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ABSTRACT: Effects of chlorination on two larval stages of the oyster Crassostrea virginica (Gmelin, 1790), were studied in
flowing estuarine water. Straight-hinge veliger larvae were exposed to concentrations of 0.01, 0.05, 0.1 and 0.2 ppm chlorineproduced oxidants (CPO) for 6, 12,24 and 36 h, and to 0.05, 0.1,0.2 and 0.3 ppm CPO for 8, 24, 48,72 and 96 h. Setting pediveliger
larvae were exposed to 0.05, 0.1,0.2 and 0.3 ppm CPO for 6, 24, 48, 72 and 96 h in two experimental trials. Mortality of straighthinge and pediveliger larvae was directly related to increased concentrations of CPO and extended exposure tlme. Pediveliger
larvae were generally more resistant to CPO than straight-hinge larvae, especially with longer exposure time. Equations for
predicting mortality under different conditions of time and CPO concentration were developed using these data.

INTRODUCTION
Chlorine is in widespread use as a disinfectant for
industrial and sewage-treatment plant effluent and as
a biocide to remove fouling organisms from the condenser tubes of steam-electric generating stations
(Brungs, 1973). There is concern about the effects of
chlorine-produced oxidants (CPO) on the biota of
water receiving the treated effluent. The commercially
important adult oyster Crassostrea virginica (Grnelin,
1790), s u ~ v e stressful
s
changes (including exposure
to chlorine) in its habitat by closing its valves (Galtsoff,
1946),resorting to anaerobic metabolism and resuming
aerobic metabolism when the situation improves (Galtsoff, 1964). Early developmental stages probably do
not have this capablity. Their high rate of metabolism
and gradual development of shell may make them
vulnerable to adverse environmental conditions. Oyster larvae are part of the meroplankton that may live
in the vicinity of outfall or power plant discharge
structures, thus coming into close contact with chlorinated effluent. Because oyster larvae may be the most
sensitive stage in the oyster's life cycle, investigations
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were conducted to establish their response to exposure
to various CPO concentrations for different periods of
time.

MATERIAL AND METHODS
Oysters obtained from hatchery brood stock were
induced to spawn in running estuarine water (12-14 O/w
S) by varying the temperature between 25 " and 30 "C
(Loosanoff and Davis, 1963). As soon as spawn release
revealed their sex, males and females were separated
to avoid premature fertilization. At time 0, gametes of
several males and females were pooled in each experiment to provide genetic diversity (Calabrese and
Davis, 1970). Each larval brood was reared according
to the methods described by Hidu et al. (1969).Experimental larvae were selected at two stages of development: straight hinge veligers (48-60 h old) and
pediveligers (over 14 d old).

