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INTRODUCTION

Tidal and diurnal periodicity in epibenthic macro-
crustaceans and demersal fish of surf zones of sandy
beaches, although rarely studied together, are well

documented (e.g. Edwards 1958, Janssen & Kuipers
1980, Burrows et al. 1994, Gibson et al. 1996). Most
studies, however, only examined sheltered or semi-ex-
posed beaches. Data on exposed coasts are rare and re-
stricted mainly to the southern hemisphere. Although
these exposed beaches are highly dynamic, they can
harbour many species, often in high densities and bio-
masses (e.g. Clark et al. 1996). Their importance is
probably highly underestimated. The hyper- and epi-
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Multivariate statistical techniques and 3-way ANOVA were used to evaluate the effects of the envi-
ronmental variables measured. The most important variable correlated with the variation in epiben-
thic catch density was the state of the tide (ebb and flood), but light intensity (day and night) was also
important. The individual catch density of several species differed significantly over the three 24 h
cycles. Despite the strong turbulent conditions of the site studied, clear tidal (e.g. the brown shrimp
Crangon crangon, juvenile plaice Pleuronectes platessa) and diurnal (e.g. juvenile sole Solea solea
and clupeids, caught mainly during the night/day respectively) periodicities of many macrocrus-
tacean and demersal fish species were observed. Nevertheless, the extremely turbulent conditions of
the surf zone possibly affect the behaviour of many species (e.g.  juvenile brown shrimp are not able
to bury themselves as the water retreats). To investigate whether the high dynamics of the surf zone
suppress the ability of juvenile plaice to actively search for food, stomach contents were analysed.
Also, the interaction with potential prey was investigated: the hyperbenthic fauna was sampled
simultaneously and macrobenthic data were available from the literature. Clearly, the Belgian sandy
beaches are used as a feeding ground by I-group plaice. An opportunistic utilisation of available food
resources is suggested. I-group plaice migrate high up the beach during the flood tide to profit from
the rich macrobenthic intertidal area, while the 0-group feeds mainly on the most abundant hyper-
and macrobenthic organisms from somewhat deeper water. The presence of the 0-group in the inter-
tidal area is possibly linked to refuge for predators or influenced by the strong surf zone currents.
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benthic communities of the surf zones of the exposed
Belgian sandy beaches have been studied intensively
by the present authors; spatial and temporal distribu-
tion patterns will be published elsewhere (e.g. Beyst et
al. in press).

It is likely that the distribution patterns of intertidal
organisms are a mixture of responses to the physical
environment modified by direct interactions with
other organisms such as predators, competitors or
prey (Burrows 1994, Gibson et al. 1998). Data on all
of these factors together are rarely available. During
this study, an attempt was made to integrate data on
the epibenthic surf zone community and their poten-
tial prey (hyper- and macrobenthos). Hyperbenthic
samples were taken simultaneously and macroben-
thic data are available from other studies of an adja-
cent beach (Elliott et al. 1996, Degraer et al. 1999).
Stomach content analyses were used to gain more
insight into the feeding ecology of the dominant fish
species.

This paper reports the results of an integrated study
of the tidal and diurnal rhythms of macrocrustaceans
and juvenile demersal fish on an open macrotidal
sandy beach on the Belgian coast. The following hypo-
theses were evaluated: (1) the surf zone of the Belgian
coast is too turbulent to detect tidal or diurnal distri-
bution patterns within the epibenthic community; and

(2) its turbulence inhibits the active foraging behaviour
in the surf zone of the dominant fish species.

MATERIALS AND METHODS

Study area. The study area comprises the surf zone
of a sandy beach near Nieuwpoort at the exposed
Belgian coast in the Southern Bight of the North Sea
(51°10’ N, 2°45’ E; Fig. 1). The mouth of the Ijzer estu-
ary opens at approximately 2 km to the west of the site.
A strong semi-diurnal tidal regime and a net tidal
current running north-east parallel to the coastline
are characteristic for the Belgian coast. According to
the morphodynamic classification scheme of Masse-
link & Short (1993), the beach is classified as a low-tide
bar/rip beach. The beach consists of fine sand (median
grain size of 200 µm) and is characterised by the pre-
sence of groynes approximately 300 m apart from each
other. Several shallow troughs and bars in which the
water is retained at low tide run parallel to the water’s
edge. The site has an intertidal zone of approximately
200 m, with a tidal range of 4.8 m. The difference in
water height between spring and neap tide is approxi-
mately 1 m.

