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Abstract—In vivo bioassays are frequently used to assess the ecotoxicological risks of contaminated sediments. For quality assurance
purposes, these bioassays are accompanied by reference toxicity tests. For the bioassay with Corophium volutator, this reference
toxicity test is an acute water-phase test with cadmium. Approximately 80 water-phase tests were conducted in the period 1991-
1998. Corophium volutator shows a significant seasonal variation in response¢ to cadmium, with a high LC50 in the winter period
and a low LC50 in the summer period. Same variation can be found if Corophium is held in the laboratory instead of freshly
collected in the field and if synthetic water is used instead of natural filtered seawater. The observed seasonal variation is not caused
by the fact that the organisms are collected in the field or by the variation in seawater used for the water-phase tests.
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INTRODUCTION

In addition to chemical analyses, in vivo bioassays are used
to assess the ecotoxicological risks of contaminated sediments.
For quality assurance purposes, these bioassays are often ac-
companied by so-called reference toxicity tests. Reference tox-
icity tests are conducted as a quality control to get an im-
pression of the condition of the test organisms and detect po-
tential changes in sensitivity to contaminants that may influ-
ence the interpretation of marine bioassays [1]. In a reference
toxicity test, the species sensitivity to a specific toxicant is
analyzed and compared to criteria values. If these criteria are
exceeded, care should be taken in interpreting the resuits of
the bioassays performed since the organisms used appear to
have an increased or decreased sensitivity. Setting the right
criteria is therefore essential, especially considering the finan-
cial consequences that might arise if a sediment is judged to
form a possible ecotoxicological hazard.

Numerous factors are known to affect species sensitivity
to stressors like toxicants. Verriopoulos and Moraitou-Apos-
tolopoulou [2], for example, found that environmental factors
like dissolved oxygen concentration, temperature, salinity, and
population density affected the response of the copepod Tisbe
holothuriae to cadmium. DeLisle and Roberts [3] showed an
effect of salinity on the response of the mysid Mysidopsis
bahia to cadmium, while McCahon and Pascoe [4] showed
differences in sensitivity of the freshwater amphipod Gam-
marus pulex from different age-groups to cadmium. An in-
creased sensitivity of young animals of the marine amphipod
Marinogammarus obtusatus as compared to adults was found
by Wright and Frain [5]. McGee et al. [6] at last established
that size, reproductive status, and molting cycle significantly
affected the acute toxicity of cadmium to the estuarine am-
phipod Leptocheirus plumulosus. Most of the factors men-
tioned here can be controlled if bioassays are performed with
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laboratory reared animals but might affect bioassay results
when the bioassays are performed using field-collected ani-
mals.

Little is known about seasonal variations in sensitivity to
toxicants. McGee et al. [6] compared the response of the field-
collected amphipod Leprocheirus plumulosus in May, August,
and November. They concluded that field-collected organisms
appeared to exhibit a seasonal variation in cadmium seusiuvity.
Other organisms have shown seasonal variation in laboratory
water-phasc tests, like the grass shrimp Palaemonetes pugio
with sodium dodecyl sulfate [7] and the copepod Acartia tonsa
with copper [8].

The present study focused on a benthic estuarine amphipod,
Corophium volutator. This field-collected organism is one of
the standard organisms used in the Netherlands, United King-
dom, and other European countries in bioassays to assess the
toxicity of marine sediments. An acute water-phase test with
cadmium is used as a reference toxicity test in this bioassay.
The sensitivity of Corophium to cadmium in water-phase tests
has been thoroughly investigated by our laboratory in the past
nine years. Besides analyzing seasonal variation by using the
available data set, additional experiments were performed to
get a better understanding of possible factors influencing sen-
sitivity to toxicants by comparing field-collected animals (test-
ed within 10 d after collection) with organisms that had been

-maintained in the laboratory for three to seven months as well

as comparing the response to cadmium in artificial seawater
with that in natural seawater.

