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PREFACE 

A number of national and international efforts are underway to 
subject new and existing man-made substances to sufficiently pro-
tective ecotoxicity testing procedures. However, ecotoxicology is 
a young science, just recently advancing from description and docu- 
mentation of toxicant-caused environmental impairments, towards their 
prediction, the basis for prevention. Accordingly, proposals still 
differ widely in regard to the kind and number of tests that should 
and could be applied. 

To help clarify which tests are and are not presently available 
is the objective of this bibliography, which originated from literature 
searches conducted while preparing a 1979 toxicity test publication by 
Freshwater Institute authors (Can. Spec. Publ. Fish. Aquat. Sci. 44). 
Some 762 references are listed, out of about 20,000 checked. We 
utilized  CANULE computer searches of BIOSIS, FWI library holdings, and 
reprint collections of FWI researchers. All references were grouped 
under 3 broad categories: 1) lethal, 2) sublethal, 3) test compilations 
and reviews. Under 1) and 2),papers meeting at least one of the following 
criteria were included: 

a) those presenting or containing first descriptions of 
methods either originally or later (as holds true 
for many sublethal techniques) used for testing 
toxicity to aquatic organisms; 

h) those containing major method modifications (not all 
have yet been applied to toxicity testing); and 

c) those giving recent examples of applications of these 
methods. 

The limited methodological scope and significance of lethality 
tests is reflected in the limited number of citations under this heading. 
Sublethal methods from various levels of biological organization (under 
7 subheadings) constitute the largest portion by far. "Test compilations 
and reviews" may give some guidance beyond specific tests towards es-
tablishing comprehensive multi-test procedures. 

We hope this bibliography will facilitate access to existing test 
methods; may it also point out the many gaps to be filled by future 
research. 

Margaret P. McLean 
Richard E. McNicol 
Eberhard Scherer 
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ABSTRACT 

The 762 references listed comprise methods for detecting lethal 

and (mainly) sublethal toxic effects on aquatic organisms and 

communities, examples of application, as well as multi-test com-

pilations and reviews. The objective is to provide easy access to 

current methods, and to illustrate gaps in the present state of 

toxicity testing. 

key words: bibliography, aquatic pollution, toxicology, test 
methods, lethal, sublethal 

RÉSUMÉ 

Les 762 références cataloguées comprennent des méthodes de 

détection des effets toxiques létaux et (surtout) sous-létaux sur 

les organismes aquatiques et les communautés, des exemples d'appli- 

cation, ainsi que des compilations d'essais multiples et des révisions. 

Le but de cet ouvrage est de faciliter l'accès aux méthodes d'usage 

courant et d'illustrer les lacunes qui existent présentement dans les 

essais de toxicité. 

mots-clés: bibliographie, pollution aquatique, toxicologie, 
méthodes d'essais, létal, sous-létal 
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1. LETHAL METHODS 
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Fourteenth edition. American Public Health 
Association, Washington, DC. 

ANONYMOUS. 1975. Methods for acute toxicity tests 
with fish, macroinvertebrates, and amphibians. 
U.S. Environ. Prot. Agency EPA-660/3-75-009: 
v + 67 p. 

BAHNER, L.H., C.D. CRAFT, and D.R. NIMMO. 1975. 
A saltwater flow-through bioassay method with 
controlled temperature and salinity. Prog. 
Fish-Cult. 37: 126-129. 

BASAK, P.K., and S.K. KONAR. 1977. A new method 
for the determination of safe concentrations 
of insecticides to protect fishes. Indian J. 
Environ. Health 19: 283-292. 

BRENNIMAN, G., R. HARTUNG, and W.J. WEBER Jr. 1976. 
A continuous flow bioassay method to evaluate 
the effects of outboard motor exhausts and 
selected aromatic toxicants on fish. Water 
Res. 10: 165-169. 

BURRESS, R.M. 1975. Development and evaluation of 
on-site toxicity test procedures for fishery 
investigations. U.S. Fish Wildl. Serv. Invest. 
Fish Control 68: 1-8. 

CALAMARI, D., and R. MARCHETTI. 1975. Predicted 
and observed acute toxicity of copper and 
ammonia to rainbow trout (Balm gairdneri 
Rich.). Prog. Water Technol. 7: 569-577. 

CARTER, L. 1962. Bioassay of trade wastes. 
Nature (London) 196: 1304. 

DAVIS, J.C., and B.J. MASON. 1973. Bioassay pro-
cedures to evaluate acute toxicity of neutral- 
ized bleached kraft pulp mill effluent to 
Pacific salmon. J. Fish. Res. Board Can. 30: 
1565-1573. 

DRAWAS, N., and R.P. HERBST. 1977. The determina-
tion of the toxicity of industrial effluents 
using an onsite bioassay system. Inst. 
Environ. Sci. Tech. Meet. Proc. 23: 36-40. 

DUTHIE, J.R. 1977. The importance of sequential 
assessment in test programs for estimating 
hazard to aquatic life, p. 17-35. In F.L. 
Mayer and J.L. Hamelink (ed.) Aquatic toxicol- 
ogy and hazard evaluation. ASTM STP 634. 

FALK, M.R. 1973. Simple apparatus for conducting 
acute toxicity bioassays under field condi-
tions. Water Res. 7: 821-822. 

GILLESPIE, D.M., J.D. ELDREDGE, and C.K. THOMPSON. 
1975. A kinetic model for static bioassay of 
insecticides. Water Res. 9: 817-819. 

HAMILTON, M.A., R.C. RUSSO, and R.V. THURSTON. 
1977. Trimmed Spearman-Karber method for 
estimating median lethal concentrations in 
toxicity bioassays. Environ. Sci. Technol. 
11: 714-719. 

HOWARD, T.E., and C.C. WALDEN. 1972. Basic bioas-
say techniques. Pulp Pap. Mag. Can. 73: 285- 
289. 

JENSEN, A.L. 1972. Standard error of LC50 and 
sample size in fish bioassays. Water Res. 6: 
85-89. 

KRUGEL, S., D. JENKINS, and S.A. KLEIN. 1978. 
Apparatus for the continuous dissolution of 
poorly water-soluble compounds for bioassays. 
Water Res. 12: 269-272. 

LAROCHE, G., R. EISLER, and C.M. TARZWELL. 1970. 
Bioassay procedures for oil and oil dispersant 
toxicity evaluation. J. Water Pollut. Control 
Fed. 42: 1982-1989. 

LITCHFIELD, J.T. Jr. 1949. A method for rapid 
graphic solution of time-per cent effect 
curves. J. Pharmacol. Exp. Ther. 97: 399-408. 

LITCHFIELD, J.T. Jr, and F. WILCOXON. 1949. A si-
mplified method of evaluating dose-effect exp-
eriments. J. Pharmacol. Exp. Ther. 96: 99-112. 

LITTLE, L.W. 1978. Bioassays - procedures and 
results. J. Water Pollut. Control Fed. 50: 
1852-1868. 

MARKING, L.L. 1977. Method for assessing additive 
toxicity of chemical mixtures, p. 99-108. In 
F.L. Mayer and J.L. Hamelink (ed.) Aquatic 
toxicology and hazard evaluation. ASTM STP 
634. 

MOUNT, D.I., and W.A. BRUNGS. 1967. A simplified 
dosing apparatus for fish toxicology studies. 
Water Res. 1: 21-29. 

OZBURN, G., J. KRAFT, and L. SOMPPI. 1973. A 
procedure for short-term bioassay tests on 
industrial effluents of low oxygen content. 
Can. J. Zool. 51: 794-795. 

PELTIER, W. 1978. Methods for measuring the acute 
toxicity of effluents to aquatic organisms. 
U.S. Environ. Prot. Agency EPA-600/4-78-012: 
ix + 51 p. 

ROSE, C.D., W.G. WILLIAMS, T.A. HOLLISTER, and P.R. 
PARRISH. 1977. Method for determining acute 
toxicity of an acid waste and limiting permis-
sible concentration at boundaries of an oceanic 
mixing zone. Environ. Sci. Technol. 11: 367- 
371. 

SCHEIER, A., W. CONNELL, and H.D. GOMINGER. 1979. 
A bioassay laboratory boat with comparisons 
of central vs. boat laboratory bioassay 
evaluations. Water Resour. Bull. 15: 75-87. 

SPRAGUE, J.B. 1969. Measurement of pollutant 
toxicity to fish. I. Bioassay methods for 
acute toxicity. Water Res. 3: 793-821. 

SPRAGUE, J.B. 1970. Measurement of pollutant 
toxicity to fish. II.  Utilizing and applying 
bioassay results. Water Res. 4: 3-32. 

SPRAGUE, J.B. 1973. The ABC's of pollutant bioas-
say using fish, p. 6-30. In J. Cairns Jr and 
K.L. Dickson (ed.) Biological methods for the 
assessment of water quality. ASTM STP 528. 
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STEPHAN, C.E. 1977. Methods for calculating an 
LC50, p. 65-84. In F.L. Mayer and J.L. 
Hamelink (ed.) Aquatic toxicology and hazard 
evaluation. ASTM STP 634. 

WUERTHELE, M., J. ZILLICK, M. NEWTON, and C. 
FETTEROLF. 1973. Descriptions of a 
continuous-flow bioassay laboratory trailer 
and the Michigan diluter, p. 345-354. In 
G.E. Glass (ed.) Bioassay techniques and 
environmental chemistry. Ann Arbor Science 
Publishers Inc., Ann Arbor, MI. 

1.2 EXAMPLES OF APPLICATIONS 

AHSANULLAH, M. 1976. Acute toxicity of cadmium 
and zinc to seven invertebrate species from 
Western Port, Victoria. Aust. J. Mar. Freshw. 
Res. 27: 187-196. 

APOSTOL, S. 1973. A bioassay of toxicity using 
protozoa in the study of aquatic environment 
pollution and its prevention. Environ. Res. 
6: 365-372. 

BARNETT, C.J., and J.E. KONTOGIANNIS. 1975. The 
effect of crude oil fractions on the survival 
of a tidepool copepod, Tigriopus californicus. 
Environ. Pollut. 8: 45-54. 

BAUDOUIN, M.F., and P. SCOPPA. 1974. Acute toxic-
ity of various metals to freshwater zooplank-
ton. Bull. Environ. Contam. Toxicol. 12: 745- 
751. 

BEHIE, L.A., J.E. ZAJIC, D. BERK, R.J.P. BROUZES, 
and V.A. NAISH. 1977. A standard primary 
toxicity bioassay using Daphnia magna as a 
test species. Water Pollut. Res. Can. 12: 
27-49. 

BIRGE, W.J., J.A. BLACK, J.E. HUDSON, and D.M. 
BRUSER. 1979. Embryo-larval toxicity tests 
with organic compounds, p. 131-147. In L.L. 
Marking and R.A. Kimerle (ed.) Aquatic toxic-
ology. ASTM STP 667. 

BURBANCK, W.D., and D.M. SPOON. 1967. The use of 
sessile ciliates collected in plastic petri 
dishes for rapid assessment of water pollution. 
J. Protozool. 14: 739-744. 

CALABRESE, A., R.S. COLLIER, D.A. NELSON, and J.R. 
MacINNES. 1973. The toxicity of heavy metals 
to embryos of the American oyster Crassostrea 
virginica. Mar. Biol. 18: 162-166. 

CALAMARI, D., and R. MARCHETTI. 1973. The toxic-
ity of mixtures of metals and surfactants to 
rainbow trout (Scam° gairdneri Rich.). Water 
Res. 7: 1453-1464. 

CARTER, J.W., and I.L. CAMERON. 1973. Toxicity 
bioassay of heavy metals in water using 
Tetrahymena pyriformis. Water Res. 7:  951- 
961. . 

CLARKE, A.McV., D.G. ALEXANDER, R.W. BOYCHUK, 
B.S.C. CHU, and H.D. MACIOROWSKI. 1977. The 
effect of chlorination on the acute lethal 
toxicity of Winnipeg municipal wastes. Can. 
Fish. Mar. Serv. Tech. Rep. 712: vii + 16 p. 

CLUBB, R.W., A.R. GAUFIN, and J.L. LORDS. 1975.  

Acute cadmium toxicity studies upon nine spe-
cies of aquatic insects. Environ. Res. 9: 332- 
341. 

CORNER, E.D.S., and B.W. SPARROW. 1956. The modes 
of action of toxic agents. I. Observations on 
the poisoning of certain crustaceans by copper 
and mercury. J. Mar. Biol. Assoc. U.K. 35: 
531-548. 

CORNER, E.D.S., and B.W. SPARROW. 1957. The modes 
of action of toxic agents. IL Factors influ-
encing the toxicities of mercury compounds to 
certain crustacea. J. Mar. Biol. Assoc. U.K. 
36: 459-472. 

EISLER, R. 1977. Acute toxicities of selected 
heavy metals to the softshell clam, Ito 
arenaria. Bull. Environ. Contam. Toxicol. 17: 
137-145. 

EMERY, R.M. 1970. The comparative acute toxicity 
of cresol to two benthic crustaceans. Water 
Res. 4: 485-491. 

FREMLING, C.R. 1975. Acute toxicity of the 
lampricide 3-trifluoromethy1-4-nitrophenol 
(TFM) to nymphs of mayflies (Hexagenia sp.). 
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GORDON, M.R., and D.J. McLEAY. 1977. Sealed-jar 
bioassays for pulpmill effluent toxicity: 
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acute toxicity studies with invertebrates. J. 
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MAKI, A.W., L. GEISSEL, and H.E. JOHNSON. 	1975. 
Comparative toxicity of larval lampricide 
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2. SUBLETHAL METHODS 

2.1 BIOCHEMICAL 

Fish 

AHOKAS, J.T., N.T. dRKI, A. OIKARI, and A. SOIVIO. 
1976. Mixed function monooxygenase of fish 
as an indicator of pollution of aquatic 
environment by industrial effluent. Bull. 
Environ. Contam. Toxicol. 16: 270-274. 

ANEES, M.A. 1974. Changes in starch-gel electro-
phoretic pattern of serum proteins of a 
freshwater teleost Channa punctatus (Bloch), 
exposed to sublethal and chronic levels of 
three organophosphorus insecticides. Ceylon 
J. Sci. Biol. Sci. 11: 53-58. 

BILINSKI, E., and R.E.E. JONAS. 1973. Effects of 
cadmium and cooper on the oxidation of lactate 
by rainbow trout (Salmo gairdneri) gills. J. 
Fish. Res. Board Can. 30: 1553-1558. 

BROWN, G.W. Jr. 1976. Effects of polluting sub-
stances on enzymes of aquatic organisms. J. 
Fish. Res. Board Can. 33: 2018-2022. 

BUCKLEY, J.A. 1976. Acute toxicity of residual 
chlorine in wastewater to coho salmon 
(Oncorhynchus kisutch) and some resultant 
hematologic changes. J. Fish. Res. Board Can. 
33: 2854-2856. 

CHRISTENSEN, G.M., J.M. McKIM, W.A. BRUNGS, and 
E.P. HUNT. 1972. Changes in the blood of the 
brown bullhead (Ictalurus nebulosus (Lesueur)) 
following short and long term exposure to 
copper(II). Toxicol. Appl. Pharmacol. 23: 417- 
427. 

CHRISTENSEN, G.M., and J.H. TUCKER. 1976. Effects 
of selected water toxicants on the in vitro 
activity of fish carbonic anhydrase. Chem. 
Biol. Interact. 13: 181-192. 

CUTKOMP, L.K., H.H. YAP, E.Y. CHENG, and R.B. KOCH. 
1971. ATPase activity in fish tissue homogen-
ates and inhibitory effects of DDT and related 
compounds. Chem. Biol. Interact. 3: 439-447. 

DESAIAH, D., L.K. CUTKOMP, and R.B. KOCH. 1973. 
The effect of pyrethrins on ATPases cockroach 
and blue gillfish[sic]. Pyrethrum Post 12: 70-75. 

DESAIAH, D., and R.B. KOCH. 1975. Inhibition of 
fish brain ATPases by aldrin-transdiol, aldrin, 
dieldrin and photodieldrin. Biochem. Biophys. 
Res. Commun. 64: 13-19. 

DIMICHELE, L., and M.H. TAYLOR. 1978. Histopa-
thological and physiological responses of 
Fundulus heteroclitus to naphthalene exposure. 
J. Fish. Res. Board Can. 35: 1060-1066. 

EISLER, R., and P.H. EDMUNDS. 1966. Effects of 
endrin on blood and tissue chemistry of a 
marine fish. Trans. Am. Fish. Soc. 95: 153- 
159. 

FUJIYA, M. 1961. Use of electrophoretic serum 
separation in fish studies. J. Water Pollut. 
Control Fed. 33: 250-257. 

GOULD, E. 1977. Alteration of enzymes in winter 
flounder, Pseudopleuronectes americanus, 
exposed to sublethal amounts of cadmium 
chloride, p. 209-224. In F.J. Vernberg, A. 
Calabrese, F.P. Thurberg and W.B. Vernberg 
(ed.) Physiological responses of marine biota 
to pollutants. Academic Press, New York, NY. 

GRANT, B.F., and P.M. MEHRLE. 1970. Chronic endrin 
poisoning in goldfish, Carassius auratus. J. 
Fish. Res. Board Can. 27: 2225-2232. 

HEITZ, J.R., L. LEWIS, J. CHAMBERS, and J.D. 
YARBROUGH. 1974. The acute effects of empire 
mix crude oil on enzymes in oysters, shrimp 
and mullet, p. 311-328. In F.J. Vernberg and 
W.B. Vernberg (ed.) Pollution and physiology 
of marine organisms. Academic Press, New York, 
NY. 

HILTIBRAN, R.C. 1972. Effects of the chlorogroups 
of phenoxy compounds on the oxidative phospho- 
rylation. Trans. Ill. State Acad. Sci. 65: 
81-85. 

HODSON, P.V. 1976. d-amino levulinic acid dehydra-
tase activity of fish blood as an indicator of 
a harmful exposure to lead. J. Fish. Res. 
Board Can. 33: 268-271. 

HOLLAND, H.T., D.L. COPPAGE, and P.A. BUTLER. 1967. 
Use of fish brain acetylcholinesterase to 
monitor pollution by organophosphorus pesti-
cides. Bull. Environ. Contam. Toxicol. 2: 156- 
162. 

LARSSON, Â., B.-E. BENGTSSON, and O. SVANBERG. 
1976. Some haematological and biochemical 
effects of cadmium on fish, p. 35-45. In 

 A.P.M. Lockwood (ed.) Effects of pollutants on 
aquatic organisms. Soc. Exp. Biol. Semin. 
Ser. 2. 

LOCKHART, W.L., R. WAGEMANN, J.W. CLAYTON, B. GRAHAM, 
and D. MURRAY. 1975. Chronic toxicity of a 
synthetic tri-aryl phosphate oil to fish. 
Environ. Physiol. Biochem. 5: 361-369. 

LORZ, H.W., and B.P. McPHERSON. 1976. Effects of 
copper or zinc in fresh water on the adaptation 
to sea water and ATPase activity, and the 
effects of copper on migratory disposition of 
coho salmon (Oncorhynchus kisutch). J. Fish. 
Res. Board Can. 33: 2023-2030. 

MAZMANIDI, N.D., and G.I. KOVALEVA. 1975. The 
effect of dissolved petroleum products on some 
of the aspects of carbohydrate metabolism in 
fishes and invertebrates. J. Ichthyol. (Engl. 
Transl. Vopr. Ikhtiol.) 15: 811-816. 

McKIM, J.M., G.M. CHRISTENSEN, and E.P. HUNT. 1970. 
Changes in the blood of brook trout (Salvelinus 
fontinalis) after short-term and long-term 
exposure to copper. J. Fish. Res. Board Can. 
27: 1883-1889. 

McLEAY, D.J. 1977. Development of a blood sugar 
bioassay for rapidly measuring stressful levels 
of pulpmill effluent to salmonid fish. J. Fish. 
Res. Board Can. 34: 477-485. 

McLEAY, D.J., and D.A. BROWN. 1974. Growth stimula- 
tion and biochemical changes in juvenile coho 



4 

salmon (Oncorhynchus kisutch) exposed to 
bleached kraft pulpmill effluent for 200 days. 
J. Fish. Res. Board Can. 31: 1043-1049. 

MEHRLE, P.M., and F.L. MAYER Jr. 1975. Toxaphene 
effects on growth and development of brook 
trout (Salvelinus fontinalis). J. Fish. Res. 
Board Can. 32: 609-613. 

MILLER, D.S., and W.B. KINTER. 1977. DDT inhibits 
nutrient absorption and osmoregularity func-
tion in FunduZus heteroclitus, p. 63-74. In 
F.J. Vernberg, A. Calabrese, F.P. Thurberg 
and W.B. Vernberg (ed.) Physiological re-
sponses of marine biota to pollutants. 
Academic Press, New York, NY. 

MUKHERJEE, S., and S. BHATTACHARYA. 1974. Effect 
of some industrial pollutants on fish brain 
cholinesterase activity. Environ. Physiol. 
Biochem. 4: 226-231. 

PASSINO, D.R.M., and C.A. COTANT. 1979. 
Allantoinase in lake trout (Salvelinus 
namayoush): in vitro effects of PCBs, DDT 
and metals. Comp. Biochem. Physiol. 62C: 
71-75. 

PAYNE, J.F., and W.R. PENROSE. 1975. Induction of 
aryl hydrocarbon (Benzo [a] pyrene) hydroxylase 
in fish by petroleum. Bull. Environ. Contam. 
Toxicol. 14: 112-116. 

PFEIFER, K.F., L.J. WEBER, and R.E. LARSON. 1977. 
Alanine aminotransferase (GPT) in rainbow 
trout: plasma enzyme levels as an index of 
liver damage. Proc. West. Pharmacol. Soc. 20: 
431-437. 

POST, G., and R.A. LEASURE. 1974. Sublethal 
effect of malathion to three salmonid species. 
Bull. Environ. Contam. Toxicol. 12: 312-319. 

RACICOT, J.G., M. GAUDET, and C. LERAY. 1975. 
Blood and liver enzymes in rainbow trout 
(Seam° gairdneri Rich.) with emphasis on their 
diagnostic use: study of CC14 toxicity and a 
case of Aeromonas infection. J. Fish Biol. 
7: 825-835. 

SABO, D.J., and J.J. STEGEMAN. 1977. Some meta- 
bolic effects of petroleum hydrocarbons in 
marine fish, p. 279-287. In F.J. Vernberg, 
A. Calabrese, F.P. Thurberg and W.B. Vernberg 
(ed.) Physiological responses of marine biota 
to pollutants. Academic Press, New York, NY. 

