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ABSTRACT: The effects of mercury (Hg) concentrations ranging from 0 (control) to 1024 pg 1-' upon
embryogenesis, survival, growth and metamorphosis of Crassostrea gigas (Thunberg) oyster larvae
were investigated. Embryogenesis was abnormal in 50 % of the individuals at 11 pg I-' The 48 h LDS"
for D-shaped, urnbonate and pediveliger larvae were 33, 115 and 200 pg 1-' respectively. The increase
in
was partially explained by the larval weight increase, although weight-specific tolerance to Hg
was higher in smaller larvae. Growth, the most sensitive physiological process studied, was significantly retarded at 4 pg I-'. The metamorphosis rate was significantly reduced when competent pediveligers were exposed to 64 pg I-' for 48 h prior to the addition of the metamorphosis inducer epinephrine. The implications of the present results for monitoring pollution by utilising different bivalve
larval stages are discussed.
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INTRODUCTION
The first developmental stages of bivalves have been
shown to be highly sensitive to toxicants such as pesticides (Davis & Hidu 1969, Armstrong & Millemann
1974, Robert et al. 1986, His & Seaman 1993), detergents (Granrno 1972, Sigler & Leibovitz 1982),antifouling paints (His & Robert 1980, 1983, Laughlin et al.
1988, Lapota et al. 1993) and particularly heavy metals
(Brereton et al. 1973, Calabrese et al. 1973, 1977, Calabrese &Nelson 1974, His & Robert 1981, 1982, Martin
et al. 1981, Thain 1984). Connor (1972) found that the
Hg concentration causing 50 % mortality in Ostrea
edulis L. larvae was several thousand times lower than
in adults. Therefore the use of oyster embryo and larval bioassays has been proposed as a rapid and reliable method for testing the biological quality of seawater and monitoring marine pollution (His & Robert
1986, McFadzen 1992, Thain 1992; see also Chapman
& Long 1983). These bioassays are also increasingly
used for testing biological effects of polluted sediments
(Chapman & Morgan 1983; for a review see Swartz
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1989). In order to assess the lethal and sublethal
responses of the test individuals exposed to samples
from the natural environment, a previous knowledge is
needed on the effects of known levels of individual
pollutants to determine which physiological processes
are affected and to what extent.
Mercury has been proved to be the most toxic heavy
metal for bivalve larvae (Okubo & Okubo 1962, Calabrese et al. 1977), and also for larvae of many other
marine invertebrates such as bryozoans, polychaetes,
crustaceans and echinoderms (Okubo & Okubo 1962,
Wisely & Blick 1967, Connor 1972, Johnson & Gentile
1979, Martin et al. 1981). Its high toxicity and bioaccumulation give Hg a well-known ecotoxicological relevance (recently reviewed by Cossa et al. 1990) and,
additionally, enables the use of relatively low, environmentally realistic doses, avoiding pH and solubility
problems caused by other heavy metals (Wisely & Blick
1967, Hrs-Brenko et al. 1977).
The aim of this study was to assess both the lethal
(mortality) and sublethal (growth) effects of Hg on
Crassostrea gigas (Thunberg) embryos and larvae. A
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previously unexplored sublethal response, the chemically induced metamorphosis of the pediveliger larvae,
was also investigated. The implications for pollutionmonitoring bivalve bioassays are discussed in view of
the results obtained.

