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Experiments are reported on the effects of the insecticide

Sevin and its hydrolytic product, 1 -naphthol, on the survival, growth,

and food consumption of larval and juvenile cockle clams Clinocardium

nuttalli, Clams were tested in standing seawater at a salinity of

25 ppt and a temperature of 19 ± 2°C, and were fed cultures of the

unicellular alga Monochrysis lutheri. Algal cell concentrations

ranged from 10, 000 to 200, 000 cells/ml of test solution. Toxicant

concentrations ranged from 0. 1 to 10.0 mg/liter. Larvae exposed

to Sevin concentrations of 0. 8 mg/liter were dead by day 7 of the

test, and the growth of those exposed to 0. 4 mg/liter was reduced

by 15%, as compared with controls. Sevin was less toxic than

1 .naphthol to juvenile clams, the respective 96-hour TLts being

3. 75 and 2. 70 mg/liter. The growth of juvenile clams was reduced

more by 1 -naphthol than by Sevin, The food consumption of juvenile
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clams exposed to 1. 6 mg/liter of Sevin was markedly reduced and

their food conversion efficiency was impaired.

Adult clams exposed to Sevin concentrated the toxicant in their

tissues; maximum concentrations were reached after 12 hours of

exposure. Clams exposed at 11 ° C concentrated more toxicant than

those exposed at 200 C. Tissue concentrations of toxicant decreased

sharply after the clams had been in clean seawater for 1 2 hours.
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EFFECTS OF THE INSECTICIDE SEVIN ON THE COCKLE
CLAM CLINOCARDIUM NTJTTALLI (CONRAD)

INTRODUCTION

Several insecticides have been used in the field to control oys-

ter pests. Sevin (1naphthyl N-methylcarbamate) has been used be-

cause it is relatively nontoxic to mammals and yet toxic to most

oyster pests and predators.

Loosanoff, MacKenzie, and Shearer (l960a) reported on a

series of tests in which mixtures of Sevin, heavy oils, and sand,

deposited in a strip around oyster beds, created effective barriers

against the movement of oyster drills into the beds, The chemicals

immobilized the snails and caused them to swell so that the body

could not be withdrawn inside the shell. However, the snails usually

recovered within a few hours if returned to clean seawater.

Haydock (1964) also experimented with chemical barriers to

control oyster drills. He used Sevin and orthodichlorobenzene

mixed with sand or gravel. In these tests both Ocenebra japonica

and Urosalpinx cinerea were affected by contact with the barrier,

some became swollen and others retracted tightly into their shells.

Haydock showed, in studies where entire plots were treated, that

direct contact with the barrier was necessary for this immobiliza-

tion, because snails which remained attached to oyster shells



protruding above the substrate were not affected. He did find, how

ever, that leaching of the chemicals killed large numbers of limpets,

polychaetes, and amphipods up to 30 feet from the treated area.

Haven etal. (1966) evaluated mixtures of Sevin, Polystream

(a mixture of chlorinated benzenes), and sand as a means of contro1

ling populations of Ti. cinerea in field studies. These authors found

that populations of the oyster drills were not reduced following the

treatment. They also reported on laboratory tests of the effects of

the same mixtures of chemicals and sand on the snails, In these

laboratory experiments they found that snails that could climb the

walls of the aquaria and avoid direct contact with the chemicals were

unaffected; whereas, those remaining on the treated sand became

swollen or died. This agrees with the report of Haydock(1964).

Haven etal. (1966) concluded that the absence of drill control

in the field could have been due to the treated sand mixing into the

substrate where the snails would not contact it, or as indicated in

the laboratory studies, the snails may have been unaffected because

they were not directly on the substrate.

Sevin has also been tested in the field for the control of non-

molluscan oyster pests (Loosanoff, MacKenzie, and Shearer, 1960b;

LIndsay, 1961; Loosanoff, 1961; and Snow and Stewart, 1963). These

studies showed that, In addition to oyster drills, pests and predators

such as mud shrimp, ghost shrimp, and starfish were killed by Sevin



used alone or with other chemicals. These authors also found that

Sevin used in the field killed or adversely affected clams, Dungeness

crabs, fishes, and true shrimp.

Wood and Roberts (1963) studied the effects of Sevin, Poly-

stream, and mixtures of both on the oyster drill U. cinerea in labor-

atory experiments. They concluded that Polystream used alone was

almost as effective as Polystream-Sevin mixtures for killing the

snails.

There have been several laboratory studies of the acute toxicity

of Sevin to marine animals. Butler (1963) and Stewart, Millemann,

and Breese (1967) have reported on the acute toxicity of Sevin for

five species of marine fishes. They found that concentrations of

Sevin ranging from 1. 75 to 6. 7 mg/liter (ppm) kil]ed 50% of the test

animals in 24 hours. These same authors reported 24-hour EC50

values (the concentrations which caused loss of equilibrium, paraly-

sis, or death in 50% of the test animals) ranging from 0. 0055 to 0. 71

ppm for several juvenile and adult marine crustaceans. Stewart etal.

(1967) also reported a 24-hour EC50 value of 7.3 mg/liter of Sevin

for the cockle clam Clinocardium nuttafli using death as the criterion

of effect. They also reported 48-hour EC50 values of 2. 3 and 2. 2

mg/liter of Sevin for larvae of the bay mussel, Mytilus edulis, and

the Pacific oyster, Crassostrea gigas, respectively, using preven-

tion of normal development to the straight-hinge shell stage as the



criterion of effect.

Lowe (1967) exposed the estuarine fish Leiostomusxanthurus

to 0. 1 ppm of Sevin in flowing seawater for five months, and found no

effect on growth of the fish during the exposure period.

Davis (1961) reported on the effects of Sevin on the larval devel-

opment of oysters Crassostrea virginica and clams Venus mercenaria.

When oyster and clam eggs were exposed to 1.0 ppm of Sevin for 48

hours, approximately 58 and 96%, respectively, developed to the

straight-hinge shell stage as compared with the development of

control embryos. At a concentration of 5. 0 ppm of Sevin only ap-

proximately 1% of the embryos of both species developed to the

straight-hinge shell stage. Davis also determined the effect of

Sevin on the increase in shell length of clam larvae that had devel-

oped normally to the straight-hinge shell stage. Shell-length increase

of these larvae was less than that of controls by approximately 10 and

70%, after they had been exposed to 1. 0 and 2. 5 ppm of Sevin, re-

spectively, for 12 days.

Butler (1962) reported results similar to those of Davis (1961).

He found that a concentration of 1.0 ppm of Sevin reduced the devel-

opment of oyster and clam embryos by 40% and 5%, respectively,

compared with control cultures.

The only reports of the effect of Sevin on the growth of juvenile

bivalve mollusks are those of Butler, Wilson, and Rick (1960) and



Butler (1963). In these studies, the soft new shell growth at the

valve edges of oysters C. virginica was removed. The effect of

Sevin on the linear increase irinew shell as determined. Butler

etal. (1960) found that a 24-hour exposurle to 1.0 ppm of Sevin in-

hibited the shell growth of yearling oysters (approximately 1. 5 inches

in length), but they did not state the degree of inhibition that occurred.