SAROT, D.A., and A. PERLMUTTER. 1976. The toxic- 
ity of zinc to the immune response of the 
zebrafish, Brachydanio rerio, injected with 
viral and bacterial antigens. Trans. Am. 
Fish. Soc. 102: 456-459. 

SASTRY, K.V., and P.K. GUPTA. 1979. Alteration in 
the activities of three peptidases and lipase 
in the digestive system of the fish Channa 
punctatus exposed to lead nitrate. Bull. 
Environ. Contam. Toxicol. 21: 190-195. 

SASTRY, K.V., and S.K. SHARMA. 1979. In vivo 
effect of endrin on three phosphatases in 
kidney and liver of the fish Ophiocephalus 
punctatus. Bull. Environ. Contam. Toxicol. 21: 
185-189. 

SELLERS, C.M. Jr, A.G. HEATH, and M.L. BASS. 1975. 
The effect of sublethal concentrations of 
copper and zinc on ventilatory activity, blood 
oxygen and pH in rainbow trout (Salmo 
gairdneri). Water Res. 9: 401-408. 

SIVARAJAH, K., C.S. FRANKLIN, and W.P. WILLIAMS. 
1978. The effects of polychlorinated biphe-
nyls on plasma steroid levels and hepatic 
microsomal enzymes in fish. J. Fish Biol. 13: 
401-409. 

SMITH, C.E., and W.G. WILLIAMS. 1974. Experimental 
nitrite toxicity in rainbow trout and chinook 
salmon. Trans. Am. Fish. Soc. 103: 389-390. 

SOLOMANTINA, V.D., and S.F. MATCHINSKAYA. 1972. 
Alteration of the amino acid content of the 
ide induced by blue-green algae. Hydrobiol. 
J. (Engl.  Transi.  Gidrobiol. Zh.) 8: 46-49. 

SRIVASTAVA, A.K., S.J. AGRAWAL, and H.S. CHAUDHRY. 
1979. Effects of cadmium on the blood of a 
freshwater teleost. Toxicol. Environ. Saf. 3: 
321-324. 

VAALA, S.S., R.B. MITCHELL, and A. ANTHONY. 1971. 
Erythrocytic changes associated with subacute 
acid exposure of brook trout (Salvelinus 
fontinalis). Proc. Pa Acad. Sci. 45: 82-87. 

YARBROUGH, J.D., and J.E. CHAMBERS. 1977. Crude 
oil effects on microsomal mixed-function 
oxidase system components in the striped mullet 
(Mugi Z.  cephalus). Life Sci. 21: 1095-1099. 

YARBROUGH, J.D., J.R. HEITZ, and J.E. CHAMBERS. 
1976. Physiological effects of crude oil expo-
sure in the striped mullet,  Mugil cephalus. 
Life Sci. 19: 755-760. 

Invertebrates 

ALAYSE-DANET, A.M., J.L. CHARLOU, M. JÉZÉQUEL, et 
J.F. SAMAIN. 1979. Modèle de détection rapide 
des effets sublétaux des polluants: modification 
des taux d'amylase et de trypsine d'Artemia 
saline  contaminees par le cuivre ou le zinc. 
[Model of rapid detection of sublethal effects 
of pollutants: modification of amylase and 
trypsin levels of Artemia  sauna  contaminated 
by copper or zinc]. Mar. Biol. 51: 41-46. 
(English abstract). 

BIESINGER, K.E., and G.M. CHRISTENSEN. 1972. Effects 
of various metals on survival, growth, reproduc-
tion, and metabolism of Daphnie  magna. J. Fish. 
Res. Board Can. 29: 1691-1700. 

BLAKEMORE, R.P. 1978. Effects of polychlorinated 
biphenyls on macromolecular synthesis by a 
heterotrophic marine bacterium. Appl. Environ. 
Microbiol. 35: 329-336. 

BROWN, G.W. Jr. 1976. Effects of polluting sub-
stances on enzymes of aquatic organisms. J. 
Fish. Res. Board Can. 33: 2018-2022. 

CHAMBERS, J.E., J.R. HEITZ, F.M. McCORKLE, and J.D. 
YARBROUGH. 1978. The effects of crude oil on 
enzymes in the brown shrimp (Penaeus sp.). 
Comp. Biochem. Physiol. 61C: 29-32. 

DETTBARN, W.-D., and F.C.G. HOSKIN. 1975. Toxicity 



5 

of DFP and related compounds to squids in 
relation to cholinesterase inhibition and 
detoxifying enzyme levels. Bull. Environ. 
Contam. Toxicol. 13: 133-140. 

DIVANIN, I.A., and V.YE. YEROKHIN. 1978. Changes 
in biochemistry of some aquatic organisms of 
the Barents Sea coast in experimental oil 
toxication. Hydrobiol. J. (Engl. Transl. 
Gidrobiol. Zh.) 14: 63-67. 

GHIASUDDIN, S.M., and F. MATSUMURA. 1979. DDT 
inhibition of Ca-ATPase of the peripheral 
nerves of the American lobster. Pestic. 
Biochem. Physiol. 10: 151-161. 

HEITZ, J.R., L. LEWIS, J. CHAMBERS, and J.D. 
YARBROUGH. 1974. The acute effects of 
empire mix crude oil on enzymes in oysters, 
shrimp and mullet, p. 311-328. In F.J. 
Vernberg and W.B. Vernberg (ed.) Pollution 
and physiology of marine organisms. Academic 
Press, New York, NY. 

KABEER AHAMAD, I., MD.R. BEGUM, S. SIVAIAH, and 
K.V. RAMANA RAO. 1978. Effect of malathion 
on free amino acids, total proteins, glycogen 
and some enzymes of pelecypod Lamellidens 
marginalis (Lamarck). Proc. Indian Acad. Sci. 
Part B 87: 377-380. 

MALLEY, D.F., and L.J. TINKER. 1979. Calcium 
uptake: a sublethal test for crayfish, p. 150- 
159. in E. Scherer (ed.) Toxicity tests for 
freshwater organisms. Can. Spec. Publ. Fish. 
Aquat. Sci. 44. 

MAZMANIDI, N.D., and G.I. KOVALEVA. 1975. The 
effect of dissolved petroleum products on some 
of the aspects of carbohydrate metabolism in 
fishes and invertebrates. J. Ichthyol. (Engl. 
Transi.  Vopr. Ikhtiol.) 15: 811-816. 

NEUFELD, G.J., and J.B. PRITCHARD. 1979. 
Osmoregulation and gill Na, K-ATPase in the 
rock crab, Cancer irroratus: response to DDT. 
Comp. Biochem. Physiol. 62C: 165-172. 

THURBERG, F.P., A. CALABRESE, E. GOULD, R.A. GREIG, 
M.A. DAWSON, and R.K. TUCKER. 1977. 	Response 
of the lobster, Homarus americanus to sub-
lethal levels of cadmium and mercury, p. 185- 
197. In F.J. Vernberg, A. Calabrese, F.P. 
Thurberg, and W.B. Vernberg (ed.) Physiolog-
cal responses of marine biota to pollutants. 
Academic Press, New York, NY. 

WILHM, J., and K.W. THORNTON. 1972. The effects 
of pH, phenol, and sodium chloride on the 
bioenergetics of laboratory populations of 
Chironomus attenuatus. Oklahoma Water 
Resources Research Institute, Stillwater, OK. 
OWRR Project No. A-032-0KLA(1). NTIS Rep. 
PB-214 479: ii + 16 p. 

Plants 

AARONSON, S. 1960. Mode of action of 3-amino-
1,2,4-triazole on photosynthetic micro-
organisms. J. Protozool. 7: 289-294. 

APASHEVA, L.M., V.V. KULAKOV, V.G. NIKOL'SKII, and 
V.A. SHARPATYI. 1979. Effect of detergents 
on radiothermoluminescence of Chlorella. 
Biol. Bull. Acad. Sci. USSR. (Engl.  Transi.) 

 1978(2): 236-238. 

BREZONIK, P.L., F.X. BROWNE, and J.L. FOX. 1975. 
Application of ATP to phytoplankton biomass 
and bioassay studies. Water Res. 9: 155-162. 

CONWAY, H.L. 1978. Sorption of arsenic and 
cadmium and their effects on growth, micro-
nutrient utilization, and photosynthetic 
pigment composition of Asterionella formosa. 
J. Fish. Res. Board Can. 35: 286-294. 

DE FILIPPIS, L.F., and C.K. PALLAGHY. 1976. The 
effect of sub-lethal concentrations of mercury 
and zinc on Chlorella.  II.  Photosynthesis and 
pigment composition. Z. Pflanzenphysiol. 78: 
314-322. 

DIVANIN, I.A., and V.YE. YEROKHIN. 1978. Changes 
in biochemistry of some aquatic organisms of 
the Barents Sea coast in experimental oil 
toxication. Hydrobiol. J. (Engl.  Transi. 

 Gidrobiol. Zh.) 14: 63-67. 

EWALD, W.G., J.E. FRENCH, and M.A. CHAMP. 1976. 
Toxicity of polychlorinated biphenyls (PCBs) 
to Euglena gracilis: cell population growth, 
carbon fixation, chlorophyll level, oxygen 
consumption, and protein and nucleic acid 
synthesis. Bull. Environ. Contam. Toxicol. 
16: 71-80. 

FANKHAUSER, H., C. BRUNOLD, and K.H. ERISMANN. 
1976. The influence of sublethal concentra-
tions of sulfur dioxide on morphology, growth 
and product yield of the duckweed Lemna minor 
L. Oecologia 23: 201-209. 

GEIKE, F., and C.D. PARASHER. 1976. Effect of 
hexachlorobenzene on some growth parameters of 
Chlorella pyrenoidosa. Bull. Environ. Contam. 
Toxicol. 15: 670-677. 

GOERING, J.J., D. BOISSEAU, and A. HATTORI. 1977. 
Effects of copper on silicic acid uptake by a 
marine phytoplankton population: Controlled 
Ecosystem Pollution Experiment. Bull. Mar. 
Sci. 27: 58-65. 

HARRISON, W.G., R.W. EPPLEY, and E.H. RENGER. 1977. 
Phytoplankton nitrogen metabolism, nitrogen 
budgets, and observations on copper toxicity: 
Controlled Ecosystem Pollution Experiment. 
Bull. Mar. Sci. 27: 44-57. 

HENDRICH, W., Z. KUBIAK, K. JURAJDA, and M. 
PAWLACZYK-SZPILOWA. 1976. Effect of herbi-
cides on photosynthetic electron transport and 
on the growth of the alga Scenedesmus 
quadricauda. Acta Soc. Bot. Pol. 45: 101-110. 

KAUSS, P.B., and T.C. HUTCHINSON. 1978. Effects 
of benzene, a water soluble component of crude 
oils, on membrane integrity and ionic content 
of the green alga Ankistrodesmus falcatus var. 
mirabilis. Water Pollut. Res. Can. 13: 85-95. 

LARSSON, C.-M., and J.-E. TILLBERG. 1975. Effects 
of the commercial polychlorinated biphenyl 
mixture Aroclor 1242 on growth, viability, 
phosphate uptake, respiration and oxygen evolu-
tion in Scenedesmus. Physiol. Plant. 33: 256- 
260. 

LEE, S.S., S.C. FANG, and V.H. FREED. 1976. Effect 
of DDT on photosynthesis of Selanastrum 
capricormutim[sic]. Pestic. Biochem. Physiol. 
6: 46-51. 



6 

OBER, K. 1975. Effects of diazepam on photo-
synthesis, respiration, rubidium uptake, and 
finestructure of Scenedesmus obliquus in 
synchronous cultures. Arch. Microbiol. 102: 
129-137. 

O'BRIEN, M.C., and G.N. PRENDEVILLE. 1978. A 
rapid sensitive bioassay for determination of 
paraquat and diquat in water. Weed Res. 18: 
301-303. 

OVERNELL, J. 1976. Inhibition of marine algal 
photosynthesis by heavy metals. Mar. Biol. 
38: 335-342. 

PACE, F., R. FERRARA, and G. DEL CARRATORE. 1977. 
Effects of sub-lethal doses of copper sulphate 
and lead nitrate on growth and pigment compo-
sition of Dunaliela satina Teod. Bull. 
Environ. Contam. Toxicol. 17: 679-685. 

SHARMA, V.K. 1977. Action of alkylating agents 
on nitrogen fixation by clones of Anabaena 
dolieum Bharadwaja. Experientia 33: 203-204. 

SHIVAJI, S., D.M. SAXENA, and M.K.K. PILLAI. 1975. 
Mode of action of alkylating agents using a 
ciliate protozoan as a model system. I. Ef-
fect of metepa on cell division and DNA 
synthesis in Stylonychia notophora (Ciliata: 
Hypotrichida). Arch. Protistenkd. 117: 303- 
313. 

SHIVAJI, S., D.M. SAXENA, and M.K.K. PILLAI. 1978. 
Mode of action of alkylating agents using a 
ciliate protozoan as a model system. II. 
Effect of metepa on RNA and protein synthesis 
in Steonychia notophora (Ciliata: Hypo-
trichida). Arch. Protistenkd. 120: 354-365. 

SUMIDA, S., and M. UEDA. 1973. Studies of 
pesticide effects on Chlorella metabolism. I. 
Effect of herbicides on complex lipid biosyn-
thesis. Plant Cell Physiol. 14: 781-785. 

SUMIDA, S., R. YOSHIDA, and M. UEDA. 1977. Studies 
of pesticides effects on Chioretla metabolism. 
III. Effect of isopropyl 3-chlorocarbanilate 
(chlorpropham) on cell cycle and biosynthesis. 
Plant Cell Physiol. 18: 9-16. 

TOETZ, D., L. VARGA, and M. PIERCE. 1977. Effects 
of chlorine and chloramine on uptake of 
inorganic nitrogen by phytoplankton. Water 
Res. 11: 253-258. 

VAISBERG, A.J., and J.A. SCHIFF. 1976. Events 
surrounding the early development of Eueena 
chloroplasts. 7. Inhibition of carotenoid 
biosynthesis by the herbicide SAN 9789 (4- 
chloro-5-methylamino)-2-(a,a,a,-trifluoro-m-
toly1)-3(2H)pyridazinone) and its developmental 
consequences. Plant Physiol. 57: 260-269. 

2.2 CARCINOGENIC, MUTAGENIC AND TERATOGENIC 

Fish 

ADELMAN, I.R., and L.L. SMITH Jr. 1970. Effect of 
hydrogen sulfide on northern pike eggs and 
sac fry. Trans. Am. Fish. Soc. 99: 501-509. 

AMES, B.N., W.E. DURSTON, E. YAMASAKI, and F.D. LEE. 
1973. Carcinogens are mutagens: a simple test 

system combining liver homogenates for acti-
vation and bacteria for detection. Proc. Natl 
Acad. Sci. U.S.A. 70: 2281-2285. 

BENOIT, D.A., and G.W. HOLCOMBE. 1979. Toxic 
effects of zinc on fathead minnows Pimephates 
promeas in soft water. J. Fish Biol. 13: 
701-708. 

DANIL'CHENKO, 0.P., and N.S. STROGANOV. 1975. 
Evaluation of toxicity to the early ontogeny 
of fishes of substances discharged into a 
body of water. J. Ichthyol. (Engl.  Transi. 
Vopr. Ikhtiol.) 15: 311-319. 

EATON, J.G. 1974. Chronic cadmium toxicity to 
the bluegill (Lepomis macrochirus Rafinesque). 
Trans. Am. Fish. Soc. 103: 729-735. 

EYMAN, L.D., C.W. GEHRS, and J.J. BEAUCHAMP. 	1975. 
Sublethal effect of 5-chlorouracil on carp 
(Cyprinus carpio) larvae. J. Fish. Res. Board 
Can. 32: 2227-2229. 

GARDNER, G.R. 1975. Chemically induced lesions in 
estuarine or marine teleosts, p. 657-693. In 
W.E. Ribelin and G. Migaki (ed.) The pathology 
of fishes. Proceedings of a symposium. 
University of Wisconsin Press, Madison, WI. 

GARDNER, G.R., and G. PROCHE. 1973. Copper 
induced lesions in estuarine teleosts. J. Fish. 
Res. Board Can. 30: 363-368. 

GRIECO, M.P., J.D. HENDRICKS, R.A. SCANLAN, R.O. 
SINNHUBER, and D.A. PIERCE. 1978. Carcin-
ogenicity and acute toxicity of dimethylnitros-
amine in rainbow trout (Semo gairdneri). J. 
Natl Cancer Inst. 60: 1127-1131. 

KLIGERMAN, A.D. 1979. Induction of sister chroma-
tid exchanges in the central mudminnow follow-
ing in vivo exposure to mutagenic agents. 
Mutat. Res. 64: 205-217. 

KLIGERMAN, A.D., and S.E. BLOOM. 1976. Sister 
chromatid differentiation and exchanges in 
adult mudminnows (Umbra limi) after in vivo 
exposure to 5-bromodeoxyuridine.  Chromosome 
56: 101-109. 

LINDÉN, O. 1974. Effects of oil spill dispersants 
on the early development of Baltic herring. 
Ann. Zool. Fenn. 11: 141-148. 

LLEWELLYN, G.C., G.A. STEPHENSON, and J.W. HOFMAN. 
1977. Aflatoxin B1 induced toxicity and 
teratogenicity in Japanese medaka eggs (Oryzias 
latipes). Toxicon 15: 582-587. 

McCANN, J., E. CHOI, E. YAMASAKI, and B.N. AMES. 
1975. Detection of carcinogens as mutagens in 
the Sa/monelia/microsome test: assay of 300 
chemicals. Proc. Natl Acad. Sci. U.S.A. 72: 
5135-5139. 

SINNHUBER, R.O. 1967. Aflatoxin in cottonseed 
meal and liver cancer in rainbow trout. U.S. 
Fish Wildl. Serv. Res. Rep. 70: 48-55. 

SINNHUBER, R.O., J.D. HENDRICKS, J.H. WALES, and 
G.B. PUTNAM. 1977. Neoplasms in rainbow trout, 
a sensitive animal model for environmental 
carcinogenesis, p. 389-409. In H.F. Kraybill, 
C.J. Dawe, J.C. Harshbarger and R.G. Tardiff 



7 

(ed.) Aquatic pollutants and biologic effects 
with emphasis on neoplasia. New York Academy 
of Sciences, New York, NY. (Annals of the New 
York Academy of Sciences. Volume 298.). 

SMITH, C.E., and R.G. PIPER. 1975. Lesions asso- 
ciated with chronic exposure to ammonia, 
p. 497-514. In W.E. Ribelin and G. Migaki 
(ed.) The pathology of fishes. Proceedings 
of a symposium. University of Wisconsin Press, 
Madison, WI. 

SMITH, L.L., and D.M. OSEID. 1972. Effects of 
hydrogen sulfide on fish eggs and fry. Water 
Res. 6: 711-720. 

STICH, H.F., and A.B. ACTON. 1976. The possible 
use of fish tumors in monitoring for carcino-
gens in the marine environment. Prog. Exp. 
Tumor Res. 20: 44-54. 

STICH, H.F., A.B. ACTON, and C.R. FORRESTER. 1976. 
Fish tumors and sublethal effects of pollutants. 
J. Fish. Res. Board Can. 33: 1993-2001. 

VALENTINE, D.W., M.E. SOULÉ, and P. SAMOLLOW. 1973. 
Asymmetry analysis in fishes: a possible 
statistical indicator of environmental stress. 
U.S. Natl Mar. Fish. Serv. Fish. Bull. 71: 
357-370. 

WILLIAMS, G. Jr, R.C. SIMMONDS, and J.F. BOYD. 
1975. Effects of the antimicrobial furnace on 
Fundulus heteroclitus embryos. J. Fish. Res. 
Board Can. 32: 69-71. 

Invertebrates 

AMES, B.N., W.E. DURSTON, E. YAMASAKI, and F.D. LEE. 
1973. Carcinogens are mutagens: a simple test 
system combining liver homogenates for activa- 
tion and bacteria for detection. Proc. Natl 
Acad. Sci. U.S.A. 70: 2281-2285. 

GLICKSTEIN, N. 1978. Acute toxicity of mercury 
and selenium to Crassostrea gigas embryos and 
Cancer magister larvae. Mar. Biol. 49: 113- 
117. 

KOBAYASHI, N. 1971. Fertilized sea urchin eggs as 
an indicatory material for marine pollution 
bioassay, preliminary experiments.  Pub].  Seto 
Mar. Biol. Lab. 18: 379-406. 

LOWE, J.I., P.R. PARRISH, J.M. PATRICK Jr, and J. 
FORESTER. 1972. Effects of polychlorinated 
biphenyl Aroclore 1254 on the American oyster 
Crassostrea virginica. Mar. Biol. 17: 209-214. 

McCANN, J., E. CHOI, E. YAMASAKI, and B.N. AMES. 
1975. Detection of carcinogens as mutagens in 
the Sa/mone//a/microsome test: assay of 300 
chemicals. Proc.  Nat] Acad. Sci. U.S.A. 72: 
5135-5139. 

TINGLE, L.E., W.A. PAVLAT, and I.L. CAMERON. 1973. 
Sublethal cytotoxic effects of mercuric 
chloride on the ciliate Tetrahymena pyriformis. 
J. Protozool. 20: 301-304. 

WOELKE, C.E. 1972. Development of a receiving 
water quality bioassay criterion based on the 
48-hour Pacific oyster (Crassostrea gigas) 
embryo. Wash. Dep. Fish. Tech. Rep. 9: 93 p. 

Plants 

AMES, B.N., W.E. DURSTON, E. YAMASAKI, and F.D. LEE. 
1973. Carcinogens are mutagens: a simple test 
system combining liver homogenates for acti- 
vation and bacteria for detection. Proc. 
Nat] Acad. Sci. U.S.A. 70: 2281-2285. 

COLMANO, G. 1973. Molybdenum toxicity: abnormal 
cellular division of teratogenic appearance 
in Euglena gracilis. Bull. Environ. Contam. 
Toxicol. 9: 361-364. 

KAYSER, H. 1976. Waste-water assay with contin-
uous algal cultures: the effect of mercuric 
acetate on the growth of some marine 
dinoflagellates. Mar. Biol. 36: 61-72. 

