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ABSTRACT: During the Bremerhaven Workshop, bioassay techniques using the harpacticoid 
copepod Tisbe battagliai were employed in shipboard experiments on samples of surface microlayer, 
water column and sediment elutriates from a contamination gradient in the German Bight of the 
southern North Sea. The copepod responses measured were survival, growth and development of 
the nauplius stage to the copepodid stage after 96 h. Significant effects on copepod survival, growth 
and development were observed in selected samples of surface microlayer, water column and 
sediment elutriates from different stations. The results for growth and development were more 
difficult to evaluate than those of survival and the ~nterpretation of these results is discussed in 
relation to possible interaction with env~ronmental variables. A better understanding of such factors 
is required before such techniques can be used confidently in the field. 

INTRODUCTION 

In this contribution to the Bremerhaven Workshop, 
bioassay procedures with the harpacticoid copepod 
Tisbe battagliai were used to assess water quality as 
indicated by the sublethal effects of water samples 
from a pollution gradient in the southern North Sea. 
Marine benthic copepods of the genus Tisbe (Harpacti- 
coida) are particularly suitable for studying toxicolo- 
gical effects: they have a wide geographic distribution, 
possess short lifecycles, and require minimal space 
and equipment for testing. They are comparatively 
easy to culture in the laboratory (Battaglia 1970) and 
specimens at all developmental stages can be har- 
vested from cultures at any time of the year. T. battag- 
liai, a sibling species of the holothuriae group, has 
been found in shallow waters in coastal regions of 
Europe and the Atlantic coast of the USA (Volkmann- 
Rocco 1972). During its life cycle T battagliai passes 
through 6 naupliar and 6 copepodid stages, the last of 

which is the adult. At 20 @C the development from 
nauplius to adult takes about 10 d and adult females 
release their first brood of offspring after approxi- 
mately 14 d.  Harpacticoid copepods are important 
components of the marine meiobenthos and constitute 
an important food resource for larval and juvenile fish 
(Hicks & Coull 1983). In a survey of the North Sea 
meiobenthos, a total of 278 copepod species belonging 
to 105 genera and 22 families were identified (Huys et 
al. 1992): the vast majority of the fauna belonged to the 
Harpacticoida. 

MATERIAL AND METHODS 

Samples used for bioassays. All the samples used for 
water quality bioassays were taken during a cruise of 
the RV 'Valdivia' from Hamburg to the Dogger Bank 
(Tails End) and to Bremerhaven. Different types of 
samples were taken from all the stations along the 
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German Bight transect, and subsamples of the same 
batches were used to test different types of bioassay 
techniques. 

Two types of equipment were used to sample mate- 
rial from the surface microlayer (SMIC) at sea, a Garret 
screen and a Teflon drum sampler (Hardy & Cleary 
1992). To deploy the sampling equipment away from 
the parent vessel, a rubber boat was used driven by an 
electric motor. During the cruise, priority was given to 
SMIC sampling, but this was only possible at a wind 
strength of Beaufort Force 4 or less. Consequently 
SMIC sampling was restricted to a training station off 
Helgoland (Stn 0) and the German Bight transect Stns 
2. 4 & 6. At sea, sampling was possible only during 
daylight (for safety reasons) and at relatively low wind 
speeds. During SMIC sampling, a water sample was 
also taken with a glass bottle 0.5 m below the surface, 
to compare bioassay responses to the SMIC samples 
with those to the bulk water. 

At all stations water samples were taken at 3 m 
depth using a rosette water sampling system connec- 
ted to a CTD-Multiprobe. At all stations sediment 
samples were taken by a box grab, for sediment elu- 
triates. These elutriate samples were prepared by 
vigorously shaking 200 m1 of sediment with 600 m1 of 
water (from Stn 7) for 3 h. After 30 min settlement each 
elutriate was filtered through a Whatman glass fibre 
filter paper to provide the sample for testing. Each elu- 
triate was also diluted 2.5 times with water (from Stn 7) 
to provide a single test dilution of the prepared elu- 
triate. 

