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THE COVER: Iine center represents a drop of water within which
are shown a few of the wide range of animals covered by this bibliography:
Paramecium, jellyfish, starfish, snail, burrfish and porpoise. The symbols
in each of the ovals are those influences included in this bibliography:
electric ity (lightning bolt), magnetism and gravity (magnet), mechanics
(gears and levers), sound (tuning fork), radiation (international radiation
symbol), light (lantern), electronics (oscilloscope reading) and explosions
(an underwater detonation) all of which are emitted or have some effects on
the aquatic animals in the drop of water which may, in this case, be fresh or
salt.

HOW TO USE THE BIBLIOGRAPHY: This bibliography lists 1216
references, grouped by subject matter-, electricity, sound, etc. References
marked with an asterisk (0) contained material on more than one topic and
will be found in the section noted after such references. A second section

lists species alpiabetically by the scientific, common or general names that
we re used in the original article. No attempt to correct published spelling
errors or the systematic status of names was made. Thus one should check
all possible ways that a species could be included (i.e.) Catfish, Amelurns,
Amiurus, Ictalurus, Silurus. The final section is an alphabetical listing of
all the authors cited.

-

&i



F 0 It E W 0 R D

Most biologists can readily think of references and organisms that have or can influence their
environment. Fishes, such as the electric ray (Torpedo, Narcine), electric skate QIta.a), electric eel
Electrophorus), American knife fish (Gymnotus), closely related E igenmanni and Sternopygus, Mormyrids
(Gnathonemus, Mormy ru), the Nile c a t f i s h (Malapterus) and the s t a r ga z e r (Astroscopus) all can
p rod u c e varying degrees of electrical impulses that stun, kill or attract other organisms to them as
potential food. Many are familiar with the growing realization that the waters of the world are a noisy
place. Porpoises, grunts, trigger fishes, catfishes, toadfishes, sinappers, snapping shrimp and even
seahorses are beeping, grunting, tooting, chattering or snapping a crescendo of noise at passing objects
e i t h e r as defense mechanisms, a courting ritual or as a means of food gathering. Familiar also are
the glows that emit from j e 11 y f i s h e s (Lirioe, Obelia, Cyanea, Aureli2) Ctenophora (Mnemlopss),
luminescent squid, Ectoproct Bryozoans, annelids, brittle starfish, lantern fishes (Myctophids), wide
mouths (Stomiatoids), sharks, deep-sea anglers (Ceratioids) and rattail fishes (Macrurids). Whether
this luminescense is used to dazzle, attract or confuse its enemy or prey, a soft white light from these
sources glows from the surface of our waters down to a known depth of two and one-half miles
(Galatheathuana axell).

Few researchers consider the reverse aspect of the results of the effects of various external
forces on aquatic organisms. What effects do electricity, explosions, light, magnetism, radiation and
sound have on aquatic organisms whether in salt or fresh water? What species have been studied and
how do they react to such stimulae ? These questions are the basis of this bibliography. Its scope is broad
to encompass all groups of aquatic organisms so studied in the world's waters. In spite of the oddityto
most biologists of s u c h an approach a w e a l t h of information was uncovered and is presented herein.
I have, because of the broad nature of this bibliography, undoubtedly missed many references that exist
onsome groupof animalsor species. This is a beginning that can be made more complete in the future.
M any "weighty" dec is ion s had to be made: was it an effecting agent, was the species aquatic, etc.
Such influences as chemicals, pollutants and temperature are obviously omitted as they are enormous
bibliographic giants in themselves. I bear full responsibility for inclusion or exclusion of certain
references in this list. Your additions and suggestions will be most welcome.

A task of this order could not have been performed without the generous efforts and support of
many people. To mention a few, thanks are due: Dr. Sidney Galler, Head Biology Branch, and his
aide Mrs. Helen Hayes, Office of Naval Research, for suport of this project; Dr. L. Eugene Cronin,
Director, Maryland Department of Research and Education, for making my time available to complete
this study; Drs. Mary Sears and Bostwick Ketcham of Woods Hole Oceanographic Institute for biblio-
graphic assistance; Mr. Halstead Wells. v is I t I n g student of the Antloch College Cooperative Student
Program. Yellow Springs. Ohio. for assisting with the design and executing the c'n'er drawing, the
tireless work of Mrs. Gloria Lankdord for having the monumental task of declpherlngthe hundreds of
handwritten reference cards and patiently expediting the completion and final typing of the manuscript;
and finally the m any libraries and librarians, too numerous to meat ion. who searched diligently to
uncover, obtain or make available the references cited in this bibliography. Without the efforts of All
these people or agencies, this report would still be in Its infancy. To all my heartiest thanks for their
interest and aid.

Maryland Department of Research and Edcation Frank J. Schwarta
January 1. 1961
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Electricity

A 1923. Electric fish stops. Wash. Dept.
of Fish and Game, 1st Bien. Rept. of State
Supervisor of Game and Game Fish 1921-

1 Abe, N. 1935. Galvanotropism of the catfish: 1922, pp. 23-24.
Parasiluris asotus (Linne). The Sci. Repts. Another paper discussing use of electric-
of the Tohoku Imp. Univ. (Sendai, Japan), ity to keep out undesirable fishes.
4th Ser. (13iol.) 9(4):393-406. 9 . 1926. Electricity forces fishes to use

In an electrical field the catfish's, Para- safety ladders. Pop. Mech. 46(5):733.
siluris asotus, barbels react before the Electrical fields help direct fish into
body and orient toward the positive pole. fish ladders.

2 Adler, P. 1932. Die Beinflussung der Galvan- 10 . 1926. A recent experiment with elec-
otaxis and Gabanonarkose bei fischendurch tric fish screens. Pacif. Fisherman 24(12):
Narkotica und Coffein. Pfl~igers Arch f. d. 13-14.
ges. Physiol. Bd 230:113-128. Notes the effects of electrical fish screens

A study of the effects of an organism as barriers to fish.
when under influence of drugs. 11 . 1929. Shocking fish as a hydro-plant

3 Allurand. C. and Fr. Vies. 1911. Electrocu- aid. Power Plant Eng. 33(l):75.
tion des poissons et stabilitd hydrostatique. Power plants are using electrical fields to
Comptes Rendus Hebdom. Ac ad. des. Sci. keep fish out of intake pipes.
(Paris), Tome 152:1627-1629. 12 . 1930. Angle Electrisch! Aber nur mit

A study of six species of fish in relation erlaubniF Allg. Fischerel-Zeitung, Jahrg
to the amount of electrical current neces- 55(22):364.
sary to produce death. Electrical fishing for minnows.

4 Andrew, F. J., I.. R. Kerseny and P. C. John- 13 . 19?:). Fish screen research sees fur-
son. 1955. An investigation of the problem ther progress. Pacif. Fisherman 28(4):17-18.
of g u i d i n g downstream migrant salmon at New electrical fish screen is developed to
dams. Internat. Pac. Salmon Fish. Comm. keep out migratory salmon.
Bull. 8:65 pp. 14 . 1932. Electric fish screen gives effec-

Use of electricity to guide salnon past tive protection. Electrical West 68(5):250.
dams. Same annotation as 13.

5 Anon. 1921. An electric fish barrage. Paeif. 15 . 1934. Versuche mit elektrischem
Marine Rev. 18(10):575. fischen. Allg. Fischerei-Zetung Hd 37143):

Use of electricity to save salmon ad 72.
sardines near fishways. Exploratory use of shocking as a flshig

6 . 1921. Electric fish barrage. Literary method.
Dig. 71(9):23. 16 . 1936. A re we c,,ming to ths. Prog.

Discusses use of electricity to guidr tish Fish. Cult. (16):I9.
to fishways. Hatching fish eggs with electricity pro-

7 . 1922. Electric fish screen. Calif. duces a 100 percent hatch.
Fish and Game 8(2):120. 17 . 1936. Trappingeels by electricity; ex-

Theuseofa fish screen of electricity and perimcnts In Northern Ireland. Fish Tradas
its effects on fish. Gas. 54(2763):25.

Electricity is used to guide eels Into weirs.
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18 1942. Burkey electric fish screen in- 33 1950, The application of electro-physi-
stalled by Sierra Pacific. Electrical West ological effects for fishing in the sea; a new
89(3):92. methodnowbeingtested In Germany. Peru-

Electric fish screen repels fish. vian Times, Spec. Fish No., Dec. 1-8, pp. 32.
19 1945. Electric fence for fish. Elec- Fishing at sea by mear.s of an electrical

tronics Dig. (2):34. field proves successful.
Same annotation as 18. 34- . 1950. Electric contl,)lof fish behavior.

20 ___. 1945. Fence for fish. Westinghouse Pacif. Figherman 48(13). ,9-50.
Newsfront 1(4):1. A way of guiding f i s h by means of elec-

Same annotation as 18. tricity.

21 . 1945. An electronic fence for fish. 35 . 1950. Catching fish by electricity..
Westinghouse Eng. 5(5):147. Discovery (London) 11(1):29.

Same annotation as 18. Catching fish by means of an electrical
22 . 1945. Electronic fence keeps fishout field.

of power canal. Power 89(5):322. 36 . 1950. Elektrofischerei im Meere.
Electric field as a fencekeeps fish out of Fischereiwelt, Jahrg 1(3):33-37.
intake canal. Discusses problem of electrical fishing at

23 . 1946. Electronic control of fish fence, sea and the effects on fishes.
Electronics 19(3): 164. 37 . 1950. Fish population is tabulated scien-

Electric fish screen repels fish. tifically (with "electric shocking machine").
24 . 1947. Charged screens prevent mass Pop. Mech. 93(5):78.

destruction of fish. Civil. Eng. 17(9):33. Fish wereshocked and sampled by means
Samc annotation as 23. of electricity.

25 . 1947. Accident electrocutes fish. The 38 . 1951. Catching tuna with electrified
Aquarium 16(6):137. hooks. Comm. Fish. Rev. 13(10):25.

A short circuit accidentally kills a num- The catch of tuna increased when electro-
ber of aquarium fishes. cutedas well as the hooks could be sam-

26 . 1949. Electric method prospects for pled in a shorter period of time.
herringoperations. The FishingNews (Aber- 39 . 1951. Electro-fishing used to reduce
deen Jour. Ltd.) 37(1906):12. coarse roughfish in Emmer River. Comm.

Fishing for herring at seaby means of an Fish. Rev. 13(1):54-55.
electric field. C o a r a e fish were easily removed from

27 . 1949. Revolutioa in fishing techniques; portions of the Emmer River as a recla-

electric method prospects for herring oper- matlon effort.

ations. The Fishing News (Great Britain) 40 __ _. 1951. Status of electrical fishing ex-

37(1906):12. poriments. Comm. Fish. Rev. 13(1):51-52.

Same annotation as 26. Tuna were captured by use of electricity.

28 . 1949. Norwegians developnew electric 41 . 1951. Use of shielding cable in electric

wh ale gun. Foreign Commerce Weekly fish-shocking devices. Prog. Fish Cult.

36(11):34. 13(2)-98.
Use of an electric harpoon to kill whales. Discusses the added preventive measures

29 . 1949. Om at Lohke Fisk I Garnet. toprotect the operator as well as certain

Fiskeribladet 41st yr. (8):164. (In Danish). zones around the gear when in operation

Em ploys electricity to attract fish into for better results.
nets. 42 . 1951. Fishing with electric current.

30 . 1949. Electric screendiverts fish from Fish. Newsletter (Australia) 10(6):11-13.
hydro plant. Electrical World 131(1):56. A general article on the use of electro-

A general article on the use of electric fishing.
fish screens to repel fish from hydro 43 . 1951. Electrlcfishingnet is predicted.
electric plant intakes. SO. Dig. 30(5):44.

31 . 1950. Electrical fishing experiments The electric fish net helps herd fish into
without a net. Comm. Fish. Rev. 12(?$) -52. the capture zone and keeps them in better

Discusses the as of electro-ehockig as condition when landed.

A method of fishing. 44 . 1951. Vessel equipped with deep-se
32 . 1950. Electrical fishing experiments electricalfishingdevice. Comm. Fish. Rev.

without a net. Comm. Fish. Abhtr. 3(12)9. 13(l):53-54.
Same annotation as 31. Describes the operation and effects of an

electrical fild on fish at sea.
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.15 1952. Electric tuna fishing. AtI. 60 . 1952. Behavior (of sardines) in an

Fisherman 33(9):9. electrical field, Calif. Dept. Fish andGame,

Scandinavians are now fishing for tuna Mar. Res. Comm., Calif. Coop. Sardine

with electric hooks. Res. Progr. Prog. Rept. 1 Jan. 1951 to

46 . 1952. Electrical tuna fishing. Nat. 30 June 1952, pp. 22-23.

C a n n e r s Assoc. Fish. Information Bull., Sardines exhibit a positive-negative -or-

Sept. 19, 1952, pp. 217o218. entation to an electrical current.

Tuna are effectively captured in a shorter __ . 1952. Electrical fish guiding tests

periodoftimebymeans of electric hooks. reach 2ndphase. Pacific Fisherman

47 . 1952. Electric tuna fishing. Comm. 50(11):55.
Fish. Abstr. 6(1):1. Same annotation as 51.

Same annotation as 46. 62 . 1952. Electric tuna fishing successful.

48 . 1952. Method for electric catching of Comm. Fish. Rev. 14(10):75.
salt water fish. Atl. Fisherman 32(12): 18,38. Tuna were captured fUster and in a sh,)rter

Same annotation as 46. period of time by means of electric hooks.

49 . 1952. Method for electric catching of 63 . 1952. First tests of German vessels

salt water fish. Comm. Fish. Abstr. 5(4): 11. equipped for electro-fishing. Comm. Fish.

Same annotation as 46. Rev. 14(6):39.

50 . 1952. Electric harpoon new develop- Vessels equippedwithelectric poles found

ment. Fish. Newsletter (Australia) 11(2):23. fishing for herring and cod profitable.

\\'hales are easily captured by means of 64 . 1953. Electricaldevices for controlling

electric harpoon. the movements of anadrorrous fish. Nature
* 1952. See Light. 171(4353):591-592.

51 . 1952. Guiding salmon. Fish. News- Salmon are easily directed past dams
letter (Australia) 12(5):15. with electricity.

Sal n on guiding with electricity around 65 . 1953. Herring test. Fish. Newsletter
dams a~d fishways are discussed. 12(5):15.

52 . 1952. M(thodo para la captura elsc- Same annotation as 57.
trica de los peces de aqua salads. Espana 66 . 1953. Electric control of salmon and

Pesquera 3(06):14-15. (In Spanish). sea trout,, Salmon and Trout Mag. (139):189-

Same as Comm. Fish. Abetr. 5(4):11. 191.
53 __. 1952. Electric fishing. Pop. Mech. Electric fields aid salmon and sea trout

97(2):96. when migrating upstream to bypass
This article likens electrical fishing to dams easier.

that of electric organ In fishes. 67 . 1953. New claims for electro-fishing.

54 . 1952. German electrofishing trials. Fish. Newsletter (Australia) 12(5):12-13. 15.
World Fishing (Landon) 1(5):165. Fish are led into trawls by means of an

A short article on the use of electricity to electrical field around its mouth.
catch herring. 68 . 1953. Fishing by electricity; excellent

55 . 1952. Russia claims fishing without results in Hungary. The Fishing News
nets, us ing a pump, is possible. Fishing (Great Britain) (2074):0.

Cax. 69(12):47.48. Shockingfish in Hungar" is a recent fish-

Russianvessels are using a auction pump ing development.
in combination w it h an electrical field 69 . 1953. Fresh water electrical fishing

with good results and catches of fish. experiments. Comm. Fish. Rev. 15(3):50.

56 . 1952. Method for electric catching of A discussion of shockers and their effects
salt water fish. Ati. Fisherman 32(12):!1. on animals in fresh-water.
36-39. 70 . 1953. Experimenting with electrical

57 . 1952. Atomic fish magnet. World fishing. Atil. Fisherman34(3):26.

Fishing (JAnd*e) 1()5I1. The effects of electrical fiel om fish

The ue of an electrical field acts as a are discussed.
"magnet" in directing fish moverronts. 71 . 1953. Electricalcontrol of fish move-

especially salmonm. ments. nginering (London) 175(4542 )203.

•8 . 1952. Electro-fishing opens to cor- Since fish ieact to an electrical curr"et.

mercIal fisheries. Can. Fisherman 39(3):14. their movements canbe controlled ast t r.

A general article om electro-fishitn. especially near obstructions.
59 . 1952. Tests oa electro-fishing. Ail. 72 . 1953. Exportof elctrical tuns-fishing

Fisherman 33ft)-8. units planned. Comm. Fish. Rev. 1I5(l1

Discusses electro-fishing as an easy 0-51.
mewns of fishing. v qcus-cdu se of electricIty to ctch tuna.
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73 . 1953. Fishing by electricity. Fish 84 . 1956. Fischfang mit elektrizitat.

Trades Gaz. (London) (3663):27. Deutsche Fischerei Zeitung (Dresden, West
Fresh-water shocking of pike and bream Germany) (11):352. (In German).
are possible with electric shockers. Salmon are readily caught by use of elec-

74 . 1954. Electric fishing in fresh water. tric currents.
Fish. Newsletter (Australia) 13(1):9. 85 . 1956. Means of tracking individual fish.

Australia now finds fishing is made easier Prog. Fish Cult. 18(4): 192.
by means of shocking. Fish were trackedby a signal transmitting

75 . 1954. Electricaldiversion weirproves device attached tothe fish near the dorsal
practicable at Entiot. Prog. Fish Cult. fin.
16(4):152. 86 . 1956. New techniques inoceanelec: ro-

Salmon and steelhepd trout are diverted fishing developed. Comm. Fish. Rev.
at Entiot by electrical fields. 18(12):32-33.

76 . 1954. Electricaldiversionweir proves A discussion of effects of electrical fields
practical for salmon. Comm. Fish. Rev. and oceanic fishing.
16(11):40. 87 . 1957. Use of electric fish diversion

Chinook salmon are diverted by electrical weirs atnorthwest salmon-cultural stations.
fields. . U. S. Bur. Sport Fish and Wildl. Region (1)

77 . 1954. Reproduction offish subjected to Pacific, Portland, Oregon, 31 pp.
electric current. Prog. Fish Cult. 16(3):130. Migrating salmon are diverted by means

Larp - mouthbass were not rendered er- of electrical weirs.
ile by electro shocking in a strip mine pond. 88 . 1958. Electrical fishing gear has good

78 . 1955. Essai d'une pompe a poisson potential. Nat. Fisherman 3(9):9-10,31.
cot,.binei a v e cun syst~me electrique pour A general article on aspects of electrical
attirer et guider les pisces. La peche Marn- fishing.
time, la peche f luviale etla pisiculture 89 . 1958. Vorschriften fur di. Errichtung
34(929):947. (In French). und den Betrieb von elektroflschereianlogen

This paper discusses the positive-negative in Binnengewassern. 'Regulations for the
orientation of fish in an electrical field, installation and operation of electrical fish-

79 . 1955. A direct-current fish-shocking ing gear in fresh water areas). Allgemeine
technique. Prog. Fish Cult. 17(1):75. Fischerei Zeitung (Munich, West Germany),

The use of a direct current shocker and 83(15):293. (In German).
its effects on fish are discussed. A number of fish species are affected by

80 . 1955. Progress made in developing electrical shockers.
electrofishing for tuna. Prog. Fish Cult. 90 . 1960. Electric mid-water trawl.
17(11):38. Trade News 13(3):10,13.

Yellowfin tuna are easily captured when Electric fields will attract a fish. Fore
fishing with electric hooks. part of trawl is wired and the idea is that it

81 . 1956. Norweauprocede de pgche glec- will be selective by size and species of cod.
trique. Lapche Maritime, lapeche fluviale 91 . 1960. Pushthebutton -the fish to dead.
et la pisiculture. Translated from Rybnoe Can. Fisherman 47:17.
Khozjaistvo (Fundamentalna' Biblioteca Electric harpoons are used to catch
SSSRU1. Frunze 11, Moscow). No.2. swordfish.
(In Russian). 92 . 1960. Push thebutton -the fish Is dead.

A discussion of effects of direct current on Comm. Fish. Rev. 13(11):3.
fishes. Review of 91.

82 . 1956. Electrical weirs to control sea 93 Applegate. V. C., P. T. Macy and V. E. Har-
lampreys must remain in operation eight ris. 1954. Selected bibliography on appli-
years. Comm. Fish. Rev. 18(8):27. cations of electricity in fishery science.

Reduction of sea lampreys is believed U.S.Fish & Wildl. Serv., Spec. Sci, Reji.
possiblebymeans of an electrical I ice- 127-1-5.
weir. A bibliography of uses of electricity in

83 . 1956. Electronic devices utilized in biology, especially fishes.
fishing research and management. Comm. 94 _* B. R. Smith ad W. L. Nielsen.
Fish. Rev. 18(8):19-22. 1952. Use of electricity in the control of sea

Salmon and sea lamprey movements are lampreys: electromechanicalweirs and trape
trackedby electrical transmitting devices and electrical barriers. U.5. Fish & Wildl.
attached to the fish. Serv., Spec. Sci. Rept. 92:1-52.
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95 Arnold, I. N. 1931. Kak ispol/zovat'ozera i 104 and . 1934. Problems
prudy v kolkhozakh. Gosurdarstvennoe lzda- of fishway construction in relation to migra-
tel'stvoSel'sko-KHoziaistvennoi i Kolkhozno- tion of fish. Proc. 5th Pac. Sci. Cong. Div.
K oo en ationoi Litervatury (Selkolkhozgiz), Biol. Sci. 5:3609-3615.
Leningrad, pp. 88-91. It is believed the use of electrical fields

Use of electrical fishing in Russia. at dams prevents f is h from adequately
96 . 1933. K praktike primeneniil passing the structure.

elektrolova (On the practice of electrofish- 105 Bancroft, F. W. 1904. Note on the galvano-
ing). Izvestiavsesjiuzoginanchno-Issledov- tropic reactions of the medusa Polyorchis
atelskogo Instituta Ozerinova i Rechnozo penicillata, A. Agassiz. Jour. Exp. Zool.
Rybnozo Khoziatistva. Bull of Inst. Fresh- 1:289-292.
water Fish. (Leningrad) 16(18-21). P. penicillata responds by turning its
(In Russian). bell toward the electrical current.

Use of electro-fishing in Russia. 106 . 1907. The mechanism of the gal-

vanotropic orientation in Volvox. Jour. Exp.
Zool. 4:157-163.

B El-ctrical fields changes activity of this
e. , tenoid at the poles.

97 Bahr, K. 1957. Die intenswieningdes Aalfan- 107 Band, C. L. and A. Fleisch. 1947. Action
ge s in it h i 1 fe der elektrofischerei. Der biologique de differentes formes et fr6quen-

Fischwirt (Hamburg, West Germany) 7(3):63. ces de courants alternatifs. Helvetica Phy-
(In German). siol. et Pharmocol. Acta 5(1):8-9.

Astudyof the effectsof electricity on eels. A general discussion of the effects of al-
98 Bailey, J. E. and J. C. Spindler. 1955. A ternatingcurrents on aquatic organisms.

direct current fish-shocking technique. 108 Barnes, T. C. and H. Z. Gaw. 1935. The
Prog. Fish Cult. 17(2):75. chemical basis for some biological effects of

Shocking gear is used to sample fishes. heavy water. Jour. Am. Chem. Soc. 57(3):
99 Baker, Shirley. 1928. Fish screens in irri- 590-591.

gating ditches. Tr. Am. Fish. Soc. Heavywateroften produced when an elec-
58(1928):80-82. trical field is passed through water defi-

Electrical fish screens are used to keep nitely affects activities of protozoans.
trout out of irrigation ditches. 109 Bary, LCdr. McK. B. 1956. The effect ofelec-

100 . 1932. Fish refuse to be shocked. tric fields on marine fishes. Mar. Res. Ser.
Electrical West 68(7):577. Scottish Home Dept. (1):32 pp.

Problems of shocking fish in water of low The amount of alternating and direct cur-
conductivity, rent has little effect on three marine fish-

101 - and U. B. Gilroy. 1929. The in- es, however, an increase in potential Is
vestigationof methods and means of conser- necessary as the length of fish increases.
vingfishlifebymeansof proper fish screens 110 Bennett, R. D. 1947. Report of conference on

and fish ladders. Wash. St. Dept. Fish and the effect of explos ions on marine life.
Game Bull. 6:8 p. Naval Ordnance Laboratory (umclaseffld4

Migrating fish are repelled from dams and 9424:1-15.

screens toprevm:t Jamming and death. 111 ent-, T. 1953. Electric shockingoflampreys
102 and . 1930. The inves- proves effective. Atl. Fisherman 34B):.16-

tigatiortof methods and meams of conserving 17.
fishlifebymesnsof proper fish screens and A popular article discussing that sea lam-
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Adiscussion of the use of electrical gear vanotaxis. Archly. f. ges. Physiol. bimv!i:
st fishways and their values or detriment 5$5-585.
to fish life. A study of the reaction of protozoam to

an electric field.
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ing Gaz. 133(3889):974-976. Effects of electricity on sharkswere

A general paper on use of electricity for studied.
fishing. * Bull, H. 0. 1935. See Light.

• Bramsnaes, F., Jul Mogens and C. V. Otter-' 127 Burge, E. L. 1939. Demonstration of elec-
str) m. 1945. See Mechanical. trical polarity in the fish and in the human.

118 Brand, D. J. and D. Hey. 1951. The electri- Am. Jour. Physiol. (Proc.) 126(3):450-451.
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ies research. Union of So. Africa Prov. goldfish in an electrical field. Head ori-
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Fish. Dept. Rept. (8):6-7. 128 Burge, W. E. 1939. Further study on the
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Dept. Publ. 226:6 pp. 129 Burnet, A. M. R. 1952. Studies on the ecology
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120 Breuer. J. 1905. Uber den galvanotropismus Austr. Jour. Mar. and Freshwater Res. 3(2):
(Galvanotaxis)bei fischen. Sitzungsberichte 111-125.
d. Kaiserlichen Akad. d. Wissensch. (Wien). Shocking eels in New Zealand is studied
Mathemat-Naturwiss. Klasse. Bd 114 Abt. using different powered shockers.
I(2):27-56. 130 . 1953. Fishing by electricity.
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fishes in an electric field. A general discussion of shocking fish with

121 . 1905. Uberdengalvanotropismus electricity.
(Galvanotaxis) der fische. Antlegerd. 131 . 1953. Electricity captures eels
Kaiserlichen A kad. d. Wissensch. (Wien), for life studies. Sci. Newsletter 63(7):105.
Mathemat. -Naturwiss. Klasse, Jahrg 42:81. A review of 129.

Abstract of 120. 132 Burr, J. G. 1930. Killing garfish with elec-
122 Brown, F. A., Jr. 1945. Elektrophysiologle. tricity. Texas Cons. pp. 82-91.

Vol. 1: Allgemeine Elektrophysiologle. Vol. An experiment in rough fish removal us-
!1 pea ieIle Elektrophysiologie. by Hians Ing electric shockers.
Schaefer. Physiol. Zool. 18(4):433-435. 133 . 1931. Electricity u a means of
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123 Brown, 0. 11. 1903. The Immunity of Fundu- Soc. 61(1931):174-182.
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tion. Am. Jour. Physiol. 9(3):11-I115. andcarpasaroughfishcontrol measure.
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side of the egg. Serv. Spec. Scl. Rept. 246:1-11.
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145 Cobb, J. N. 1922. Protecting migrating Pacif-

ic salmon. Tr. Am. Fish. Soc. 52(1922):
C 146-156.

135 Canella, M. F. 1937. si pu6 parlace di galvan- Salmon migrations havebeen aided by the

otropismo negli Ictiopaidi ? Boll. della useof electrical fields which are leading

S o egt Italiana di tiologia Sperimentale these fish into fishways.

(Naples) 12(10):680-682. 146 Coltins, G. B., C. D. Volz and P. S. Trefethen.

The orientation of various species of fish 1954. m o r t ality of salmon fingerlings ex-

and amphibians are studied in an electri- posed to pulsating direct current. U.S. Fish

cal field. & Wildl. Serv. Fish. Bull. 92(56):61-81.
136 Carlander, K. K. 1957. A blb Ii o g r a phy o Total voltage is effective mortality factor.

6It is equal to fish length X voltage gradient.

electric shockers compiled in: symposium on

evaluation of fish population in warm water D

streams, March 25, 1957. Iowa St. Coll.

pp. 117-118. 147 Dale, H. 1901. Galvanotaxis and chemotaxis

A bi'liographic compilation, in ciliate infusoria. Jour. Physiol. 26:291-

137 Case, J. 0. 1938. An answer to fish screen- 361.

ing. Electrical West 80(4):32-33. Electrical impulses were f o u nd to slow

A photographic presentation of fish avoid- down the ciliate, P. aurelia.

ing an electrical screen. 148 Delov, V. E. and I. F. Tomashevskit. 1933.

138 Castle, E. S. 1944. Studies on the electrical Problema elektricheskogo lova ryby (Prob-

control of fouling. Woods Hole Oceanog. Inst. lem of electrofishing). Inst. of Freshwater

Interim rlept. IV to Bur. Ships, July 8. 1944, Fish. Bull. (Leningrad) 16:5-17. (In Russian).

pp. 1-32, 26 figs. A general discussion of electro shocking

Wben attempting to keep fouling from hulls in Russian fresh waters.

of ships, the negative electrode was heavy 149 Denzer, H. W. 1949. Experiences withelectric

with encrustment. The experiment was fishing in inland waters. U.S.Fish & Wildl.

not considered too successful. Serv. Fish. Leaflet 348:8-10.

139 . 1951. Electrical control of marine A rev iew of electric f ishing In fresh

fouling. Ind. and Eng. Ehem. 43:901-904. waters.

Similar to 138. 150 . 1950. Probleme der elektroflsCh-

140 Chanot, V. 1950. La peche "'lectrlque. La erei. Archiv.f. Fishereiwiss Jahrg 2 Hefte

Piche Maritime 30th yr. (869):347-348. 1-2:73-74.

A general description of positive and neg- A German version of 149.

ative responses In an electrical field. 151 . 1951. Elektrofischerei und sport

141 Chernigin, M. F. 1949. Elektrlcheskil nevod fischerei. Der Kerscher. Pressehans,Ham-

(Electricalfishingnet). TekhnekaMolodezki burg 1(2):32-35. (In German).
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Russ I a is e ploy in g an electrically cussed in the light of electro-shocklfg.

charged net to catch fish. 152 . 1952. Die Bedentung der Le ltf-

149 . 1949. Electrical fishing. Trans. ahigkeit des Was se ra fur die-Elektrische

fro m Tekhnika Molodezki 17(10):15-15 (at Befischung der Blnnengewisser. Der Flsch-

U.S.Fish & Wildl. Serv. Library. Washing- wirt, lamburg 2(11):411-415. (InGerman).

ton, D. C.). Water conductivity problems are dis-

A translation of 141. cussed as one attempts to shock fish.

143 Chuman. M. 1952. Studies on the practicality 153 . 1953. Uber die Frage der Schl-

of new fisheries by low frequency electric- digung der Fischnhrtlere durch den flies.-

shocks. IV. About the circumstances of endenGleichatrom. DerFischwlrt.

paralysis of fish by electric-shocks. Mem, Hamburg 3(5):159-163. (tn German).

of the Fac. Fish. Kagoshima Univ. (Kago- 154 . 1954. Der HeutigeStandderElek-

shims, Japan) 2(1):45-48. (in Japanese with trofischerei In Blnnengewassern. Fisch-

English summary). ereiwelt. Hamburg 4(10):301-305. (In

Fishdie at the peak impulse of ,L .00003- German).

.00120 second. 155 , 1956. Die Electrofiseherel.