Sampling. Three campaigns of 24 h sampling were
performed in spring of 1996, at the time of spring (24 to
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Fig. 1. Study area with indication of sampling site
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25 April) and neap tide (30 April to 1 May) and 1 in
between (27 to 28 April). Epi- and hyperbenthic sam-
ples were taken alternating every 2 h, starting at
15:00 h Central European Time (CET) with the hyper-
benthos and ending the next day also at 15:00 h CET.
During the intermediate cycle only, the last sample
was taken at 14:00 h CET (epibenthos). This resulted in
a total of 36 epi- and 38 hyperbenthos samples. Time
constraints and the rapidly changing tidal conditions
did not allow replicate hauls to be taken. The hyper-
benthos was sampled as it includes many prey items of
epibenthic organisms. All epibenthic samples were
taken with a 2 m beam trawl. The net was 3 m long,
had a mesh size of 5 × 5 mm and was equipped with a
tickler-chain in the ground rope. The hyperbenthos
was sampled by means of a hyperbenthic sledge espe-
cially designed for this study. Its metal frame measured
100 × 40 cm and it was equipped with 2 nets, 1 above
the other, each 3 m long and with a mesh size of
1 × 1 mm. Both sampling gears were pulled by 2 people
in the surf zone parallel to the coastline at a depth of
approximately 1 m, following the tide. Each haul lasted
15 or 20 min for the epi- and hyperbenthos respectively
and covered a distance of 225 m back and 225 m forth,
so that the total distance covered by the trawl in each
sample was 450 m. The catch was anaesthetised in a
dilute solution of benzocaine (ethylamino-4-benzoate)
and then preserved in an 8% formalin solution.

Analysis of samples. In the laboratory, all animals
were identified to species, measured and counted, and
their standard (or total) length was measured to the near-
est millimetre. For the hyperbenthos, total ash free dry
weight (ADW) was estimated based on assigned values
(cnidarians, ctenophores and small crustaceans) or
length-ADW regressions (Mees 1994, Beyst et al. 1999,
Dewicke unpubl. data). From the epibenthos, a maxi-
mum of 20 juvenile plaice per sample was selected at
random from the most abundant size classes caught dur-
ing spring tide for stomach content analyses. A detailed
description of the analyses is given in Beyst et al. (1999).
Diet composition was expressed as mean gravimetric
percentage and as mean numerical percentage of prey
items. The fullness index (FI), a measure of the degree of
fullness of the digestive tract (in this case stomach), was
used to detect changes in feeding rhythm (Berg 1979).

Environmental variables. Every 2 h, water and sedi-
ment samples were taken. Besides some general vari-
ables (e.g. salinity, water temperature, sediment ana-
lyses), nutrient and pigment concentrations of the water
column were measured. These latter factors might give
some indications of (potential) primary production.
As many prey items of the epibenthic species follow
these patterns, they might reveal some important under-
lying mechanisms. Portable conductivity and oximeters
(WTW, Weilheim, Germany) were used for in situ mea-

surements of water temperature, salinity and oxygen
content. Turbidity was measured with a portable micro-
processor turbidity meter (Hanna Instruments, Woon-
socket, RI). Water samples were filtered through What-
man GF/F filters, which were frozen immediately. In the
laboratory, pigments (chlorophyll-a and -c and fucoxan-
thine), were immediately extracted with acetone (90%)
before being applied to chromatography. A Gilson HPLC
chain was used, following a slightly modified method of
Mantoura & Llewellyn (1983). The concentrations of
nitrate plus nitrite, phosphate, ammonia and silicon were
measured with an automatic chain (SANplus segmented
flow analyser, Skalar, Breda, The Netherlands). From the
sediment sample, median grain size was determined in
the laboratory with a Coulter Counter LS particle size
analyser. Light intensity was measured by means of
a portable PAR radiation sensor and measuring unit
(Skye Instruments, Llandrindod Wells, UK). The Coastal
Waterways’ Division of the Department of Environment
and Infrastructure (Ministry of the Flemish Community)
provided measurements of hydrodynamic variables at
the moment of sampling such as wave height, and wind
speed and direction.

