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EFFECTS OF SOME PESTICIDES ON EGGS AND LARVAE OF OYSTERS
(CRASSOSTREA VIRGINICA) AND CLAMS (VENUS MERCENARIA)
Ha rry C.

Davis '~

S UMMARY
The effects of several conc e ntr atio ns of 31 compounds, on egg development and survival
and growth of bivalve larvae, have bee n determined. Some compounds were tested on eggs
and larvae of both oysters, Cras s ostrea vir ginica, and clams, Venus mercenaria (Mercenaria mercenaria), but the major ity were t e st e d on only one or the other of these species of bivalves. The compounds included we re 14 i nsecticides, 4 weedicides , 4 oils and organic sol vents, and 9 compounds that a r e us ed as a ntibiotics, bactericides , or disinfectants.
Within each group of compounds t he r e were great differences in toxicity to bivalve larvae. Thus DDT, one of the most toxic of the c ommonly used insecticides, at a concentration
of 0.05 parts per million (p.p.m .) , c a u sed ove r 90 perce nt mortality of oy ster larvae and almost completely p r evented gr owth, whereas growth of clam larvae in 5.0 p.p.m. of lindane,
the least toxic of the commonly used insecticides , was somewhat faster than that of larvae
in control cultures . Even at 10 . 0 p.p.m. , essentially a saturated solution of lindane, there
was no appreciable mortalit y of clam larvae. It is suggested that, in enclosed bodies of water, lindane could possibly be us e d to c ontrol crustaceans without harming bivalve larvae or
their food organism s.
Certain concentrations of s ulme t , phenol, chloramphenicol, and dowicide "A," among the
antibiotic, bactericide, a nd di sinfec tant compounds, improved the rate of growth of larvae appreciably. This is attr ibuted t o the i nh ibi tion of growth of toxic bacteria. Acetone and trichlorobenzene among the solvents , monuron and fenuron among the weedicides, and lindane
and guthion among the ins e ctiCides , a t c ertain concentrations , also improve the rate of growth
of larvae to some extent a nd It is s uggested that thes e compounds may also partially inhibit
toxic bacteria.
With almost ever y compound teste d , slowing of the rate of growth of larvae was the first
evidence of toxicity. Apprecia ble mortality usually occurred only when concentrations were
increased enough to reduce the r ate of growth b y 50 percent or more.
BACKGROUND
Work on the effects of antifungal and antibacterial agents was started at Milford Laboratory several years ago in an attemp t to fi nd compounds that could be used routinely under
laborator or hatchery conditions t o control fungi and bacteria known to be pathogenic or
tOXIC to larvae of oysters, Crassostr ea virginica, and clams, Venus mercenaria (Mercenaria
merc ·naria). Our earlier work o n the e ffects of some antibiotics on these larvae has been
l' por ed along with the effects of s ome o the r di ssolved substances (Davis and Chanley 1955).
Walne (1958 , 1958b, 1959) has empha s ized the harmful effects of bacterial growths in laboratory cultures of larvae of Eur op ean oysters (Ostrea eduliE') and described his results using
antIbIotics and ultraviolet light to c ontrol bacteria in these cultures.
In th present series of expe r iments we have tested several additional bactericides and
funglcld s and some of the compounds e valuated for use in combating shellfish predators. In
r spon
t requests for information on the effects , on oy sters and clams of different ages,
of p tlcid s used in marsh areas t o control mosquitoes, other insects, weeds and brush, we
hav expanded his work to include t he effe cts of some common insecticides and weedicides.
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Doudoroff et al (1953) from laboratory tests of soils collected from toxaphene-treated
fields have concluded that stream waters can be rendered toxic to fish by drainage from such
fields and state" application of some of these insecticides to crops apparently has resulted in
serious pollution of streams and reservoirs into which these materials have been washed
from the soil by heavy rains" (page 840). Harrington and Bidlingmayer (1958) made observations of a salt marsh in Florida following aerial treatment with dieldrin that averaged 0.13
to 0.4 parts per million (p.p.m.) of the active ingredient depending on depth of water. They
state II the fish kill was substantially complete ll but that" mollusks (snails, nudibranchs, tethyoids, and oysters) seemed to be unharmed by dieldrin. Crustaceans were virtually exterminated throughout the area" (page 81). Hooper (1959) has reported that toxaphene at 0.1
p.p.m. used in two Michigan fresh-water lakes, in addition to killing fish, seemed to kill most
of the invertebrates except mollusks and oligochaetes.
The results reported in this article have been obtained over a period of several years.
Many of the compounds have been tested at a series of concentrations in only a single experiment. In each case, however, the results represent the average of duplicate cultures at each
concentration and, in most cases, both the agreement between duplicate cultures and the gradation of effect with increasing concentration of the substance tested indicate the reliability
of the results. Since the compounds vary widely in their toxicity to larvae, the range of concentrations tested is not the same for all compounds.
The tests have been run using our standard methods of larval culture (Davis 1953) which
include ultraviolet treatment of all sea water used. A series of one-liter cultures in 1,500
ml. pyrex beakers was used. All the cultures were kept in the same constant temperature
bath and each culture received an equal quantity of the same foods each day. In testing the
effects on egg development an equal number of eggs was placed in each beaker of the series.
One pair of these cultures served as controls and an additional pair was used for each concentration of the compounds to be tested. Quantitative samples were taken 48 hours after
fertilization to determine the number of eggs that had developed to the straight hinge larval
stage. The results are given as the relative percentage (R) of eggs developing to the straight
hinge stage calculated as follows:
R - Average number of larvae in expe rimental cultures
100
Average number of larvae in control cultures
x
Due to errors inherent in the setting up of cultures and sampling, the percentage of eggs developing to straight hinge larval stages and the survival percentages are accurate only to
about t10 percent. Differences of less than 20 percent are, therefore, of doubtful significance.
The effect of the compounds on survival and growth of larvae was tested using larvae
that had developed to the straight hinge stage (48 hours) under normal conditions. An equal
number of these larvae was placed in each of a series of beakers. Two such beaker cultur es
were used as controls and two were used for each concentration of the compounds to be tested.
Quantitative samples were taken only on the 12th day in experiments using clam larvae , and
on the 14th day in experiments using oy ster larvae. Nevertheless , the larvae were examined,
and their condition and the estimated mortality noted, every second day when the sea water
in the cultures was changed and the different concentrations of the toxicants reestablished.
Growth (G) , expressed as a percentage of that in control cultures, was calculated as follows:
G

