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SUMMARY: The Culbin Sands lagoon ecosystem in NE Scotland was studied during a three-year period (1994-1996) to 
identify the major trophic links from benthic invertebrates to epibenthic predators, and to assess impacts of overwintering 
fish on their prey communities. Every 2-4 weeks, samples of mobile fauna were collected to study their diets. The major 
trophic links identified between benthic invertebrates and epibenthic predators were from benthic invertebrates to the shrimp 
Crangon crangon, and to the common goby Pomatoschistus microps and the plaice Pleuronectes platessa. The energy flow 
from benthic invertebrates to overwintering fish was estimated at 133 kJ nH y u 1. A flow of 10 kJ uH y u 1 was also observed 
from eggs and larval stages of the overwintering shrimp Crangon crangon to the overwintering fish. Nevertheless, manipu
lative field experiments showed no significant impacts of the most abundant overwintering fish Pomatoschistus microps on 
prey community densities, despite an overall individual ingestion rate of 89 J day-1.
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RESUMEN: P a p e l  e c o l ó g ic o  e n  l a  c a d e n a  t r ó f i c a  d e  l o s  p e c e s  q u e  p a s a n  e l  i n v ie r n o  e n  e c o s i s te m a  d e  l a  l a g u n a  
C u lb in  S a n d s ,  NE E s c o c ia :  I d e n t i f i c a c ió n  d e  l a s  p r in c ip a le s  i n t e r a c c i o n e s  t r ó f i c a s  y  c o m p ro b a c ió n  d e  l o s  e f e c t o s  
d e l  p ez  P o m a t o sc h ist u s  m ic r o p s  ( P a l l a s )  e n  l o s  i n v e r t e b r a d o s  b e n tó n ic o s .  -  Se estudió el ecosistema de la laguna 
Culbin Sands, NE Escocia, durante un periodo de tres años (1994-1996) con objeto de identificar Ios principales acopla
mientos tróficos desde invertebrados bentónicos a depredadores epibentónicos, y para evaluar el impacto de Ios peces que 
pasan el invierno sobre las comunidades de sus presas. Cada 2-4 semanas, la fauna móvil se muestreó para estudiar su dieta. 
Las principales interacciones tróficas identificadas, entre invertebrados bentóncos y depredadores epibentónicos, fueron de 
Ios invertebrados bentónicos a la quisquilla Crangon crangon, y a Ios peces Pomatoschistus microps y Pleuronectes plates
sa. El flujo energético desde Ios invertebrados bentónicos a Ios peces que pasan el invierno se estimó en 133 kJ nHaño-1. 
También se observó un flujo de 10 kJ n r2 año-1 desde Ios estadios de huevos y larvas de la quisquilla Crangon crangon a 
Ios peces que pasan el invierno. No obstante, experimentos de campo manipulativos no mostraron impactos significativos 
del pez más abundante entre Ios que pasan el invierno, Pomatoschistus microps, sobre las densidades de las comunidades de 
presas, a pesar de observarse una tasa global de ingestión individual de 89 J dia-1.

Palabras clave: Pomatoschistus microps. Pleuronectes platessa, flujo energético, impactos de depredadores, laguna de 
Culbin Sands.
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INTRODUCTION

Trophic links between community components 
within coastal systems have been described in detail 
by many authors (e.g. Raffaelli et al„ 2002), with 
both epibenthic predators and shorebirds being con
sidered important predators of invertebrate organ
isms. Coastal areas are known to be important nurs
ery grounds for epibenthic fauna but the effects of 
overwintering species, especially fish, may be sig
nificant for their invertebrate prey communities. In 
general, benthic invertebrate macroinfauna com
prise 70% in volume of the total amount eaten by 
epibenthic predators. The remaining 30% are com
posed of meiofauna (10%), other epibenthic fauna 
(10%), and “detritus” or “unidentified organic mat
ter” (10%) (Pihl, 1985). Of the meiofauna, harpacti- 
coids and ostracods are frequently eaten by smaller 
predators such as the sea scorpions Myoxocephalus 
scorpius, the pipefish Nerophis lumbriciformis, and 
the sticklebacks Gasterosteus aculeatus and 
Spinachia spinachia. Larger fish prefer bivalves 
(especially siphons), polychaetes and crustaceans 
such as the amphipods Bathyporeia pilosa and 
Corophium spp.