Data treatment. The exact water height at the
moment of sampling was derived from the tide curve
from the nearest harbour (Nieuwpoort), obtained from
the Coastal Waterways’ Division of the Department
of Environment and Infrastructure (Ministry of the
Flemish Community). Catch densities are expressed as
number of individuals per 100 m2. ‘Epibenthos’ and
‘hyperbenthos’ are used here as working definitions,
indicating all animals caught with the beam trawl and
sledge, respectively. Exceptions are small crustaceans
(e.g. isopods, mysids), early postlarval fish (e.g. clu-
peids) and sedentary animals (e.g. the starfish Asterias
rubens), which were excluded from further analyses
of the epibenthos, and large fish, Scyphozoa, adult
shrimps and crabs, and molluscs, which were excluded
from the hyperbenthos analysis.

Multivariate statistical techniques were used to de-
tect distribution patterns within the epibenthic data:
correspondence analysis (Ter Braak 1986, 1988) and
2-way indicator species analysis (TWINSPAN, Hill
1979). A 4th root transformation (Field et al. 1982) was
performed on the abundance data before the analyses.
To assess the importance of the measured variables in
structuring the community, the forward selection op-
tion together with the Monte Carlo permutation test in
the Canoco package were used before canonical cor-
respondence analyses. If variables were significantly
correlated (Spearman rank correlations, p < 0.05), only
1 of them was retained for further analysis. Since wind
direction is a circular variable, it was transformed to a
linear variable by using the cosine of the angle that the
wind made on a set of axes aligned perpendicularly
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onshore at each site (Clark et al. 1996, Zar 1996). Off-
shore winds at each site were allocated the greatest
values (+1) and onshore winds the lowest (–1), while
winds with a cross-shore component from either direc-
tion received scores between +0.9 and –0.9. Wave
height was expressed as the height that was reached
by 33% of the waves. The state of tide at the moment of
sampling was represented by the time relative to the
closest high water, from low water 6 h before high
water to 6 h after high water. Cosines and sines of the
angular equivalent of the state of the cycle (2π × [time
relative to time of high water]/12.5 h) were included in
the analyses (Zar 1996). The cosines reflect changes
from low water to high water while sines reflect differ-
ences between incoming (flood) and outgoing (ebb)
water. To evaluate the effects of the selected variables
and the effects of their mutual interaction on the
epibenthos, ANOVAs were performed on log(x+1)
transformed density data and number of species. As
the sampling scheme is inherently unbalanced (un-
equal number of combinations) the complete multiple

regression was computed. To test the hypothesis that
the effects are zero, Type III of the sum of squares was
used, appropriate for any unbalanced ANOVA design
with no missing cells (Milliken & Johnson 1984). If the
assumptions for ANOVA were not met, non-parametric
statistics were used (Kruskal-Wallis and Mann-Whit-
ney U-tests).

RESULTS

Hydrodynamic conditions

Around the moment of sampling (from 23 April 1996
until the end of 1 May 1996), 33% of the waves mea-
sured on average (± SE) 45 ± 1 cm and wind speed was
on average 5 ± 0.01 kn. At least 1 period of heavy wave
action was detected (Fig. 2a,b): it reached its peak at
the end of the intermediate 24 h cycle with 33% of the
waves >150 cm and with a wind speed of >15 knots.
Although a 2nd peak was distinguished at the begin-
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Fig. 2. Daily variation (Central European Time) of hydrodynamic variables around the period of sampling; 24 h sampling 
campaigns are indicated as the shaded areas S (spring tide), I (intermediate tide) and N (neap tide)
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ning of the first 24 h cycle, 33% of
the waves did not exceed 100 cm. The
prevailing winds were offshore or
longshore during the sampling cam-
paign (Fig. 2c), except during the last
24 h cycle, when onshore winds pre-
vailed. During the last 24 h cycle, a
dense mist depressed the light inten-
sity until 7.30 h.