= Mean

length of experimental larvae - mean length at 48 hours x 100
Mean length of control larvae - mean length at 48 hours

Mortality is shown only in those instances where it was obviously significant. A list of
the chemicals tested, with their chemical names and solubilities, where known, is given
in Appendix I (see page 10).
BACTERICIDES AND DISINFECT ANTS
Although oyster larvae appear to be more susceptible to toxins produced by algae and
bacteria than are clam larvae, only rarely have we observed bacteria or fungi that appeared

COMMERCIAL FISHERIE::; REVIEW

10

Vol. 23, No. 12

Appendix I
Chemical Name

Common Name
INSECTICIDES:
Aldrin

hexachloro hexahydro-endo, exo dimethanonaphthalene

Solubility in Water aDd
Org. Solvents
insol . in H20 (7)
1 590 000 D.D.m. in acetDne

alkyl (C8-C18) dimethyl benzyl ammonium chloride

Niagara Compound
N-3452
Niagara Compound
N-3514
DDT

2 -chloro -I-nitro propane

8 , 000 p.p.m. in H 2O

1, 1, 1-trichloro -2, 2 -bis{p-chlorofheny I) ethane

Dicapthon

O-O-dimethyl-O (2 chloro-4 nitrophenyl) phosphorothioate

Dieldrin

hexachloro epoxy octahydro-endo, exo dimethanonafhthalene

Dinterex
Endrin
Guthion
Lindane

O-dimethvl-l-hYdron - 2 2 2 trichloroethyl phosphonate
hexachloro eooxv octahydro-endo endo-dimethanonlUlbthalene
O-dimethvl-S-f4 oxobenzotriazino-3 methvl} phosphorodithioate
1, 2, 3, 4, 5, 6 hexachlorocyclohexane

0.0002 p.p.m. in H~O
0.2 p.p.m. as col1oid
590 000 D. D. m in acetDne
very low sol. in H20 (7)
v. s. in acetDne
insol. in H20 (7)
540 000 D. D. m. in acetDne
130 000 D. D. m . in H.,O
17l
33 D. D. m. in H.,O
10 p.p.m in ~O
440000 D.D.m. in acetone
20 n. P. m. in H..,O
misc. ln H2O
(hydrolyzes)
misc. in acetone
1.5 p.p.m. in H 2O
4 500 000 P. P . m. in acetone
1,000 p . p.m . inH 20
300 000 D. P . m. in acetDne