Butler (1963) reported a 14 and 19% decrease in shell growth of

oysters (one to two inches in length) exposed to 2. 0 ppm of Sevin

for 96 hours.

Stewart etal. (1967) reported the only study of the acute toxic-

ity of 1 -naphthol, the first hydrolytic product of Sevin, to marine

animals. They found that 1-naphthol was considerably less toxic

than Sevin to crustaceans, but more toxic than Sevin to mollusks

and fishes. There have been no studies on the chronic effects of

1-naphthol on the growth of marine animals.

Only six papers have been published since 1900 on the cockle

clam C. nuttalli. Of these, five were considered pertinent; the sixth

paper described the microscopic structure of the shell and is not

discussed here,

The basket cockle clam was originally described as Cardium

nuttallii by Conrad in 1837. It was later commonly referred to as

Cardium corbis (Martyn). A. Myra Keen, in 1936, created a new

genus, Clinocardium, for this animal, renaming it C. nuttaliii



(Conrad). She considered that the animals placed in this new genus

constituted a homogeneous group as distinctive, on the basis of shell

morphology, as any other genus in the family.

Edmondson (1919) stated that this clam is monoecious. He

reported seeing masses of ova interspersed with and sometimes

surrounded by spermaries. There have been no subsequent reports

confirming or denying this observation.

Weymouth and Thompson (1930) studied the age and growth of

cockle clams collected along the Pacific Coast. They determined

the age of the clams by using annual rings present on the shells,

each ring being caused by a period of slow or suspended growth

during the winter. They fow-id that the growth of the clam was char-

acterized by a period of rapid growth early in life with the growth

rate decreasing after about the fifth year. They compared the growth

of cockles taken from the northern and southern localities and found

that the northern forms showed a slower initial but more sustained

growth, and that they reached a greater age and larger size than the

southern forms. Taylor (1960) used the data of these authors and

concluded that growth was related to mean air temperatures.

Fraser (1931) reported on the growth and reproductive develop-

ment of cockle clams from the Pacific coast of Canada. He found

that clams in the field were one to seven years old, and that they

matured when two years old. Four-year-old clams comprised the
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largest age class.

This study was undertaken to determine: (1) the effects of

Sevin and Sevin and 1 -naphthol on growth of larval and juvenile

cockle clams, respectively; (2) the effects of Sevin on the food

consumption of juvenile clams; and (3) whether adult clams concen-

trate Sevin in their tissues and how long they retain it after expo-

sure to the chemical.

The cockle clam was chosen as the test animal because of:

(1) its occurrence in large numbers in estuarine intertidal mudflats

in close association with oysters, where it would be exposed to

chemicals used in oyster pest control programs; (2) its widespread

distribution from San Diego, California to the Bering Sea; (3) its

economic importance since it is the basis for both sports and corn-

mercial fisheries; and (4) its ready availability.

This study was carried out from December, 1965 to April,

1967 at the Pacific Fisheries Laboratory in Oregon State tJniver-

sityts Marine Science Center at Newport, Oregon.



MATERIALS AND METHODS

Clams

The juvenile and adult clams were collected from intertidal sand

and mud flats in Yaquina Bay, Oregon. Larval clams were obtained

by inducing adults to spawn in the laboratory. Adult clams were

held in standing seawater at 25 ppt salinity and at 200 C; under these

conditions spawning occurred in approximately 48 hours.. The ferti-

lized eggs were recovered and the embryos were allowed to develop

normally to the; traight-hinge shell stage which was attained in

approximately 48. hours.

T oxicants

The toxicants used were the insecticide Sevin and 1 -naphthol,

the first hydrolytic product of Sevin. Sevin is a crystalline solid

with a melting point of 142° C; it is stable to light, including ultra-

violet light, and to heat upto at least 700 C (Union Carbide Corpora-

tion, 1963). The formulation of Sevin used was a microfine wettable

powder containing 80% active ingredient and 20% inert materials.

It was supplied by Miller Products Company, Portland, Oregon.

The 1 -naphthol used was a recrystallized reagent obtained from

Fisher Scientific Company.



Algae

The flagellated alga Monochrysis lutheri was used as the food

organism in the growth studies. There is no information on the food

requirements of the cockle clam; however, M, lutheri has been used

in growth studies with other bivalve mollusks (Davis and Guillard,

1958; Loosanoff and Davis, 1963; Stickney, 1964). The algae were

cultured in 2800 ml Fernbach flasks under continuous fluorescent

illumination of 500 to 600 foot .candles, The culture medium was

prepared according to a formula obtained (by Mr. Wilbur P. Breese,

Department of Fisheries and Wildlife, Oregon State University) from

Mr. John G. Denison of the Rayonier Marine Laboratory, Hoodsport,

Washington, and consisted of the following components dissolved in

a liter of filtered seawater at 25 ppt salinity: one multivitamin tablet

(Aytinal), 150. 0 mg of potassium nitrate, 20. 0 mg of sodium phos.

phate, and 1.3 mg of ferric phosphate. The red and white outer lay-

ers of the vitamin tablet were removed by dissolving in water and

only the yellow inner tablet was used. The medium was autoclaved

for 15 minutes at 15 pounds pressure.

Water and Test Temperatures

The seawater was pumped from Yaquina Bay to the laboratory

through nontoxic plastic pipes. All experiments, except a preliminary
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experiment discussed below, were done in standing seawater adjusted

to 25 ppt salinity with distilled water; the seawater was filtered

through glass wool or paper and was changed daily. The test tem-

perature during the acute toxicity and growth experiments was 19 ±

2°C. The test temperatures in the uptake and retention study were

11 and 20°C.

Preliminary Experiments

Two preliminary experiments were done to determine accept-

able temperatures, salinities, and algal cell concentrations to be

used in later growth and food consumption studies. In these experi-

ments unfiltered seawater was used and was changed every second

day. The clams were tested in one-gallon glass jars each containing

15 juvenile clams and two liters of seawater at various temperatures

and salinities. In addition, three groups of clams were held at a

mean temperature of 18, 7° C and at a salinity of 25 ppt. One group

was not fed; the other two groups were fed algal concentrations of

10, 000 and 100, 000 cells/mi of seawater, respectively, every second

day.

Acute Toxicity Experiments

The experiments were done in one-gallon glass jars containing

two liters of toxicant solutionand eight to ten clams two to five mm in
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shell length. Duplicate vessels for the controls and each toxicant

concentration were used. The test solutions of toxicants were pre-

pared from one-liter stock suspensions containing 100 mg. of active

ingredient. The stock suspensions were filtered through a Millipore

filter having a pore size of 0.45 microns. Chemical analyses of the

filtrate showed that all of the Sevin was present and was presumably

in solution. The possible effects of the inert ingredients alone on

the clams were not evaluated. The stock suspensions were made in

seawater at 25 ppt salinity, and were stored at 3 °G. They were

discarded after three days.