144 Clarke, R. 1952. Electric whaling. Nature Handbuchder Binnenfischerel MitteleuroPas

169(4308):8654460. 5(3):141-233. Stuttgart.

The use of electric harpoons are making A v s r y good German review of electro-

It easier to capture whales, fishing methods.
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69) Heft 6:557-572. Physial. Zoal. 23(l):27-34.
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dersokelser 12(4):1-9. stvie elektricheskogo palla na strAl zhid-
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dams to divert fish. Grundlagen der elektroflscherel im Me e r .
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8(4):615-617. Sasawasserfiache. Archly. f. Fischereiw.
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A discussion of the use of electricity to Arcl'iv. fur fiachereiw. 5(3/4):223.
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194 1 1956. Die 13ez i ehung swischen 205 . 1940. Electric shock provides

intensitat und Zeitdauer des Reizes bei der method of anethetizing fish in laboratory.

elektrischen Durchstrmung von f is chen. Prog. Fish Cult. 49:33-34.

Archiv. fur F i s he r e eiw. (Braunschweig, Laboratoryuse of electricity as an anes-

West Germany) 7(1):74. (In German, Eng- thetic on brook trout proves successful.

lish summary). 206 . 1950. Recent developments in the

A general study of trout and carp reactions e I e c t r i c meth( I of collectingfish. Prog.

to varying electrical impulses. Fish Cult. 12(3):131-135.
195 . 1959. The effect of pulsating elec- A good review of problems and usage of

tric current on fish. In: Modern Fishing Gear electric shocking in collecting fishes.

of the World. Fishing News Ltd., London, 207 . 1954. Electrical fields as applied

pp. 575-580. to the operation of electric fish shockers.

A very good study on the intensity levels N.Y. Fish and Game 1(2):130-170.
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196 Hammond-Davis, B. E. 1952. "Pirate" fish of direct current.

get a shock; being some recent experiences 208 and W. F. Adelman, Jr. 1955.

in electric fishing. Salmon and Trout Mag. Effects of rapid direct current pulsations on

(135):124-140. fish. N.Y. Fish and Game 2(1):95-105.

Electric shocking in streams of Scotland Twenty percent less current is necessary
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197 Hausmann, Gertrud. 1927. Uber die Bewe- by a current of 18 pulsations per second

gungen einiger ciliaten Protozoen-im Wech- than steady current.

selstrom. Biol. Generalis (3/4):463-474. 209 , D. Geduldig and E. Snoek. 1955.

A study of various species of protozoans An electric trawl. N.Y. Fish and Game 2(1):

in an alternating current field. 120-125.

198 Harrar, R. 1926. Elektrischen fidchfang. A method involving two pairs of electrodes

Fischerei-Zeitung, Bd 29(23):507. operating by portable current generators
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199 . 1926. Elektrisches fischen. Allg. 210 _, J. MacDougal and R. Freeman.
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201 . 1938. On galvanotropism and o8- Direct current orientates the fish easier
cillotaxis in fish. Jour. Exp. Biol. 15(2): and quicker, but intercepted current re-

197-208. quires less voltage and perhaps will per-
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preferred. developments of the electrical method of
202 llarris, V. E. 1953. Some practical aspects collectItg fish. Tr. Am. Fish. Soc. 70
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13,34. Two species of trout are easily captured

A gene r al discussion of electrical gear by electric shocking.

and their effects. 213 Hattrop, Ii. W. 1958. Die mIglichkelten der
203 Hashimoto, T. 1953. An experiment on the bewirtschaftung von stehenden Gewissern
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204 Haskell, D. C. 1940. An electrical method of with safeguards for the operator and the
collecting fish. Tr. Am. Fish. Soc. 69 voltages necessary to stun fish in lakes
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If optimum results are desired, best sized methods.
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Tr. Ami. Fish. Soc. 77(1947):61-64. Fla. St. Bd. Cons. Tech. Ser. 16:25 pp.
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217 Hermann, L. 1885. Eine wirkung galvanische 227 Hiyamna, Y. and T- Kusaka. 1950. Effect of
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Anoter pperwhic dels wth he pst-Another positive -negative reaction exper-
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an electrical field. 228 Hnatevic, B. 1953. Fishing with electricity.

218 _____. 1885. Eine wirkung galvanischer Czechoslavak Acad. Agric. Set. Bull. (1-2)i
strome auforganismen. Pfliigers Archly. 101-109. Transi. Pac. Biol. Sta. CyG
f. d. ges. Physiol. Bd 37:457-4"0. Mares.

A study of the ef fec ts .of electrical im- The intensity necessary to immobilize
pulses on Rana ternporaria; fish, flatworms and crustaceans Is differ-

219 _____. 18 86. Weitere untersuchungen ent in each animal.
uber das veshalten der f roschlarven im 229 Hoagland, H. 1933. Electrical responses from

g a v niscen trom. Pl~ges Achiv I.the lateral-line nerves of fishes. Jour. Gen.
d.glnsc hesto. Pfier Archly.419. Phyuiol. 17(l):77-82.

d. m la g t.Ph o . Bd 39 4-1. The electrical reception levels of thelat-
Similanr 1. Matis 84 e a-eral line of trout and catfish Is studied.

220 __________ a d r Ma tthiason 1894. e r g 230 H olm es, H. B . 1948. H istory, developm ent

aria und der fische. Pfl~gers Archiy. I. d. adpolm feeti ihsre.US
ges. Physlol. Ed 57:391-405. Fish & Wildl. Sorv. Spec. Set. Rept. 53:1-42.,

The chromatophores of flsh and frogs were 231 Holton, G. D. and C. R. Sullivan, ,Jr. 1954.
greatly affected by electrical currents. West Virginia's electrical fish-co11ecting

221 Higgins, E. 1930. Progress in biological in- methods. Prog. Fish Cult. 16(1):10-18.
quiries, 1928. U.S.Comm. Fish. for fiscal Many freshwater suckers, sunfishes and
yr. 1929 Rapt.,. App. 10, pp. 650. minnows casbe collected by use of alter-

A review of electrical shocking gear and ntr rdrc urns
It use. 232 Hlolzer, W. 1931. Der elektrische ftachreema.

222 _____. 1931. Progress in biologicsl in- Mitteil. a. d. Inst. f. Wasaerbau d . Tech.
qili,1929. U.S. Comm. Fish.- for fiscal Hochachule, Berlin, 1931, (8):3 pp.

yuri90e etcAp.1,,p 09-11 Electric shocking in German streams in
yr. 930Rapt, Ap. 1. p. 107-101.discussed.

Similar to 221.
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233 . 1931. Derelektrischefischrechen. 2-14 1959. Dangers and precautions in
Wasserkraft u. Wasserwirtschaft, Jahrg 17: the electrical fishery. In: Modern Fishing
203-250. Gear of the World. Fishing News Ltd., Lon-

Same as 232. don, pp. 589-591.
234 . 1931. Fischfang mit elektrizitit. It was noted that 40 volts and 50 milliamps

Elektrotechnische.-Zeitschr. Jahrg 52, (Nov. are adangerous level to man, best voltage
19, 1931), 47:1442-1444. should not exceed 24 volts.

A discussion of how to use shockers for 245 Hsiao, S. C., I. Miyake and A. L. Tester. 1952.
best results. Reaction of tunas and other fishes to stimuli.

235 . 1931. ibeber eine absolute reiz- Pt. 3, Observations onthe reaction of tunato
spannungbei fischen. Pfl]gers Archiv. f.d. artificial light (pp. 36-58); Pt. 4, Observa-
ges. Physiol. Bd 229:153-172. tions on sound production and response in tuna

A study of the electric potential about a (pp. 59-68); Pt. 5, Notes on the response of
fish. a tropical fish (Kuhlia sandvigensis) to inter-

236 . 1932. Ioer eine absolute reiz- rupted direct current (pp. 69-83). U.S.Fish
spannung bei fischen. Pflagers Archiv. fur & Wildl. Serv. Spec. Sci. Rept. pp. 36-83.
ges. Physiol., West Berlin, (229):153-173. Lights will attract fish while sound and in-

Same as 235. terrupted d i r e c t current varied in their
237 . 1932. VI. Bemerkungen zur an- ability to influence fish behavior.

Nwcndungderelektrizitatinderfischereiwirt- 246 Hyman, L. H. and A. W. Bellamy. 1922.
schaft. Allg. Fischerei-Zeitung, Jahrg 57 Studies on the correlation between metabolic
(14):218-220. gradients, electrical gradients and galvano-

A tabulation only of the findings of collec- taxis I. Biol. Bull. 43(5):313 347.
ting with electricity is presented. Higher areas of metabolic rates are neg-

238 . 1932. Der elektrische fischrechen. ativeexternally, positive internally. In-
Ein Betrag zur Wirtschaftlichkeit von Was- vertebrates varied greatly in the charge
serkraft-Niederdruckworken. Mitteil. a. d. (positive -negative) which was found at
Inst. f. Wasserbau d. Techn. Hochschule each body extremity.
Berlin(1932), (12):35 pp.

Similar to 237.
239 . 1932. Bermerkungen zur anwen- -J

dung der elektrizit.t in der fischereiwirt- 247 Iwata, K. S. 1950. Spawning in Mytilis edulis.
schaft. Fi s c h e rei-Zeitung, Bd 35, (35): 2. Discharge by electrical stimulation. Jap.
413-414. Soc. Sci. Fish. Bull. 15(9):443-446. ([n Jap-

Aspects of the use of electrical fishing for- anese with English summary).
best results are presented. If M. edulis is subjected to 20 volts for 5

240 . 1933. Modelltheorie xber die seconds, ripe specimens will be induced
stromdichte im ko rpe r von lebewesen bei to spawn.
galvanischen durchstromung in Fliissigkeit. 24 Jaisle, K. 1934. Uber den ertrag des forel-
Pfliigers Archly. f. d. ges. Physiol. Ed 332: lenbaches. AlIg. Fischerei-Zeitung, Jahrg
821-834. 59(2):18-20.

Electric potentials around eggs, while in 249 Jellinek, S. 1909. Atlasderelektropathologie.
an electric field, were determined. Urban und S c h w a r z a nberg, Berlin, 1909,

241 . 1933. Fischfang mit elektrischen pp. xi 92.
strom in Hamm. Mitteil. d. Fiucherei-Ver- 250 Joeris, L. 1949. Electric seine used in Ken-
eia Westauspbe Bd 3:260. tucky. Prog. Fish Cult. 11(2):119-121.

The use of electrical shockers in various A seine f i t t e d with alternating current
sections of Germany and their catches are charge was u s e d successfully to collect
discussed, fishes.

242 . 1933. Uber die stromdichte inm
Forellenei bei ga I vanischen durchatromung
in Flssigkeit. Pfligers Archly. f. d. ges. K
Physiol. Bd 232:835-841.

Another paper dealing with the effects of 251 Kellogg. W. N. 1958. Galvanotropism as an
electrical fields on fish behavior. avoidance response. The Jou r. of Comp.

243 liosl. A. 1955. Die elektrotechnischen grund- and Physiol. Psychol. 51(6):652-657.
lagerdes elektro-fischfangs. Der Flschwirt Direct current effects were studied in salt
5(8):235. (In German). water enclosures 3x'. Stockedminnows

Electro fishing and its problems. avoided the negative pole.
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252 King, B. G. 1934. The effect of electric shock * Kraus, ii. and W. Reif'fenstuhl. 1933. See

on heart action with special reference to Light.

varying susceptibility in different parts of the 261 Kreutzer, C. 0. 1950. Die physiologischen

cardiac cycle. Aberdeen Press, N. Y., grundlagen der elektrofischerei im Meer.

1934, 20 pp. 
Archiv. f. Fischereiwiss. Jahrg 2(1-2):

253 Kleerekoper, H. and K. Sibakin. 1956. An in- 10-14.

vestigation of t he electrical "spike" poten- The ph y s i c s of electricity in sea water

tials producedby the sea lamprey (etr_ o - and the power necessary for satisfactory

zon marinus) in the w a t e r surrounding the operation are viewed.

head region. Jour. Fish. Res. Bd. Can. 262 _. 1951. Thune werden elektrisch

13:375-383. geangelt. Fischereiwelt, Jahrg 3, (10):160-

One of the best papers on spike potentials 161.

around a fishes' body. 263 . 1954. Elektrofischerei. Elektro-

254 and . 1956. Spike po- 'echnische Zeitschrift (VDE-Verlag G. m.b.

tentials producedby the sea lamprey (Petro- tt.) 6(5):176. (In German).

myzon marinus) in the water surrounding the 264 . 1954. Elektrofischerel. Elektro-

head region. Nature 178:490-491. techn. Zeitsche. Biol. (5).

A potential was recorded 15-20 meters 265 and H. Peglow. 1949. The appli-

aw ay. The character of potential is 20 cation of electro-physlological effects on

mm per second and 200 microvolts, fishing. Fishing Gaz. 66(12):52.

255 and _. 1957. An ives- 266 and . 1949. Abstract of:

tigation of the electrical "spike" potentials The application of electro-phmiological ef-

produced by the sea lamprey (Petronmyzon feton fishing. Comm. Fish. Abstr. 3(5):3.

marinus) in the water surrounding the head Abstract of 265.

region 1. Jour. Fish. Res. Bd. Can. 14(2): 267 and __ . 1950. Abstract of:

145-151. 
The application of electo-physiologicl ef-

A continuation of 253. A very good paper fets on fishing. F. A. O. World Fish. Abtr.

and an excellent bibliography. 
Abstract of 265.

256 Koch, F. J. 1925. They take the scales off the 268 Kuroki, T. 1950. Study on the electric fishing

perch by electricity now. Fish and Oyster screen. I. On the selection of effective ire-

Reporter 7(5):9. 
sencies. Jap. Soc. Sc. Fish. ll. 1(4)

Electrical charges will remove fish scales 165-170. (In Japanese with Engilh 1um-

in a processing plant. 
mary).

257 Koch, H. 1932. Eien rohrenanordnung zur er- mf one uses low frequencies, larvae may

zeugung pulsierender gleichstr~me variablen be protected by limiting the frequecy of

f r e q u e n z., intensitit und variablen unter- cycles.

brechungs verhiltnisses. Pflbgers Archlv. 269 . 1951. Studies on the electric fish-

f. d. gas. Physiol. Bd 231:169-174. screen. 11. Ontheeffectsof stimuli by A.C.,

Electrocardiographsofresponsestoelec- F.R.C., and H.R.C. Jap. Soc. Sic. Fish.

trical shocks are presented. Bull. 17(5):128-131. (In Japanese with Eng-

258 Kokubo, S. 1934. On the behavior of catfish In lish summary).

response to galvanic stimuli. TheSci. Repts. To equal alternating current, one needs

of the Tohoku Imp. Univ. (Sendal. Japan) 2-4 X F.R.C., 1/3 to 2/3 H.R.C. R.C.

4th Ser. (Biol.) 9(2-3):87-96. reaction Is acute in small ana large fish

Catfishare sensitive to electrical atimu- when the electrifying voltage is low.

las as low as 4 milliamperes. 270 . 1952-63. Study on the electric

259 _ .N. Abe and K. Uzuka. 1933. Re- fish-screen. IV. The electrifying effects by

sponse to fi shes to the change of environ- 10 4 series order low frequency electric

mental factors. I. Relation of earth current chocks upon fish bodis. Jap. Soc. Sd Fish.

and electrical s t I m u I u s to the behavior of Bull. 18(l):25-59.

fishes. Saito ho-on Kal (The Saito Gratitude A study of goldfish in terms of low fre-

Foundation, Sendal, Japan), Annual Rapt. of quency shocks.

the Work (1932), (9):33-37. 271 . 1953. Studies on the electric fish-

Positive-negative responses of catfish to screen. VI. About the Itorruptos of the

electrical stimulae are presented. electrifying in trawl net fishing. Jap.Soc.

260 Kollensperger, F. K. and F. Scheminsky. Sc. Fish. Bull. 18(9).385-388. (to Japae

1938. Der "galvanischekrampf bet aufstel- i. Fish Du8 5.

gender durchatromung von frBschen. Pu-

pr ArchIv. f. d. gea. Physiol. 9d 241:

I8-63.
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272 1953. Study on the electric fish- 279 , and F. Fukudome.

ing-neto IX. About the relations between 1953. Investigations into the practicality of

electric-power and electrocution. Jap. Soc. new fisheries by using low frequency electric

Sci. Fish. Bull. 18(12):698-702. shocks. I. About the electrocution te st In

There is a lag relationbetweenthefishes' long-line shark fishing. Rept. I, Jap.Soc.

head and the product of the destructive Sci. Fish. Bull. (Toyko) 18(8):359-361. (In

p o w e r s of the expotential value and the Japanese with English summary).

supplying time of electricity. larpoonelectric gear killed all fish in 40

273 . 1959. Electrical fishing in Japan. seconds.

In: Modern Fishing Gear of the World. Fish- 280 aud Y. Narasako. 1957. Onthe

ing News Ltd., London, pp. 581-582. project of a pipe-harpoon and its cable-rope

Electric gear was patented in 1895 and not for electrical whale-catching. Mem.Fac.

usedbefore .924. Reviews uses and future Fish. Kagoshima Univ., 61:82-94.

outlook. It takes 3-5 minutes to electro- Use of an electrical harpoon readily

cute a large active shark, catches whales.

274 and M. Chuman. 1950. Study on

the practicality of new fisheries by low fre-
quency electric-shocks. 1. About the electric L

resistance in fish bodies. Jour. Kagoshima 281 Larimore, R. W. 1957. Factors influencing
Fish. Coll. (Kagoshima, Japan), l(Ser.):15- ., the efficiency of the electric fish shocker in
21. (In Japanese with English summary). an Illinois stream. In: Symposium on eval-

Discusses fluctuating resistances in fish- uation of fish p o p ul a t i o ns in warm-wate. ,
esusingelectrodecouplesandthedistance streams. March 25, 19.7. Iowa St. Coil.
between them. pp. 93.

275 and . 1952. Study onthe Freshwater fishes are often difficult to
electric fishing-net. VI. About the electric- shock in streams with wide varying cozi-
power on the fish-body in the water. Mem. dictivities.
Fac.Fish, Kagoshima Univ. (Kagoshima, 281a . 1961. Fish population and elei-
Japan), 2(l):41-44. (In Japanese with Eng- trofishing success in a warm-wvater strea.
lish summary). Jour. Wildi. Mgt. 25(l):1-12.

Power input into a body is the cubic of its An electrofishing census w a a made of a
body length. One-half power is necessary one-mile section of stream. Later when
in sea water as opposed to fresh, t he stream was diverted a complete kill

276 and . 1953. Studies on and count was possible. The efficiency of
the electric fishing screen. VII. Practical this geardependedon species habits, hab-
arrangements of electrodes to obtain correct itatpreferences and morphological pecu-
distribution of potential. Jap. Soc.Sci. Fish. ,liarities. No one shocker will work well
Bull. (Toyko). 18(9):381-384. here because of the diverse fish popula-

Negligible effects were noted when elec- tion.
trodes were placed at varyingdistances. 282 , L. Durham and 0. W. Bennett.

277 , Y. Kto and K. Nagashima. 1952- 1950. A modification of the electric fish
53. Studies on the electric fishing screen, shocker for lake work. Jour. Wildl. Mgt.
VIII. I n t a r r p ption of the electrification in 14(3):320-323.
combinedtrawlingandelectric fishing. Jap. A dIscuss ion of a gear modification to
Soc. Sci. Fish. Bull. (Toyko), 18(l):21-24. permit operation in lakes where condic-
(In Japanese with English summary). tivities vary greatly.

There Is evidence to believe electro-f ish- 283 Larkin, P. A. 1950. Canadian uses of electri-
ing is havingaserious effect on shellfish. cal fish shocking devices. Can. Fish Cult.

278 and T. Morita. 1950. Study on the %21-15.
practicality of new fisberies by low frequency Canadian early trials to capture troit and
electric-shocks. II. About the electrocuting minnows are presented.
teat on the shark in t0s long-live fishing. 284 Larsen. K. 1949. Firstrqport on the eff ct of
Jour. Kagoshima Fish. Coll. (Kagoshima. the Ifberatioa of salmon fry in the owdsma
Japan). I(Dec.):22-27. (I Japanese with 1946-47. Danish Biol. Sta. Rept. 49(144):
English summary). 27-37.

Use of low frequency electric shocks in Shocking was used to search and sample
long line fishing is presented. for planted alma fry.

I
_q
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285 , 1954. Electrofishing of sea trout 296 . 1957. Night collectioi of fish with

for stripping. Danmarks Fishcrei-ogliavun- electricity. N. Y. Fish and Game 4(l):109-

dersogelser Meddelser. Ny Ser. Bd 1(6): 118.
1-30. Perch, carp and smallmouth bass were

Trout for s t r i p p i n g were caught using readily captured by shocking at night.

shockers. Hatching was found normal. 297 . 1958. Notes on electric fishing

286 . 1955. Fish population analyses techniques. N.Y. Fish and Game 5(1):100.

in some small Danish trout streams by means Carp and pickerel were readily captured

of D.C. electro-fishing, with special refer- by.electro-fishing.

enceto the populations of trout (Salio trutta 298 Loeb, J. 1918. Forced movements, tropisms,

L). Danmarks Fisherci-og Havundersogel- and animal conduct. Lippincott Co., Phil.,

ser Medelser. Ny Ser. Bd 1, (10):1-70. and London, 209 pp.

Excellent bibliography concludes this pap- A monographic review of animlal reactions

er. Trout and eels for life-history studies in electrical'fields.

were obtained by shocking. -99 and W. E. Gerry. 1896. Zurtheorie

287 Latta, W. C. and G. F. Myers. 1960. Night des galvanotropisms. H. Versuche an Wir-

use of a direct-current electric shocker to belteiren. Pfliigers Archiv f. d. ges.

collect trout in lakes. Tr. Am. Fish. Soc. Physiol. lxv:41-47.

90(1): 81-83. Positive-negative r e a c t ions of Amplep-

A discussion of problems encountered toma are presented.
when sampling trout in lakes. 300 and S. S. Maxwell. 1896. Zur

288 Lennon, R. E. and S. P. Parker. 1958. Ap- theorie des galvanotropisms. Pfluigers

plications of salt in electrofishing. U.S. Archly. f. d. ges. Physiol. .xiii:121-144.

Fish & Wild' .re. Spec. Sci. Rept. 280: Crustaceans orientate head positive, tal

12 pp. negative in an electric field.

Additionof ordinary cattle fbeding blocks 301 Lucas, K. 1906. Onthe optimal electric stim-

were necessary to raise the conductivity uli of inuscle and nerve. Jour. Physiol.

to a point where fish could be sampled 35(1-2):103-114.

with shockers. The optimum vibrations at which the sar-

289 Lethlean, N. G. 1953. An investigation into torius muscle and sciatic nerve will still
thedesignand performance of electric fish- function is 80but a range of 41-233 vibra-

screens and an electric fish-counter. Tr. tions will be tolerated.

Roy. Soc. Edinburgh (Pt. 2), 62(13):479-526. 302 . 1907. On the rate of variation of

290 Levin, S. 1957. Hadaylg Hekhashmal It Klml- the exciting current as a factor in electric

lab (Electric fishing in Houla Lake). Fish- excitatior. Jour. Physiol. 36(4-5):253-274.

erman's Bull. (Haifa, Israel) (13):12. (In Minimum reception by a muscle for a

Hebrew). currentto produce an effect is 4.4 vibra-

Israeli attempt. to shock fish in Houla tions.

Lake are presented. 303 Ludloff. K. 1895. Untersuchungn uiber dem

291 . 1957. Electric fishing in Lake galvanotropismus. Pflgere Archly. f. d.
Huleh. Fisherman's Bull. 2(13):12-13. (In ges. Physiol. Bd 59.525-554.

Hebrew). Protozoans orient and prefer positive pole
Similar to 290. when in an electric field.

292 Lillis. H. R. 1949. Whaling and its anarctic 304 Lyon, E, P. 1909. Rheotropsm. 1I. Rhoo-

problems today. Can. Geo. Jour. 38:105- tropism of fish blind in one eye. Am. Joar.
113. Physiol. 24:244-261.

Adiscusuion of the use and possible harm A gene r al orientation experiment with
of the electric harpoon oa ales. partially blind fishe.

293 Links., R. 1926. Erfahru4pm bei der fischer- M
Ulichen bewirtschaltung der weisseritaals-

perren. Orilnes Korrep.-BI. f. Fiachaucit- 305 MacDonald. Rose M. E. 1921. Az analytical

ter usw. (Dresdan), Jahrg 31:204. subjctbibliographyofthepublicationa of the

24 . 1927. Fieche mIt e1ektrialtat. Bureau of Fish2Wre 1671-1910. App. V,

LandwirtschaftlicheWochanschr. f. d. Prey. Rept. of U. S. Comm. of Fish. for 139W
Sachsen, 192?, 1:5-4. ir. Fishi Doc. 9.1-306.

295 Loeb, H. A. 1955. An electrical surface do- 106 Marlier. G. and J. Nuclel. 1951. La Psee
vice for carp control and fish collectios in electrque. Ann. di Is Soc. Roy. Zool. do

lakes. N.Y. Fiuth sssd Camp 11I-2- P.D-lvn,* Tnmo Al(1qt-147-1SA.
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307 Marsden, R. 1952. Electrocution of whales. 317 _____.1952. Der weg naar elcktrotrawl
Gen. Elec. Co. Jour. (London) 19(2)-122-123. ist urij (summary). Ilet Visscsijblad (Os-

Adiscussionof the use of harpoons which tend) 7(22):5; 7(23):8.
can electrocute whales is decreed better Another paper dealing with the topic of
than normal harpoons. electro shocking gear and its use on fishes.

308 ______ 1952. Electrical method of kill- 318 ______. 1952. Der weg zumn elektrotrawl
ing whales. World Fishing (London), Pt. 1, ist frei. Die Fisch Industrie (Bremerhaven)
1(3):97-100. 4(5):73-74.

Another p ap er discussing the ease with Similar to 317.
which whales canbe killed by an electric- 319 Meyer-Waarden, P. F. 1953. Beeinflusst die
ally powered harpoon. elektronarkose lebenfahigkelt und wachstrem

309 Mathews, A. P. 1903. Electrical polarity in der. fische. Der Fischwirt, Hamburg, 3(7):
the hydroids. Am. Jour. Physiol. 8:294-299. 225-228. (In German).

In hydroids the point of regeneration is 320 _____.1953. Elektrizitat und fischfang.
negative. This polarity is due to unequal Orion N at u r w i s s enschaftlich-Technische
regeneration of the protoplasm. Z e it schrift fur Jederman, Munich, 8(3/4):

310 McCauley, R. W. 1960. The role of electrical 91-99. (Tn German).
conductivity of water in shocking lampreys 321 _____. 1955. Neue wege der elektro-
(Petromyzon marinus). Jour. Fish. Res. fischerei. Elektronik, XVkrzburg, Germany.,,
Bd. Can. 17(4):583-589. 4(7):159-165.

Vol1t age to immobilize sea lampreys at Electric shockers are used successfully
150C. against lag of conductivity of water in Germany to capture fish.
is a rectangular hyperbulah normal to the 322 _____. 1957. Electrical fishing. F. A.
axis. Conductivity of live l amnp r ey at 0. Study, Chapters 1-8, (7):1i-78.
150C. was 2700 m icr o ohms per centi- A good r e v iew of the uE es of electrical
meter cube, fishing gear and their af ects to fish and

311 McKinley, G. M. 1930. Some biological effects whales.
of high frequency electrostatic fields. Proc. 323 _____. 1958. Wa steht geg&..%wirtig die
Penn. Acad. Sci. 4:43-46. elektrof ische rei (Waht ie the present state of

A review of the general field of electro- electrical fishing). jahrbuch des lwclmi-
static fields. schen Hochachule Hannover 1955-56, 3 pp.

312 _____. 1933. The ultrahigh frequency und Protokolle zur Fiachereltechnik (Inititut
magnetic-electric field in biology. Univ. fur Netzforschung Hamburg, West Gerniny)
Pgh. Bull. 30(2):183-188. 5(22/23):7 pp. (Tn German).

Abstract of thesis of the use of ultrahigis 324 -, et al. 1959. Discussion of elec-
frequency magnetic -electric fields in trical fishing. In: Modern Fishing Gear of
biology. the World. F is h ing News Ltd. , Landon,

313 McKinely, J. G., Jr., and G. M. McKinley. pp. 592-595.
1930. Highfrequency equipment for biologi- 325 M y a ke , 1. 1957. The response of tuna and
cal experimentation. Science 71(1846):508- other f is h to electrical stimuli. U.S. Fish
510. &Wildi. Serv. Spec. Sci. Rept. 223:23 pp.

314 McLain, A. L.. and W. L. Nielsen. 1953. Di- After calibrating the frequencies neces-
rectingthe movementof fish with electricity. sary to produce electrotaxis In the ahole-
U. S. Fish & Wlldl. Serv. Spec. Set. Rtept. hole a tank 35xl1x4 feet was constructed
93:1-24. to hold tuna. A multi-capacitor (55,000

Direct currents were used successfully to mfd) charged by 2 series of banks of6
direct the movements of trout, v olIt automobile storage batteries and a

315 McMillan, F. 0. 1928. Electric fish screen. variable speed contactor wasaused to con-
U. S. Bur. Fish. Bull. 44:97-128. trol it when electrodes were 16 feet apart.

A relation was found in order to paralyzse 326 ____ and W. R. Steiger. 1967. The re-
salmon: g 370 W g volts per second sponse of tuna and othe r fish to electrical

L stimuli. U.S. Fish & Wldl. Sery. Spec. Sci.
w x water resistivity corrected Rept. 223:1-23.
L x fish length. Need 6.6 ma/cm3 10 cps. and 6-4 nilU-

316 Meyer, P. F. 1951. Erfahrungen ur.itder se. which inthe optimum current density.
elektrlschen thunfischangel. Fischereiwelt pulse frequency and pulse duration for
Jahrg 3, 11:176-17S. electrotaxis in K. mandvicensis.
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327 Mohnke, --. 1932. Elektrischcr fischfang in 337 Neb, K. E. 1952. Betr.ubung von fischen

llamm. Mitteil d. Fisherei-Verein Westaus- du re h elektrische strome. Fischereiwelt,
Bd 2:210. Jahrg 4, 3:44-45.

328 Moor, W. N. 1954. A new type of electric fish 338 Neergaard, K. V. 1922. Experimentelle un-
catcher. Jour. Animal Ecol. 23:373-375. tersuchungen zure lekt ronarkose. Archly.

A n e w ly designed electric shocker was f. Klinische Chirurgie Bd 122:100-150.
mosteffective in stunning trout, minnows, A review of muscular responses to elec-

lampreys and crayfish. tric currents.

329 Moore, A. R. 1926. Galvanic stimulation of 339 Newman, E. 1876. Mr. Saville Kent's lecture,

l u m i n e scence in Pelagia noctiluca. Jour. at the Society of Arts, on "The aquarium:
Gen. Physiol. 9(3):375-379. construction and manaiement." Zool., 2nd

The ctenophore glowed at positive pole, Ser. (London), 11:4853-4858.
slime glows at negative. Luminescence is 340 Newman, H.W. 1959. Effect of field polarity

not the result of muscle contractions, in guiding salmon fingerlings by electricity.

Potassium relaxes and causes limines- U. S. Fish & Wildl. Serv. Spec. Sci. Rept.

cence. 319:1-15.
330 Moorehouse, V. II. K. 1933. Reactions of fish Guidingsalmon is due to the avoidance of

to noise. Can. Biol. and Fish. 7(35/38): the fish to an electrical field, not elec-

467-475. trotaxis.