Parathion
Tepp
Toxaphene
Sevin
WEIDICIDES:
Diuron
Fenuron
Monuron
Neburon
OILS & SOLVENTS:
Acetone
Ally I alcohol
O-dichlorobenzelle
Trichlorobenzene

°
°
O-diethyl-O-p-nitronhenvl thiolDosphate
pyrophosphate
°tetraethyl

mixture of polychloro bicyclic t erpenes with chlorinated camfhene
Dredom inant
1 nafhthyl-N-methyl<;arbamate
3-(3 4 -dichlorophenv ll-l I-dimethv lurea
3 phenyl-I, I-dimethylurea
3-(p-chlorophenyl) -1, I-dimethylurea
I-n-butyl-3-(3, 4-dicblorofhenyl)-I-methylurea

42 p. p.m. in H..,O
2,900 p.p.m. H2O
230 p.p.m. in H 2O
4.8 p.p.m . in H2O

acetone
2 propene -1-0 1
o-dichlorobenzene

mISC. in H,O
misc. in H,O
130 p.p.m. in H2O
misc. in acetDne
25 p. p. m. in H2O
misc. in acetone

trichlorobenzene

ANTIBIOTICS & BACTERICIDES:
Chloram phenicol
(chloromycetio) D -( -)-threo-2-dichloroacetamido-1-p nitrophenyl
-1 3 -orooanediol
Delrad lalQacidel
dehvdro-abietylamine acetate
Dowicide "A"
sodium-o-fhenylfhenate . 4 H,O
Dowicide "Gil
sodium pentachlorophenate
Nabam
disodium ethylene bis(dithiocarbamate
}Temagon
1, 2-dibromo-3-chloropropane
Phenol
phenol
Roccal
alkyl(CgHI7- C lsH37) dimethylbenzyl ammonium chloride
Sulmet

(sodium sulfamethazine) 2-sulfanilimido, 4-6-dimethyl pyrimidine
sodium

2,500 p.p.m. in H2O
v.s . in acetone
v.s . in water
1,220,000 p.p.m. in H20
330 000 p.p.m. inH,O
v.s. in water
1,000 p.p.m. in H20
v.s. in H2O
10% solution
v.s. in H,O
v.s. in H 2 O

to be actively pathogenic to oyster larvae. By contrast, clam larvae are frequently seen that
appear to have been invaded by active pathogens. In the tests of bactericides and disinfectants we have consequently used clam larvae, although some of these compounds have subsequently beer used successfully to control bacteria that produce metabolites harmful to oyster
larvae. Since the effects of toxic or pathogeniC bacteria and fungi usually do not appear until
after eggs have developed into shelled larvae, some of the compounds, earlier in the program,
were not tested for their effect on egg development.
The effects of four bactericides (phenol, roccal, dowicide "A," and dowicide "G"), a soil
fumigant (nemagon), and a fungiCide (nabam) on development of clam eggs indicate the great
differences between these compounds (fig. 1). Thus, nabam and dowicide "G" prevented normal development of clam eggs at each concentration tested. Roccal at a concentration of 0.1
p.p.m. permitted normal development, at 0.2 p.p.m. it reduced the number of normal larvae
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by 55 percent and at 1.0 p.p.m. and higher concentrations it entirely prevented normal egg
development. In contrast to these highly toxic compounds dowicide 11 A" and nemagon permitted a normal percentage of clam eggs to develop in concentrations up to 5.0 p.p.m., and
phenol was not toxic at concentrations below 10.0 p.p.m. At low concentrations (0.025 to 0.2
p.p.m.) phenol, possibly through a slight bacteristatic effect, appeared to have increased the
percentage of clam eggs developing normally.
While the compounds still had the same general order of toxicity, when tested on survival and 'growth of clam larvae, certain differences were apparent (fig. 2). Dowicide II G"
was again lethal at all concentrations tested but nabam, which entirely prevented normal
egg development at all concentrations, did not significantly affect survival of larvae through
the 12 days of the experiment at concentrations of 0.5 and 1.0 p.p.m. although it did almost
completely prevent growth. Roccal, dowicide 11 A," and nemagon conversely appeared to be
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Fig. 1 - The effects of several concentrations of some bactericides and disinfectants on the relative percentage (R) of clam eggs devel
oping to the straight hing e stage. The percentages shown are averages of duplicate cultures at each concentration calculat e d as follows:
100
R = average number of larvae in experimental cultures
average munber of larvae in control cultures
x
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more toxic to larvae than to the eggs, i.e. some eggs developed in 0.2 p.p.m. of roccal, but
this concentration eventually killed all larva e. Similarly, although a normal percentage of
eggs developed to straight hinge larval stages in 5.0 p.p.m. of dowicide "A," all concentra tions of 1.0 p.p.m. and over were lethal to larvae.
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Fig. 2 - The effects of several concentrations of some bactericides and disinfectants on the growth f 1
1
(G) plotted are averages of dUplicate cultures at each concentration calculated as follows:
a c am arvae. The percentages
G = mean length of experimental larvae at 12 days - mean length at 48 hours
mean length of control larvae at 12 days - mean length at 48 hours
x 100