In the shallow waters and tidal flats of the North 
Sea, the brown shrimps Crangon crangon, gobies 
Pomatoschistus spp. and flatfish (e.g. plaice 
Peuronectes platessa) are among the most important 
epibenthic predators (e.g. Gysels et al., 2004). 
According to Evans (1983), in the Gullmar Fjord, 
Sweden, production values of Crangon crangon 
range from 0.6 to 2.4 g DW(dry weight) m 2 yr 1, 
with two main spawning periods (one in April-May 
and one in October). Gobies Pomatoschistus spp. 
and the plaice Pleuronectes platessa also spawn in 
summer and production ranges from 0.1 to 0.2 g 
DW m 2 yr 1 and from 0.2 to 0.3 g DW m 2 yr 1, 
respectively. Many species move back out to the sea 
in autumn and return every summer in the breeding 
season, but the overwintering fish that remain may 
play an important role in the ecology of the system.

A study carried out in the shallow waters of 
Sweden has shown annual production values of up 
to 6 g AFDW(ash free dry weight) m 2 yr 1 for the 
most common epibenthic fauna combined, which 
included the shrimp Crangon crangon, the crab 
Carcinus maenas, and the fish Pomatoschistus min
utus and Pleuronectes platessa, and accounted for 
up to 100 ind. m 2for these species combined. These 
predators consumed up to 98% of the annual pro

duction of the amphipod Corophium volutator, 92% 
of the cockle Cerastoderma edule, and 62% of the 
clam Mya arenaria (Pihl, 1985). In the Ythan estu
ary, NE Scotland, densities of these predators com
bined are >100 ind. m 2 (Raffaelli et al., 1989), with 
fish taking 54% of the deposit-feeder production 
(Bail'd and Milne, 1981), which is higher than has 
been recorded in many other aquatic ecosystems. 
According to Evans (1983), on the Swedish west 
coast in summer, 60-80% of the annual benthic 
invertebrate production in shallow waters is con
sumed by epibenthic carnivores. On the other hand, 
60-80% of the annual production of shrimps in shal
low waters may be cropped by other small-sized 
epibenthic predators, providing a negative feedback 
which tends to stabilise the system. These authors 
and Evans (1985) also showed that in the Wadden 
Sea, 20-35% of the benthic invertebrate production 
may be ingested by epibenthic predators. 
Nevertheless, Evans (1985) considered that the 
overall effect of predators was not very important, 
since 70% of the annual predation impact occurred 
between May and August, when fish and shrimps 
are closer inshore and the small macrofauna are at 
the peak of production, so effects on community 
organisation may not be great.

In the present study, the epibenthic fauna com
munities at Culbin Sands lagoon, Moray Firth, NE 
Scotland, were studied during the period 1994-1996. 
The overwintering species were identified and the 
energy flow from benthic invertebrates to these 
predators was estimated. Finally, manipulative field 
experiments were conducted to investigate the pre
dation effects of the overwintering fish 
Pomatoschistus microps on benthic invertebrate 
macrofauna.

METHODS

The study area: Culbin Sands lagoon

Culbin Sands area (including a forest of 28 ha, 
and a bared sand dune enclosing a lagoon with 1.5 
ha of intertidal flats) is a protected area classified as 
a Special Site of Scientific Interest since July 1973. 
The lagoon has a macro-tidal regime with a perma
nently submersed gully with maximum depth of 2.5 
m at high tide. Closer to the mouth of the main gully, 
the sediment is coarser and poorer in silt content 
(Hanssen, 1993). The area has been known as a
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Fig. 1. -  Culbin Sands in the southern part of the Moray Firth, NE 
Scotland, with indication of sampled sites for epibenthic fauna. 
Manipulative field experiments were carried out at site 1. Light 
patches on the tidal flat near the main guii represent mussel beds.

nursery for fish species of commercial value 
(Hopkins, 1986).