331 Morgan, M. E. 1951. Fishing with electricity, 341 Nicolai, L. 1930. Uber elektrotaxis und elek-

Univ. Hawaii, Hawaii Mar. Lab. News Cir. tronarkose von fischen. Pfliigers Archly. f.
12:3 pp. Mimeo. d. ges. Physiol. Bd 224:268-277.

Used to catch skipjack, tuna and aholehole. A classical positive-negative reaction ex-

Present problems in salt water are dis- periment and its results are presented.
cussed. 342 Nikonorov, I. W. 1955. Beobachtungen uber

332 . 1953. The response of a tropical das verhaltan von kilka (Breitlings-sprotte)

f is h to direct current and its application to in der zone der Wirksamkeit der Sangpumpe.

the problems of electrofishing in sea water. Deutsche Fischerei Zeitung, pp. 156. (In

Pacific Sci. 7(4):482-492. German).

The aholehole orientates itself toward the 343 and A. K. H. Pateev. 1959. toy
positive pole. kil'ki rybonasosom pri podvodnom osveshe-

333 Morris, R. W. 1950. An application of elec- hemi s primenenem impul'snago toka (Sprat

tricity to c o 11 e c t i o n of fish. Prog. Fish fishing with suction pumps, underwater light

Cult. 12(1):39-42. and pulsating current). Rybnoe Khozlaistvo

334 Muller, H. K. 1926. Die latenzzeit konteak- 35(7):53-58. (In Russian).

tiler infusorien bei reizung mit einzelinduk- If the light is too strong gathering occurs
tionsschlag. Zeitschr. Biol. 85(l):31-34. outside it. Problems of polarized light

Protozoan reactions and orientations to and fishoutside or inside the suction field

elect r i c a 1 fields are presented along and possible loss are discussed.

famed positive-negative orientation lines. 344 Noddac h, Ida and W. Noddach. 1939. Die

335 Murray, A. R. 1959. A direct current electro- haufigkeiten der schwermetalle in meerstier-

fishing apparatus using separate excitation, en. Archiv. Zool. 32(4):1-35.
Can. Fish Cult. 23(27):6 pp. 345 Nomura. S. and K. Ishikawa. 1933. Response

A new shocking gear with separate leads of fishes to the change of environmental fac-
was successful in shocking trout and sal- tors. 11. Preliminary e x pe r i m en t in the

woen. measurement of Chronaxie in fishes. Salto
ho-on kai (The 3a Ito Gratitude Foundatlon
Sendai, Japan), Annual Rept. of the Work,
1932. (9):37-42.

N 346 Nusenbaum, L. M. 1959. O provedenli ryb v

336 Nagel. W. A. 1895. Ueber galvanotaxis. elekticheskom pile v soymtl a probemoy lids
PflUgers Archly. f. d. ges. Physiol. d 59: Okhrsny pri gidrostrol-tel's stve (Th* behav-
603-6142. ior of fi she s In an electric field and their

Fish, frogs, protozoans and crayfishes all protection d u r in g hydraulic construction).

orientate their bodies parallel to lines of U.S. Fish & Wildl. Serv., Miscl. Lit. Traal.

electrical force In water. The head faces Boothb,- Hatrbor.

the positive pole.



r

-20 -

0357 Peglow, II. 1949. Useof electro-physiological
347 "Observer." 1928. Electrical screen tested, effects in ocean fishing. U.S. Fish & Wildl.

Western Out-of-Doors 5(2):11. Serv. Fish Leaflet 348:'-8.
348 Ohta, T. 1924. (Investigations on electric cur- 358 Peterson, C. E. 1952. Electrical fishing ex-

rent and living fish). Suisan Kenkiushi 19 periments in salt water reported successful.
(12):432. (In Japanese). Comm. Fish. Rev. 14(10):62-64.

Another Japanese experiment to show pos- 359 "Petrale." 1953. Salmon to be shocked into

itive-negative body orientation in fishes place. Pacific Fisherman 51(8):35.

in an electrical field. 360 Petty, A. C. 1955. An alternate-polarity

349 Okada, M. 1929. On the action of electric electrode. N. Y. Fish and Game 2(1):114-

current on fishes. I. Excitation and narcosis. 119.

Jour. Imp. Fish. Inst. (Toyko) 24(2):64-72. 361 Pieron, H. and J. Segal. 1939. Les manifes-

Good data are presented on the action due tations electriques de l'excitation luminense

to a polar drop along a fishes body. This chez la Mya. Compt. Rend. Soc. Biol. 130

drop depends on current density. (1):47-51.

350 _ _. 1929. Note on leading the move- 362 Piffl, H. 1913. Dalmatinische fischerei. Der

ment of fish-groups by e l e c t r ic current. Fischerbote 5.272-275.

Jour. Imp. Fish. Inst. (Toyko) 24(5):124-128. Fishing for herring with electricity proved

351 . 1929. On the action of electric successful.

cur rent or) fishes. 1. Electrophototaxis of 363 Pora, E. A. 1936. Influence du passage der

fishes in a group. Jour. Imp. Fish. Inst. currant continu dans le milieu xterieur,
(Toyko) 25():1-11. sur la composition du sang, chez Scyllium

352 Omand, D. N. 1950. E l e c t r ical methods of canicula, la region branchiale btant au eel-

fish collection. Can. Fish Cult. 9-.13-20. sinage de la cathode. Comp. Rend. Hebdo

Electrical shockers can be used success- Soc. de Biol. (Paris), Tome 121:411-413.

fully to collect fishes. 364 . 1936. Sur lea modifications du

353 Oren, 0. H. and Z. Fried. 1959. Electro- milieu interieurde Scylli canicula soumis
fishing in Lake Huleh. In: Modern Fishing au courant continu, quand la region branchiale

Gearofthe World. Fishing News Ltd., Lon- setrouve h la proximite de lanodo. Compt.

don, pp. 586-588. Rend. Hebdom Soc. de Biol. (Paris), Tome

Of a number of fish species which were 121:503-504.
thought possible to collect by electrofish- 365 . 1936. Sur lea modifications que

ing only Clarias lazera succumbed. produit le courant Alectrique continu, dans le
milieu int6rieur du Scyllium canicula male

354 Ota, F., H. Ajisaka and L. Oshiro. 1953. On oriente dans la direction de passage der
the effects of electric shocks in low frequency cou rant pendant des tempes variables.
upon the fish muscle. Mem. Fac. Fish. Compt. Rend. Hebdom Soc. de Biol. (Paris),
Kagoshima Univ. (Kagoshima, Japan) 3(1): Tome 121:507-508.
103. 366 Pratt, V. S. 1952. A measure of the Efficiency

In an electrical field the ammonium con- of alternating and direct current fish shock-
tent of the muscle is less than if it were ers. Tr. Am. Fish. Soc. 81(1951):63-68.
killed otherwise. Sampling with alternating and direct cur-

rent shockers in a stream are compared.
In the stronger and s w ift e r stream the

355 Parker, G. H. and A. P. Van Heuse. 1917. direct current was the most reliable.
The responses of the catfish, Amiurus asotus 367 . 1955. Fish mortality caused by
tometallicandnon-metalllc rods. Am.Jour. electric shockers. Tr. Am. Fish. Soc. 84:
Physiol. 44(3):405-420. 93-96.

Ifthecharge is one milliampere the post- Alternating current produced 11 percent
tive pole repels the fish, if it is 0.7 or mortality introut whereas only 2 percent
less no effect is noticed. occurred with a direct current shocker.

35 Pearl. R. 1901. Studies on electrotaxis. 1.On There is no relationshipbetween mortality
the reactions of certain infusoria to the elec- and fish size or trout species.
tric current. Am. Jour. Physiol. 4:96-123. 368 Prevost, G. 1946. Electric fishing. Que.

The general, extreme effects to infusoria Dept. Game and Fish. Gen. Rept. Min.
in an electrical field is death, however, Game and Fish. for yr. ending March 31,
notallareas ofthebodyare affected alike. 1945; 3rd Rept. Biol. Bur. See. 513:59-65.
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391 ____.1923. Oiber den einfluss dauernder 402 ___.1936.' Zur physiologie der galvan-
elektrischer durchstromung auf Lebewesen onarkose bei wassertieren.' Pngcrs Archly.
(Elektro)kultur). 1. Mitteilungversuchean L. d. ges. Physiol. Bd 237:273-283.
fischen. Archiv. f. Mikr. Anat. u. Enter. - Crabs and starfish exhibit a negative pole
Mech. Ed 98, 3-4:315-378. reaction when in an electrical field.

Embryological positive-negative reactions 403 _____.1936. Neuere un te rsu c hungen
are studied with discussions on the changes ilber elektrlsche narkose. Wiener Kinische
physiologically. A review with an excel- Wolhenschr. Jahrg 49(39):1190-1191.
lent literature. 'An excellent, review of the literature on

392 _____.1924. f6ber das afutreten der gal- electricity and Its effects to animals.
vanotaxis bei forelIlenembryonen. Zeitschr. 404 _____.1947. Depolorisatlon alsursache
f. Biol. Ed 80 (N. F. Ed 62), 1-2:23-34. der oc N ac hw Ir ku n gen bei galvanarkose,

Galvanotaxis effects to the eggs of sand beim galvanischen Krampf sowie beim, phys-
*lance are studied. iologischen elIe kt r ot on us am peripheren

393 _____.1924. Versuche uber elektrotaxis nerven. Pflaigers Archly. f. d. ges. Physiol.
und elektronarkose. Pflagers Archiv. f. d. Bd 249:59-75.
ges. Physiol. Ed 202:200-216. 405 ______and F. Gauster. 1924. Eeitriigs

Classical positive -negative reaction ex- -zur physikalisch-chemischen blologie der
periences on fish and Daphnia. f o r elle e ntwicklung. 1. Mitteilung. Die

394 ____ 1928. Der fischfang mit elektri- S ch a d igng der Membran des Forefleneies
schen strom. Nachrichtenblatt f. Fischzucht d u r c h den Elektrischen Strom. Archly. f.
u. Fisherei (Tetschen a. Elbe) Bd 1(4):49-53. M ik r. Anat. u. Entw. -Mech. Ed 101, 1-3:

395 _____.1928. Kamrnergericht fischfang 1-39.
mit e ek t rizitat.. AlIg. Fischerei-Zeitung Trout embryos are studied when subjected
Jahrg 53(13):203. to electrical impulses.

396 _____. 1931. Uber galvanotaxis bei 1cr- 406 _____, 0. Hochstadt and P. Adler. 1936.
wachsenen echinodermen. Pfligers Arrhiv. Uber das w e s en der galvanonarkose beimn
f. d. ges. Physiol. Ed 226:58-78. frosch. Pfltigers Archly. f. d. ges. Physiol.

Echinoderms respond to positive pole just Ed 237: 284-294.
as so many other animals do. A good study on the effects of electricity

397 ___ _. 1931. Weitere untersuchungen on frog phyuiology.
tiber die galvanotaxis von echinoderinen. 407 ____ and F. K. Kollensperger. 1938.
P f Ig e rs Archiv. f. d. ges. Physiol. Ed Eildung erregbarkeits steigeinder stoffe, imn
.226:354-365. Ruckenmark des frosches w~ihrend electri-

Further positive -negative response exper- schen durchstriomung. PflUgers Archiv. f.
iments with echinoderms. d. ges. Physiol. Ed 241:54-70.

398 _____. 1931. Zur analyse der zwei Same study as 406.
phaslschen galvanotaxis der echinodermen. 408 Schemninsky, Fe. and Fr. Scheminaky. 1926.
Pfl~igers Archly. d. ges. Physiol. Bd 226:. O~ber die %Vechselst rome ins tellung bei einigen
366-376. cilIlaten (Oscillotaxis). Pfligers Archly. f.

399 -__ ___. 1931. Die stromdlchteim kbrper d. ges. Physlol. Ed 213:112-118.
der Wollhandkrabbebeigalvanischen Reizung Ciliates are drastically affected when in
in S u s 9 w a ss e r und Seewasser. Pflugers an electrical field.
Archly. L. d. geo. Physiol. Ed 229:242-250. 409 ____ and _____.1931. itarper-

Marinecraba react to an electrical field gr~sse undcempf indlichkeit gegen den galvan-
by orienting their head toward the positive ischen strom. Pflugers Archly. L. d. gee.

40 pole. .13.Oedi aude Wc-Physlol. Ed 228:548-564.
400 ______ 193. ber ie atu de "Wch-A good three phase stu&L of echinoden.

seletromnarkosell bel finchsn. Pflfigers reactions to electricity.
Archiy. f. d. 'gem. Physiol. 233:371-379. 410 _____and _____. 1933. Nachweis

A review of previous pape.-s. po13 re rdurc hais igkeitsetegerung am clink-
401 _____. 1933. tiber die natur der "Wech- triach du rsa tr~mten forellanei. PfIftirs

slatronarkose'l be I fIac h e n. (A Holak, Archiv. f. d. gee. Physiol. Bd 232:806-820.
Valtoaramnarhosle - arol). A Magyar Blo- Developing eggs are affected by m ele-
logial Kutatointezet Munkai (Tihany. Hung- trical current by a pulling of the yolk on
ary). M. Arbeiten des Angarischen Biolog- one side to a pole with eventual destrac-
ischen Forechungsinst) Bd 6:209-211. tion of the egg.

A review of previous papers.
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411 and 1938. Wirkung 421 and . 1927. Elektrisches

des w c c h s e I s t rdmes auf ein-mehrzellige fischen in nicht a b I a s s b a r e n gewlissern.

w a s s e r t l e r e. (Oscillotaxis, fixation und Fisherei-Zeitung Bd 30(1):13.

elektrische Betaiubung). Zeitschr. f. verg- 422 Schindler, 0. 1946. Betrachtungen nach der

leich. Physiol. Bd 25, 2(1937):170-192. elektischen abfischungeines forellenbaches.

Animals from protozoa to fishes are shown Alug. Fischerei-Zeitung Jahrg 71(11):11-12.

reacting or orientating to electrical im- 423 Schoonens, J. G. 1951. Elektrisch vangen van

pulses. vis. Visserijwereld 10f:16):12-13.

412 _ , and F. Bukatsch. 1941. 424 Schubert, K. 1949. Electrocution of whales.

Elektro-tax is, elektro-tropisms, elektro- U. S. Fish & Wildl. Serv. Fish.Leaflet 348:

narkoseund verwandte erscheinungen. Tab- 10-14.

ulae Biologicae 19(2):76-262. A paper dealing with the effects of electro-

Best compilation of data and literature re- harpooning right whales.

view with dates of experiments notedin 42% Schuck, H. A. 1942. The effect of population

the literature, dens ity of legal-sized trout upon the yield

413 and . 1941. per standard fishing effort in a controlled

Elektro-biologie. Die wirkung des elektri- section of stream. Tr. Am. Fish. Soc.

s chen s t r o m e s auf den gesamtorganismus (1941), 71:236-248.

bei Pflanze, tier und mensch sowie ihre Trout were easily captured in a stream

pha r m akologische beeinflussung. Dr. W. where population pressures were being

Junk, Den Haag 1941, 198 pp. observed.

Similar to 412 review. 426 . 1945. Survival, population den-

414 Schiemenz, F. R. 1932. Holzers arbeiten zum sity, growth and movement of the wild brown

elektrischen fischfang. Fischerei-Zeitung trout in Crystal Creek. Tr. Am. Fish. Soc.

Bd 35(24):284-285. 73:209-230.

415 . 1932. Fischfang mit elektrizitfit. 427 Schultz, K. 1958. Neuartige thunfischangel in

Fischerei-Zeitung Bd 35(73):157. der elektrofischerei (New type of tuna hook in

416 . 1943. Fischfang durch sprengung. electrofishing). Schiff und Hafen (Hamburg,

Fischerei Zeitung, Kriegszemeinschaftsaus- West Germany) 10(9):752. (In German).

gabe 46(14/15):83-85. The use of the electric hook for tuna fish-

Bombing explosions detonated electrically ing is discussed in detail.

have little effect on fishes. 428 Schumann, F. 1929. Fischfang mit elektri-

417 - 1952. Behavior of fishes, espe- schem strom in Westfalen. Fischerei-Zei-

cially concurrence of reflectorial and psychi- tung Bd 32(22):285; (50):630.

cal reactions, inelectric fishing. Zeitschrift 429 . 1930. Ein beitrag zur abfischung
f. fischerei No. C/6 Transl. by G. Maus, geschlossener gewiksser mit elektrischen

Pacific Biol. Sta. 5 pp. strom. Zeitschr. f. Fischerei 1d 28, 2:

Lampreys or chubs are attracted toward 159-165.
a pole if the electrical current is strong Papers 429-432 deal with the general use

enough, otherv ise flight is the primary and effects of shockers.

response. 430 . 1930. Misslungenes elektrisches

418 . 1953. Das verhalten der fische, fischen. Fischerei:-Zeitung Bd 33(20):261.

insbesondere die konkurrenz von reflektori- 431 . 1931. Ein weiterer beitrag zur

schen und psychischen reaktionen, bei der befischunggesJhlossenergewasser mit elek-

elektrofischerei. Zeitschr. f. Fischerei trischen strom. Mitteil. d. Fischerei-Ver-

N.F. Bd 1, 5-6:369-372. ein Westausgabe Bd 1:5.

419 and K. Humburg. 1939. tber den 432 . 1931. Anwendung von elektrizitil

rAumlichen amvendungubereich des elektri- beim fischfang. Mitteil d. Fischerei-Verein

schen f i s e h fa nges. Zeitschr. f. Fisherei Westausgabe Bd 1:197.

Bd 37, 3:429-458. 433 Senurma, H. 1929. The effect of electric cur-

420 and A. Schlnfelder. 1927. Fisch- renton fish. SuisanOsakkwaiH8 5(2):201-219.

fang mit eisktrizitit. Zeltachr. . Fisherei Another positive-negative reaction study.

Bd 24. 2:161-187. 434 Shetter. D. S. 1938. Review-Hagen. Frans:

Another paper dealing with the collection Use of electricity in f is hing wild streams.

of fishes using electrical shockers. U. S. Bur. Fish. Mom. 1-131. Prog. Fish
Cult. (36):32-33.

Li



435 _____.1947. The electric "shocker" and 24- Stewart, L. 1959. Electrical f ish diversion
its use in Michigan streams. Mich. Cons, screen in England. Prog. Fish Cult. 21(3):
16(9):8-10. 137.

436 _____.1948. The electric "shocker" and Trout were easily collected using an alter-
its use in Michigan s t re a ms. Prog. Fish nating current shocker.
Cult. 10(l):43-47. 448 Sullivan, C. 1956. The importance of size

437 Snietanin, K. 1933. 0 materialakh po elektro- grouping in population estimates employing
lovu (C on ce r n ing data on electrof ishing). electric shockers. Prog. Fish Cult. 18(4):
Inst. Freshwater Fish. Bull. (Leningrad), 188-191.
16:3-4. (In Russian).

438 Smith, G. F. M. and P. F. Elson. 1950. A T
direct-current electrical fishing apparatus. 44 TgsrmB(Kke)19.Flheent
Can. Fish Cult. 9:34-46. e I e k t r i zitat in Hawiks' Fischzuchtanstalt.

Acomparison on the efficiency of collec- Ny svensk Fiskerltidskrlft (5):44-47.
ting by means of a seine and electric 450 Tamura, M. 1922. Denki o 5g~aeru gyod6

shocker.heisaku sochi (Electric device for stopping
439 Smith, K. A. 1955. Pump and electricity tried the passage of fish). The Sulsankal (Jour.

for catching bait. Nat. Fisherman 36(4):11. Fish Soc. Japan, Toyko) (476):302-303. (In
440 _____. 1955. New "fish pump" experi- Jpns)

ments on electrical device. Western Fisher- 45 apuane, 19.Seto12Atrcinf
man 50(2):104. 41TmrT 99 eto 2 trcinofish. Fundamental studies on the visual sense

441 Smolian, K. 1942. Neue erfahrungen mit deminfs.I:Mdr FshgGerote
eIe k tr is chen Abf ischapparat des Landes - inVfrd. I:Mr Fishing ews Ldono, pp.

fischerwerbandesVurttemnberg. AlIg. 543-547.
Fischerei-Zeitung Jahrg 67(2): 13-16. prdweecnioedtaszefnyn

442 mmiu 94g Fisc eelekcher ifa e er twine and later were shocked to avoid it.
Sammung iscereiichr Zetfrgen er-The same was done with carp and light.

ausgegeben von Relchsverband der Deutschen 452 Tanner, Z. L. 1885. The use of the electric
Fischerei, Neudamm und Berlin, 35:1-27. light in fishing. U. S. Bur. Fish. Bull. 5:464.

443 _____. 1944. Die elektrofischerei; ihr 43Tui(aciM 91 itauIt 0 h
Z w eck, die methode ihrer anwendung, die 43Tui(aciM 91 itut O h
Grenzen ihres erfolges und ihres Gefahren electric f is h screen). Jap. Jour. Limnol.
nach dem g e gen wa rt Igen atande unseres 1(l):22-24. (In Japanese).

wissens und den Ergebnissen der unterauch- 454 ____. 1932. A new form of electric fish

ungen des vom Reichsverband der Deutschen sc r een. Jour. Imp. Fish. Inst. (Toyko)
Flscherei gebildeten "Ausschussas fir 27(l):33-44.

Eletrfisheei.1 ishre-Zetug, 455 _____. 1934. On the electric fish screen.

Kriegsgemeinschaftsausgabe Bd 47(11-12): Po.5hPcfcSt og i.o il

41-44; (13-14): 50-52; (17-18):65-68; (23-24): St.,. 5(1933):3633-3635.
91-93. An excellent review of the literature, es-

444 Solandt, D. Y. 1936. Conduction and excita- pecially Japanese.,
tionnneve.Thetim -fator ofexctaton. 456 Taylor, G. M. , L. S. Cole and W. F. Sigler.

tvon I neve.t Thaes ti-facto of e5ctation. 1957. Galvanotoxic resap on s es of fish to
Evans' Rece.n Avancill PyLod., 5thnd. pulsating direct current. Jour. Wildi, Mgt.
Cha p. 8,J n .CucilLdLno,21(2):201-213.

44 tteish ,105 avntolm n 457 Teike, --. 1937. Ueber elektrische fischbe-
445 Stutkewi ich deP. 190 . Gal nanotro lsmsr. f. tubung. Berliner und M unchener Tierarztl.

Aglvan oax 5 er5C1 iata4 . Zetc r Wochenschr. Jahrg (9):137-138.
ACg.iatso. ar5af51ec1-53 ndorenat4. 458 Terry, 0. P. 1906. Galvanotropism of volvox.

positive-negative field similar to so many Am. Jour. Physiol. 5:235-243.
othe oranimshea postiv, til eg-Volvox Is usually not affected by electrical

thverog na a ed poiie aln fields. Assimilation is stimulated by red

446 Steinhausen, W. 1921. Uber atromdichtebes- l ight hut not by blue.
timmung und die Baziehung der stromdIchte 459 Teach, F. W. 1960. Flachereiforebungen
zu m Erregunzsvorgang. Pflu"Cers Archiy. der USA andenGroezen Seen. Zeitschr. fur
f. d. gee. Pbysiol. Bd 193:171-200. FahrlBn .F,121713R e v iew of research on the Great LAkes

A very good review of the effects of elec- adefrst oto e apes
tricity on the physiology of animals. adefrst oto e apes
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460 Tester, A. L. 1952. Reaction of tuna and other 471 ___ and W. Baar. 1936. Elektrotaxis
fish to stimuli - 1951. Pt. V. Notes on the und verwandte erscheinungcn bei niederen.
response of the tropical fish (Kuhla sandvi- krebsen. Radiobiologia Generalis 4(4):1-7.
censis) to interrupted direct current. U.S.
Fish & Wildi. Serv. Spec. Sci. Rept. 91:69-83. U

*Tester, A. L. 1959. See Sound.
461 ____ and S. M. Trefz. 1954. The food 472 Uzuka, K. 1934. Some notes on the behavior

of the aholehole, Kuhlia sandvicensis (Stein- of the catfish, Parasilurus asotus, as seen
dachner), in Hawaiian waters. Pacific Sci. through the responses to weak electric cur-
8(1):3-10. rent. The Set. Repts. of Tohokun limp. Univ.

A lie hstoy stdy f te ahlehle ade(Sendai, Japan). 4th Ser. (Biol.), 8(4):369-
possible in that the specimens were collec- 31
ted with electrical gear.

462 Thompson, R. B. 1960. Capturing tagged redV
salmon with pulsed direct current. U.S. 473 Vietze, --. 1927. Neuefischfangversuchemit
Fish & Wildl. Serv. Spec. Sc i. Rept. 355. 1-10. hilIfe der elektrizitat. Fischerei-Zeitung

For best results 90 seconds of shocking at Bd 30, (2):36.
80-85 percent of the duty cycle is neces- 44. 1927. Kurzschluss im fischteich.
sary to catch red salmon. Fischerei-Zeitung Bd 30, (18):386.

463 Thornton, W. M. 1931. Electrical perception 475 _____.1927. Fischen mit elektrizitat.
by deep sea fish. Proc. Univ. Durham Phil. Fischerei-Zeitung Bd 30, (22):465-467.
Soc. 8(Pt. 4):301-312. 476 _____. 1927. Die elektrizitat im dienste

Only zones of positive and negative fields der fischzucht. Elektrlzitatswirtschaft,
occur on deep sea fishes when in an elec-ahg6(tei.drDE)43)2-10

tri crret.477 Volf, F. 1953. Verwundung der forellen beim
464 Timmermans, J. A. 1954. Lapeche electrique fang mittels; elektrischen stromes. Sbornik

en eau douce. Jette Impr. Jour. de Clercq. C esako sIovenske Akad. Zemedelskych ved
31 pp. (Prague) Rada (Series) B, 26(1-2):109-114.

465 ____. 1954. La peche electrique eneau (In Bohemnian with Russian and German sum-
douce (Electric fishing in fresh water). Sta- mr)
tion de Reche rches de Groenandaal, Travaux 478 _____. 1953. Injuries done to trouts by
(B eIg Iu m) Ser. D (15):31 pp. , 6 pis. (Ini electric fishing. Bull. Czeshoslovak Acad.

46 reh) . 5 95 xlrtr xei Agric. Sci. 1-2:104-109.
466 refthe, P.S. 955 Exloraoryexpri-Electric shock ruptures vertebral column

ments in guidng salmon f ing er Ii ngs by a and swim bladder. -Minimum intensity is
n ar row direct current electric field. U. S. 0. 025 amps per 1 cm 2 . Fish will return
Fish &Wildl. Serv. Spec. Sci. Rept. 158:1-42. to a normal condition in 3-5 minutes.

467 Tachernigen, N. F. 1952. A new fishing
mne t hod. Fishing Industry, Moscow, 2:22. w
(In Russian).

468 Tzonis, K. 1935. Gleichstromnarkose bet In- 479 Wagner; H. D. 1948. Einneuee elektro-flech-
sekten. Mittell. aus der Biol. Versuchson- fanggerat. Allg. Flscherei-Zeltung. Jahrg
stalt der Akad. der Wissenschalten (235): 1-2. 73, (10):85-88.

The classical experiment with aquatic in- 480 Wagner, R. and E. Wetterer. 1949. Ein elek-
sects in an elIe ct r icalI field and their trieches gerlt zur erzengung rhythmischen
arientation to positive and negative poles. linear anstelgender und abfallender reftupan-

469 _____.1937. Elektronetinarkose bet nungen einatellbarer steilheit cowis reek-
fischen. Anzsiger d. Kaiserlichen Akad. d. teckiger und anderer retapannungsformen.
Wissensch. (Wien), Sitaumgder Mathemat. - PfIUgers Archly. f. d. gen. Physiol. Bd 251:
Naturwias. Klasse, Bd 74, 23:201-202. 585-593.

470 .1938. Vergloichende untersuch- 481 Welch. A. 1949. Die einworcung des elektri-
ungen uber elektronarkoae und elektrometa- sehen atromes auf den fisck bel der elektro-
narkosebeifichm. Praktlke,Aicad.Athinon fiacherel. Allg. Fiseherei-Zeitung. Jahrg
(Athens) 13:555-561. (in Greek with German 74. (12)-213-216.
sumfmary). 482 ____. 1950. Die gefahren und die unfal-

Good bibliography on poeiiive-negative re- lvertr~tung bel der elektrofiacherei. AIg.

actions. Review of Scheminaky papers. Fischerei-Zeltung. Jahrg 75. (1):18-20.
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483 _____.1950. Die gerqite der r lektro- 490 Welsh, T. J. 1943. Electric fish screen saves
fischerei. Aulg. Fischerei-Zeitung. Jahrg steel. Electrical West 90(1):37-38.
75, (15):371-372; 16:391-394; (17):414-416; 491 Vbitney, L. V. and R. L. Pierce. 1957. Fac-
(18):438-439. tors controlling the Impact of electrical

484 Wallengren, H. 1903. Zur kenntnis der gal- energy into a fish (Cyprinus carpio L.) In an
vanotaxis. I. D ie anodische galvanotaxis. electrical field. Limnol. and Oceanog. 2(2):
1U. Dei kathodische galvanotaxis. Zeltschr. 55-62.
f. Allg. Physiol. Bd 2:341 -384. 492 Wilkenig, --. 1926. Electrischer flschfang in

485 _____. 1903. Zur kenntnis der galvano- A us glIeichweilher an der Mihmetalsperre.
taxis. 11. Eine ana-lyse der galvanotaxis bei Allg. Fischerei-Zeitung, Jahrg 51, (15):242.-
Spirostomum. Zeitschr. f. Allg. Physiol. 244.
Bd 2:516-555. 493 W~hlisch, E. 1926. Unterauchungen uber

486 Ward, H. B. 1930. Some responses of sock- elastisehe thermodynamische, niagnetische,
eye salmon to environmental influence during und e I e k t r is c h e eigenschalten tierischer
fresh-water migration. Ann. and Mag. Nat. gewebe. Verhandi. d. Physikallech-Medla-
Hist. 6(3):18-36. lnischen G e s elsI ch. zur Wurzburg. N. F.

487 Webster, D. A. 1950. Results of electric Ed 51:53-64.
shocking demonstration in Fall Creek, Ithaca, 494 Wolf, P. 1947. Lax I sverlge och England.
New York, May 16, 1950. Dept. Cons., (Electrofishing pp. 22-23; 44-45). C. W.K.
Cornell Univ. 6 pp. Gleerup; Lund, Sweden, 121 pp.

488 _____, J. L. Forney, R. H. Gibbs, Jr. , 495 Wood, E. J. F. 1949. Electric barrier im-
J. H. Severns and W. F. Van Woert. 1955. practicable. F is h. Newsletter. (Australia)
A comparison of alternating and direct cur- 8(6):8.
rents in fishery work. N.Y. Fish and Game
2(l):106-113.

489 Wegner, H. D. 1948. Em neues elektro-flsch- 496 Yates, J. E. 1930. ElIe ctric screens divert
fangger'a't. Allg. Fischerei-Zeltung, Jahrgfih ElcralWld9()1-17
73(10):85-88.fihElcrclWrd9()2617

Electronics

497 Anon. 1949. Tu besa guide f ish. Electronics
22(8): 154.

498 ___. 1950. Control of fish schools by elec-
tronics. Western Fish. 39(6):48-49.

Uset of a trawl which is hoped will guide
fish into it by means of devices attached
to its leading edge.

499 __.1956. Electronic fish counter developed.
Comm. Fish. Rev. 18(7):31-32.

Am aid in tabulating migrant fishes such its
salmon is used here with no effects to the
fish.

500 ___.1957. Electronic fish counter tested.
Comm. Fish. Rev. 19(2):22-13.

Same as 4"9.