December 1961

COMMERCIAL FISHERIES REVIEW

13

Likewise, nemagon even at 10.0 p.p.m. did not seriously affect egg development, but
growth and survival of larvae were normal only at 0.25 p.p.m.; all higher concentrations
drastically reduced growth and survival. Delrad, an algacide, was also quite toxic to larvae
at concentrations high enough to be an effective algacide. Phenol, at 10.0 p.p.m., although it
had little effect on eggs, significantly reduced the rate of growth of clam larvae. At lower
concentrations, however, phenol along with low concentrations of dowicide II A" and certain
concentrations of sulmet and chloramphenicol increased the rate of growth of clam larvae
significantly above that of larvae in control cultures. Nevertheless , even with these compounds too high a concentration can significantly reduce growth and survival of clam larvae
(fig. 2).
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Fig. 3 - The effects of several concentrations of oils, solvents and weedicides on the relative percentage (R) of clam eggs developing
to the straight hinge stage. The percentages shown are averages of duplicate cultures at each concentration calculated as follows:
R _ average number of larvae in experimental cultures
100
average number of larvae in control cultures
x
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Sulmet is now used routinely at our laboratory to prevent growth of harmful bacteria in
larval cultures, and phenol, chloramphenicol, and perhaps e~en dowicide "A" can.be used in
conjunction with other antibiotics to aid in control of epldemlCs caused by bacteria not amenable to control with sulmet.
WEEDICIDES
The weedicides tested all belong to the methyl urea group of compounds but differ greatly in their solubilities and in their toxicity to clam eggs .and la:vae . .Fenuron and .monuron
are the most soluble (Appendix I) and were the least tOXIC. NeIther, m concentratlOns up to
5.0 p.p.m., Significantly affected the percentage of clam eggs reaching the straight hinge
stage (fig. 3). Diuron (solubility 42.0 p.p.m.) at 1.0 p.p.m. significantly reduced th~ percentage of eggs developing normally and at 5.0 p.p.m. none of the clan:- eggs developed mto normal straight hinge larvae. Neburon, the least soluble (4.8 p.p.m. m water), also prevented
normal development of clam eggs at the only concentration tested (2.4 p.p.m.; saturated solution in sea water diluted with an equal volume of sea water).
When these compounds were tested for their effect on survival and growth of clam larvae, their order of toxicity was the same as for egg development. The larvae actually grew
Significantly better in each of the four concentrations of fenuron than in control cultures (fig. 4).
Monuron, at low concentrations, likewise increased the rate of growth of clam larvae but at 1.0
p.p.m. and 5.0 p.p.ill. gave some evidence of being toxic. Diuron did not seriously interfere with
growth at 1.0 p.p.m. and lower concentrations but at 5.0 p.p.m. it drastically reduced the
rate of growth and in one of the pair of cultures caused over 90 percent mortality. Neburon
at concentrations of 2.4 and 4.8 p.p.ill. (only concentrations tested) caused 100 percent mortality of the larvae (fig. 4).
OILS AND SOLVENTS
The two oils, orthodichlorobenzene and trichlorobenzene, were tested because of their
use in our predator control work (Loosanoff et al 1960). Both are relatively insoluble in water (Appendix 1) and were comparatively harmless to clam larvae at the concentrations tested.
Orthodichlorobenzene had no significant effect on egg development at any concentration tested
less than 10.0 p.p.m. and even at this concentration the reduction was barely significant (fig.
3). Trichlorobenzene Significantly reduced the percentage of clam eggs developing normally
at both concentrations tested. Even at a trichlorobenzene concentration of 10.0 p.p.m., however, over 50 percent of the eggs did develop normally.
These two oils had even less effect on survival and growth of larvae than on egg development. Neither had any appreciable effect on survival at the concentrations tested and in all
concentrations of both oils larvae had reached setting size by the 12th day (fig. 4) .
.f\cetone and allyl alcohol, commonly used solvents, differed greatly in their toxicity to
clam eggs and larvae. The percentage of eggs developing normally was not significantly affected by concentrations of acetone as high as 100 .0 p.p.m., while even 1.0 p.p.m. of allyl
alcohol was sufficient to cause an approximate 50 percent reduction in the number developing normally and 2.5 p.p.m. completely prevented normal development (fig. 3).
The cifference in effects if these solvents on survival and growth of clam larvae was
even more pronounced; as little as 0.25 p.p.m. of allyl alcoho l caused 100 percent mortality
of clam larvae within eight days, whereas survival was not affected by 250 p.p.m. of acetone
and growth of larvae at this concentration was only slightly retarded (fig. 4).
Since the tests on acetone, stock solutions of several of the compounds" insoluble" in
water have been made up in acetone in concentrations such that the final concentration of
acetone in any.larval cultu:r:e w~uld be 100 p .p .m. or less. Tests on nemagon, aldrin, toxaphe.ne, a~d sevm were run m thIS manner, which insures that the co~rect quantity of the
tOXIcant 18 added to the culture even though it may not all stay in solution in the sea water.
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In tests with nemagon and sevin (solubility of both 1,000 p.p.m. in water) results were the same
whether the stock solutions were made up in water or in acetone.
.
INSECTICIDES
The effects of twelve insecticides, on survival and growth of bivalve larvae, have been
tests. Six of these (guthion, sevin, lindane, toxaphene, aldrin, and dicapthon), together with
Niagara Compound N-3514 (2-chloro-l-nitropropane) have been tested on clam eggs (fig. 5)
and larvae (fig. 6). Seven, including guthion, parathion, DDT, dipterex, TEPP, dieldrin, and
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Fig. 4 - The effects of several concentrations of oils, solvents, and weedicides on the growth of clam larvae. The percentages (G)
plotted are averages of duplicate cultures at each concentration calculated as follows:
G