Copepods. A laboratory population of Tisbe battag- 
liai was established at the ICI Group Environmental 
Laboratory in Brixham, Devon, UK, in May 1987 from 
an adult female isolated from a flowing seawater tank. 
Offspring (nauplii) from this female were used to 
establish a laboratory population which has been in 
continuous culture since its initiation. The stock cul- 
tures were maintained in a filtered, natural seawater, 
identical to the test reference water, at a temperature 
of 20k 2"C, and fed a diet of algae (Isochrysis galbana). 
Stock cultures were transported to Bremerhaven in 
March 1990 where, prior to shipboard experiments, 
they were held in a 20 "C temperature-controlled room 
at the Alfred Wegener Institute for Polar and Marine 
Research (AWI). Cultures were transported onboard 
the research vessel RV 'Valdvia' (University of Ham- 
burg) immediately prior to the first cruise. 

Test procedure. Experiments were conducted on the 
nauplius stage of the copepod lifecycle. Parturient 
females were isolated from a mass culture in a 
crystallising dish containing 200 m1 of culture water 
and 2 X 105 cells ml-' Isochrysis galbana. Offspring 
(nauplii) released from these females within 10 h were 
used in the experiments. 

Groups of 20 nauplii were exposed to each sample of 
SMIC, water and sediment elutriate under static condi- 
tions for 96 h. The test containers were multi-cham- 
bered disposable polystyrene tissue culture cells with 
close-fitting lids. After each sample had reached the 
required test temperature (20 ? 2 "C) 2 X 105 cells ml-' 
of the algae Isochrysis galbana was added and experi- 
ments started. At the start of the test 2 nauplii were 
added randomly to each of 10 test chambers containing 
2 m1 of SMIC or water sample. Nauplii < l0  h old are 
very small (ca 100 pm) and the selection and transfer of 
nauplii from culture dish to test chamber was made by 
gently drawing the nauplii into the tip of a finely 
drawn-out pasteur pipette using a small suction bulb. 
Addition of the nauplii and observations during the 
experiments were carried out with a binocular micro- 
scope, using darkfield illumination, at 6 to 8 times 
magnification which provided a full field view of each 
test chamber. 

For sediment elutriates the experimental design was 
the same as that used in laboratory experiments and 
5 nauplii were added to each of 4 test chambers each 
containing 5 m1 of sample. Due to their small size and 
mobility it can be difficult to count the nauplii in rela- 
tively large water volumes, therefore the 2 different 
experimental designs (sample volumes of 2 or 5 ml) 
were chosen to compare the ease of observation and 
counting of the nauplius stage under the working 
conditions experienced onboard ship. 

For each series of experiments (those conducted on 
different days) the survival and development of the 
nauplius stage were measured in a reference water 
(Brixham 35 'A seawater used for copepod cultures) of 
known quality. Under the test conditions, copepods 
tested in reference water should all develop from the 
nauplius into the first copepodid stage within 96 h. 
After initially deciding upon daily observations, a 
single end of test (96 h) assessment was chosen as test 
organisms could be counted as they were removed. 
Observations (by microscope) were made after 96 h for 
mortality and identification of the nauplius or cope- 
podid stage in each test chamber. In addition, the 
lengths of copepods exposed to SMIC and water 
samples were measured upon return to the Alfred 
Wegener Institute. After 96 h, following observations 
for mortality and lifestage, surviving copepods were 
sacrificed with 3 % buffered formalin and the length of 
each life stage measured using a microscope with an 
eyepiece graticule previously calibrated with a stage 
micrometer. Body lengths were measured from the 
anterior to the posterior end of the nauplius body and 
from the anterior end of the rostrum to the posterior 
edge of the last abdominal segment of the copepodid 
stage. 

