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ABSTRACT: During the seasonal immigration of plaice and flounder larvae into the Dutch Wadden Sea 
in spring, the coelenterates Pleurobrachia pileus L. and Aurelia aurita L. have been positively 
identified as predators of both flatfish species. Evidence for a causal relation between outbursts of the 
predatory coelenterates and the observed abrupt termination of larval flatfish immigration is found in 
(1) the coincidence of increases in coelenterate numbers and decreases in larval densities, (2) positive 
observations of larval flatfish in coelenterate stomach contents, (3) a comparison between food demand 
of the coelenterate population and standing stock of the pelagic food resource at that time. Impact of 
this predation on plaice recruitment is expected to be small, since most larvae have already completed 
their immigration into the Wadden Sea when the coelenterate outburst starts. Although the coelenter- 
ate outburst occurs at about the same time every year, their predation may have a density-dependent 
component, since the timing of plaice immigration seems to be related to abundance, with larger year- 
classes arriving later than smaller ones. For flounder larvae the impact will be greater, because of the 
shorter period of immigration and the coincidence between coelenterate outburst and maximum 
flounder abundance. 

INTRODUCTION 

Spawning of both plaice Pleuronectes platessa L. 
and flounder Platichthys flesus L. takes place from 
about December until March in the deeper and more 
saline parts of the southern North Sea (Harding et al. 
1978). The developing eggs and larvae are transported 
by residual currents towards the coastal zone (Hough- 
ton & Harding 1976, Talbot 1976, 1978), from where the 
larvae migrate into the nursery areas (Creutzberg et al. 
1978). Inside the nursery areas, of which the Wadden 
Sea is probably the most important one (Creutzberg & 
Fonds 1971, Zijlstra 1972), the larvae settle, mainly on 
the tidal flats (Bergman et al. 1980). 

During transport from the spawning grounds 
towards the nurseries, the eggs and larvae suffer a 
heavy mortality, and their numbers are severely 
reduced (Harding et al. 1978). This mortality may be 
caused by either predation on the drifting eggs and 
larvae, or starvation of the larvae. Herring has been 
shown to prey selectively on plaice eggs, although it 
seems unlikely that this species represents the main 
cause of mortality (Daan 1976, Daan et al. 1984). 
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Coelenterates are also numerous, and known as poten- 
tial predators. However, Tungate (1975) found that in 
the open sea their development starts too late to con- 
sider them significant predators on flatfish larvae, and 
plaice in particular. 

In coastal waters the situation may be different since 
the larvae reach these areas 1 or 2 mo later. According 
to previous studies, larval immigration ends abruptly 
every year at the beginning of May (Creutzberg et al. 
1978), while at the same time an outburst of coelenter- 
ates occurs near the Wadden Sea inlets (van der Baan 
1980a, b, c). Among these coelenterates several species 
(e.g. the ctenophore Pleurobrachia pileus, the 
scyphomedusa Aurelia aurita and the hydromedusae 
Sarsia tubulosa and Eutonina indicans) are known as 
potential predators of fish larvae, under laboratory 
(Fraser 1969, Greve 1972, Arai & Hay 1982, Bailey & 
Batty 1983, Bailey 1984) or natural conditions (Moller 
1980b, 1984, Arai & Hay 1982). 

In this study attention is paid to the possible impact 
of coelenterate predation on the late pelagic larval 
stages of plaice and flounder entering the Wadden Sea 
nursery area. The following 3 questions are discussed: 
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(1) Is there any proof of significant predation by 
coelenterates on flatfish larvae in the area? (2) Can the 
sudden break-down in the immigration of flatfish lar- 
vae be due to predation by coelenterates? (3) How 
large can the impact be  of coelenterate predation on 
larval stocks of these 2 flatfish species?. 

MATERIAL AND METHODS 

From February to June in 1980, 1981, and 1982, 
samples were taken in a number of tidal gullies (5 to 10 
m depth) surrounding a major settling area for flatfish 
larvae, the Balgzand, at the main entrance of the west- 
e m  part of the Dutch Wadden Sea (Fig. 1). 