=

mean length of experimental larvae at 12 days - mean length at 48 hours x 100
mean length of control larvae at 12 days - mean length at 48 hours
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endrin, together with Niagara ComP.2und N-3514 and Niagara Compound N-3452 ~lkyl (::8C1~
dimethyl benzyl ammonium chlorid~ have been test d for their [feet on survival and growth
of oyster larvae (fig. 8). Guthion, endrin, dieldrin, TEPP, sevin, lindane, and Niagara Compounds N-3514 and N-3452 have also been tested on oyster eggs (fig. 7).
Lindane was the least toxic, to bivalve eggs and larva, of any of these compounds . Approximately 60 percent of the clam eggs and 43 percent of the oyster eggs developed normal ly in concentrations of lindane up to 10 p.p.m., which is essentially a saturated solution.
Moreove r, there was no appreciable mortality of clam larvae receiving this concentration of
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Fit ~gh- t~e eff~ts of ~eral concentrations of some insecticides on lhe relative percentage (R) of clam eggs developing to lhe
s at
lOge
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e percentages shown are averages of duplicate cultures at each concentration calculated as follows:
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number of larvae in experimental cultures
average number of larvae in control cultures
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lindane routinely, although growth of these larvae was significantly reduced (fig. 6) . Cone ntrations of 5 p.p.m. or lower had little or no effect on development of clam or oyster eggs or
on survival and growth of clam larvae (effect on oyster larvae not tested).
Aldrin did not appear to be very toxic to clam eggs, i.e. 64 percent developed normally
at 10.0 p.p.m. (fig. 5). When aldrin was tested on clam larvae, however, it proved to be quite
toxic. Growth of clam larvae was almost completely stopped by aldrin concentrations of 0.25
p.p.m. and 0.5 p.p.m. although there was no appreciable mortality of larvae at these concentrations. At all higher concentrations of aldrin, however, mortality was essentially 100 percent (fig. 6). Doudoroff et al (1953) report that the 10-day TLM (the median tolerance limit
at which just 50 percent of the fish survive) for goldfish is about 0.02 p.p.m. of aldrin.
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Fig. 6 - The effects of several concentrations of some insecticides on the growth of clam larvae .
averag es of duplicate cultures at each concentration calculated as follows:
G