Explosives

501 Anon. 1948. Effects of underwater explosions 507 Coker, C. M. and E. 11. Hollis. 1950. Fish
on oysters, crabs and fish. Ches. Biol. Lab. mortality causedby a series of heavy explo-
Publ. 70:1-43. sions in Chesapeake Bay. Jour. Wildl. Mgt.

Crabs, fish and oysters set in traps at 14(4):435-445. 2
varying distances (0-400') f r o m under- Twenty-six charges of lBX2 rangingfrom
water explosions up to 800 pounds were 250-1200 pounds and detonated in 17-134
found dead within the first 200 feet. The feet of water killed fish within a 200 yard
closer to the explosion the greater the radius of the blast. The number and
percent nortality. weight of fish was not proportioned to

501 Aplin, J. A. 1947. The effect of explosives on charge size. Internal damage was great-
marine life. Calif. Fish and Game 33(1):23- est In re I a t ion to air bladder, vascular
30. system and body organs.

Fish and albalones wsre subjected to un- 508 Cole, R. H. 1948. Underwater explosions.
derwater explosives. When close to shore Princeton Univ. Press, Princeton, N.J.
g r e a t e r numbers were killed than if in 436 pp.
deeper water. There is no relationship A thorough presentation of the physics and
between depth of water and size of explo- mechanics behind explosions.
sive charge and we ight of fish killed. 509 Eklund, C. R. 1946. Effect of high explosive
Fishwithair bladders were more readily bombingon fish. Jour. Wildl. Mgt. 10(l):72.
killed than those without. Bombs dropped from planes and exploded

503 Baldwin, W. J. 1954. Underwater explosions did notl:ill whitefish. These bombs were
not harmful to salmon; Calif. Fish and Game used to break holes in the ice of several
40(1):77. lakes where 3 feet o! ice had covered them.

Blackpowdercharges6feetbelow surface 510 Fitch, J. E. and P. H. Young. 1948. Use and
1-5 miles offshore did not kill or injure effect of explosives in California coastal
salmon and other fishes in the area. waters. Calif. Fish and Game 34(2):53-70.

504 Bebb, A. H. 1951. Under-water explosion ChargesuptoS0 pounds were detonated In
measurements from small charges at short or on the sea floor. Kills of up to 21,000
ranges. Philos. Tr. Roy. Soec. London, Ser. pounds of fish were made. The number of
A. 244(879):154-175. fish on the bottom which didn't float was

A discussion of the theories and possible negligible. A true picture of the kill re-
ways underwater charges might affect mains yet to be obtained.
organisms. 511 Fry, D. H. and K. W. Cox. 1953. Observa-

505 Beritoff, J. 1945. Ob izmeneniiakh v organ- tions on the effect of black powder explooloms
ismeotvosdenstviia vosdumnoi udarnoi vol- on fish life. Calif. Fish and Game 39(2*233-
ney po vablindeniam na liudiakh i po otam na 236.
zhivotnykh. (Tbilisi) Trudy Inst. Fizologli Shots of 45 pound atiength were not effec-
J. Beriatashvill (Trans. Jour. Beriatashvili tive on sea anemones and Sebastes.
Physiol. Inst.) 6:1-36. 512 Gowanloch, J. N. 1950. The effects of unisr-

Effects of explosions on frogs are pee- water seismographic exploration, Umiv.
sented. M i a m I Mar. Lab. Proc. Gulf and Carib.

506 Burner; C. J. and H. L. Moore. 1953. Recent Fish. Inst. 2nd Annual Session, pp. 105-106.
attempts toguide small fish with underwater Shrimp, crabs and fish were affected to a

sound. U.S. Fish & Wildi. Serv. Spec. Set. small degree.
Rept. 1112. 513 __ and J. E. McDougall. 1944. Louis-

A wampus proved ineffective at disturbing lana experiments pave way for t xpauded oil
fish. Successive small explosions didn't research. La. Cons. 3(l):3,6.
have a direct effect either. ft is feared the use of dynamite by oil as-

ploratory groups will kill t lot of am lif.
- 7 -
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514 and . 1945. Effects 520 Koyama, T. 1954. Effect of dynamite explo-
from the detonation of explosives on certain sion on f i s h. Tokai Reg. Fish. Res. Lab.
marine life. Oil 4(12):13-16. Bull. 8:23-29. (In Japanese with English

Fish were not affected at 20, but were summary).

killed if within 150 yards. An experimentto see if dynamite will kill
515 and . 1946. The biolog- fish at close range and at what low level.

ical effects on f is h, shrimp and oysters of 521 Leenhardt, O. 1955. Premiers rgsultats seis-
the underwater explosion of heavy charges of miques d~duits d'experiences de la marine
dy n a m ite. Tr. 11th N. Am. Wildl. Conf. nationale presde Toulon. Centrede Recher-
pp. 217-219. c h e set l'tudes Oceanographiques Paris,

K i ll varied by size of shot and distance Travaux 2(12):5 pp.
animals were away from it. 522 (Margreiter)? 1932. Fischfang mit elektri-

516 Hubbs, C. L. and A. B. Rechnitze r. 1952. schen strom. Der Tiroler u. Vorarlberger

Report on experiments designed to determine Fischer Bd 7:85.
effects of underwater explosions on fish life. * Nehru, J. 1958. See Radiation, Atomic.
Calif. Fish and Game 38(3):333-366. 523 Sieling, F. W. 1954. Experiments on the ef-

Black powder is less effective than dyna- fects of seismographic exploration on oys-
mite in producing negative pressure to ters. Proc. Nat. Shellfish. Assoc. (1953),
which fish are very susceptible. Dynamite pp. 93-104.
peak pressures of 40-70 psi k i ll e d fish Forty feet away oysters were not affected
whereas 124-160 psi were necessary be- by a blast. Those subjected to gases for
fore kills with black powder occurred, up to 8 months were not affected. After
Oil exploration can continue without undue 8 months those oysters 20-250 feet away
destruction to the fauna. showed no affect nor were different thRn

517 Indrambraya, B. 1949. Note on the effect of so called normal oysters from other
explosions on fish in Siamese coastal waters, areas.
Dept. Fish. Siam (Processed Rept. 3 pp.). 524 Tiller, R. E. and C. M. Coker. 1955. Effects

The use of plastic C-2 killed 99,000 gins of Naval ordnance tests on the Patuxent River
of f i s h , but not in first 20 meters of the fishery. U.S. Fish & Wildl. Serv. Spec. Sei.
charge. Rept. 143:20 pp.

518 Kavanagh, L. D. 1939 (?). Explosions effects C h arge s up to 1200 pounds had varying
on oysters. La. Cons. Dept. Rept. degreesofkill. Noweightofflshto charge

519 Knight. A. P. 1907. The effects of dynamite size position or depth correlation was
explosions on fish life, a prelimiWary report, found. Menhaden were the most readily
Further contribution to Canadian biology be- k i I le d fish. Heaviest mortalities were
ing studied from the Mar. Biol. Sta. of Can. noticed in spring followed by winter, fall
1902-05 Annual Rept. Dept. Mar. and Fish. and summer.
Fish. Br. Sess. Pap. (22A):21-30. 525 Tyler, R. W. 1960. Useofdynamiteto recover

tagged salmon. U. S. Fish & Wildl. Sere.

Spec. Scl. Rept. 353:1-9.
Dynamite can be used to recover tagged
salmon and is effective if the direction i

controlled.



Light

538 . 1952. La pesca con luz clectrica (Fish-

A ing with electric light). Espa~a Pesquera

33:31. (In Spanish).
526 Alfonsi, B. 1933. Confronto ira due tipi di Similar to 533.

lampada usate nella pesca luminosa nei re- 539 1958. Attraction of fish by lights only

geiardi della penetrazione delle loro luci nell' effective with certain species. Western Fist,.

aquadi mare. Boll. Pesca, P icicolt e 57:28-34.
Idrobiol. 9:1062-1067. Herring, cod and hake fishes are more

The use of lights for fishing and their ef- easily attracted to the surface by a light

fective depth penetration are discussed. than most marine fishes.

527 Allison, L. N. 1951. Delay of spawning of 540 . 1958. Japanese findblue and green

eastern brook trout by means of artificially I i g h t s catch most shellfish. The Fishing

prolonged light intervals. Prog. Fish Cult. News (London) 2365-.13,15.
13:111-116. Blue and green lights seemed to increase

528 Andrews, C. W. 1946. Effect of heat on the the lobster and crab catches greatly.

lightbehavior of fish. (Proc.) Tr. Roy. Soc. 541 . 1959. Modern fishing gear of the world.

Can. Ser. 3, 40:27-31. Fishing News Ltd., London, 1500 pp.
Temp e rat u r e of susceptibility varied A number of papers which deal with types
directly with the light intensity. This as- of lights, intensities and use of lights to

pect decreased with age. catch fish and shellfish are included.

529 . 1952. Sensitivity of fish to light 542 . 1960. Colored lights for attracting fish

and the lateral line system. Physiol. Zool. ng25(3):240-242.and n ew m et h od of setting sampling net&

25(3): 240-242. tested. Comm. Fish. Rev. 22(9):15.

530 Anon. 1949. F i s k e med lys og elektrisitet. Blue, red and white lights above and be;ow

Fiskets Gang (Bergen), 35(44):508. the surface were tested. Blue had no ef-

Lights were used by the Norwegians to feet whereas red did with lower cntches

raise the slid catch. ensuing.
531 . 1949. Fixednet firhing with lamp lures. 543 . Pit lamping pays off. Pacific Fisher-

Fish. Newsletter 8(5).1i, man 58(l)-31-32.

532 . 1 49 T-ends and developmcnt. Comm. Herring were easily collected with lights.

Fi l., Rev. 11(2):48-19.
An early paper pointing out the advantages

f increased catches made possible by the
use of electric lamps. 544 Bainbridge, R. an4 T. H. Waterman. 1957.

533 , 1950. Fixednetfishing with lamp lures. Pola rIzed light and the orientation of two

-Espa~ Pesquera (2):7. (In Spanish). marine crustacea. Jour. Exp. Biol. 34(3):

Same as 532. 342-364.

534 . 1950. Night fishing for horse mackerel Paliemonand Mysidium orieutste toward

at Uchiura. Comm. Fish. Rev. 12):47. a light or Its axis.

* Anon. 1950. See Electricity. 545 and . 1958. Turbidity

535 . 1952. Marine fouling and its preven- and the po l a r i z e d light orientation of the

tion. U. S. Naval Inst.. Annapolis. Md., c ruatacean Mys idium. Jour. Exp. Biol.

386 pp. 35(3):487-493.

It was believed lights and electrical stim- MYsldlum swims perpendicular to plane

ue would keep organisms off ships hulls of polarization wheo water is turbid.

to no avail. 546 Baldwin, W. M. 1919. The artificial produc-

536 _ 1952. The lurv of light. Pacific fish- tion of mon te rs conforming to a definlte

erman 50(6):26-27. type by means of x-rays. Mat. Pac. 17:

Sa r dines are easily lured to the surface 115-163.

for capture oy lights. The effects of x-ray trwatmaiI r e de-

537 . 1952. A peca corn lus elictrica (Fish- layed In their appearsace.

Ing with electric light). Doletim do Pec 547 Balls, R. 1951. Environmental changes In

(Portugal) 9(37)y.ll0. (In Portugese). herrlngbehavior: atheoryoflight svoidhace

Similar to 533. as suggested by echosoundft obervatloas
Inthe NorthSea. Jour. deCons. 17: 274-296.
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548 Bateson, W. 1889. The sense-organs and per- 55S Blinov, A. F. 1958. Nekotorye dannye o re-
ception of fishes. Modes in which f ish are aktsii sel di na e:ektrosvet (Certain data on
affected by artificial light. Jour. Mar. Biol. reactions of herringto electric illumination).
Assoc., U.K., jn.s.) 1:46. Rybnoc Khoziaistvo 34(2):33-34. (In

549 Bauer, V. 1910. Uber das farbenunterscheid- Russian).
ungsvermigen der fische. Pfligers Archiv. A lamp is ineffective for this species; a
f. d. ges. Physiol. des Menschen und der search light is better.
Tiere, Berlin-Gottingen-Heidelburg, 133:7- 559 Borissov, P. G. 1955. Thebehiviour of fishes
26. under the influence of artificial light. Proc.

Various species of marine fishes from Conf. on behr.vior of fish and on locating its
Box to Cobitis are attracted to a light commercial concentrations. Ed. by E. N.
source. Pavlovskii, Moscow, pp. 121-143. (In

550 . 1911. Zu meinen versuchen uber Russian).
das farbenvaterscheidungsvermbgen der 560 . 1956. Use of artificial light in the
fische. Pfltgers Archiv. f. d. ges. Physiol. world fisheries. Moscow, 10 pp. (in
137:622-626. Russian).

A discussion of the affects of red and blue * Brawn, Vivien M. 1960. See Mechanical.
light on fish. Redusually produces a neg- 561 Breder, C. M., Jr. 1934. An experimental
ative reaction or behavior, study of the reproductive habits and life his-

551 Baylor, E. R. 1959. The responses of snails tory of the cichlid fish, Aeguidens latifrons
to polarized light. Jour. Exp. Biol. 36(2): (Steindachner). Zoologica 18(1):1-42.
369-376. 562 . 1944. Ocular anatomy and light

Nassa obsoleta orientates at right angles sen s it iv i ty studies on the blind fish from
to vertically positioned polarized light. Cueva de los Sabinos, Mexico. Zoologica

552 and F. E. Smith. 1953. The orien- 131-143; 674-675,677.
tation of Cladocera to polari7ed light. Am. Astyanx is indifferent to light.
Nat. 87:97-101. 563 . 1951. Studies on the structure of

Cladoceraare readily attracted to a light the fish school. Am. Mus. Nat. list. Bull.
source and swam at right angles to the 98(1):1-28, 9 figs.. 4 p1s., 3 tables.
light source. A classical paper and excellent report on

553 Beebe, W. 1935. Resume of the 1935 expedi- the schooling of this species in a light zone.
tion of the Department of Tropical Research. Patterns break up if light is extinguished.
N.Y. Zool. Soc. Bull. 38(6):191-196. 564 . 1959. Studies on social groupings

Various organisms would remain in the in fishes. Am. Mus. Nat. HIst. Bull. 117
area as long as an ultra violet light was (Art. 6):399-481, pls. 70-80.
on. A good paper on the orientation of many

554 Behre, Ellinor H. 1933. Color recognition and species of marine fishes which are depend-
color changes in certain species of fishes. ent on light in order to form a school.
Copeia (2):49-58. 565 and E. B. Gresser. 1941. Corre-

Daylight (and 6 types of colors) produced lations bet we e n structural eye defects and
a darkening while absence el light produced be ha v i or in the Mexican blind characin.
the reverse. Fading occurred in the fol- Zoologica 26(16):123-131.
lowing order of type of light: blue, red, Astyanax is a sensitive form which is
minus green, minus red and green. Red killed if the light intensity was too great.
end is responsible for darkening and short 566 and P. Rasquin. 1947. Compara-
wave lengths counteract this. tive s t u d ies in the light sensitivity of blind

555 Bert, P. P. 1868. Les animaux volent ils lea c ha racins from a series of Mexican caves.
mmes rayons lumineux que vous. Mem. Am. Mus. Nat. Hint. Bull. 89:319-352.
Soc. Sc. Phys. et Nat. Bordeaux, pp. vi / A very good paper dealing with the light
375-483. and dark reactions of blind characins.

556 Beuther, E. (1927). Ueberdieeinwirkung ver- 567 - and . 1950. A prelimi-
schiedenfarbigenlichtesaufPlanarien. Sitz- nary rep.,rt on the role of the pineal organ in
ungsber u. Abhandl. Nat u r for sc h. Ges. the control of pigment cells and light reactions
Rostock Ser. 3, 1:17-57. in recent Teleost fishes. Scl. 111 (2871):10-

557 Blaxter, J. H. S. and B. B. Parrish. 1958. 12.
The effect of artificial lights on fish and other Five species were positively attracted to
marine organisms at sea. Scottish Home light, 4 were neutral and 10 were negative
Dept. Mar. Res. (2):24 pp. in their pigments reactions to light.
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568 Brett, J. R. and D. MacKinnon. 1953. Pre- 578 Catala-Stucki, R. 1959. Flourescence effects

liminarv experiments using lights and grab- from corals i r radic ated with ultra-violet
bles to deflect migrating young spring sal- rays. Nature 183(4666):949.
mon. Jour. Fish Res. Bd. Can. 10(8): 548-559. The c o r a l Flabellum shuns green light

569 Brown, F. A. 1936. Light intensity and mel- while Trachyphyllia avoids orange light.
anophore response in the minnow Ericymb 579 Chellappa, D. E. 1959. A note on the night
buccata Cope. Biol. Bull. 70:8-15. fishing observations from a Kelong. Jour.

A good paper. Above. 000531 candles fish Mar. Biol. Assoc., India, 1(1):53-54.
a re at maximum degree of paleness, in 580 Clark, F. N. 1956. Average lunar month catch

spite of background. of sardine fishermen in southern California

570 Brown, F. A., Jr. 1937. Responses of the 1932-33 through 1954-55. Calif. Fish and

largemouth black bass to colors. 1Il. Nat. Game 42(4):309-323.

Hist. Surv. Bull. 21(2):33-55. Catch of sardines and mackerel varies

Largemouth bass trained to four colors with lunar intensities.

responded best to red. 581 and Anita E. Daugherty. 1950.

571 Bull, H. 0. 1928. Studies on conditioned re- Average lunar month catchbyCalifornia sar-

sponses in fishes Pt. I. Jour. Mar. Biol. dine fishermen 1932-33 through 1948-49.

Assoc., U.K., N.S. 15(2):485-533. Calif. Fish and Game Fish Bull. 76:28 pp.

Electrical, color and sound conditioning Similar to 580.
was established for Blennius, Crenilabrus 582 and 1952. Average

and Labrus. Crenilabrus could distinguisit lunar month catch byCalifornia sardine fish-

between red and green. ermen 1949-50 through 1950-51. Calif. Fish

572 . 1930. Studies on conditioned re- and Game 38(1):85-97.
sponses in fishes Pt. 1I. Jour. Mar. Biol. Similar to 580.

Assoc., U.K., (N.S.) 1^:615-637. 583 Cobb, J. N. 1903. The commercial fisheries

See 571. of the Hawaiian Islands. U.S.Fish Comm.
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behavior of the jewel fish lfemnichromis bi- zewisserij in Indonesie). Het Nieuw Visser-
maculatus Gill. Am. Mus. Nat. Hist. Bull. ijblad (Belgium) 10(3):2. (In Flemish).
76:1-46, 1 pl. Same as 707.

A study of the effect of varying colors on 709 Peters, E. 1926. Vergletchende untersuchun-
schooling jewel fish. - gen uber der lichtsinn einbelmischerClado-

cerenarter. Zool. Jahrg. Abit. Alg. Zool.
0 u. Physiol. 43(1):1-40.

699 Oka,' M. 1950. An experimental study on at- 710 Pisktinov, I. A. 1949. An experiment in catch-
traction of f is he s to light. Jap. Soc. Sci. ing Pacific herring by means of an electric

F is h. Bull. 16(6):3-14. (In Japanese with light. Rybn. Khoz. 25(7):27.
English summary). .711 Plavilstchikov, 'N. N. 1928. Observatlonssur

700 Osborn, C. M. 1948. Factors influencing the l'cxcitabilite des infusoires. Arch. Russes

g r o wth of integrenientary pigment in fish. Protistol 7(1/2):1-24. (Russian summary).

1. The role of light. Proc. Soc. Exp. Biol. 712 Pomerat, C. M. and E. R. Reiner. 1942. The
Med. 67:440-445. influence of surface angle or of light on the

Light induced melanophore production in attachment of barnacles and other sedentary
the summer flounder, organisms. Biol. Bull. 82:14-25.

701 Owatari, A. and Furuno Kiyokata. 1954. The If one excludes light, set decreases.

beh a v ior of sardine schools shown by the 713 Poynter, C. W. and A. Moritz. 1923. The ef-

fish-detector. TI. Influe nces of the water fects of .ul11ray iolet -light on pond snails.
Jour. Exp. Zool. 37:1-13.

temperature when the fish schools are being 714 Privolnev, T. 1. 1956. Reaction of fishto light.
attracted to a fishing light. Jap. Soc. Sci. Voprosy Ichtiology. (The problems of Ichthy-
Fish. Bull. 19(11):1072-1076, (In Japanese ology) p u bIIshed by the Aced. Sci. , USSR,
with English summary). Dv il e.Ihho.Cm.ise63

702 Ozaki, H. *1951. On the relation between the Di. (Ion Rssia. Ihho.Cm.Ise6
phototaxis and the ag gr e ga t ion of young 20. oo iblsioanh dgo wr oh
marine fishes. Rept. Fac. Fish. Prefectural As goof bligapfihs aciood o ote
Univ. Mie. Japan. l(l):55-66.*ueo ih n ihs ecint t

An excellent paper on the effects of light
on fish schools of Girella and ?duirl.

703 _____. 1952. Sur la phototoxic des pols-
sons isoles. Rept. Fac. Fish. Prefectural
Univ. Mie. Japan, 1(2):129-138.

Similar to 702. R
704 Qaton, .4. and A. Gorbimazt. 1960. 7%e hypo- 715 Itusalan, S. B. and B. Datlngaling. 1956. Olb-

physia and hypothalamo-hypophyseal !n*u*o- servations on fishing with light in the Philip-
sec retory s ysat em of larvae lampreys sai pines. Indo-Pac ific Fish Coumeil Proc.
their responses to light. Jour. Morphol. 6(2/3)-2?5.
106(3):243-252. 4 pls.Sblsf1000wtswr sdsc

Continuous lightcases depletion of neuro- cssfuly fo night0 fts wrusdg.e
secrlor graule fro cel boiesand 716 fleece, M. 1951. Color plate Characters. Iowaauxonof the prenp(ic nucleus. These are Cons. 10(4):121.126-127.
norml whn liht i d~unal.717 Reeves. Corn 0. 1917. The discrimniiation of

P wave-lengths of light by fish. Behavior
Monog. 4(3).1-106.

705 Parker.,G. 1H.ind A. J. Lancher. 1922k. The Light w it h the longer wave lengths vore
responses of Fundulus to w h ite . black and disc riminated better t h an those of short
darkness. A*m. Jour. Physlol. 61(3)-.548-550. by freshwater fishes.
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18 Richard, J., et al. 1934. Liste g drale des

stations des campaigns s c i e n t i f i q u e s du S
Prince Albert de Monaco avec notes et ob- 729 Safranova, T. E. 1954. (Results of a study of
servations. Rsultats Campagnes Sci. Al- the reaction of Black Sea fishes to electric

bert 1 er Prince Souverainde Monaco 89: light). Trudy Vsesoiusnovo N.-I. Inst.
1472. (Morskovo) Rybnovo Khoziaistvo i Okeano-

A list of species caught by lighting. grafii 28:175-187.
719 Richardson, 1. D. 1952. Reactions of herrings, 730 Sq- 'i, T. 1950. Fishing apparatus equipped

sprats and pilchards to light. World Fishing ith a fish attraction lamp system. Jap.

1(7):239-244. Soc. Sci. Fish. Bull. 16(7):7-20. (In English).
720 Rose, M. 1925. Contribution a l'etude de la 731 . 1950. Fishing apparatus equipped

biologic der plankton. Leprobleme das mi- with a fish attraction lamp system. Jap. Soc.

grationsverticales journalieres. Arch. Sci. Fish. Bull. 16(7):281-294.

Zool. Exp. et Gen. 64:388-542. Horse mackerel are affected by lights as

A fair pape r on the influence of light on aleading agent only to about a 20 percent

plankton primarily crustaceans as a factor extent.
influencing their vertical movements. 732 . 1950. On the color of the fish at-

721 Rugh, R. 1929. Egg laying habits of Gonione- traction lamp. Jap. Soc. Sci. Fish. Bull.

nus murbachi in relation to light. 16(7):295-298.

722 Ruivo, M., etal. 1959. Discussion on fish at- Horse mackerel and sardines were read-

traction. In: Modern F ish ing Gear of the ily attracted to a green light.

World. Fishing News Ltd., London, pp. 733 . 1953. Studies on underwater light

571-574. source. Jour. Oceanog. Soc. Japan 5(2).

723 Russo, A. 1915. Ulteriori riciche su la pesca 734 . 1957. Fishing apparatus equipped

c on sorgenti luminose nel golfo di Catania. with a fish attraction lamp system. F.A.O.

Atti. Accad. Gioeni Catania Anno 92, Ser. 5, Inst. Fishing Gear Congr. Pap. 10(a).

Mem. 23, 8:12 pp. 735 . 1959. The use of light attraction

A good observation of specied made possi- for traps and set nets. In: Modern Fishing

ble by use of light. Gear of the World. Fishing News Ltd.,

724 . 1917. Experimenti di pesca con London, pp. 556-558.
luce subacqua. Atti. Accad. Gioenia Catania Fish andlobsters were attractedbest when

Anno 94, Ser. 5, Me. 22, 10.7 pp. a direct beam was used.

The use of lights with a purse net asa 736 Savage, R. E. and W. C. Hodgson. 1934.

fishing aid. Lunar influence on the East Anglian herring

725 . 1928. L'azione delle sorgenti fishery. Jour. Cons. 9:223-237.

luminose su gli animali marini nei riguardi 737 Schallek, W. 1943. The reaction of certain

della pesca. Atti. del Convegno di Biologia crustacea to direct and diffuse light. Biol.

Marina Applicata Alla Pesc. Messina. Bull. 84:98-105.

Areview of the use of lights in fisheries. 738 Scharfe, J. 1952. "Uber das verhalten von

726 . 1932. Experimenti de pesca lum- fischen gegenGber kqnstlichem Licht."

inose con lampada e I e t t r I c a sommeras. Fischereiwelt 4:161-162.
Pesca della accinghe con sorgenti luminose 739 . 1953. Uber die verwendung

nelgolfodiCataniae magglore sviluppo dell' kOnstlichem Ljcktes in der fischarel. Prot.
Industicasardinieranei marl Italians. Boll. Flscherei Technik 8(15):1-29.

Pesc, Piscicolta Idiobiol. 8:809-837. Best recent review on use of lights and
727 . 1935. Zone dl concentramento, their effects on fishes.

mgrazlonl e pesca dell' accingsa (Enauls * Scheminsky. F. 1931. See Eleqtricity.

encrasicholus L.)con sorgenti luminose nel 740 Schnurmann, F. 1920. Untersuchungen as

golfo di Catanis. Atti. Accad. Gloenia Ca- Elritzen ube r farbenwechsel und Uchtsin

tania Anno 111. Ser. 6, Mein. 11, 1:16 pp. der flsche. Zhur. Biol. 71:69-98.
728 . 1950. Osservatioril marittimie Fish chromatophores reactto blue. green

p r ob I m i de I a peace costiers in Italia. and red light more than to white or other

Rendicontl Accad. NazlonsWedei Lineal della colored lights.
XL, Ser. IV, Vol. 1. 741 Schoonens, J. G. 1951. LIchtevievangst.

(Light and fishing). DeVisserijwereld
(Netherlands) 10(26):13. (In Datch).
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742 Schuler, F. and G. Krefft. 1951. Versuche 753 Stier, T. J. B. 1926. Reersal of phootrop-
zur beeinflussung von Meeresfisc;ien durch ism in Dieniyvtylu. viridescens. Jour. Gen.
S c h a Il d r uchvuellen und Kunstliches Licht. Physiol. 9(4):521 -,F23.
Fischereiwelt 3:8-10. 754 Strawn, K. 1955-56. A method of breeding

743 Sette, 0. E. 1950. Biology of the Atlantic and raising three lexas darters. Aquarium
mackerel (Scomber scombrus) of North Jour. 26:408-412; 27:11-17,31-32.
America. Pt. II. ,Migrations and habits. 755 Stringer, G. E. and W. S. Hoar. 1955. Ag-
U.S. Fish & Wildl. Serv. Fish. Bull. 51(49): gressivebehaviorofundei-yearling Kamloops
249-358, 21 figs. trout. Can. Jour. Zvol. 33(3):148-160.

744 Shaw, R. J., R. A. Escobar and F. M. Bald- Aggressiveness inyoungtrout was attrib-
win. 1938. The influence of temperature uted to a light source.
and illumination on the locomotor activity of 756 Sullivan, Charlotte M. and K. C. Fisher. 1947.
Carassius auratus. Ecol. 19(2):143-146. Temperature selection and the effects of light

Goldfish locomotive ability is reduced 1/2 and temperature on movements in fish. Fed.
to 1/3 usual rate by low illuminatirn Proc. 6, Pt. 2, (1):212-213.
(0. 5 ft. candles). Salvelinus fontinalis avoids intense light

745 Shentiakov, V. A. and V. A. Strakhov. 1959. areas.
R e z u I t a t y electrolova ryby na Rybinskom 757 and .954. The effects
vodokhranilischche. (Results of fishing wich of light on temperature selection In speckled
electrical gear in the Rybinsk water reser- trout, Salvelinus fontinalis (Mitchill). Biol.,
voir). Rybnoe Khoziaistvo 35(7):59-65. (In Bull. 107(2):278-288.
Russian). Low light intensity was more critical than

Lights of 220-330 volts were employed to on temperature selectivity.
prevent trawl escape. 758 Sutcliffe, W. H. , Jr. 1956. Effect of light in-

746 Shlaifer, A. 1939. An analysis of the effect of tensity on the activity of the Bermuda spiny
numbers upon the 02 consumption of Caras- lobster Panulirus argus. Ecol. 37:200-201.
sius auratus. Physiol. Zool. 1,2:381-392. The light intensity directly affected the

If kept in the dark, the oxygen consump- catch of Bermuda spiny lobsttrs.
tiondecreases, usingthe same number of 759 Sweeney, Beatrice M., F. T. Haxo and J. W.
fish, as when exposed to light conditions. Hastings. 1959. Action spectra for two ef-

747 . 1942. The schooling behavior of fects of light on luminescence in Gonyaulax
mackerel: a preliminary experimental analy- polyedra. Jour. Gen. Physiol. 43(2):285-299.
sis. Zoologica 72(Pt. 2) (9-16):75-80. Illumination may i n hib it luminescence.

Colored light has no effect on Pneumato- The intensity of the illumination depended
phorus ey. on the preillumination.

748 Smith, E. V. 1916. Effect of light on the devel-
opment of young salmon. Puget Sound Marina
Sta. Publ. 1(l1):89-107.

S a I m o n development is slowed when tOc
fish are placed in the dark.

749 Smith. F. G. W. 1943. Effect of illuminating T
adepth on the attachment and growth of foul-
ing organisms on stationary surfaces. Pap. 760 Takayama, S. 1951. Saurylift-setfiahlng wih
17, Mar. Fouling and Its Prevention, 7th light. Proc. UNSCCUR T:100-102.

Rapt. . 11:1-2., 5 figs. 761 . 1956. Fishing with light in Japan.
750 Spencer, W. P. 1939. Diurnal activity rhy- ido-Pacific Fish Comm. Proc. 6(2/3):276-

thins in fresh-water fishes. Ohio Jour. Scs. 277.

39(3):119-132. Lamps of 50-500 watts were successfully

The light intensity affects their activity used to increase the catch of fish at ea.

during any season of the year. Tamura. M. 1959. See Eleetriefty.

151 Spooner. 0. M. 1933. Observations on the 762 Tauti, M. and H. Hayssi. 1926. O the ehoal

reaction of marine plankton to light. Mar. of fishes c rowdIng toward a lamp. Jour.

Biol. Assoc., U.K. . 19(l):38-43. mnp. Fish. inst. Tokyo 21(4):42. (In Japnese).

A good review of the effects oflIight on * Terry. 0. P. 1906. See Electricity.

varied groups of an . Tester. A. L. 1959. Sea Sound.