Fig. 1. Map of western part of Dutch Wadden Sea. Sampllng 
stations (0)  are indicated 

Depending on weather conditions, from 1 to 4 tidal 
cycles were sampled per week, mostly during daytime 
but also partly during night-time. During each flood 
and ebb tide at least 5 double-oblique hauls were 
made at current velocities of over 20 cm S-' The nets 
were made of polyamid plankton gauze (Monodur no. 
2000, 2 mm aperture) with an opening of 0.7 m2 and a 
length of 5 m. The amount of water passing through the 
net was measured with a flow-meter mounted in the 
mouth of the net. The porosity (0.59) and the mesh area 
(12 m') of the net (definitions according to Smith et al. 

1968) were large enough to prevent any serious clog- 
ging and overflow even during the spring bloom of the 
algae Phaeocystis pouchetii. The general reduction of 
water flow through the net was about 10% and inde- 
pendent of current velocity. However, during and after 
the bloom of P. pouchetii, this reduction increased to 
about 30 % (van der Veer & Sadee 1984). Depending on 
current velocity, haul duration varied from 10 to 45 min 
and sample size between 300 and 2000 m3 water fil- 
tered. 

After the net washdown, all material was preserved 
in a 4 %  formalin seawater solution and afterwards 
sorted in the laboratory. Flatfish larvae were classified 
according to mm total length classes. No correction 
was made for shrinkage, since both Lockwood (1973) 
and Dapper (1978) found that, at least for plaice, 
shrinkage in 4 % formaldehyde was negligible. Either 
the total catch or a subsample of the coelenterates, 
with the exception of Aurelia aurita specimens larger 
than 4 cm diameter, was put into a flat basin and 
photographed on slides. From these slides, numbers of 
the various species were counted on a projection 
screen. From each catch approximately 100 individual 
Pleurobrachia pileus were measured in mm classes, 
allowing a correction for shrinkage of 20 % for all size 
classes (van der Veer & Sad6e 1984). A. aurita speci- 
mens smaller than 4 cm were treated in the same way, 
allowing 10% shrinkage for all size classes (van der 
Veer & Oorthuysen 1985), whereas the larger speci- 
mens were measured alive to the nearest 0.5 cm below. 
Sizes of the umbrellas of Sarsia fubulosa and Eutonina 
indicans were not recorded. Subsamples were fixed for 
stomach content analysis. 

No correction was made for net efficiency. The rela- 
tively small swimming speed of the larvae (Bailey 
1984) and of the coelenterates compared to the high 
current velocities during fishing - up to 120 cm S-'  

(van der Veer & Sadee 1984) - and the low reduction of 
water flow through the net both suggest that net avoid- 
ance does not seem likely. Moreover, plaice and floun- 
der larvae caught during daytime showed an almost 
equal size distribution to those caught during the sub- 
sequent night (Table 1). In the case of an increasing net 
avoidance with length, a larger mean length during 
night-time would be expected. All flatfish and coelent- 
erate data were expressed in numbers of individuals 
per 1000 m3 (ind 1000m-3) and arithmetic mean 
densities were calculated for each week. 

The variance consistently surpassed the arithmetic 
mean by a large margin for all species, which pointed 
to uneven distnbutions in the water mass. For such 
distributions, confidence limits can be computed by 
using the factors derived from a log(x+ l )  transforma- 
tion and applying them to the arithmetic mean of the 
samples (Elliot 1977). For 95 % confidence limits, these 
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Size No. of plaice No. of flounder 
(mm) Day Night Day Night 

6 - - 3 7 24 
7 1 1 145 115 
8 1 2 131 52 
9 9 15 11 1 

10 20 24 - 
11 5 7 - - 

12 2 2 - - 

Mean 10.3 9.9 7.8 7.7 

Table 1. Mean size distribution of plaice and flounder larvae der Veer & Sadee 1984, van der Veer & Oorthuysen 
caught during day- and subsequent night-time in 1981 1985). 