=

The percentages (G) plotted ar

mean length of experimental larvae at 12 days - mean length at 48 hours x 100
mean length of control larvae at 12 days - mean length at 48 hours
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Toxaphene, likewise, was more toxic to clam larvae than might be expected from its effect on clam eggs. Some eggs developed normally in concentrations up to 5.0 p.p.m. of toxaphene and egg development appeared to be entirely normal at 0.25 and 0.50 p.p.m. Since the
solubility of toxaphene is presumably 1.5 p.p.m., the increasing toxicity to cla.m e~gs at 2.5,
5.0 and 10.0 p.p.m. possibly indicates that some of the other components of this mlxture
reach toxic levels as the concentration is increased above 1.5 p.p.m. When clam larvae were
kept in solutions of toxaphene, however, 0.25 p.p.m. was sufficient to reduce growth of the
larvae drastically and to cause a 50 percent mortality. Some larvae survived 12 days inO.50
p.p.m. but growth of these larvae was negligible. Doudoroff et al (1953) report the 10-day
TLM for goldfish is somewhat below 0.005 p.p.m. of toxaphene. As already noted, Hooper
(1959) reports that in lakes treated with 0.1 p.p.m. fish and most invertebrates, except mollusks and oligochaetes, seem to have been killed.
Guthion appeared to be somewhat more toxic than sevin to developing clam eggs, i.e. 64
percent of the eggs developed in 2.50 p.p.m. of sevin, whereas only 30.5 percent developed
normally in 1.0 p.p.m. of guthion. Their effects on clam larvae, however, were very similar;
neither h'ad any marked effect on growth or survival at 1.0 p.p.m. although both caused 100
percent mortality when their concentrations were increaspd to 5.0 p.p.m.
Dicapthon appeared to have about the same order of toxiCity as sevin and guthion on clam
eggs but was somewhat more toxic to clam larvae than either of the latter two. The similari ty of effects of dicapthon at 1.0 p.p.m. and 2.0 p.p.m. on clam larvae may indicate that the
maximum solubility of this compound is about 1.0 p.p.m. (solubility" very low" in water).
Niagara Compound N-3514 (2-chloro-l-nitropropane) was the most lethal of any of these
compounds tested on clam eggs and larvae. A concentration of 1.0 p.p.m. was sufficient to
stop egg development and to kill clam larvae within two days.
Except for Niagara Compounds N-3514 and N-3452, both of which caused virtually 100
percent mortality of oyster eggs and larvae at all concentrations tested, DDT was the most
toxic of the insecticides tested on oyster larvae. DDT was not tested on egg development,
but even at 0.025 p.p.m. DDT drastically reduced the rate of growth of oyster larvae and
caused a mortality of about 20 percent. At a concentration of 0.05 p.p.m. DDT almost completely stopped growth of oyster larvae and caused a mortality in excess of 90 percent within
the 14 days of the experiment (fig. 8).
TEPP appears to be the least toxic of the insecticides tested on oyster eggs, but this
compound is notably unstable in water solution and most of it was undoubtedly hydrOlyzed
within the first 24 hours of egg development. When used routinely on oyster larvae it reduced growth significantly at all concentrations tested (1.0 to 10.0 p.p.m.) but did not cause
any appreciable mortality. Lindane, as mentioned previously, was also relatively nontoxic
to oyster eggs but was not tested on oyster larvae. Sevin, the other insecticide tested on
oyster eggs but not on oyster larvae, at a concentration of 1.0 p.p.m . caused a 40 percent reduction in the percentage of oyster eggs reaching the normal straight hinge stage, and at 5.0
and 10.L p.p.m. it entirely prevented normal egg development (fig. 7).
The effects of endrin and dieldrin on development of oyster eggs and growth of oyster