752 $oveno D. M. 1959. Studies on the shoaling 763 and M. Takata. 1953. Cotributioe

behavior offish. 1. Responses of two species to the bioIoSy of t aholobole, a potental
baitfish. Id. Res. Advis. Council. Terr.to changes in IllumInation ad to olactory wi. nt No. A3. CInali. .

stimuli. Jour. Exp. Biol. 36:261-NO. of Hawaii. Grant No. 29. Anal Ropt. 1.

Fish schools dispersed and broke down at The aholehole are easily gathered whoa

night when no illumination was present. fished at nigt wi lights.

': d~I|.
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764 Tryon, C. A. , Jr. 1942. The effect of covei- 774 Visschu, J. P. and It. It. Luce. 1928. Reac-
ing hatchery troughs on the growth of cut- tions of Cyprid larvae of barnacles to light
throat trout (Salmo clarkii). Tr. Am. Fish. with special reference to spectral colours.
Soc. 72:145-149. Biel. Bull. LIV:336-350.

The growth of trout in open troughs was Barnacles in a 505-590 millimicron light
13.8 percent greater than in covered ofthebluerangeareaffected. Ifia700/
troughs, range less than 5 affect are noted. f the

range is 420 or less, ultra violet light,
strong influences are noted.

U W
765 Uhlenhuth, E. 1911. Zur untersuchungdes

farbensinnes. Biol. Zentralblatt 31:767-771. 775 Walker,B.W. 1949. Periodicity of spawning

A good review of the attraction of fishes bythe grunion Leuresthes tenuis, anatherine
to colored lights fis h. Ph. D., Univ. Calif., Los Angeles.Lights are often used to catch grunion as

they are about to come ashore to spawn.
776 Walls, G. L. 1942. The vertebrate eye and

its adaptive radiation. Cranbrook Inst. Sea.
(19):xiv / 785 pp.

V 777 Warner, L. H. 1931. The k-nblem of color
766 Vanden, Eeckhoudt, J-P. 1947. Recherches vision in fishes. Quart. Rev. Biol. 6:329-348.

sur Ilinfluence de la lum ie re sur le cycle A good review of the literature.
sexuel de epinoche (Gasterosteus aculea- 778 Waterman, T. H. 1950. A light polarization
.. s. Ann. Soc. Roy. Zool. Belgique 77:83-89. a n a I y z e r in the compound eye of Limulus.

767 Verheijen, F. J. 1953. Laboratory experi- Sci. 111(2880):252-254.
ment with herring, Clupea haren . Ex- The horse-shoe crab eye has a polarizer
perimentia 9(5):193-194. capable of breaking down a beam of light

768 . 1956. On a method for collecting entering its compound eye.
and keeping clupeoids for experimental pur- 779 . 1951. Polarized light navigation
poses. Publ. Staz. Zool. Napoli 28:225-240. by arthropods. Tr. N.Y. Acad. Sci. 14(1):

769 . 1958. The mechanismsofthe 11-14.
trappingeffectofartificiallight sources upon 780 . 1954. Polarized light and angle of
animals. Arch. Neerl. Zo0. 13:1-107. stimulus Incidence in the compound eye of

Excellent review of concepts of the effects Limulus. Proc. Nat. Acad. Sci. 40(4):258-
of lights and colors on invertebrates and 262.
fishes. Excellent bibliography. 781 . 1957. Polarized light and plankton

770 . 1959. Section 12: Attractlonof navigation. In Perspectives In Mar. Biol.,
fish. Attraction of fish by the use of light. Univ. Calif. Press, pp. 429-450.
In: Modern Fishing Gear of the World. Fish- Another review of the use of polarized light
ing News Ltd., Lndon, pp. 548-549. and its effects to plankton distribution

771 Verhoeven, B. and O. J. Van Oordt. 1955. and movement.
The influence of light and temperature on the 782 Weiss, C. M. 1947. The effect of illumination
sexual cycle of the Bitterling, Rhodeus ama- and stage of tide on the attachment of barnacle
rug. Koninki. Nederl. Akad. van Weten- Cyprids. Biol. Pull. 93:240-249.
schappen (Amsterdam) Proc.. Ser. C. 58(5): Largest set Is obtained when a light of one
629-634, 2 figs., I table. foot candle is placed at the water surface.

772 Verkhovskaya. 1. N. 1940. The influence of 783 White, Gertrude M. 1919. Associationand
polarized light on the phototaxis of certain color discrimination in mud minnows and
organisms. Bull. Moscow Nat. llist. (Biol. sticklebacks. Jour. Exp. Zool. 27(4):441-49&
Sec.) 49:101-113. (In Russian with FrencL 784 . 1924. Reactions of the larvae of
summary and figure legends). the shrimp Palatmonetes vulgars and the

773 Vibert, R. 1953. Effectof solar radiation and squid Lollo peal to monochromatic light.
of gravel cover on development, growth and Biol. Bull. 47:25-273.
loss by predation in salmon and trout. Tr. Maximumtrainocurswhensblue-greea
Am. Fish. Soc. 83:194-201. light is used.
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785 Woodhead, P. l. J. 1956. The behaviour of 789 Wyatt, 11. V. 1960. Response of larvaeof
m i n n o ws (Phokinus phoxinus L.) in a light Calyptraea chinensis (L) to I i g h t. Nature
gradient. Jour. Exp. Biol. 33(2):257-270. 186(4721):328.

786 and A. D. Woodhead. 1955. Reac-
tions of herring larvae to light: a mechanism
onvertical migration. Nature 176(4477): 349-
350.

Herringlarvae orientate to a light source
and move up to it.

787 Woods, L. P. 1952. Fishes attracted to sur-
face light at night in the Gulf of Mexico. 790 Young, J. Z. 1935. The photoreceptors of
Copela (1):40-41. lampreys. I. Light sensitive fishes inthe

Many marine fishes were obtained (often lateral line nerves. Jour. Exp. Blol. 12(3):
for the first time) by the use of lights at 229-238.
night. The t a i I of lampreys Is photoreceptive.

788 Woynarovich, E. 1960. Aufzucht der zander- A light source played on a tail section
larven bis zum Raubfischalter. Zeitschr fur stimulates these cells.
Fischerei Bond 9 N. F., 1-2:73-84. 791 Young, P. A. 1950. Netting bait and cannery

Death affect on larvae but not the egg at fish with the aid of Iight. Calif. Fish and
402/lux. Plkeperch at 20-26 days of age Game 36(4):380-381.
become predators.

Magnetism

* Anon. 1952. See Electricity. 795 , and H. %M. Webb. 1959.
* Baldwin, W. M. 1919. See Light. Fluctuations in the orientation of the mud

792 Braemer, W. and H. Brasmer. 1958. Orien- sn a il fllyanassa obsoleta In constant condi-
"atlon of fish to gravity. Limnol. and tions. Biol. Bull. 117:406-407.
Oceanog. 4.362-372. 796 . _ , H. M. Webb, M. F. Bennett and

Equilibrium is a feedback process of peri- F. H. Barnwell. 1959. A dirunal rhythm in
pheral and central factors, with the sen- response of the snail nlyanassa to imposed
soryreceptorbuilt into the system as the magnetic fields. Biol. Bull. 117:405-406.external control iement. One utricular 797 _ and W. J. Brett. 1960.

statolith removal didn't 1/2 the peripheral Magnetic orientation in an organism ad Its
equilibrium component. lunar relationship. Biol. Bull. 118:382-392.

793 Brown, F. A.. Jr.. M. F. Bennett and W. J. Burner, C. J. and H. L. Moore. 1953. Se
Brett. 1959. Effects of imposed magnetic Explosives.
fields in modifying snail orlentation Riol. * Harvey. E. B. 1933. See Mechanical.
Bull. 117:406. * Lynch, W. F. 1947. See Light.

794 ,_ . W. J. Brett. M. F. Beitt and
F. H. Barnwell. 1960. Magnetic respoe
of an organism and Its solar relatinships.
Biol. Bull. 11S(3):367-Ni.

A rhythm of turning to the left ocrure be-
twee as.m. and 9 p.m. Manetic fields
greatly influenced the degree.



Mechanical
805 . 1933. I)evelopment of the parts

A of sea urchin eggs separated by centrifugal
force. Biol. Bull. 64(1):125-148.* Anon. 1952. See Light. One-half eggs canbe fertilized aseasilyas

* Applegate, V. C., B. R. Smith and W. L. whole can. Unfertilized eggs were used.

Nielsen. 1952. See Electricity. 806 . l033. Effects of centrifugal force
on fertilized eggs of Arbacia punctulata as

B observed with the centrifuge-m icrscope.

798 Bramsnaes, F., Jul Mogens and C. V. Otter- Biol. Bull. 65(3):389-396.
strom. 1945. Barriers against fish by Arbacia eggs broke up more after fertili:-
means of electricity or veils of air. Rept. ing than before. If centrifuged slowly the
Danish Biol. Sta. 47(1942):39-46. anterior portion yields 2 parts to the eggs

Air screens are good as a barrier topike which may develop separately.
and carp but trout are unaffected. 807 . 1934. Effects of centrifugal force

799 Brawn, Vivien M. 1960. Underwater television on the cytoplasm layer and nuclei of fertilized
observation of the swimming speed and be- sea urchin eggs. Biol. Bull. 66(7).228.
havior of captive herring. Jour. Fish. Res. Centrifugation may cause breakage or
Bd. Can. 17(5):689-698. some protoplasm to be thrown' off but de-

Shaking of the cage produced a flight re- velopment will take place normally.
sponse. At night schools of fish are not 808 . 1940. A comparison of the devel-
packed as once believed. opment of nucleate and non-nucleate eggs of

800 Breder, C. M., Jr., and F. Halpern. 1946. Arbacia punctulata. Biol. Bull. 79-.166-187.
Innate and acquired behavior affecting aggre- A centrifuge was used to get 2 types of
gation of fishes. Physiol. Zool. 19:154-190. eggs with development occurring only for

* Brett, J. R. and D. MacKinnon. 1953. See a few stages.
Light. 809 . 1940. A new method of producing

801 Bull, H. 0. 1935. Studies on conditioned re- twins, triplets and quadruplets in Arbacia
sponses in fishes. Pt. VL The formation of punctulata and their development. Biol.
a conditioned motor response in Blennius Bull. 78(2):202-216.
pholis L. to a change in direction of current 810 Harvey, E. N. 1933. Flattening of marine
flow. Rept. Dove. Mar. Lab. Ser. 3(3):37-48. eggs u n d e r the influence of gravity. Jour.

B. pholis orientate 900 to a water flow. Cell and Comp. Physiol. 4:35-47.
* Burner, C. J. and H. L. Moore. 1953. -se 811 Hata, K. 1927. On the influence of four kinds

Explosives. of vibration u pon the eggs of Oncorhynchus
masua (Brevoort). Jour. Imp. Fish. Inst.

G Tokyo 23:74-78.

802 uoff, R. A. 1940. The effects o' increased A blow type of vibration was more harm-atmospheric pressure on the developing em- ful than an oscillatingtype to salmon eggs.bryo of the zebra fish Brachdanlo rero 812 . 1929. On the influence of the dur-bryolo the z e r anisAca S i40--10.ation of time of vibration upon development
(Hamilton). Tr. Kans. Acad. Sci. 43:401-410. of fish eggs. Jour. Imp. Fish. Inst. Tokyo

Two atmospheres ofpressure slightly re- 24:121-123.
tards embryo development, but no abhor- 24:121-123.malitles are produced. Death of salmon eggs increased with in-803 Gray, J. 19S7. Pseudo -rheotropism infishes, creasing time of vibrating. Greatest mor-

Joura . 19p7 Biol. 14( .o95-103. tality oc:urred if the eggs were one day

Blind fish are insensitive to certain curvi- old.
813 Hatai, S. 1932. The responses of the cattish0

siveurvlinear isc ements Parasilurus asotus, to earthquakes. Proc.sire curvilinear movements. 8()353.
Imp. Acad. 8(8):375-378.

H 814 _ , S. Kokubo and N. Abe. 1932. The

earth currents in relation to t he responses
804 Harvey, E. B. 1932. The development of half of catfish. Proc. Imp. Acad. Japan (Tokyo)

and quarter eggs of Arbacia punctulata andof 8(10):478-481.
strongly centrifugal whole eggs. Biol. Dull. Catfish show a resistivity potential to
62(l):155-167. earthquakes.
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815 , K. Seiji and A. Noboru. 1932. The P

ea rth currents in relation to the responses 824 Pardi, L. and F. Papi. 1953. Richerche sull'

of c att ish. Proc. Imp. Acad. Japan 8(10): orientamento di Talitrus saltator (Montagd)

478-481. (Crustacea-Amphipoda) 1. L. orientamento

816 Hoagland, H. 1933. Electricalresponses from durenico. Zeit. Vergl. Physiol. 35:459-489.

the lateral-line ner v e s of catfish I. Jour. Regardless of the external effect Talitrus

Con. Physiol. 16(4):695-714. always orients toward the sea.

817 . 1933. Quantitative analysis of Ye- 825 and . 1953. Richerche

sponses from lateral-line nerves of fishes 11. sull'orientamento di Talitrus saltator (Mon-

Jour. Gen. Physiol. 16(4):715-732. tagu) (Crustacea-Amphipoda). 1. Sui fattori

Under pressure catf ish emit electrical che regoleno Ia variagone dell' antamento di

impulses. notte. L'orientamento diurno di altre popo-
lazioni. Zeit. Vergl. Physiol. 35:490-518.

Similar to 824.
825 Phelps, A. 1941. Observation on foulingof

test panels at Port Aransas, Texas. Interim

818 Imamura, Y. and M. Ogura. 1959. Study on Rept. to Bur. Ships, Feb. 15, 1941, pp. 1-11.
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Jour. Tokyo Univ. Fish 45(2):173-177. rate of barnacles.

819 and . 1959. Study on

the response of Trachurus japonicus to air-
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203. 827 Regnard, P. 1884. Recherches experimentales

sur l'influence des tres nautes pressions sur
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820 Lillie, R. S. and W. Cattell. 1925. The con- Acad. Si. 98:745-747.
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XLIX(2):100-110.
Currents of water jetted at starfish eggs
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mens. 828 Smith, F. G. W. 1943. Publication note on the

* Lynch, W. F. 1947. See Light. use of a rotating disc as an accelerated test

821 Lyon, E. P. 1907. Results of centrifugalizing of resistance to errosion. Paper 15,.Studies
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fischen). Zeitschr. Vergleich Physiol. 28 23-49.

(1):1-42. Cyclops subjected to a centrifugal force

A good bibliography accompanies this pap- readily broke up.
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and pressure on foshes.
823 Morgan, T. H. and E. P. Lyon. 1907. The

relation of the substances of the egg separa- W
ted by a strong centrifugal force to the loca-

tion of the embryo. Archly. f. Entw. Mech. 831 Ward, J. W., L. H. Montgomery and S. L.
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enchinoderm eggs. * Warner, L. H. 1932. See Sound.
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ture. Oak Ridge Nat. Lab. gy Comm. Rept. UWFL-43, Dec. 30.

A good bibliography. 843 . 1956. The biological effects of atomic

833 Agranot, V. Z. 1958. Spread and dynamics of radiation. Summary reports from a study by

accumulation of Polonium-210 in the tissues the National Academy of Science. Nat. Acad.

of fish. Gigiena i Sanit. 23(10):73-76. Sci. Nat. Res. Council 14:1-108.
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1268. land. 2 pp. (IGO-AM/W-34).

835 , K. Yomada, M. Bito, A. Takase 845 . 1956. Oceanography, fisheries and

and S. Tanaka. 1955. Radioactivity inthe atomic radiation. Science 124(3210):13-16.

pelagic fish. I. Distribution of radioactivity 846 . 1956. (Studies on the radioactive ma-

in v a r i o u s tissues of fish. Jap. Soc. Sci. rine organisms (especially Katsuwonus

Fish Bull. 20:907-915;838-848. (In Japanese). vagans) caused by nuclear detonation). Jour.

Soft body parts were most contaminated. Fac. Sci. Prefec. Univ. Mie, Japan, 2(2):

836 Anghileri, L. J. 1959. Estadio de contamina- 43-96.
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productos de fision. Rept. 15, U.N.Sci. radioactivity and contamination.

Comm. (A/AC.82/G/Z311) Argentina, Com- 847 . 1957. Radiation effect on fish - new

ision Nacionel de Energia Atomica, Buenos study. Atomic 8(2):38.

Aires. A 5 year study of radioactivity and its
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atomic energy scientific aspects. United 848 . 1959. Radioactive waste disposal from

Nations Atomic Energy Comm. Vol. 2(24,282 nuclear powered ships. Nat. Acad. Sot.,

items) and Suppl. 1(8,231 items), Suppl. 2 Nat. Res. Council, Publ. 658:1-52.

(7,997 items). A review of where to put waste and how to

838 . 1954. Nuclear fission and radioactive safeguard it from leakage and contamina-

fish. Atomics 5:298. tion of food organisms of the sea.

Counters were used to clear tuna for the 849 . 1959. Radioactive contamination in

commercial market. fisheries products. Rept. of Sub-Comm. UI.

839 . 1955. Conference of the Academy of 16 pp. (FAO/59/12/8852);Recommendations

Sciences of the USSR on the peaceful uses of 5 pp.. (FAO/59/12/8887); Addition to Rept.

atomic energy, July 1-5, 1955. English of Sub-Comm. IM. Fisheries 1 pp. (FAO/59/.

Transl. of Akad. Nauk SSSR vl., Biol. Sci. 12/8888).

Sec. pp.1-192, Tech. Sec. pp. 1-193,
Physics and Math. pp. 1-259.

A generjl discussion.
840 . 1955. International conference on the

peaceful uses of atomic energy, Geneva 1955. B

U.N. Doc. A/Conf.8/P. 850 Bartsch, A. F., R. H. Drackman and E. F.
A discussion paper. McFarren. 1959. Report of a survey of the

841 ____. 1955. Radioisotope uptake in marine f ish poisoning problem In the Marshall Is-
organisms with special reference to the pas- lands. U.S. Dept. Health, Educ. and Welfare,
sage of such isotopes ab are liberated from Wash.
atomic weapons through food chains leading A review of what species of fish were con-
to organisms utilized as food by man. Ann. taminated with activity.
Rept. 1954-55, (A.E.C. U-3079). 47 pp. 851 Berner, L., R. Bleri, E. D. Goldberg, DeC.

A good review of tb uotake of radioactiv- Martin and R. L. Wisner. 1956. Field

ity and its fate in food chains. If one studies of uptake of fission products by an-
monitors the caudal fin (external) of tuna rine organisms. In: Effects of Nuclear Ex-
it gives a good picture of the entire Sr 8 9  plosion on Mar. Biol. pp. 126-146.
content.
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852 Bidwell, K. W. E- and E. E. Foremar. 1957. Areas supplied with ample blood retained

Di st r i bution of strontium-90 in pond weed less radioactivity than those poorly sup-
and fish. Nature 180:1195-1196. plied. Tila2i excretion of radioactive

Fish a b s o r b e d strontium into the flesh material is slower, 3 times more was
while Myriophyllum spicatur concen- found in the trunk muscles than in those of
trates it at the nodes, other fishes.

853 Bieri, R. 1956. Zooplankton investigations. 861, and . 1956.
In: Effects of Nuclear E x pos ion on Mar. The metabolism of radionuclides by marine
Biol. pp. 21-38. organisms. II. The uptake, accumulation and

854 Bogoiavlenskaia, M. P. 1959. Izuchenie kalt- loss of yttrium 91 by marine fish and the
sievovo obmena s tschiu ispolzovaniia Ca 4 5  importance of short-lived radionuclides In
v karbestvemetki dla ryb. (A study of cal- the sea. Biol. Bull. 111(3):352-357.
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Okeanografii (NNIRO) 55 pp. (Transl. No. 862 and . 1956.
276, Fish. Res. Bd. Can.). The uptake, accumulation and loss of stron-

Ca 4 5 in young carp was absorbed through tium 89 by fishes. Biol. Bull. 111(3):336-
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E orpjtion the level will be 15-20% of back- The metabolism of radionuclides by marine
ground level. Sturgeon do the same but organisms. I1T. The uptake of calcium 45 in
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physiological phenomenon. Oceanog. 2(l):28-32.

855 Bonham, K. 1958. Radioactivity of inverte- 864 Borstel, R. C. and R. W. Rogers. 1958. Al-
brates and other organisms at Eniwetok Atoll pha-particle bombardment of the iHabrobra-
during 1954-55. Jan. 6, 1958. (UWFL-53). con egg. [l. Response of the cytoplasm.
55 pp. (A.E.C. files). Radiat. Res. 8:248-253.

856 Boroughs, H., W. A. Chipman and T. R. Rice.
1957. Laboratory experiments on the uptake,
accumulation and l o s s of radionuclides by
marine organisms. In: The Effects of Atom-
ic Radiation on Oceanog. and Fish. Nat.
Acad. Sci. -Nat. Res. Council Publ. 551:80-87. C

An excellent paper. Crabs, clams and 865 Carritt, D. E. 1959. Radioactive waste dis-
fish all pick up Sr 8 9 . All body parts and posal into Atlantic and Gulf Coastal waters.
the percent pickup are discussed. Nat. Acad. Sci. -Nat. Res. Counc i I Publ.

857 and D. Reid. 1957. The role of the 655:36 pp.
blood in the transportation of strontium 90 - A d I s c u s I ton of the fears of haphazard
yttrium 90 in fish. Anat. Rec. 128(3):524. disposal.

858 , S. J. Townsley and W. Ego. 1958. 866 and J. H. Harley. 1957. Precipi-
The accumulation of Y9 0 from an equillbrlum hation of fission product elements on the ocean
m i x t u r e of Sr 9 0-Y 9 0 by Artemia s a lina. bottom by physical, chemical and biological
Limnol. and Oceanog. 3(4):413-417. processes. The effects of atomic radiation

859 , _ and R. W. Hiatt. 1956. on oceanography and fisheries. Nat. Acad.
Method of predicting amount of strontium-89 Scl. -Nat. Res. Council Publ. 551:60-68.
in marine fishes by ext e r n a I monitoring. A good review.
Science 129(3230):1027-1028. 867 , et al. 1958. The feasibility of the

860 ,_ , and . 1956. disposal of low level radioactive wastes into
The metabolism of radionuclides by marine inshore waters of the Atlantic and Gulf Coast@
organisms. I. The uptake accumulation and of the U.S. Mimeo Rept. to Nat. Acad. Sci.
loss of strontium8 9 by fishes. Biol. Bull. Nat. Res. Council. Comment on Oceanog.
111(3):336-351. 36.pp. /10 app.
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868 Chakravarti, D. and T. Joyner. 1959. Potas - 878 , T. R. Rice and 1'. J. Price. 1958.
slum as an index of naturally occurring rad- Uptake and accumulation of radioactive zinc
ioactivity in tuna muscle. (UWFL-60) 11 pp. by marine plankton, fish and shellfish. U.S.

No difference in radioactia* ty content was Fish & Wildl. Serv. Fish. Bull. 58(X35):279-
found in light or dark meat of tuna. 292.

869 Chavin, W. 1956. Thepoid dIstribution and 879 Clements-Merlini, Margaret. 1960. The se-
function inthe goldfish Carassius auratus L. cretory cycle of lodoproteins in Ammocoetes.
determined by the uptake of tracer doses of 1. A radioautographic time study of the sub-
radioiodine. Anat. Rec. 124(216):272. pharyngeal gland. Jour. Morph. 106(3):.337-

An abstract. The kidney. of the goldfish 342, 7 pIs.
took up more radioactive iodine than any Sea lampreys injected with 1131 picked it
other organ. upanddeposited it in the lining of epithel-

870 Chipman, W. A. 1956. Pass age of fission ial cells of the sub-pharyngeal glands of
products through the skin of tuna. U.S. Fish ammocoetes.
& Wildl. Serv. Spec. Sci. Rept. 167:1-6. 881) . 1960. The sec -etory cycle of

In 4 days the skin and muscle content lodoproteins in Ammocoetes. TI. A radio-
possessed equal amounts of radioactive autographic study of the transforming larval
particles, thyroid gland. Jour. Morph. 106(3):357-359,

871 . 1958. Biological accumulation of 4 pis. 131
radioactive materials. Proc. 1st Ann. Texas Se a lampreys placed in an I solution
Conf. on Utilization of Atomic Energy, Misc. deposited it in their subpharyngeal glands,
Publ. Texas Eng. Exp. Sta. pp. 36-41. - in transforming ind!viduals. This var-

Most radioactive materials were deposited ied according to the stage of transforms-
in the soft tissues. tion.

87- . 1959. T1a use of radioisotopes in 881 Coopey, R. W. 1948. The accumulation of
studies of the food and feeding activities of radioactivity as shown by a limnological study
marine animals. Pubbl. Staz. Zool. Napoli of the Columbia River in the vicinity of Ban-
31 Suppl. (154-175). ford Works. Prel. Rept. Nov. 12, 1948,

873 . 1959. Accumulation of radioactive 14 pp. (HW-11662).
pollutants by max ne organisms and its rela- 882 . 1953. The abundance of the prim-.
tion to fisheries. Tr. 2nd Session on Biol. cipal crustacea of the Columbia River and
Problems in Water Pollution. U.S. Publ. the radioactivity they contain. (HW-25191).
Health Serv., Cincinnati, Ohio. 71 pp. 13 pp. (A.E.C. files).

A call to attention to the organisms that Astarid crustaceans picked up p32 from
may become radioactive and the value of food which was tagged with this isotope.
their loss as food. 883 . 1954. The abundance of the prim-

874 . 1959. Accumulatio" of radioactive cipal crustacea of the Columbia R ive r and
materials by fishery organisms. Proc. 11th the radioactivity they contain. Biol. Res.
Ann. Meeting Gulf and Carib. Fish. Inst. Ann. Rept. for 1953, pp. 14-15. PHW-3}437;.
pp. 97-110. 884 Craig, H.57. Disposal of radioactivevwastes

Fish are quick to take up and conceztrate in the ocean: the fission product spectrn ha
radioactive substances, the sea as a function of time and mii

87. . 1959. Disposal of radioactive characteristics. The effects of atomic rdi-
materials and Its relation to fisheries. Proc. ation on oceanography and fisheries. L
Nat. Shellfish. Assoc. 49.1-12. Acad. Sic. Nat. Res. Council Publ. 551:34-42.

Discussion of disposal and its effects. A good discussion of the diffusion rateat
876 _1960. Biological aspects of dis- radioactive materials in the sea.

posal of radioactive wastes '.i marine envir- 885 . 1957. Isotopic tracer techiqas
onments. In: Dispoe al of Radioactive Was tes, for measurement of physical and chemical
Internat. Atomic Energy Agency, Vienna. .processes in the sea and the atmospbere.
pp. 1-J 5. Abstr. in English, French, Rui- The effects of atomic radiation on oceaog-
elan and Spanish. raphy and fisheries. Nat. Acad. Set. Nat.

877 and J. G. Hopkins. 1954. Water Res. Council Publ. 551:103-120.
filtration by the bay scallop PNcten irradians 886 Davis, J. J. and C. L. Cooper. 1952. Effect
as observed with the use of radioactive of Hanford Pileeffluent upon Invertebrates in
plankton. Biol. Bull. 107:80-91. the Columbia River. (HW-9005Dol.). 85 pp.

M i d g e s concentrate the most radiation

substances, 4.4XI0- 3 microcurie grams
per wet weight.
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887 , R. W. Coopqy, D. G. Watson, 897 Dunster, H1. J. 1956. The discharge of radio-
C. C. Palmeter and C. L. Cooper. 1951. active wastes into the Irish Sea. Pt. 2. The
The radioactivityand ecology of aquatic org- preliminary estimate of the saf e daily dis-
anisms of the Columbia River. Biol. Res. charge of radioactive effluent. Proc. 1st
Ann. Rept. for 1951, pp. 19-29. (HW-25021). C o n f. on Peaceful U3es of Atomic Energy,

Highest concentration and occurrence of Geneva, 1955, 9:712-715.
radioactivity w as in the reservoir while
the lowest was below Bouneville Dam. E
Plankton pickedup the most radioactivity, 898 Ellinger, F. and R. Gross. 1941. Depth dos-
fish the least.

888 and R. F. Foster. 1958. Bioaccu- age measurements by means of goldfish.
mulation of radiustopes through aquatic food Radiology 37(6):717-721.
chai.'s. Ecol. 39(3):530-535. 899 Epshtein, Ya. A. and N. F. Lavroskaya. 1959.

Effect of ionizing radiation on the protein889R. . Prkis, . C Hasenandmetabolism of f i sh. Biokhimiia (Transl.)
J. F. Cline. 1954. Radioactive materials in 2etbolsmof5s.
aquatic and terrestrial organisms exposed to 24(4): 549-555.
reactor effluent water. Indus. Radioactive 900 Evans, R. D. 1946. The use of radioactive

Waste Disposal. Hearings before the Spec. traces in biology. Growth 10(Suppl. 6 Sym-

Sci. Comm. on Rad. Joint Comm. on Atomic posium):5-6.
Energy, Congr. of U.S. 2:1103-1115.

890 , and
• 1958. Radioactive materials in F

aquatic and terrestrial organisms exposed to 901 Finn, D. B. 1957. Radio-activity and world
reactor effluent water. Proc. 2nd Internat.
Conf. Peaceful Uses Atomic Energy 18:423- fisheries. Bull. Internat. Oceanog. Found.
428. 3(3):180-186.

891 Donaldson. L. R. and R. F. Foster. 1957. A review.

Eff ec ts of radiation on aquatic organisms. 902 Floyd, D. J. 1952. Food and feeding of oys-ters as observed with the use of radioactive
Effects of atomic radiation on oceanography plao.eroc. Nat. helfsh. assoctipp

and isheries. Nat. Acad. Set. Nat. Res. plankton. Prec. Nat. Shellfish. Assoc. pp.
Council Publ. 551:96-102. 171-180.

A good review of the subject. Oysters sort out tagged plankton by size,
892 , A. H. Seymour and J. R. Donald- shape and abundance of food.

903 Folsom, T. R. and J. H. Harley. 1957. Com-scn. 1957. Radiological analysis of biologz-prinofsmnaulrdatnseevd

ical samples collected at Eniwetok, May 16, parison of some natural radiations received
1948 A.E. .Rpt. UWF-18 11pp.by selected organisms. Nat. Acad. Sci.1948. A.,.C. Rept. (UWFL-18)11 p. Nat. Res. Council Publ. 55i:28-34.893 ____,___ _, B. E. Held. l1'. 0.

Hines, F. G. Lowman, P. R. Olson and A. Fish experience 50% reduction in natural
D. Welander. 1956. Survey of radioactivity radiationwhenone goes 100 meters away
in the sea near Bikini and Eniwetok Atolls 9a .5 the tag-
June 11-21, 1956. Univ. Wash. Applied Fish. and Afwterm ne.or the al

Lab. Rept. UWFL-46, 39 pp. gigof water masses for the study of physical
894, , A. D. Welander and processes in the oceans. Effects of atomicK. Bonham. 1947. Concentration of active radiation on oceanography and fisheries.

K. Bnham 197. Cncetraton f aciveNat. Acad. Sd. Nat. Res. Council Publ.materials by hydroids in the Bikini Lagoon 551:121-132.
during the summer of 1947. A.E.C. Rept.
(UWFL-11) 9 pp. Good labeling experiments to see pro-

Plumuluridae - uptake radioactive sub- longed effects which c an be detected for
stances in great quantities. weeks.