Stomach contents of coelenterates were examined in 
preserved material weekly in 1981 and 1982. 

RESULTS 

Flatfish larvae 

Fig. 2 shows the abundances of flatfish larvae in the 
plankton as a weekly average over all sampling sta- 
tions in 1980, 1981 and 1982. Plaice larvae were pres- 
ent from the beginning of March in these years. 
Densities increased in March and April to peak num- 

factors of the Student's t distribution ranged between bers of about 8 to 18 ind 1000m-3. In all years a sharp 
2.09 and 2.02, depending on the number of hauls made decrease in numbers occurred at the end of April, 
(20 to 40). Therefore, the 95% confidence limits would resulting in a nearly complete absence after the begin- 
lie between 47 and 209 % of the mean. ning of May. The total duration of plaice larval imrni- 

Part of the results concerning Pleurobrachia pileus gration was restricted to March and April. Weekly 
and Aurelia aurita have already been published (van mean length of the larvae fluctuated slightly in all 3 yr, 
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flesus. Mean tidal abundance (ind IOOO~I-~) 
and mean length (mm) of pelagic plaice (-) 

40- 
and flounder (---) larvae near the entrance of 
the Wadden Sea in 1980, 1981 and 1982, based 

0- 

20- 16- 
1982 9 1982 

16- 

12 

E- I I 
l l 10- 
I I 

4 

1 : P"% 
4- 8- h%' 

0-  --ad z% 
on 20 to 40 hauls per week 6- 

F ' M ' A ' M ' J  I F ' M ' A ~ M  J 



232 Mar. Ecol. Prog. Ser. 25: 229-238, 1985 

between 12 and 14 mm, without consistent trends 
between years. 

The first flounder larvae arrived about 1 mo later 
than plaice; in none of the 3 yr was this before the 
beginning of April. Maximum numbers of flounder 
larvae were considerably higher than those of plaice: 
135 to 450 ind 1000 mp3. As for plaice, densities of 
flounder larvae showed a sharp decrease at the end of 
April leading to complete absence from the beginning 
of May. In contrast to plaice, the immigration of floun- 
der was restricted to about 1 mo. The mean length of 
the larvae was on average about 8 to 9 mm, and always 
significantly smaller than the mean length of the 
plaice larvae. 

Coelenterate species 

The ctenophore Pleurobrachia pileus showed low 
abundances until mid-April in all 3 yr (Fig. 3). In the 
second half of April numbers started to increase 

slowly, but it was not until the end of April that an 
outburst was observed up to maximum numbers of 
between 14 000 and 17 000 ind 1000m-3. After this 
peak, densities dropped sharply to less than 1000 ind 
1000m-3 at the end of June. Mean diameter increased 
over the period of observation from about 4 mm in 
March up to 12 mm in June.  

The abundance of the scyphomedusa Aurelia aurita 
showed a similar development in 1981 and 1982 (Fig. 
4). After being absent up to the end of April, its num- 
bers increased sharply to maxima of 200 to 500 ind 
1000mp3. Thereafter densities declined to a low level. 
Average bell size increased in both years from 2 cm in 
April to 16 to 24 cm in June. 

The hydromedusae found in 1981 and 1982 were 
Sarsia tubulosa and Eutonina indicans, both appearing 
at the end of April (Fig. 5). Their patterns of abundance 
closely resembled those of Pleurobrachia pileus and 
Aurelia aurita, with peak densities of 2500 to 5500 ind 
1000m-3 for S. tubulosa and 22 ind 1000m-3 for E. 
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Fig. 3. Pleurobrachia pileus. Mean tidal abund- 
ance (ind 1000m-3) and mean diameter (mm) 
near the entrance of the Wadden Sea during 

I2Oo0- F M A M J  h, i F M  A M ' J  larval 1982, flatfish based imm~gration on 20 to 40 hauls in 1980, per 1981 week and 
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Fig. 4. Aurelia aunta. Mean tidal abundance 
(ind 1000m-3) and mean bell size (cm) near the 
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Fig. 5. Sarsia tubulosa and Eutonina indicans. 
4000-  

indicans. In 1981 hardly any E. indicans were found up formalin solution. The percentage of animals with a 
to the end of June. full stomach decreased from 66 to 4 % after fixation, 

which means that 95% of the P. pileus had lost their 
stomach content. 