Overwintering epibenthic species and their diets

Epibenthic fauna was sampled at three sites in 
the Culbin Sands lagoon every 2-4 weeks during 
the period 1994-1996. The sites did not differ great
ly in terms of sediment characteristics (median par
ticle sizes of up to 120 pin for Sites 1 and 3 and 
130-140 p  m for Site 2, and silt contents of 0-5% for 
all three sites; Mendonça, 1997), but because differ
ences in the hydrodynamic characteristics of the 
sites could impact both benthic and epibenthic com
munities, they were selected according to distance 
from the bar: Site 1 was in sheltered areas west of 
the bar, Site 2 closer to the bar, and Site 3 in shel
tered areas east of the bar but closer to the mouth of 
the gully than Site 1 (Fig. 1).

Samples were collected at low tide, when preda
tors have full guts from feeding on the previous high 
tide (e.g. Healy, 1972), using push-nets of 1 mm

mesh pushed by hand along a 50 m long transect at 
depths of 0.5-1 m in the main gully. All fish caught 
were measured (from snout to tail end) and wet 
weighed. Samples were preserved in formaldehyde 
(10%) at the sampling site, in order to stop digestion 
of prey to study diets. All epibenthic fauna was iden
tified according to Hayward and Ryland (1990). Gut 
contents were examined under a binocular micro
scope to identify prey items in stomachs (to the 
species or nearest taxon), which were counted, and 
the relative volume of prey in stomachs was record
ed. There are several ways to test the relative vol
ume, one of which is using a test-tube with water. 
Prey numbers provided information on prey fre
quency of occurrence, FO (Dinnen, 1951), and vol
umetric composition, VC (Farimore, 1957), in pred
ator diets as follows: FO = (no. of stomachs with 
prey item i / total no. of stomachs) x 100; and VC = 
(volume of prey item i / Total volume in the stom
ach) x 100.

Mean percentage by volume of prey items for 
overwintering epibenthic predators (the brown 
shrimp Crangon crangon, the common goby 
Pomatoschistus microps and the plaice Pleuronectes 
platessa) by predator size class were compared by 
multivariate cluster analysis, using weighted data 
entries (KCS, 2001). The sample size was 10 indi
viduals per predator species and per size category, 
pooled over all sites and months, as there were no 
significant differences in diets over time (months) 
and space (sites) (two-way ANOVA; P>0.05 in all 
cases; Sokal and Rohlf, 1995). Ingested biomass by 
prey item provided information for consumption 
estimates of overwintering species, assuming that 
these predators feed on each tide (Coull, 1990). The 
biomass of material consumed was converted into 
Joules using conversion factors (Table 1). Food con
sumption for the overwintering epibenthic predators 
was also estimated as a percentage of body weight.

Manipulative experiments to test impacts of 
overwintering fish on benthic invertebrates

To test effects of overwintering fish on their prey 
communities, two caging experiments were set up in 
an area where the sediment was more stable and cur
rents less strong, in order to minimise hydrodynam
ic artefacts and dislodgement of the cages (Fig. 1). 
These conditions are nevertheless representative of 
the situation inside the lagoon, and both experiments 
were conducted in the same area. One experiment
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T a b l e  1. -  Conversion factors for deriving AFDW (ash free dry wieght) from DW (dry wieght), and energy content (J mg-1) in prey. N/A = 
not applicable; 1 J = 0.239 cal; 1 cal = 4.187 J; 12 kcal = 1 g C (McNeill and Lawton, 1970).

Taxa Size class (jim) Conversion factor Conversion factor from weight to energy
From DW to AFDW Energy content J mg'1 (weight type; Reference)
(Rumhor et al., 1987)

Meiofauna <500 0.70 23.40 (DW; Ankar and Elmgreen, 1976)

Nemerteans <1000 0.70 23.40 (DW; Ankar and Elmgreen, 1976)

Nematodes <1000 0.70 23.40 (DW; Ankar and Elmgreen, 1976)
>1000 0.30 23.09 (AFDW; Brey et al., 1988)

Annelids <1000 0.70 Oligochaetes: 22.36 (DW; Brey et al„ 1988)
>1000 0.30 Polychaetes: 23.33 (AFDW; Brey et al., 1988)

