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ABSTRACT: Seasonal variations in the viability of Calanus helgolandicus eggs  are  reported in coastal 
waters off Roscoff, in the western English Channel. In situ hatching success was highly variable with 
230% amplitude between minimum and maximum values. Highest production of abnormal embryos 
and nauplii was recorded during spl-ing and midsummer. Examination of the faecal pellet contents pro- 
duced by wild females revealed that they were feedlng on extremely diversified prey, depending on 
the time of year. During spring-summer phytoplankton blooms, diatoms were always the dominant 
food, the remains of which were found in the faeces. During the rest of the year, non-diatom diets 
constituted the most important fraction of the prey. Inhibition of embryonic development was attributed 
to the ingestion of diatoms by wild females, based on laboratory experiments demonstrating similar low 
hatching success and anomal~es  when females were fed dense diatom cultures. The failure to statisti- 
cally establish a straightforward correlation between the concentration of chlorophyll a and variations 
of hatching success In the field is discussed cvlth reference to experimental data 
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INTRODUCTION 

Until now, the problem of poor egg quality in copepods 
and the causes inducing low hatching success have not 
been closely investigated in the field. In fact, naturally 
occurring, inviable eggs were usually considered as 
dead, unfertilized or dormant (Marshal1 & Orr 1952, 
Parrish & Wilson 1978, Watras & Haney 1980). Ianora 
et al. (1992) showed that remating was probably not 
the only factor controlling egg viability in copepods. 

Good egg quality, leading to vigorous nauplii, deter- 
mines variability in the recruitment rate of natural 
populations (Kjsrsvik et al. 1990, Pepin & Myers 1991, 
Ianora & Poulet 1993) and enhances the ability of 
the first developmental stages to survive. Quantifying 
viable eggs, which represent the net gonadic growth 
of adult females, is important since it determines the 
fate of secondary production (Poulet et al. 1995a). It 
also indirectly influences fish recruitment, since the 
first naupliar stages of copepods are important prey of 
fish larvae (Cushing 1975, Turner 1984a). 

Egg quality is linked to the recent past feeding his- 
tory of females in their natural environment. In fact, 
the lag time necessary for the conversion of food to 
eggs in several species is minimal (24 to 92 h; Tester 
& Turner 1990) when compared to the total life of 
the females ( > 2  mo for Calanus helgolandicus) and 
their reproductive activity (230 d in C. helgolandicus; 
Paffenhofer 1975). 

In the laboratory, diatoms have been shown to have 
a detrimental effect on egg viability (Ianora & Poulet 
1993, Poulet et al. 1994, 1995b, Ianora et al. 1995a, 
Miralto et al. 1995) either when algae were fed to 
adults at saturation levels, or when freshly spawned 
eggs were exposed to diatom extracts. 

In the field, Ianora & Poulet (1993) reported that in 
wild Temora stylifera a succession of low and high egg 
viability coincided with periods of high and low diatom 
biomass, respectively. Anomalies in naturally occur- 
ring Centropages typicus eggs were reported earlier, 
although their causes were unknown (Ianora et al. 
1992). In both cases, correlations between in situ 
chlorophyll a (chl a)  concentration and hatching suc- 
cess were not significant, implying that a direct link 
between this food characteristic and variations in egg 
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viability does not exist, or is not easy to establish in 
the field. 

The objective of the present study was to verify if the 
major diatom blooms occurring in coastal waters off 
Roscoff were being fed upon by Calanus helgolandicus 
females and could subsequently induce either a sig- 
nificant decrease in hatching success of eggs, or ab- 
normal development in embryos and nauplii. 

MATERIALS AND METHODS 

Zooplankton was collected weekly at a fixed station 
in coastal waters off Roscoff (western English Channel) 
during 1993, by gently towing a 500 pm mesh net 
obliquely from 10 m to the surface. Samples were kept 
in an insulated box until they reached the laboratory, 
usually 1 or 2 h after collection. 

Following a standardized 'egg incubation method' 
described by Laabir et al. (1995), 5 ripe Calanus helgo- 
landicus females were placed in each of 6 incubators 
containing 1 1 unfiltered sea water and equipped with 
a 300 pm sieve partition to prevent cannibalism; eggs 
were collected at the end of a 24 h incubation period. 

Hatching success was determined by incubating 
freshly spawned eggs in crystallizing dishes contain- 
ing 2 to 4 m1 of 0.22 pm filtered sea water for a period 
<72 h, depending on the temperature. Laboratory 
experiments were run at 11 to 16 + 0.5"C and on a 
natural Light cycle, corresponding to those occurring 
in situ at the time of capture. Abnormal embryonic 
development was observed microscopically. Details 
are reported by Poulet et al. (1995b). 