Rhythmic changes in catch of
dominant epibenthic species 

and hyperbenthos

A total of 24 epibenthic species were
caught: 16 fish, 2 caridean shrimp, 2
brachyuran crabs, 2 molluscs and 2
scyphozoans (Table 1). On average
20 ± 1 species were recorded per 24 h
cycle. The brown shrimp Crangon
crangon accounted on average for
>90% of the total epibenthic commu-
nity during all 3 cycles. Without this
species, juvenile plaice Pleuronectes
platessa accounted for more than 20%
during all cycles. Other important spe-
cies are given in Table 2. Maximum
total catch density was found around
ebb tide (Fig. 3) and reached over
250 ind. per 100 m2.

After exclusion of 3 outliers, both TWINSPAN and
correspondence analysis (eigenvalues of the first 3
axes: 0.258, 0.213 and 0.191, respectively) resulted in
the same pattern: 2 groups of samples were distin-
guished (TWINSPAN groups are indicated in Fig. 4).
After forward selection and Monte Carlo permutation
tests, only water temperature and cosine (tide) were
retained. These 2 variables accounted for 15% of the
variance within the dataset in a subsequent canonical

correspondence analyses (eigenvalues of the first 2
axes: 0.165 and 0.095, Fig. 4). Cosine (tide) was signifi-
cantly correlated with median grain size, fucoxanthine
and chlorophyll c, and water temperature with light
intensity, salinity and phosphate content of the water
column (p < 0.05, Spearman rank correlations).

Since water temperature not only changed during
the day (compared with light intensity) but also in-
creased from sampling date to sampling date (from a
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Tide Day/night Cycle
Mann-Whitney Mann-Whitney Kruskal-Wallis

U-test U-test test

Total density *** * ns

Scyphozoa species ns ns *
Cyanea lamarckii ns ns **
Aurelia aurita ns ns ns
Palaemon serratus ns ns ns
Crangon crangon *** * ns
Liocarcinus holsatus ns ns ns
Carcinus maenas *** ns ns

Opistobranchia spp. ns ns ns
Sepiola atlantica * ns ns
Clupea harengus ns ns **
Sprattus sprattus ns ns ns
Ciliata mustela ns ns ns
Atherina presbyter ns ns ns
Syngnathus rostellatus * ns ns
Zoarces viviparus ns ns ns
Echiichthys vipera ns ns ns
Ammodytes tobianus ns ns ns
Pomatoschistus lozanoi ns ns ns
Pomatoschistus microps ns ns ns
Pomatoschistus minutus ns ns *
Pomatoschistus spp. ns ns ns
Scophthalmus maximus ns ns ns
Pleuronectes flesus * ns ns
Pleuronectes platessa – – –
Solea solea * * ns

Table 1. Species list and summary of significant differences of Mann-Whitney U
and Kruskal-Wallis tests: *0.01 < p < 0.05; **0.001 < p < 0.01; ***p < 0.001. 

ns: not significant, –: see Table 3

Spring tide Intermediate tide Neap tide

Crangon crangon 96.3 Crangon crangon 91.7 Crangon crangon 93.5

Without C. crangon
Pleuronectes platessa 34.2 Clupea harengus 52.4 Cyanea lamarckii 49.1
Sprattus sprattus 26.5 Pleuronectes platessa 29.0 Pleuronectes platessa 22.1
Carcinus maenas 15.8 Pomatoschistus lozanoi 6.0 Carcinus maenas 11.1
Pomatoschistus minutus 5.9 Carcinus maenas 3.8 Clupea harengus 5.9
Pomatoschistus lozanoi 3.5 Solea solea 1.7 Solea solea 3.8

Others 14.2 Others 7.1 Others 8.1

Total density ± SE 94 ± 28 85 ± 24 53 ± 20

Table 2. Relative species composition of the epibenthos (%) and total density ± SE (ind. 100 m–2) per 24 h cycle (averages of all 
samples per cycle)
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maximum of 11.6°C at spring tide to 13.3°C and 14.4°C
during the subsequent 24 h cycles), the effect of time
(reflected in the 3 × 24 h cycles) could not be neglected.
The single and combined effects of tide, day/night and
24 h cycle on total and individual species catch den-
sity and number of species were tested using 3-way
ANOVA. However, only the number of species and the
catch density of juvenile plaice met the assumptions of
ANOVA (Table 3). The number of species was signifi-
cantly (p < 0.05) higher around low water (7 ± 1) and
during the day (7 ± 1) than at high water (4 ± 0.3) and
during the night (5 ± 0.4). Also the combined effect tide
by day/night on the number of species was significant.
The effect of time represented by the three 24 h cycles
was, however, not significant. Tide, day/night and 24 h
cycle all had significant effects on the distribution pat-