Statistical analysis. Statistical analyses were carried 
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out on untransformed length values, whereas data for 
survival and development (proportion of nauplii sur- 
viving and the proportion of nauplii that developed 
into the copepodid stage) were arcsine-transformed 
prior to the statistical analysis. Statistically significant 
differences in the survival, development and growth of 
copepods between samples of surface microlayer and 
subsurface water from individual stations and dif- 
ferences in response due to different microlayer col- 
lection techniques (screen versus rotating drum) were 
compared using t-tests. Mean values for copepod re- 
sponses at individual stations were analysed by l-way 
analysis of variance (ANOVA) and sample means from 
each station compared for statistically significant 
differences using Dunnett's procedure. If the data did 
not meet the underlying assumptions for ANOVA, a 
non-parametric test, Steel's Many One Rank Test, was 
used to analyse the data (Weber et al. 1988). 

RESULTS 

Measurements of copepod response in samples of 
reference water (Brixham 35 %o seawater) were con- 
sistently high, with 100 % survival and 95 to 100 % 
development of the nauplius into the first copepodid 
stage after 96 h. 

Surface microlayer 

The results for SMIC and subsurface water from 
0.5 m depth are summarised in Table 1. For each 
sample of SMIC and subsurface water tested, the 
number of nauplii that successfully developed into the 
first copepodid stage and the length of each life stage 
after 96 h, expressed as a percent of the reference 
water value on that day, are shown in Figs. 1 & 2,  
respectively. After 96 h there was 40 %mortality of the 
nauplii in a SMIC drum sample taken at Stn 0: no 
mortality was observed in any of the remaining 
samples. Copepod length in SMIC screen and drum 
samples from Stns 4 & 6 ranged from 89 to 92 % of the 
reference water value and development from 70 to 
100 %. By comparison, copepod length and develop- 
ment in SMIC screen and drum samples from Stn 0 
were lower, ranging from 26 to 70 % of the reference 
water value. There were differences in the copepod 
response between SMIC screen and drum samples 
taken from Stn 2: copepod length and development 
values ranged from 85 to 100 % of the reference water 
value for samples taken by screen compared with 16 to 
60 %for samples taken by drum sampler. 

Based on t-tests between pairs of SMIC and sub- 
surface water samples from individual stations there 
was a significant (p  < 0.01) reduction in copepod sur- 

Table 1 Tisbe battagljai. Effects of surface microlayer (SMIC) and subsurface water on the survival, development from nauplius 
to copepodid stage and growth (length) of copepods after 96 h 

Drum 

Expt Stn Sample Sample Survival and development Length (pm) % 
method No. of survivors % Survivala % Dev't* Mean + SE Growthd 

Nauplii Copepodid 

1 0 Screen SMIC 10 10 100 52 206 + 12 70 
Water 5 15 100 79 224 + 9 76 

2 SMIC 1 19 100 100 248 + 5 85 
Water 2 18 100 95 250 k 9 85 

4 SMIC 0 20 100 100 264 k 5 90 
Water 3 17 100 90 241 + 9 82 

2 6 SMlC 6 14 100 70 235f  14 92 
Water 8 12 100 60 214 + 12 84 

1 0 SMIC 7 5 60 26 179 + 1 4 ~  6 1 
Water 0 20 100 100 263 + 4 90 

2 SMIC 17 3 100 16 177 k 8 60 
Water 13 7 100 37 185 k 13 63 

4C SMICC 1 19 100 95 260 i 5 89 
Water l7 3 100 16 171 + 8 58 

1 Reference Water 1 19 100 95 293 + 9 - 

2 Reference - Water 0 20 100 100 253 + 3 

d R e ~ u l t ~  expressed as a percent of the reference value on that day 
bNaupliar mortalities included 
CResults are mean of 2 samples, both of which were filtered through a 0.2 pm acrodisc filter 
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Station 

2 4 6 
Station 

Water Microlayer 

Fig. 1. Tisbe battagliai. Development of nauplius to the cope- 
podid stage after 96 h exposure to subsurface water and sur- 
face microlayer samples taken by (A)  screen and (B] rotating 

drum 

viva1 in SMIC drum compared with subsurface water 
at Stn 0. The results also showed a significant (p < 0.01) 
increase in copepod development and growth in SMIC 
drum compared with subsurface water at Stn 4 .  
Copepod length, but not development, was also 
significantly (p < 0.01) higher in SMIC screen com- 
pared with subsurface water at Stn 4. 