Samples of chl a (used as a food index) were col- 
lected weekly on GFF filters in duplicates and 
analyzed using a 'Turner design' fluorimeter and 
Lorenzen's (1966) equations. These samples were 
collected at the same time and site as zooplankton, at 
the 5 m depth. 

At the end of the incubations, faecal pellets (>20 to 
50 per sample) were pipetted and placed on a 0.2 pm 
Nuclepore filter (13 mm in diameter). Duplicate sam- 
ples of faecal pellets were stored at -30°C prior to 
scanning electron microscope (SEM) analysis. Before 
SEM, the pellets were gently squashed and put 
through an ethanol dehydration series (50, 70, 85, 95, 
and loo%), critical-point dried, and coated with gold 
(Turner 1984b). Faecal pellet contents were examined 
with a Jeol JSM-5200 SEM with the upper detector set 
at 20 kV. 

To simplify the description of the faecal pellet con- 
tents, only 3 major groups of particles were monitored, 
including diatoms, non-diatoms (dinoflagellates, cocco- 
lithophonds, silicoflagellates and crustacean remains), 
and unidentified debris and bacteria, on a relative 

scale of abundance (Urban et al. 1992). When a group 
represented >60% of the total pellet content, it was 
recorded as 'abundant', whereas those comprised of 
between 20 and 60% were recorded 'common', and 
'rare' when <20%. The pellet content was estimated 
as follows: each image viewed on the SEM monitor 
screen corresponding to a fraction of an entire pellet 
at the selected scale (i.e. x3500) was examined, and 
the proportion of each group of preys was quantified as 
equal to their relative surface on each frame. In each 
sample, 3 to 10 faecal pellets were screened. Estimates 
of the relative abundance of each group of food were 
made in triplicate on each sample. Black and white 
photographs (Kodak polaroid 200 ASA film) were 
taken of at least 2 to 5 different frames observed on 
the SEM screen, representative of each faecal pellet 
sample, depending on the diversity of food in pellets. 

Laboratory feedingkpawning experiments consisted 
of monitoring for 1 to 2 wk the daily hatching success 
of eggs spawned by 10 females placed in crystallizing 
dishes containing 200 m1 of 0.22 pm filtered sea water 
enriched with 50 m1 of dense phytoplankton cultures. 
In 2 parallel series of experiments, 3 replicate batches 
of 10 females each were fed the diatom Phaeodactylum 
tricornutum given in excess concentrations, ranging 
from 15 to 30 X 104 cells ml-' in one series and from 3 to 
6 X 105 cells ml-' in the other series. In another experi- 
ment, triplicate batches of 10 females each were first 
fed P tricornutum (4 to 7 X 105 cells ml-l) for 7 d and 
then the dinoflagellate Prorocentrum minimum (0.7 to 
1.6 X 104 cells ml-l) for another 11 d. Food was resus- 

Fig. 1. Calanus helgolandicus. Variations of the mean monthly 
chl a concentration at 5 m depth in the western English Chan- 
nel off the coast of Roscoff, France, in 1993. Each mean corre- 
sponds with 4 to 5 weekly observations. ( A )  Mean monthly 
values of the hatching success of eggs, show~ng the mismatch 

with chl a concentration 
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pended by stirring 5 times d-l. Every 24 h, 
copepods were removed and placed in new 
incubators with fresh media. Eggs were 
transferred to dishes containing 2 to 4 m1 
filtered sea water, and incubated for 1 7 2  h to 
estimate hatching rate (Laabir et al. 1995). 
l? tricornutum was grown in f/2 medium and 
l? minimum in K medium, both at 17°C and 
on a 12 L (200 pE m-2):12 D cycle, and pro- 
vided to copepods in the exponential phase 
of growth. 

RESULTS 

Seasonal variations of chlorophyll a 
and egg viability 

20 
F M A M J J A S O N  

1993 

Fig. 2. Calanus helgolandicus. Weekly estimates of hatching success of 
C. helgolandicus eggs, observed in the coastal waters off Roscoff. 