KAYSER, H. 1977. Effect of zinc sulphate on the 
growth of mono- and multispecies cultures of 
some marine plankton algae. Helgol. wiss. 
Meeresunters. 30: 682-696. 

McCANN, J., E. CHOI, E. YAMASAKI, and B.N. AMES. 
1975. Detection of carcinogens as mutagens 
in the Sa/mone/la/microsome test: assay of 
300 chemicals. Proc.  Nat] Acad. Sci. U.S.A. 
72: 5135-5139. 

SINGH, H.N., and A. VAISHAMPAYAN. 1978. Biologi-
cal effects of rice-field herbicide machete 
on various strains of the nitrogen-fixing 
blue-green alga Nostoc muscorum. Environ. 
Exp. Bot. 18: 87-94. 

2.3 HISTOLOGICAL 

Fish 

ANEES, M.A. 1978. Hepatic pathology in a fresh-
water teleost Channa punctatus (Bloch) exposed 
to sub-lethal and chronic levels of three 
organophosphorus insecticides. Bull. Environ. 
Contam. Toxicol. 19: 524-527. 

BAKER, J.T.P. 1969. Histological and electron 
microscopical observations on copper poisoning 
in the winter flounder (Pseudopieuronectes 
americanus). J. Fish. Res. Board Can. 26: 
2785-2793. 

BARDACH, J.E., M. FUJIYA, and A. BOLL. 1965. 
Detergents: effects on the chemical senses of 
the fish Ictalurus nataiis (le Sueur). Science 
(Wash., D.C.) 148: 1605-1607. 

BENGTSSON, B.-E. 1974. Vertebral damage to minnows 
Phoxinus phoxinus exposed to zinc. Oikos 25: 
134-139. 

BURKHALTER, D.E., and C.M. KAYA. 1977. Effects of 
prolonged exposure to ammonia on fertilized 
eggs and sac fry of rainbow trout (Salmo 
gairdneri). Trans. Am. Fish. Soc. 106: 470- 
475. 

CHLIAMOVITCH, Y.-P., and C. KUHN. 1977. Behavior-
al, haematological and histological studies on 
acute toxicity of bis(tri-n-butyltin)oxide on 
Salmo gairdneri Richardson and Tilapia rendàl/i 
Boulenger. J. Fish Biol. 10: 575-585. 

COX, G.V. (ed.). 1974. Marine bioassays. Workshop 
proceedings 1974. Marine Technology Society, 
Washington, DC. 308 p. 



8 

DAYE, P.C., and E.T. GARSIDE. 1976. Histopathol- 
ogic changes in surficial tissues of brook 
trout, Salvelinus fontinalis (Mitchill), ex- 
posed to acute and chronic levels of pH. Can. 
J. Zool. 54: 2140-2155. 

DIMICHELE, L., and M.H. TAYLOR. 1978. Histopathol-
ogical and physiological responses of Fundeus 
heteroclitus to naphthalene exposure. J. Fish. 
Res. Board Can. 35: 1060-1066. 

EVANS, R.E., and T.J. HARA. 1977. Histochemical 
localization of phospholipids in the olfactory 
epithelium of fish. Can. J. Zool. 55: 776- 
781. 

EVANS, R.E., and T.J. HARA. 1979. A histochemical 
test for olfactory function in fish, p. 11- 
18. In E. Scherer (ed.) Toxicity tests for 
freshwater organisms. Can. Spec. Pub]. Fish. 
Aquat. Sci. 44. 

FROMM, P.O., and K.R. OLSON. 1973. Industrial 
and municipal wastes: action of some water 
soluble pollutants on fish. Michigan State 
University Research Technical Project 
Completion Report. OWRR Project Number A-064- 
MICH. [22 p.]. 

GARDNER, G.R. 1975. Chemically induced lesions 
in estuarine or marine teleosts, p. 657-693. 
In W.E. Ribelin and G. Migaki (ed.) The 
pathology of fishes. Proceedings of a 
symposium. University of Wisconsin Press, 
Madison, WI. 

GARDNER, G.R., and G. LAROCHE. 1973. Copper 
induced lesions in estuarine teleosts. J. 
Fish. Res. Board Can. 30: 363-368. 

GARDNER, G.R., and P.P. YEVICH. 1970. Histo- 
logical and hematological responses of an 
estuarine teleost to cadmium. J. Fish. Res. 
Board Can. 27: 2185-2196. 

GRIECO, M.P., J.D. HENDRICKS, R.A. SCANLAN, R.O. 
SINNHUBER, and D.A. PIERCE. 1978. Carcino-
genicity and acute toxicity of dimethylnitros-
amine in rainbow trout (SaZmo gairdneri). J. 
Nat] Cancer Inst. 60: 1127-1131. 

HACKING, M.A., J. BUDD, and K. HODSON. 1977. The 
ultrastructure of the liver of the rainbow 
trout: normal structure and modifications 
after chronic administration of a polychlor-
inated biphenyl Aroclor 1254. Can. J. Zool. 
56: 477-491. 

HAIDER, G. 1975. The effect of sublethal lead 
concentrations on the chemoreceptors of two 
freshwater fish species. Hydrobiologia 47: 
291-300. 

HINTON, D.E., J.E. KLAUNIG, and M.M. LIPSKY. 1978. 
PCB-induced alterations in teleost liver: a 
model for environmental disease in fish. U.S. 
Natl Mar. Fish. Serv. Mar. Fish. Rev. 40: 47- 
50 

KENDALL, M.W. 1975. Acute effects of methyl 
mercury toxicity in channel catfish (IetaZurus 
punctatus) kidney. Bull. Environ. Contam. 
Toxicol. 13: 570-578. 

MATHUR, D.S. 1962. Studies on the histopathol- 

ogical changes induced by DDT in the liver, 
kidney, and intestine of certain fishes. 
Experientia 18: 506-509. 

McCANN, J.A., and R.L. JASPER. 1972. Vertebral 
damage to bluegills exposed to acutely toxic 
levels of pesticides. Trans. Am. Fish. Soc. 
101: 317-322. 

McLEAY, D.J., and D.A. BROWN. 1974. Growth stim- 
ulation and biochemical changes in juvenile 
coho salmon (Oncorhynchus kisutch) exposed to 
bleached kraft pulpmill effluent for 200 days. 
J. Fish. Res. Board Can. 31: 1043-1049. 

McLEAY, D.J., and M.R. GORDON. 1977. Leucocrit: 
a simple hematological technique for measuring 
acute stress in salmonid fish, including 
stressful concentrations of pulpmill effluent. 
J. Fish. Res. Board Can. 34: 2164-2175. 

MITROVIC, V.V., V.M. BROWN, D.G. SHURBEN, and M.H. 
BERRYMAN. 1968. Some pathological effects of 
sub-acute and acute poisoning of rainbow trout 
by phenol in hard water. Water Res. 2: 249- 
254. 

NESTEL, H., and J. BUDD. 1975. Chronic oral expo-
sure of rainbow trout (Salmo gairdneri) to a 
polychlorinated biphenyl (Aroclor 1254): 
pathological effects. Can. J. Comp. Med. 39: 
208-215. 

RUBY, S.M., J. ACZEL, and G.R. CRAIG. 	1978. The 
effects of depressed pH on spermatogenesis in 
flagfish Jordanella floridae. Water Res. 12: 
621-626. 

SABO, D.J., and J.J. STEGEMAN. 1977. Some meta- 
bolic effects of petroleum hydrocarbons in 
marine fish, p. 279-287. In F.J. Vernberg, A. 
Calabrese, F.P. Thurberg and W.B. Vernberg 
(ed.) Physiological responses of marine biota 
to pollutants. Academic Press, New York, NY. 

SASTRY, K.V., and P.K. GUPTA. 1978. Histopathol-
ogical and enzymological studies on the effects 
of chronic lead nitrate intoxication in the 
digestive system of a freshwater teleost, 
Channa punctatus. Environ. Res. 17: 472-479. 

SAWYER, P.J. 1959. Effects of certain chemicals 
on mucus-producing cells of Petromyzon marinus. 
Trans. Am. Fish. Soc. 88: 305-309. 

SINNHUBER, R.O. 1967. Aflatoxin in cottonseed 
meal and liver cancer in rainbow trout. U.S. 
Fish Wildl. Serv. Res. Rep. 70: 48-55. 

SINNHUBER, R.O., J.D. HENDRICKS, J.H. WALES, and 
G.B. PUTNAM. 1977. Neoplasms in rainbow trout, 
a sensitive animal mode] for environmental 
carcinogenesis, p. 389-409. In H.F. Kraybill, 
C.J. Dawe, J.C. Harshbarger and R.G. Tardiff 
(ed.) Aquatic pollutants and biologic effects 
with emphasis on neoplasia. New York Academy 
of Sciences, New York, NY. (Annals of the New 
York Academy of Sciences. Volume 298.). 

SIVARAJAH, K., C.S. FRANKLIN, and W.P. WILLIAMS. 
1978. Some histopathological effects of 
Aroclor 1254 on the liver and gonads of rainbow 
trout, Sale° gairdneri and carp, Cyprinus 
carpio. J. Fish Biol. 13: 411-414. 



9 

SKIDMORE, J.F., and P.W.A. TOVELL. 1972. Toxic 
effects of zinc sulphate on the gills of 
rainbow trout. Water Res. 6: 217-230. 

SMITH, C.E., and R.G. PIPER. 1975. Lesions asso- 
ciated with chronic exposure to ammonia, p. 
497-514. In W.E. Ribelin and G. Migaki (ed.) 
The pathology of fishes. Proceedings of a 
symposium. University of Wisconsin Press, 
Madison, WI. 

SRIVASTAVA, A.K., S.J. AGRAWAL, and H.S. CHAUDHRY. 
1979. Effects of cadmium on the blood of a 
freshwater teleost. Ecotoxicol. Environ. Saf. 
3: 321-324. 

STICH, H.F., and A.B. Acton. 1976. The possible 
use of fish tumors in monitoring for carcino-
gens in the marine environment. Prog. Exp. 
Tumor Res. 20: 44-54. 

STICH, H.F., A.B. ACTON, and C.R. FORRESTER. 	1976. 
Fish tumors and sublethal effects of pollu-
tants. J. Fish. Res. Board Can. 33: 1993-2001. 

VICKREY, H.M., and D.S. McCANN. 1978. Temperature 
and species differences in susceptibility of 
kidney cell cultures to mercury toxicity. In 
Vitro 14: 312-316. 

VIJAYAMADHAVAN, K.T., and T. IWAI. 1975. Histo- 
chemical observations on the permeation of 
heavy metals into taste buds of goldfish. 
Bull. Jpn Soc. Sci. Fish. 41: 631-639. 

VOSDINGH, R.A., and M.J.C. NEFF. 1974. Bioassay 
of aflatoxins by catfish cell cultures. 
Toxicology 2: 107-112. 

Invertebrates 

BUBEL, A. 1976. Histological and electron micro-
scopical observations on the effects of dif- 
ferent salinities and heavy metal ions, on 
the gills of Jaera nordmanni (Rathke) 
(Crustacea, Isopoda). Cell Tissue Res. 167: 
65-95. 

COUCH, J.A., and L. COURTNEY. 1977. Interaction 
of chemical pollutants and virus in a crusta-
cean: a novel bioassay system. Ann. N.Y. 
Acad. Sci. 298: 497-504. 

KARBE, L. 1972. Marine Hydroiden als Testorgan-
ismen zur Prüfung der Toxizitât von Abwasser-
stoffe. Die Wirkung von Schwermetallen auf 
Kolonien von Eirene viridula. [Marine hy-
droids as test organisms for assessing the 
toxicity of water pollutants. The effect of 
heavy metals on colonies of Eirene viridula.]. 
Mar. Biol. 12: 316-328. (English abstract). 

LOWE, J.I., P.R. PARRISH, J.M. PATRICK Jr, and J. 
FORESTER. 1972. Effects of polychlorinated 
biphenyl Aroclore 1254 on the American oyster 
Crassostrea virginica. Mar. Biol. 17: 209-214. 

NIMMO, D.W.R., D.V. LIGHTNER, and L.H. BANNER. 
1977. Effects of cadmium on the shrimps, 
Penaeus duorarum, Palaemonetes pugio, and 
Palaemonetes vulgaris, p. 131-183. In F.J. 
Vernberg, A. Calabrese, F.P. Thurberg and W.B. 
Vernberg (ed.) Physiological responses of 
marine biota to pollutants. Academic Press, 
New York, NY. 

TINGLE, L.E., W.A. PAVLAT, and I.L. CAMERON. 1973. 
Sublethal cytotoxic effects of mercuric chlo- 
ride on the ciliate Tetrahymena pyriformis. 
J. Protozool. 20: 301-304. 

VERNBERG, W.B., P.J. DECOURSEY, and J. O'HARA. 
1974. Multiple environmental factor effects 
on physiology and behavior of the fiddler crab, 
Uca pugilator, p. 381-426. In F.J. Vernberg 
and W.B. Vernberg (ed.) Pollution and physio- 
logy of marine organisms. Academic Press, 
New York, NY. 

Plants 

OBER, K. 1975. Effects of diazepam on photosyn-
thesis, respiration, rubidium uptake, and 
finestructure of Scenedesmus obliquus in 
synchronous cultures. Arch. Microbiol. 102: 
129-137. 

SCHWELITZ, F.D., H.C. SIKKA, J. SAXENA, and G. 
ZWEIG. 1974. Ultrastructural changes in iso- 
lated spinach chloroplasts and in Chlorella 
pyrenoidosa Chick (Emerson strain) treated 
with dichlone. Pestic. Biochem. Physiol. 4: 
379-385. 

VAISBERG, A.J., and J.A. SCHIFF. 1976. Events 
surrounding the early development of Euglena 
chloroplasts. 7. Inhibition of carotenoid 
biosynthesis by the herbicide SAN 9789 (4- 
chloro-5-methylamino)-2-(a,a,a,-trifluoro-m-
toly1)-3(2H)pyridazinone) and its developmeri-
tal consequences. Plant Physiol. 57: 260-269. 

2.4 PHYSIOLOGICAL 

2.4.1 Osmoregulation 

Fish 

GIRARD, J.-P., and P. PAYAN. 1977. Kinetic analy-
sis of sodium and chloride influxes across the 
gills of the trout in fresh water. J. Physiol. 
(London). 273: 195-209. 

JACKSON, W.F., and P.O. FROMM. 1977. Effect of a 
detergent on flux of tritiated water into iso-
lated perfused gills of rainbow trout. Comp. 
Biochem. Physiol. 58C: 167-171. 

JANICKI, R.H., and W.B. KINTER. 1971. DDT and the 
disruption of osmotic regulation in sea-water 
adapted eels (Anguilla rostrata). Bull. Mt. 
Desert Isl. Biol. Lab. 11: 51-53. 

KATZ, B. 1979. Relationship of the physiology of 
aquatic organisms to the lethality of toxicants: 
a broad overview with emphasis on membrane 
permeability, p. 62-76. In L.L. Marking and 
R.A. Kimerle (ed.) Aouatic toxicology. ASTM 
STP 667. 

KERSTETTER, T.H., L.B. KIRSCHNER, and D.D. RAFUSE. 
1970. On the mechanisms of sodium ion trans-
port by the irrigated gills of rainbow trout 
(Salmo gairdneri). J. Gen. Physiol. 56: 343- 
359. 

LEDUC, G., and K.K.S. CHAN. 1975. The effects of 
chronic cyanide poisoning on the tolerance of 
rainbow trout to varying salinity. Water 
Pollut. Res. Can. 10: 118-125. 



1 0 

LEWIS, S.D., and W.M. LEWIS. 1971. The effect of 
zinc and copper on the osmolality of blood 
serum of the channel catfish, Ictalurus 
punctatus Rafinesque, and golden shiner, 
Notemigonus crysoleucas Mitchill. Trans. Am. 
Fish. Soc. 100: 639-643. 

LLOYD, R., and L.D. ORR. 1969. The diuretic re-
sponse by rainbow trout to sub-lethal concen-
trations of ammonia. Water Res. 3: 335-344. 

LOCKWOOD, A.P.M. 1961. "Ringer" solutions and 
some notes on the physiological basis of their 
ionic composition. Comp. Biochem. Physiol. 2: 
241-289. 

McCARTY, L.S., and A.H. HOUSTON. 1976. Effects of 
exposure to sublethai levels of cadmium upon 
water-electrolyte status in the goldfish 
(Carassius auratus). J. Fish Biol. 9: 11-19. 

MOTAIS, R., J. ISAIA, J.C. RANKIN, and J. MAETZ. 
1969. Adaptive changes of the water perme-
ability of the teleostean gill epithelium in 
relation to external salinity. J. Exp. Biol. 
51: 529-546. 

MULLINS, L.J. 1950. Osmotic regulation in fish as 
studied with radioisotopes. Acta Physiol. 
Scand. 20: 303-314. 

RENFRO, J.L., B. SCHMIDT-NIELSEN, D. MILLER, D. 
BENOS, and J. ALLEN. 1974. Methyl mercury 
and inorganic mercury: uptake, distribution, 
and effect on osmoregulatory mechanisms in 
fishes, p. 101-122. In F.J. Vernberg and W.B. 
Vernberg (ed.) Pollution and physiology of 
marine organisms. Academic Press, New York, 
NY. 

RICHARDS, B.D., and P.O. FROMM. 1970. Sodium 
uptake by isolated-perfused gills of rainbow 
trout (Salmo gairdneri). Comp. Biochem. 
Physiol. 33: 303-310. 

SKIDMORE, J.F. 1970. Respiration and osmoregula-
tion in rainbow trout with gills damaged by 
zinc sulphate. J. Exp. Biol. 52: 481-494. 

Invertebrates 

CALDWELL, R.S. 1974. Osmotic and ionic regulation 
in decapod Crustacea exposed to methoxychlor, 
p. 197-224. In F.J. Vernberg and N.B. 
Vernberg (ed.) Pollution and physiology of 
marine organisms. Academic Press, New York, 
NY. 

JONES, M.B. 1975. Synergistic effects of salinity, 
temperature and heavy metals on mortality and 
osmoregulation in marine and estuarine isopods 
(Crustacea). Mar. Biol. 30: 13-20. 

LOCKWOOD, A.P.M. 1961. "Ringer" solutions and 
some notes on the physiological basis of their 
ionic composition. Comp. Biochem. Physiol. 2: 
241-289. 

NEUFELD, G.J., and J.B. PRITCHARD. 1979. Osmo-
regulation and gill Na, K-ATPase in the rock 
crab, Cancer irroratus: response to DDT. 
Comp. Biochem. Physiol. 62C: 165-172. 

THURBERG, F.P., M.A. DAWSON, and R.S. COLLIER. 
1973. Effects of copper and cadmium on osmo- 

regulation and oxygen consumption in two spe-
cies of estuarine crabs. Mar. Biol. 23: 171- 
175. 

2.4.2 Cardiovascular System 

Fish 

CAIRNS, J. Jr, K.L. DICKSON, R.E. SPARKS, and W.T. 
WALLER. 1970. A preliminary report on rapid 
biological information systems for water pollu- 
tion control. J. Water Pollut. Control Fed. 
42: 685-703. 

FRANCIS, A.A., F. SMITH, and P. PFUDERER. 1974. 
A heart-rate bioassay for crowding factors in 
goldfish. Prog. Fish-Cult. 36: 196-200. 

GAREY, W.F. 1969. Sampling blood from freely swim- 
ming fish. J. Appl. Physiol. 27: 756-757. 

HOLETON, G.F. 1971. Respiratory and circulatory 
responses of rainbow trout larvae to carbon 
monoxide and to hypoxia. J. Exp. Biol. 55: 
683-694. 

HOLETON, G.F., and D.J. RANDALL. 1967. Changes in 
blood pressure in the rainbow trout during 
hypoxia. J. Exp. Biol. 46: 297-305. 

HUGHES, G.M. 1972. Morphometrics of fish gills. 
Respir. Physiol. 14: 1-25. 

JOHANSEN, K. 1966. Air breathing in the teleost 
Symbranchus marmoratus. Comp. Biochem. 
Physiol. 18: 383-395. 

KNEIS, P., and R. SIEGMUND. 1976. Heart rate and 
locomotor activity in fish: correlation and 
circadian and circannual differences in Cyprinus 
carpio L. Experientia 32: 474-476. 

LENFANT, C., and K. JOHANSEN. 1966. Respiratory 
function in the elasmobranch Squalus suckleyi 
G. Respir. Physiol. 1: 13-29. 

NANBA, K., S. MURACHI, S. KAWAMOTO, and Y. NAKANO. 
1973. Studies on electrocardiograms of fishes 
I - Test of method to detect the ECG from fish. 
Hiroshima Daigaku Sui-Chikusan Gakubu Kiyo 12: 
147-154. (In Japanese). (English summary). 

OTIS, L.S., J.A. CERF, and G.J. THOMAS. 1957. Condi-
tioned inhibition of respiration and heart rate 
in the goldfish. Science (Wash., D.C.) 126: 
263-264. 

PIIPER, J., and D. BAUMGARTEN-SCHUMANN. 1968. Trans-
port of 02 and CO2 by water and blood in gas 
exchange of the dogfish (Scyliorhinus stellaris). 
Respir. Physiol. 5: 326-337. 

SAUNDERS, R.L. 1961. The irrigation of the gills in 
fishes. I. Studies of the mechanism of branch-
ial irrigation. Can. J. Zool. 39: 637-653. 

SCHAUMBURG, F.O., T.E. HOWARD, and C.C. WALDEN. 1967. 
A method to evaluate the effects of water pollut-
ants on fish respiration. Water Res. 1: 731-737. 

SMITH, L.S., and G.R. BELL. 1964. A technique for 
prolonged blood sampling in free-swimming salmon. 
J. Fish. Res. Board Can. 21: 711-717. 



11 

SMITH, L.S., and G.R. BELL. 1967. Anesthetic and 
surgical techniques for Pacific salmon. J. 
Fish. Res. Board Can. 24: 1579-1588. 

SUTTERLIN, A.M. 1969. Effects of exercise on 
cardiac and ventilation frequency in three 
species of freshwater teleosts. Physiol. 
Zool. 42: 36-52. 

VIDELER, J.J., and W.J. BEUKEMA. 1973. Apparatus 
for electromyographic recording in unanaes-
thetised free-swimming fish. Med. Biol. Eng. 
11: 230-232. 

WARDLE, C.S., and J.W. KANWISHER. 1974. The sig-
nificance of heart rate in free swimming cod, 
Gadus morhua: some observations with ultra-
sonic tags. Mar. Behav. Physiol. 2: 311-324. 