Results of t-tests between pairs of SMIC samples 
taken by screen and rotating drum showed a signifi- 
cant (p  < 0.01) reduction in copepod survival in SMIC 
drum compared with screen samples at Stn 0 and a 
significant (p  < 0.01) reduction in copepod develop- 
ment and length in drum compared with screen 
samples at Stn 2. Results were analysed by Steel's 
Many One Rank Test on untransformed (length) and 
arcsine-transformed (survival and development) data 
to determine if statistically significant differences in 
copepod response existed between SMIC samples 
from different stations. There wds a significant (p < 
0.01) reduction in copepod development and length in 
a SMIC screen sample from Stn 0 compared with Stn 4. 
Samples from Stn 6 were tested on a separate day and 
when these results are expressed as a percent of the 
reference water on that day (Fig. 1) it is likely that 
significant differences would exist between SMIC 
screen samples from Stns 0 & 6. Copepod development 
but not length was significantly (p  < 0.01) reduced in 
SMIC screen sample from Stn 0 compared with Stn 2. 

There was no significant difference (t-test, p i  0.05) 
in response between duplicate SMIC samples taken by 
rotating drum at Stn 4 .  Copepod development and 

Table 2. Tisbe battagliai. Effect of water column samples on the survival, development from nauplius to copepodid stage and 
growth (length) of copepods after 96 h 

Expt Stn Survival and development Length (pm) % 
No. of survivors % Survival" % Dev'td Mean f SE Growtha 

Nauplii Copepodid 

1 1 2 18 100 95 254 2 7 87 
2 3 17 100 89 243 + 10 83 
3 3 17 100 89 242f 10 83 
4 8 12 100 63 211 f 12 72 
5 6 14 100 74 223f 11 76 

6 7 13 100 65 207 f 10 82 
7 5 15 100 75 222 f 10 88 
8 8 12 100 60 210f  11 83 

J 9 14 6 100 32 180 + 10 c n  

1 Reference 1 I9 100 95 293 + 9 
2 Reference 0 20 100 100 253 + 3 
3 Reference 1 19 100 95 261 2 8 

dResults expressed as a percent of the reference value on that day 
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Fig. 2 .  Tisbe battagliai. Length measurements of nauplius and 
copepodid stages after 96 h exposure to subsurface water 
and surface microlayer sanlples taken by (A) screen and 

(B)  rotating drum 

length were significantly (p<0.01) reduced in SMIC 
drum samples from Stns 0 & 2 compared with Stn 4. No 
differences were found between SMIC drum samples 
from Stns 0 & 2. The poor response obtained for both 
copepod development and length in samples of 
subsurface water taken alongside SMIC drum samples 
at Stns 2 & 4 is unexplained: subsurface water samples 
taken at the same time as SMIC screen samples at 
these locations provided satisfactory results (Table 1). 

Water column 

The results for water column are summarised in 
Table 2. For each sample of water column tested the 
number of nauplii that developed into the first cope- 
podid stage and the length of each life stage after 96 h, 
expressed as a percent of the reference water values 
on that day, are shown in Fig. 3. Samples of water 
column from Stns 1 to 9 were collected over 3 d and 
tested on the day of collection (Table 2). There were no 
mortalities of copepods in any of the water column or 
reference water samples after 96 h. Only 30 % of 
nauplii in water from Stn 9 successfully developed into 

the copepodid stage after 96 h compared with 60 to 
90 % development in Stns 1 to 8. Copepod develop- 
ment in reference water samples ranged from 95 to 
100 % and development, expressed as a percent of the 
reference water value on that day, ranged from 32 to 
95 % in water samples from Stns 1 to 9. 