MATERIAL AND METHODS
Experiments were conducted to study effects of dissolved Hg on embryogenesis, survival, growth and
metamorphosis of larvae of Crassostrea gigas. Conditioned adult oysters were induced to spawn by thermal
stimulation (alternating immersion in seawater at 18
and 28 "C) and by addition of ripe gametes in suspension. Filtered (0.2 pm) natural seawater (FSW) of
oceanic characteristics from the Bassin dlArcachon,
France (background Hg concentration 0.84 X 10-3 pg
1-l; Cossa & Noel 1987) was used for the experiments.
Eggs and sperm were suspended in sterile glass
beakers and gently stirred to facilitate fertilization.
After 15 min, fertilized eggs were counted under the
microscope (taking four 0.1 m1 samples from a measuring cylinder agitated with a perforated plunger) and
placed into the different rearing vessels at 24 r 1 "C.
Fresh stock solutions of 10 mg ionic Hg2+1-l were
prepared from HgClz (analytical grade) and distilled
water within 24 h of the start of the experiments. All
glassware was acid-washed
10% vol.), rinsed
with distilled water and sterilized at 170°C for 2 h
before and after the experiments. An additional experiment aimed at testing the potential loss of Hg was conducted. Four representative Hg concentrations and
a control were made up following the described procedures and delivered per duplicate into the same
vessels used for embryogenesis and larval survival
experiments. Samples were taken in sealed teflon vials
and dissolved Hg concentration was determined at
the IFREMER, Nantes, France. The analytical procedure is described elsewhere (Cossa & Noel 1987, Gill &
Fitzgerald 1987), and includes a gold amalgamation
step and detection by cold vapor atomic fluorescence.
The precision and the detection limit have been estimated as 150/0 and l pM respectively. The reliability of
the method has been demonstrated in intercalibration
exercises (Cossa & Courau 1990).As shown in Table 1,
despite a marked loss of Hg at low levels, nominal and
determined concentrations agreed well within the
range of Hg levels which were found toxic for both
embryos and larvae (see 'Results').
Embryogenesis. A total of 600 fertilized eggs were
transferred to 25 m1 polyethylene Coulter Counter
accuvettes (4 or 5 replicates per treatment) and incubated at 24 ? 1 "C for 24 h in the presence of the following nominal Hg concentrations: 0 (controls), 1, 2, 4,

Table 1. Gravimetrically measured Hg concentrations added
to water (nominal concentrations) and Hg concentrations
deternuned by chemical analysis of experimental seawater
samples (determined concentratlons, mean + SE)
Nominal Hg conc.
(vg I - ' )

Determined Hg conc.
(Pg I-')