larvae were run prior to the tests on acetone and results were erratic . Both are listed as
insoluble in water. Presumably, these two insecticides are very stable and are used where
long-lasting residual insecticidal effects are desired. The much lower toxicity to oyster
eggs noted in the second experiment (fig. 7), when the same stock suspension (now two weeks
older) was used, probably indicates that the insecticides had flocculated in the stock suspension and were in a less soluble form. As the first experiment indicated, however, under
proper conditions both these insecticides can cause a serious reduction in the percentage of
oyster eggs developing normally. The effect of endrin on growth of oyster larvae was also
erratic within a single experiment (fig. 8). This was again probably due to solubility difficulties and failure to get a uniform suspension in the different test beakers.
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Dipterex was not tested .on oyster eggs, but caused a significant reduction in growth of
oyster larvae at a concentration of only 0.025 p.p.m. The rate of growth of oyster larvae
was almost the same in dipterex concentrations of 0.025 p.p.m. 0.05 p.p.m. and 1.0 p.p.m .
i.e. it did not decrease appreciably with an increase in the concentration of dipterex. At 1.0
p.p.m., however the mortality of oyster lar vae reached almost 50 percent, whereas in the
lower concentrations there was no appreciable mortality.
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Fig . 7 - The effects of several concentrations of some insecticides on the relative percentage (R) of oyster e ggs developing to the
straight hinge stage. The percentages shown are averages of duplicate cultures at each concentration calculated as follows:
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Guthion and parathion were two of the first insecticides to be tested for their effects on
growth and survival of oyster larvae. Guthion has subsequently been tested for its effect on
egg development. While guthion at 0.50 p.p.m. reduced the percentage of oyster eggs reaching
the straight hinge stage and at 1.0 p.p.m. entirely prevented egg development (fig. 7), at very
low concentrations (0.025 p.p.m. and 0.05 p.p.m.) it appeared to increase the rate of growth
of oyster larvae (fig. 8). Parathion at 0.025 p.p.m. also slightly increased the rate of growth.
Both compounds, however , are toxic at higher concentrations. Guthion at a concentration of
1.0 p.p.m. reduced the rate of growth of oy ster larvae appreciably and at this concentration
parathion reduc e d the rate of growth drastically .
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Fig. 8 - The effe cts of several concentrations of some insecticides on the growth of oyster larvae. The percentages (G) plotted are
averag es of duplic ate cultures at each concentration calculated as follows:
G = mean length of experimental larvae at 14 days - mean length at 48 hours x 100
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DISCUSSION
In general, some eggs were capable of d eveloping into normal straight hinge larvae in
higher concentrations of almost all of the compounds tested than the larvae could tolerate
and grow. Guthion was the only compound that permitted normal or near normal growth of
larvae at concentrations which allowed less than 50 percent of the eggs to develop normally .
T hus, at 1.0 p.p.m. of guthion only 31 percent of the clam eggs and no oyster eggs developed
normally, yet clam larvae survived and grew almost as well as the controls. Oys ter larvae
showed no mortality and at 14 days their increase in length was about 75 percent as great as
that of controls.