The proportion of copepods that successfully de- 
veloped into the first copepodid stage after 96 h were 
arcsine-transformed prior to statistical analysis and 
mean values were significantly different (l-way 
ANOVA) among the stations. No significant differen- 
ces were observed between the mean values for cope- 
pod development in water samples from Stns 1 to 8. 
Copepod development in Stn 9 however was signi- 
ficantly reduced (Dunnett's test, p < 0.05) compared 
with Stns l ,  2, 3, 5, 6 & 7 (65 to 90 % development) but 
not with Stns 4 & 8 (60 % development). Mean values 
(k SE) for copepod length after 96 h ranged from 254 
(??) to 180 (+ 10) pm and were significantly different 
(l-way ANOVA) among stations. Copepod length in 
Stns 1 to 9, expressed as a percent of the control 
reference value on that day, ranged from 69 to 88 %. 
Poorest growth was observed at Stn 9 and mean 
copepod length at t h s  station was significantly 
(Dunnett's test, p 0.05) reduced compared with 
Stns 1, 2, 3, 5 & 7 (19 to 39 % reduction) but not with 
Stns 4, 6 & 8 (13 to 15 % reduction). 

Sediment elutriates 

The results for sediment elutriates are summarised in 
Table 3. Survival and development of copepods in 
sediment elutriates from Stns 1 to 9 are shown in Fig. 4 
for the elutriates 'as prepared' and also for a 2.5 times 

Station 

Development Lengrh 

Fig. 3 .  Tisbe battagliai. Development of the nauplius to the 
copepodid stage and length measurements after 96 h expo- 

sure to samples of the water colum 
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Stn Survival Development 

Neatd x 2.5 diln Neatd x 2.5 diln 

1 0 95 0 90 
2 85 100 15 90 
3 80 100 55 95 
4 100 100 95 100 
5 100 100 95 100 
6 55 100 50 95 
7 75 95 50 75 
8 10 90 5 70 
9 80 100 25 100 

Reference 100 100 100 100 

"Refers to sediment elutriate 'as prepared' 

Table 3. Tisbe battaglial. Effect of sediment elutriates on the of the prepared elutriate. copepods sur- 
survlval and development from nauplius to copepodid stage vived and developed into the first copepodid stage 
after 96 h. All results expressed as a percent of the reference after 96 h in reference water. Copepod survival and 

value development were highest (100 % survival and 95 % 
development) in sediment elutriates from Stns 4 & 5. 
Compared with Stns 4 & 5, there was a statistically 
significant (Dunnett's test, p < 0.01) effect on copepod 
survival in elutriates from Stns l ,  6, 7 & 8 (0, 55, 75 and 
10 % survival) and on copepod development in elutri- 
ates from Stns 1, 2, 3, 6, 7, 8 & 9 (0, 15, 55, 50, 50, 5 and 
25 % development). There was no significant effect on 
copepod survival and development following 96 h 
exposure to a 2.5 times dilution of each sediment 
elutriate. 
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Fig. 4 .  Tjsbe battagliai. Percent survival and development of 
the nauplius to the copepodid stage after 96 h exposure to 
samples of sediment elutriates (A) as prepared and (B) diluted 

2.5 times 

DISCUSSION 

Siological effects were obscrvcd in SMIC samples 
from Stns 0 & 2 which were also found to contain 
elevated metal concentrations (see Hardy & Cleary 
1992). Effects however, were more pronounced in 
samples taken by drum compared with those taken by 
screen. The screen sampler collects a layer approxi- 
mately 4 times thicker than the drum sampler, and the 
lower toxicity of screen samples may therefore have 
resulted from dilution of the chemically enriched 
microlayer with subsurface water (Hardy & Cleary 
1992). Copepod growth in SMIC samples from Stn 4 
was elevated compared with subsurface water and it is 
possible that bacteria, microalgae or ciliates present in 
the SMIC may have provided an additional food re- 
source for the copepods. Low levels of potentially toxic 
chemicals, including metals, have also been reported 
to stimulate growth in many species of invertebrates 
(Stebbing 1987). 

There was no clear evidence of biological effects in 
samples from the water column; however, copepod 
growth and development were significantly reduced at 
Stn 9 compared with 6 of the remaining 8 stations. 
Results may, however, have been influenced by the 
presence of naturally occurring phytoplankton concen- 
trations in the water samples and the possible stimu- 
lation of algal growth in the test chambers due to 
nutrient availability is discussed below. 