0
2
8
32
128

<0.Old
0.3 0.07
3.6 k 0.16
27.9 i 0.28
111 2 21.2

*

Below detection Limlt

8, 16, 32, 64 pg 1-'. After incubation, 100 p1 of 4%
buffered formalin was added to each accuvette and
200 individuals per accuvette were observed under
Olympus CK inverted microscopes in order to record
the number of abnormal larvae. Therefore, no handling or sieving was needed. The Hg concentration
that caused 50 % abnormalities, AD5,), was calculated
using the logprobit method (Hayes 1991), plotting the
logprobit-converted percentages of mortality inferior
and superior to 50% as a function of the Hg doses in
logarithmic (base 2) scale.
Larval survival. In order to obtain the larvae at different developmental stages for the survival experiments, fertilized eggs were placed into beakers containing 3 1 of clean FSW and incubated at 24 rt l "C
for 24 h. Larvae were then reared at 10 larvae ml-l on
a mixed diet of 100 cells p1-' d - ' of the microalgae
Isochrysis galbana and Chaetoceros calcitrans forma
pumilum (50:50). Water was changed every 2 d until
the pediveliger stage, by sieving the larvae with
screens of 40 pm mesh. In order to prevent bacterial
proliferation, all material in contact with the larvae
was routinely washed with hypochlorite and hot water,
and sterilized at 170°C for 2 h.
The experiments to determine survival were conducted when larvae reached the D-shaped, umbonate
and pediveliger stages, using the accuvettes methodology described for embryos (no food added), except that
exposure time was 48 h in order to allow a more obvious discrimination between dead and live larvae. Hg
concentrations tested ranged from 1 to 512 pg 1-'
increasing in a log, scale, plus a control. The Hg concentration that caused 50 % mortality, LD50, was calculated as described for the ADs0. In the umbonate and
pediveliger larvae experiments, the accuvettes were
also microscopically observed after 24 and 48 h prior to
formalin addition, in order to record larval appearance
and swimming behaviour jn vivo. For each developmental stage, larval size (height) was measured on a
sample (n = 50) using a microscope ( l 0 0X or 200 X mag-
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nification) with a graduated eye-piece. Larval ash-free
dry weight (AFDW) was estimated from the heightAFDW relationship determined by His & Maurer
(1988) for Crassostrea gigas larvae.
Growth. Duplicated samples of fertilized eggs (8000
I-') were reared at 24 + l "C in 2 1 hard-glass vessels,
and continuously exposed to 0 (controls),1, 2 , 4 or 8 pg
Hg 1-' during embryogenesis and larval development.
Larvae were fed as indicated above. Changes of FSW
and larval sampling were carried out on Days 1, 2,4,6,
8 and 10. The samples were photographed with a
Canon camera fitted to an inverted microscope in
order to subsequently record the mean height using
the negatives and a binocular microscope with a
graduated eyepiece. With this aim, photographs of a
0.01 mm graticule were also taken. Regression lines
were fitted to the larval growth data and slopes
were compared by analysis of covariance, performed
according to Sokal & Rohlf (1981).
Metamorphosis. Experiments were carried out when
pediveligers where ready (competent) to metamorphose, as indicated by larval size >290 pm and a high
percentage of eyed larvae. Larvae (11 ml-l) were
delivered in 3 m1 Nunclon tissue-culture microwells
filled with FSW at the different Hg concentrations (4
or 8 replicates per treatment). Metamorphosis was
induced by using epinephrine (Sigma) from a freshly
made stock 10-' M in distilled water, added to a final
concentration in the wells of 10-4 M. Two experiments
were carried out. In the first, the inductor was added at
time 0, and in the second, the inductor was added at
time 48 h. The number of postlarvae was recorded 2 d
after the addition of the inductor by means of the
inverted microscope. Honlogeneous groups of means
not significantly different for a confidence level p <
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0.05 were detected by applying the Fisher PLSD test
(Statview computer software). Proportion of metamorphosed individuals was the variable statistically
analysed after arcsine of the square root transformation. Means and standard error were back-transformed for presentation.

RESULTS
Embryogenesis and larval survival
The effects of different Hg concentrations on
embryogenesis and larval survival are presented in
Table 2. A consistent increase in tolerance to Hg with
age was noted. The AD50or LD50 were 13, 33, 115 and
200 pg Hg l-' for embryos, D-shaped larvae, umbonate
larvae and pediveliger larvae respectively (see sizes in
Table 2). This increase in Hg tolerance was further
investigated by plotting the LD50 as a function of
weight (AFDW, ng) (Fig. 1). The effect of Hg, measured by the LD,,, was an allometric function of larval
size following the equation (SE of the fitting parameters are given in parentheses):
lnLD,o = 1.993 (+ 0.0181) + 0.460 (+ 0.0032)In AFDW,
r = 0.999, p = 0.004.
A sublethal effect, the inhibition of swimming, was
observed in vivo (Table 2), and occurred at Hg nominal
concentrations -30 times lower than those causing
lethal effects. Observations were also made of static
larvae, apparently unable to withdraw the velum. In
the more toxic treatments (128, 256 and 512 pg 1-l)
dead larvae presented extruded and granulated tissues, with the appearance of 'exploded' larvae.

Table 2. Crassostrea gigas. Abnormalities for embryos (2 experiments) a n d mortality for larvae exposed to different Hg concentrations for 24 (embryos) or 48 h (larvae). Values presented a r e mean percentage SE. Height (mean e SD) of larvae is also
shown. For umbonate larvae and pedlveligers, swimming activity was classified arbitrarily a s normal, low (when a t least 50%
of the individuals were static) or null. nm: not measured

*

Stage

Abnormalities or mortality (%)
Hg (pg I-'):

Embryos
D-shaped

0

1

2

4

8

16

5.2k1.58 2 . 6 ~ 0 . 5 9 3.5i1.00 2.5i0.46 39.8i7.5 63.8k10.7
0

0.5k0.29 0.220.25

0

32

64

128

256

512

100

100

nm

nm

nm

nm

nm

nm

nm

nm

0.4k0.24 0.7i0.90 46.0k21.1 96.621.75

(68.1~ 2 . 4 pm)
5

Umbonate

2.3k0.53

(211i22.0 pm)