M: annual mean 
Chl a showed strong seasonal fluctuations 

with maximum mean abundance (1.5 to 2 1-19 
I-') in late spring. Mean concentrations remained high ilar anomalies were observed all year round, but were 
until August, then decreased sharply in autumn to less frequent during fall and winter, compared to 
reach minimum values (<0.5 pg I-') in winter (Fig. 1). spring and summer, when diatom remains were much 
Chl a was measured in samples collected at 5 m depth, more abundant in faecal pellets 
which was representative of the concentration in the 
water column (i.e. 30 m deep on the sampling site), 
since coastal waters offshore Roscoff are characterized 
by permanently well-mixed conditions (i.e. Wafar et 
al. 1983). 

Mean monthly hatching success showed periods of 
alternating low (early spring and midsummer) and high 
(late spring and fall) values (Fig. 1A). Mean annual egg 
production rate was 6.6 i 7.4 eggs female-' d-' (Laabir 
et al. unpubl.), whereas hatching success was only 
70 i 20% of the total egg production. On a weekly 
basis, hatching success was highly variable, showing 
an amplitude of 60% variation over the year. The 
lowest values ( ~ 5 0 % )  were observed in March, April, 
July, August, and September, whereas they were 
close to or above the annual mean the rest of the year 
(Fig. 2). 

There was no significant correlation (Eq. 1) between 
egg viability (Y,)  and chl a (XI):Y1 = -1.12X, + 72.73; 
r = 0.09; n = 10; p > 0.1. A positive, significant correla- 
tion (Eq. 2) was found between fecundity (Y2) and chl a 
( X I ) : Y 2  = 10.22X, - 2.17; r = 0.92; n = 11; p < 0.001). 

At times, in June, July and August, 50 to 80 % of the 
eggs spawned by wild females did not hatch and 
showed strong morphological anomalies, as described 
by Poulet et al. (1995b). The nauplii that did hatch 
(20 to 50%) were abnormal, characterized by asym- 
metrical, unsegmented appendages, a deformed body, 
and reduction of the number and length of the setae 
(Poulet et  al. 1995b). These larvae died quickly after 
hatching, or were too weak to complete hatching. Sim- 

: diatoms H : bacteria 

: non-diatoms +debris 

SAMPLING PERIOD IN 1993 

Fig 3 Calanus helgolandjcus. Histograms of the relative pro- 
portions of diatoms, non-d~atoms plus debris and bactena 
estimated In the faecal pellets of wild females. Each bar 
corresponds to the mean of at least 3 selected samples per 

month 
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Seasonal variation of Calanus helgolandicus 
faecal pellet contents 

The food ingested by Calanus helgolandicus in 
these coastal waters varied seasonally (Fig. 3) .  All 
year round, faecal pellets contained broken diatom 
frustules. The proportion of diatoms exceeded 60% 
from March to late July, and were identified as Tha- 
lassiothrix sp., Minidiscus sp., Rhizosolenia sp., 
Fragilanopsis sp. and Chaetoceros sp. (Fig. 4) .  From 

August to November, the proportion of diatoms in 
the faecal pellets decreased and remained around 
40% (Figs. 3 & 5A-C). The proportion of bacteria 
increased, reaching about 10% of the total content of 
faecal pellets in October and November. Most of the 
year, the non-diatom remnants (Fig. 6A-F), included 
silicoflagellates, dinoflagellates, coccolithophorids and 
crustacean remains. They were <40% from March 
to July, but reached up to 60% the rest of the year 
(Fig. 3) .  

Fig. 4 .  Calanus helgolandlcus. Representative SEM photograplla UL tile faecal pellet cul~ta~lts of wilu lamales from March to July 
1993. Date of samples and dominant remains: (A) 9 March (1. Thalassiothr~x sp., 2: M~nidiscussp.); (B) 4 May (1: setae of Chaeto- 
ceros sp., 2: Rhizosolenia sp.); (C) 23 June (Rhizosolenia sp.); (D) 23 June (fragments of unidentified diatoms); (E) 6 July (Rhizo- 

solenia sp.]; (F) 27 July (Fragilariopsis sp.). Scale bars = 5 pm 
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Laboratory feeding experiments Prorocentrum minimum for the following 11 d .  Hatch- 
ing success decreased drastically and reached 0 %  in 

In a series of laboratory experiments, Calanus helgo- 6 d with the diatom diet. When the diatom was sub- 
landicus females were first fed the diatom Phaeodac- stituted with the dinoflagellate diet, egg  viability re- 
tylum tricornutum for 7 d ,  and then the dinoflagellate mained 0'%) for 3 d and then increased sharply, reach- 

ing 75% in only 4 d .  Egg viability then remained >80'%) 
until the end of the incubation period (Fig. 7 ) .  