Invertebrates 

BANNA, H.B., and J.M. PLUMMER. 1978. The effects 
of Frescon on molluscan hearts. Comp. Biochem. 
Physiol. 61C: 33-36. 

CANTON, J.H., and W. SLOOFF. 1977. The usefulness 
of Lymnaea stagnalis L. as a biological indi-
cator in toxicological bio-assays (model sub-
stance a-HCH). Water Res. 11: 117-122. 

CHENG, T.C., and J.T. SULLIVAN. 1973. The effect 
of copper on the heart-rate of Biomphearia 
gZabrata (Mollusca: Pulmonata). Comp.  Ben.  
Pharmacol. 4: 37-41. 

DEFUR, P.L., and C.P. MANGUM. 1979. The effects 
of environmental variables on the heart rates 
of invertebrates. Comp. Biochem. Physiol. 62A: 
283-294. 

KOLUPAEV, B.I., A.A. ANDREEV, and Y.K. SAMOILENKO. 
1977. [An optic method for registering cardi- 
ac rhythm in water-fleas.]. Gidrobiol. Zh. 
13(3): 119-120. (In Russian). 

2.4.3 Respiration and Metabolism 

Fish 

ALEKSEYEVA, K.D. 1975. Procedure for determina-
tion of active metabolism in the random swim- 
ming of young fishes. J. Ichthyol. (Engl. 
Transl. Vopr. Ikhtiol.) 15: 334-337. 

BENGTSSON, B.-E. 1974. The effect of zinc on the 
ability of the minnow, Phoxinus phoxinus L., 
to compensate for torque in a rotating water-
current. Bull. Environ. Contam. Toxicol. 12: 
654-658. 

BESCH, W.K., A. KEMBALL, K. MEYER-WAARDEN, and B. 
SCHARF. 1977. A biological monitoring system 
employing rheotaxis of fish, p. 56-74. In J. 
Cairns Jr, K.L. Dickson and G.F. Westlake (ed.) 
Biological monitoring of water and effluent 
quality. ASTM STP 607. 

BESCH, W.K., H.G. LOSERIES, K. MEYER-WAARDEN, and 
W. SCHMITZ. 1974. Warntest zum Nachweis akut 
toxischer Konzentrationen von Wasserinhalts-
stoffen. [Monitor test to determine the pres-
ence of strongly toxic concentrations of 
poisons in water.]. Arch. Hydrobiol. 74: 551- 
565. 

BRETT, J.R. 1964. The respiratory metabolism and 
swimming performance of young sockeye salmon. 
J. Fish. Res. Board Can. 21: 1183-1226. 

CAIRNS, J. Jr, K.L. DICKSON, R.E. SPARKS, and W.T. 
WALLER. 1970. A preliminary report on rapid 
biological information systems for water pol-
lution control. J. Water Pollut. Control Fed. 
42: 685-703. 

COX, G.V. (ed.). 1974. Marine bioassays. Work-
shop proceedings 1974. Marine Technology 
Society, Washington, DC. 308 p. 

DAVIS, J.C., and J.N. CAMERON. 1971. Water flow 
and gas exchange at the gills of rainbow trout, 
Salmo gairdneri. J. Exp. Biol. 54: 1-18. 

DRUMMOND, R.A., W.A. SPOOR, and G.F. OLSON. 1973. 
Some short-term indicators of sublethal 
effects of copper on brook trout, Salvelinus 
fontinalis. J. Fish. Res. Board Can. 30: 698- 
701. 

FONDS, M., and C. VELDHUIS. 1973. The oxygen con-
sumption of four Pomatosehistus species (Pisces, 
Gobiidae) in relation to water temperature. 
Neth. J. Sea Res. 7: 376-386. 

GRUBER, D., J. CAIRNS Jr, K.L. DICKSON, and A.C. 
HENDRICKS. 1979. A cinematographic investi-
gation into the fish's bioelectric breathing 
signal. J. Fish Biol. 14: 429-436. 

HARGIS, J.R. 1976. Ventilation and metabolic rate 
of young rainbow trout (Sew gairdneri) 
exposed to sublethal environmental pH. J. Exp. 
Zool. 196: 39-44. 

HEATH, A.G. 1972. A critical comparison of methods 
for measuring fish respiratory movements. 
Water Res. 6: 1-7. 

HOLETON, G.F. 1971. Respiratory and circulatory 
responses of rainbow trout larvae to carbon 
monoxide and to hypoxia. J. Exp. Biol. 55: 
683-694. 

HOLETON, G.F., and D.J. RANDALL. 1967. Changes in 
blood pressure in the rainbow trout during 
hypoxia. J. Exp. Biol. 46: 297-305. 

HOUDE, E.D. 1969. Sustained swimming ability of 
larvae of walleye (Stizostedion vitreum 
vitreum) and yellow perch (Perea flaveseens). 
J. Fish. Res. Board Can. 26: 1647-1659. 

HUGHES, G.M., and J.L. ROBERTS. 1970. A study of 
the effect of temperature changes on the 
respiratory pumps of the rainbow trout. J. 
Exp. Biol. 52: 177-192. 

KUTTY, M.N., and R.L. SAUNDERS. 1973. Swimming 
performance of young Atlantic salmon (Salmo 
salar) as affected by reduced ambient oxygen 
concentration. J. Fish. Res. Board Can. 30: 
223-227. 

LEMKE, A.E., and D.I. MOUNT 	1963. Some effects 
of alkyl benzene sulfonate on the bluegill, 
Lepomis maeroehirus. Trans. Am. Fish. Soc. 92: 
372-378. 

LINDAHL, P.E., and E. SCHWANBOM. 1971. A method 
for the detection and quantitative estimation 



12 

of sublethal poisoning in living fish. Oikos 
22: 210-214. 

LINDAHL, P.E., and E. SCHWANBOM. 1971. Rotary-
flow technique as a means of detecting sub-
lethal poisoning in fish populations. Oikos 
22: 354-357. 

MacLEOD, J.C., and L.L. SMITH Jr. 1966. Effect of 
pulpwood fiber on oxygen consumption and swim-
ming endurance of the fathead minnow, 
Pimephales promeias. Trans. Am. Fish. Soc. 
95: 71-84. 

MAJEWSKI, H.S., J.F. KLAVERKAMP, and D.P. SCOTT. 
1978. Acute lethality, and sub-lethal effects 
of acetone, ethanol, and propylene glycol on 
the cardiovascular and respiratory systems of 
rainbow trout (Sabi° gairdneri). Water Res. 
12: 217-221. 

MAKI, A.W. 1979. Respiratory activity of fish as 
a predictor of chronic fish toxicity values 
for surfactants, p. 77-95. In L.L. Marking 
and R.A. Kimerle (ed.) Aquatic toxicology. 
ASTM STP 667. 

MARVIN, D.E., and A.G. HEATH. 1968. Cardiac and 
respiratory responses to gradual hypoxia in 
three ecologically distinct species of fresh-
water fish. Comp. Biochem. Physiol. 27: 349- 
355. 

McDONALD, D.G., and B.R. McMAHON. 1977. Respi- 
atory development in Arctic char Salvelinus 
alpinus under conditions of normoxia and 
chronic hypoxia. Can. J. Zool. 55: 1461-1467. 

MORGAN, W.S.G. 1977. An electronic system to 
monitor the effects of changes in water quality 
on fish opercular rhythms, p. 38-55. In J. 
Cairns Jr, K.L. Dickson and G.F. Westlake (ed.) 
Biological monitOring of water and effluent 
quality. ASTM STP 607. 

MORGAN, W.S.G., and P.C. KUHN. 1974. A method to 
monitor the effects of toxicants upon breath-
ing rate of laremouth bass (Micropterus 
salmoides Lacépede). Water Res. 8: 67-77. 

OSEID, D., and L.L. SMITH Jr. 1972. Swimming 
endurance and resistance to copper and mala-
thion of bluegills treated by long-term expo-
sure to sublethal levels of hydrogen sulfide. 
Trans. Am. Fish. Soc. 101: 620-625. 

OTIS, L.S., J.A. CERF, and G.J. THOMAS. 1957. 
Conditioned inhibition of respiration and 
heart rate in the goldfish. Science (Wash., 
D.C.) 126: 263-264. 

PALADINO, F.V., and J.R. SPOTILA. 1978. The ef-
fect of arsenic on the thermal tolerance of 
newly hatched muskellunge fry (Esos masquin-
ongy). J. Therm. Biol. 3: 223-227. 

PETERSON, R.H. 1974. Influence of fenitrothion on 
swimming velocities of brook trout (Salvelinus 
fontinalis). J. Fish. Res. Board Can. 31: 
1757-1762. 

SAUNDERS, R.L. 1961. The irrigation of the gills 
in fishes. I. Studies of the mechanism of 
branchial irrigation. Can. J. Zool. 39: 637- 
653. 

SCHAUMBURG, F.D., T.E. HOWARD, and C.C. WALDEN. 
1967. A method to evaluate the effects of 
water pollutants on fish respiration. Water 
Res. 1: 731-737. 

SHIRER, H.W., J. CAIRNS Jr, and W.T. WALLER. 1968. 
A simple apparatus for measuring activity 
patterns of fishes. Water Resour. Bull. 4: 
27-43. 

SKIDMORE, J.F. 1970. Respiration and osmoregula-
tion in rainbow trout with gills damaged by 
zinc sulphate. J. Exp. Biol. 52: 481-494. 

SMITH, L.S., and T.W. NEWCOMB. 1970. A modified 
version of the Blazka respirometer and exer-
cise chamber for large fish. J. Fish. Res. 
Board Can. 27: 1321-1324. 

SPARKS, R.E., J. CAIRNS Jr, and A.G. HEATH. 1972. 
The use of bluegill breathing rates to detect 
zinc. Water Res. 6: 895-911. 

SPOOR, W.A., T.W. NEIHEISEL, and R.A. DRUMMOND. 
1971. An electrode chamber for recording 
respiratory and other movements of free-swim-
ming animals. Trans. Am. Fish. Soc. 101: 22- 
28. 

SUTTERLIN, A.M. 1969. Effects of exercise on 
cardiac and ventilation frequency in three 
species of freshwater teleosts. Physiol. Zool. 
42: 36-52. 

THOMAS, A.E., R.E. BURROWS, and H.H. CHENOWETH. 
1964. A device for stamina measurement of 
fingerling salmonids. U.S. Fish. Wildl. Serv. 
Res. Rep. 67: iv + 15 p. 

WEBB, P.W., and J.R. BRETT. 1973. Effects of sub-
lethal concentrations of sodium pentachloro-
phenate on growth rate, food conversion effi-
ciency, and swimming performance in underyear-
ling sockeye salmon (Oncorhynchus nerka). J. 
Fish. Res. Board Can. 30: 499-507. 

Invertebrates 

BULICH, A.A. 1979. Use of luminescent bacteria 
for determining toxicity in aquatic environ-
ments, p. 98-106. In L.L. Marking and R.A. 
Kimerle (ed.) Aquatic toxicology. ASTM STP 
667. 

CAPUZZO, J.M., S.A. LAWRENCE, and J.A. DAVIDSON. 
1976. Combined toxicity of free chlorine, 
chloramine and temperature to stage I larvae 
of the American lobster Homarus americanus. 
Water Res. 10: 1093-1099. 

COLE, S.L., and J. WILHM. 1973. Effect of phenol 
on oxygen uptake rate of a laboratory popula-
tion of Chironomus attenuatus (Walk.). Water 
Res. 7: 1691-1700. 

COX, G.V. (ed.). 1974. Marine bioassays. Work- 
shop proceedings 1974. Marine Technology 
Society, Washington, DC. 308 p. 

CRISP, D.J., A.O. CHRISTIE, and A.F.A. GHOBASHY. 
1967. Narcotic and toxic action of organic 
compounds on barnacle larvae. Comp. Biochem. 
Physiol. 22: 629-649. 

DECOURSEY, P.J., and W.B. VERNBERG. 1972. Effect 



13 

of mercury on survival, metabolism and behav-
iour of larval Uca pugilator (Brachyura). 
Oikos 23: 241-247. 

ERIKSEN, C.H., and C.R. FELDMETH. 1967. A water-
current respirometer. Hydrobiologia 29: 495- 
504. 

GREEN, F.A. Jr, J.W. ANDERSON, S.R. PETROCELLI, 
B.J. PRESLEY, and R. SIMS. 1976. Effect of 
mercury on the survival, respiration, and 
growth of postlarval white shrimp, Penaeus 
setiferus. Mar. Biol. 37: 75-81. 

HODSON, R.E., F. AZAM, and R.F. LEE. 1977. Effec- 
ts of four oils on marine bacterial popula-
tions: Controlled Ecosystem Pollution Experi-
ment. Bull. Mar. Sci. 27: 119-126. 

JONES, J.R.E. 1942. The effect of ionic copper on 
the oxygen consumption of Gammarus pules and 
Polycelis nigra. J. Exp. Biol. 18: 153-161. 

KAWATSKI, J.A., V.K. DAWSON, and M.L. REUVERS. 
1974. Effect of TFM and Bayer 73 on in vivo 
oxygen consumption of the aquatic midge 
Chironomus tentans. Trans. Am. Fish. Soc. 
103: 551-556. 

KERSTING, K., and C. VAN DER LEEUW-LEEGWATER. 
1976. Effect of food concentration on the 
respiration of Daphnia magna. Hydrobiologia 
49: 137-142. 

MAKI, A.W., K.W. STEWART, and J.K.G. SILVEY. 1973. 
The effects of Dibrom on respiratory activity 
of the stonefly, Hydroperla crosbyi, hellgram-
mite, Corydalus cornutus and the golden shiner, 
Notemigonus crysoieucas. Trans. Am. Fish. 
Soc. 102: 806-815. 

REEVE, M.R., M.A. WALTER, K. DARCY, and T. IKEDA. 
1977. Evaluation of potential indicators of 
sub-lethal toxic stress on marine zooplankton 
(feeding, fecundity, respiration, and excre-
tion): Controlled Ecosystem Pollution Experi-
ment. Bull. Mar. Sci. 27: 105-113. 

TCHAN, Y.T., and C.M. CHIOU. 1977. Bioassay of 
herbicides by bioluminescence. Acta 
Phytopathol. Acad. Sci. Hung. 12: 3-11. 

VACCARO, R.F., F. AZAM, and R.E. HODSON. 1977. 
Response of natural marine bacterial popula-
tions to copper: Controlled Ecosystem Pollu-
tion Experiment. Bull. Mar. Sci. 27: 17-22. 

VERSTRAETE, W., J.P. VOETS, and R. VANLOOCKE. 
1974. Three-step measurement by the sapromat 
to evaluate the BOD5, the mineral imbalance 
and the toxicity of water samples. Water Res. 
8: 1077-1081. 

WRIGHT, A. 1976. The use of recovery as a crite-
rion for toxicity. Bull. Environ. Contam. 
Toxicol. 15: 747-749. 

Plants 

BLINN, D.W., T. TOMPKINS, and L. ZALESKI. 1977. 
Mercury inhibition on primary productivity 
using large volume plastic chambers in situ. 
J. Phycol. 13: 58-61. 

DASILVA, E.J., L.E. HENRIKSSON, and E. HENRIKSSON. 

1975. Effect of pesticides on blue-green 
algae and nitrogen-fixation. Arch. Environ. 
Contam. 3: 193-204. 

DAVIS, D.E., C.G.P. PILLAI, and B. TRUELOVE. 1976. 
Effects of prometryn, diuron, fluometuron, and 
MSMA on Chlorella and two fungi. Weed Sul. 
24: 587-593. 

ERICKSON, S.J. 1972. Toxicity of copper to 
Thalassiosira pseudonana in unenriched inshore 
seawater. J. Phycol. 8: 318-323. 

GLOOSCHENKO, W.A. 1971. The effect of DDT and 
dieldrin upon ''C uptake by in situ phyto-
plankton in Lakes Erie and Ontario. Proc. 
Conf. Int. Assoc. Great Lakes Res. 14: 219- 
223. 

SARAIVA, M.G. 1973. Utilization de la mesure 
polarographique de l'oxygene dissous dans la 
réalisation d'un test rapide,de toxicité: 
action de quelques métaux sur Dunaliella et 
Lebistes. [Rapid toxicity test by the measure-
ment of dissolved oxygen using the polarograph-
ic method: action of some metals on Dunaliella 
and Lebistes.]. Ann. Inst. Océanogr. 49: 145- 
150. 

STEEMANN NIELSEN, E., and S. WIUM-ANDERSEN. 1971. 
The influence of Cu on photosynthesis and 
growth in diatoms. Physiol. Plant. 24: 480- 
484. 

TCHAN, Y.T., and C.M. CHIOU. 1977. Bioassay of 
herbicides by bioluminescence. Acta 
Phytopathol. Acad. Sci. Hung. 12: 3-11. 

TCHAN, Y.T., J.E. ROSEBY, and G.R. FUNNELL. 1975. 
A new rapid specific bioassay method for photo-
synthesis inhibiting herbicides. Soil Biol. 
Biochem. 7: 39-44. 

2.4.4 Growth 

Fish 

BENOIT, D.A. 1975. Chronic effects of copper on 
survival, growth, and reproduction of the 
bluegill (Lepomis macrochirus). Trans. Am. 
Fish. Soc. 104: 353-358. 

HAWKES, C.L. 1975. Estimating dry weight of live, 
unanesthetized fish by photography. J. Fish. 
Res. Board Can. 32: 321-324. 

HAWKES, C.L., and L.A. NORRIS. 1977. Chronic oral 
toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) to rainbow trout. Trans. Am. Fish. Soc. 
106: 641-645. 

LETT, P.F., G.J. FARMER, and F.W.H. BEAMISH. 1976. 
Effect of copper on some aspects of the bio-
energetics of rainbow trout (Salmo gairdneri). 
J. Fish. Res. Board Can. 33: 1335-1342. 

LI, M.F., and C. JORDAN. 1969. Use of spinner 
culture cells to detect water pollution. J. 
Fish. Res. Board Can. 26: 1378-1382. 

LI, M.F., and G.S. TRAXLER. 1972. Tissue culture 
bioassay method for water pollution with spec-
ial reference to mercuric chloride. J. Fish. 
Res. Board Can. 29: 501-505. 



14 

MARUOKA, S. 1978. Estimation of toxicity using 
cultured mammalian cells of the organic pollu- 
tants recovered from Lake Biwa. Water Res. 
12: 371-375. 

PAYNE, J.F., J.W. KICENIUK, W.R. SQUIRES, and G.L. 
FLETCHER. 1978. Pathological changes in a 
marine fish after a 6-month exposure to petro-
leum. J. Fish. Res. Board Can. 35: 665-667. 

RACHLIN, J.W., and A. PERLMUTTER. 1968. Fish cells 
in culture for study of aquatic toxicants. 
Water Res. 2: 409-414. 

RYAN, P.M., and H.H. HARVEY. 1977. Growth of rock 
bass, Ambloplites rupestris, in relation to 
the morphoedaphic index as an indicator of an 
environmental stress. J. Fish. Res. Board Can. 
34: 2079-2088. 

WARREN, C.E., W.K. SEIN, R.O. BLOSSER, A.L. CARON, 
and E.L. OWENS. 1974. Effect of kraft efflu-
ent on the growth and production of salmonid 
fish. TAPPI (Tech. Assoc. Pulp Pap. Id.) 57: 
127-132. 

WEBB, P.W., and J.R. BRETT. 1972. The effects of 
sublethal concentrations of whole bleached 
kraftmill effluent on the growth and food 
conversion efficiency of underyearling sockeye 
salmon (Oncorhynchus nerka). J. Fish. Res. 
Board Can. 29: 1555-1563. 

WEBB, P.W., and J.R. BRETT. 1973. Effects of sub-
lethal concentrations of sodium pentachloro-
phenate on growth rate, food conversion effi-
ciency, and swimming performance in underyear-
ling sockeye salmon (Oncorhynchus nerka). J. 
Fish. Res. Board Can. 30: 499-507. 

WHITTLE, D.M., and K.W. FLOOD. 1977. Assessment 
of the acute toxicity, growth impairment, and 
flesh tainting potential of a bleached kraft 
mill effluent on rainbow trout (SaZmo 
gairdneri). J. Fish. Res. Board Can. 34: 869- 
878. 

Invertebrates 

APOSTOL, S. 1972. Metoda testelor cronice de 
toxicitate pe protozoare. [Chronic toxicity 
test methods for protozoans.]. Stud. Cercet. 
Biol. Ser. Zool. 24: 215-223. (English 
summary). 

ARTHUR, J.W., and E.N. LEONARD. 1970. Effects of 
copper on Gammarus pseudolimnaeus, Physa 
integra, and CampeZoma decisum in soft water. 
J. Fish. Res. Board Can. 27: 1277-1283. 

BOURQUIN, A.W., and S. CASSIDY. 1975. Effect of 
polychlorinated biphenyl formulations on the 
growth of estuarine bacteria. Appl. Microbiol. 
29: 125-127. 

BRINGMANN, G., and R. KUHN. 1975. Die beginnende 
Hemmung der Zellvermehrung von Pseudomonas  ais 
wassertoxikologischer Test. [The incipient 
inhibition of cell propagation in Pseudomonas 
as a hydro toxicologic test.]. Vom Wasser 44: 
119-129. (English summary). 

BROWN, B., and M. AHSANULLAH. 1971. Effect of 
heavy metals on mortality and growth. Mar. 
Pollut. Bull. 2: 182-187. 

BUTLER, P.A., A.J. WILSON Jr, and A.J. RICK. 	1960. 
Effect of pesticides on oysters. Proc.  Mati 
Shellfish. Assoc. 51: 23-32. 

COLE, S.L., and J. WILHM. 1973. Effect of phenol 
on oxygen uptake rate of a laboratory popula-
tion of Chironomus attenuatus (Walk.). Water 
Res. 7: 1691-1700. 

CONGER, K.A., M.L. SWIFT, J.B. REEVES III, and S. 
LAKSHMANAN. 1978. Shell growth of unfed 
oysters in the laboratory: a sublethal bioassay 
system for pollutants. Life Sci. 22: 245-254. 

DIVE, D., and H. LECLERC. 1975. Standardized test 
method using protozoa for measuring water 
pollutant toxicity. Prog. Water Technol. 7(2): 
67-72. 

FINGERMAN, S.W., and M. FINGERMAN. 1977. Effects 
of a polychlorinated biphenyl and a polychlor-
inated dibenzofuran on molting of the fiddler 
crab, Uca pugilator. Bull. Environ. Contam. 
Toxicol. 18: 138-142. 