Normal

Pediveliger

3 6k0.43

(310k22.7 pm)

Normal

nm
nm

1.5i0.47 1.1i0.29 1.7k0.62 6.420.61 3.6t2.07 2.3k1.18 63.0k4.56

Normal

Normal

nm

nm

dPresence of static larvae w t h velum ejected
bPresence of 'exploded' larvae

Low

Low

Low

Null"

3.6i0.92 3.8k0.34 2.8+0.63 2.7*0.43

Normal

Low

Null

Null

Nullb
5.7e1.38 81.3k2.27 96.6i0.84

Nullb

Nullb
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Fig. 1 Crassostrea gigas. Double logarithmic plot relating Hg
dose causing 50% larval mortality after 48 h (LDS,,) to larval
ash-free dry weight (AFDW). ( 0 ) Hg dose causing 50%
abnormalities in embryogenesis (ADSo)assuming no AFDW
change during the endotrophic development

Growth

Shell height increase is presented in Fig. 2 for the
different Hg concentrations. A reduction in growth
rate is evident in the larvae exposed to 4 and 8 pg 1-'
from Day 6. Sensitivity of larval growth to Hg was
probably underestimated in this experiment, taking
into account the loss of Hg in the experimental vessels
detected at low levels of toxicant (Table 1). Growth
retardation was further investigated by fitting straight
lines and comparing their slopes. This does not imply
that height increase was strictly linear in our experiment. Since toxicity is directly related to exposure time
(Hayes 1991), deviations from linear growth are
expected in the long term at the effective Hg concentrations. This is in good agreement with our data
shown in Fig. 2 at 8 1-19 Hg 1-l. Moreover, a plateau
appears to be reached the last 2 d of experiment by the
larvae exposed to the highest toxic concentration. An
analysis of covariance detected highly significant differences among slopes (F= 29.6, df = 4,20, p < 0.01).
These slopes, equivalent to the growth rate, were
inversely related to Hg concentration (Fig. 3) following
the regression model:

where GR is the growth rate (pm d - l ) , Cis the Hg concentration (pg I-'), and SE of the fitting parameters are
shown in parentheses.

I

0

2

I

8

.

I

6

4

I

8

10

DAY S

Fig. 2. Crassostrea gigas. Height increase in larvae reared
2 (A), 4 (v)and 8 (*)
from D-shaped stage at 0 (e), 1 (O),
pg Hg I-' over 10 d. Error bars are * SE

Fig. 3 Crassostrea gigas. Inverse relabonship between
growth rate and Hg dose In larvae reared from D-shaped
stage at different mercury concentrations over 10 d . Error
bars are SE

*
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Table 3. Crassostrea gigas. Effect of different Hg concentrations on the percentage of postlarvae (mean SE) using the metamorphosis inducer epinephnne (10-4M ) . In Expt l , epinephrine and Hg were synchronously added ( t = 0 h), and in Expt 2 , epinephrine was added at t = 48 h. Height (mean * SD) of larvae is also shown. Within experiments, means with the same superscript
are not significantly different (p < 0.05). nm: not measured

Hg (pg I - ' ) :

Metamorphosis ( %)
8
16
32

0

1

2

4

64

128

256

56.gA
i1.89

48.8"
k0.12

46.0A
i0.50

42.5"
kO.10

40.8A
20.28

44.0"
k0.14

42.3A 46.4"
i 0 . 7 5 kO.43

36.2A 12.8'
k 1 . 5 0 kO.40

0.1
kO.11

0.3
i0.12

1.O
t0.15

1.9
k0.13

0.2
i0.08

512

1024

1.4'
k0.20

nm

0

0

oD

oD

Expt 1 (314 + 10.9 pm)