Significant effects on copepod survival and develop- 
ment were observed in sediment elutriates from 
inshore Stns 1 to 3 and Stns 6 to 9; however, the toxicity 
of these elutriates was significantly reduced after 
diluting each sample 2.5 times with water from Stn 7. 
Physical parameters were not measured during the 
course of the test, however dissolved oxygen concen- 
trations measured in sediment elutriates at the start of 
the experiments were satisfactory. Chemical analysis 
of the prepared elutriates would have been required to 
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identify whether the observed toxicity in samples of 
sediment elutriates was due to chemical contaminants 
or non-contaminant effects. 

The sensitivity of Tisbe battagliai is similar to that 
reported for other species of marine crustaceans (Paris 
Commission 1992) yet is sufficiently robust for the cul- 
ture and test methods to be used in shipboard experi- 
ments. The static culture renewal system used in 
copepod tests was a simple procedure requiring little 
maintenance, and a sufficient number of adult females 
provided a daily availability of offspring (nauplii) for 
testing. Simple laboratory equipment was used for 
testing, space requirements were minimal and the 
techniques proved useful in situations where sample 
volumes were small. For the purposes of the Bremer- 
haven Workshop, comparative bioassay experiments 
with species of copepods typically found in the 
southern North Sea would have provided valuable 
information, and many species of calanoid copepods, 
in particular, have been recorded from this region 
(Fransz 1976, Colebrook 1982). Laboratory culture of 
many calanoid species is reported to be difficult and 
labour-intensive (Davis 1983, Marcy 1986); individuals 
are  sensitive to handling and typically require multi- 
species algal diets. Such conditions may be difficult to 
maintain in shipboard experiments. 

In most marine ecosystems the seasonal changes in 
phytoplankton blooms often lead to periods of food 
limitation for many species of calanoid copepods and 
evidence suggests that these conditions occur during 
the major part of the growing season in the North Sea 
(Klein-Breteler & Gonzalez 1988). In bioassay experi- 
ments animals are usually fed to excess, yet for field 
populations food may often be limited or nutritionally 
inferior at  certain times of the year. Such factors may 
be  important in determining the response of zoo- 
plankton to chemical contaminants. The experimental 
design for Tisbe battagliai bioassays could have been 
improved by conducting tests with and without the 
addition of algae as food. This would have provided an 
indication of whether naturally occurring food items 
present in the samples tested would have been 
sufficient to sustain survival, growth and development 
of the larval copepods under the field conditions in the 
German Bight at this time of the year. 

The results for algal bioassays (Thain 1992) suggest a 
stimulation of algal growth in san~ples  of water column 
and sediment elutriates from inshore Stns 1 to 3, 
probably due to increased concentrations of nutrients 
carried offshore in the Elbe/Weser plumes. Copepod 
experiments were not conducted in the dark, so excess 
nutrients in samples taken from inshore stations may 
have stimulated the growth of algae added as food to 
the test chambers. If algal growth had occurred in test 
chambers during the experiments, copepods tested in 

samples taken from the inshore stations may have 
been exposed to higher algal concentrations than 
those initially added. During March and April the 
phytoplankton stock in waters of the southern North 
Sea may be starting to increase and it is possible that 
naturally occurring concentrations of phytoplankton 
were present in samples from different locations. Such 
factors may have provided qualitative or quantitative 
improvements to the diet of Tisbe battagliai nauplii, in 
addition to the algae (Isochrysis galbana) added as 
food to the test chambers. 

The use of larval development a s  a relatively rapid 
and easily measured sublethal endpoint appeared use- 
ful and compared reasonably well with end of test 
length measurements. The use of these measurements 
in field samples, however, must take into account pos- 
sible interactions with the environmental variables 
described above. These short-term sublethal tests 
provide a n  estimate of potential chronic effects, how- 
ever, to be  of most value the endpoints measured 
should be validated with results from chronic ex- 
posures. 
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