GRAY, J.S., and R.J. VENTILLA. 1971. Pollution 
effects on micro- and meiofauna of sand. Mar. 
Pollut. Bull. 2: 39-43. 

GREEN, F.A. Jr, J.W. ANDERSON, S.R. PETROCELLI, B.J. 
PRESLEY, and R. SIMS. 1976. Effect of mercury 
on the survival, respiration, and growth of 
postlarval white shrimp, Penaeus setiferus. 
Mar. Biol. 37: 75-81. 

HUBSCHMAN, J.H. 1965. Effects of copper on the 
crayfish Orconectes rusticus (Girard). I. 
Acute toxicity. Crustaceana (Leiden) 12: 33- 
42. 

KUNICKA-GOLDFINGER, W., and W.J.H. KUNICKI-GOLDFING-
ER. 1972. Semi-continuous culture of bacte-
ria on membrane filters. I. Use for the bio- 
assay of inorganic and organic nutrients in 
aquatic environments. Acta Microbiol. Pol. Ser. 
B. 4: 49-60. 

LAUGHLIN, R.B. Jr, L.G.L. YOUNG, and J.M. NEFF. 
1978. A long-term study of the effects of 
water-soluble fractions of No. 2 fuel oil on 
the survival, development rate, and growth of 
the mud crab Rhithropanopeus harrisii. Mar. 
Biol. 47: 87-95. 

LI, M.F., and C. JORDAN. 1969. Use of spinner cult-
ure cells to detect water pollution. J. Fish. 
Res. Board Can. 26: 1378-1382. 

LI, M.F., and G.S. TRAXLER. 1972. Tissue culture 
bioassay method for water pollution with spec-
ial reference to mercuric chloride. J. Fish. 
Res. Board Can. 29: 501-505. 

MARUOKA, S. 1978. Estimation of toxicity using 
cultured mammalian cells of the organic pollut-
ants recovered from Lake Biwa. Water Res. 12: 
371-375. 

ROBERTS, D. 1975. The effect of pesticides on 
byssus formation in the common mussel, Mytilus 
edulis. Environ. Pollut. 8: 241-254. 

SALIBA, L.J., and R.M. KRZYZ. 1976. Acclimation 
and tolerance of Artemia salina to copper salts. 
Mar. Biol. 38: 231-238. 



15 

SCHOBER, U., and W. LAMPERT. 1977. Effects of 
sublethal concentrations of the herbicide 
Atrazire on growth and reproduction of Daphnia 
pules. Bull. Environ. Contam. Toxicol. 17: 
269-277. 

SHUSTER, C.N. Jr, and B.H. PRINGLE. 1969. Trace 
metal accumulation by the American eastern 
oyster, Crassostrea virginica. Proc. Natl 
Shellfish. Assoc. 59: 91-103. 

STEBBING, A.R.D., and A.J. POMROY. 1978. A sub-
lethal technique for assessing the effects of 
contaminants using Hydra littoralis. Water 
Res. 12: 631-635. 

SUDO, R., and S. AIBA. 1973. Effect of copper 
and hexavalent chromium on the specific growth 
rate of Ciliata isolated from activated-sludge. 
Water Res. 7: 1301-1307. 

ZIMAKOWSKA-GNOIKSKA, D. 1977. Toxicological and 
physiological aspects of the action of herbi-
cide, sodium salt of 2,4-D, on Asellus 
aquaticus L. (Isopoda). Pol. Arch. Hydrobiol. 
24: 389-411. 

Plants 

ANONYMOUS. 1971. Algal assay procedure: bottle 
test. National Eutrophication Research Prog-
ram, EPA, Corvalis, OR. ii + 82 p. 

ANONYMOUS. 1975. Standard methods for aquatic 
organisms, p. 744-759. In Standard methods 
for the examination of water and wastewater. 
Fourteenth edition. American Public Health 
Association, Washington, DC. 

ARVIK, J.H., D.L. HYZAK, and R.L. ZIMDAHL. 1973. 
Effect of metribuzin and two analogs on five 
species of algae. Weed Sci. 21: 173-175. 

BARTLETT, L., F.W. RABE, and W.H. FUNK. 1974. 
Effects of copper, zinc and cadmium on Selana-
strum capricornutum. Water Res. 8: 179-185. 

BONEY, A.D., E.D.S. CORNER, and B.W.P. SPARROW. 
1959. The effects of various poisons on the 
growth and viability of sporelings of the red 
alga Plumaria elegans (Bonnem.) Schm. Biochem. 
Pharmacol. 2: 37-49. 

CAIN, J.R., and F.R. TRAINOR. 1973. A bioassay 
compromise. Phycologia 12: 227-232. 

CANTON, J.H., and G.J. VAN ESCH. 1976. The short-
term toxicity of some feed additives to differ-
ent freshwater organisms. Bull. Environ. 
Contam. Toxicol. 15: 720-725. 

CULLIMORE, D.R. 1975. The in vitro sensitivity of 
some species of Chlorophyceae to a selected 
range of herbicides. Weed Res. 15: 401-406. 

EIDE, I., A. JENSEN, and S. MELSOM. 1979. Applica-
tion of in situ cage cultures of phytoplankton 
for monitoring heavy metal pollution in two 
Norwegian fjords. J. Exp. Mar. Biol. Ecol. 
37: 271-286. 

ERICKSON, S.J., N. LACKIE, and T.E. MALONEY. 1970. 
A screening technique for estimating copper 
toxicity to estuarine phytoplankton. J. Water 
Pollut. Control Fed. 42: R270-R278. 

FORSBERG, C.G. 1972. Algal assay procedure. J. 
Water Pollut. Control Fed. 44: 1623-1628. 

HANNAN, P.J., and C. PATOUILLET. 1972. Effect of 
mercury on algal growth rates. Biotechnol. 
Bioeng. 14: 93-101. 

JENSEN, A., and B. RYSTAD. 1973. Semi-continuous 
monitoring of the capacity of sea water for 
supporting growth of phytoplankton. J. Exp. 
Mar. Biol. Ecol. 11: 275-285. 

JENSEN, A., and B. RYSTAD. 1976. Heavy metal 
tolerance of marine phytoplankton. II. Copper 
tolerance of three species in dialysis and 
batch cultures. J. Exp. Mar. Biol. Ecol. 22: 
249-256. 

JOHNSON, J.M., O.R. RUSCHMEYER, T.O. ODLAUG, and 
Y.A. OLSON. 1971. Algal bioassay potential 
primary productivity studies of the lower St. 
Louis River, Minnesota, p. HA-18/1 - HA-18/10. 
In S.M. Jenkins (ed.) Advances in water pollu- 
tion research. Volume 2. Pergamon Press, 
Oxford, England. 

KAYSER, H. 1976. Waste-water assay with continuous 
algal cultures: the effect of mercuric acetate 
on the growth of some marine dinoflagellates. 
Mar. Biol. 36: 61-72. 

KAYSER, H. 1977. Effect of zinc sulphate on the 
growth of mono- and multispecies cultures of 
some marine plankton algae. Helgol. wiss. 
Meeresunters. 30: 682-696. 

LEONHARD, S.L. 1979. Tests for the crayfish 
Orconectes virilis, p. 82-90. In E. Scherer 
(ed.) Toxicity tests for freshwater organisms. 
Can. Spec. Publ. Fish. Aquat. Sci. 44. 

LIN, C.K. 1977. Continuous flow culture of benth-
ic diatoms and its application to bioassays. 
J. Phycol. 13: 267-271. 

MATULOVÀ, D. 1971. Stream pollution examination 
by biological tests, p. 659-675. In S.H. 
Jenkins (ed.) Advances in water pollution res-
earch. Pergamon Press, Oxford, England. 

OSWALD, W.J., and S.A. GAONKAR. 1969. Batch assays 
for determination of algal growth potentials, 
p. 23-38. In E.J. Middlebrooks, T.E. Maloney, 
C.F. Powers and L.M. Kaack (ed.) Proceedings 
of the eutrophication-biostimulation assess-
ment workshop, Berkeley, California, June 19- 
21, 1969. Sanitary Engineering Research 
Laboratory, University of California, Berkeley, 
CA. 

PACE, F., R. FERRARA, and G. DEL CARRATORE. 1977. 
Effects of sub-lethal doses of copper sulphate 
and lead nitrate on growth and pigment composi-
tion of Duneiella  sauna  Teod. Bull. Environ. 
Contam. Toxicol. 17: 679-685. 

PALMER, C.M., and T.E. MALONEY. 1955. Preliminary 
screening for potential algicides. Ohio J. 
Sci. 55: 1-8. 

PAYNE, A.G. 1976. Application of the algal assay 
procedure in biostimulation and toxicity test-
ina, p. 3-27. In E.J. Middlebrooks, D.H. 
Falkenborg and T.E. Maloney (ed.) Biostimula-
tion and nutrient assessment. Ann Arbor 
Science, Ann Arbor, MI. 



16 

PAYNE, A.G., and R.H. HALL. 1979. A method for 
measuring algal toxicity and its application 
to the safety assessment of new chemicals, 
p. 171-180. In L.L. Marking and R.A. Kimerle 
(ed.) Aquatic toxicology. ASTM STP 667. 

PORCELLA, D.B. 1969. Continuous-flow (chemostat) 
assays, p. 7-22. In E.J. Middlebrooks, T.E. 
Maloney, C.F. Powers and L.M. Kaack (ed.) 
Proceedings of the eutrophication-biostimula-
tion assessment workshop, Berkeley, California, 
June 19-21, 1969. Sanitary Engineering Res- 
earch Laboratory, University of California, 
Berkeley, CA. 

RACHLIN, J.W., and M. FARRAN. 1974. Growth re-
sponse of the green algae Chlorella vulgaris 
to selective concentrations of zinc. Water 
Res. 8: 575-577. 

REYNOLDS, J.H., E.J. MIDDLEBROOKS, D.B. PORCELLA, 
and W.J. GRENNEY. 1976. Comparison of semi 
continuous and continuous flow bioassays, p. 
241-265. In E.J. Middlebrooks, D.H. Falken-
borg and T.E. Maloney (ed.) Biostimulation 
and nutrient assessment. Ann Arbor Science, 
Ann Arbor, MI. 

ROSKO, J.J., and J.W. RACHLIN. 1977. The effect 
of cadmium, copper, mercury, zinc and lead on 
cell division, growth and chlorophyll a 
content of the chlorophyte Chloreila vulgaris. 
Bull. Torrey Bot. Club 104: 226-233. 

VAISHAMPAYAN, A., H.R. SINGH, and H.N. SINGH. 1978. 
Biological effects of rice-field herbicide 
Stam f-34 on various strains of the nitrogen-
fixing blue-green alga Nostoc muscorum. 
Biochem. Physiol. Pflanz. 173: 410-419. 

WRIGHT, S.J.L. 1975. Use of micro-algae for the 
assay of herbicides, p. 257-269. In R.G. 
Board and D.W. Lovelock (ed.) Some methods for 
microbiological assay. Soc. Appl. Bacteriol. 
Tech. Ser. 8. Academic Press, London, England. 

2.4.5 Endocrine System 

Fish 

BHATTACHARYA, S., D. KUMAR, and R.H. DAS. 1978. 
Inhibition of thyroid hormone formation by 
endrin in the head kidney preparation of a 
teleost Anabus testudineus Bloch. Indian J. 
Exp. Biol. 16: 1310-1312. 

DONALDSON, E.M., and H.M. DYE. 1975. Corticoster-
oid concentrations in sockeye salmon 
(Oncorhynchus nerka) exposed to low concentra-
tions of copper. J. Fish. Res. Board Can. 32: 
533-539. 

FAGERLUND, U.H.M. 1967. Plasma cortisol concen-
tration in relation to stress in adult sockeye 
salmon during the freshwater stage of their 
life cycle. Gen. Comp. Endocrinol. 8: 197- 
207. 

FREEMAN, H.C., and D.R. IDELER. 1975. The effect 
of polychlorinated biphenyl on steroidogenesis 
and reproduction in the brook trout (Salvelinus 
fontinalis). Can. J. Biochem. 53: 666-670. 

KAPUR, K., K. KAMALDEEP, and H.S. TOUR.  1978. The 

effect of fenitrothion on reproduction of a 
teleost fish, Cyprinus carpio communie Linn: 
a biochemical study. Bull. Environ. Contam. 
Toxicol. 20: 438-442. 

LEATHERLAND, J.F., and R.A. SONGSTEGARD. 1978. 
Lowering of serum thyroxine and triiodothyro-
nine levels in yearling coho salmon, Oncorhyn-
chus kisutch, by dietary Mirex and PCBs. J. 
Fish. Res. Board Can. 35: 1285-1289. 

SANGALANG, G.B., and H.C. FREEMAN. 1974. Effects 
of sublethal cadmium on maturation and testo-
sterone and 11-ketotestosterone production in 
vivo in brook trout. Biol. Reprod. 11: 429- 
435. 

SCHRECK, C.B., and H.W. LORZ. 1978. Stress re-
sponse of coho salmon (Oncorhynchus kisuT.ch) 
elicited by cadmium and copper and potential 
use of cortisol as an indicator of stress. J. 
Fish. Res. Board Can. 35: 1124-1129. 

SIVARAJAH, K., C.S. FRANKLIN, and W.P. WILLIAMS. 
1978. The effects of polychlorinated biphe- 
nyls on plasma steroid levels and hepatic 
microsomal enzymes in fish. J. Fish Biol. 13: 
401-409. 

Invertebrates 

FINGERMAN, S.W., and M. FINGERMAN. 1978. Influ-
ence of the polychlorinated biphenyl prepara- 
tion Aroclor 12420  on color changes of the 
fiddler crab Yea pugilator. Mar. Biol. 50: 
37-45. 

2.4.6 Reproduction and Development 

Fish 

DAVIES, P.H., J.P. GOETTL Jr, J.R. SINLEY, and N.F. 
SMITH. 1976. Acute and chronic toxicity of 
lead to rainbow trout Balm° gairdneri, in hard 
and soft water. Water Res. 10: 199-206. 

EATON, J.G. 1974. Chronic cadmium toxicity to the 
bluegill (Lepomis macrochirus Rafinesque). 
Trans. Am. Fish. Soc. 103: 729-735. 

KIHLSTROM, J.E., C. LUNDBERG, and L. HULTH. 1971. 
Number of eggs and young produced by zebra-
fishes (Brachydanio rerio, Ham.-Buch.) spawn-
ing in water containing small amounts of 
phenylmercuric acetate. Environ. Res. 4: 355- 
359. 

KIMBALL, G.L., L.L. SMITH Jr, and S.J. BRODERIUS. 
1978. Chronic toxicity of hydrogen cyanide to 
the bluegill. Trans. Am. Fish. Soc. 107: 341- 
345. 

LOWE, J.I. 1964. Chronic exposure of spot, 
Leiostomus santhurus to sublethal concentra-
tions of toxaphene in seawater. Trans. Am. 
Fish. Soc. 93: 396-399. 

McINTYRE, J.D. 1973. Toxicity of methyl mercury 
for steelhead trout sperm. Bull. Environ. 
Contam. Toxicol. 9: 98-99. 

McKIM, J.M., and D.A. BENOIT. 1974. Duration of 
toxicity tehs for establishing "no effect" 
concentrations for copper with brook trout 



17 

(Salvelinus fontinalis). J. Fish. Res. Board 
Can. 31: 449-452. 

MOUNT, D.I., and C.E. STEPHAN. 1967. A method 
for establishing acceptable toxicant limits 
for fish- malathion and butoxyethanol ester 
of 2,4-D. Trans. Am. Fish. Soc. 96: 185-193. 

SPEHAR, R.L., E.N. LEONARD, and D.L. DEFOE. 1978. 
Chronic effects of cadmium and zinc mixtures 
on flagfish (Jordanella floridae). Trans. Am. 
Fish. Soc. 107: 354-360. 

SPERANZA, A.W., R.J. SEELEY, V.A. SEELEY, and A. 
PERLMUTTER. 1977. The effect of sublethal 
concentrations of zinc on reproduction in the 
zebrafish, Brachydanio rerio Hamilton-Buchanan. 
Environ. Pollut. 12: 217-222. 

Invertebrates 

ÀKESSON, B. 1970. Ophryotrocha labronica as test 
animal for the study of marine pollution. 
Helgol. wiss. Meeresunters. 20: 293-303. 

ARMSTRONG, D.A., D.V. BUCHANAN, M.H. MALLON, R.S. 
CALDWELL, and R.E. MILLEMANN. 1976. Toxicity 
of the insecticide methoxychlor to the Dunge- 
ness crab Cancer magister. Mar. Biol. 38: 
239-252. 

BEISINGER, K.E., and G.M. CHRISTENSEN. 1972. Ef-
fects of various metals on survival, growth, 
reproduction, and metabolism of Daphnia magna. 
J. Fish. Res. Board Can. 29: 1691-1700. 

BLUZAT, R., and J. SEUGE. 1978. Action de produits 
detersifs chez les larves aquatiques de 
Chaoborus et de Cloeon: importance de leur etat 
physiologique. [Action of detergent products 
in the aquatic larvae of Chaoborus and Cloeon: 
importance of their physiological activity.]. 
Toxicology 10: 221-228. (English summary). 

BOOKHOUT, C.G., and J.D. COSTLOW Jr. 1974. Crab 
development and effects of pollutants. 
Thalassia Jugosl. 10: 77-87. 

CANTON, J.H., and W. SLOOFF. 1977. The usefulness 
of Lymnaea stagnalis L. as a biological indi-
cator in toxicological bio-assays (model sub-
stance cx-HCH). Water Res. 11: 117-122. 

DERR, S.K., and M.J. ZABIK. 1972. Biologically 
active compounds in the aquatic environment: 
the effect of DDE on the egg viability of 
Chironomus tentans. Bull. Environ. Contam. 
Toxicol. 7: 366-368. 

FLANNAGAN, J.F. 1974. Influence of trisodium 
nitrilotriacetate on the mortality, growth, 
and fecundity of the freshwater snail (Helisoma 
trivolvis) through four generations. J. Fish. 
Res. Board Can. 31: 155-161. 

GROSCH, D.S. 1973. Reproduction tests: the toxic-
ity for Artemia of derivatives from non-
persistent pesticides. Biol. Bull. 145: 340- 
351. 

JENSEN, K. 1975. Hatching rate as bioassay. Pro-
posal for a standard technique. Bull. Environ. 
Contais. Toxicol. 14: 562-564. 

Artemia salina (L.). Chemosphere 6: 287-291. 

LAUGHLIN, R.B. Jr, L.G.L. YOUNG, and J.M. NEFF. 
1978. A long-term study of the effects of 
water-soluble fractions of No. 2 fuel oil on 
the survival, development rate, and growth of 
the mud crab Rhithropanopeus harrisii. Mar. 
Biol. 47: 87-95. 

NEBEKER, A.V., and F.A. PUGLISI. 1974. Effect of 
polychlorinated biphenyls (PCB's) on survival 
and reproduction of Daphnia, Gammarus, and 
Tanytarsus. Trans. Am. Fish. Soc. 103: 722- 
728. 

OSEID, D.M. 1978. A comparison of the variability 
of Asellus communie (Crustacea:Isopoda) and 
Gammarus pseudolimnaeus (Crustacea:Amphipoda) 
and suitability for joint bioassays. Bull. 
Environ. Contam. Toxicol. 20: 461-469. 

OTSU, T., K. MAEKAWA, and M.J. CALDWELL. 1974. 
The life cycle of the freshwater copepod 
Eucyclops serrulatus (Fischer) and its use in 
a bioassay for decapod ovarian stimulating and 
inhibiting substances. Dey.  Growth Differ. 
16: 213-224. 

PAUTSCH, F., et ai. 1975. Studies of the toxicity 
of phospho-gypsum. Pol. Arch. Hydrobiol. 22: 
449-476. 

PAYEN, G.G., and J.D. COSTLOW. 1977. Effects of a 
juvenile hormone mimic on male and female 
gametogenesis of the mud-crab, Rhithropanopeus 
harrisii (Gould) (Brachyura: Xanthidae). Biol. 
Bull. 152: 199-208. 

SCHOBER, U., W. LAMPERT. 1977. Effects of sub- 
lethal  Loncentrations  of the herbicide 
Atrazie on growth and reproduction of Daphnia 
pulex. Bull. Environ. Contam. Toxicol. 17: 
269-277. 

SHCHERBAN, E.P. 1971. The effect of low concentra-
tions of pesticides on the development of some 
Cladocera and the abundance of their progeny. 
Hydrobiol. J. (Engl. Transl. Gidrobiol. Zh.) 
6: 85-89. 

WARD, T.J., E.D. RIDER, and D.A. DROZDOWSKI. 1979. 
A chronic toxicity test with the marine copepod 
Acartia tonsa, p. 148-158. In L.L. Marking 
and R.A. Kimerle (ed.) Aquatic toxicology. 
ASTM STP 667. 

WEGNER, G.S., and R.W. HAMILTON. 1976. Effect of 
calcium sulfide on Chironomus riparius (Diptera: 
Chironomidae) egg hatchability. Environ. 
Entomol. 5: 256-258. 

WIER, C.F., and W.M. WALTER. 1976. Toxicity of 
cadmium in the  freshwater snail, Physa gyrina 
Say. J. Environ. Qual. 5: 359-362. 

WINNER, R.W., and M.P. FARRELL. 1976. Acute and 
chronic toxicity of copper to four species of 
Daphnia. J. Fish. Res. Board Can. 33: 1685- 
1691. 

2.4.7 Nervous System 

Fish 
JORGENSEN, K.F., and K. JENSEN. 1977. Effect of 

copper (II) chloride on the hatching rate of 	ANDERSON, J.M., and M.R. PETERSON. 1969. DDT: 



18 

sublethal effects on brook trout nervous 
system. Science (Wash., D.C.) 164: 440-441. 

FABER, D.S., and M.S. KLEE. 1976. Ethanol sup-
presses collateral inhibition of the gold-
fish Mauthner cell. Brain Res. 104: 347-353. 

FURSHPAN, E.J., and T. FURUKAWA. 1962. Intra-
cellular and extracellular responses of the 
several regions of the Mauthner cell of the 
goldfish. J. Neurophysiol. 25: 732-771. 

KORN, H., and D.S. FABER. 1965. An electrically 
mediated inhibition in goldfish medulla. Am. 
J. Physiol. 209: 452-471. 