The test solutions were replaced at the end of each 24-hour

period, and at that time the number of dead clams was recorded.

A clam was considered to be dead when it no longer cculd close its

valves. The 48, 72-, and 96-hour median tolerance limits (TL's),

that is, concentrations that kill 50% of the test animals in the speci-

fied time periods, were estimated by straight-line graphical inter-

polation as suggested by the American Public Health Association etal.

(1965).

Growth and Food Consumption Tests

Larval and juvenile clams were tested in one-gallon glass jars

each containing two liters of toxicant solution prepared as above.

The animals were exposed to continuous fluorescent lighting. The
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numbers of larval and juvenile clams per test vessel were 20, 000

and 10, respectively. Duplicate vessels for each toxicant concen

tration and the control were used in the larval growth experiment

and in the first juvenile growth experiment; single vessels were

used for each concentration in all other experiments.

The animals were acclimated to the test salinity and tempera

ture for periods of two to six days. The water was changed every

second day when the acclimation period exceeded two days. During

acclimation the juvenile clams, except those in the first experiment,

which were not fed, were given 10, 000 to 50, 000 algal cells/mi of

seawater. The cells were put into the test vessels once during the

acclimation period. After acclimation, the seawater in the test

vessels was replaced and the desired amounts of algal cells and

toxicant were introduced. The toxicant solutions were changed,

and algal cells added, daily. Initial cell concentrations ranged from

10, 000 to 200, 000 cells/ml of test solution. The amount of algal

culture needed to give these concentrations was determined by using

a standard curve relating cell density and light absorption of the algal

culture. The cell density was determined by hemocytometer counts,

and the light absorption was measured with a Fisher electrophotome-

ter. At the time of feeding, density of a culture was measured elec-

trophotometrically and the number of cells present determined from

the standard curve. This method was used in the larval growth
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experiment and juvenile growth experiments 1 through 5. In experi-

ment 6, the initial and final algal cell counts were determined with

a Model B Coulter electronic counter. Three samples from each

vessel were counted, The difference between the number of cells

present at the beginning and end of each daily feeding period was

assumed to be the number of cells removed by the clams. Prelim-

mary experiments had shown that, under the experimental conditions,

there was no measurable change in the algal density during a 24-hour

period if clams were not present.

Unaltered algal cultures were used for feeding in all preliminary

experiments, the larval growth experiment, and in the first three

juvenile growth experiments. The third juvenile growth experiment

was terminated after 12 days because of excessive mortalities of

the clams in nearly all vessels. The surviving clams did not grow

during the test. Figure 1 shows the total mortality that occurred

during the 12-day period. The data show that mortality was asso-

ciated with algal cell concentration. The mortalities appear to be

related to the concentration of Sevin only at the higher algal cell

concentrations . Since these results indicated that the algal cultures

might be toxic to the clams, an experiment was done to determine

which component(s) of the cultures was toxic. Ten juvenile clams

were held in each of 13 vessels; each vessel contained two liters

of seawater at a salinity of 25 ppt and at a temperature of 19. 00 C.



Figure 1. The effects of algal cell concentration on the
mortality of juvenile cockle clams in relation
to Sevin concentration.
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Table 1. Survival of juvenile cockle clams at different concentrations of algal culture medium, at 19.0± 1°C, and at 25 ppt salinity.

Group Vessel Algal Concentration Percent survival after:
no. no. 1 concentration of medium (%)3 -

(cell/mi)2 24 hr 48 hr 72 hr 96 hr

I 1 50,000 1.3 100 100 100 100
100,000 2.7 100 100 100 60

3 200,000 5.4 100 100 100 20

4 400,000 10.8 100 80 0 0

II 5 50,000 0.0 100 100 100 100
6 100,000 0.0 100 100 100 100
7 200,000 0.0 100 100 100 100
8 400,000 0.0 100 100 100 100

III 9 50,000 2.7 100 80 30 10
10 50,000 5.3 100 40 0 0
11 50,000 10.8 80 20 0 0

IV 12 0 12.5 90 0 0 0
13 0 25.0 50 0 0 0

1Ten clams per vessel.

2The cells were added daily at the time when the water was changed.

3Culture medium from which the algal cells were removed by centrUugation.

o.
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The design and results of this experiment are shown in Table 1.

Clams in Group I were fed enough unaltered algal cells and culture

medium to result in concentrations of 50, 100, 200, and 400 thousand

cells/mi of test solution. Clams in Group II were fed washed algal

cells only; the culture medium had been removed previously by

centrifugation. The algal concentrations were the same as in Group I.

The three vessels of clams in Group III received enough unaltered

algal culture to result in a concentration of 50, 000 cells/mi. In addi-

tion, each vessel in Group III also received enough culture medium

(supernatant fluid from a centrifuged culture) to equal the volume of

material given to vessels 2, 3, and 4 in Group I. The test clams in

Group IV were not fed algal cells, and were exposed only to 12.5%

and 25% solutions of culture medium. This experiment was terminat-

ed after 96 hours. Mortalities occurred in all vessels that received

culture medium, except one. None of the clams died that were ex-

posed only to centrifuged algal cells. These results indicate that the

algal culture medium was responsible for the mortalities that oc-

curred jn experiment 3, and that the algal cells were not toxic at

the concentrations tested. Therefore, it was decided to centrifuge

tFe cultures in future experiments and use only the washed algal

cells as food material. The algal cultures were centrifuged at 9000

rpm in a continuous-flow centrifuge. Usually one to two liters of

culture were passed through the centrifuge and were followed by two
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liters of filtered seawater used to wash the cells free of any remain-

ing culture medium.

Initial lengths of larvae were determined from a sample of 40.

During the course of the experiment and at the termination of the

experiment, 20 larvae from each vessel were measured to deter-

mine their growth. The larvae were measured on a line parallel

to the shell hinge usinga compound microscope and an ocular ml-

crometer.

Juvenile clams were measured on the first and last day of

each growth experiment. They were measured along the anterior-

posterior axis, using an ocular micrometer. The clams used in

juvenile growth experiment 3 were measured using a vernier calipers.

Dry weights of clams were determined in experiment 6 Clams were

dried at 70° C for four days and their weights recorded Initial dry

weights were determined from a sample of 20 clams.

Uptake and Retention Procedures

The animals were tested in five-gallon glass jars containing

15 liters of aerated seawater. They were exposed to nine hours of

illumination daily. Test solutions, which were changed daily, were

prepared by adding the dry toxicant to the seawater. They were then

aerated vigorously for two hours to insure that most of the toxicant

was in solution before the clams were introduced.
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Four groups of 13 clams each were exposed to 2. 0 mg/liter

of Sevin for 12, 24, 48, and 96 hours at two temperatures, 11 and

20 O C. Tissues of these animals were then analyzed for Sevin and

free 1 -naphthol to determine uptake of the insecticide.