895 Duggar, B. M. 1936. Biologicaleffectsof rad- 905 Foster, R. F. 1946. Some effects of pile area
iation. M c G r a w Hill Co. , N.Y.. 1st Ed. effluent water on young chinook salmon and
X / 676 pp. steelhead trout. A.E.C. Rept. (HW-7-4759)

A good review of the subject. 100 pp.
896 Dunham, C. L. 1960. Marine sciences re- 906 and J. J. Davis. 1955. The accu-

search. Div. of Biol. and Med. (U.S. Atomic mulation of radioactive substances in aquatic
EnergyComm.). TID-404D, 40 pp. Jan. forms. Proc. Internat. Conf. for Peaceful

Discusses proJecti andcontracts in rrdio- Uses of Atomic Energy 13(P/280):364-367.
activity and biology. A review.
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907 and 1956. Accumula- 916 Hayes, F. R. and.L. 11. Jodrey. 1952. Utili-
tion of radioactive materials in aquatic forms. zation of phosphorus. Physiol. Zool. 25:
Proc. Internat. Conf. on Peaceful Uses of 134-144.
Atomic Energy. 1st Conf., Geneva, 13:364- The peak absorption was in 1-2 hours.
367. After 52 days trout still retained 66% of

Fish uptake material easier when water the phosphorus.
tests highest in radioactivity. 917 Healy, J. W. 1946. Accumulation of radioac-

908 and P. A. Olson, Jr. 1953. Effect tive elements in fish immersed in pile efflu-
of reactor effluent water on young silver sal- ent water. Feb. 27, 1946. A.E.C. Rept.
mon. A. E. C. Rept. (HW-28636) 189 pp. (HW-3-3442) 9 pp.

Encompassed all gear papers in this vol- 918 . 1958. Re3earch and development
ume. activities in the field of radiological science.

909 Fraga de Azevedo, J. and F. Carvao Gomes. Quart. Prog. Rept. for Oct.-Dec. 1957.
1956. L'action biologique de la radiation A.E.C. Rept. (HW-54938) 43 pp.
gamma sur des m o I I e s q u e s d'eau douce. Papers on varied topics.
(The biological action of gamma radiation on 919 Hielbrunn, L. V. and D. Mazia. 1936. The
fresh water mollusks). Soc. Pathol. Exot. action of radiations on living protoplasm.
Bull. 49(5):917-921. In: Biol. Effects of Radiation, McGraw Hill,

910 Fretter, V. 1953. Experiment with strontium N.Y., 1st Ed., pp. 625-676.
90 on certain m o 11 u s c a a n d polychaetes. Excellent review of the literature.
Jour. Mar.Biol. Assoc., U.K., 32:367-384. 920 Helfrich, P. 1960. A study of the possible re-

lationship between radioactivity and toxicity
G in fishes from the central Pacific. Univ.

911 Gajewskaya, N. 1923. Der einfluss der Rant- HawaiiMar. Lab. (T!D-5748), 17 p.
genstrahlen auf Artemia salina. Verh. Int. 921 Herde, K. E. 1946. Studies in the accuxaula-

Vereinig. Limnologie Stuttgart, 1:359-362, tion of radioactive elements In Oncorhynchus

5 figs. tschawytscha (chinook salmon) exposed toa

A general experiment on total lengths medium of pile effluent water. A.E.C.Rept.

attained after radiation. . (M-4130; HW3-5064), 21 pp.

912 Gong, J. K., W. II. Shipman, H. V. Weiss and Absorptiongreatestinthe first 6 hours of

S. H. Cohn. 1957. Uptake of fission products exposure. Peak in 48 hours, then a slight
and n e u t r o n induced radio-nuclides by the decline for 24 hours with leveling there-
clam. Proc. Soc. Exp. Biol. Med. 95:451- after.

454. 922 . 1948. A one year study of radio-
913 Gorbman, A. and C. W. Creaser. 1942. Ac- activity in Columbia River fish. A.E.C.

cumulation of radioactive iodine by the endo- Rept. (HW-11344), 11 pp.
style of larval lampreys and the problem of The bones of fishes contained the greatest
homology of the thyroid. Jour. Exp. Zool. concentrations of radioactivity.

87:391-401. 923 Hevesy, G. 1945. Rate of renewal of the fish
Theuseof radioactive iodine to show that skeleton. Acta. Ph. siol. Scandinav. 9:234-

it is localized In the endostyle of lampreys. 247.
In sticklebacks the uptake of p2 is not
different if a supply of 02 Ispreent.
One gram fish in 16 days took up 1/40,000
parts of P2 w 2.10 -5 Il.

924 Hiatt, R. W. , etal. 1954-55. Radioisotopeup-
914 Hansborough, L. A. and D. Denny. 1951. Dis- take in marine organisms with special refer-

tributionof phosphorus 32 in the embryo and ence to the passage of such Isotopes as are
larvae of the frog. Prog. Soc. Exp. Biol. liberated from atomic weapons through food
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Exposureto65,300 and 550 millicuries of by man. Univ. Hnwaii Mar. Lab. Ann. Rapt.
p 3 2 was deposited in the digestive tract, to U.S. A. E.C., 'rog. No. AT(04-3)56.
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embryo. 925 Hibiya, T. and T. Yagi. 1957. Effects of fis-

915 Harada, Y., Aft T. Ai and S. Kondo. 1959. slion materials upon the development of
Radiation e f f c t . on germcella of rainbow aquaticanimals. Research on the effects and
trout. 3rdJap. Conf. onRadioisotopes, I pp. influences of the nuclear bomb test. Jap.
(JaIF, JRIA-59/P-89.A-28). Soc. Prom. Sdl. pp. 1219-1224.
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Effects and Influences of the Nuclear Bomb Us c radioactive oligochaetes as food in
Explosions, pp. 875-882. Ueno, Tokyo, Jap. order to introduce the radioactivity Into
Soc. Prom. Sci. sturgeons.
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1034 Shima;id:, B. M. 1956. Results of long-line 1045 Takasa, K. and J. Nishimoto. 1957. VI. Be-
f is h in g by M/V Poolina-T. In: Effects of havior of fission products for the fish meat.
Nuclear Explosion on Mar. Biol. (WT-1013), Mem. Fac. V'ish. Kagoshima Univ. 5:190-
pp. 56-59. 195. (In Japanese).

1035 Shmalganzen, 1. I. 1958. The ways in which 1046 Taylor, W. R. 1960. Some results of studies
radiation damage appears in early develop- on the uptake of radioactive waste matciials
ment in fish. Comp. Rend. ScLURSS by marine and estuarine phytoplankton organ-
(Transl.) Biol. 119:134-137. isms using continuous c u I t u r e techniques.

1036 Skauen, D. M. and J. S. Rankin, Jr. 1960. C.B.I. Tech. Rept. 21, Ref. No. 60-3, June,
Radio ictive zinc6 5 in marine organisms in pp. 1-49, 22 figs.
Fishers Island Sound and its estuari,'s. Univ. 1047 Tomiyama, T., S. Ishio and K. Kobayashi.
Conn. (TID-6307:5 pp. 1954.. Absorption of dissolved Ca 4 5 b'y

1037 Smith, R. J. 1958. The filtering efficiency Carassius auratus. Vol. TI Res. in Effects
of hard clams in mixed suspensions of radio- and I n f l u e n c e of Nuclear Bomb Test Exp.
active phytoplaniton. Proc. Nat. Shellfish. Ueno, Tokyo, Jap. Soc. Prom. Set. pp. 1151-
Assoc. 49(1957):115-124. 1156.

Mercenaria fed labeled Gymodium and Most Ca absorbed by goldfish was found

Nitzia favored the latter as food. localized in the head region.
1038 Suyehrio, Y. 1954. Effectof radioactive sub- 1048 and . 1954.

stances upon fishes. Kagaku 24(12):619-622. Abso rpt ion by Carassius auratus of Ca 4 5

1039 and T. Itibiya. 1956. Effects of contained in Rhizodrilus lemisus. Vol. 11
radioactive materials upon blood pictures of Res. in Effects and Influence of Nuclear Bomb
fish. Vol. IRes. in Effects and Influence Test Exp. Ueno, Tokyo, Jap. Soc. Prom.
of Nuclear Bomb Test Exp. Ueno, Tokyo, Sci. , pp. 1157-1162.
Jap. Soc. Prom. Sci., pp. 1231-1232. Mostofthe Ca 4 5 was found in the intestine

Sr was ,.jected into goldfish. The leuco- of goldfish after it was introduced as
cytes and erythrocytes died within 2 days, labeled Rhizodrilus.
death of the fish followed. 1049 and . 1954.

1040 , S. Yoshlno, Y. Tsukamoto, M. Absorptionof dissolved Ca 45 bymarine fish-
Akamatsu, K. Takahashi and T. Mori. 1954. es. Vol. II Res. in Effects and Influence of
Transmission and metabolism of strontium- Nuclear Bomb Test Exp. Ueno, Tokyo, Jap.
90 in aquatic animals. Vol. 11i Res. in Effects Soc. Prom. Sci., pp. 1163-1167.
and Influence of Nuclear Bomb Test Exp. The uptake anddeposition of Ca 4 5 was de-
Uerio, Tokyo, Jap. Soc. Prom. Sci. pp. termined by the swimming activity of the
1135-1142. fish.

1041 Suzuke, K. and T. Yamamoto. 1959. Uptake 1050 _, K. Kobayashi and . Ishio. 1954.
of Yttrium by microorganisms. Abstr. 3rd Excretion of absorbed Ca 4 5 by goldfish. Vol.
Jap. Conf. on Radioisotopes (JAIF, JRIA- II Res. in Effects and Influence of Nuclear
59/P-203 B-2):1 pp. Bomb Test Exp. Ueno, Tokyo, Jap. Soc.

Prom. Set., pp. 1169-1172.
T Excretion of Ca 4 5 was viathe kidney, gall

1042 Takase, A. 1955. Separation of the radioac- bladder and gills in goldfish.

tive elements in the muscle of skipjack by 1051 _ , . _ and 1954.
Ion-exchange resin and confirmation of the Abso rption of SrOU (y9T) by carp. Vol. II

presence of radioactive zinc. Bull. Inst. Res. in Effects and Influence of Nuclear

Publ. lealth (Tokyo) 4(3):22-26. Bomb Test Exp. Ueno, Tokyo, Jap. Soc..
1043 , T. Beto and A. Iahikara. 1959. Prom. St., 'Y9. 1181-1187.

The utilization of radioisotope-labeled bac- Sr 9 0 and y were absorbed in 30 minutes

teria in the food sanitation study. II. Y-90- each anddeposited in the same aread gen-
labeled E. colt and bacterial contamination erally noted: bones, skin, scales and
of living flah or shellfish. 3rd Jap. Conf. on body organs.

Radioisotopes (JAIF, JRIA-59/P-81, A20)., 1052 , and 1954.
1 pp. Distribution and excretion of intramuscularly

1044 and K. Yamada. 1955. Ditribu- administered Sr 9 0 (Y9 0 ) in carp. Vol. a
tionofradioactivityn various tissues of fish Res. in Effects and Influence of Nuclear
and group separation of radioactive elements Bomb Test Exp. Ueno, Tokyo. Jap. Soc.
in them. Bull. Inst. Publ. Hfealth jTokyo) Prom. Set. . pp. 1189-1193.4(3):17-21. (English summary pp. 27). Sr90 was found in the caudal fin. scale,

vertebrae, gill, blood, air bladder. gall

bladder and muscle.
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1053 -_____and ___ .1954. 1060 We'iss, IL. V. , S. If. Cohn, W. 11. Shipman and
Abhso r pt ion of 32P04 ion by carp. Vol. IT J. K. Gong. 1956. Residual contamination
lies. in Effects and I nfIu e nc e of Nuclear of plants, a n imiaIs , soils and water Of the
B o mb Test Exp. Ueno T ok y o, Jap. Soc. Marshall Islands two ycars following opera-
Prom. Sci. , p. 1195-1200. tion castle fallout. Res. and Develop. Rept..

In carp PA was found in the kidney while U.S. Naval Radiohiol. Def. Lab. , San Fran-
P04 was localized in the head region only. cisco 24, Calif. , Doc. 455NS081-001:52 pp.

1054 _____ ____and _____.1954. Radioactivity decreased by 80% inone year.
Distribution andexcretion of intramusculhrly F ishhad only 25% of radioactivity one year
administered 32P0 4 by carp. Vol. tIRes, later. The skeleton of fish was not h ig h
in Effects and I nfIu e n ce of Nuclear Bomb in radioactive materials.
Test Exp. Ueno, T o ky o, Jap. Soc. Prom. 1061 _____and W. H. Shipman. 1957. Bioiog-
Sci. , pp. 1201-1203. ica] concentration by killer clams of CobatCO

p32 in the blood of carp Was localized in from radioactive fallout. Science 125(3250):
the corpuscles. 695.

1055 Toyama, -.1. 1954. Fishes and radioactivity 1062 Welander, A. D. 1957. Radioactivity in the
in water. Kagaku-Asahi 6:86. reef fishes of Bqlle Island, Eniwetok Atoll

1056 Tozawa, H. 1960. A radiochemnical study of April 1954 to Nov. 1955. A. E.C. Rept.
the pelagic fishes contaminated by a nuclear UWFL-49):42 pp.
test. In: Radioactive Contamination of Mar. A study of the levels of contamination in
Products in Jap. Tokai neg. Fish Res. 1-,b. fishes right after a bomb blast.
(A/AG/82/G/L-394; NP-8862):13-17.. 1063 _____. 1957. Radiobiological studies of

1057 Troshin, A. S. 1956. Radiooktivrye indika- the fish collected at Rongelap and Ailingine
tory v gidrobiologii (Radioactive indicators Atolls, July 1957. U.S. A. E.C.IUWL APPI
in hydrobiology). Zhizn. greanykh vod SSSR Fish. Lab. 55-.1-30.
Vol. 4 izd AN SSSR. Most radiation was in muscle, bone, liver

1057a _____and V. 1. Zhadin. 1957. Radio- and stomach content: Zn 65 ad MnUM I
markirovka rybtsa I shemai kak metod usta- bone; Zn 6 5, Co 57 , Co 60 and MU4 to-
novlenila effektivnosti raboty Rybtsovo-She- soft tissues.
mainogopetomnika. (Radiomarkingof vlmnba 1064 Wichterman, R. 1957. Biological effects of
and bleak for disclosing the operational effi- radiations on protozoa. Bios 28:3-20.
c iency of t he vimba bleak nursery). Trud. 1065 Wierclnski, F. J. and J. K. Taylor. 1960.
Probl. Temot. Soveshrch. Zool. Inst. Akad. Experiments with Ca 45 in marine eggcelis.
Nauk SSSR 7:57-61. Abstr. Biol. Bull. 119(2):2"9.

Little uptake by Arbacla and Sp In
Ca 45 solution.' Ifexposed to ultraviolet
light for long periods of time the uptake of.
Ca 45 Increased.

V 1066 Williams, L. G. 1960. Uptake of Ceaium13"
by cells and detritus of E uglena and Cbilor-

1058 Vlnogradov, A. P. 1953. The elementary ella. Limnol. and Oceanog. 5(3):301-311.
chemicia composition of marine organisms. 1067 -____ and Q. Pickering. 1961. Diret
Sears Found. Mar. Res. Mem. (11).-536. and food-chain uptake of Cesium13 7 and

Radium is found in the same order in flah strontium8 5 inbluegill fingerlings. Ecology
as In invertebrates, h Ig h er than In sea 42(l):205-206.
water, but lower than marine algae. H ighe r content of Ce and Sr was obtaind in

blIueag il.I by the Euglena-Daplmlatfoad
cha In m e th od than absorption from tim
water. T he counts were exponenial for

W* the f irst 4 days and by 20 days had dropped
W to only 87 of the initial reading. K or Ca

1059 Watson, D). G. and J. J. Davis. 1957. Con- In the water affected the amont and rate
centrations of rad lo Isotope. in Columbia of Ce uptake.
River whitef ish in thi vicinity of the Hanford 1068 ____ and II. D. Swanison. 1956. Can-
Atomic Products operations. A. E.C. Rept. centration of Cesium1 37 by alge. Science
(liV.48523(Dd)):l33 pp. 127(3291): 187-186.

A 1950-56 study. Maximum radioactivity Dead Chlorella and ulletia react differ-
In whitefish was near Hanford Atomic Res entlg than when alIive in Its u pt ake of
ervoir. e17
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1Ui(;! V,u(oster, \V. S. and B. II. Ketchum. 1957. 1071 , __and

Transport and dispersalof radioactiveele- . 1955. Studies on the radioac-
ments inthe sea. The Effects of Atomic Rad- tivity in certain pelagic fish. IMl. Separation
iationon Oceanography and Fisheries. Nat. and confirmationof Zn 6 5 inthe muscle tissue
Acad. Sci. Nat. Res. Council Publ. 551:43-51. of a skipjack. Bull. Jap. Soc. Sci. Fish

A discussion of diffusion rates ,of radioac- 20(10):921-926.
tire material and then possible uptake by A paper discussing tests for radioactivity

aquatic organisms. extraction method determinations.
1072 Yoshii, G. 1956. Studies on the radioactive

samples (especially "Katsuwonus vagans") in
the Pacific Ocean in 1954. Vol. )] Res. in
Effects and Influences of the Nuclear Bomb
Test Exp. Ueno, Tokyo, Jap. Soc. Prom.

Y Sci., pp. 917-936.

1070 Yamada, K., H. Tozawa, K. Amano and A.
Takase. 1955. Radioactivity in the pelagic
fish. 11. Group separation of radioactive 1073 Zirkle, R. E. 1936. Biological effects of
elements in fish tissues. Bull. Jap. Soc. Alpha particles. In: Biol. Effects of Radia-
Sci. Fish 20(10):916-920. (In Japanese). tion. McGraw Hill, N.Y., 1st Ed. pp. 559-

572.
A review.

Radialion: X-ray

A 1078 Bordeen, C. R. 1907. Abnormal development
of toad ova fertilized by spermatozoa exposed

1074 Allen, B. M. 1958. Effects of x-irradiation to the Roentgen rays. Jour. Exp. Zool. 4(1):

upon the limb-buds of Bufo boreas. Anat. 1-44 j 5 pis.
Rec. 130:391.

1075 and L. M. Ewell. 1960. Resist- Beyond the gastula stage, toadeggde-
ance to x-irradiation by embryonic cells of 1079 .e19pent artrded.l1079 .__ 1909. VarIations In susceptibility
the limb-buds of tadpoles. Jour. Exp. Zool. of Amphibian ova to x-raysat different stages
142:309-329. of development. Anat. Rec. 3(4):163-165.

In tadpoles receiving 1000-30000 R the 1080 . 1911. Further studies on the
younger c lsIa were more sensitive than variation in susceptibility of Amphibian ova
older cells. to the x-rays at different stages of develop-

1076 Anon. 1955. Section 10 on series of experi- ment. Am. Jour. Anat. 11:419-496.
ments involvngthe effect of x-ray on fishes: The exposure and amount of x-i'ay dose is
f i n g e r I i n g chinook salmon (Oncorhynchus important to amphibian eggs for later de-
tschawytacha Walbaum). A. E. C. Rept. velopment. The after effects of exposure
(UWFL-3):71 pp. do not appear for some time.

In 4 weeks 2500 and 5000 roentgens caused 10l d n a r fo soetie._____1_and F. H. BaetJer. 1904. The in-
I001 death. The 1250 R group after 12 hibltiveactionof the Roentgen rays on regea-
weekshad only 70% of the weight the con- eration in Planarlans. Jour. Exp. Zool.
trols did. l(Q):191-195.

1 Radiation of Planaria inhibits all develop-
1m sent or regeneration. The full After af-
1077 Baldwin, W. M. 1915. The action of ultra- fect do not appear for several da~ys.

violet rays upon the frog's egg. Mnat. Rec. fc*d o pa o eea as
1082 Barrington. E. J. W. and L. L. Franchi. 1956.

9:365-381. Some cytologcal characteristics of thyroidal
Ultraviolet rays affects the eggs of frogs funct ior in the endostyle of the ammocoete
and all body parts disastrously, larva. Quart. Jour. Micr. Set. 97:,q93-409.

Raidwin. W. M. 1919. See Light.
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108:3 Bell1, G. NY. and W. S.- Hloar. 1950. Some ef- 1091 ____ and It. F. Palumbo. 1951. Effects
fects of ultra-violet radiation on sockeye o -yson snails, c rustacea and algae.
sal mon e gg s and alevins. Can. Jour. R~es. Growth 15:155-188.
28(10):35-43. A good study of Radix, Thais, Artemia

Sockeye salmon eggs if irradiated will and amphipod reactions to x-ray doses.
yield deformed specimens as well as the All Radix died in aweek if exposed to 20 R,
epidermal cells are usually destroyed. Artemia eggs, if dry, 93 R, soaked 50 R,

1084 Belyayea, V. N. and G. L. Pokrovskaya. in 5 days while most amphipods withstood
1958. Alitotic disturbance observed at early 550 R.
dev'elopment stages in Misgurnus fossilis 1092 ____ and A. H. Seymour. 1947. Sec-
subjected to x-ray treatment. Doklady Akad. t ions I and 11 on series of experiments invol-
Nauk SSSR 125:632-635. (In Russian). v ing the e f fecet of x -ray on f ishes: ch inook

The cleavage stage is most susceptible to salmon (Oncorhynchus tschawytscha Wal-
irradiation inhiisgurnus with 100% death baum) observed through more than one gener-
usually the result. ation. A. E.C. Rept. (UWFL-6).

1085 Bohn, G. 1903. Influence des rayons du rad- Chinook salmon were most susceptible to
ium sur les animawc en voie de Croissance. x-rays while in the fry stage.
Compt. Rend. Acad. SOm. (Paris) 136:1012- 1093 ____,- ,L. R. Donaldson and
1013. A. Welander. 1947. Lethal effects of x-rays

X-radiation of eggs of Bufo vulgaris pro- on marine microplankton organisms. Science
duced monsters. 1 06(2750): 245-246.

1086 ______. 1903. Influence des rayonsdu Mastigophorans wo ulId die if exposed to
radium s u r les oeufs vierges et ficonds et x-ray doses above 25000 R.
sur les premiers stades der d~veloppment. 1094 Borstel, R. C. 1955. Feulgen -negative nu-
Compt. Rend. Acad. Sci. (Paris) 136:1085- clear d iv is io n in Habrobracon eggs after
1086. lethal exposure to x-rays or nitrogen mus-

A poor paper which discusses the develop- tard. Nature 175:342-343.
ment of St r on gy Io centrotus eggs alter Ifabrobracon eggs were most susceptible
irradiation. to 10 KVduring the metaphase. The Feul-

1087 Bonham, K. 1949. Effects of x-rays on the gen-negative nucleus appeared in 10 hours
f resh-water sn ailI Radix japonica. A. E. C. at this exposure.
Rept. (UWFL-21):30 pp., mimeo. 1095 Briggs, R., E. U. Cuene and T. Y. King.

1088 ___. 1955. Sensitivity to x-ray. of the 1951. An I nv e stigation of the capacity for
early cleavage stages of the snail Heliosomna cleavage and differentiation in Rana piples
subcrenatum. Growth 19:.9-18. eggs lacking "functional,, chromosomes.

Hard and soft rays effect didn't differ to Jour. Exp. Zool. 116:455-499.
this snail. However, the resting stage of R. piplens eggs fertilized with sperm of
developing eggs withstood greater roent- R. catesbiana or R. pipiens which were
gen doses thanthe mitotic stages. 300-400 subjected to 65-300 R yielded gynogenetic
R for resting and 100 R for mitotic before haploida.
serious affects occurred. 1096 Brunet. V. V. 1950. bifluencd of x-rays on

1089 ___. 1955. Lethal effects of x-rayson l imb r e genae ration in Urodele amphibians.
marine amphipods. A. E.C. Rept. (UWIFL- Quart. Rev. Biol. 25:1-29.
14):18 pp. 1097 Burkner, E..* M. Shapiro and K. Bronstein.

Doses of 500 Rand 1250 H increased the 1929. Radiumgebalt einiger nabrungemittel.
number of young which had higher mortal- Biochem. Zeitachr. 211:333-325.
ities. A general paper dealinag with the effects to

1090 ______ R. R. Donaldson, !!. F. Foster. Cottus ~
A. D. Welander and A. H. Seymour. 1948. 10981 Butler, E. G. 1933. Ile effects of a-india-
The effect of x-ray on mortality, wetight, tionon the regeneration of the fore limb o(
length and counts of erythocytes and hemato- Amblyatoma larvae. Jour. Eap. Zool. 65:
poletic cells in fingerling c h Inook almon, 271-315.
Oncorhynchus tschawytsch Wa lbaum. 1099 ___ . 1936. The effects Of radium and
Growth 12:107-121. x-rays on embryonic development, I& B101.

A good study of thea effects of x-rays be- Effects of Radiation. McGraw Hill Co..* N.Y.
tweenlOO-500R. T"he lowestdoseto yield lot Ed. pp. 389-410.
mortality was 250 R. 500 R to affect weight A good review of 0.4 subject from the as-
and 100 R to aflect lergth. pect Of x-ray effect& to development.

Best review of the literature to 1936.
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1100 ______and J. P. O'Brien. 19-13. Effect E4

of localized x-radiation on tile tUrodeiC limb. 1109 .liinger, F. 1939. Note on the actionof x-rays
AMat. Rec. 84:407-413. (,n goldfish (Carassius auratus). Proc. Soc.

EY". Biol. and Med. 41(2):527-529.
C Latent affccts of x-rays didn't appeax for

1101 Chase, A. M. and A. C. Giese. 1940. Ef- 12 days.

fects of ultraviolet radiation on Cypridina 1110 _____.1940. The goldfish as a biologic

lu c if e rin and luiciferase. Jour. Cell, and test object in experimental radiation therapy.

Comp. Physiol. 16:323-340. Radiology 35(5):563-574.

Agood study where short waves of radia- 1111 _____. 1940. Roentgen -pigmentation in

tion were found not to affect the extract, the goldfish. Proc. Soc. Exp. Biol. and Med.

1102 Colwell, H1. A. and M. S. Thomson. 1926. 45(l):148-150.

on some effects of primary and secondary 1112 ____ and C. Davison. 1942. Charges

x-rays on the ski n of the f rog tadpole . in the ce nt ral1 nervous system of goldfish

Lancet 211(5367):59-61. irradiated in the depths of a water phantom.

Those cells of R. teMporaria which were Radiology 39(l):92-95.

directly in the x-ray beam were complete-
ly destroyed.

1103 Corbella, E. 1930. Influsso delle radiozioni
roentgen sullo sulluppio embrionale du tel-

eostei (Salmo Ia cu st r is L. , Salmo, iridus F

Gibb, Perca flu v ia t ieis L. ). Rlv. Biol. 1113 Foster, R. F. 1949. Some effects on embryo

Milano 12:93-117. and young rainbow trout (Salmo ardneri

A good bibliography follows this study. Richardson) from exposing the parent fish to

1104 Curtis, W. C. 1936. EffIe cts of x-rayq and x-rays. Growth 13:119-142.

radium upon regeneration. In: Biol. Effects 1114 ___, L. R. Donaldson, A. D. Welander,

of R a d iation. McGraw Hill Co. , N. Y. 1st K. Bonham and A. If. Seymour. 1949. The

Ed. pp. 411-457. effect on embryos and young of rainbow trout

A good r e v iew of the x-ray effects to f rom e xp o s ing t he parent fish to k-rays.

Porifera through amphibia. Growth 13:119-142.
A good study. The more p are nt.a were
r a d ia ted the more mortalities one had.
At 1500 R 100% mortalities occurred. The
first year growth of young was also affec-

D ted.

1105 Daniels, E. W. 1955. X-lrradlationof the
giant amoeba Pelomyxa Lllinoiseasflh. 1.

Survival and cell division following exposure.
Therapeutic effects of whole protoplasm.
Jour. Exp. Zool. 130:.183-197.G

1106 __ __. 1958. X-lrradlation of the giant 1115 Gilman, P. K. and F. H. Baetjer. 1904.

amoeba, PEEomyxa illinoisertais. 11. Further Some effects of the roentgen rays on the devel-

studies on recovery following supralothal ex- opment of eminb ry oa. Am . Jour. Physlol.

posure. Jour. Exp. Zool. 137:425-442. 10:226-234.

Continuation of 1105. Accidental growth occurred for the first

1107 Davison. C. and F. Ettinger. 1942. Radia- 36hoursafterexposure. Most specimens

tioneffects on nervous system and roenitgen- were deformed. The eyes were usually

pigmentation of goldfish (Carassius a'ratus . retarded.

Proc. Soc. Exp. Biol. andMed. 49(3) 49 1-49 5. 1116 Goodrich, H. B. and Priscilla L Anderson.

The medulla oblongsa a.nd anteror homet 1939. VariAt ions of colorpatternts in hybrids

of the aspinalI chord were the structu~res of the g oId f ish. Carausius auratas. Blol.

most affected by x-rays. DAIL 77(2)-184-191.

1106 Donaldso-a. L R. 1955. A radiological study 117ill ___ and J. P. Trinicaus. 1939. The

of Rongelap Atoll. Marshall islands. during differential effect of radiations on Mendelian

1954-55. Univ. Was h. Appl. Fish. lAb. phenotypes of the toldf Ish. Ca raselu au rstua

Rept. UWFI.-42:46 pp. Biol. BullI. 77(2):192-199.
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1118 Ilinrichs, M. A. 1955. Modification of de- 1125 Okada, ., 1. 0. Sakabe, r. Kikuchi and K.
velopment on the basis of differential suscep- Konno. 1954. Onthe influence of x-ray rad-
tibilityto radiation. I. Fundulus heteroclitus iation on the aquatic aninals. On the influ-
and ultra-violet r a d i a t i on. Jour. Morph. ence in the early d e v e l o p m e nt of goldfish
41:239-265. (Carassius auratus L. ). Vol. Res.in Effects

and Influences of the Nuclear Bomb Test Exp.
K Ueno, Tokyo, Jap. Soc. Prom. Sci. pp.

1119 Kessler, R. and W. Luther. 1957. Die wirk- 1211-1218.

ung de r Rdntgenstrahlen auf den Hoden und If one increases the x-ray strength, there

die s e dun d 5 ren Geschlechtsmerkmale von is a decrease in the hatching rate.

Lebistes reticulatus Peters. Zeitschr.
Verg. Physiol. 40(5):492-528. P

A good bibliography ends this paper. Lar- 1126 Packard, C. 1914. The effect of radium rad-

vae and juveniles were expos e d to 500, iations on the fertilization of Nereis. Jour.

1000, 2000. 3000, 4000 R; 1000 R proved Exp. Zool. 16:85-129.
m o s t lethal. The histology is also pre- X-rays stimulate Nereis to spawn. Anegg
sented. nucleus develops without an aster.

1127 . 1918. The effect of radium rad-

L iations on the development of Chaetopterus.
Biol. Bull. 35-.50-70.

1120 Litschko (Licko), E. J. 1932. Furtherobser- 1128 . 1931. The biological effects of
vations on the effect of x-rays on regenera- short radiations. Quart. Rev. Biol. 6:253-
tion in Axolotl. Compt. Rend. Acad. Sci. 280.
URSS Ser. A, 3:65-70, 1 pl. (In Russian). A good review.

1129 Powers, E. L. and D. Shefner. 1950. Effects
M of high dosages of x-rays in Paramecium

1121 McGregor, J. H. 1908. Abnormal develop- aurelia. Genetics 35:131.
ment offrog embryos as a result of treatment If one uses 1,000,000 R at 62,000 per min-

of ova and sperm with roentgen rays. ute, 50% mortality occurs at 62,000 R.
Science 27:445. After this strength the mortality rate de-

Only 5% of the R. sylvatica embryos ex- creases.

posed to x-rays were abnormal. 1130 Puckett, W. 0. 1936. The effects of x-radi-

1122 Meserve, F. G. and M. J. Kenney. 1934. ation on limb development and regeneration

The effects of x-rays on Planaria dorato- in Amblystoma. Jour. Morph. 59:173-213.

cephala. Science 79:408-409.
X-rays affect the cell growth in Planaria.