Stomach content analysis 

1982 

Table 2 summarizes all data obtained on the stomach DISCUSSION 
contents of preserved coelenterates in 1981 and 1982. 
Predation on flatfish larvae was positively identified in The role of both ctenophores and medusae as carni- 
both Pleurobrachia pileus and Aurelia aurita. With 1 vores among the macroplankton is well established. 
exception, only flounder larvae were found. Possible Their rapid population growth and mass occurrence 
regurgitation of stomach content during preservation can only be understood by the exertion of a heavy 
was investigated for Pleurobrachia pileus. 200 indi- predation on the zooplankton community (Kremer 
viduals were checked before and after fixation on a 4 % 1976, Mijller 1980a). Their diet spectrum is wide and 

Mean tidal abundance (ind 1000m-3) near the 
2000 

entrance of the Wadden Sea during larval flat- 
fish immigration in 1981 and 1982 based on 20 

to 40 hauls per week 0 
F M A M J  
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Table 2. Numbers of flatfish larvae detected in the stomachs of preserved coelenterates in 1981 and 1982. N: number of stomachs 
observed (roughly estimated); n: number of flatfish larvae observed; f :  flounder; p: plaice 

Date Pleurobrachia pileus A urelia a urita Sarsia tubulosa Eutonina indicans 
N n N n N n N n 

1981 
20-24 Apr 2000 l (f) - - 300 0 - - 
27 Apr-l May 3000 2 ( f )  50 0 400 0 - - 
4-8 May 3000 2 (f) 50 l ( f )  400 0 - - 
11-15 May 3000 2 (f) 200 0 600 0 - - 

1982 
26 Apr-l May 2000 l ( f )  150 1 (P) 200 0 4 0 0 
3 4  May 2000 l (f) 150 0 200 0 4 0 0 

varies considerably between species. Some, e.g. the 
ctenophores Beroe gracilis and B. cucumis, feed exclu- 
sively on other coelenterates (Greve 1970), while other 
species seem to prefer copepods, barnacle larvae or 
fish larvae (Lebour 1922, 1923). 

Evidence for fish predation by coelenterates is pro- 
vided by a number of authors (Table 3). Most of the 
experimental work has been carried out with Aurelia 
aurita, and indicates that a number of fish larvae may 
fall prey to these species. Under natural conditions fish 
predation by coelenterates has also been observed, 
however mostly from preserved samples. Predation on 
plaice or flounder larvae has only been reported for 
Pleurobrachia pileus by Lebour (1923) and for A. aurita 
by Lebour (1923), Fraser (1969), Bailey & Batty (1983) 
and Bailey (1984). 

Coelenterate predation on flatfish larvae in the open 
sea during drifting from the spawning grounds to the 
coastal nursery does not seem very likely. Tungate 
(1975) found, that at the time of the spring outburst of 
coelenterates, the patch of plaice larvae had already 
drifted towards the coastal zone. A comparison of the 
abundances of flatfish larvae and of coelenterates near 
the entrance to the Wadden Sea shows a different 
picture for the coastal area. At the end of April and the 
beginning of May plaice and flounder larvae immi- 
grate in large numbers until the explosive increase of 
the various coelenterate species occurs, both in num- 
bers and - since the increase in numbers is associated 
with increases in mean size - even more in biomass. 
Here, coelenterate predation on flatfish larvae seems a 
realistic possibility. 