MATERIALS AND METHODS

Corophium volutator

The amphipods used in the present study were collected at
the Oesterput, a relatively unpolluted site located in the Eastern
Scheldt (The Netherlands). Seawater temperature varies in this
area between an average of 5°C in January and 20°C in August.
Seawater pH varied between 8.0 and 8.2 and salinity between
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28%0 and 32%o. Animals were collected by sieving sediment
from the intertidal zone with seawater over a 500-um mesh.
The remaining sediment fraction, containing the animals, was
transported to the laboratory, where the Corophium was ac-
climatized to the standard temperature of 15°C for at least 2
d. Corophium were not fed. Only animals not able to pass
through a 500-pm mesh were used in the experiments. All
standard reference toxicity tests were performed within 10 d
after collecting the animals in the field. For the additional
experiments, amphipods were kept in theaboratory for a pro-
longed period up to five months.

Standard acute water-phase toxicity assay

Acute water-phase toxicity assays with cadmium chloride
(CdCl,) dissolved in water were performed to evaluate the
response during the year. Corophium was exposed for 72 h to
the following nominal concentrations; 0, 1, 1.8, 3.6, 7.5, and
11 mg Cd/L. Cadmium chloride was diluted in seawater from
the Eastern Scheldt filtered over a sand-bed filter removing
particles larger than 10 pm. In selected experiments (n = 11)
performed throughout 1994 and 1995, the actual cadmium
concentration was measured in each concentration at the end
of the experiment using atomic absorption spectroscopy.

Experiments were performed in 1-L glass beakers. Each
beaker contained 20 randomly selected Corophium and was
acrated continuously during the experiment. At the beginning
and end of each experiment, salinity, oxygen saturation, pH,
and temperature were measured. After 72 h (70-76 h), the
number of surviving Corophium in each beaker was counted.
Experiments were conducted regularly from 1991 onward, and
the result of a total of 80 experiments are used for the present
study.

Response of laboratory-kept animals

The first few years of standard experimeits indicated a
decrease in sensitivity during the spring. Additional experi-
ments were performed during the spring of 1998 using animals
that had been maintained in the laboratory for a prolonged
period (three to seven months). The aim of these experiments
was to get an impression of the possible effects of variation
in field conditions on the response of Corophium. For these
experiments, a large number of animals was collected in De-
cember 1997. Corophium was held at constant laboratory con-
ditions (15°C, 16:8-h light:dark cycle, and daily refreshment
of overlying water). Five water-phase toxicity tests with lab-
oratory-maintained animals were performed in the period
March 1998-July 1998 simultaneously with the experiments
using animals freshly collected from the field.

Response in artificial seawater

The standard experiments were performed using natural
seawater, and seasonal changes in its composition might affect
toxicity. Additional experiments were therefore performed in
which the response of Corophium to cadmium in natural sea-
water was compared to the response in artificial seawater. This
artificial seawater was made by mixing deionized water with
sea salt (Meersalz Professional, Krefeld, Weigandt, Germany)
to a salinity of 32%.. Five experiments were performed in the
period March 1998-July 1998. The addition of cadmium and
performance of the test was as in the standard water-phase
test.
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Fig. 1. Relation between LCS50 values calculated using actual and
nominal concentrations (line: y = x).

Statistical analyses

From each test, the LC50 was computed, after logarithmic
transformation of the concentration data, using the trimmed
Karber-Spearman method [9]. For some tests, LC10 and LC90
were calculated. Seasonal variation in LC50 was analyzed with
an analysis of variance if the prerequisites for this test were
fulfilled. If there was a significant difference between months,
a post hoc test (Tukey’s HSD) was used to test which months
differed significantly from one another. Differences between
LC50 derived from actual and nominal concentrations were
analyzed with the Wilcoxon sign-rank test on pairs. For all
statistical analyses, a probability level of 0.05 was used.

Comparing LC50 values with other data

To research possible explanations for observed variations
in LC50 values, these values were correlated with other data
on Corophium. If all prerequisites were fulfilled, a Pearson
correlation was used. If prerequisites could not be fulfilled, a
Kentall-Tau correlation was used, both with a probability level
of 0.05. The average length of Corophium in the water-phase
test was estimated by using length—frequency histograms of
the Corophium Oesterput population [10]. Because there is no
description of the reproduction of the Oesterput population,
data of a Corophium population in the Dovey Estuary [11]
are used.