Control without
epinephrine

1.3'
i 0.49

Expt 2 (297 i 21.5 pm)
t=48h
0.9
i

t=96h

0

0

0.14

9.5A
i0.23

13.gA
kO.20

7.3*
i0.34

1.1
k0.27

5.1A.B 4.3A5B 5.3A8B 4BA.' l.gB,' 0.2',~
i0.26
20.26
kO.21 i 0 . 1 8 i 0 . 4 2 kO.11

Metamorphosis
The percentages of metamorphosed individuals
obtained in competent pediveligers exposed to different Hg concentrations are presented in Table 3. In
Expt 1, where the Hg and the metamorphosis inducer
epinephrine (10-4M) were added synchronously, no

0.1
i0.07

oD

significant toxic effects were found until Hg concentrations as high as 256 pg I-', which reduced the percentage of postlarvae to approximately one-fourth that of
the controls due to lethal effects on the pediveligers. In
contrast, sublethal effects were found in Expt 2, where
larvae were exposed to the toxicant for 48 h before the
inducer; a significant decrease in metamorphosis was
detected at 64 pg I-', and negligible percentages of
postlarvae were observed at Hg concentrations equal
to or higher than 128 pg I-'. The proportion of postlarvae obtained 2 d after the inducer addition in both
experiments were expressed as percentages of the
respective controls for comparison and plotted against
Hg concentration (Fig. 4). Pediveligers were more sensitive to toxic effects inhibiting metamorphosis when
exposed to Hg 48 h before the addition of epinephrine.
In this case, enhanced average metamorphosis was
also observed at the minimum toxic level (hormesis),
although this result did not reach statistical significance.

DISCUSSION

Embryogenesis and larval survival

Fig. 4. Crassostrea gigas. Postlarvae developed 2 d after
the addtion of the metamorphosis inducer epinephrine,
expressed as a percentage of the respective controls, and
plotted against Hg concentration (*) Epinephrine and Hg
synchronously added; (*) epinephrine added 48 h after Hg

For comparison of LD,, values among experiments,
the exposure period should be taken into account,
since the duration of dosing is a major factor influencing toxicity (see review by Hayes 1991). For example, in Daphnia pulex, Tian-yi & McNaught (1992) reported LDS,, values of 31.2, 5.7 and 1.8 pg 1-'
methylmercury for exposure times of 24, 48 and 96 h
respectively. The AD,, values found in the present
study for embryos (11 pg 1-') and the LD,, for D-
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shaped larvae (33 pg 1-l) were comparable with data
from the literature for oyster species, most of them
referred to exposure times of 24 to 48 h. For embryos,
ADSO1s(frequently regarded as ECSO's)were 10 to
32 pg 1-' (Okubo & Okubo 1962), 4.2 to 6.8 pg 1-'
(Calabrese et al. 1973) and 6.7 yg 1-' (Martin et al.
1981). For larvae, LDSo1spreviously found were 10 to
32 pg 1-' (Okubo & Okubo 1962) and 1 to 3 pg 1-'
(Connor 1972). Calabrese et al. (1977) exposed Crassostrea virginica larvae to Hg for 12 d and found an
LD5, of 12 pg 1-l. Similar values have also been reported for crustacean larvae: 10 to 33 pg 1-' (Connor
1972, Shealey & Sandifer 1975). We found in this
study that some of the variability in larval sensitivity
to toxics previously reported can be explained by the
effect of size. However, after expressing the toxic
amount as dosage (per unit weight), changes in sensitivity during the ontogenic development in the present study are still apparent. The LDS, vs AFDW
allometric relationship showed an exponent b < 1 ( b =
0.46), indicating that LDS0per unit weight is lower in
larger larvae; i.e. there is a relatively higher sensitivity to Hg in more advanced stages. When expressed
as weight specific dosage, (pg 1-' ng-' AFDW), LD,o
decreases gradually from 1.27 in D-shaped larvae to
0.15 in pediveligers.
Much controversy has arisen regarding whether
bivalve embryos are more sensitive to toxicants than
larvae. Concerning metal toxicity, Okubo & Okubo
(1962) and Watling (1982) found higher toler ance in
embryos. In contrast, this study supports those from
Calabrese et al. (1977) and His & Robert (1982), stating
that bivalve embryos are more sensitive to metal
pollutants than later larval stages. Piyan et al. (1985)
and Wong et al. (1993) also found that tolerance to
heavy metals increased with age in crustacean larvae.
Assessing the toxicity of several pesticides on early
phases of oyster development, Davis & Hidu (1969)
reported that the ADs0 or
values were higher for
larvae in 10 cases, higher for embryos in 8 cases and
similar in 6 cases. At least part of this controversy can
b e explained when exposure times are considered.
Davis & Hidu (1969) exposed embryos to the toxicant
for 48 h , whilst larvae were exposed for 14 d. Exposure
times were also markedly longer for larvae in Watling's
(1982) study, and the results compared were obtained
in independent experiments, as in the case of Calabrese et al. (1977). Hrs-Brenko et al. (1977) demonstrated that the sensitivity of embryos to lead is
affected by environmental conditjons, namely temperature and salinity, and Nelson et al. (1977) found
enhanced toxicity of Hg at high temperatures and low
salinities for Argopecten irradians juveniles. Therefore, these factors should be standardized to enable
comparisons between experiments. In the present