In another series of experiments, the diatom Phaeo- 
dactylum tricornutum was provided to Calanus helgo- 
landjcus females at  2 different concentrations. The 
results in Fig. 8 show 2 different patterns. At the lowest 
food concentration (Fig. 8A), hatching success varied 
with time, alternating between low and high values 
during the first week, and then decreased sharply to 
0 %  after Day 13. On the contrary, at  the higher food 
concentration (Fig. 8B), there was a sharp decrease in 
hatching success after Day 3, reaching 0 %  after 7 d 
from the start of incubations. 

DISCUSSION 

Estimates of 'natural mortality' (Ianora et al. 1992, 
Ianora & Poulet 1993, Poulet et al. 1995a and present 
work) and of mortality due  to other causes (see review 
by Peterson & Kimmerer 1994) during the early phases 
of life of copepods are  rare, despite the importance 
of this parameter in population dynamics studies. In 
previous reports (Landry 1978, Mullin 1988, K i ~ r b o e  & 

Nielsen 1994, Liang et al. 1994, Peterson & Kimmerer 
1994, Uye & Kayano 1994), in situ copepod mortality 
during the early life stages was mainly attributed to 
predation. More recent laboratory observations have 
revealed that total mortality in copepods may not be 
only due  to predation, but also to several physiological 
causes (e.g. 'natural mortality') affecting embryonic 
and  naupliar development (Williamson & Butler 1987, 
Ianora & Poulet 1993, Poulet et  al. 1994, 199513). In the 
coastal waters off Roscoff, the viability of Calanus 
helgolandicus eggs was not stable throughout the year 
1993. In situ 'natural mortality' of C. helgolandicus 
for the egg to naupliar N I  stage varied between 5 and 
80% of the daily egg  production (Fig. 2). 

One of the possible muses leading to such egg and 
naupliar mortality has been shown to be related to the 
composition of the food ingested by adult females in 
the laboratory (Ianora & Poulet 1993, Poulet et al. 1994, 
Miralto et al. 1995, Poulet et  al. 1995b. Kleppel & 

Fig 5. Calanus helgolandicus. ~epl-esentative SEM photo- Burkart 1995). However, nothing is known of how this 
graphs of the faecal pellet contents of wild females from applies to in situ conditions. The question is: do 
August to November 1993. Date of samples and most abun- diatoms arrest egg  development of copepods in 
dant food components: (A) 24 August (1. diatom remains, 2: nature? Recent experiments have suggested the pres- 
unidentified pennate diatoms, 3: unidentified centric diatom); 

20 September non-diatom debris, 2: crustacean ence of inhibitors in diatoms, reducing or even arrest- 

remains, 3: Rhizosolenla sp . ) ;  (C) 11 October (bacteria) Scale ing hatching success and embryonic development, and 
bars = 5 pm causing severe deformities in nauplii (Poulet et al. 
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Fig 6. Calanus helgolandicus SEM photographs of the non-diatom food remains observed In faecal pellets collected In different 
seasons. Date of samples and food components- [A) 17 March (1. Rhizosolenla sp , 2. Coccol~th of Coccollthopond sp . 3 ;  non- 
dlatom debns ,  4 Paraha sp . ) ;  ( B )  30 March ( l .  Prorocentrum micans, 2. non-d~atom debr~s ) .  (C) 8 Apnl [bactena) ;  (D) 96 July 
(Protopcndln~um sp. ) ;  (E) 21 July [crustacean r ema~ns ) ;  (F) 28 August (1 non-diatom debns ,  2. Rhizosolenla sp. ,  3 Dictyocha 

speculum, 4 s~l~coflagellate).  Scale bars as shown 

1994, 1995b). Inhibition of egg development was nei- 
ther due  to the presence of bacteria (Ianora et al. 
1995b), nor to anoxia (Miralto et al. 1995). However, 
one of the problems with these expenments was 
related to the high concentration of algal cells used to 
feed the copepods, which were always much higher 

than phytoplankton blooms occurring In nature. For 
example, concentrations of diatom cells in the coastal 
waters off Roscoff were generally <102 to 10be l l s  ml-l, 
even during the spring-summer diatom blooms (Grall 
1972, Martin-Jezequel 1983). The annual succession 
of phytoplankton species off Roscoff, described earlier 



Laabir et a1 : Reproductive response of Calanus helgolandicus. 11. Inhibition of development 103 