PETERS, C.F., and D.D. WEBER. 1977. DDT: effect 
on the lateral line nerve of steelhead trout, 
p. 75-91. In F.J. Vernberg, J. Calabrese, 
F.P. Thurberg and W.B. Vernberg (ed.) Physio-
logical responses of marine biota to pollut-
ants. Academic Press, New York, NY. 

ROOTS, B.I., and C.L. PROSSER. 1962. Temperature 
acclimation and the nervous system in fish. 
J. Exp. Biol. 39: 617-629. 

Invertebrates 

PENTREATH, V.W., and M.S. BERRY. 1978. Ethanol 
induces bursting amongst electrically coupled 
snail neurons. J. Pharm. Pharmacol. 30: 321- 
323. 

2.4.8 Sensory Perception 

Fish 

ANDERSON, J.M. 1968. Effect of sublethal DDT on 
the lateral line of brook trout, Salvelinus 
fontinalis. J. Fish. Res. Board Can. 25: 
2677-2682. 

BAHR, T.G. 1972. Recording electrical activity 
from the lateral-line nerve in trout. Prog. 
Fish-Cult. 34: 59-61. 

BAHR, T.G., and R.C. BALL. 1971. Action of DDT on 
evoked and spontaneous activity from the rain-
bow trout lateral line nerve. Comp. Biochem. 
Physiol. 38A: 279-284. 

BARDACH, J.E., and J. CASE. 1965. Sensory capa-
bilities of the modified fins of squirrel hake 
(Urophycis chuss) and searobins (Prionotus 
carolinus and P. evolans). Copeia 1965: 194- 
206. 

BARDACH, J.E., M. FUJIYA, and A. HULL. 1965. 
Detergents: effects on the chemical senses of 
the fish Ictalurus natalis (le Sueur). Science 
(Wash., D.C.) 148: 1605-1607. 

HARA, T.J. 1976. Effects of pH on the olfactory 
responses to amino acids in rainbow trout, 
Salmo gairdneri. Comp. Biochem. Physiol. 54A: 
37-39. 

HARA, T.J., Y.M.C. LAW, and S. MacDONALD. 1976. 
Effects of mercury and copper on the olfactory 
response in rainbow trout, Salmo gairdneri. 
J. Fish. Res. Board Can. 33: 1568-1573. 

HARA, T.J., Y.M.C. LAW, and E. VAN DER VEEN. 1973. 

A stimulatory apparatus for studying the 
olfactory activity in fishes. J. Fish. Res. 
Board Can. 30: 283-285. 

HASLER, A.D., and W.J. WISBY. 1950. Use of fish 
for the olfactory assay of pollutants (phe-
nols) in water. Trans. Am. Fish. Soc. 79: 
64-70. 

McNICHOLL, P.O., and W.C. MacKAY. 1975. Effect of 
DDT on discriminating ability of rainbow trout 
(Saimo gairdneri). J. Fish. Res. Board Can. 
32: 785-788. 

PETERS, C.F., and D.D. WEBER. 1977. DDT effect on 
the lateral line nerve of steelhead, p. 75-91. 
In F.J. Vernberg, A. Calabrese, F.P. Thurberg 
and W.B. Vernberg (ed.) Physiological responses 
of marine biota to pollutants. Academic Press, 
New York, NY. 

SUTTERLIN, A.M., and N. SUTTERLIN. 1971. Electri-
cal responses of the olfactory epithelium of 
Atlantic salmon (Balm° solar). J. Fish. Res. 
Board Can. 28: 565-572. 

UBELS, J.L., J.R. HOFFERT, and P.O. FROMM. 	1977. 
Ocular oxygen toxicity: the effect of hyper-
baric oxygen on the in vitro electroretinogram. 
Camp. Biochem. Physiol. 57A: 29-32. 

Invertebrates 

ATEMA, J. 1976. Sublethal effects of petroleum 
fractions on the behavior of the lobster, 
Homarus americanus, and the mud snail, 
Nassarius obsoietus, p. 302-312. In M. Wiley 
(ed.) Estuarine processes. Volume I. Uses, 
stresses, and adaptation to the estuary. 
Academic Press, New York, NY. 

ATEMA, J., and G.D. BURD. 1975. A field study of 
chemotactic responses of the marine mud snail, 
Nassarius obsoletus. J. Chem. Ecol. 1: 243- 
251. 

McLEESE, D.W. 1973. Response of lobsters Homarus 
americanus to odor solution in the presence of 
bleached kraft mill effluent. J. Fish. Res. 
Board Can. 30: 279-282. 

McLEESE, D.W. 1975. Chemosensory response of 
American lobsters (Homarus americanus) in the 
presence of copper and phosphamidon. J. Fish. 
Res. Board Can. 32: 2055-2060. 

MITCHELL, R., S. FOGEL, and I. CHET. 1972. Bacte-
rial chemoreception: an important ecological 
phenomenon inhibited by hydrocarbons. Water 
Res. 6: 1137-1140. 

2.5 BEHAVIOURAL 

2.5.1 Activity 

Fish 

BYRNE, J.E. 1971. A further contribution to using 
ultrasonic sensors for fish activity studies. 
Trans. Am. Fish. Soc. 100: 792-794. 

CRIPE, C.R., J.H. CRIPE, and R.J. LIVINGSTON. 	1975. 
Apparatus for the quantitative determination 
of locomotor activity patterns of aquatic 



19 

organisms using infrared light-emitting di-
odes. J. Fish Res. Board Can. 32: 1884-1886. 

CUMMINGS, W.C. 1963. Using the Doppler effect to 
detect movements of captive fish in behavior 
studies. Trans. Am. Fish. Soc. 92: 178-180. 

DANDY, J.W.T. 1970. Activity response to oxygen 
in the brook trout, Salvelinus fontinaZis 
(Mitchill). Can. J. Zool. 48: 1067-1072. 

DANDY, J.W.T. 1972. Activity response to chlorine 
in the brook trout, Salvelinus fontinalis 
(Mitchill). 	Can. J. Zool. 50: 405-410. 

DAVIS, R.E. 1964. Daily "predawn" peak of loco- 
motion in fish. Anim. Behav. 12: 272-283. 

DRUMMOND, R.A., W.A. SPOOR, and G.F. OLSON. 1973. 
Some short-term indicators of sublethal ef-
fects of copper on brook trout, Salvelinus 
fontinalis. J. Fish. Res. Board Can. 30: 698- 
701. 

ELLGAARD, E.G., K.S. BLOOM, A.A. MALIZIA Jr, G.E. 
GUNNING, and R.E. JENSEN. 1975. The loco-
motor activity of fish: an analogy to the 
kinetics of an opposed first-order chemical 
reaction. Trans. Am. Fish. Soc. 104: 752-754. 

ELLGAARD, E.G., J.E. TUSA, and A.A. MALIZIA Jr. 
1978. Locomotor activity of the bluegill 
Lepomis macrochirus: hyperactivity induced by 
sublethal concentrations of cadmium, chromium 
and zinc. J. Fish Biol. 12: 19-23. 

FRY, F.E.J., and J.S. HART. 1948. Cruising speed 
of goldfish in relation to water temperature. 
J. Fish. Res. Board Can. 7: 169-175. 

GODIN, J.-G.J., C. GROOT, and M.C. ARMSTRONG. 1978. 
Description and evaluation of a photoelectric 
system for monitoring the locomotor activity 
of a pelagic fish. Can. J. Zool. 56: 1412- 
1419. 

HAFEEZ, M.A., and B.J. BARBER, 1976. A method for 
monitoring spontaneous locomotor activity and 
resting behavior in fishes. Physiol. Behav. 
16: 217-221. 

HUDSON, R.C.L., and D.M. BUSSELL. 1972. A simple 
photoelectric movement monitor. Electroen-
cephalogr. Clin. Neurophysiol. 32: 445-447. 

KRUK-DE BRUIN, M., and O. TISSING. 1975. A "T.V.- 
scanning-line comparator" for recording loco-
motory activity of animals. Oecologia (Berl.) 
20: 189-195. 

MATIS, J.H., D.R. CHILDERS, and H. KLEEREKOPER. 
1974. A stochastic locomotor control model 
for the goldfish (Carassius auratus). Acta 
Biotheor. 23: 45-54, 

MEFFERT, P. 1968. Ultrasonic recorder for loco-
motor activity studies. Trans. Am. Fish. Soc. 
97: 12-17. 

MOORE, W.H. 1961. An eighteen-point fish move-
ment recorder. Proc. Inst. Electron. 4: 38- 
42. 

MORGAN, W.S.G. 1979. Fish locomotor behavior 
patterns as a monitoring tool. J. Water 

Pollut. Control Fed. 51: 580-589. 

SCHERER, E., S.H. NOWAK, S.E. HARRISON, and D.L. 
KRIPIAKEVICH. 1979. Testing locomotor activ-
ity responses with ultrasonic beams, p. 186- 
194. In E. Scherer (ed.) Toxicity tests for 
freshwater organisms. Can. Spec. Publ. Fish. 
Aquat. Sci. 44. 

SCHUYF, A., and S.J. DE GROOT. 1971. An inductive 
locomotion detector for use in diurnal activ-
ity experiments in fish. J. Cons. Cons. Int. 
Explor. Mer 34: 127-132. 

SPOOR, W.A., T.W. NEIHEISEL, and R.A. DRUMMOND. 
1971. An electrode chamber for recording res-
piratory and other movements of free-swimming 
animals. Trans. Am. Fish. Soc. 101: 22-28. 

SWIFT, D.R. 1962. Activity cycles in the brown 
trout (Salmo trutta Lin.). I. Fish feeding 
naturally. Hydrobiologia 20: 241-247. 

UTER, T.G. 1978. A fish activity-monitoring de- 
vice using a low-power infrared photobeam. 
Behav. Res. Methods  Instruis.  10: 411-414. 

VARANELLI, C.C., and J.D. McCLEAVE. 1974. Loco-
motor activity of Atlantic salmon parr (Salmo 
salar L.) in various light conditions and in 
weak magnetic fields. Anim. Behav. 22: 178- 
186. 

WALLER, W.T., and J. CAIRNS Jr. 1972. The use of 
fish movement patterns to monitor zinc in 
water. Water Res. 6: 257-269. 

WILDISH, D.J. 1974. Arrestant effect of polyoxy- 
ethylene esters on swimming in the winter 
flounder. Water Res. 8: 579-583. 

WILDISH, D.J., and S.M. POLAR. 1972. An actograph 
for laterally or ventrally compressed aquatic 
organisms of medium size. Fish. Res. Board 
Can. Tech. Rep. 341: 20 p. 

YOUNG, A.H., P. TYTLER, F.G.T. HOLLIDAY, and A. 
MacFARLANE. 1972. A small sonic tag for 
measurement of locomotor behaviour in fish. 
J. Fish Biol. 4: 57-65. 

Invertebrates 

ANDREWS, G., and R.F. UGLOW. 1973. Selector for 
use in conjunction with a single transducer 
in multi-animal recording experiments. Lab. 
Pract. 22: 191-192. 

ARECHIGA, H., and R.J.A. ATKINSON. 1975. The eye 
and some effects of light on locomotor activ-
ity in Nephrops norvegicus. Mar. Biol. 32: 
63-76. 

ATKINSON, R.J.A., H. BAILEY, and E. NAYLOR. 1974. 
Some laboratory methods for recording and 
displaying temporal patterns of locomotor act-
ivity in marine animals. Mar. Behav. Physiol. 
3: 59-70. 

BERGQUIST, B.L., and E.C. BOVEE. 1976. Cadmium: 
quantitative methodology and study of its 
effect upon the locomotor rate of Tetrahymena 
pyriformis. Acta Protozool. 15: 471-483. 

BOWDRE, J.H., and N.R. KRIEG. 1974. Water quality 



20 

monitoring bacteria as indicators. Bull. 
Water Resour. Res. Cent. V. Polytech. Inst. 
State Univ. 69: 20 p. 

BUTLER, P.A., A.J. WILSON Jr, and A.J. RICK. 1960. 
Effects of pesticides on oysters. Proc. Natl 
Shellfish. Assoc. 51: 23-32. 

COOKE, A.S. 1971. Selective predation by newts 
on frog tadpoles treated with DDT. Nature 
(London) 229: 275-276. 

COOLEY, J.M. 1977. Filtering rate performance of 
Daphnia retrocurva in pulp mill effluent. J. 
Fish. Res. Board Can. 34: 863-868. 

DAVENPORT, J., and A. MANLEY. 1978. The detection 
of heightened sea-water copper concentrations 
by the mussel ilttilus edulis. J. Mar. Biol. 
Assoc. U.K. 58: 843-850. 

DECOURSEY, P.J., and W.B. VERNBERG. 1972. Effect 
of mercury on survival, metabolism and behav- 
iour of larval Uca pugilator (Brachyura). 
Oikos 23: 241-247. 

DICKS, B. 1973. Some effects of Kuwait crude oil 
on the limpet, Patella vulgata. Environ. 
Pollut. 5: 219-229. 

DRYL, S., and K. BUJWID-EWIK. 1972. Effects of 
detergent cetyl trimethyl ammonium bromide on 
motor reactions of Paramecium to the potas-
sium/calcium factor in external medium. Bull. 
Acad. Pol. Sci. Ser. Sci. Biol. 20: 551-555. 

EARLL, R., and D.T. EVANS. 1974. Selector systems 
in recording physiological and behavioural 
activity in sedentary aquatic animals. J. 
Exp. Mar. Biol.  Eco].  15: 35-41. 

FIELDER, D.R., and G.L. FRENCH. 1970. An activity 
recorder for bottom living marine crustaceans. 
Crustaceana (Leiden) 19: 208-210. 

FINGERMAN, M., A.D. LABO, and M.E. LOWE. 1958. 
Rhythms of locomotor activity and 0 2 -consump-
tion of the grasshopper Romalea microptera. 
Am. Midl. Nat. 59: 58-66. 

FINGERMAN, S.W., C. VAN METER Jr, and M. FINGERMAN. 
1979. Increased spontaneous locomotor activ-
ity in the fiddler crab, Uca pugilator, after 
exposure to a sublethal concentration of DDT. 
Bull. Environ. Contam. Toxicol. 21: 11-16. 

GITTLESON, S.M. 1975. Measurement of aggregate 
sedimentation rate as a chemical bioassay. 
Acta Protozool. 14: 371-377. 

GUYSELMAN, J.B. 1957. Solar and lunar rhythms of 
locomotor activity in the crayfish Cambarus 
virilis. Physiol. Zool. 30: 70-87. 

HARGRAVE, B.T., and C.P. NEWCOMBE. 1973. Crawling 
and respiration as indices of sublethal ef-
fects of oil and a dispersant on an intertidal 
snail Littorina iittorea. J. Fish Res. Board 
Can. 30: 1789-1792. 

HEUSNER, A.A., and J.T. ENRIGHT. 1966. Long-term 
activity recording in small aquatic animals. 
Science (Wash., D.C.) 154: 532-533. 

HOGARTH, K.R., and E.R. TRUEMAN. 1967. Techniques 

for recording the activity of aquatic inverte-
brates. Nature (London) 213: 1050-1051. 

IDONIBOYE-OBU, B. 1977. Recording bioelectric ac-
tion potentials of marine decapod crustacea by 
remote electrodes: a bioassay procedure for 
monitoring hydrocarbon pollution. Environ. 
Pollut. 12: 159-166. 

KLEIN, M.L., and J.L. LINCER. 	1974. Behavioral 
effects of dieldrin upon the fiddler crab, 
Uca pugitator, p. 181-196. In F.J. Vernberg 
and W.B. Vernberg (ed.) Pollution and physiol-
ogy of marine organisms. Academic Press, New 
York, NY. 

McGREER, E.R. 1979. Sublethal effects of heavy 
metal contaminated sediments on the bivalve 
Macoma balthica (L.). Mar. Pollut. Bull. 10: 
259-262. 

NAYLOR, E. 1958. Tidal and diurnal rhythms of 
locomotory activity in Capcinus maenas (L.). 
J. Exp. Biol. 35: 602-610. 

PAPARO, A.A., and R.E. SPARKS. 1977. Rapid assess-
ment of water quality using the fingernail clam, 
MuseuZium transversum, p. 96-109. In J. Cairns 
Jr, K.L. Dickson and G.F. Westlake (ed.) Bio-
logical monitoring of water and effluent qual-
ity. ASTM STP 607. 

REBACH, S. 1977. Simultaneous activity recording 
of multiple isolated marine organisms in an 
artificial saltwater recirculating system. J. 
Fish. Res. Board Can. 34: 1426-1430. 

SAWYER, L.J.E. 1972. A technique for recording the 
filtering activity of marine invertebrates. J. 
Cons. Cons. Int. Explor. Mer 34: 308-312. 

SCHUYF, A., and S.J. DE GROOT. 1971. An inductive 
locomotion detector for use in diurnal activity 
experiments in fish. J. Cons. Cons. Int. 
Explor. Mer 34: 127-132. 

SWEDMARK, M., B. BRAATEN, E. EMANUELSSON, and A. 
GRANMO. 1971. Biological effects of surface 
active agents on marine animals. Mar. Biol. 9: 
183-201. 

WALLACE, R.R. 1977. A discussion on the use of be-
viour by Gammarus pseudolimnaeus Bousfield in 
evaluating environmental stress, p. 59-67.  In  
W.R. Parker, E. Pessah, P.G. Wells and G.F. 
Westlake (ed.) Proceedings of the third annual 
aquatic toxicity workshop, November 2-3, 1976, 
Halifax, Nova Scotia. Can. Environ. Prot. 
Serv. Tech. Rep. EPS-5AR-77-1. 

WILDISH, D.J. 1970. Locomotory activity rhythms in 
some littoral Orchestia (Crustacea: Amphipoda). 
J. Mar. Biol. Assoc. U.K. 50: 241-252. 

WILDISH, D.J., and S.M. POLAR. 1972. An actograph 
for laterally or ventrally compressed aquatic 
organisms of medium size. Fish. Res. Board Can. 
Tech. Rep. 341: 20 p. 

Plants 

ANDERSON, D.M., and F.M.M. MOREL. 1978. Copper 
sensitivity of Gonyaulax tamarensis. Limnol. 
Oceanogr. 23: 283-295. 



21 

GITTLESON, S.M. 1975. Measurement of aggregate 
sedimentation rate as a chemical bioassay. 
Acta Protozool. 14: 371-377. 

ORR, A.R., J.E. KESSLER, and E.R. TEPASKE. 1976. 
DCMU induced inhibition of growth, photosyn-
thesis and motility in Eudorina elegans cult-
ures. Am. J. Bot. 63: 973-978. 

2.5.2 Orientation 

Fish 

DODSON, J.J., and C.L. MAYFIELD. 1979. Modifica-
tion of the theotropic response of rainbow 
trout (Salmo gairdheri) by sublethal doses of 
the aquatic herbicides diquat and simazine. 
Environ. Pollut. 18: 147-157. 

DODSON, J.J., and J.C. YOUNG. 1977. Temperature 
and photoperiod regulation of rheotropic 
behavior in prespawning common shiners, 
Notropic cornutus. J. Fish. Res. Board Can. 
34: 341-346. 

GRAY, J. 1937. Pseudo-rheotropism in fishes. J. 
Exp. Biol. 14: 95-103. 

JUHNKE, I., and W.K. BESCH. 1971. Eine neue Test-
methode zur Früherkennung akut toxischer 
Inhaltsstoffe im Wasser. Gewasser und 
Abwasser 50/51: 107-114. 

KLEEREKOPER, H. 1977. Some monitoring and analyt-
ical techniques for the study of locomotor 
responses of fish to environmental variables, 
p. 110-120. In J. Cairns Jr, K.L. Dickson 
and G.F. Westlake (ed.) Biological monitoring 
of water and effluent quality. ASTM STP 607. 

KLEEREKOPER, H., A.M. TIMMS, G.F. WESTLAKE, F.B. 
DAVY, T. MALAR, and V.M. ANDERSON. 1970. 
An analysis of locomotor behaviour of goldfish 
(Carassius auratus). Anim. Behav. 18: 317- 
330. 

McNICHOLL, P.G., and W.C. MacKAY. 1975. Effect 
of DDT on discriminating ability of rainbow 
trout (Salmo gairdneri). J. Fish. Res. Board 
Can. 32: 785-788. 

REYNOLDS, W.W. 1977. Fish orientation behavior: 
an electronic device for studying simulta-
neous responses to two variables. J. Fish. 
Res. Board Can. 34: 300-304. 

SCHERER, E. 1976. Overhead-light intensity and 
vertical positioning of the walleye, Stizo-
stedion vitreum vitreum. J. Fish. Res. Board 
Can. 33: 289-292. 

SCHERER, E. 1979. Testing responsiveness to over-
head-light stimulation, p. 171-178. In E. 
Scherer (ed.) Toxicity tests for freshwater 
organisms. Can. Spec. Publ. Fish. Aquat. Sci. 
44. 

SCHERER, E., F.A.J. ARMSTRONG, and S.H. NOWAK. 
1975. Effects of mercury-contaminated diet 
upon walleyes, Stizostedion vitreum vitreum 
(Mitchill). Can. Fish. Mar. Serv. Tech. Rep. 
597: iii + 21 p. 

Invertebrates 

BJ6RNBERG, T.K.S., and K.M. WILBUR. 1968. Copepod 
phototaxis and vertical migration influenced 
by xanthene dyes. Biol. Bull. 134: 398-410. 

BLUNDO, R. 1978. The toxic effects of the water 
soluble fractions of No. 2 fuel oil and of 
three aromatic hydrocarbons on the behavior 
and survival of barnacle larvae. Contrib. Mar. 
Sci. 21: 25-37. 

FORWARD, R.B. Jr, and J.D. COSTLOW Jr. 1974. The 
ontogeny of phototaxis by larvae of the crab 
Rhithropanopeus harrisii. Mar. Biol. 26: 27- 
33. 

FORWARD, R.B. Jr, and J.D. COSTLOW Jr. 1978. Sub- 
lethal effects of insect growth regulators 
upon crab larval behavior. Water Air Soil 
Pollut. 9: 227-238. 

VERNBERG, W.B., P.J. DECOURSEY, and W.J. PADGETT. 
1973. Synergistic effects of environmental 
variables on larvae of Uca pugilator. Mar. 
Biol. 22: 307-312. 