Five groups of 13 clams each were exposed to 2. 0 mg/liter of

Sevin for four days at two temperatures, 11 and 20 ° C. After expo-

sure, the animals were placed in clean seawater for 1 2, 24, 48, 96,

and 192 hours. Tissues from these animals were analyzed for Sevin

and free I -naphthol to determine retention of the insecticide. All

tissue analyses were done as described below.

Tissue Analyses

The clams were removed from their shells and treated and

analyzed as follows: (1) six to eight animals from each group were

pooled and thoroughly homogenized in a blender; (2) 20 grams of

homogenate were mixed with 90 grams of anhydrous sodium sulfate;

(3) the mixture was placed in a- paper extraction thimble in a glass

jar, and app-roximately 200 ml of ether were added; (4) the samples

were stored at 3 ° C until analyzed; (5) the samples were extracted

and the extracts purified using a modified procedure based on that

of Sohnson, Critchfield and Arthur (1963); and (6) the colorimetric

procedure described by Karinen et al. (1967) was used for determina-

tion of Sevin and free 1 -.naphthol.



Acquired Resistance Experiment

The surviving clams from growth experiment 1 were tested to

determine if they had acquired any resistance to Sevin during the

lS-day exposure period. They were tested in one-gallon glass jars

each containing five clams and two liters of toxicant solution. The

Sevin concentrations used were 2. 0, 4. 0 and 8. 0 mg/liter. The

method of toxicant solution preparation, criterion of effect, and

method of TL estimation were the same as those discussed earlier.m



RESULTS

Preliminary Studies

21

Table 2 shows the percent survival of clams at different corn-

binations of temperature and salinity. The clams held at a salinity

of 25 ppt survived at all test temperatures. Those held at a salinity

of 15 ppt survived at mean temperatures of 11.8, 16. 6, and 18. 7°C,

but not at 21. 5°C. The clams exposed to a salinity of 10 ppt did not

survive at any of the temperatures tested.

In the preliminary feeding experiment the clams at the higher

of the two feeding levels used (100, 000 cells/mi of seawater) in-

creased in shell length by 27% in 16 days and 36% in 33 days; where-

as, the clams at the lower feeding level (10, 000 cells/mI of seawater)

and those that were not fed, did not show any growth.

Acute Toxicity Experiments

Two 96-hour bi.oassays were done to determine the acute tox-

icity of Sevin and l-naphthol to juvenile cockle clams. The results

of these experiments are shown in Table 3. One-hundred percent

survival was observed in groups of clams exposed to Sevin concen-

trations as high as 1.80 mg/liter for 96 hours; whereas, mortalities

occurred during the same period among clams exposed to 1 -naphthol



Table 2. Survival of juvenile cockle clams at different temperatures and salinities..

Mean initial Test Test Percent
length of Temperature (° C) salinity survival
clams (mm) Mean Range (ppt)

3.1 11.8 11.0-12.5 10 0

3.1 11.8 11.0-12.5 15 100
3.1 11.8 11.0-12.5 25 100

3.1 16.6 15.5-17.0 10 0
3.1 16. 6 15.5-17.0 15 931

3.1 16.6 15.5-17.0 25 100

3.1 18.7 18.0-19.5 1 0
3.1 18. 7 18.0-19.5 15 100
3.1 18.7 18.0-19.5 25 100

3.0 21.5 17.5-24.0 10 0

3.1 21.5 17.5-24.0 15 0

3.1 21.5 17.5-24.0 25 100

'One clam was lost while changing the test water.



Table 3. The acute toxicity of Sevin and 1 -naphthol to juvenile cockle clams 1.9 to 5.3 mm in shell
length at 20 ± 1 ° C and 25 ppt salinity.

Toxicant Concentration
(mg/ liter)

Sevin 0.00
0. 56
1.00
1. 80
3. 20
5. 60

10.00

TL (mg/liter)

Percent survival after:

24 hr 48 hr 72 hr 96 hr

100 100 100 100
100 100 100 100
100 100 100 100
100 100 100 100

95 95 85 75
100 85 0 -

95 60 0 -

>10.00 >10. 00 4. 00 3. 85

l-naphthol 0.00 100 100 100 100
0.56 100 100 100 100
1.00 94 94 94 88
1.80 100 100 94 94
3.20 94 88 50 31
5.60 100 19 0 -

10.00 64 0 - -

(mg/liter) >10.00 4.35 3.20 2.70

N.)
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concentrations above 0. 56 mg/liter. The TLj-'s were estimated for

each 24-hour period, where possible. In each instance the TLm

1 -naphthol was lower than the TL for Sevin. These results indicatem

that l-naphthol is more toxic than Sevin to juvenile cockle clams.

Growth and Food Consumption Experiments

The results of the experiment on the influence of Sevin on the

growth of clam larvae are shown in Table 4. The percent increase

in shell length of larvae exposed to lower concentrations of Sevin

was less than that of the controls, At concentrations above 0. 4 mg/

liter, not enough (less than 20) larvae survived past the third day to

constitute an adequate sample for measurement. Approximately 1%

(200 out of 20, 000) of all control and experimental larvae exposed

to Sevin concentrations below 0. 8 mg/liter survived to the end of

the experiment, and the 'results, therefore, are based on a very

small percentage of the initial population. However, since the sur

vival of the larvae was approximately equal in all vessels that were

maintained to the end of the experiment, the findings have some valid-S

ity.

The 'results of two experiments conducted to determine the

effects of Sevin and 1 -naphthol on the growth of juvenile cockle clams

are shown in Table 5. Clams in these experiments were fed daily

100, 000 algal cells/ml of test solution. In experiment 1, control



Table 4. Growth of surviving cockle clam larvae at various concentrations of Sevin and at
20 ± 1 0 c and 25 ppt salinity.1

Sevin
concentration
(mg/liter) 3 days

Mean percent increase in shell length after:

5 days 7 days 9 days

0.0 31 56 71 98

0.1 28 44 62 91

0.2 27 38 58 91

0.4 24 28 56 84
0.82 21 --
1.62 17 -- -- --

3.22 12 -- -- --

'The larvae had an initial shell length of 118.4 microns. They were fed 20, 000
algal cells per ml of test solution once daily.