D I E T  I 
Start  Phaeodncr).'lutn Prorocenlrutn 

(control)  -/a I 
N O N  - D I A T O M  

100 l I 

0 2 4 6 8 10 12 14 16 18 
DURATION O F  E X P E R I M E N T  (DAYS) 

Fig 7 Calanus helgolandlcus Vanations of hatching success 
related to sh~f ts  in the diets Eggs were spawned by females 
lnltlally fed with the diatom Phaeodactylum trlcornutum and 
then the dinoflagellate Prorocentrum nilnlmum Control ( l  e 
hatchlng success of normal eggs  spawned by wild females) 
corresponds to Day 0 Each data point corresponds to mean 

value of batch of >30 eggs 

by Grall (1972) and Martin-Jezequel (1983), has been 
almost similar over the years and is characterized by 
the presence and succession of dominant species of 
diatoms belonging to the following genera: Thalassio- 
sira and Nitzschia in April, Chaetoceros and Rhizosole- 
nia in May and June,  and Chaetoceros in July. In con- 
trast, diatom concentrations used in the laboratory to 
induce 100% inhibition of hatching were between 104 
and 107 cells ml-l, which is 1 to 4 orders of magnitude 
higher than natural concentrations. Despite this large 
discrepancy, decrease of hatching success and similar 
embryonic and naupliar anomalies were observed 
both in the field and in the laboratory (Figs. 2, 7 & B; 
Poulet et al. 199513). Also, minimum values of hatching 
estimated in the field ranged between 20 and 50%, 
even dunng diatom blooms (Fig. 2), but never reached 
0% as in the laboratory (Figs. 7 & B ) ,  which is consis- 
tent with the assumption that the higher the concentra- 
tion of diatoms, the lower the hatching success (Fig. 7). 

As hypothesized earlier, inhibition is possibly due to 
the accun~ulation of the inhibitors in the oocytes during 
vitellogenesis (Poulet et al. 1994). This hypothesis is 
supported by the results in Fig. B. At the highest 

"0" 2 4 6 8 10 12 14 16 

D U R A T I O N  O F  E X P E R I M E N T  ( D A Y S )  

Flg. 8 Calanus helgoland~cus.  Diminution in hatchlng success 
as a function of food concentration Eggs were spawned by 
female fed cultures of the diatom Phaeodactylum tr~cornuturn 
at  2 different concentrations in the dishe; (A) 15 to 30 x 
10%ells m l L ;  (B) 3 to 6 X 105 cells ml-' Each data polnt corre- 
sponds to the mean and SD (bar) of 3 replicate batches of 
n 2 30 eggs  each (0) Value at the start of incubation (control) 

diatom concentrations (105 cells ml-'; Fig. BB), the lag 
time to reach 0% hatching success was only 7 d. At 
lower concentrations (104 cells ml-'; Fig. BA), the lag 
time to reach 50 % inhibition was 9 d ,  whereas a longer 
delay (14 d) was necessary to reach 0% inhibition 
(Fig. B ) .  In the coastal waters off Roscoff, because of the 
much lower concentration of diatoms (<103 cell m - ' ) ,  
this lag could be even longer, probably on the order of 
30 d ,  considering the mismatch between the seasonal 
peak of chl a and the minimum values for hatching 
success (Fig. 1). Also, the proportion of diatoms in 
faecal pellets was never loo%, even during phyto- 
plankton blooms (Flg. 3) ,  implying that inhibition 
may be reduced. This lag is compatible with the repro- 
ductive life cycle of Calanus helgolandicus females, 
which is likely similar to C. finmarchicus ( > l  to 2 mo; 
Marshal1 & Orr 1972), and with the occurrence of 
diatom blooms which generally last > l  wk. 