terns of juvenile plaice: the highest catch densities
were found at low water (1.8 ± 0.3 ind. 100 m–1), during
the day (1.9 ± 0.3 ind. 100 m–1) and during the interme-
diate 24 h cycle (2.5 ± 0.5 ind. 100 m–1), compared with
high water (0.9 ± 0.2 ind. 100 m–1), night (1.1 ± 0.3 ind.
100 m–1) and the other two 24 h cycles (<1.5 ind.
100 m–1). Combined effects were not significant.

The assumptions for ANOVA for the total catch
density and the individual catch density of the other
species were not met; therefore, only the single effect
of the 3 variables could be evaluated by means of
Mann-Whitney U (tide, day/night) or Kruskal-Wallis
(cycle) tests (Table 1). Total catch density was also
found to be significantly (p < 0.05) higher around low
water (130 ± 20 ind. 100 m–2) than high water (30 ±
7 ind. 100 m–2), but catch densities were lower during
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Fig. 3. Hourly variation (Central European Time) in total density of the epi- and hyperbenthos (ind. 100 m–2) and water height
(m to mean low low water spring [MLLWS]) during the three 24 h cycles at spring and neap tide and during the intermediate tide. 

The darker area indicates the dark hours
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the night (60 ± 20 ind. 100 m–2 and 100 ± 20 ind.
100 m–2, respectively). These latter results mainly
reflected the distribution patterns found for the brown
shrimp as this species strongly dominated the sam-
ples. The only other species for which significant dif-
ferences were found between tide and time of day
was juvenile sole Solea solea. This species was also
more abundant at low water and during the night
(0.18 ± 0.07 ind. 100 m–2 and 0.22 ± 0.07 ind. 100 m–2,
respectively). At high water and during the day it was

virtually absent (<0.05 ind. 100 m–2). For
the remaining species, only 1 of the 3
possible effects was significant (e.g. tide
was important for the shore crab Carcinus
maenas) and the catch densities of juve-
nile herring Clupea harengus and sand
goby Pomatoschistus minutus differed
among the three 24 h cycles.

The hyperbenthos consisted mainly of
mysids (80% during spring tide and
>25% during the other two 24 h cycles)
and fish in early life stages (14% during
spring tide and >30% during the other
2 cycles). During the intermediate and
neap tide cycles, larval polychaetes
(±18%) and cnidarians were also impor-
tant (5% and 14%, respectively). Maxi-
mum total density and biomass of the
hyperbenthos were also found around ebb
tide (Fig. 3). Densities generally ranged
from 200 ind. 100 m–2 to peaks of more
than 4000 ind. 100 m–2, while biomass
reached up to 8000 mg ADW 100 m–2.

Abundance and length distribution of the 
brown shrimp and juvenile plaice

For both of the most important species,
the brown shrimp and juvenile plaice, 2 co-
horts were distinguished at the moment of

sampling. For the brown shrimp, median standard
length was 22 and 32 mm, respectively; for plaice it
was 30 and 70 mm (probably 0-group and I-group
plaice). Both cohorts of the brown shrimp showed the
same distribution pattern during the three 24 h cycles
(data not shown). For juvenile plaice, however, 2 dif-
ferent patterns were observed (Fig. 5): the 0-group
showed no clear abundance pattern, whereas the
I-group plaice clearly performed a tidal migration
pattern with highest catch densities during ebb tide.