Experimental Equipment
Morgan and Prince (1977) have described the equipment used to expose organisms to various concentrations of toxicant. All our experiments were conducted
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in estuarine water at 24 "C and 12-14
S. Water
filtered through a l-pm filter was fed into a constanthead distribution tank which supplied five mixing
tanks by gravity flow. A four way peristaltic pump fed
four different calcium hypochlorite solutions, contained in black painted bottles, into four mixing tanks.
The fifth mixing tank (control) received no toxicant.
From the mixing tank, each concentration of toxified
estuarine water descended by gravity flow into the
distribution boxes and from there into the experimental chambers. These were 30-pm screen-bottomed
glass cylinders (8.5 cm wide X 20 cm high) that were
higher than the beaker in which they stood, so that the
water flowed into the top of the cylindrical cage, passed through the screen at the bottom and out over the
edge of the beaker. The use of l-pm filtered water was
necessary because 5-pm filtered water (preferable for
raising oyster larvae) contained algae and particles
which clogged the screen bottoms of the cylinders and
introduced too many artifacts to permit accurate counts
under the microscope. Amperometric titrations measured CPO concentrations twice daily at pH 4 (Block et
al., 1978).
Procedure
Two series of replicated experiments were conducted on straight-hinge larvae. The first involved
approximate CPO concentrations of 0.01, 0.05, 0.1 and
0.2 ppm and exposures of 6, 12, 24 and 36 h. The
second involved approximate concentrations of 0.05,
0.1, 0.2 and 0.3 ppm and exposures of 8, 24, 48, 72 and
96 h. For pediveliger larvae, two experiments were
conducted at approximate CPO concentrations of 0.05,
0.1, 0.2 and 0.3 ppm and exposures of 4, 24, 48, 72 and
96 h.
At least a day before each experiment was
scheduled, the constant-flow chlorination apparatus
was activated and the experimental chambers were
stabilized to the desired CPO concentrations and flow
rate. Straight-hinge veliger larvae for experimental
use were concentrated into a suspension as close to 100
ml-' as possible. Five l-m1 samples of this suspension
were counted under the microscope and the average of
these five counts was considered to be the density of
larvae ml-l. A volumetric pipet was adjusted to contain
approximately 300 individuals per delivery. Injections
of the larvae into the experimental chambers were
made in as short a time as possible. Pipettes were filled
while the stock suspension was agitated (to avoid congregation of larvae on the bottom). At the end of
exposure, one control and at least one of the high
concentration samples were examined live and compared with a sample of the original brood (kept in 5 - p m
filtered water) to determine whether the control larvae

that were kept in l-pm filtered water had suffered from
starvation (none appeared to have). Immediate examination of h g h CPO-concentration samples helped to
establish the physical appearance of live and dead
(disrupted internal organization, etc.) larvae, so that
they could be readily distinguished in the preserved
samples at a later date. The samples were decanted
into 30 m1 vials and preserved in 1 % buffered formalin. Counts of the entire samples were made in a
Sedgewick Rafter cell and numbers of live and dead
larvae at the end of the experiment were recorded.
Preparations for experiments on pediveliger larvae
started when the cultured umbo larvae developed eyespots (a sign that setting is imminent). The chlorination
apparatus was activated and stabilized for the desired
flow and concentration. Microscope slides were placed
over the entire bottom of 8" deep fiberglass trays. The
entire larval brood was concentrated to more than 500
ml-l, transferred into the trays, after which the trays
were filled up with l - p m filtered saltwater that was
changed every 6 h. When a sufficient number of
pediveliger larvae had congregated on the slides (but
before they had cemented in place) the slides were
removed one at a time, numbered, and wiped clean,
except for an area of about 4 cm2 that contained about
100 larvae (average = 93 for all slides used). Each
slide was then transferred to an experimental chamber.
Live and dead larvae on all slides and those which had
detached and were retained in the cages were counted
immediately after exposure and without preservation.
Criteria of death included no movement and disturbed
internal organization.
Data on numbers of live and dead larvae and spat
were used to calculate percentage mortalities. Stepwise multiple regression analyses of percentage mortality on CPO concentration and time were performed
following the methods of Kennedy et al. (1974a). The
data were transformed to arcsine square root percentage mortality to allow the distribution to approximate
the normal (Sokal and Rohlf, 1969). First and second
order terms for main effects (CPO concentrations and
time) and all possible interactions were examined. For
straight-hinge larvae, only those terms with F 1 3 . 9 7
(P = 0.05; df 1, 84) were entered in the final equation.
For setting pediveliger larvae, F 2 4.03 ( P = 0.05;
df l , 47).