2There were no surviving larvae after three days of exposure to these concentra
tions of Sevin.

u-I



Table 5. Increase in shell length of surviving juvenile cockle clams at various concentrations of Sevin and 1 -naphthol at 19 ±1.5°C and 25 ppt
salinity. 1

Experiment
no. and

test period
(1966)

Toxicant Toxicant
concentration
(mg/liter)

No.
survivors /

No.
2

tested

Initial length

Mean

(mm)

Range

Final length

Mean

(mm)

Range
Mean

percent
increase

Expt. 1 Control 0.00 20/20 3. 1 2.8-3. 6 5. 1 2. 9-6. 4 64
Feb. 25- Sevin 0. 10 19/20 3. 1 2. 7-3.5 5. 2 4. 0-6. 0 66
Mar. 12 1.00 20/20 3.1 2.7-3.6 4.0 3.1-4.7 28

(15 days) 1.80 3.1 2.8-3.5 3.5 2.9-3.9 13

Expt. 2 Control 0.00 10/10 3.6 3. 2-4. 1 5. 3 4. 1-6. 4 48
Mar. 30 Sevin 0.10 1 3.6 3.1-4.0 4.9 3.7-6.7 37
Apr. 14 0.18 3.5 3.1-4.0 5,0 4.4-6.0 43
(15 days) " 0.32 3.5 3.1-4.1 4.9 4.3-5.6 38

0.56 3.6 3.1-4.0 4.5 3.7-5.3 26
1 1.00 It 3.6 3.1-4.0 4.2 3.6-4.7 17

1.80 II 35 3.1-4.0 3.7 3.2-4.0 7

1-naphthol 0.10 10/10 3.5 3.1-3.9 4.5 3.6-5.3 28

0. 18 3.6 3. 2-4.0 4.6 4.0-5. 1 26
0.32 3.5 3.1-4.1 4.0 3,5-4.8 13

0.56 3.5 3.1-4.3 3,8 3.3-4.4 8

1.00 3.6 3.1-4.1 3.7 3.1-4.1 1

1.80 7/10 3.6 3.2-4.3 353 3.2-4.0

1Clams were fed 100,000 algal cells per ml of test solution daily.

21n experiment 1, duplicate vessels with ten clams per vessel were used for each concentration. Single vessels were used in experiment 2.

3There probably was no change in size. The apparent decrease in size is attributed to the death of three of the larger clams.
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clams increased in shell length by 64%; whereas, clams exposed to

0. 10, 1. 00, and 1. 80 mg/liter of Sevin increased in shell length 66,

28, and 13%, respectively. The mean growth of the controls was

slightly less than the mean growth of clams exposed to 0, 10 mg/liter

of Sevin. One of the control clams failed to grow, or grew only

slightly, during the experiment. If this clam is not considered,

then the mean increase in shell length for the -control group is 68%,

which is greater than the increase occurring in any of the groups

exposed to Sevin.

The -control animals in experiment 2 increased in shell length

by 48%. Clams exposed to Sevin increased in shell length by 7 and

37% at concentrations of 1.80 and 0. 10 mg/liter of Sevin, respective-

ly. The increase in-length (3 7%) of -clams exposed to 0. 10 mg/liter

of Sevin was less than that of clams exposed to concentrations of

0. 18 and 0.32 -mg/lite-r of Sevin (43 and 38%, respectively). This

inversion may again be attributed to a slow growth rate of one of the

cia-ms exposed to 0. 10 mg/liter of Sevin. The -mean increase for

the other nine clams is 42%; this is only 1% less than the amount of

growth occurring at the next higher concentration of Sevin. Clams

exposed to 1 -naphthoi grew less -than those exposed to the same

concentrations of Sevin. The clams expos-ed to concentrations of

1.00 and 0.10 mg/liter of 1-nap-hthol increased in she-il length by 1

-and 28%, respectively. There was no growth of clams exposed to



a concentration of 1.80 mg/liter of l-naphthol. The above relation

ships are also shown in Figure 2. The curves were fitted by eye to

points representing percent increases in shell length of the clams

plotted against the toxicant concentrations.

The results of experiments 3 through 6 are shown in Tables 6

and 7, Each of these experiments was done with varying Sevin con-

centrations and at least five different feeding levels. Experiment 3

(Table 6) was terminated after 12 days because of high clam mortal-

ities. These mortalities were attributed to toxic algal culture medi-

urn, as previously discussed. Survival of clams at the lowest feed-

ing level, 20, 000 algal cells/ml of test solution, was 90, 100, 100

and 100% at Sevin concentrations of 0.0, 0.4, 0.8 and 1.6mg/liter,

respectively. The only other group of clams having 100% survival

was one exposed to 0,4 mg/liter of Sevin and fed 30, 000 algal cells/

ml of test solution. Survival of clams fed the highest number of cells,

100, 000 cells/ml of test solution, was 30, 10, 0, and 0% when ex-

posed to 0.0, 0,4, 0.8, and 1. 6 mg/liter of Sevin, respectively.

Clams surviving to the end of the experiment failed to show any

growth.

The clasin experiments 4, 5, and 6 (Table 7) were fed washed

algal cells free of culture medium. The control clams in experiment

4 increased in mean shell length by 5 and 24% at the lowest and highest

feeding levels, respectively. Clams exposed to 0. 4, 0. 8 and 1. 6
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Figure 2. The effects of a 15-day exposure to Sevin and
1 -naphthol on the growth of juvenile cockle clams
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Table 6. Survival of juvenile cockle clams at various concentrations of Sevin, at various feeding levels and at 19 ± 1. 5 °C and 25 ppt salinity.

Experiment
no. and

test period

Sevin
concentration
(mg/liter)

Feeding
level1

Mean

Initial length (mm)

Range

Final length (mm)2

Mean Range
Percent
survival

Experiment 0.0 20.0 10.5 9. 2-11.6 10.5 9.2-11.6 90

#3 " 30.0 10.4 9.3-11.4 10.3 9.3-11.4 90

June 29- ' 45.0 10.3 9.4-11.0 10.1 9.3-10.9 70
July 11, " 67.5 10.4 9.5-11.4 10.2 10.2 only 10
1966 " 100.0 10.4 9.4-11.4 9.8 9.5-1.0.1 30

(12 days) 0.4 20.0 105 9.4-11.6 10.5 9.4-11.6 100
30.0 10.4 9.3-11.3 10.4 9.3-11.3 100
45.0 10.5 9.3-11.5 10.3 9.3-11.3 60
67.5 10.5 9. 8-11.4 10.0 10.0 only 10

100.0 10.4 9.3-11.3 10.4 10.4only 10

0.8 20.0 10.3 9.0-11.3 10.3 9.0-11.3 100
30.0 10.4 9.3-11.4 10.4 9.3-11.4 80

45.0 10.4 9.5-11.4 10.1 9.5-11.0 80

67.5 10.5 9.3-11.5 10.2 9.4-11.1 30

100.0 10.6 9.5-11.8 -- ---- 0

1.6 20.0 10.5 9.3-11.5 10,5 9,3-11.5 100

30.0 10.4 9.4-11.4 10.4 9.411.3 90

45.0 10.3 9.4-11.4 10.2 9.4-11.4 80

67.5 10.5 9. 4-11.5 10.0 10.0 only 10

100.0 10.4 9.3-11.8 -- _-_- 0

1Thousands of algal cells per ml of test solution, added daily.

2There probably was no change in size of any of the clams during the experiment. An apparent decrease in mean size is attributed to the
death of some of the large clams during the experiment.



Table 7. Increase in shell length of surviving juvenile cockle clams at various concentrations of Sevin, at various feeding levels and at 19 ± 1.5 °C
and 25 ppt salinity.