study exposure periods for embryo and larvae were
comparable (although still longer for larvae), lethal
effects were measured under exactly the same experimental parameters (e.g. temperature, salinity, water
quality), and no algal food was present in the medium.
In these conditions, the D-shaped larvae showed a 3
times enhanced LD,, compared to embryos. Those
requirements for comparison were also met in the
study by Roberts (1987), who also found a 3 times
enhanced LD,, for tributyltin (TBT) in both oyster and
clam D-shaped larvae compared to their embryos.
Similarly, toxicity of an insecticide (Sevin) decreased in
later stages of the embryogenesis for mussel (Armstrong & Millemann 1974).
Enhanced larval resistance cannot be explained by
difference in weight since no biomass increase is
expected during the endotrophic development (fueled
by endogenous reserves only). One of the major
events during this step in the embryogenesis of bivalves is the development of the larval shell (prodissoconch). Valve closure is a well-known protective
mechanism against environmental stress in adult molluscs (reviewed by Akberali & Trueman 1985). Rapid
shell closure in response to toxics has also been
recorded by previous workers for larvae (Wisely &
Blick 1967). In the present study, partial and total
inhibition of swimming was also observed (Table 2).
Moreover, at high Hg concentrations (though sublethal for the present exposure time), larvae have
been observed to be static, with the velum protruded,
apparently trapped by a rapid shell closure. Comparable observations of protruded foot have been made by
Wisely & Blick (1967) on bivalve early postlarvae. We
have also recorded the presence of isolated velums at
the highest Hg concentrations. Withdrawal into their
shell is likely a mechanism that may account for the
short-term higher resistance of larvae to chemical
stress, compared to embryos. In this context, Piyan et
al. (1985) have suggested that increased tolerance to
Hg in older stages of prawn larvae may be due to
their thicker cuticle.
In conclusion, it is apparent from this and other studies that embryos are preferable for acute bioassay tests
due to (1)higher sensitivity to metal pollutants, (2)more
rapi.d and simple evaluation of the lethal effects of the
pollutant, and (3) more simple standardization of the
bioassay, avoiding interference of variables such as
larval age, larval condition and presence of algal food.
Although larval behavioural responses were not
strictly quantified in the present study, we have
observed marked inhibition of swimming at Hg concentrations 16 times lower than those proved to be
lethal. This experimental evidence leads us to suggest
the potential use of those responses as a more sensitive
index of chemical stress.
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Metamorphosis