As previously reported (Davis and Chanley 1955), the first evidence of toxicity of dissolved compounds was usually a reduction in the rate of growth of larvae. In many instances
the rate of growth of larvae was reduced by more than 50 percent before any appreciable
mortality occurred, and in some, such as nab am (fig. 2) and aldrin (fig. 7), growth of larvae
was almost completely stopped by concentrations too low to cause appreciable mortality within 12 or 14 day s. Under such conditions, how ever, in natural waters larvae would almost
surely die before reaching metamorphosis or the greatly extended larval period would result in enormous losses through dispersion, predation, etc .
With at least some of the compounds tested the effects on growth a nd survival of bivalve
larvae may be an indirect effect resulting from the toxicity of the compounds to the food organisms used (Ukeles personal communication) . With other compounds, such as sulmet , very
good growth of larvae was obtained in concentrations that are inhibitory or lethal to the food
organisms. This indicates that food organisms, killed without coagulation or destruction of
the cells, may still be good food. Similarly, food cells killed by ultraviolet treatment are
still utilizable by bi val ve larvae.
Twelve of the 31 compounds, at one or more of the concentrations t es ted, gave a more
rapid rate of growth of larvae than did the controls. This increased rate of growth ranged
from slight increases that were not statistically Significant, in the case of parathion on oysters (fig. 8), lindane on clams (fig. 6), and tr ichlorobe nzene, diuron and, possibly, acetone on
clams (fig. 4), to increases that appear to be highly significant, such as phenol, sulmet, chloramphenicol, dowicide "A" on clams (fig. 2), mo nuron and fenuron (m clams (fig . 4), and guthion on oysters (fig. 8). The four that produced the most pronounced increases are known to
be bacteristatic substances. Since it is known that some bacteria produce toxins that retard
growth of larvae (Davis 1953, Walne 1958a , 1958b ), it is presumed that the increased rate of
growth of larvae in these cases is the result of inhibiting the growth of toxic bacteria. The
remaining eight compounds are not known to be bacteristatic but, since it seems improbable
that they actively promote growth of larvae, it a ppears likely that, in some manner, they also
tend to reduce the number of bacteria that would otherwise slow the growth of larvae.
Decker (1 960 ) states that" Any impartial appraisal of the impact of insecticides on wildlife must give equal consideration to both the good and bad side effects that may occur, and
if we are honest, we must look for the good as diligently as we look for the bad" (page 30).
He points out that at the present time pesticides seem to be only minor influents in nature
compared to other factors in land and water development and use.
The great differences , in toxicity to bivalve larvae, of different compounds used for the
same purpose suggest that a sufficient knowledge of the effects of these compounds on bivalves, their eggs, and larvae should enable us to choose effective insecticides, weedicides,
etc., for use in marshes and on land draining over shellfish beds, without endangering the
shellfish population. For example, the use of lindane for spraying marsh areas, instead of
the much more toxic DDT, might do much to restrict the damage to shellfish populations
within the area.
The concentration of pesticide's in estuarine waters resulting from runoff from treated
land areas, of course, cannot be predicted. It would be expected to be highest where the runoff enters the estuary, but actual concentrations would only be determined by chemical analy-
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sis of the water. As a guide in direct a ddition of a pes ticide to a body of wa ter, as in the control of aquatic wee ds and mosquito control prog r ams , assuming that all of the pesticide goes
into solution and is uniformly distributed, an a pplication of one pound p e r acre would give a
concentration of 0.37 p.p .m . in water one foot deep. If the water were 16 feet deep, the concentration would be 0. 37 .;- 16 or 0.023 p.p.m. In the case of DDT, this would still be enough
to reduc e the r ate of growth of oyster larvae by 40 percent and to reduce their survival by
20 perc ent.
Loosanoff (1 947 ) and Waugh and Ansel (1 956 ) found that oyster shells treated with a keros ene solution of DDT caught almost as many oyster spat as did untreated shells and that the
number of barnacles that set on such treated shells was greatly reduced. Waugh et al (1952),
however, reported that lindane was almost as effective as DDT in treatm nt of shells to prevent setting of barnacles . Since the toxicity of lindane to bivalve larvae is much lower than
that of DDT, lindane would seem to be the logical choice [or such usage .
Loosanoff et al (1957) also found that crustaceans of the subclass Copepoda, in mass
cultures of algae, could be killed by use of 1.0 p .p .m. of guthion, dipterex, parathion, lindane,
or DDT. They found that lindane at 0.05 p.p.m. also killed these crustae ans, and have un published data showing an 80 percent mortality of adult green crabs in 0 .2 p .p .m . Ukeles
(unpublished data) has shown that the five sp cies of alga tested tolerate up to 0 . 5 p .p.m. of
lindane. Since clam larvae showed optimum growth at 5.0 p.p .m . lindane, it suggests the
possibility that in enclosed bodies of water, as in pond culture, a sufficient concentration of
this chemical could be maintained to destroy all crustacean larvae, probably including those
of barnacles, without affecting the growth of bivalve larvae or their food organisms .
The fact that oysters will set on shells tr ated with a substance as toxic to larvae as
DDT indicates that chemicals, with the very low solubiliti s characteristic of many of these
pesticides, can be safely used in controlling fouling organisms and predators if properly applied. The chlorinated benzenes, which are the basic ingredient of the ch micaI methods
proposed for predator contro l by Loosanoff et al (1960 ) are not only relatively insoluble but
also relative ly nontoxic to eggs and larvae of bivalves . Moreover, the method of application
proposed by these authors is designed to limit their dispersal. It should b possible, by suitable choices of chemical additives, to develop mixtures that, when used on spat collectors or
on shellfish beds, will control many of the competitors and predators of shellfish without af fecting the development and growth of shellfish and their foods .
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