Stomach content and feeding
rhythm of juvenile plaice

The stomach contents of 122 plaice
were analysed: 29 (13 empty) of the
0-group and 93 (18 empty) of the
I-group. The diet of the 0- and I-group
plaice differed substantially (Table 4):
a clear shift in diet was observed. For
the 0-group the most abundant prey
items were palps of the polychaete
Magelona papillicornis (30%), fol-
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Fig. 4. Sample plots of the final canonical correspondence analysis with
indication of groups (codes of samples consist of the 24 h cycle [S, I, N]
together with the hour of sampling). Each axis is scaled in proportion to the

longest axes

Effect df No. species Pleuronectes platessa
F p F p

Tide 1 16.99 *** 5.36 *
Day/night 1 4.59 * 4.92 *
Cycle 2 0.38 ns 4.94 *
Tide × day/night 1 7.76 * 1.03 ns
Tide × cycle 2 0.11 ns 0.59 ns
Day/night × cycle 2 2.09 ns 0.20 ns
Tide × day/night × cycle 2 1.19 ns 0.76 ns

Table 3. Three-way ANOVA: summary of significant differences. *0.01 < p < 0.05; 
**0.001 < p < 0.01; ***p < 0.001. ns: not significant
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lowed by cirripedes (cyprid larvae, 14%),
and the polychaetes Pygospio elegans and
Spio species (each 12%). Gravimetrically,
the amphipod Bathyporeia species was most
important (37%), followed by the hyper-
benthic calanoid copepods Centropages
hamatus (16%) and Temora longicornis
(10%). The diet of I-group plaice also in-
cluded other prey items (endobenthic): free-
living nematodes (18%, e.g. Pseudonchus
deconincki, Mesacanthion species and
Daptonema tenuispiculum) and the poly-
chaete Scolelepis squamata (9%) were
numerically abundant. Gravimetrically only
S. squamata (70%) and the hind parts of
Arenicola species (16%) were important.

Maximal average FIs of the I-group were
recorded a few hours after high water, with
highest values during the first period of the
24 h cycle (Fig. 6). FIs of the 0-group were
very erratic but they are not shown since
only 16 individuals were taken into account.
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Fig. 5. Hourly variation (Central European Time) in catch density of the 0- and I-group plaice (ind. 100 m–1) and water height (m 
to MLLWS) during the three 24 h cycles during S, I and N. The darker area indicates the dark hours

%N %G
0-group I-group 0-group I-group

No. fish analysed 29 93 29 93
No. stomachs empty 13 18 13 18
Pygospio elegans 11.7 10.4 5.7 0.9
Scolelepis squamata 0.7 9.1 6.7 70.0
Polydora spp. 2.1 0.9
Spio spp. 11.7 4.9 6.8 0.5
Polychaeta spp. 1.4 3.4
Magelona papillicornis p 30.3 14.1 6.9 0.5
Arenicola spp. end 0.0 15.5
Polychaeta spp. p 6.9 4.6
Nematoda spp. 18.1
Harpacticoida spp. 2.1 0.1
Centropages hamatus 5.5 0.1 15.8 0.0
Temora longicornis 3.4 0.1 9.9 0.0
Cirripedia spp. cl 14.5 8.6 6.5 0.6
Bathyporeia spp. 3.4 6.0 37.0 6.5
Bivalvia spp. spat 3.5
Bivalvia spp. s 1.4 3.5
Others 8.3 13.8 4.7 7.9

Table 4. Numerical (%N) and gravimetrical (%G) diet composition of the 0-
and I-group plaice, with indication of the number of fish analysed. p: palps, 

cl: cyprid larvae, s: siphons
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DISCUSSION

Rhythmic changes

The dominant epibenthic species found during this
study are numerically dominant in most studies of
epibenthic macrocrustaceans and demersal fish in
shallow waters in the Northeast Atlantic region (Macer
1967, Pihl & Rosenberg 1982, Evans 1983, Gibson et al.
1993). Catch densities reported probably do not repre-
sent true abundances because the efficiency of the 2 m
beam trawl is unknown for most species. The catch
density of the species recorded and the species rich-
ness are a function of their distribution with depth and
substratum type, their ability to avoid the gear, the size
selectivity of the meshes, and many other local condi-

tions such as water temperature and turbidity (Kuipers
et al. 1992). Highest catch densities of most species
were found around ebb tide. In areas with large tidal
ranges, the sandy beach fauna often follows the tide,
thereby using the upshore areas for feeding and as a
refuge from predation during high tide (Gibson 1973,
Van der Veer & Bergman 1986, Ansell & Gibson 1990).
Burying behaviour by shrimp (especially juvenile indi-
viduals) in the intertidal area as the water retreats has
been described by many authors (e.g. Beukema 1976,
Janssen & Kuipers 1980). Since both cohorts of the
brown shrimp showed the same distribution pattern
during the three 24 h cycles, it seems unlikely that they
bury themselves as the water retreats. The former
studies deal with more sheltered areas such as the
Wadden Sea. The surf zone of the Belgian sandy
beaches is probably too dynamic to allow this kind of
behaviour.