Plants 

NOLL, M., and U.  BAVER. 1973. Empfindliche Schnell- 
methode zum Gruppennachweis von Herbiziden 
durch Hemmung der Trichom-Wanderung von Blaual-
gen. [Rapid sensitive herbicide bioassay by 
inhibition of trichome-migration of bluegreen 
algae.]. Zentralbl. Bakteriol. Parasitenkd. 
Infektionskr. Hyg. Abt. 1: Orig. Reihe B: 157: 
178-183. (English abstract). 

2.5.3 Avoidance 

Fish 

CRIPE, C.R. 1979. An automated device (AGARS) for 
studying avoidance of pollutant gradients by 
aquatic organisms. J. Fish. Res. Board Can. 
36: 11-16. 

GRANETT, J., S. MORANG, and R. HATCH. 1978. Reduced 
movement of precocious male Atlantic salmon parr 
into sublethal Dimilin-Gle and carrier concen-
trations. Bull. Environ. Contam. Toxicol. 19: 
462-464. 

HANSEN, D.J. 1969. Avoidance of pesticides by 
untrained sheepshead minnows. Trans. Am. Fish. 
Soc. 98: 426-429. 

HANSEN, D.J. 1972. DDT and malathion: effect on 
salinity selection by mosquitofish. Trans. Am. 
Fish. Soc. 101: 346-350. 

HÔGLUND, L.B. 1953. A new method of studying the 
reactions of fishes in gradients of chemical 
and other agents. Oikos 3: 247-267. 

" 
HOGLUND, L.B. 1961. The reactions of fish in con-

centration gradients. Inst. Freshw. Res. 
Drottningholm Rep. 43: 1-147. 

JOHNSON, D.W., and D.A. WEBSTER. 1977. Avoidance 
of low pH in selection of spawning sites by 
brook trout (Salvelinus fontindlis). J. Fish. 
Res. Board Can. 34: 2215-2218. 



22 

JONES, J.R.E. 1947. The reactions of Pygosteus 
pungitius L. to toxic solutions. J. Exp. 
Biol. 24: 110-122. 

RAND, G.M. 1977. The effect of exposure to a 
subacute concentration of parathion on the 
general locomotor behavior of the goldfish. 
Bull. Environ. Contam. Toxicol. 18: 259-266. 

SCHERER, E. 1975. Avoidance of fenitrothion by 
goldfish (Carassius auratus). Bull. Environ. 
Contam. Toxicol. 13: 492-496. 

SCHERER, E., and S. NOWAK. 1973. Apparatus for 
recording avoidance movements of fish. J. 
Fish. Res. Board Can. 30: 1594-1596. 

SHELFORD, V.E., and W.C. ALLEE. 1913. The reac- 
tions of fishes to gradients of dissolved 
atmospheric gases. J. Exp. Zool. 14: 207- 
266. 

SPRAGUE, J.B. 1964. Avoidance of copper-zinc 
solutions by young salmon in the laboratory. 
J. Water Pollut. Control Fed. 36: 990-1004. 

STOTT, B., and B.R. BUCKLEY. 1979. Avoidance 
experiments with homing shoals of minnows, 
Phoxinus phoxinus in a laboratory stream 
channel. J. Fish Biol. 14: 135-146. 

SUMMERFELT, R.C., and W.M. LEWIS. 1967. Repul-
sion of green sunfish by certain chemicals. 
J. Water Pollut. Control Fed. 39: 2030-2038. 

Invertebrates 

ATEMA, J. 1976. Sublethal effects of petroleum 
fractions on the behavior of the lobster, 
Homarus americanus, and the mud snail, 
Nassarius obsoletus, p. 302-312. In M. Wiley 
(ed.) Estuarine processes. Volume I. Uses, 
stresses, and adaptation to the estuary. 
Academic Press, New York, NY. 

BARTHALMUS, G.T. 1977. Behavioural effects of 
mercury on grass shrimp. Mar. Pollut. Bull. 
8: 87-90. 

COSTA, H.H. 1966. Responses of Gammarus puZex 
(L.) to modified environment. I. Reactions to 
toxic solutions. Crustaceana (Leiden) 11: 
245-256. 

FOLMAR, L.C. 1978. Avoidance chamber responses of 
mayfly nymphs exposed to eight herbicides. 
Bull. Environ. Contam. Toxicol. 19: 312-318. 

HANSEN, D.J. 1969. Avoidance of pesticides by 
untrained sheepshead minnows. Trans. Am. 
Fish. Soc. 98: 426-429. 

HANSEN, D.J., S.C. SCHIMMEL, and J.M. KELTNER Jr. 
1973. Avoidance of pesticides by grass shrimp 
(Palaemonetes pugio). Bull. Environ. Contam. 
Toxicol. 9: 129-133. 

HANSEN, D.J., S.C. SCHIMMEL, and E. MATTHEWS. 1974. 
Avoidance of Arocloe 1254 by shrimp and fish-
es. Bull. Environ. Contam. Toxicol. 12: 253- 
256. 

MACKIE, A.M., R. LASKER, and P.T. GRANT. 1968. 
Avoidance reactions of a mollusc Buccinum 
undatum to saponin-like surface-active sub- 

stances in extracts of the starfish Asterias 
rubens and Marthasterias glacialis. Comp. 
Biochem. Physiol. 26: 415-428. 

McGREER, E.R. 1979. Sublethal effects of heavy 
metal contaminated sediments on the bivalve 
Macoma balthica (L.). Mar. Pollut. Bull. 10: 
259-262. 

McLEESE, D.W. 1970. Behaviour of lobsters exposed 
to bleached kraft mill effluent. J. Fish. Res. 
Board Can. 27: 731-736. 

McLEESE, D.W. 1973. Response of lobsters Homarun 
americanus to odor solution in the presence of 
bleached kraft mill effluent. J. Fish. Res. 
Board Can. 30: 279-282. 

McLEESE, D.W. 1975. Chemosensory response of 
American lobsters (Homarus americanus) in the 
presence of copper and phosphamidon. J. Fish. 
Res. Board Can. 32: 2055-2060. 

MEADOWS, P.S. 1964. Substrate selection by Coro-
phium species: the particle size of substrates. 
J. Anim. Ecol. 33: 387-394. 

PERCY, J.A. 1977. Responses of arctic marine ben-
thic crustaceans to sediments contaminated with 
crude oil. Environ. Pollut. 13: 1-10. 

WENTSEL, R., A. McINTOSH, W.P. McCAFFERTY, G. 
ATCHISON, and V. ANDERSON. 1977. Avoidance 
response of midge larvae (Chironomus tentann) 
to sediments containing heavy metals. Hydro-
biologia 55: 171-175. 

2.5.4 Temperature Selection 

Fish 

FRYER, J.N., and D.M. OGILVIE. 1978. Alteration of 
thermoregulatory behavior in fish by 5-hydroxy-
tryptamine. Pharmacol. Biochem. Behav. 8: 129- 
132. 

GIFT, J.J. 1977. Application of temperature pre-
ference studies to environmental impact assess-
ment. J. Fish. Res. Board Can. 34: 746-749. 

McCAULEY, R.W. 1977. Laboratory methods for deter-
mining temperature preference. J. Fish. Res. 
Board Can. 34: 749-752. 

NEILL, W.H., J.J. MAGNUSON, and G.G. CHIPMAN. 1972. 
Behavioral thermoregulation by fishes: a new 
experimental approach. Science (Wash., D.C.) 
176: 1443-1445. 

OGILVIE, D.M., and J.M. ANDERSON. 1965. Effect of 
DDT on temperature selection by young Atlantic 
salmon, Sale° sear. J. Fish,  Res. Board Can. 
22: 503-512. 

OPUSZYKISKI, K. 1971. Temperature preference of 
fathead minnow Pimephales promeZas (Rafinesque) 
and its changes induced by copper salt CuSO4. 
Pol. Arch. Hydrobiol. 18: 401-408. 



23 

2.5.5 Feeding 

Fish 

DRUMMOND, R.A., W.A. SPOOR, and G.F. OLSON. 1973. 
Some short-term indicators of sublethal ef-
fects of copper on brook trout, Saivelinus 
fontinalis. J. Fish. Res. Board Can. 30: 
698-701. 

Invertebrates 

ARTHUR, J.W., and E.N. LEONARD. 1970. Effects of 
copper on Gammarus pseudolimnaeus, Physa 
integra, and Campeloma decisum in soft water. 
J. Fish. Res. Board Can. 27: 1277-1283. 

ATEMA, J., and L.S. STEIN. 1974. Effects of 
crude oil on the feeding behaviour of the 
lobster Homarus americanus. Environ. Pollut. 
6: 77-86. 

REEVE, M.R., M.A. WALTER, K. DARCY, and T. IKEDA. 
1977. Evaluation of potential indicators of 
sub-lethal toxic stress on marine zooplankton 
(feeding, fecundity, respiration, and excre-
tion): Controlled Ecosystem Pollution Experi-
ment. Bull. Mar. Sci. 27: 105-113. 

SPOONER, M.F., and C.J. CORKETT. 1974. A method 
for testing the toxicity of suspended oil 
droplets on planktonic copepods used at 
Plymouth, p. 69-74. In L.R. Beynon and E.B. 
Cowell (ed.) Ecological aspects of toxicity 
testing of oils and dispersants. Proceedings 
of a workshop, London, England. 	Halsted 
Press, New York, NY. 

2.5.6 Learning 

Fish 

ANDERSON, J.M., and M.R. PETERSON. 1969. DDT: 
sublethal effects on brook trout nervous 
system. Science (Wash., D.C.) 164: 440-441. 

ANDERSON, J.M., and H.B. PRINS. 1970. Effects of 
sublethal DDT on a simple reflex in brook 
trout. J. Fish. Res. Board Can. 27: 331-334. 

DANSCHER, G., and E.J. FJERDINGSTAD. 1975. Di-
ethyldithiocarbamate (Antabuse): decrease of 
brain heavy metal staining pattern and im-
proved consolidation of shuttle box avoidance 
in goldfish. Brain Res. 83: 143-155. 

HATFIELD, C.T., and P.H. JOHANSEN. 1972. Effects 
of four insecticides on the ability of 
Atlantic salmon parr (Scam°  saler)  to learn 
and retain a simple conditioned response. J. 
Fish. Res. Board Can. 29: 315-321. 

JACKSON, D.A., J.M. ANDERSON, and D.R. GARDNER. 
1970. Further investigations of the effect 
of DDT on learning in fish. Can. J. Zool. 
48: 577-580. 

LUDWIG, H.F. 1964. Toxicant-induced behavioral 
and histological pathology. A quantitative 
study of sublethal toxication in the aquatic 
environment. NTIS Rep. PB-215 668: vii + 
123 p. 

McNICHOLL, P.G., and W.C. MacKAY. 1975. Effect  

of DDT and M.S. 222 on learning a simple condi-
tioned response in rainbow trout (Salmo 
gairdneri). J. Fish. Res. Board Can. 32: 661- 
665. 

OGILVIE, D.M., and J.M. ANDERSON. 1965. Effect of 
DDT on temperature selection by young Atlantic 
salmon, Scam°  saler.  J. Fish. Res. Board Can. 
22: 503-512. 

OTIS, L.S., J.A. CERF, and G.J. THOMAS. 1957. 
Conditioned inhibition of respiration and heart 
rate in the goldfish. Science (Wash., D.C.) 
126: 263-264. 

ROOTS, B.I., and C.L. PROSSER. 1962. Temperature 
acclimation and the nervous system in fish. J. 
Exp. Biol. 39: 617-629. 

WEIR, P.A., and C.H. HINE. 1970. Effects of 
various metals on behavior of conditioned 
goldfish. Arch. Environ. Health 20: 45-51. 

2.5.7. Intra- and Interspecific Interactions 

Fish 

BULL, C.J., and J.E. McINERNEY. 1974. Behavior of 
juvenile coho salmon (Oncorhynchus kisutch) 
exposed to sumithion (fenitrothion), an organo- 
phosphate insecticide. J. Fish. Res. Board 
Can. 31: 1867-1872. 

CULLEN, J.M., E. SHAW, and H.A. BALDWIN. 1965. 
Methods for measuring the three-dimensional 
structure of fish schools. Anim. Behav. 13: 
534-543. 

GOODYEAR, C.P. 1972. A simple technique for de-
tecting effects of toxicants or other stresses 
on a predator-prey interaction. Trans. Am. 
Fish. Soc. 101: 367-370. 

HEALEY, M.C., and R. PRIESTON. 1973. The inter-
relationships among individuals in a fish 
school. Fish. Res. Board Can. Tech. Rep. 389: 
15 p. 

HUNTER, J.R. 1966. Procedure for analysis of 
schooling behavior. J. Fish. Res. Board Can. 
23: 547-562. 

KANIA, HA., and J. O'HARA. 1974. Behavioral al-
terations in a simple predator-prey system due 
to sublethal exposure to mercury. Trans. Am. 
Fish. Soc. 103: 134-136. 

PEEKE, H.V.S., G.E. ELLMAN, and M.J. HERZ. 1973. 
Dose dependent alcohol effects on the aggres-
sive behavior of the convict cichlid (Cichla-
soma nigrofasciatum). Behav. Biol. 8: 115-122. 

PITCHER, T.J. 1975. A periscopic method for deter-
mining the three-dimensional positions of fish 
in schools. J. Fish. Res. Board Can. 32: 1533- 
1538. 

SULLIVAN, J.F., G.J. ATCHISON, D.J. KOLAR, and A.W. 
McINTOSH. 1978. Changes in the predator-prey 
behavior of fathead minnows (Pimephales 
promelas) and largemouth bass (Micropterus 
salmoides) caused by cadmium. J. Fish. Res. 
Board Can. 35: 446-451. 



24 

SYMONS, P.E.K. 	1973. Behavior of young Atlantic 
salmon (Halm° solar) exposed to or force-fed 
fenitrothion, an organophosphate insecticide. 
J. Fish. Res. Board Can. 30: 651-655. 

WEIS, P., and J.S. WEIS. 1974. DDT causes changes 
in activity and schooling behavior in gold-
fish. Environ. Res. 7: 68-74. 

WEIS, P., and J.S. WEIS. 1974. Schooling behav- 
ior of Menidia menidia in the presence of 
the insecticide Sevin (Carbaryl). Mar. Biol. 
28: 261-263. 

WELSH, M.J., and C.W. HANSELKA. 1972. Toxicity 
and sublethal effects of methyl parathion on 
behavior of Siamese fighting fish (Betta 
splendens). Tex. J. Sci. 23: 519-529. 

Invertebrates 

ATEMA, J. 1976. Sublethal effects of petroleum 
fractions on the behavior of the lobster, 
Homarus americanus, and the mud snail, 
Nassarius obsoletus, p. 302-312. In M. Wiley 
(ed.) Estuarine processes. Volume I. Uses, 
stresses, and adaptation to the estuary. 
Academic Press, New York, NY. 

DAVIS, J.C. 1978. Disruption of precopulatory 
behavior in the amphipod Anisogammarus 
pugettensis upon exposure to bleached kraft 
pulpmill effluent. Water Res. 12: 273-275. 

FARR, J.A. 1977. Impairment of antipredator 
behavior in Palaemonetes pugio by exposure to 
sublethal doses of parathion. Trans. Am. 
Fish. Soc. 106: 287-290. 

LYES, M.C. 1979. The reproductive behaviour of 
Gammarus duebeni (Lilljeborg), and the inhibi-
tory effect of a surface active agent. Mar. 
Behav. Physiol. 6: 47-55. 

WALSH, F., and R. MITCHELL. 1974. Inhibition of 
inter-microbial predation by chlorinated 
hydrocarbons. Nature (London) 249: 673-674. 

WARD, D.V., and D.A. BUSCH. 1976. Effects of 
temefos, an organophosphorus insecticide, on 
survival and escape behaviour of the marsh 
fiddler crab Uca pugnax. Oikos 27: 331-335. 

2.6 COMMUNITIES 

BAKER, J.M., and G.B. CRAPP. 1974. Toxicity 
tests for predicting the ecological effects 
of oil and emulsifier pollution on littoral 
communities, p. 23-40. In L.R. Beynon and 
E.B. Cowell (ed.) Ecological aspects of 
toxicity testing of oils and dispersants. 
Proceedings of a workshop, London, England. 
Halsted Press, New York, NY. 

BEAK, T.W., T.C. GRIFFING, and A.G. APPLEBY. 1973. 
Use of artificial substrate samplers to assess 
water pollution, p. 227-241. In J. Cairns Jr 
and K.L. Dickson (ed.) Biological methods for 
the assessment of water quality. ASTM STP 
528. 

BICK, H. 1963. A review of Central European meth-
ods for the biological estimation of water 
pollution levels. Bull. W.H.O. 29: 401-413. 

BISHOP, J.E. 1969. Light control of aquatic in-
sect activity and drift. Ecology 50: 371-380. 

BOOTH, G.M., C.-C. YU, and D.J. HANSEN. 	1973. 
Fate, metabolism, and toxicity of 3-isopropyl-
1H-2,1,3-benzothiadiazin-4(3H)-1-2,2-dioxide 
in a model ecosystem. J. Environ. Quai. 2: 
n08-411. 

BRUSVEN, M.A., and C. MacPHEE. 1974. An evalua-
tion of squoxin on insect drift. Trans. Am. 
Fish. Soc. 103: 362-365. 

BURDICK, G.E., H.J.  DEAN, J.C. SKEA, and C.N. FRISA. 
1974. Effect of blackfly larviciding in some 
Adirondack streams. N.Y. Fish Game J. 21: 1- 
17. 

BURKS, S.L., and J.L. WILHM. 1977. Bioassays with 
a natural assemblage of benthic macroinverte- 
brates, p. 127-136. In F.L. Mayer and J.L. 
Hamelink (ed.) Aquatic toxicology and hazard 
evaluation. ASTM STP 634. 

CAIRNS, J. Jr, D.W. ALBAUGH, F. BUSE?, and M.D. 
CHANAY. 1968. The sequential comparison 
index- a simplified method for non-biologists 
to estimate relative differences in biological 
diversity in stream pollution studies. J. 
Water Pollut. Control Fed. 40: 1607-1613. 

CAIRNS, J. Jr, and K.L. DICKSON. 1971. A simple 
method for the biological assessment of the 
effects of waste discharges on aquatic bottom-
dwelling organisms. J. Water Pollut. Control 
Fed. 43: 755-772. 

CAIRNS, J. Jr, K.L. DICKSON, J.P. SLOCOMB, S.P. 
ALMEIDA, J.K.T. EU, C.Y.Y. LIU, and H.F. SMITH. 
1974. Microcosm pollution monitoring, p. 223- 
228. In D.D. Hemphill (ed.) Trace substances 
in environmental health - VIII. University of 
Missouri, Columbia, MO. 

COOK, S.E.K. 1976. Quest for an index of community 
structure sensitive to water pollution. 
Environ. Pollut. 11: 269-288. 

COUTANT, C.C. 1964. Insecticide Sevin: effect of 
aerial spraying on drift of stream insects. 
Science (Wash., D.C.) 146: 420-421. 

DAVIS, W.P., B.S. HESTER, R.L. YOAKUM, and R.G. 
DOMEY. 1977. Marine ecosystem testing units: 
design for assessment of benthic organism 
responses to low-level pollutants. Helgol. 
wiss. Meeresunters. 30: 673-681. 

EISELE, P.J., and R. HARTUNG. 1976. The effects 
of methoxychlor on riffle invertebrate popula-
tions and communities. Trans. Am. Fish. Soc. 
105: 628-633. 

ERNST, W.H.O., and M. MARQUENIE-VAN DER WERFF. 
1978. Aquatic angiosperms as indicators of 
copper contamination. Arch. Hydrobiol. 83: 
356-366. 

FERENS, M.C., and R.J. BEYERS. 1972. Studies of 
a simple laboratory microecosystem: effects of 
stress. Ecology 53: 709-713. 

FISHER, N.S., E.J. CARPENTER, C.C. REMSEN, and C.F. 
WURSTER. 1974. Effects of PCB on interspeci-
fic competition in natural and gnotobiotic 



25 

phytoplankton communities in continuous and 
batch cultures. Microb. Ecol. 1: 39-50. 

GAMBLE, J.C., J.M. DAVIES, and J.H. STEELE. 1977. 
Lock Ewe bag experiment, 1974. Bull. Mar. 
Sci. 27: 146-175. 

GERHART, D.Z., S.M. ANDERSON, and J. RICHTER. 
1977. Toxicity bioassays with periPhyton 
communities: design of experimental streams. 
Water Res. 11: 567-570. 

GRAY, J.S., and F.B. MIRZA. 1979. A possible 
method for the detection of pollution-induced 
disturbance on marine benthic communities. 
Mar. Pollut. Bull. 10: 142-146. 

GUNNER, H.B., and R.A. COLER. 1971. A microbio-
tic ecoassay for environmental pollutants, p. 
314-319. In B. Westley (ed.) International 
symposium on identification and measurement 
of environmental pollutants. National 
Research Council of Canada, Ottawa, Canada. 

HARRISON, W.G., R.W. EPPLEY, and E.H. RENGER. 
1977. Phytoplankton nitrogen metabolism, 
nitrogen budgets, and observations on copper 
toxicity: Controlled Ecosystem Pollution 
Experiment. Bull. Mar. Sci. 27: 44-57. 

HOWMILLER, R.P., and M.A. SCOTT. 1977. An envi-
ronmental index based on relative abundance 
of oligochaete species. J. Water Pollut. 
Control Fed. 49: 809-815. 

HURLBERT, S.M., M.S. MULLA, and H.R. WILLSON. 
1972. Effects of an organophosphorus insec- 
ticide on the phytoplankton, zooplankton, and 
insect populations of fresh-water ponds. 
Ecol. Monogr. 42: 269-299. 

KAMIiiSKI, A. 1975. The use of biological tests 
for the examination of pesticides. Pure 
Appl. Chem. 42: 255-284. 

KANAZAWA, J., A.R. ISENSEE, and P.C. KEARNEY. 
1975. Distribution of carbaryl and 3,5- 
xylyl methylcarbamate in an aquatic model 
ecosystem. J. Agric. Food Chem. 23: 760-763. 

KENNEDY, H.D., L.L. ELLER, and D.F. WALSH. 1970. 
Chronic effects of methoxychlor on bluegills 
and aquatic invertebrates. U.S. Fish Wildl. 
Serv. Tech. Pap. 53: 18 p. 

KERSTING, K. 1975. The use of microsystems for 
the evaluation of the effect of toxicants. 
Hydrobiol. Bull. 9: 102-108. 

