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where these pests abound. Countless other instances might be cited
of man’s inability to cope successfully with this tiny fly. It is not
only a northern production, occurring often in Iceland, but is
also found in the tropics of Africa and America.  Through the
southern part of the United States they are referred to as “Turkey
Gnats” or “Sand Flies,” and they sometimes cause very serious losses
among stock, a fact which has already been referred to. The death
of the afflicted animals is thought to be due to a poison left in the
wound by the fly, said poison producing a disease which causes death
very shortly. In 1884, in Franklin Parish, Louisiana, they killed 300
head of stock in a week. In 1874 the State of Tennessee alone
lost as much as $500,000 worth of stock from attacks of these flies.
Referring to their abundance in the South Dr.