Experiment Sevin Feeding Initial length (mm) Final length (mm) Mean
no. and concentration level1 percent

test period (mg/liter) Mean Range Mean Range increase

Expt. 4 0.0 20.0 6.3 5.1-7.9 6.6 5.2-8.3 5
July 23- " 30.0 5.9 4.7-7.6 6.5 4.7-8.7 9

Aug 12, " 45.0 6.1 4.9-7.5 6.8 5.5-8.3 12
1966 U 67.0 6.0 4.4-7.1 7.1 5.6-8.7 19
(2Odays) 100.0 6.3 5.1-7.3 7.8 6.0-8.9 24

0. 4 20.0 6. 1 4. 7-7. 2 6. 3 4. 8-7. 3 3

30.0 6.1 4.5-7.2 6.3 5.1-7.3 2

45.0 5.9 4.8-6.9 6.5 5.1-8.7 11
U 67.5 6.0 5.1-7.1 7.0 5.7-8.0 15

100.0 6.3 4.9-7.5 7.6 6.3-8.7 22

0.8 20.0 6.2 4.9-6.9 6.4 5.1-7.9 3

30.0 6.1 4.5-7.3 6.3 4.9-7.2 3

45.0 6.1 4.4-7.1 6.6 4.7-8.0 8

67.5 6.1 4.5-7.3 6.8 4.9-7.9 12
100.0 6.0 4.9-7.5 7.2 5.6-8.5 21

1.6 20.0 6.2 4.9-7.5 6.3 4.9-7.7 1

30.0 6.1 5.1-7.5 6.2 5.1-7.5 1

45.0 6.0 4.9-7.2 6.2 5.1-7.5 3

67.5 6.0 4.5-7.3 6.4 5.2-7.9 6

'I 100.0 6.1 4.7-7.3 6.9 5.1-8.1 15

t'.)



Table 7. Continued

Experiment
no. and

test period

Sevin
concentration
(mg/liter)

Feeding
level1

Initial length (mm)

Mean Range

Final length (mm)

Mean Range

Mean
percent

increase

Expt. 5 0.0 0.0 7.7 7.2-8.7 /7.7 7.2-8.7 0

Sept. 7-22, 10.0 7.7 7. 3-8.7 7.9 7.3-9.3 2

1966 14.6 7.6 7.1-8.3 7,72 7.2-8.4 2

(15 days) 20.8 7.5 7.1-8.1 '2 7.2-8.4 2

30.7 7.6 7.1-8.1 7.7 7.1-8.4 2

45.5 7.6 7.2-8.0 7.8 7.5-8.3 2

67.5 7.7 7.2-8.5 8.0 7.3-8.7 3

98.0 7.6 7. 1-8.5 7. 9 7. 3-8. 9 3

145.0 7.8 6.9-8.8 8.6 7.6-10.0 10
200.0 7.6 7.1-8.5 /8.9 8.0-9.8 18

1.0 0.0 7.6 6.9-8.1 7.6 7.1-8.5 0
10.0 7.7 7.1-8.3 7.8 7.2-8.5 2

14.6 7.6 7.1-8.4 7.7 7.1-8.4 1

20.8 7.7 6.9-8.7 7.82 7.1-8.7 1

30.7 7.6 7.1-8.3 7.7 7.1-8.5 1

45.5 7.8 7.1-8.3 7.9 7.3-8.3 2

67.5 7.6 6. 9-8. 3 7 92 7. 3-9. 2 5

98.0 7.6 7.1-8.7 7.7 7.1-8.8 1

145.0 7.7 6.9-8.5 7.9 7.2-8.9 3

200.0 7,7 6. 9-8. 3 8.0 7. 2-9.0 5



Table 7. Continued

Experiment
no. and

test period

Sevin
concentration

(mg/liter)

Feeding
level1

Initial length (mm)

Mean Range

Final length (mm)

Mean Range

Mean
percent
increase

Expt. 6 0.0 0.0 2.2 2.0-2.3 2.4 2.3-2,8 12
Mar. 27 17.7 2.2 1.9-2.4 3.6 3.2-4.4 68
Apr. 11, " 29.6 2.2 2.0-2.5 3.8 3.44.3 76
1967 " 49.8 2.1 1.9-2.3 3.8 3.5-4.5 83
(15 days) '' 91.2 2.1 2.1-2.4 4.0 3.5-4,4 87

142.4 2.1 2.0-2.3 3.7 2.9-4.1 74

0.4 0.0 2.1 1.9-2.4 2.3 2.0-2.7 12
17.7 2.1 1.9-2.4 3.0 2.5-3.5 39
29.6 2.1 1.9-2.4 3.3 2.9-3.9 60

U 49.8 2.1 1.9-2.4 3.4 2.8-4,0 61
91.2 2.1 1.9-2.4 3.5 3.1-4.0 65

142.4 2.1 1.9-2.4 3.6 2.3-4.4 67

0.8 0.0 2.2 1.9-2.4 2.3 2.0-2.5 5
17.7 2.1 1.9-2.4 2.5 2.1-2.9 20
29.6 2.2 1.9-2.4 3.0 2.4-3.7 37
49.8 2.1 1.9-2.4 3.1 2.7-3.9 47
91.2 2.1 1.9-2.4 3.2 2.7-3.5 50

142.4 2.1 1.9-2.4 3.2 2.8-4.1 53

1.6 0.0 2.1 1.9-2.3 2.3 2.1-2.5 6
17.7 2.2 2.0-2.4 2.4 2.1-2.7 10
29.6 2. 2 2. 0-2.4 2. 3 2.0-2. 7 6

It 49.8 2. 1 2.0-2.4 2.6 2. 0-3. 1 21
91.2 2.1 1.9-2.4 2.7 2.3-2.9 25

142.4 2.2 2.0-2.4 2.9 2.3-3.2 32

1Thousands of algal cells (free of culture medium) per ml of test solution, added daily.

2One clam of the initial group of ten clams died during the experiment.



35

mg/lite'r of Sevin increased in shell length 3, 3, and 1%, respectively,

at the lowest feeding level. Clams exposed to the same Sevin concen-

trations grew 22, 21, and 15%, respectively, at the highest feeding

level.

In experiment 5, control clams and clams held in 1.0 mg/liter

of Sevin were given algal concentrations ranging from 10, 000 to

200, 000 cells/ml of test so1ution. In addition, one group of control

and experimental clams were not fed, and these failed to grow during

the experiment. The shell length of control clams increased by 2

and 18% at the lowest and highest feeding levels, r espectively; where-

as, clams exposed to 1. 0 mg/liter of Sevin increased in shell length

by 2 and 5% at the lowest and highest feeding levels, respectively.