Some species were found to be more abundant at
night (e.g. Lozano’s goby and juvenile sole), suggest-
ing an onshore migration at dusk and a subsequent off-
shore migration by dawn or reflecting nocturnal
behaviour (e.g. sole; Kruuk 1963). This diurnal move-
ment pattern has already been described by several
authors (e.g. for gadoid species: Pihl 1982, Keats &
Steele 1992, Gibson et al. 1998) although the patterns
of movement and the possible explanations differ
among areas. Net avoidance might also have been
greater during the day as reported by Gibson et al.
(1996) for gadoids. However, in contrast to the findings
of Gibson et al. (1996), the total number of species
caught in the present study was highest during the
day. The circadian pattern as described for clupeids
(e.g. Stickney 1972), is also suggested during our study
as they were caught exclusively by daylight indepen-
dently of the tidal cycle. Finally, differences among the
three 24 h cycles might be explained by several fac-
tors: the increase over time of the water temperature
(appearance of new recruits), the existence of semi-
lunar distribution patterns for some species or the pre-
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Fig. 6. Hourly variation (Central European Time) of the fullness index (FI) (mean ± SE) calculated for the I-group plaice during 
the 24 h cycle at spring tide. The darker area indicates the dark hours

Spring tide Intermediate Neap tide
tide

Cnidaria * 5.0 14.0
Ctenophora 5.1 6.6 0.1
Polychaeta 0.1 17.9 18.4
Copepoda * 0.9 0.3
Caridea 7.5 14.1 7.7
Anomura – * *
Brachyura * 0.7 0.1
Cumacea 0.1 0.2 0.4
Mysidacea 79.5 26.4 31.1
Isopoda 0.7 1.0 0.7
Amphipoda 0.9 1.4 1.7
Euphausiacea * * *
Mollusca – * *
Echinodermata – – *
Chaetognatha * * *
Pisces 4.9 8.7 12.6
Pisces eggs 1.2 15.1 12.7
u.i. – – 0.2

Total density ± SE 1500 ± 420 970 ± 130 580 ± 190

Table 4. Relative species composition of the hyperbenthos (%)
and total density ± SE (ind. 100 m–2) per 24 h cycle (averages 

of all samples per cycle) *< 0.05%. u.i.: unidentified
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vailing hydrodynamic conditions. The last can be re-
sponsible for wind induced transport of organisms
towards the shore in case of prevailing offshore winds
(possibly, for example, for the cnidarian Cyanea la-
marckii, which was most abundant during the neap
tide 24 h cycle).

Water temperature and tide (and correlated vari-
ables) were indeed indicated by the multivariate
analyses as the most important structuring variables;
water temperature reflected both the effect of day and
night, and differences between 24 h cycles. Univariate
statistical techniques confirmed that in general, tide,
but also the diurnal cycle and the differences between
the 24 h cycles, most likely influenced species richness,
and total and individual catch densities of several
species. The first hypothesis can be rejected since clear
tidal and diurnal distribution patterns were found de-
spite the turbulence characteristic for the surf zone.
However, integration of the results of similar situations
in future research (i.e. in such a way that more than 1
spring intermediate and neap tide cycle are sampled),
should improve the reliability of these results. Overall
it is likely that the behaviour patterns are a mixture of
responses to the physical environment modified by
direct interactions with other organisms such as preda-
tors, competitors or prey (Burrows 1994, Gibson et al.
1998). Data on predators are not available from the
studied area, but they are probably largely negligible.
The interaction with hyper- and macrobenthic prey
will be further discussed on the basis of juvenile plaice.
Other flatfish species as potential competitors of plaice
in the surf zone of the Belgian coast are discussed in
Beyst et al. (1999).