RESULTS
Nominal versus actual concentration

The actual cadmium concentrations, measured in 11 ex-
periments, were generally in agreement with the nominal val-
ues. On basis of the actual data, LC50 values were calculated
and compared with LCS50 values derived from the nominal
concentrations in the same experiment (Fig. 1). The Wilcoxon
sign-rank test on pairs showed no significant difference be-
tween both LC50s (p = 0.594). Further analyses were per-
formed using LCS0 values based on the nominal cadmium
concentration.

Seasonal variation

The average LC50 for each month showed a seasonal pat-
tern, with highest LC50 (= reduced sensitivity) in April and
lowest LC50 (= high sensitivity) in August (Fig. 2). After
logarithmic transformation, the data were analyzed with an
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Fig. 2. Average LC50 of each month (1991-1998), with standard error,
of the response of Corophium volutator to cadmium in an acute water-
phase test.

analysis of variance, demonstrating significant differences be-
tween the different months. A Tukey HSD post hoc test showed
that April, with the high LC50 value, differed significantly
from the months in the period with a low average LC50 value
(July, August, and September). The low LC50 value in August,
on the other hand, differed significantly from the months with
the high values (November, December, January, April, and
May). Furthermore, the low LC50 values recorded in Septem-
ber showed significant difference with April, May, and No-
vember values.

In addition to these seasonal variations based on the LC50
values, results obtained during 1998 were used to calculate
LC10 and LC90 values. Generally, these values showed the
same patterns as compared to the LC50 values, and these re-
sults are therefore not presented.

Origin of the amp'hipods

To investigate whether changes in the field population might
add to increasing LC50 values in April, toxicity experiments
with newly collected animals were compared to experiments
using animals that were collected the previous December.
Based on the results (Fig. 3), this seemed not to be the case
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Fig. 3. Cadmium LC50 values of the response of laboratory-kept and
freshly field-collected Corophium volutator, with 95% confidence in-
tervals. All experiments were performed in 1998.

B.J. Kater et aj.

filtered
18 4 seawater
16 4 antificial
14 seawater

LC50 (mgh)

Mar Apr Apr May Jul
16 3 17 4 10

date

Fig. 4. LC50 values of the response of Corophium volutator to cad-
mium dissolved in filtered natural seawater and in artificial seawater
with 95% confidence intervals. All experiments were performed in
1998. _

since the increase in LC50 values in April was observed for
both newly collected animals as. well as for animals that had
been maintained in the laboratory at 15°C since collection. No
significant differences were detected between both groups of
animals (Wilcoxon sign-rank test on pairs, p = 0.686). Un-
fortunately, Corophium collected in December and held in the
laboratory did not reproduce. Therefore, in July all amphipods
died without a new generation, and it was impossible to con-
duct any further tests with this group of organisms.

Artificial versus natural seawater

Based on the five experiments performed, no significant
differences (Wilcoxon sign-rank test on pairs, p = 0.686) were
detected in LC50 values for animals exposed in naiaral sea-
water as compared to animals exposed in artificial seawater
with the same salinity (Fig. 4). The experiments therefore dem-
onstrated that the increase in LC50 values as observed in April
is not likely to be due to the quality of the seawater since this
increase was also observed in the test using artificial seawater.

Effects of length and percentage gravid females

The average length of Oesterput Corophium larger than S
mm varied between 5.8 mm (July) and 7.1 mm (May). There
was no significant correlation between the average monthly
length and average monthly LC50 value (r? = 0401, p =
0.197, n = 12). There was also no significant relation between
the percentage gravid female (data from Dovey Estuary) and
the average monthly LC50 value (t = —0.240, p > 0.05, n
= 12).