Table 3. Literature review of coelenterates known as potential fish predators and present in the coastal zone of the southern North 
Sea (van der Baan 1980a, b, c, this study) under laboratory and natural conditions 

Species Prey Condition Source 

Ctenophores 
PIeurobrachia pileus Sole Laboratory Greve 1972 

Plaice, herring Natural Lebour 1923 
Scyphomedusae 

A urelia a urita Fish eggs and larvae Laboratory Lebour 1922 
Cod, flounder Laboratory Fraser 1969 
Herring Laboratory Arai & Hay 1982 
Herring Laboratory Bailey & Batty 1983 
Plaice, herring, 

flounder, turbot Laboratory Bailey & Batty 1983 
Plaice, flounder, cod, 

herring, turbot Laboratory Bailey 1984 
Flatfishes Natural Lebour 1923 
Hemng Natural Moller 1980b 

Hy dromedusae 
Sarsia tubulosa Herring Laboratory Arai & Hay 1982 

Herring Natural Arai & Hay 1982 
Eutonina indicans Herring Laboratory Arai & Hay 1982 
Phialidiurn h ernisphen'curn Sole, other species Laboratory Lebour 1922 

Hemng,  sprat Natural Lebour 1923 
Rathkea odopunatata Herring, sprat Natural Lebour 1923 
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Coelenterate predation on flatfish larvae 

Direct observations of attack and subsequent con- 
sumption of flatfish larvae under field conditions yield 
the best proof of predation. However, in estuarine 
areas such as the Wadden Sea, characterized by strong 
tidal currents and high turbidity (Postma 1954), such 
observations are practically unobtainable. Therefore, 
this study attempts to demonstrate predation by means 
of stomach content analysis of various potential pre- 
dators, i.e. the coelenterate species. Such a stomach 
content analysis can be hampered by a number of 
factors which may bias the results, e.g. (1) feeding on 
flatfish larvae within the net during fishing and net 
handling; (2) regurgitation of stomach contents during 
net handling or fixation; (3) digestion of food remains 
before coelenterates were killed; (4) identification 
problems in the case of partly digested stomach con- 
tents. 

Feeding of coelenterates during plankton hauls does 
not seem likely, because most of the fish larvae ingested 
were already partly digested. Regurgitation did occur 
in this study during fixation of Pleurobrachia pileus, 
although other investigators (Seip & Seip-Ottema 1981) 
did not find such an effect. In this study, regurgitation 
may be considered an important factor, which results in 
an underestimation of the predation rate by a factor of 
20. For Aurelia aurita and the 2 hydromedusae no such 
data are available. Digestion time of fish larvae in P. 
pileus seems to be of the order of a few hours (Reeve & 
Walter 1978). Since net handling took about 15 min 
digestion can be considered an insignificant factor as 
compared to regurgitation. A further bias in the results 
may be related to identification problems of partly 
digested fish larvae. This will also lead to underestima- 
tion of actual predation pressure. 

The problem of regurgitation together with the low 
ratio of fish larva to potential predator abundance at 
the time of the coelenterate outburst (approximately 1 
flatfish larva to 100 coelenterates) make the chances of 
observing larvae in coelenterate stomachs very small. 
Nevertheless, in 1981 and 1982 respectively, 7 and 2 
flatfish larvae were identified in stomachs of Pleuro- 
brachia pileus and Aurelia aurita. No larvae were 
found in the stomachs of the hydromedusae species. 

These scarce results show, be it qualitatively, that 
coelenterate predation on flatfish larvae does occur in 
the coastal zone near the Wadden Sea at the end of 
April and the beginning of May. The species consum- 
ing plaice and flounder larvae in this study correspond 
with those mentioned by Lebour (1923). 