1123 Murachi, K. 1944. The influence of radiation R
uponfishegg. ()TheinfluenceofKCL upon 1131 Rugh, C. 1955. Effects of various levels of
the heart of an embryo which has been kept x-irradiation on the gametes and early em-
under radiation of x-rays. Zool. Mag. bryos of Fundulus heteroclitus. Biol. Bull.
(Dobutsugaku Zasahi) 58):5-7. (In Japan- 106(3):316-325.
see). F. heteroclitus sperm radiated with

200,000 R wasn't affected.

1132 Rugh, R. 1949. Some prenatal effects of
Am blystoma opacum larvae exposed to 25, 000

N R x-radiatton. Anal. Rec. 103:500-501.
Deformed specimens we re the result of

1124 Neyfakh. A. A. 1959. X-ray inactivation of irradiates.
nuclei as a method for studying their function 1133 and Hl"e Clston. 1955. Effects
in thevearly development of fishes. Jour. of various levels of x-trradaon on the pm-
Embryol, and Exp. Morphol. 7(2):173-192. etas and early embryos of Funduhm esre-

If anytime between fertilization and early clitus. Biol. Bull. 109(3):318-32S.
gastula stages t h a specimen Is x-rayed. Fundulus hetroclitus unfertilized eggs did
growth and development are arrested, not cleave. Males subjected to 200.000 R

Noddach. Ida and W. N#ddach. 1939. See hadviablesperm. Egg* fertilized with
Electricity. this sperm developed normally.
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1131 iushton, W. 1936. 3iholugic.dl noti's, some 11,2 Solb rg, A. ,N. 192 ,A. The sus.eptibility of

experiments with ifry. Salmon and Trout Mag. 1undulus heteroclitus embryos to x-radia-

(82-85):57-67. tion. Jour. Exp. Zool. 78:441-469.

Fry subjected to lethal doses of x-ray sur- A general study of Fundulus subjectd to

vive 6 weeks before death occurs. 4 increasing doses. The higher the dose

1135 Rustad, R. C. 1960. X-ray induced dissocia- the lower the sensitivity. The head and

tion of the initotic and micromere "clocks." tail tip were the most sensitive.

Abstr. Biol. Bull. 119(2):284. 1143 . 1938. The susceptibility of the

S e a urchin gametes irradiated produces germ cells of Oryzia latipes to x-radiation
micromeres at 1,2 and 3 cleavage stages and recovery aft e r treatment. Jour. Exp.
rathe r than 4th. The biological clocds Zool. 78(4):417-439.
that controls micromere formation is in- S p e r m of Oryzias were 3-4 times more
dependent of division per se. sensitive to x-rays than the eggs; 1,980 R

1136 . 1960. X-ray induced mitotic de- lasts for 23 days. The ovaries were re-

lay in the Arbacia egg. Abstr. in Biol. Bull. ducedafter adose, but returned to normal

119(2):337. shortly thereafter.
Radioactive sperm doesn't affect the mi- 1144 Sonehara, S. 1933. Studies on the effects of

tot ic delay, but extends the x-ray sensitive x-rays upon the development of a pond snail

portion of the mitotic cycle which corres- _Lmnae (Radi Japnic . Jour. Sci. Hiro-

ponds roughly to the early streak, the shima Univ. Ser. B. Div. 1:151-169.

,eriod of multiplication and separation of Growth rates were affected after irradia-

the centrioles. tion.
1145 Spiedel, C. C. andR. H. Cheney. 1960. Com-

s parative effects of x-ray and ultraviolet rad-

1137 Schuster-Wolden, E. 1936. X-ray studies of iation of gametes on the developing sea urchin

the intestdine of Cyprinus r and Ties Xrbacia. Abstr. Biol. Bull. 119(2):338.

thi s a contribution to t aol of Damage was greatest after gradual x-ray
as a onrbtotoheproblem ofdo sage s thn UV exposures. An x-ray

the significance of smell and sight in fish in dos e t w eq u as e of onl

the s e a r c h for food. Zeitschr. Fischerei dose to sperm was equal to a dose of only
34-.245.1. 5-2X as much to eggs,

34:245. 1146 Ssmokhvalova, G. V. 1935. Vlfte rentger-
These fish were x-rayed to show that BaC L ovskikh luche4 na poiovuru ahelezer I Vtorl-

was picked up directly from the water. charyc love naki te I r ti

1138 Smith, G. M. 1932. Eruption of Corlal mel- charyepolovyepriznakLebstes retclats.
anopore an geera cutneoa mlansis(The influence of x-rays on the sex gl.-ms and

anophores and general cutoneous mnelamies the secondary sex .al characters in Leblstes

in the goldfish (Carassius auratua) following rescoa ru po Ch ate Raxvites

exposure to x-ray. Am. Jour. Cancer 16(2): (Trans. Dynamics Develop.) 10:213-229.

863-870.
X-irradiation caused cancer of the tail in 1147 . 1938. Effect of x-rays on fishes

5 days; entire body in 6. (Le his tes reticulatus, Ziphophorus helleri

1139 ,_ . 1932. Melanophores induced by and Car sslu vulgars. Biol. Z. Mdoscow

x-ray compared with those existing in patterns 7:12-1024.
as aseean in Caraslus ouratus. Bil. Bull. 1148 Stone, R. G. 1932. The effects of x-rays on
63484-491. regeneration inTubifextubifex. Jour. Morph.

1140 Snider. G. and il. Kersten. 1935. Th action 53(2)389-432.
of sof x-rays onCladocera a.hniamaim - Normal regeneration in Tubifex is 35 days.
Phys. Zoo). 8:530. This is inhibited if the specimen is sub-

Ne eggs of D. magma disintegrated am jected to x-rays.

in o ne day yielded distorted hludivhiab.
Ifthe frst instar was subjected to 45 KV, T
10millanpat 3 rentlmterafromthefocal 1149 Tanaka, P. 1942. (Influence of the ray of
point, death resulted. heliolamp upon the hatchW lty of Once -

1141 Oad . 1936. Smacepal- chus ket (Walbaum)). Zool. Mag. (Tokyo)
bility to soft x-raysof MpLni magnlduring 54(g):313-314. (In Japanese).
its development from eggs to young in the 1150 Tur. J. 1904. Malfomations embryoomaires
brood pouch. Jour. Exp. Zool. 74(1)r1-4. obtenus par l'action du radium sur lea oeufs

ifeggs 18-32 hours old were Irradlatet de la ponle. Comp. Rt k. des Seams Tr.
most rurvvi.. Eggs older than 32 hours %7:236-238.
Al survived. ,A good study.
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V 1157 L______ . It. Donaldson, It. F. Fos'er,
1151 Vakrameyeva, N. V. andA. A. NL'yfakh. 1959. K. PBonhamn and A. If. Seymour. 19-18. The

C omip ar is on of the changes in radio- and effect of roentgen rays on the embryos and
thermo-sensitivity during cleavage in the l ar v ae of the chinook salmon. Growth 12:
loach Misgurnus f o ss ill s . Doklady Akad. 203-242.
Nauk SSSR. Avervgoodstudy. List of effects on em-

1152 Vintemberger, P. 1928. Sur Ilemplui des bryos ire g iv en. If subjected to 2800-
rayons X en embryologic comme agents de 10,000 R most larvae died In 30-51 days;
destruction localisee. tine technique nouvelle 500 R had least pigment effect.
pour Iletude de la potcntalite des deux pre- 115 _______ ______ _____

miers blastomeres dans Ilocuf de la greno- ______ and F. G. Low man. 1950. The
uille rousse. Compt. Rend. Soc. Biol. 9 . effects of r o cnt gcen rays on adult rainbow
(33):1590-1592. trout. Univ. Wash. Appi. Fish. Lab. UWFL-

17:1-7.
W Rainhow trout subjected to 150OR yielded

a 56'r kill in 53 weeks, 87% in 64 weeks.
1153 Welander, A. D. 1945. Studies of the effects fleinorrnges, neurosis, fungus and internal

of roentgen rays on the growth and develop- damage were the general results.
ment of the embryosand larvae of the chinook 1159 Wichterman, R. 1959. Mutation in the proto-
salmon (Oncorhynchus tschawytscha . PhD zoan Paramecium multimicronucleatumn as a
Thesis, Univ. of Wash. 131 pp result of x-irradiation. Science 129:207-208.

1154 _____. 1946. Studies of t he effects c'. 1160 ____ 1960. Production of viable races
roentgeab rays on the growth and development o aaeimcudtmatrmcoula
of the embryos and larvae of chinook salmon elimination withx-rays. Abstr. in Biol.
(gncorhb..chs tschawytscha). Univ. Wash. Bull. 119(2):348.
PhD Thesis. 128 pp. A. E.C. Rept.UW'FL-2: Repeated doses decreased or eliminated
131 pp the number of micronuclei. Macronucleus

Three lots of salmon eggs were subjected is little affected by irradiation.
tox-rays of 25, 50 and 100 R. Those which 1161 Willcock, E. G, 1904. The action of the rays
were in thc eyed stags hatched but showed f rom radium upon some simple forms of an-
signs of 3n effect for over a year. Most mal life. Jour. Physlol. 30:449-454.
fry died in 30-51 days. 1162 Williams, D. B. 1958. Effects of x-rays on

1155 _____.1954. Some effects of x-irradia- fission in the predaceous Holotrich, Spathd-
t ion of different embryonic stages of the trout ium spathula. Jour. Protozool, 5 Suppl.: 25.
(§ Imo gir j. Growth XVITLk227-25,. 1163 Wood. E. M. 1958. Fixation der radlolode

115G ____. 1955. Some effects of x-irradin- par ics ocufs ci alevisn de quelques Salmon-
tion of different embryonic stages Of the trout ides (Salmo fairo L. , Salmo iridus G. I.B.,
(Salmo gairdner ). Growth 10:227-255. Slmr' Ratar L.). Ann. Sta. Centarle Ilydro-
A. E.C. Rept. (UWFL-38). bil. AIW:l. 7:285-299.

A good report. Ilubba and Ilubbe i,eOthod
lb used to compare body proportions after
irradiatloft.
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1164 Anon. 1950. Underwater icoustics research 1176 Farkas, B. 1935. Untersuchungen dber das
panel on underwater acoustics. Comm. on lIlrverm8genbeifischen. Allattani K6zlem-
Underwater Warfare. Nat. Res. Council, enyek 32:19-20. (Ungarisch mit deutscher
Wash. , D. C. Zusammenfanung). (In German).

1165 Autrum. H. and D. Poggendorf. 1951. Mes- A review on sound perception.
sung der absoluten hrschwelle bet fischen 1177 . 1936. Zur keuntnis des li6rver-
(Ameiurusnebulosus). Naturwissenscbaften -nhgens und des Gehbrorgans der fische.
38:434-435. Acta Otolaryng. 23:499-532.

1173 Frisch, K. von. 1936. Ueber den Gehirsinn
der fische. Biol. Rev. 11:210-246.

B An excellent bibliography and best roview

1166 Bernoreilli, A. L. 1910. Zur frage des her- of the subject. Phoxinus and Ameiurus.
vermogens der fischc. Pfl~gers Archiv. f. distinguish between octives. Ostariophy-
d. ges. Physiol. 134:633-644. sene fishes are less sensitive to sound.

1167 Bigelow, H!. 1904. The sense of hearing in 1179 Frisch, K. V. and If. Stetter. 1932. Unter-
the goldfish Carassius auratus. Am. Nat. suchungenjber den sitz des Gehbrsinnes bet
38:275-284. der e I r i t z e. Zeitschr.Vcrg. Physiol. 17:

1168 Boutteville, K. V. 1935. Untersuchungen Ober 686-801.
den geh6rsinbei Characiniden und Gymnoti-
den und der Baur ihres L abyrinthes. G
Zeitschr. Verg. Physiol. 22:162-191. 1180 Griffin, D. R. 1955. learing and acoustic

1169 Bruning, C. 1906. Versuche uber das Hdren orientation in marine animals. In Papers in
der fische. Natur und laus 14:312-313. Mar. Biol. and Oceanog. Deep Sea Res.

Sti-klebacks do aot respond tq sound. (3 Suppl.), pp. 406-417.
* Bull. !H. 0. 1928. See Light. The best review of sound and fishes. The
* Burner. C. J. and i1. L. Moore. 1953. See lowest threshold was 2000-4000 cps. Por-

Explosives, poises hear at well above 400 KC.

C H

1170 Clark. Eugenie. 1959. Instrumental condi- 1181 ilaempel, 0. 1911. Zurfrage de- ilnrvermg-
tioning of sharks. Anat. Rec. 134(3):545. gens der fische. Int. Rev. Hlydroblol. 4:315.

Sound wasusedtoconditionsharks to food. 1182 lt arvey. E. N.. Ethel B. Harvey and A. L.
1171 Clark. If. 1950. The effect of ultrasonic vi- Loomis. 1928. Further observations onthe

brations on molting In Triturus viridescens. effect ofhlgh frequency sound waves on living
Endocrinology 46(4):392-396. matter. Biol. ull. 55(6):459-469.

Sound increased the molting rates. * Ilsao, S. C. , 1. Mtyake and A. L. Tester.
1172 Coles. It. 1914. Effect of thunder on fishes. 1952. See Electricity.

Copella ($):l.
Thunder drives fishes into deeper water.

1173 Curry, B. and E. list. 194S. Bibliography. K
superaoic or ultrasonic - 1926-1949. Okla. 1183 Kellogg. W. N. and R. Kohler. 1952. Reac-A. &M. Coll. Rea. Found., Stillwater, 7p lions of the porpoise to ultrasonic frequencies.

Science 116:250-252.
1184 Kletrekoper. H. and E. C. Chagnon. 1954.

1174 Denker, A. 1931. UJberdas II6rverm5gvn der 'learing in fish with special reference to
fisch. Acta Oala 'Ig . Stockholm !5:247-2,0. Sernota ilus a t r o m a c u I a t u atromaculatus

1175 Diesselhorst.G. 1938. 118rversucheanfisch- (Mitchell). Jour. Fish. Res. Bd. Can. II:
en ohne Weberlan apparat. Zeltschr. Verg. 130-152.
Physiol. 25:748-783. The creek chub hears sounds of 20 cps

Soundeffects to different types of frLah was as well a 200 and 2000 . A good review
evident either with or without a chage in of the literature and an excellent paper oa
apparent behavior, the subject.
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I 1S5 Korner, 0. 1905. Kiinnen die fische hiiren. 1197 .1913. Effects-of explosive sounds,
Beitrage Zeitschr Ohrenhejlkundc Fcstschr. such as those produced by motor boats and
Gewidnet August Lune 93-17. guns pon fishes. Ilcpt. U.S. Comm. Fish

1186 Krausse, A. 1918. Kritische Bemrkungen 1911 (Doe. 752), pp. 1-9.
undneueversucheuberdas Horvermogen decr Tunas exhibit no affect to sound. A gong
fische. Zeitschr.Ailg. Physiol. 17: 263-286. may startle them.

Twenty-eight experiments were conducted 1198 ___ and A. P. Van Heusen. 1917. The
on fishes in the field, reception of mechanical stimuli by the skin

1187 Kriedl, A. 1896. Ueber d ie perception der lateral-line organs andears in fishes, espe-
S ch aI Iw e IIe n bei den f ischen. Pfl~gers cially in A meju r u s. Am. Jour. Physiol.
Archiv. f. d. ges. Physiol. 61:450-464. (1895). 44:463-489.

Goldfish perceive sounds through their Catf ish we re stimulatcd by phone vibrating
lateral line. 43-688 tones. No reaction was exhibited

1188 Kuroki. T. 1957. Fundamental studies on the to 1376 or 2752 vibrations or by dripping
relation between underwater sound and fish water, but to a whistle blown in air.
behavior. 11. About the so u nd by ropes in 1199 Piper, H. 1906. Aktionsstr6mevon geh~ror-
water. 'Mem. Fac. Fish. Kagoshima Univ. gan der fische bei schelireizung. Zentralb.
6:89. (In Japanese with English summary). Physiol. 20:293.

A study of sounds emitting from long lines A general discussion of learning to a
and its influence on fish behavior. sound source.

1189 _____.1958. Fundamental studies on t200 Poggcndorf, D. 1952. Die alsoluten Hlirsch-
thei relation betw.%een underwater sound and Nwellen des Zwergwelses (Ameiurus nebulo-
rish be ha vi or. VII. About the wall of an ss und Beitrage zur Physik des Weberschen
aquarium. Memn. Fac. Fish. Kagoshima Apparates der Ostariophysen. Zeitschr.
Univ. 7:102. Verg. Physiol. 34:222-257.

Use for fish so-inds. Vibrations of 60-10,000 frequencies are
perceived by the head of catfish.

R

M 1201 Reinhardt, F. 1935. Ueber richtungswahrneh-

1190 Maier, H. N. 1909. Neue Biobachtungen iiber niung bei fischen, gesonders bei der elrltze
das H~rverm~gen der fische. Arch. Hydro- (Phoxinus jaev is) und beim Zwergwels
biol. Planktonkunde 4:393-397. (Ameurus nebulosus Raf). Zeitschr. Verg.

1191 Winning, F. 13. 1924. Hearing in the goldfish Physiol. 22:5704604.
in relation to the structure of the ear. Jour. 1202 Rumbaugh, L. H. 1946. Fifrt her require-
Exp. Zool. 41:5-20. ments in oceanographic research for Naval

Goldfishhear 43-2752 vibrations per sec- ordnance application. Tr. Am. Geophys.
ond. Union 27(4): 564-566.

1192 Marage, E. 1906. Contribution a 1'etude de A call for more publications in this field.
Il'audition des poissons. Compt. Rend. Acad.
Sci. Paris, 143:852-853. S

1193 McDonald, If. E. 1922. Ability of Pinephales 1203 Sabine, P. E. 1942. Bibliography on noise.
notatus to form associations with sound vi- Jour. Acoustical Soc. Am.13:210.
brations. Jour. Comp. Psychol. and Physiol. A b iblIi og r aphy, but deals mostly with
2-191-193. human reactions to sound.

1194 Moorehouse, V. H. K. 1932. Do fish react 124SeasiYA.95.Fhngt oud
to noise. Prog. Rept. Pacific Biol. Sta. 13. 124 hmnij 2:1A. 15. Fshnwihond

1195 _____. 1933. Reactions of fish to noise. A use for sud as a bai to catch callir~
Contr. Can. Blol. (n.sa.) 7:465-475. fish.

M a r ine fishe-% showed little reaction to 1205 ____. 1958. Fishing with sound. Can.
* sounds. Fish. Rev. 13(11):23.

Moorehouse, V. H. K. 1933. See Electricity. Review of Griginal article - no. 1204.

p 1206 Silverman, D. 1939. Bibliography of noise
rcferences. Electronics 12, 34.

1196 Parker, G. It. 19 13. Hearing and allied 1207 Stctter. H. 1929. Unterauchungen Ilber den
s en s es in fishes. Bull. US. Frish Comm. Geho3rslnn der fische, besondera von Phoxi-
22-45-46. nus isevis I.. und Amclurus nebulosus Rat.

Repeats Kreidie's experiniorts. Shows Feits c hr. Wiss. fBi. Abt. C. zeitschr.
that Fundulus ca~n 'iear soun~ds. Verit. Physiol. 9(2/3):339-477.



1208 Stipetic, E. 1939. Ueber des Geligrogan der 1211 Westerfield, Florence A. 1922. The ability
Mormyridan. Zeitschr. Verg. Physiol. of mud-m-innow to form' associations with
26:740-752. sound. Jour. Comp. Psychol. 2:187-190.

Tile upper limit of perception was 2794- 1212 Wohlfhahrt, T. A. 1936. Untersuchungen
3136 cps in Mormyrids. iUber das Toncenterscheidungsverm~gen der

Elritze (Phoxinus laevis. Agass.) Zeitschr.
T Verg. Physiol. 26:570-604.

A good study of the sound effects to this
1209 Tester, A. L. 1959. Section 12: Attraction species.

of fish. Summary of experiments on the re-
sponse of tuna to stimuli. In: Modern Fish- z
ing Gear of the World. Fishing.News Ltd. ,
London, pp. 538-542. 1213 Zenneck, J. 1903. Reaglerin die fiache auf

t~ne. Pflhgers Archly. f. d. ges. Physiol.
w 95:346-356.

Fishes were conditioned and responded to
1210 Warner, L. H. 1932. The sensitivityof fishes bell sounds in sea water.

to sound and to other mechanical stimulation.
Quart. Rev. Biol. 7:326-339.

A review. Underwater sounds were found
more s t i m ulIa t i ng to fishes than those
above the water.



SPECIES INDEXj

A Anuil inul 79, 991

Abudefduf:- 517, 787 Anguilla attenuatus: 129
Abudcfduf saxatilis: 564 Anguilla australis australis: 129
Acanthobrama lissneri: 353 Anguilla bostoniensis: 175
Acanthocybium solandri: 920, 961, 1024, 1025Aguiadcfnch:12
Acanthogobius: 349 ,jnpilla japonica: 268, 648, 649, 656,, 657, 1040

Acanthurus sandvicensis: 245 Anguilla vulgaris: 114, 1:35, 195, 1175
Acartia clausei- 720, 751 Anilocra: 602
Acartia discaudata: 720 Anisotremus davidsonii: 510, 516

tonso 737Anodia prismatic: 602Acartia trs:77A22! h ubi 6Aceothodesia tenuis: 712 Aotcty ubi 6
'Acerina cernera: .195, 220, 609 knoptichthys jordani: 564
Acipenser giilnstadt: 939 Ajpcltes quadracus: 691
Acrocheilus alutaceus: 922,-995 A4Jhilioius grunniens: 716
Acropora 855 Aplocheilus latipes: 650. 653, 699
Aequidens latifrons: 561 Apocop :sul 787 igtn 99
Aescbna grendis: 412, 468Aogn78
Aeschrelarve: 411 Apogon semilineatus: 681
Agrion elcgans: 412, 468 . p±&qnichthS: 787
Ablia ezmontis: 787 Apogonichthys stellatus: 564, 567

Aholehole: 331 Arabia pristulosa: 805
Alburnus: 613 Arbacia: 806, 821, 823, 1145

Albrnu luidu: 14, 213Arbacia punctat: 804, 807, 808, 809
Albunus pecabils: 59 .Arbacia punctulata: 807, 810, 1065

Alewife: 507 Arbacia pustulosa 807
Allaett araa.,787Archosargus probotoceplialus: 554

Alosa sapidissiia: 510, 524, 995 Areliscus jo3'ner : 681
Alquoria victoria: 246 Areliscus purpureoniaculatus: 681
Amaroucium constellatum: 684 Arenicola:- 298, 805
Amaroucium pellucidum 684 Argyractis angulatalis: 886

Ambleptom: 299 Arius: 664, 665
Ambjoplites rupestris: 175, 209, 231, 281a, 448, Artemia, 856, 1091

750 Artemia salina: 911
Amblygaster melanostricta: 681 Asellus acluaticu : 411, 412, 471
Amblystom. 1098, 1115, 1130 Aspidesca custata: 962
Amblystoma o~um 1132 Aspidisc: 408

Amelurus:- 472, 1198 Astacus: 888
Amelumms melas:- 750 Astacus fluviatilis: 336
Ameiurus natal!.: 957 Astacus trowbrid ;: 882, 907, 993
Amejurus nebulous: 229, 567, 816, 817, 1165, Astenlias: 821

1168, 1177, 1178, 1200, 1201, 1207 Asterias forbes!: 820
Amiurus asotus: 355 Astenias glacialis: 397
Amnocea 1082 Astenias ruben. 344, 396, 412, 960
Amoeba:' 606 Asterias tenuispina. 397, 412
Amoeba dubla: 831, 1182 Asterinagibo: 397, 402. 409, 412
Amoeba proteus: 619, 831, 1182 Asterom makriue: 602
Amoeb veertili 962 Asteropecten b1.;pjnosus- 397, 398, 41?
Amphipoda: 977, 1091 Asteropcten umiwilo~s 397, 412
Anabas: 168 Atrpete 396
Anabas scandena:- 1175 Astropecten mulleri: 412
Anachiall ocills: 602 Astyonax mexicanus: 562, 564, 565. 567. 576
Ancho LOMmsrea 510 Ntheorlna bleckerl: 681
Anchovies: 524, 791 Atherina heMSotms: 549
Anemones - Sea: 511 Atherina st~pes: 564, 567
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Atherinops af [mis: 510) C

AIIcrmosi a[[is vedroscens is: 516 Caesio: 517
.\therinopsis cailiforniensis: 502, 503, 510. 516 Calanus: 681, 949
Aulorhynchus flavidus: 510 Calanus finmarchicus: 720, 751
Australorbis glabratus: 909 Calanus helgolandicus: 608, 720
Autolytis: 602. Caligus rapax: 751
ItALxCis tapeinosoma 681 Callincctes. sapidus: 501, 512, 856, 876
Auxis thazard: 681 Calliodon: 517
Axolotte: 135, 1120 Calliopius laevusculus: 1089

Calyptraea chinensis: 789
* B Campostoma anomalum: 281a

lBalanus amnphitrite: 774 Canthidcrmis rotundatus: 279
lBalanus balanoides: 751, 960 Caprella 683
lBalanus eburneus: 712 Caprella acanthifera: 602
lBalanus improvisus: 774, 782 Carrgoldcs jaM 841, 856, 860, 862
Barbus canis; 353 Caranx: 517, 664, 665, 1209
Barbus fluviatilis: 182 Caranx mprtensi: 681
Barbus longiceps: 353 Carapus bermudensis: 564, 567
Barnacles: 826 Carassius: 577
Bass - silver: 209, 716 Carassius auratus: 114, 135, 201, 270, 345, 346,

Yellow: 716 375, 393, 412, 529, 564, 699, 745, 746, 750,
Bathygobius soporator: 567 800, 869, 1020, 1039, 1047, 1048, 1107,1109,
lDathystomn rimator: 752 1116, 1117, 1125, 1138, 1139, 1167, 1168,
IBolone acus: 723 1174,1191
IBelonc belone: 769 Carassius carassius: 609
Bcroe- 246, 329 Carassius vulgaris: 469, 470, 1147
Betta: 168 Carcharhinus: 275, 279
Iletta splendens: 564 Carcharhinus albiniarginatu : 279

*Bioniphalania pfeifferi: 909 Carcharhinus melanopterus: 279
Blecabjorkva: 195 Carchesium lachmannh 711
Blennius: .577 Carchesium polypinu : 334
Blennius gattorugine: 571, 573 Carcinus nisenas: 751
Blennius pholis: 573, .801 Cardinal fish: 1062
Blenny- 842, 1062 Carp: 89, 133, 135, 195, 295, 296, 297, 346, 349,
Bluefish: 871, 874 354, 454, 491, 798, 854, 952, 954, 975,1051,
Bodotria scorpioides- 602 1052, 1053, 1054
Bonito: 842 Carpiodes: 175
Bosyrina longlrostris: 709 Catenotus flabellare: 204
Bosmina obtusirostris: 552 Catfish: 258, 716, 814, 815, 816, 954
B~ox bops: 723 Catostornus: 888, 995
Boxjjaa 380, 549 Catostomus catostornus: 204
Bracehlrus: 664, 665 Catostornus commersonni: 231, 283, 448, 528, 957,
Brachycentrus occidentalis: 886 281a
Brachydanio rerlo: 564, 567, 300, 802, 971 Catostonius macrochellus: 907, 922
Brachyistius frenatus: 510 Catostonius synchel u: 922
Bream: 73 Caulolatilus princeps: 510

Sea: 736 Centrontas: 3
White: 89 CentLOPIMS hamatus: 720

Bressopela lyrifera 344 Cot!Eoaae typicus: 720, 751
Brevo-ortia tyrannus: 501, 876 Ceratium cornutumu 411
Busycon canaliculaturn: 810 Ceretropeges typicua: 737
Bufo americanuB: 683 . Coriodaphnis roticulata: 552
Bufo borena: 1074. 1075 Ceriodaehnla setosa: 709
Bufo vulgari : 1065 Chaetodon: 787
P~~l neritina: 680 Chaetoessus 664, 665
Bullhead: 209, 281, 328. 448 Chaetopterus: 821
lutterfly fish: 842, 1062 ChaScopterus pcEgjamcntaceus: 1127
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Chpira.c in: 566 Cuinvlla pygumica: 602
Chirbdc ratonji: 638 Cuttlefish:- 664, 665
Chiasmde:rs oui: 638 Cyanea capillaa 344Chasiods bsquinus554Cybrium niphonim: 656, 657Cheirocephalus diahaus 751 Cyclops fimbriat.us: 830
Chilodusnctts 792 Cyclops strennus: 471

Childus uncttu :792C3matogaster aggregatus: 330, 510, 1195Chilomonas paramecium: 356 Cymciore granulaa 602Chromis pntpns:510, 516 C-vmdore truncata: 602Chtenoptervx cvprinoides: 693 Cynosc ion nobilis: 502, 510Chthalamalus fragilis: 77~4 Cynoscion regalis: 501, 524
Chub - creek. 36i6.417 yrdn 10

Chydou gloosus 52 rpridina bilgendorfl : 681Cladocera, 552 Cyprinodon baconI: 564, 567Clam: 912 Cyprinus: 175
Clams - killer: 1061 Cyprinus carpio: 135, 175, 195, 209, 275, 281a,Clarias lazareaz 290, 353 349, 412, 491, 639, 750, 922, 957, 993, 995,Clupea harengus: 644, 751, 767, 786, 960, 1058 1137
Clupea pallasil 510 )iu ao.68Clupea pilchardu : 362, 723 Cpiuu 8
Clupeonella 697
Cobitis barbatula: 182, 549, 613 D
Cobitis fossilis: 114 

oias78
Cod. larae 9,3591 53 Damalichthy vacca: 510, 516Codlava: 91Damselfishu 84,82, 1062Colisa- 168 

ai:19Cololabis saira: 510, 516, 641 Dapni: 1019 82 -Colphidium colpoda: 356, 408, 411, 445 Daphnia. 552,spa 8271 70, 2Colpidium cucullus: 45Daphnia n 93n.* 471 0972Conger vulgaris: 693 Daphnia pulex.- 39, 1140Copcpoda: 615, 97 Decapterus muroadsh. 643. 681Coregonus: 509 tarnesio 60Coregonu lavaretus: 220 Dexamine pioa: 602Corphium acherigicum: 602 Deamn tbeacil 602C orvina nigra : 609 2 1 1 S j r i e c n . 5Corycaeu anglius: 608, 720, 751 Discorbis flordn. 876Coryphaena 981 Dorosoma pedianum.15 5Coryphaena hippurus: 279, 681, 835, 841, 860, 862, _oosm 175,u 681
961, 1022, 1023, 1025 Doryteuthiasak 681

CoEopterus ncholsL.* 516 DortuI his 954 ak 8
Cottus: 3, 912. 995Drm95
Cottum cognatum: 204 Dussumeria;* 517
Cottus goblo- 182, 469, 1058, 1097 Dynamene bidentat, 602
Cottus scorpinus: 609 Dysticus marginal: '412, 468
Cottus scorplus: 195
CoueslUB plwnbu : 180, 283
Crabs: 300. 540, 883 Echinoster sepositus: 397. 412
C rapple: 954 Echinus ml!l.rts: 396
Crassoatrea virginica 856, 878, 902 Eels: 17. 89. 97, 131, 164. 180, 213, 288, 328. 412,Crayfish:' 328 418, 524, 592, 595, 741. 798, 803, 1166
Crenllabrus.: 3 Eggs - chinook 993
Crenllabrus grseus: 609 Electra htirwe e: 712
Crenilabrus meop.: 571 Emblotoca: 516
Crenilabr-us pv-609 Emblotoc jacksoL 510
Crenilabrusm rotranw: 633 Emys orbculari.: 706
Croakers: 507 Enehtraeus albldug: 1033
Ctenolib.rus Eu2trfs: 344 Endendrium 677
Ctenophora: 977 Endendrium plmnulae 663
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Endend I'illn remiro rum: 2,16 FN(LN ipau 8