Arthropods/Crustaceans <1000 0.70 22.40 (AFDW; Brey et al„ 1988)
>1000 0.30 22.40 (AFDW; Brey et al., 1988)

Calanoid Copepods N/A 0.70 24.3 (Dw; Comita and Schindler, 1963)
Crangon crangon eggs N/A 0.70 25.1 (DW; Edwards, 1978)
Crangon crangon N/A 0.30 17.6 (DW; Evans, 1983)

Arthropods/Insects <1000 0.70 Chironomids: 23.81 (AFDW; Brey et al„ 1988)
>1000 0.30 Chironomids: 23.81 (AFDW; Brey et al., 1988)

Molluscs/Bivalves <1000 0.15 22.79 (AFDW; Brey et al., 1988)
>1000 0.10 22.79 (AFDW; Brey et al., 1988)

Pomatoschistus spp. eggs N/A 0.70 25.1 (DW; Healy, 1972)

ran from October to December 1995 (autumn-winter 
season), using enclosures of the overwintering fish 
Pomatoschistus microps (all other epibenthic preda
tors such as shrimps, crabs, and other fish species 
were not present in the cages), and another set of 
experiments ran from December 1995 to April 1996 
(winter-spring season) using exclosures for all pred
ators. Each cage was 1 m2 in area and 50 cm high 
(15 cm into the sediment to anchor the cage), and 
was covered by a 2 mm mesh net around a metal 
frame. A black plastic wall 10 cm high was fixed 
around the base of the cage to retain seawater during 
low tide. In the predator enclosures experiment, four 
cages containing the goby Pomatoschistus microps 
at typical densities for Culbin Sands (i.e. 10 ind. 
cage^1; mean = 41.7 mm, from snout to tail, SE = 
0.39, range 39.6 to 43.1 mm), and four cages with
out predators (exclosures or caged controls) were 
placed randomly over the area. After seven weeks 
(sufficiently long to reveal any impact of predators 
on prey densities and community structure, but not 
so long that enclosed predators could die; Reise, 
1985), fish were collected and preserved at the site 
in folmaldehyde (4%) to stop digestion. The mean 
percentage by volume of each prey item in stomachs 
of caged predators was compared among caged, and 
between caged and uncaged areas (N=10 individu
als/month; from October to December) by one-way

ANO VA after arc-sin transformation, as it ensured 
normality. A similar experiment of four cages 
(excluding all predators) was set up from December 
to April.

At the end of each caging experiment, six corer 
samples (diameter = 11  cm; 15 cm into the sedi
ment) were collected from each cage (enclosures; 
and exclosures or caged controls) and six corer sam
ples were collected randomly from the surrounding 
uncaged areas (uncaged controls) in order to inves
tigate effects on prey densities. Samples were sieved 
through 500 p m  mesh in autumn-winter and through 
1 mm mesh in winter-spring, as larger predators 
were present from spring. ANO VA was used to com
pare invertebrate densities in sediments within and 
between treatments for each season. Given the num
ber of tests conducted, Sequential Bonferroni Tests 
with a  = 0.05 were carried out to find the critical P 
(probability) level of significance (Sokal and Rohlf,
1995). Tukey’s pairwise comparisons were conduct
ed when P was significant. Data on molluscs were 
also analysed by size class to investigate the size of 
prey missing from uncaged arcas. Relative frequen
cies of molluscs by size class were compared 
between caged and uncaged samples by ANOVA 
after arc-sin transformation as it ensured normality.

Another set of three samples per cage and three 
from uncaged areas was collected in both sets of
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experiments to investigate silt content. For silt con
tent analysis, samples were dried to constant weight 
(70°C, 24 h; in incinerator), wet sieved through a 63 
jim mesh, and dried again to constant weight to pro
vide the percentage of silt (Holme and McIntyre, 
1984). Percentages of silt content in the sediment 
between the treatments were compared by ANOVA 
(first set of experiments) and U-TEST (second set of 
experiments).

To avoid potential problems of pseudoreplica
tion, the data from all samples from the same cage 
(both for invertebrate densities or silt content) were 
pooled to provide a single value for each cage.