Effects of coelenterate predation on flatfish 
immigration 

Actual predation by coelenterates may be much 
higher than is suggested from stomach content analy- 
sis. Due to underestimations caused by regurgitation 
and identification problems, at least 20 X 9 = 180 
flatfishes will in fact have been consumed by the 
15 000 Pleurobrachia pileus investigated (Table 2), 
which means predation by about 1 % of the 
ctenophores within the digestion time i.e. a few hours 
(Reeve & Walter 1978). Analysis of freshly caught, not 
preserved, material in early May 1984 showed as 
expected even more larvae in P, pileus stomachs: 12 
flatfish larvae in 445 living ctenophores at an abund- 
ance of 18 plaice and 215 flounder larvae 1000m-~. 
This means that 2.5 % of the P. pileus population had 
consumed a flatfish larva shortly before collection 
(Table 4). Converted to the total population of about 
14 000 ind 1000 m-3 at the beginning of May, this 
would mean a predation of at least 140 flatfish larvae 
1000m-~ per few hours, based on stomach content 
analysis of preserved samples (corrected for regurgita- 
tion only), and of 350 larvae 1000 m-3 based on analy- 
sis of freshly caught animals. In both cases it implies a 
total removal of all flatfish larvae by P. pileus within 
the time needed for digestion. Moreover other coelent- 
erates, at least Aurelia aurita, would also contribute to 
the consumption of flatfish larvae. 

The effect of coelenterate predation is also indicated 
by the coincidence between the coelenterate outburst 
and larval depletion. During all 3 yr of this study, the 
sharp increase in numbers of coelenterates coincided 
with a dramatic drop in flatfish numbers. Creutzberg et 
al. (1978) reported that in earlier years (1974, 1975 and 
1977), larval plaice immigration stopped at the same 
time of year. Although coelenterates were not quan- 
tified at that time, qualitative observations pointed to 

No. of P. pileus No. of larvae 
examined detected 

23 Apr 
7 May 445 12 (f)  

coincident outbursts of Pleurobrachia pileus (Creutz- 
Table 4. Number of flatfish larvae detected in stomachs of 

living Pleurobrachia pileus in 1984. p: plaice; f :  flounder berg perS. cOmm.). 
A comparison of consumption rates of predatorial 

coelenterates with biornasses of flatfish larvae and 
other food items may be another indirect way to assess 
whether coelenterate predation might be responsible 
for the abrupt break-down in larval abundance. Con- 
sumption figures of Pleurobrachia pileus and Aurelia 
aurita were obtained from van der Veer & Sad6e (1984) 
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and van der Veer & Oorthuysen (1985). These rates are 
based on biomass data, which were estimated from 
abundance figures combined with diameter-weight 
relations. For these relations, published data were 
used, which showed good correspondence with a 
number of determinations by the author. For a detailed 
description see van der Veer & Sadee (1984) and van 
der Veer & Oorthuysen (1985). The resulting total con- 
sumption of the 2 species, in g of carbon per 1000 m3 
per day (g C 1000m-3 d- l ) ,  is shown in Fig. 6. This 

I I 

F M A M J  

consumption 

(gC 1000m-~  d-') 

Fig. 6. Estimated total daily consumption (g C 1000m-3 d-l) 
by the predatory coelenterates Pleurobrachiapileus (-) and 
Aurelia aurita (---) near the entrance of the Wadden Sea in 

1981 and 1982 
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24 - 

16 
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figure is probably an  overestimation, because previous 
work revealed that P. pileus does not seem to 
encounter optimal feeding conditions in the coastal 
zone (van der Veer & Sadee 1984). By assuming a mean 
carbon content of 0.7 mg C per flatfish larva (Kuipers 
pers. comm.), the total biomass of flatfish larvae (mg C 
1000m-3), can be computed for the 3 yr (Fig. 7). At the 
end of April peak values of between 100 and 320 mg C 
1000m-3 are reached, mainly consisting of flounder 
larvae. Other larval fish species present in the same 
period, mainly herring and sprat, represent a smaller 
biomass of about 50 mg C 1000m-3 (Corten & van de 
Kamp 1979, Kuipers pers. comm.). Together with the 
main food source of the coelenterates, the zooplankton. 
with a biomass of about 40 to 60 g C 1000m-3 and a 
production of about 0.10 d-I in this area in the begin- 
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Fig. 7 .  Pleuronectes platessa and Platichthys flesus. Mean 
tidal biomass (mg C 1000m-3) of plaice (-) and flounder 
(---) larvae near the entrance of the Wadden Sea in 1980, 