Entudrias n1clulosus*..145 Fu'viultis heteroclitus: 123, 628, 874, 876, 928,
Engrauli encrasicholus: 727 1118, 1131, 1142

Enrtii nordax: 510, 516, 580 Fundulus notatus: 281a
Engaulis japonicus: 642, 643, 666, 681G
Enneacanthus obesus: 622G
Entosphenus lamottenil: 913 Gadus aeglifinis: 609, 960, 1058
Entosphen a tradentatus: 995 Gadus callarias: 590
Epinephalus moara moara: 681 Gadus morhua: 609, 960, 1058
Erichtomus difformls: 602 Gadus virens: 161'
Ericymba buccata-, 281a, 569 Galathea squamifera: 399, 101, 412
Erinmyzon oblongus: 281a Galeocerdo artcus: 279
Eriochus sinensis: 399, 402 Gambusia: 564
Esox: 577 Gambusia affinis: 469, 689, 957
Esox aniericanus vermiculatus: 281a Gamniarus locusta 602
Exos lucius: 393, 411, 618, 716, 769 Gammarus pulchra: 827
Eteon picta: 602 Gammarus pulax- 228, 411, 412, 471
Ethcostoma blennloides: 281a Garfish: 132, 133
Etheostoma caeruleum: 281a Gasterosteus acu'1eatus: 114, 135, 180, 195, 766,
Etheostorna flabellare: 281a 769, 783, 923, 995
Etheostoma fonticolLL 754 Gastronaccus sanctus: 602
Etheostomnagrahami: 754 Gazza: 579
Etheostomna lepidlum: 637, 751 Genyonemus lineatus: 502, 510, 516
Etheostoma nigrurni 281a Gernio germo: 835, 944, 981, 1023
Etheostoma speetablie: 281a Girella nigricans 200, 502, 510, 516
Etrurneus microp- 681 Girella punctata 647, 648, 649, 651, 653, 658, 681,
Euchaeta hebeo: 720 702, 703
Eucinostomus gula: 564, 567 Giton fasciatus: 1168
Euglena: 412, 683 Gnathia maxillaris: 602
Euglena intermedla: 1066, 1067, 1068 Gnathonaemus: 1208
Euglena viridis: 1161 Goatfish. 842, 855, 1060, 1062
Eulalia bilineata 602 Gobio fluviatilis: 220, 411, 469, 822, 1168
Eulelia punctifera 602 Gobius: 3
Eumakaira nigra: 279, 981 Gobius fluviatlls: 182
Eumida sanguini : 602 Gobius miniatus: 769
Euphausia 949, 977 Goby: 892, 1062
Euploti : 197, 411 Goby lavae: 751
Eupomotls: 577 Goldfish. 127, 128, 336, 346, 349, 354, 454, 694,
Eupomoti amarus: 1177 803, 898, 899, 958, 1011, 1050, 1110, 1111,
Eupomotis gibbosus: 716, 750 1112, 1125, 1187
Eurydice inermis: 602 Gonioneinus niurbachit 246, 721
Eurydice pulchra 602 Gonyaulax polyedra: 759
Eusylli : 602 Grantla: 246
Euterpe acutifron.: 720 Grouper~ 855, 892, 1060, 1062
Eutorpina acutifrons Guerna coalita: 602
Euthynnus alletteratus: 856, 870 Gymnocorymbus ternetziLb 792
Euthynnus yalto- 245, 841, 856, 860, 862 Gyrnnocranius griseu* 681
Exoglossum nillngua. 204 Gymnothorax kldako- 681

Gymnotue: 463
F Gywtus carapo: 1168

Fisherola nulmlth 886, 887 Glwnotus electricus: 1168
Flabellum: 578
Frog: 124, 178, 260, 336, 400, 406, 401, 505 H

EgW 107? Ilabrobracor: 864
Fuger niphole.: 648 llabrobracon fuglandla 1094
Fuger nibrlpeui 648 Iaemulon melanuruni: 564. 567
Fundulue: 309, 686, 705, 1182, 1196, 119? liIal 539, 736
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Hake - silver: 507 Ictalurus: 750
Ilalfbeak: 507, 842 Ictalu..rus locustr as; 175

llalientichthys acuicatus: 787 Tetalurus melas: 281a
flaliotis corrugata: 502 Ictalurus natalis: 281a
Haliotis fulen: 502 Ictalurus punctatus: 281a
flaplostylus normani: 602 Ictiobus: 175
Harengula humeralis: 787 Ide: 89
Hlarengula zunasi: 681, 735 dothea baltica: 602
Harmothoc iniar: 602 Idothea pelagica: 602
Harvestfish: 507, 524 Idus melnotus: 195
Ifelioperca incisor: 995 flyanassa obsoleta:* 795, 796
Hleliosorna subcrenaturn: 1088 Ioticlithys phlegethontis: 1007
Helix nemoralis: 613 Iphinoe serrata: 602
Hemichroanis birnaculatus: 698 lphinoe trispinosa 602
Hernigrammus caudovittatus: 1168 Isias clavipes: 720
Hemiochus: 517 Istiophorus orientalis: 279, 961: 981, 1022, 1023,
Hemiramphus 664, 685 1024, 1025
Ilemiraniphus brasiliensis: 567, 787 Isurus glaucus: 681
fHemirarnphus sigori: 681
Hepsita stipes: 752
Herring: 26, 27, 54, 63, 65, 439, 440, 524, 53, Jacks: 1062

543, 547, 592, 710, 719, 736, 799 Jadefish: 842
Heterostichus rostratus: 510 Jenkensia: 563
Hirudo medicinalls: 411 Jenkensia lamprotaena. 564, 567, 787
Hfirundichthys affinis: 673
Histrio histrlo: 564
liolocentrus ruber- 681 K
Holorhinuis californlcus: 965 Katsuwyonus vagans: 846, 944, 1022, 1072
Homola spinifions: 412 Kilka: 696
Hoplias malabaricus: 1168 Kuhlia sandvicensis: 326, 332, 460, 461, 763. 841,
Hoplomyx cicada.- 69385,682

Hydela knickerbockerL 1007 856,860,86im: 52
Hysaraneus hocki: 960 Kurziac caiesima: 552

Hybopsis biguttat. 281a.Kpoe ierses 8
Hlydra frca 1161 L.
Hydra viridis: 683, 1161 Labrus: 3. 577
Hydrobaeninoe: 886 arbegt:57Hydrometra lacustria: 412, 468 Labrus ceuxhdt: 121
flydrophilus piceus: 412, 468 Licinus rcphlus: 1213
Hydropsych : 881 Lagcnueclu s:ai s 1213
fHydropsyche cockerei: 886, 887, 888, 907Lacehuspdie:27
Hydroptela argona 886 Lagodon rhomboides. 878
Hyla regill: 914, 1075 Lambrus VEi!Aos: 412
Hypenteliua nigric s: 175, 231. 21la, 448 Lampetra fluvltlila: 617904
H!ia Kalb& 602 Lanipetra pluarl: 790 9,18
IHypgrprosopon arzenteurn: 510 apt lne:79, 2.12
Hyphessobrycon bllasciatug: 11 Lamprey - ammocoet.., 790, 879, 880
Hyphessobrycon flammeus: lies River- 328
Hypleurochilus ieminatusa 554 Sea: 82, 83, 94. 111. 283. 417
Hypomeus oldus: 644 Laus: 881
Hyporhamphus atie 106 Laodice cirrata, 602
Hypotrich. 3i$ Lanai: 510
HYpnoblennius hea 654 Lateolabrax iajponicu: .735
Hypourue St 510 Leander- 699
Hfryp rubicundw: 516 LeaderporRcideuo: 1041

Lebistes retiulatus: 564. 593, 958, 1018, 1119,
1 1146, 1175, 1176. 1177

Leeognathua: 579Ittho 175 Luloatomus xanthurua: 501, 524, 876
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LeIdopsuta bilincata: 330, 1195 Menticirrhus: 850
Lepisostcus platosteus: 175 MNnti(Irrhus undulatus: 510
Lepomis: 617 'Mecenaria mcerccnaria: 871, 1037
Lepomis auritus: 231, 448 AMeretrix mcrctrix luzonia: 975, 1040
Lepomis cyanellus: 175, 231, 281a, 448, 716 Merluccius prodUctus: 510
Lepomis cyanellus x megalotis: 281a Metephoxus fultonl: 602

*Lepomis gibbosus: 180 Metaphoxus pectinatus: 602
Lepomis humilis: 281a Metridium dianthus: 344
Lepomis macrochirus: 175, 448, 716, 957, 1067 Microcipnia prolifera 1104
Lepomis macrochirus Isodori: 1175 Mlicromnetrus minimus: 510

* Lepomis megalotis: 175, 281a Micropogon undulatus: 501, 512, 514, 515, 524, 856,
Lepomis pallidus: 750 871, 874, 876, 878
Leptocephalus: 564 Miopterus: 577
Leptocottus armatus: 1195 Micropterus dolomieui: 175, 231, 281a, 296, 448,
kytodorakindti 552, 709 716, 922, 995
Lerognathus: 517 Microptcrus salmoides: 77, 135, 162, 175, 2811a,
Lethinus haemnatopte rus: 681 570, 750, 954, 957
Lethrmnus miniatus: 920 Minnow: 12, 89, 281, 328, 954
Leuciscus hakuensis: 350 Blacknose dace: 180, 204, 366
Leuciscus idus: 114 Bluntnose: 281
Leuciscus rutilus: 220, 412, 469, 470 Common shiner: 281
Leuciscus vulgaris: 182 Mud: 366
Leucosolenia: 246 Stoneroller: 281
Leucotho spinicarpa: 602 Misgurnus anguillicaudatus: 699
Leuresthes tenuis: 510, 516, 687, 775 Misgurnu fossilis: 195, 983, 984, 1084, 1124,
Libeihidadepressa .412, 468 1151, 1168, 1177
Limanda hurzensteii: 1049 Mitroroma discoidea: 246
Limnephilus: 881 Mnemiopsis: 329, 1182
Limulus polyphemus: 778, 779, 780 Mogalia perarmat 602
Ling- 539 Moina affinls: 552
Littorina It~orea: 574a .Mola mola: 510
Llzardfish-u 892 Molge vularls: 412
Loach - spinel. 89 Molpu~l 828, 829
Lobster: 540, 735 Mollinesla aphenopa: 564
Loligo p!eallI 784 Mollusks: 910
Loligo vulgari : 723, 769 Monacanthus: 787
Lophopsetta maculata: 554 Monocanthus cillatus: 564
Lota lots.- 164, 180, 228 Monocanthus cirrhiter: 649, 656, 657
Utlanus:- 517 Monocanthus hispidus 554
Lutianus fulviflamma: 681 Moronse labrax: 109
Lutianue vitta. 681 MotellE 3
Lutjanus bohar. 920 Moxoatoma: 175
Lutlan &!LbU 920 Moxostoma erythrurm 281a, 967
Lya 881 Mugil: 549, 664, 665
Lysinasaa ceratlna- 602 Mugil auratus: 109
Lhypnus sebra: 516 Mugil cepalus: 510, 648, 652, 7C2. 703. 671,

874, 876
14 Mugil curema: 876

Mackerek 556. 842, 969 Mugil trchodois 564. 567
Hors: $4. 31. 32.741Mullet 855, 1062

Hcore: 534,ei 731072,4 Mussel: 844
Macaropa maabri: 63. 025 Mustelue californicus: 965
Makaia maria:3 1025 My& arenar. 361, 625
Makla mrlhi 1025 My verrucoea.* 412
Mlatrlinamrh 27. Mylochellus caucinus: 922
Marlina arn: 2759 27 Myrianida pinnigera 602

Melania tuberculata.- 909 Myuldu rile: 544154
Menhaden: 507, 524 Msdu rel 54 4
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MvTNsis: 977 r,~~ albida: :396, 409, 412
Mv.jtlus borealis: 602 1puir a !ragi J 412

Mystidis linibata: 602 Ophira texturita: 396, 412
Mytiis eull: 24 Oplagntlus fasciatus: 6418, 649, 656, 657

Oryzias latipes: 648, 935, 1040, 1143
N Osmerus eperlanus: 195

Nannastacus cinginculatus: 602 Ostracion diaphenum 681
Nass obsleta 551Ostracion tuberculatum: 681
Nassriusobsoeta:794Ostrea. virginica: 501, 512, 514,515, 523

Nassuaiu obsolea: 96 Otophidium scrippa : 510
N ssua onts 2962 Otophidium, taylori: 510, 516

Neti iedls : 829 Oxyjalis californica:- 516

Nemachilus barbatula.: 1168 Oxytricha fallax: 356

Neothunnus macropterus: 245, 835, 841, 856,860, Oyster- 892, 902

868, 961, 981, 1022, 1023, 1024, 1025 p
Neptunus: 664, 665
Nerneis: 1005, 1126 Paelomon nipponensis: 268
Nereis irroratz. 602 Palaemon: 664, 665
Ncreis limbata.: 810 Palaemon northropL 544
Nereis succinia: 603 Palaemonetes puglo:. 876
Nereis vexillora: 246 Palaemonetes vulgaris: 300, 784
Nereis virens: 246 Paleomonetes: 298
Notejniionus crysoleucas: 281a. Palometra siml1ima: 516
Nowdromas nioitacha: 471 Pandalus montagu. 751
Nototropis schwanimerdansi: 602 Panot: 842
Notropis: 180 Pintodon buchholzi: 1175
Notropis bifrenatis: 620, 621, 623 Pantosteus Jordani: 922
Notropis cornutus: 281a, 717 Panulirus argts: 758
Notropis cornutus cornutus: 204 Panulirus interruptus: 502
Notropis heterolepis: 204 Paracalanus parvus: 720, 751
Notropis !p~jopteru : 281a Paracentrotis lividus: 805, 808
Notropis straminens: 281a Parachinus microtuberculatus: 807
Notropis umbratilis: 281a Paralabrax clathratus: 510, 516
Noturus flavus: 281a Paralabrax nebulifer: 200, 510, 516

Paralabrax nigrican : 200
Paraleptophlebia 881, 888
Paraleptophiebi bicornuta: 907
Paralichthys californicus: 502

0 Paralichthys dentpatus: 554, 700, 871

Obelia borealis- 246 Paramecium: 412, 962
obelia geniculata 246 Paramecium aurelia: 147, 445. '129
Octopus varlabilia: 681 Paramecium bursaria: 445
Oithona: 751 Paramecium caudatum: 108, 197, 303, 356, 408,
Oithona nana: 720 411, 412, 445, 1160
Olhgocottus maculosus: 1195 Paramecium mnulimicronucleatum: 1159
Omaca venustL: 681 Paraphyrys vetutita: 1195
Ommasraphu sloani paci!Sus: 681 ParapontAel brevicornia: 720
Oncorhynchu keta- 1149 Parapristipotna trilinexturn: 681
oneorhynchus klsutch. 466. 503, 597 Parasilurus asotus: 1. 259, 345, 472, 813
Oncorhynchu wasuaj- 811, 812 Parathunflus mebachk 868, 1025
Oncorhnchus nerka: 462, 525, 584. 629, 674, 922, Parathwnnus ulbi- 278. P35, 944, 981, 1022, 1023

998. 1083 Parechinus microtamaculatuaa: 805
Onohnh thwtc 503, 5M.,568, 599, 921. PaOxocoetus: 673

995, 1076, 1090, 1092, 1153, 1154 1'&iophy vetulu : 330
Ono. mustela: 195 Parrotfish: 892, 1060, 1062
Onychodromum grandla: 411 Par'h 309
2pjLCpLaus ague 1040 Pecten irradicans: 856, 876, 877, 878
Ophlothri rrxgile 396 Pelagia noctiluca. 320
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Puclecanus californicus: 510 blniis corneus: 613, 909
Pellonia: 579 IPlaticlhthys stellatus: 330, 1195
Peloniyxa illincisensis: 1105, 1106 Platosus: 579
Pempheris: 517 Platynereis durocrili: 602, 603, 769
Pempheris jappoiCu : 647, 648, 658 Platynereis megalops 603
Pemphris macrolepidotus: 681 Plectroporus leoaru 1063
Penacus car:-mote: 411 Pleurobrachia pieus: 720
Penacus indicus: 664, 665 Pleurobranchia: 246
Penaeus setiferus: 512, 514, 515, 856 Pleuronectes flessus: 195
Penioculodes longimnanus: 602 Pleuronectes platessa 195, 960, 1058
Pennaria tiarella: 246 Pleuronexes gammaroides: 602
Peracanthra truncata: 709 Plotosus anguillari : 648
Perca: 960 Plumulurida: 894
Perca flavescens: 75 Pneumatophorus diego 510, 580
Perca Hluviatilis: 195, 400, 401, 411, 469, 470, Pneurnatophorus Eer. 747

609, 1103, 1175 nmtohusapnc ieo51
Perch: 89, 346 Pneodontredus: 751nc q! 1

Sand.k 524 Poeoryntereius: 792

Yellow: 209, 296 Poellchus vres 510

Percina maculata: 281a olhuvies50

Percophthalmus coelreuteri: 1175 Polybostrichus: 602

Perlodes americana: 886 Polycatus: 910iscaus 2

Petromyzo!I marinus: 94, 111. 253, 254, 255, 310, Polyodunt: 1

459, 660, 704, 879. 880 Polyodontji175 ~ 60

Peudinium cinctum: 411 1olyorhtis 2 peniciLt: 105

Phalacrocorox: 510 oloci2nilaa10
Phalropu 510Polvphennus pediculu : 709

Phamarous: 510p:51 Pomacanthus: 787

Phancrodon futripes: 516,51 Poniacentrus: 787

Phaneroono uii 510 51o~matomus saltatrix: 856, 876

Phialidium hemispherium: 720 Ponioxis anuromcsa: 957

Philomedes inerunta 602 Pomoxis nparomades:us 9 57

Pholis gunellus: 960, 1058 Pontocrs naorwegs: 602

Phoxinus Inevis: 158, 195, 393, 412, 469, 470, 564 Porichrtys noraseiu 5102 1

574, 626, 765, 1168, 1174, 1178, 1201, 1207, Porichthys notat 510, 516

1212 Poritus hosatus: 41516

Phoxinus phoxinus: 645, 785 Potmus hlepact s 411, 41

Phtislsa marina: 602 Pamunus fleuous: u 602 41

Phyllodore mncropapillosa: 602 rensfxuu:60
Phylodoe ruigios -602Priacanthus hamrus: 681

Phyoa: 881 f~s 0 Prlonace g!Lauc 278

Pikrl 881 Prionospio cirrifera: 602

Pikere 2397.95 Prionospio MeLmgrenl: 602

P orke: n 73,79,9 Prionotust 787

Northerch: 209 8 Prionotus tribulus:54

Plkchard: 29, 78 RistspaMaoes sieboldiL 279
Pillcard 719a i: 7 Prochilodus platersla: 836

Pli cts. o412 is 17 Proso ium wllllam aon: 134, 922, 995. 1059

Pimelometopon pulchru : 510, 516Prtza 3
Plmephales notatus: 281a. 716, 1193 Psudemys elegana 575

Plantetrodon 412Pseudocalanus elongatua: 720
Plan treodo 412. 68.88 cu docent rtus depressus: 972
Planaria: 556,ceha 683 288 Pseudocrerna longico n: 602

Planaria doguri cph: 1122 Pseudopeneu maculatus: 567
PlAnaria macublaa:2. 1081 Pterocirnis macroceros, 602
Planaria Emaulte 246, 108 Irophyllum elmechlii 792
Plinorariu edes - 929 !jychorhcllus oregonenuss 922, 995
Planorbals. 881denla 9082!2 Pura Muu !o: 681

Planrbls 861PuILtlus p~tua: 180



Pyrocypris: 681 Samn(eont'd.):

Blueback: 999
R Chinook- 76, 315, 905, 994, 996, 997, 998,

Radix: 1091 1000, 1001, 1154, 1157
Radix japonic : 993, 1087, 1144 Sockeye 949 897

Rana: 135 Lp;_ 49,97

Rana catesbiana: 1095 Salus: 577
Ranaemulnta:41 ~Salvelinus fontinalis: 180, 212, 229, 283, 425, 586,

Rana esculata: 412, 1027 624, 635, 757, 916
Rana usca:1027Sand lance: 392

Rana pipiens: 914, 1095 Sand perch: 507
Rana sylvatica: 1121 Sapole taenura: 649
Rana temporaria: 218, 220, 1102, 1103 Sarda chilensis: 681
Ranatra: 298 Sardanella niacropthalmus: 564

Ranata fun: 631Sardine: 5, 60, 184, 536, 580, 585, 701, 732, 791
Ranatra funear: 12 48Sardinclla macropthalia: 564, 567
Rantraliears 12,46 Sardinius crytrophtalmus: 469, 470

Rhacochilus toxotes: 510, 516 Sardinops caerulea: 185, 510, 516, 678
Rhinichthys: 283 Sargus vulgaris: 380
Rhinobatus productus: 502 Saurlda: 787
Rhodeus amarus: 114, 412, 469, 470, 771, 1168, Saury: 760

1177 Scaphobberis mucronata Var. cornutaL- 709
Rhychoymb nytroi' 040Scardinius erythrophthalmus: 852, 1168Rhynhocmb j~trak 040Scarus croicensls: 564

Richardsonius balteatus: 887, 888, 907, 995 Schilbeodes: 175
Richardsonius balteatus balteatus:- 922 Schizotricha tenella: 246

Roach.s 346cas 2 Sciaena saturna: 510
Roccus axeatils:01 524 Scolopi l: 517Roccs sxatiis:501.524Scolopsis nagasakiensts: 681
Roncador stearnsi: 502, 510 Scomber japonicu : 643, 937
Rotifera: 962, 1161 cmeson r 7374
Rudamis ercodee: 651 Scomber scombru: 1723 4
Rudorius ercodes: 647 Scomber acombrus: 1197c-68

s ~Scomnber scombrus tapeongIcus: us 681

Sagtt 49,977Scotber ta e o cep u sn c ph ~ a 681
Sagita~949,977Scomberomorus niphonicus: 648, 649

Sagitta bipunctata. 720 Scombrops boops 681
Sagitta elegans: 751 Scopelus caninianus: 723
Saito: 539 Scorpaena guIttata: 502
Salamander: 114 Scorpaena porcum: 380
Salmo clarki.: 568, 764 Scorpoenichthys marmoratus: 502
Salmno fario: 114, 135, 412. 110.3 1174 Sculpizu 366
Salmo ontinalls: 220 Scylla: 664, 665
SAlm gairdner : 936, 993. 1114. 1155, 1156, IVAS Scyllium Canicula: 36.1, 364, 365
Salmo galrdnera irideus: 212, 216, 314. 456, 47S. Scyllium catuters: 380

506 Sea urchin: 1135
Saline gairdacri kamlo'r 568, 755 Sebastes dalli: 516
SaLmo ualrdneri richaedson: 1113 Sebastes berriceps: 516
Saimo iridicus: 812, 1103, 1163 Sebastis-us mirmoratus:- 681
Salmo iridous shasia: 229 sebastodem atrovirens: 516
Sal-no tocustris: 39", 393, 412, 1103 Sebautodcs auriculatus: 516
Saimo salar. 180, 283, 963, 1163 Sebastodes cnurlnus: 330. 1195
Salino salvelinus: 618 Sebastodes chloroatitus? 510, 516
Snlmo truttAL 286. 425, 489, 506. 634 Sebastodes constollatus: 516
Salmon: 4, 5.,6. 11, 13, 14, 34. 51. 57. 64, 66. 75, sebastodcs clongatus 510,o 516

83, 84, 87, 134, 145, 146, 170. 284. 340. 359. Sebastodes os. 516
370. 379, 387, 58, 592, 605, 748. 713 Sebastodes flavidus: 510
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Szebastodes goodeji: 510 SC)ioero Lvi buII~sa: 602
sebaistodes hpis:516 Sphioer-N-11us Iwstrex: 602
Sebastodcs inelanop : 503 SPhy rcn j rgcntea: 510
Sebastodes rniniatus: 510 Sphyraena barracuda: 567
Sebastodes rnystnus: 503, 511 Sphyraena japonica: 648, 656, 681
Sebastodes ovalis: 516 §pvan picuda. 1023
Sebastodes paucispinis: 510, 516 Spirostomum: 485
Sebastodes rastrelliger: SlO Spirostonium ambigium: 334, 356, 445
Sebastodes rosaceus: 516 Spirostornum teres: 445
Schastodes rubrivintus: 510, 516 Spissula solidissima: 1065
Sebastodes semicinctus: 516 Sponge: 888
Sebastodes serranoides: 516 Spongilla lacustris: 886, 907
Sebastodes umbrosus: 516 Spot: 507
Sebastodes vexillaris: 516 Sprat: 539, 719
Selene vomer: 554 SqualIus acanthias: 344
Semotilus atromaculatus: 180, 204, 231, 281a, Sqau cehlus 469, 1168

717, 1184 Squalus leuciscus: 822
Semotilus corporali : 231, 448 Sciualus sucklii: 330, 1195.
Sepia afficinalis: 723 Squid.~ 579
Seriphus politus: 510 Squilla mantis: *412
Serpula: 298 Squirrelfish: 842, 892, 1062
Shadk 507 Stagnicola: 886, 888

Gizzard:- 507, 954 Stagnicola nuttalun: 907
Hickory- 507 Staurocephalu - 602

Shark: 126, 273, 855, 1170 Stentor: 197, 412
Shcatfish: 89 Stentor caerulcus: 356, 683
Shiner. 184 Stentor polymorphus: 334, 411, 445
Sida crystallina: 709 Stephanolepis cjrrhifer- 648
Sild: 530 Stephos fultoni: 720
Silurus &lanis: 195, 1177 Stereoleopis gigat 510
Silverside: 507 Stichopus tremulus: 344
Simanchelys parasiticu : 693 Stickleback: 89, 328, 803, 1169
Simocephalus sernilatus: 552 Stolephoru : 664, 665
Simocephalus vetulus: 552 Stolephorus laponicus: 681
Siphonophora., 977 Stomotoca atlca: 246
Sirella armata: 602 Striped bass: 507
Sirella clausi: 602 Strangilocentrolus droebodiensia: 960
Sirella jaltensla: 602 Strongyloeentrotus leveun: 397
Sirella watauil: 681 Strongylocentrotus 1 ividus: 412, 106
Smet 184, 736 Strongylocentrotus purcherrinas: 972
Snail: 71j, 793, 794, 796 Strongylura ardeola: 787
Snapper: 842, 1060 Strongylura notat&:- 564. 56?
Solaster papposus: 396, 409, 412 Strongylura raphlduma 787
Solia,' 723 Sturgeon: 854, 939, "95, 1033
Soliodon walbuhmL- 681 Stylonehla: 411
SpArasoma radians: 564 Styloncha mytla, 445
Vau tries: 451 Sucker - Buaffalo. 954
Sparus Nevinhoola: 451 common. 204, 364 %17. $54
Spathitum sj!! : 116 Red1,ors* 9O4
Spheroid..: 341, 717 Sunfish: 209. O54
Spheroides jagonica 657 Surgeonfih.e 842. 855, 992. 1062
Spheroides niphobhes: 654, 657, 65#, 104 Swordfish: 91. 92
Spheroid** nabLwog 647, 650, 652 §X111! SmicIL 602
SPhoerachintUg gLMM'a -is 805. s07 Sy!L prolifera 602
Sporle inermis: 61 S2l!!2!!I~~ 602gc, o
S&*rolde apadWkeial 681huus ply
Sporle spengler - 787 Synaphtwbranchis punia -a £13

ipoeoie vermicularts: 481 Syngnathus Californieneis: SI0, S16
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Syngnathus floridae: 554 Trout (cont'd.):
Sytnaltus louisiame: 554 Spotted: 507

Sjrnodus: 787 Steelhead: 75, 905
Synodus foctans: 554 Trutta. fario. 220, 618
Synodus synodus: 564, 567 Trutta iridea: 195

Trutta lacustrls: 618
T Trutta. salai, 220

Thenuira: 517 Trypanosyllus: 602
Talitrus saltator:' 824, 825 Tubifex tubifex: 1148
Tanichthys: 1019 Tuna: 34, 3e, 40, 45, 46,47, 48, 62, 72, 156. 331,
Tautoa onitis: 554 427, 460, 838, 841, 842, 931, 945, 977, 979,1209
Teniora longicornis: 720 Skipjack: 331, 834, 946, 1042, 1071
Tenagomysis orientalis: 681 Yellowfin: 80, 325, 326
Tench: 89 - -Triops truncatus: 1183
Tetrahymena: 962 Tylosu'us: 517
Tetrajiterus angustirostris: 1023 Tylosurus annstornella: 681
Ter!apterus mitsukurll: 1025
Teuthis fascenens: 681 U
Thais: 1091 Uca pugnax~ 632
Thalassoma bifasciatum: 564, 567 Umbra krameri. 1175

- hayeri boehlkeh. 792 Umbra limi: 62?, 717, 750, 783, 1211
Therapon oxyrhynchus: 681 Umbra pygmaea 626
Thunnus orientalls: 275, 937, 1025 Umbrina roncador- 510

* Thymallus thvmallus: 228 Uodeuchaeta major: 720
ThyMallus vulgaris: 220 Upogebin 751
Tigropus californlcus: 874 Uranonopus scaber- 380
Tilapla galilea. 353 Urolophus halleri: 502
Tilapia macrocephal . 564 Urothoe elegans: 602
ILapia mossambica: 841, 856, 860, 861, 862, 863 Urothoe marina: 602
Tilapla zillh 353
Tinca tnca, 195
I! vlgr 114, 173, 380, 609, 1137Vacohnsamsu:35
Toad: 301, 302 Vawntornusolamacs: 602

Eggs: 1078 artotpot rst-60

Tomnopterus helgolandica 720. Venus mercenaria: 856, 878, 1016
Trachurus crumenophthalmus: 681 Vicinuerril ucetla: 516
Trachurus jiLponicu : 638, 640, 643, 648, 819, 937 Volvx 106, 412, 458, 670
Trachurus !9ymmetrlcus: 510, 516, 580 Volvox globator 683
Trachurus trachurus: 647, 681 Volvox minor:. 683
Trachyphyllia 578 otela19
Trichiurus haumneat 681 Vorticella campanulata. 411, 412
Tridaena. crocera: 855 VortiePIh nowbulifera: 334
Triggerfish: 1062 w
Trinectes maculatus: 554 whale- 28, 50, 144. 280, 292, 308. 424
Trlpneustes esculenta. 805 W~ig 3
Tristramella slmonis: 35 Whiaung- 845 85,39,16

Trtet %bosaa. 602,
Triter. vsigarta: 135 x
Triturus irrideacens: 1171 Xenopalo hietvta: 803
Trout: 66, 89, 99, 119, 170, 194, 228, 285, 287,379, Xlphias gladlu: 1025

385, 387, 478, 605, 773, 817, 917 Xpohruhlel 2,14
Brook, 204, 205, 366, 367, 434, 436, 448, 527, ihpou elrl62,14

716, 966, 970 z
Brown: 207,t 208, 211, 328, 366, 367, 716
Embryos- 405 Zacco pl!t~EA: 646
Gray- 507 Zalemblus rosaccum: 510, 516
RaInbow', 366, 367, 454, 716, 798, 915, 1000, Zaptery exaspera 965

1029, 1158 Zoarce. vivip~aro 195
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