The results in Fig. 7 also suggest that inhibition of the 
hatching success of eggs by diatoms is reversible when 
a shift in food occurs, or when females feed on non- 
diatom diets over several days. Therefore, in analogy 
with these results, mixed diets in the field (Figs. 3 , 4  & 5) 
should also relax inhibition of diatoms and explain why 
in situ egg viability was so unstable and never reached 
100% (Fig. 2), in contrast to our laboratory experiments, 
where copepods were placed under saturated food con- 
ditions, using unialgal cultures of diatoms. 
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Does the cause and effect relationship found for 
diatoms and egg viability first demonstrated in the 
laboratory (Ianora & Poulet 1993, Poulet et al. 1994) 
also occur In nature for Calanus helgolandjcus (Poulet 
et al. 1995b)? The fact that there was no negative cor- 
relation between hatching success and concentration 
of chl a (Eq. 1; Ianora et al. 1992, Ianora & Poulet 1993) 
apparently seems to contradict experimental studies. 
In fact, it does not, because chl a was always low in 
Roscoff waters (Fig. 1) and because Calanus did not 
only feed on diatoms (Figs. 3, 4, 5 & 6). Failure to 
statistically establish a direct correlation with chl a 
(Eq. 1) may simply indicate that a longer lag time is 
necessary to allow for accumulation of diatom 
inhibitors during oogenesis at low concentrations, such 
as  those prevailing in Roscoff waters in 1993. The 
results in Fig. 8 show that 100% inhibition occurs in 
6 and 12 d following the start of feeding by C. helgo- 
landicus females on Phaeodactylum tricornutum cul- 
tures provided at concentrations of 105 and 10%ells 
ml-l, respectively. More recent data (Chaudron 
unpubl.) indicated that an even longer time lag (i.e. 
20 d)  exists at lower concentrations (103 cells ml-l). 
These results indicate that a lag mechanism in the fleld 
is not speculative. Moreover, anomalies observed in 
embryos and nauplii produced by wild females were 
the same as those induced in the laboratory (see Poulet 
et al. 199.513) and were more frequent during periods of 
high in situ concentration of chl a (Flg. 2). In analogy 
with our experimental results, we believe that the in 
situ inhibition of eggs and subsequent naupliar defor- 
mities were due to ingestion of diatoms by C. helgo- 
landicus females. This conclusion is supported by the 
SEM seasonal examination of the faecal pellets pro- 
duced by wild females and collected at the same time 
as the eggs. This technique was already used to show 
shifts in zooplankton feeding related to phytoplankton 
variability (Urban et al. 1992). Diatom remains were 
identified in faecal pellets all year round, but their 
relative proportion varied with time (Fig. 3). The high- 
est proportions in faeces were observed at different 
times during spring and summer, coinciding with high 
variability In weekly hatching success. However, the 
lo~vest monthly values of hatching success occurred 
in July and August (F~gs .  1 & 2) .  Thls may be due to 
any of several reasons: first, the lag between ingestion 
of diatoms, accumulation of inhibitors and the repro- 
ductive response of females; second, eggs were 
spawned by different cohorts of females, monitored 
only once; third, all dlatoms might not contain 
inhibitors; fourth, egg development is not arrested, 
or inhibition is lowered and detected only in ab- 
normal nauplii, especially at low dlatom concentra- 
tions (<lO3 cells ml-l; Poulet et al. 3.994, 1995b). On the 
contrary, hatching success was generally higher from 

September to November when both the relative pro- 
portion of diatoms in the faeces and in situ chl a 
were lower (Figs. 1, 2, 5 & 6). 

We hypothesise that inhibition of embryonic devel- 
opment might be a natural adaptation of diatoms 
against their predators, reducing reproductive effort 
and thereby lowering population densities (Poulet et 
al. 1994). This mechanism operates fully (i.e. 100% 
inhibition) at a diatom concentration threshold well 
above those occurring in Roscoff, which were always 
very low compared to laboratory conditions; and thus 
required a longer time for the accumulation of 
inhibitors in gonads compatible with stronger inhibi- 
tion. Deleterious effects could also be reduced simply 
by shifting the diet from diatoms to non-diatom specles 
(Fig. ?), or by diversifying the diets (Figs. 2, 5 & 6). 
These processes may relax inhibition, keeping average 
hatching success around 70% in nature. However, at 
times during spring-summer phytoplankton blooms, 
egg mortality was 80%, showing the inevitable impact 
of unknown factors. Obviously, this type of mortality is 
not due to predation. In addition to several potential 
factors affecting hatching success (e.g virus infection, 
food limitation, disease, genetics, age of females) we 
suggest another inhibition of embryonic development 
of female offspring, following feeding on diatoms. 
First, unstable hatching success coincided both with 
periods of diatom blooms and their maximum occur- 
rence in faecal pellets. Second, anomalies in nature 
resembled those induced in the laboratory. Third, the 
variable lag time reflected duration of feeding, concen- 
tration of diatoms and their cumulative effects on egg 
viability (e.g. Fig. 8). Although our combined field and 
laboratory results have explored a possible link 
between diatoms and egg viability, and because the in 
situ situation is extremely complex, our hypothesis 
does not exclude other factors (i.e. Peterson & Kim- 
merer 1994) that could also lead to a reduction of cope- 
pod egg viability. 
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