Pleuronectes platessa

According to Gibson (1973) the basic rhythm of juve-
nile plaice is circadian, but under tidal conditions it can
be entrained to keep phase with the tides. The 2
cohorts of juvenile plaice present at the time of sam-
pling clearly have different strategies. Although densi-
ties were very low, the small 0-group individuals seem
to follow the water mass (actively or passively) as it
enters and retreats from the beach. The larger I-group
juveniles must perform tidal rhythmic behaviour as
they were caught in significantly higher densities at
low tide.

Young plaice feed mainly on macro- and hyperben-
thic organisms (e.g. Beyst et al. 1999), both of which are
more abundant near the intertidal area than in the
deeper (5 to 10 m) adjacent subtidal (Degraer 1999,
Cattrijsse & Dewicke in press, Beyst et al. in press). The
0-group plaice examined during this study fed more on
hyperbenthic animals (e.g. calanoid copepods) than did

the larger individuals. These results are in accordance
with those of Kuipers (1973): 0-group plaice fed mainly
on mysids and small shrimps, whereas the diet of the
I-group consisted mainly of the posterior parts of Areni-
cola species. They are, however, in contrast to the find-
ings of Lockwood (1984), who found that plaice of 20 to
40 mm basically had a grazing diet (e.g. harpacticoid
copepods), whereas the I-group fed mainly on mobile
prey (e.g. amphipods, polychaetes, cumaceans). He
suggested that young plaice preferably consume com-
monly occurring species, which was also supported
by Wyche & Shackley (1986). The hyperbenthos also
reached its maximum density and biomass around ebb
tide. Hyperbenthic organisms either disperse actively
on the beach at high water and are concentrated along
the water’s edge as the water retreats or are more
abundant in somewhat deeper waters (1 to <5 m).
Macrobenthic density and biomass on a nearby beach
were found to be highest at the mean high water neap
tide level (5500 ind. m–2 and 2000 mg ADW m–2, respec-
tively) and lowest between the mean tidal and mean
low water neap tide level (Degraer et al. 1999). I-group
plaice fed mainly on prey typically from the intertidal
(e.g. the polychaete Scolelepis squamata, Elliott et al.
1996). They clearly profit from the rich area higher on
the beach when the water covers the beach and are
concentrated along the water’s edge at ebb tide in
anticipation of high water. Berghahn (1987) also found
that in the Wadden Sea, larger juvenile plaice migrate
further from the channels onto the tidal flats. Next to
more hyperbenthic prey, 1 of the major prey items of
the smaller 0-group plaice were palps of the polychaete
Magelona papillicornis. This species (and other prey
items) is found mostly in somewhat deeper waters
(Elliott et al. 1996, Degraer et al. 1999), suggesting that
these small juveniles do not feed on the beach but at
deeper sites. These results suggest an opportunistic
utilisation of the available food resources by juvenile
plaice. The occurrence of this phenomenon has already
been described (e.g. Lasiak & McLachlan 1987, Beyst
et al. 1999). It can be an important strategy for animals
frequenting physically stressed environments such as
surf-exposed beaches. Young plaice generally prefer
more sheltered areas (Riley et al. 1981), but still they
are found in higher densities in the surf zone of the
studied area than in the adjacent shallow subtidal (B.B.
unpubl. data). Moreover, since 0-group plaice were
found in equal catch densities during the whole tidal
cycle, their presence in the intertidal area might be ex-
plained by avoidance of predators or passive transport
by the surf zone currents. However, these results
should be interpreted with care, as only very low densi-
ties were caught.

Finally, it is interesting to note that the FIs of the
I-group were higher when wave height was greater.
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These results suggest that there may be longer term
patterns in feeding success of these animals. More-
over, the second hypothesis that the strong turbulence
within the surf zone inhibits the active foraging behav-
iour in the intertidal area is hereby rejected for the
I-group plaice, at least for the conditions met during
this study. The turbulence within the surf zone is gen-
erated primarily through breaking waves and to a
lesser extent by shear at the bottom boundary layer. It
is widely acknowledged that wave breaking at the sur-
face provides the dominant source of water column
turbulence (Holman 1995).
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