LADNER, L., and A. HAGSTRbM. 1975. Oil spill 
protection in the Baltic Sea. J. Water Pollut. 
Control Fed. 47: 796-809. 

LAWRENCE, S.G., and M.H. HOLOKA. 1979. A micro-
bial predator-prey test system, p. 71-81. In 
E. Scherer (ed.) Toxicity tests for fresh-
water organisms. Can. Spec. Publ. Fish. 
Aquat. Sci. 44. 

MAKI, A.W., and H.E. JOHNSON. 1976. Evaluation 
of a toxicant on the metabolism of model 
stream communities. J. Fish. Res. Board Can. 
33: 2740-2746. 

MENZEL, D.W., and J. CASE. 1977. Concept and 
design: Controlled Ecosystem Pollution 

Experiment. Bull. Mar. Sci. 27: 1-7. 

METCALF, R.L. 1975. Evaluation of a laboratory 
microcosm for study of toxic substances in the 
environment. National Science Foundation, 
Washington, D.C. NSF/RA/E-75-116. NTIS Rep. 
PB-252 982: 72 p. 

METCALF, R.L. 1977. Model ecosystem approach to 
insecticide degradation: a critique. Annu. 
Rev. Entomol. 22: 241-261. 

METCALF, R.L., G.K. SANGHA, and I.P. KAPOOR. 1971. 
Model ecosystem for the evaluation of pesticide 
biodegradability and ecological magnification. 
Environ. Sci. Technol. 5: 709-713. 

MOSSER, J.L., M.S. FISHER, and C.F. WURSTER. 1972. 
Polychlorinated biphenyls and DDT alter species 
composition in mixed cultures of algae. 
Science (Wash., D.C.) 176: 533-536. 

NELSON, J.H., D.L. STONEBURNER, E.S. EVANS Jr, N.E. 
PENNINGTON, and M.V. MEISCH. 1976. Diatom 
diversity as a function of insecticidal treat-
ment with a controlled-release formulation of 
chlorpyrifos. Bull. Environ. Contam. Toxicol. 
15: 630-634. 

PATRICK, R. 1973. Diatoms as bioassay organisms, 
p. 139-151. In G.E. Glass (ed.) Bioassay  tech-
niques and environmental chemistry. Ann Arbor 
Science Publishers, Ann Arbor, MI. 

PATRICK, R. 1973. Use of algae, especially diatoms, 
in the assessment of water quality, p. 76-95. 
In J. Cairns Jr and K.L. Dickson (ed.) Biologi-
cal methods for the assessment of water quality. 
ASTM STP 528. 

PEARSON, R.G., and N.V. JONES. 1975. The colonisa-
tion of artificial substrata by stream macro-
invertebrates. Prog. Water Technol. 7 (3/4): 
497-504. 

PEARSON, T.H. 1975. The benthic ecology of Loch 
Linnhe and Loch Eil, a sea-loch system on the 
west coast of Scotland. IV. Changes in the 
benthic fauna attributable to organic enrich-
ment. J. Exp. Mar. Biol. Ecol. 20: 1-41. 

PERSOONE, G., and N. DE PAUW. 1979. Systems of 
biological indicators for water quality assess-
ment, p. 39-75. In O. Rayera (ed.) Biological 
aspects of freshwater pollution. Pergamon 
Press, Oxford, England. 

SANDERS, H.L. 1968. Marine benthic diversity: a 
comparative study. Am. Nat. 102: 243-282. 

SAVAGE, N.L., and F.W. RABE. 1973. The effects of 
mine and domestic wastes on macroinvertebrate 
community structure in the Coeur d'Alene River. 
Northwest Sci. 47: 159-168. 

SIGMON, C.F., H.J. KANIA, and R.J. BEYERS. 1977. 
Reductions in biomass and diversity resulting 
from exposure to mercury in artificial streams. 
J. Fish. Res. Board Can. 34: 493-500. 

SMITH, G.E., and B.G. ISOM. 1967. Investigation 
of effects of large-scale applications of 2, 
4-D on aquatic fauna and water quality. 
Pestic. Monit. J. 1: 16-21. 

TAUB, F.B. 1976. Demonstration of pollution ef- 



26 

fects in aquatic microcosms. Int. J. 
Environ. Stud. 10: 23-33. 

TERHAAR, C.J., W.S. EWELL, S.P. DZIUBA, W.W. 
WHITE, and P.J. MURPHY. 1977. A laboratory 
model for evaluating the behavior of heavy 
metals in an aquatic environment. Water Res. 
11: 101-110. 

VAN DYK, L.P., C.G. GREEFF, and J.J. BRINK. 1975. 
Total population density of Crustacea and 
aquatic Insecta as an indicator of fenthion 
pollution on river water. Bull. Environ. 
Contam. Toxicol. 14: 426-431. 

WILHM, J.L. 1967. Comparison of some diversity 
indices applied to populations of benthic 
macroinvertebrates in a stream receiving 
oraanic wastes. J. Water Pollut. Control 
Fed. 39: 1673-1683. 

WITHERSPOON, J.P., E.A. BENDIETTI, S. DRAGGAN, 
F.P. TAUB, N. PEARSON, and J.R. TRABALKA. 
1976. State-of-the-art and proposed testing 
for environmental transport of toxic sub-
stances. U.S. Environ. Prot. Agency EPA-
560/5-76-001: xii + 163 p. 

YU, C.-C., G.M. BOOTH, D.J. HANSEN, and J.R. 
LARSEN. 1974. Fate of bux insecticide in 
a model ecosystem. Environ. Entomol. 3: 
975-977. 

2.7 BIOCONCENTRATION AND BIOACCUMULATION 

2.7.1 General 

COX, G.V. (ed.). 1974. Marine bioassays. Work-
shop proceedings 1974. Marine Technology 
Society, Washington, DC. 308 p. 

HAMELINK, J.L. 1977. Current bioconcentration 
test methods and theory, p. 149-161. In 
F.L. Mayer and J.L. Hamelink (ed.) Aquatic 
toxicology and hazard evaluation. ASTM STP 
634. 

MOY, D.C., and M.C.L. DREDGE. 1979. A novel 
biopsy technique for monitoring environ-
mental contaminants in fish. Bull. Environ. 
Contam. Toxicol. 22: 35-37. 

NELSON, D.J., and S.V. KAYE. 1971. The specific 
activity concept applied to aquatic ecosys-
tems, p. 735-746. In C.N. Welsh (ed.) 
Nuclear techniques in environmental pollu-
tion. International Atomic Energy Agency, 
Vienna, Austria. 

PORTMANN, J.E. (ed.). 1976. Manual of methods 
in aquatic environment research. Part 2 - 
Guidelines for the use of biological accumu-
lators in marine pollution monitoring. FAO 
Fish. Tech. Pap. 150: viii + 76 p. 

STUMP, I.G., J. KEARNEY, J.M. D'AURIA, and J.D. 
POPHAM. 1979. Monitoring trace elements in 
the mussel, Mtilus edulis using x-ray 
energy spectroscopy. Mar. Pollut. Bull. 10: 
270-274. 

2.7.2 Examples of Application 

Fish 

BLANCHARD, F.A., I.T. TAKAHASHI, H.C. ALEXANDER, 
and E.A. BARTLETT. 1977. Uptake, clearance, 
and bioconcentration of ''C-sec-buty1-4- 
chlorodiphenyl oxide in rainbow trout, p. 162- 
177. In F.L. Mayer and J.L. Hamelink (ed.) 
Aquatic toxicology and hazard evaluation. 
ASTM STP 634. 

BRANSON, D.R., G.E. BLAU, H.C. ALEXANDER, and W.B. 
NEELY. 1975. Bioconcentration of 2,2,4,4- 
tetrachlorobiphenyl in rainbow trout as 
measured by an accelerated test. Trans. Am. 
Fish. Soc. 104: 785-792. 

GIRARDI, F., M. MERLINI, C. BIGLIOCCA, G. POZZI, 
and A. BERG , 1971. A radiotracer technique 
for the study in vivo of the biological path-
way of heavy metals in aquatic organisms, p. 
721-733. In C.N. Welsh (ed.) Nuclear tech-
niques in environmental pollution. Inter-
national Atomic Energy Agency, Vienna, 
Austria. 

HARTMAN, A.M. 1978. Mercury feeding schedules: 
effects on accumulation, retention, and 
behavior in trout. Trans. Am. Fish. Soc. 107: 
369-375. 

NEELY, W.B., D.R. BRANSON, and G.E. BLAU. 	1974. 
Partition coefficient to measure bioconcentra-
tion potential of organic chemicals in fish. 
Environ. Sci. Technol. 8: 1113-1115. 

NORSTROM, R.J., A.E. McKINNON, and A.S. DEFREITAS. 
1976. A bioenergetics-based model for pollut-
ant accumulation by fish. Simulation of PCB 
and methylmercury residue levels in Ottawa 
River yellow perch (Perea flaveseens). J. 
Fish. Res. Board Can. 33: 248-267. 

OLSON, K.R., and P.O. FROMM. 1973. Mercury up-
take and ion distribution in gills of rainbow 
trout (Salmo gairdneri): tissue scans with an 
electron microprobe. J. Fish. Res. Board 
Can. 30: 1575-1578. 

REED, J.R., and D.J. NELSON. 1967. Radiostron-
tium uptake in blood and flesh in bluegills 
(Lepomis maerochirus), p. 226-233. In D.J. 
Nelson and F.C. Evans (ed.) Symposium on 
radioecology. Proceedings of the second 
symposium, May 15-17, 1967, Ann Arbor, 
Michigan. 

STATHAM, C.N., M.J. MELANCON Jr, and J.J. LECH. 
1976. Bioconcentration of xenobiotics in 
trout bile: a proposed monitoring aid for 
some waterborne chemicals. Science (Wash., 
D.C.) 193: 680-681. 

VEITH, G.D., D.L. DEFOE, and B.V. BERGSTEDT. 
1979. Measuring and estimating the biocon-
centration factor of chemicals in fish. J. 
Fish. Res. Board Can. 36: 1040-1048. 

Invertebrates 

BAHNER, L.H., and J.L. OGLESBY. 1979. Test of a 



27 

model for predicting Kepone accumulation in 
selected estuarine species, p. 221-231. In 
L.L. Marking and R.A. Kimerle (ed.) Aquatic 
toxicology. ASTM STP 667. 

DAVIES, I.M., and J.M. PIRIE. 1978. The mussel 
Mtilus edulis as a bio-assay organism for 
mercury in seawater. Mar. Pollut. Bull. 9: 
128-132. 

HARRISON, F.L. 1967. Accumulation and distribu-
tion of ''Mn and "Zn in freshwater clams, p. 
198-220. In D.J. Nelson and F.C. Evans (ed.) 
Symposium on radioecology. Proceedings of 
the second national symposium, May 15-17, 
1967, Ann Arbor, Michigan. 

NEHRING, R.B. 1976. Aquatic insects as biologi-
cal monitors of heavy metal pollution. Bull. 
Environ. Contam. Toxicol. 15: 147-154. 

SOUTHWORTH, G.R., J.J. BEAUCHAMP, and P.K. 
SCHMIEDER. 1978. Bioaccumulation potential 
of polycyclic aromatic hydrocarbons in 
Daphnia pules. Water Res. 12: 973-977. 

WICHARD, W., and M. SCHMITZ. 1975. Der histo-
chemische Nachweis von Schwermetallen in den 
Chloridzellen aquatischer Insekten als 
Indikator für die Gewâsserbelastung. [The 
histochemical detection of heavy metals in 
the chloride cells of aquatic insects as an 
indicator of water  pollution.]. Verh. Ges. 
Dekol. Erlangen 4: 155-159. (English abstr-
act). 

Plants 

CUSHING, C.E., and N.S. PORTER. 1967. Radio-
nuclide cycling by periphyton: an apparatus 
for continuous in situ measurements and 
initial data on zinc-65 cycling, p. 285-290. 
In D.J. Nelson and F.C. Evans (ed.) Sympo-
sium on radioecology. Proceedings of the 
second national symposium, May 15-17, 1967, 
Ann Arbor, Michigan. 

ERNST, W.H.O., and M. MARQUENIE-VAN DER WERFF. 
1978. Aquatic angiosperms as indicators of 
copper contamination. Arch. Hydrobiol. 83: 
356-366. 

SIKKA, H.C., G.L. BUTLER, and C.P. RICE. 1976. 
Effects, uptake, and metabolism of methoxy-
chlor, mirex, and 2,4-D in seaweeds. U.S. 
Environ. Prot. Agency EPA-600/3-76-048: vii 
+ 39 p. 

WATTS, J.R., and R.S. HARVEY. 1963. Uptake and 
retention of Cs 137  by a blue-green alga in 
continuous flow and batch culture systems. 
Limnol. Oceanogr. 8: 45-49. 

Communities 

BANNER, L.H., A.J. WILSON Jr, J.M. SHEPPARD, J.M. 
PATRICK Jr, L.R. GOODMAN, and G.E. WALSH. 
1977. Kepon-0  bioconcentration, accumula-
tion, loss, and transfer through estuarine 
food chains. Chesapeake Sci. 18: 299-308. 

METCALF, R.L., J.R. SANBORN, P.-Y. LU, and D. 
NYE. 1975. Laboratory model ecosystem 
studies of the degradation and fate of radio- 

labeled tri-, tetra-, and pentachlorobiphenyl 
compared with DDE. Arch. Environ. Contam. 
Toxicol. 3: 151-165. 

PHILLIPS, D.J.H. 1977. The use of biological 
indicator organisms to monitor trace metal 
pollution in marine and estuarine environ-
ments - a review. Environ. Pollut. 13: 281- 
318. 

PHILLIPS, D.J.H. 1978. Use of biological indica-
tor organisms to quantitate organochlorine 
pollutants in aquatic environments - a 
review. Environ. Pollut. 16: 167-229. 

SCURA, E.D., and G.H. THEILACKER. 1977. Trans-
fer of the chlorinated hydrocarbon PCB in a 
laboratory marine food chain. Mar. Biol. 40: 
317-325. 

3. TEST COMPILATIONS AND REVIEWS 

ANONYMOUS. 1975. Bioassay methods for aquatic 
organisms, p. 685-872. In Standard methods 
for the examination of water and wastewater. 
Fourteenth edition. American Public Health 
Association, Washington, DC. 

ANONYMOUS. 1975. Report on fish toxicity test- 
ing procedures. Eur. Inland Fish. Advis. 
Comm. Tech. Pap. 24: iii + 25 p. 

ANONYMOUS. 1975. What are the available methods, 
p. 42-67. In R.E. Munn (ed.) Environmental 
impact assessment: principles and procedures. 
Scope 5. ICSU - SCOPE. 

BESCH, W. (ed.). 1977. Studien zum Gewâsser-
schutz. 2. Bioteste in der limnischen Toxi- 
kologie. Landesanstalt für Umweltschutz 
Baden-Württemberg Institut für Wasser-und 
Abfallwirtschaft, Karlsruhe, West Germany. 
217 p. 

BEYNON, L.R., and E.B. COWELL (ed.). 1974. Eco-
logical aspects of toxicity testing of oils 
and dispersants. John Wiley and Sons, New 
York, NY. viii + 149 p. 

BLANCK, H., G. DAVE, and K. GUSTAFSSON (ed.). 
1978. An annotated literature survey of 
methods for determination of effects and 
fate of pollutants in aquatic environments. 
National Swedish Environment Protection 
Board, Stockholm, Sweden. SNV PM 1050. 
398 p. 

BLAXHALL, P.C. 1972. The haematological assess-
ment of the health of freshwater fish. A 
review of selected literature. J. Fish Biol. 
4: 593-604. 

BROWN, S.L., B.R. HOLT, and K.E. McCALEB. 1976. 
Systems for rapid ranking of environmental 
pollutants. Stanford Research Institute, 
Menlo Park, CA. ix + 294 p. 

BUTLER, G.C. (ed.). 1978. Principles of eco-
toxicology. Scope 12. John Wiley and Sons, 
Chichester, U.K. xxii + 350 p. 



28 

CAIRNS, J. Jr, and K.L. DICKSON (ed.). 1973. 
Biological methods for the assessment of 
water quality. ASTM STP 528: vii + 256 p. 

CAIRNS, J. Jr, K.L. DICKSON, and A.W. MAKI (ed.). 
1978. Estimating the hazard of chemical 
substances to aquatic life. ASTM STP 657: 
x + 278 p. 

CAIRNS, J. Jr, K.L. DICKSON, and G.F. WESTLAKE 
(ed.). 1977. Biological monitoring of 
water and effluent quality. ASTM STP 607: 
246 p. 

CALAMARI, D., S. GALASSI, and R. DA GASSO. 1979. 
A system of tests for the assessment of tox-
ic effects on aquatic life: an experimental 
preliminary approach. Ecotoxicol. Environ. 
Safety 3: 75-89. 

COX, G.V. (ed.). 1974. Marine bioassays. Work- 
shop proceedings 1974. Marine Technology 
Society, Washington, DC. 308 p. 

DICKSON, K.L., J. CAIRNS Jr, and R.J. LIVINGSTON. 
(ed.). 1978. Biological data in water 
pollution assessment: quantitative and sta- 
tistical analysis. ASTM STP 652: 184 p. 

GLASS, G.E. (ed.). 1973. Bioassay techniques 
and environmental chemistry. Ann Arbor 
Science, Ann Arbor, MI. xi + 499 p. 

HARRISS, R.C. 1976. Suggestions for the develop-
ment of a hazard evaluation procedure for 
potentially toxic chemicals. [Monit. Assess. 
Res. Cent.]. MARC Rep. 3: 18 p. 

HASSELROT, T.B. 1975. Bioassay methods of the 
National Swedish Environment Protection 
Board. J. Water Pollut. Control Fed. 47: 
851-857. 

HUNTER, J.B. 1978. The role of the toxicity 
test in water pollution control. Water 
Pollut. Control 77: 384-394. 

JAMES, A., and L. EVISON (ed.). 1979. Biologi-
cal indicators of water quality. John Wiley 
and Sons, Chichester, U.K. 

KATZ, M. 1971. Toxicity bioassay techniques 
using aquatic organisms, p. 763-800. In 
L.L. Ciaccio (ed.) Water and water pollution 
handbook. Volume 2. Marcel Dekker, New 
York, NY. 

LEE, G.F. 1973. Review paper. Chemical aspects 
of bioassay techniques for establishing 
water quality criteria. Water Res. 7: 1525- 
1546. 

LITTLE, L.W. 1977. Bioassays - procedures and 
results. J. Water Pollut. Control Fed. 49: 
1244-1254. 

MARKING, L.L., and R.A. KIMERLE (ed.). 1979. 
Aquatic toxicology. ASTM STP 667: 392 p. 

MASON, W.T. Jr. 1978. Methods for the assess-
ment and prediction of mineral mining im-
pacts on aquatic communities: a review and 
analysis. Workshop proceedings, December 
6-7, 1977, Harpers Ferry, West Virginia. 

U.S. Fish Wildl. Serv. Off. Biol. Serv., 
Washington, DC. 

MAYER, F.L., and J.L. HAMELINK (ed.). 1977. 
Aquatic toxicology and hazard evaluation. 
ASTM STP 634: 307 p. 

PAVLOVSKII, E.N. (ed.). 1964. Techniques for 
the investigation of fish physiology. Trans-
lated from Russian. Israel Program for 
Scientific Translations, Jerusalem, Israel. 
313 p. 

PERKINS, E.J. 1972. Some methods of assessment 
of toxic effects upon marine invertebrates. 
Proc. Soc. Anal. Chem. 9: 105-114. 

PERSOONE, G., and D. DIVE. 1978. Toxicity tests 
on ciliates - a short review. Ecotoxicol. 
Environ. Safety 2: 105-114. 

ROYCE, W.F. 1967. Population dynamics and mar- 
ine ecology: research needs and strategy, 
p. 53-65. In T.A. Olson and F.J. Burgess 
(ed.) Pollution and marine ecology. Inter-
science Publishers, New York, NY. 

SCHERER, E. (ed.). 1979. Toxicity tests for 
freshwater organisms. Can. Spec. Publ. Fish. 
Aquat. Sci. 44: x + 194 p. 

SMEETS, J. 1979. New challenges to ecotoxicology. 
Ecotoxicol. Environ. Safety 3: 116-121. 

SPRAGUE, J.B. 1969. Measurement of pollutant 
toxicity to fish. I. Bioassay methods for 
acute toxicity. Water Res. 3: 793-821. 

SPRAGUE, J.B. 1969. Measurement of pollutant 
toxicity to fish. II. Utilizing and applying 
bioassay results. Water Res. 4: 3-32. 

SPRAGUE, J.B. 1971. Measurement of pollutant 
toxicity to fish. III. Sublethal effects 
and "safe" concentrations. Water Res. 5: 
245-266. 

SPRAGUE, J.B. 19,76. Current status of sublethal 
tests of pollutants on aquatic organisms. J. 
Fish. Res. Board Can. 33: 1988-1992. 

TARZWELL, C.M. (ed.). 1965. Biological problems 
in water pollution. Third Seminar. 1962. 
U.S. Public Health Serv. Publ. 999-WP-25: 
ix + 423 p. 

VERNBERG, F.J., A. CALABRESE, F.P. THURBERG, and 
W.B. VERNBERG (ed.). 1977. Physiological 
responses of marine biota to pollutants. 
Academic Press, New York, NY. xiii + 461 p. 

VERNBERG, F.J., and W.B. VERNBERG (ed.). 1974. 
Pollution and physiology of marine organisms. 
Academic Press, New York, NY. xiii + 492 p. 

VERNBERG, W.B., F.P. THURBERG, A. CALABRESE, and 
F.J. VERNBERG (ed.). 1979. Marine pollu-
tion: functional responses. Academic Press, 
New York, NY. xiii + 454 p. 

WALDICHUK, M. 1973. Trends in methodology for 
evaluation of effects of pollutants on mar- 
ine organisms and ecosystems. Crit. Rev. 
Environ. Control 3: 167-211. 



WARREN, C.E., and W.J. LISS. 1977. Design and 
evaluation of laboratory ecological system 
studies. U.S. Environ. Prot. Agency EPA-
600/3-77-022: x + 116 p. 

WELLS, R.J. 1978. Water quality criteria and 
standards. Water Pollut. Control 77: 25-30. 

WILSON, K.W. 1975. The laboratory estimation of 
the biological effects of organic pollutants. 
Proc. R. Soc. London Ser. B. 189: 459-477. 

29 