Growth
Experimental evidence shown in this study indicates that larval growth is reduced at lower metal
concentrations than those red.ucing survival. At a
nominal concentration of 4 pg Hg 1-l, growth rate decreased by a factor of 0.7, and at 8 pg l-' by a factor
of 0.4, whilst effects on acute mortality were not
apparent until 32 pg I - ' . Calabrese & Davis (1970,
cited by Watling 1982) stated that a marked reduction
in the growth of bivalve larvae was in general the
first indication of heavy metal toxicity. Walne (1970)
showed that sublethal concentrations of Zn could reduce oyster larval growth. Davis & Hidu (1969) also
found that larval growth was retarded in general at
lower concentrations of pesticides than those enhancing larval mortality. A 5 d exposure to 150 pg 1-' Zn
reduced growth by approximately 50% over 10 d in
Crassostrea gigas larvae, whilst
for embryos was
250 pg I-' (Brereton et al. 1973). Similarly, hatching
success in fish embryos has been found to be 2 times
more sensitive to Hg than the LDsO (Sharp & Neff
1980), Watling (1982) found for oyster larvae metal
concentrations causing a 50% reduction in growth
(GD50) consistently lower than both embryo and larval LD50,and Wiederholm et al. (1987) observed that
growth and reproduction of freshwater oligochaetes
were generally affected earlier than survival, by sediments polluted by heavy metals.
For any given physiological rate, acute effects are
caused by toxicant concentrations higher than those
causing chronic effects (reviewed by Amiard-Triquet
1983). For example, in Mytilus edulis larvae, a 48 h
LDso of 2.3 pg 1-' TBT has been reported by Thain
(1983) but a 15 d LD,, of only 0.1 pg 1-' TBT by
Beaumont & Budd (1984).However, higher sensitivity
of sublethal responses is not only due to longer exposure times. Mercury-induced LDso decreases with
exposure time up to 2 to 3 d, but becomes constant
at longer exposure periods (for juvenile bivalves,
Nelson et al. 1976; for fish embryos, Sharp & Neff
1980; see also review in Cossa et al. 1990). In contrast, growth inhibition is progressively stronger during more than 1 wk of chronic exposure (present
study).
A retardation of growth, prolonging the pelagic
larval life at environmentally realistic heavy metal
concentrations, will have obvious ecological implications on the recruitment of these bivalves (Calabrese
et al. 1973). Concerning larval bioassays, it can be
concluded that larval growth is a more sensitive
physiological response than survival, and in spite of
demanding longer-term trials, more useful for a realistic assessment of the impact of a potential pollutant
on the wild.
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This study reports sublethal effects of Hg causing a
50 % decrease in the chemically induced metamorphic
rate (MDso)at concentrations -60 pg 1-' We could not
find previous data in the literature for comparison.
Phelps & Warner (1990) stated that metamorphosis failure is a valid bioindicator of general toxicity and proposed its use for sediment bioassays. They found that
chemically induced metamorphosis was completely
inhibited in the presence of copper-enriched sediment.
Some evidence is presented in this study suggesting
that, at least for liquid-phase bioassays, metamorphosis failure may not be such a sensitive indicator of
toxicity. The addition of a chemical inducer of metamorphosis such as epinephrine (Coon et al. 1986) contributes to a marked increase and standardisation in
the otherwise unpredictable metamorphic rates, enabling statistical comparisons. The strong effect of
epinephrine on competent pediveligers completely
masked any potential sublethal effect of Hg on this
physiological parameter when the inducer and the
metal were synchronously added. This forced us to run
the second experiment, where Hg was added 48 h earlier, enabling a potential inhibitory effect to act without
interaction with the epinephrine induction. However,
as a result, larvae underwent 2 additional days of starvation, which is likely to partially account for the uniformly lower metamorphosis percentages achieved in
this second experiment (Table 3). Clearly further
research is needed to clarify whether metan~orphosis
inhibition is a potentially useful physiological response
in toxicological studies.
Average metamorphic rate was increased to more
than 120 % at sublethal Hg2+ nominal concentrations
(1 pg I-', equivalent to 0.005 PM). Although not statistically significant, this finding resembles previous data
reporting a beneficial effect of certain cations, mainly
K+ (10 to 20 mM; Baloun & Morse 1984, Yool et al. 1986,
Pechenik & Gee 1993) but also Cu2+(1.6 to 4.7 pM; Nell
& Holliday 1986),for settlement and metamorphosis of
some bivalve and gastropod larvae.
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