RESULTS

Overwintering epibenthic species and their diets

The most abundant epibenthic species at Culbin 
Sands lagoon were the brown shrimp Crangon cran
gon (10-100 ind. var2), the common goby 
Pomatsochistus microps (1-10 ind. m 2), and the 
plaice Pleuronectes platessa (1-10 ind. m 2), 
although individuals of larger sizes were more com
monly observed in summer (Fig. 2). These were also 
the identified overwintering species; others were 
only recorded during summer months at densities of 
0-1 ind. m 2 (Table 2).

Analyses of stomach contents showed that the 
overwintering fish Pomatoschistus microps required 
daily about 3% of their own body weight, whilst

T a b l e  2. -  Abundance of epibenthic fauna recorded in sampling push-nets at Culbin Sands lagoon, NE Scotland, during the period 1994-
1996, and recorded site of occurrence.

Taxa Abundance index in 
logarithmic scale (ind. nr2)

Site of 
occurrence

Shrimps Brown shrimp Crangon crangon 10-100 1,2,3
Mysids Praunus flexuosus 0-1 1

Crabs Shore crab Carcinus maenas 0-1 1,3

Starfish Asterias rubens 0-1 1

Fish Sandeel Ammodytes tobianus 0-1 1,2
Sandeel Ammodytes sp. 0-1 1,2
3-spined Stickleback Gasterosteus aculeatus 0-1 1
15-spined Stickleback Spinachia spinachia 0-1 1
Sea scorpion Myoxocephalus scorpius 0-1 1
Pipefish Nerophis lumbriciformis 0-1 1
Common goby Pomatoschistus microps 1-10 1,2,3
Sand goby Pomatoschistus minutus 0-1 1,2,3
Flounder Platichthys flesus 0-1 2
Plaice Pleuronectes platessa 1-10 2,3

Goby (Pomatoschistus microps)

Plaice (Pleuronectes platessa)

§ 50

Fig. 2. -  Median size of overwintering fish (the common goby 
Pomatoschistus microps and the plaice Pleuronectes platessa) in 
Culbin Sands lagoon, NE Scotland, during tire period 1994-1996.

overwintering Pleuronectes platessa required daily 
about 2.5% of their own body weight. In terms of 
volume in stomach contents, Bathyporeia pilosa was 
the most important prey for shrimps and gobies, 
although gobies also frequently ingested copepods, 
and plaice ingested preferably harpacticoids and 
bivalve siphons (Table 3). In terms of energy, most 
flowed from polychaetes and bivalves to both over
wintering fish species, and there was an overall indi
vidual ingestion rate of 89 J d a y 1 for gobies.
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T a b l e  3. -  Frequency of occurrence (FO) and volumetric composition (VC) of prey in stomachs of most abundant epibenthic predators over
wintering at Culbin Sands lagoon, NE Scotland (samples were polled over all sites and months; N=30 ind. per month per predator species,

all predators >20 mm) (WW = wet weight; N/A = not applicable).

Brown shrimp Goby Plaice
Crangon crangon Pomatoschistus microps Pleuronectes platessa

Prey species FO (%) VC(%) FO(%) VC(%) FO(%) VC(%)

Nemerteans unidentified 44.33 0.8 0 0 3.33 3.83

Polychaetes Fabricia sabella N/A N/A 10.00 1.16 43.33 14.03
Pygospio elegans N/A N/A 30.00 25.50 26.66 3.46
Scoloplos armiger N/A N/A 0 0 3.33 0.66
Eteone longa N/A N/A 0 0 16.66 0.73
Phyllodoce mucosa N/A N/A 0 0 3.33 0.33
Cirratullus cirratus N/A N/A 0 0 10.00 3.33
Capitella capitata N/A N/A 0 0 6.66 1.00
unidentified 30.00 10.30 N/A N/A N/A N/A

Oligochaetes Tubificoides spp. 16.66 4.96 6.60 4.44 0 0

Athropods Bathyporeia pilosa 56.66 49.30 50.00 34 23.30 2.87
Praunus flexuosus 5 0.90 6.60 0.23 0 0