The increase in shell length of clams in experiment 6 was much

greater than that observed in experiments 4 and 5. This may be

attributed to the smaller initial size of the clams used in this experi-

ment. The meaninitial shell length of these clams was 2. 1 mm;

whereas, the initial mean shell length of clams in experiments 4 and

5 ranged from 5. 9 to 7. 8 mm. This explanation is supported further

by the relatively good growth of clams in experiments 1 and 2; initial

shell lengths of these clams were similar to those of clams used in

experiment 6. The unfed clams in experiment 6 also showed rela-

tively good growth. Although the seawater was filtered before use,

enough food material may still have been present to allow for this
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growth. The increase in shell length of clams exposed to Sevin was

less than that of the controls at the same feeding levels. Clams given

the smallest number of algal cells (17, 700 cells/mi of test solution)

increased by 68, 39, 20, and 10% at Sevin concentrations of 0. 0, 0.4,

0.8, and 1. 6 mg/liter, respectively. Clams exposed to identical

Sevin concentrations at the highest feeding level grew 74, 67, 53, and

2%, respectively. An inversion occurred in the group of control

clams held at the highest feeding level, Their growth (74%) was less

than the growth of control clams held at the next three lower feeding

levels. An inversion is also apparent when the mean growth of the

group of clams exposed to 1. 6 mg/liter of Sevin and given 29, 600

algal cells/mi of test solution is compared with the growth of clams

at the next lower feeding level. The reason for these lower growth

rates is not known.

In Table 8 are given the meanincrease in dry weight and the

mean numbers of algal cells consumed per clam and per mg of clam

dry weight per dayfor the clams used in experiment 6. The arith-

metic mean of theinitial and final dry weights was used in calculating

the latter values. I realize that the growth of the clams, at least

that occurring at the higher feeding levels, was probably more nearly

logarithmic than arithmetic. However, no measurements were made

during the experiment to indicate the growth pattern. If the growth

was logarithmic then the true mean weight would certainly lie between



Table 8. Growth and food consumption of surviving juvenile cockle clams at various concentrations of Sevin, at various feeding levels and at
19±1.5 °C and 25 ppt salinity.

Sevin Feeding Final dry 2 Food consumed (millions of algal cells)
concentration level weight per clam Gain in dry weight per clam

Mean weight Per clam Per mg of mean
(mg/liter) (mg) Mg Percent (mg)3 per day dry weight of

clam per day
0.0 0.0 2.06 0.50 32 1.81 0 0

17.7 5.30 3.74 240 3.43 2.38 0.69
29.6 6.13 4.57 293 3.85 3.60 0.94
49.8 6.53 4.97 319 4.05 4.84 1.20
91.2 7.15 5.59 358 4.36 6.14 1.41

142.4 6.44 4.88 313 4.00 4.68 1.17

0.4 0.0 1.93 0.37 24 1.75 0 0
.17.7 3.73 2.17 139 2.65 1.86 0.70

It 29.6 4.66 3.10 199 3.11 2.54 0.82
.49.8 5.23 3.67 235 3.40 3.38 0.99
91.2 506 3.50 224 3.31 4.02 1.21

142.4 5.51 3.95 253 3.54 3.98 1.12

0.8 0.0 1.61 0.05 3 1.59 0 0
17.7 2.54 0.98 63 2.05 1.08 0.53

" 29.6 3.98 2.42 155 2.77 2.00 0.72
49.8 4.30 2.74 176 2.93 2.78 0.95
91.2 4.11 2.55 163 2.84 3.28 1.12

142.4 4.63 3.07 197 3.10 3.84 1.24

1.6 0.0 1.63 0.07 4 1.60 0 0
.17.7 1.90 0.34 22 1.73 0.74 0.43

'I 29. 6 2. 04 0. 48 31 1. 80 0. 90 0.50
49.8 2. 63 1. 07 69 2. 10 1. 66 0. 79
91.2 3.05 1.49 96 2.31 2.50 1.08

142.4 3.63 2.07 133 2.60 3.34 1.28

'Thonsands of algal cells (free of culture medium) per ml of test solution added daily.
2lnitial dry weight, determined from a sample of 20 clams, was 1. 56 mg/clam.
3Arithmetic mean of initial and final dry weights.



the arithmetic and geometric means and therefore, my food consump-

tion values may be lower than the true values.

The relationship of clam growth to food consumption is shown

in Figure 3. The curves were fitted by eye to points representing

percent increase in shell length plotted against the mean food con-

sumption rates When the curves representing the different groups

of clams are compared at a given consumption level, it is apparent

that the food conversion efficiency of clams exposed to the higher

concentrations of Sevin was less than that of clams exposed to lower

toxicant levels.

The food consumption values are based on differences in num-

bers of algal cells present at the beginning and end of each feeding

period. I realize that food removed from the water by clams is not

necessarily consumed, since these animals can combine food particles

with mucus to form pseudofeces, which are then eliminated from the

animal. Had production of substantial amounts of pseudofeces oc-

curred, the method used in this study to determine food consumption

would not have been valid. However, pseudofeces were seldom seen

in the test vessels. When present, they were more numerous in the

vessels having the higher concentrations of Sevin, further showing

the detrimental effect of Sevin on the food consumption of cockle

clams.





Figure 3. The effects of Sevin on the growth of juvenile
cockle clams in relation to food consumption.
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Uptake and Retention Experiments

Table 9 shows the results of an experiment done to determine

if adult clams accumulate Sevin in their tissues during a 96-hour

period of exposure to 2. 0 mg/lite'r of Sevin. The tissue concentra-

tions of Sevin and 1-naphthol measured together, and also of Sevin

alone, were higher in clams held at Ii ° C, than in clams held at

20°C. after exposure of clams for 12, 24, and 96 hours. The clams

exposed for 48 hours showed a reverse relationship. The reason for

this is not known. It is clear that clams can flcleanse! themselves

of the toxicants, because much reduced toxicant concentrations were

found in animals that had been in clean seawater for 12 and 24 hours

after exposure to test solutions for 96 hours (Figure 4). No detect-

able amounts of the toxicants were found in clams that had been in

clean seawater longer than 24 hours.

Acquired Resistance Experiments

The results of the acquired resistance experiment are shown

in Table 10. The 24-hour TLrn values ranged from 5. 7 and 6. 2 mg/

liter for the clams previously exposed to 0. 0 and 0. 1 mg/liter of

Sevin, respectively, to greater than 8. 0 mg/liter for clams previ-

ously exposed to 1.0 and 1.8 mg/liter. The 48-hour TLrn values

showed the same relationships. The results suggest that juvenile



Table 9. Concentration of Sevin and 1 -naphthol in tissues of adult cockle clams exposed to 2. 0 mgI
liter of Sevin in seawater of 25 ppt salinity.

Tissue concentration (ppm)'
Mean test Exposure Flushing Sevin plus Sevin

temperature period period free alone
(° C) (hr) (hr) 1 -naphthol

11 12 - 6.85 6.07
20 12 - 6.63 5.40

11 24 - 6.68 6.12
20 24 - 5.57 5.54

11 48 - 4.26 380
20 48 - 4.40 4.56

U 96 - 5.68 5.98
20 96 - 3.99 4.00

11 96 12 0.16
20 96 12 0.18

11 96 24 0.06
20 96 24 _2 3

'Tissue concentrations are on a wet-weight basis.
2Sample was lost during analysis.
3The amount of Sevin and 1-naphthol was too low to permit an analysis for Sevin alone.
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Figure 4. Changes in tissue concentration (ppm) of Sevin and
free 1 -naphthol in adult cockle clams during a 96-
hour exposure to 2. 0 mg/liter of Sevin, and after
return for 24 hours to clean seawater.
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1,2
Table 10. Acute toxicity of Sevin to juvenile clams previously exposed to different concentrations of Sevin.