RESULTS

For both larval stages, mortalities in the control
treatments remained at low levels during the experiments, although there was a slight increase at 96 h for
straight-hinge larvae (Tables 1 and 2). No corrections
were made for control mortalities. There was a direct
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Table 1. Crassostrea virginica. Percentage mortality of
straight-hinge larvae under different conditions of chlorineproduced oxidant (CPO) concentrations over time. Control
values represent no exposure to CPO. A dash indicates no
data available
CPO ( P P ~ )

T~me(h)
6
6
8
8
12
12
24
24
24
24
36
36
48
48
72
72
96
96

Control

0.01

6.4
2.3
0.0
1.7
4.6
1.8
2.2
5.4
1.3
3.3
7.1
5.6
3.3
8.1
8.5
7.3
23.2
12.4

9.0
4.3

0.05
10.1
5.4
3.2
4.7
7.6
12.1
17.0
26.5
2.3
3.9
23.4
8.8
10.8
8.6
26.1
28.6
53.9
39.5

-

11.8
8.0
4.2
2.2

13.7
10.2

-

-

0 1

0.2

0.3

14.8
6.4

6.3
8.9

-

5.3
3.2
7.8
28.7 26.4
31.7 38.5
24.8 30.4
15.8 23.1
13.2 26.1 28.6
14.4 23.3 30.2
28.1 30.9
12.4 31.8
40.0 35.1 66.7
34.3 24.5 61.0
69.4 71.0 60.5
71.7 73.1 78.3
80.7 100.0 100.0
90.9 95.0 83.0

Table 2. Crassostrea virginica. Percentage mortality of setting pediveliger larvae under different conditions of chlorineproduced oxidant (CPO) concentrations over time. Control
values represent no exposure to CPO
CPO ( P P ~ )

Time (h)

Control

6
6
24
24
48
48
72
72
96
96

3.4
11.3
2.0
2.3
2.7
6.6
8.0
5.2
0.0
7.1

0.05

1.1
6.9
4.0
10.6
2.6
13.9
10.1
28.4
15.4
25.6

0.1

0.2

0.3

15.3
21.1
10.6
21.6
16.0
14.3
22.7
17.2
12.9
37.1

12.9
13.8
6.2
8.2
27.9
28.9
54.6
21.5
27.8
36.1

25.0
22.4
12.3
36.6
67.9
48.6
47.7
38.9
46.1
32.4

relationship of mortality with increased concentrations
of CPO and time of exposure (Tables 1 and 2). In
general, straight-hinge larvae were more sensitive to
CPO than were pediveliger larvae, especially with
increased period of exposure. However, after 6 h exposure to CPO concentrations of 0.1 and 0.2 ppm,
pediveliger larvae had slightly higher mortalities than
did straight-hinge larvae.
Estimating equations for percentage mortality (Y)for
each larval stage (within the bounds of the experimental conditions) are as follows ( C = CPO concentration;
T = time in hours):
(A) Straight-hinge larvae
Y = 13.6650 6.2452 CT- 13.5791 C ~ T
Coefficient of determination = 87.4 %
(B) Pediveliger larvae
Y = 11.3961 37.8668C+ 1.971OCT-0.0516 C 2 p
Coefficient of determination = 69.8 %

+

+

These equations provide estimates of percentage
mortality that are in transformed fornl, which must be
converted to untransformed values (Sokal and Rohlf,
1969). For both stages, the final empirical models
appear to be good predictive equations (Table 3).
Figures 1 and 2 were constructed using these equations and selected values of CPO concentration and
time. lzquation A can be used to calculate LC 50 values
for straight-hinge larvae, e. g., 0.3 ppm CPO at 48 h,
0.08 ppm at 72 h, and 0.06 ppm at 96 h. No LC50 values
for setting larvae are calculated because they did not
reach 50 % mortality within the bounds of our experiments.

Table 3. Crassostrea virginica. Analysis of variance of multiple regression of percentage mortality on chlorine-produced
oxidant concentrations and time for straight-hinge and setting pediveliger larvae
Source of
variation
Regression
Residual

Straight-hinge
larvae
dfa
MSb
2
83

4.151'
0.014

Pediveliger
larvae
dfa
MSb
3
46

0.518C
0.015

" df: Degrees of freedom
C

MS: Mean Square
Signif~cantat the 0.001 level

Fig. 1. Crassostrea virginica, straight-hinge larvae. Response
surface generated from multiple regression analysis of percentage mortality on CPO concentration and time
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