1981 and 1982 

ning of May (Fransz 1981), it is clear that consumption 
by coelenterates appears to be very large compared 
with the standing stock of the food resources. Accord- 
ing to this approach a virtual extinction of the flatfish 
larvae after the end of April through coelenterate pre- 
dation might well be possible. 

This predation process will not be limited to the 
Wadden Sea entrance. Flatfish larvae, entering the 
Wadden Sea on the tidal currents, will already have 
met the screen of predatory coelenterates somewhere 
offshore in the coastal area. Therefore, the actual pre- 
dation process can be expected to last much longer 
than the period between larval immigration and subse- 
quent settling on the tidal flats as measured within the 
boundary of the nursery. 

Impact of coelenterate predation on larval flatfish 
populations 

Coelenterate predation can affect the recruitment of 
a fish species. In Kiel Bight the scyphomedusal jelly- 
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f ish Aurelia aurita consumes la rge  amounts  of yolk-sac 
her r ing  la rvae  a n d  reduces t h e  population size consid- 
erably (Moller 1984). For flatfish larvae, predat ion by  
coelenterates seems  to b e  dependent  on larval size, a t  
least  a s  f a r  a s  A. aurita is  concerned (Bailey 1984). 
Because of their smaller  size, flounder larvae will  b e  
more  suscept ible  to  predat ion t h a n  plaice larvae. 
Plaice a n d  flounder also differ a s  to their behaviour  
after a n  encounter  wi th  a predator. Plaice larvae a r e  
more  reactive than  flounder (Bailey 1984), which  may 
decrease  t h e  risk of predation. 

A major impact  of coelenterate predation on  the  
recruitment of plaice seems  unlikely, because i n  al l  3 
yr immigration of t h e  larvae s tar ted i n  l a te  February 
a n d  h a d  thus  already lasted for 2 m o  w h e n  t h e  outburst 
of coelenterates occurred. Therefore, most of t h e  larvae 
would have  passed largely unaffected a n d  have  settled 
o n  t h e  tidal flats of t h e  Wadden  Sea  before serious 
coelenterate  predat ion started. T h e  onset  of t h e  
coelenterate  outburst occurs a t  approximately t h e  
s a m e  t ime every year .  A significant moderat ing effect 
o n  between-year  fluctuations of the  larval stock can  
only b y  expected if t h e  t iming of larval immigrat ion is 
related to t h e  a b u n d a n c e  of t h e  year-class. This  h a s  
indeed  b e e n  suggested by  Zijlstra e t  al.  (1982) a n d  b y  
this s tudy;  larger  year-classes show a somewhat  
de layed  arrival, from March to April. Therefore, t h e  
coelenterate- induced mortality might  have  a density- 
d e p e n d e n t  component ,  reducing t h e  be tween  year- 
class fluctuations. 

For flounder t h e  processes determining year-class 
s t rength a r e  less known.  Neither  for t h e  pe lag ic  nor for 
t h e  demersal  p h a s e  h a v e  detai led s tudies  b e e n  carried 
out.  Larval immigration of flounder shows a regular  
pat tern similar to that  of plaice in  all 3 yr. However ,  
s ince it  starts 1 m o  later,  the  explosive outburst of 
predatory coelenterates coincides with maximum 
flounder immigration. Moreover, flounder larvae may 
b e  more exposed to predat ion because of their smaller  
size. A much greater  impact  on  flounder is suggested 
by  t h e  larger  numbers  of larvae found i n  coelenterates  
stomachs. However ,  more  insight  into t h e  fate  of floun- 
der  after set t lement  is required before t h e  precise 
effect c a n  b e  evaluated.  
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