Source Concentration No. of Percent surviving after
of clams of Sevin clams

(mg/liter) tested 24 hr 48 hr 72 hr 96 hr

Control clams 0.0 5 too ioo 100 100

not previously 2.0 5 100 100 100 100

exposed to Sevin 4.0 5 100 100 100 100
8.0 5 0 0 0 0

TLm (mg/liter) 5. 7 5. 7 5.7 5.. "

Clams previously 0.0 5 100 100 100 100

exposed to 0. 1 mg/ 2.0 5 100 100 100 100

liter of Sevin 4. 0 5 100 100 100 100

8.0 5 20 0 0 0

TL(mg/liter) 6.2 5.7 5.7

Clams previously 0.0 5 100 100 100 100

exposed to 1.0 mg/ 2.0 5 100 100 100 100

liter of Sevin 4.0 5 100 100 100 100

8.0 5 80 20 0 0

TL (mg/liter) ) 8.0 6. 2 5.7 5. 7

Clams previously 0.0 5 100 100 10 100

exposed to 1. 8 mg/ 2. 0 5 100 1CO 100 100

liter of Sevin 4.0 5 100 100 100 100

8.0 5 100 60 0 0

TL(mg/liter) >8.0 >8.0 5.7 5.7

1Clams used were those from experiment 1, and had been exposed to 0.0, 0.1, 1.0, and 1.8 mg/liter of Sevin for 15 days.

2Clams were tested at 20±1 °C and at 25 ppt salinity,.

Ui
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cockle clams develop some resistance to Sevin after previous expo-

sure to concentrations as low as 1.0 mg/liter.
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DISCUSSION

The results of the acute toxicity studies with juvenile clams

(Table 3) agree with those reported by Stewart etal. (1967) who

used adult cockle clams and reported 24-hour TL values of 73m

and 6. 4 mg/liter for Sevin and 1 -naphthol, respectively. My 48-hour

TL values also showed that Sevin was less toxic to cockle clams

than 1 -naphthol. This comparative toxicity relationship was also

found in the growth experiments. Clams exposed to 1 -naphthol

grew considerably less than those exposed to identical concentra-

tions of Sevin.

The results of the larval growth experiment (Table 4) agree

with those of Davis (1961), who found that a 12-day exposure to

concentrations of Sevin ranging from 0.25 to 1.00 ppm reduced the

growth of Venus mercenaria larvae to about 90% of that of control

clams. A concentration of 0.4 mg/liter of Sevin reduced the growth

of my larvae to 85% of that of the controls. The cause of the high

larval mortality in my experiment is not known. It is not likely

that an accumulation of metabolites was responsible, since the test

solutions were changed daily. Loosanoff and Davis (1963) reported

occasional high mortalities of molluscan larvae in culture. These

mortalities could not be attributed to either experimental treatment

or technique. The above authors stated that weak or dying larvae



usually had high populations of bacteria or protozoa, but they did not

know whether these organisms were the primary cause of death, or

were secondary invaders. I do not know if the larvae in my growth

experiment were infected with pathogenic organisms.

In the uptake and retention experiment, the toxicant concentra-

tions were usually higher in clams held at 11°C, than in clams held

at 200 C. There are several possible explanations for this finding.

Clams may be able to metabolize Sevin into undetectable compounds

faster at the higher temperature because of their increased metabolic

rate. Thus, they would accumulate less Sevin in their tissues. Or,

because of their higher metabolic rate, the clams may simply excrete

the toxicant more rapidly at the higher temperature. Another possi-

ble explanation may be that there was less insecticide in the water

at the higher temperature. Karinen et al. (1967) found that Sevin

in seawater is degraded more rapidly at higher temperatures. It

is probable, therefore, that my clams at 11 0 C were exposed to more

toxicant than those at 20 0 C, even though the test solutions were

changed daily.

My results and those of Karinen etal. (1967) suggest that the

best time for field application of Sevin in estuaries to control oyster

pests would be during periods of maximum water temperatures, when

the insecticide would be more rapidly degraded and perhaps be ac-

cumulated by clams in minimal amounts. My results also show that
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once Sevin is removed from the vicinity of cockle clams, either by

dilution or degradation, the clams quickly rid themselves of accumu-

lated toxicant. Such animals presumably would be less hazardous

for human consumption than if they had been exposed to some other

pesticide such as DDT. Butler (1964) reported that tissue concen-

trations of DDT in eastern oysters, which were exposed to 10 ppb

of DDT for seven days and then placed in clean seawater, decreased

only from 151 to 119 ppb in 30 days.

The results of the experiment done to determine if clams can

develop a resistance to Sevin after a 15-day exposure to the insecti-

cide indicate that some animals may have developed a resistance.

Unexposed control animals, and clams that were exposed previously

to 0. 1 mg/liter of Sevin were more adversely affected by Sevin than

were clams that had previously been exposed to higher concentrations

of the toxicant. However, this difference in resistance was not

apparent after 48 hours of challenge exposure. The TLm values

for all groups of clams at the 72- and 96-hour periods are identical.

However, if a challenge concentration of Sevin intermediate between

4. 0 mg/liter at which all animals survived, and 8. 0 mg/liter, at

which all animals died had been used, then resistance may have been

detected. However, the clams used in this acquired resistance ex-

periment were of different sizes, and therefore, presumably differ-

ent physiologically. The clams that had previously been exposed to
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0. 0 and 0. 1 mg/liter of Sevin were lai'ger than those that had been

previously exposed to 1.0 and L8 mg/liter of the toxicant. Thus it

is possible that this difference between the clams could have affected

the results. The only other comparable study on marine animals is

that of Lowe (1964), who exposed juvenile fish Leiostomus xanthurus

to concentrations of toxaphene for five months and found that the fish

did not develop any resistance to the insecticide during this period.

My results show that juvenile clams survived for as long as

15 days at a concentration of Sevin as high as 1.8 mg/liter; however,

the growth of these clams at this Sevin concentration was reduced by

80 to 85%. Moreover, the growth of some juvenile clams was re-

duced by 46% at a Sevin concentration as low as 0. 56 mg/liter. Sevin

may also affect clams in ways other than growth inhibition. Snow

and Stewart (1963) reported that after exposure in the field to Sevin,

cockle clams came to the surface of the mud and many were unable

to close their shells or retract the extended foot. Such clams would

be easily accessible to predators.

Karinenetal. (1967) reported that Sevin applied once to a

field plot at a rate of 10 pounds/acre was taken up by the mud and

was present in the top one inch at a concentration of 0. 1 ppm 42 days

after application. Cockle clams would be among the animals most

closely in contact with the insecticide under these conditions. My

results, and those of Snow and Stewart (1963), and Karinen etal.
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(1967) emphasize the need for studies involving long-term exposure

of animals to sublethal concentrations of Sevin and other pesticides.
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