DISCUSSION

The response of Corophium volutator shows a significant
seasonal variation with a period of a low sensitivity (high
LC50) for cadmium in the winter period (November—April)
and a high sensitivity (low LC50) in the summer period (July-
September). Such seasonal variation has also been demon-
strated for the estuarine amphipod Leptocheirus plumulosus
[6], where the response in August was significantly lower than
in May and November. The additional experiments performed
in the present study indicate that the quality of the filtered
seawater is not directly responsible for the observed seasonal
pattern because synthetic water shows the same pattern com-
pared to seawater. Neither of the natural fluctuations in the
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field (temperature and photoperiod) influences the seasonal
variation because the response of laboratory held amphipods
that are not confronted with seasonal fluctuations in the field
show the same response pattern compared to the field-collected
animals.

A possible factor explaining seasonal variation is the size
of the animals. McGee et al. [6] found an increasing LC50 for
cadmium in Leptocheirus plumulosus with an increase in size.
The same relation was found in Gammarus pulex by McCahon
and Pascoe [4]. The size of the amphipod used in the present
study was limited to amphipods larger than 5 mm. Based on
the record length—frequencies, there was no significant cor-
relation between the average size present in the field and the
sensitivity to cadmium. In addition, Ciarelli et al. [10] did not
find a relation between the size of the amphipods and the
responses on lindane-spiked sediment.

Besides size, the reproduction cycle is another factor that could
affect the sensitivity of Corophium to cadmium. McGee et al.
[6] found that gravid females of Leptocheirus plumulosus were
more sensitive to cadmium than males or nongravid females. In
the case of C. volutator, a biannual reproductive period is ex-
pected, with a winter generation breeding from February to July
and dying during the summer and a summer-breeding generation
that produces the next winter generation. This is recorded for
both the Oesterput population [10] and the Dovey Estuary pop-
ulation {11]. In the Dovey Estuary, the number of gravid females
is recorded each month. When the number of gravid females is
compared to the seasonal variations in sensitivity to cadmium
demonstrated in the present study, no significant correlation is
noted. It therefore seems unlikely that the reproductive cycle or
the number of gravid females might be the sole causative factor
for the observed seasonal variations.

Meador [12] found that amphipods held in the laboratory
showed a lower LC50 compared to amphipods freshly col-
lected from the field. In that study, the increased sensitivity
of laboratory-kept amphipods correlated with reduced lipid
levels. An increased sensitivity of laboratory-bred animals was
also found for Palaemonetes pugio [7] and Repoxynius abron-
ius [13]. In our study, however, no difference was fornd be-
tween the LC50 values of organisms originating from a sub-
population held in the laboratory and organisms directly col-
lected from the field. This indicates that the variation found
in LC50 values during the year is not caused by a field-de-
pendent factor like length of days or temperature.

In conclusion, the present study demonstrated a significant
seasonal variation in the sensitivity of the amphipod C. vol-
utator to cadmium. The results further indicated that fluctu-
ations in the quality of the seawater, the natural water tem-
perature, the size of the animals, or the reproductive cycle of
the animals do not play an important role in this phenomenon
in the animals collected and tested in our laboratory.

Attention should therefore focus on other explanations (e.g.,
the molting cycle) since it is known that there is a link between
the molt cycle of crustaceans and cadmium sensitivity [14].
Postmolt crustaceans, which are actively taking up calcium
ions in the recalcifaction process, showed an enhanced uptake
and sensitivity to cadmium compared to pre- or intermolt an-
imals [5,6]. Although many authors have described the biology
of Corophium [15~17], the molt of the amphipod C. volutator
has never been studied in detail. Future research will therefore
focus on bioaccumulation of cadmium, which can be affected
by the biological activity of the animals in relation to the need
for calcium. Requirements for skeletal calcium are particularly
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high during the crustacean molt cycle and probably rely on
active calcium pumps. Even in saline environments where cal-
cium is relatively plentiful, rapid calcificationis essential for
postmolt crustaceans to feed, move, and avoid predation [18].
Besides future research on the influence of molt and bioac-
cumulation on the seasonal variation in LC50, research will be
focused on the question whether this seasonal variation is a spe-
cific feature of cadmium or can be observed for other toxicants
or other stress factors (e.g., pH, salinity). If the seasonal variation
in sensitivity is indeed a general feature, attention should be paid
to the guidelines for sediment toxicity testing. In that case, it
might be necessary to set different limits on the acceptable LC50
values for positive control tests depending on the season.
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