Harpacticoids 0 0 46.60 11.00 86.66 22.70
Calanoid copepods 0 0 3.30 6.67 0 0
Ostracods 0 0 3.30 0.033 30.00 4.23
Cypris larvae 0 0 6.60 0.10 6.60 0.06

Eurydice pulchra 10.00 5.00 3.33 0.50 0 0
Crangon crangon 0 0 3.30 2.00 6.60 3.00
Carcinus maenas larvae 6.60 1.00 0 0 0 0

Chironomid larvae 73.33 19.43 13.00 3.33 26.60 3.83

Bivalve larvae unidentified 10 0.5 0 0 0 0
Bivalve siphons unidentified 20 3.00 16.00 5.8 76.66 21.00

Daily Ingestion Rate (% of body WW) 0.2-1.2% 2.5-4% 2.2--2 8%

PLAICE >50 m m

C O M M O N  GOBY 
>20 m m

BROWN SHRIMP 
>20 m m

PLAICE 2 0 -5 0  m m

PLAICE <20 m m

BROWN SHRIMP 
<20 m m

4800 4000  3200 2400 1600 800 0

Euclidean Distance

F ig . 3 . -  Cluster analyses comparing diets of epibenthic fauna at 
Culbin Sands lagoon, NE Scotland, during the period 1994-1996.

Comparisons of diets of the overwintering predators 
using multivariate analysis showed that whichever 
the species, smaller individuals had similar diets 
among themselves (even from different species), 
and distinct from larger individuals (both of the 
same and of different species) (Fig. 3).

Based on daily ingestion rates and extrapolating 
to the whole Culbin Sands lagoon, overwintering 
epibenthic fauna consumed annually 283 kJ n r 2

GOBY PLAICE
Pomatoschistus --*► Pleuronectes

microps p latessa

BROWN SHRIMP 
Crangon crangon

BENTHIC INVERTEBRATES

kJ m*2 yr'1

F i g . 4. -  Major energy flow from benthic invertebrates to epibenth
ic predators (dashed arrows represent minor energy flow from eggs 

and larval stages).

yr-1, of which 133 kJ n r 2yH  was by fish (gobies 
and plaice) and 150 kJ m ^ y r 1 by shrimps. Also, a 
flow of 10 kJ m-2yr_1 was estimated from eggs and 
larval stages of the shrimp Crangon crangon to 
fish (Fig. 4).
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NEMERTEANS
100 -,

60 -

20 -

POLYCHAETE
Pygospio elegans

POLYCHAETE
Phyllodoce mucosa

0.8  -

0.4 -

§ tö ■-

POLYCHAETE
Capitella capitata

*  OLIGOCHAETES
40 -

GASTROPOD 
Hydrobia ulvae

o
Ö £-9 o

BIVALVE
Cerastoderma edule

BIVALVE
Macoma balthica

* *  BIVALVE
Tellina tenuis

I

Fig. 5. -  Testing effects of overwintering fish Pomatoschistus microps on benthic invertebrate density in autumn-winter: absolute frequency 
of most common benthic invertebrates in caged and uncaged areas (A and B are homogenous subgroups after Tukey's pairwise comparisons 

when P was significant; * P just above level of significance; ** P level significant; ANOVA; Bonferroni).

Manipulative experiments to test impacts of 
overwintering fish on benthic invertebrates

Manipulative field experiments showed, never
theless, no significant impacts of overwintering fish 
on their prey populations. Results showed no signif
icant differences between enclosures of predators

(caged areas with predators) and exclosures of pred
ators (caged areas without predators) either in 
autumn-winter when effects of gobies alone were 
tested (Fig. 5) or in winter-spring when combined 
effects of all predators were tested (Fig. 6). 
Flowever, there was some degree of depletion from 
uncaged areas of the polychaetes Capitella capitata
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and oligochaetes (mostly Tubificoides benedini) in 
autumn winter (Fig. 5), and of the polychaetes 
Pygospio elegans in winter-spring (Fig. 6). This 
may have been due to the predation pressure by 
other predators such as birds or due to the combined 
predation pressure by all species of overwintering 
fish, shrimp and birds altogether.

There were also significant differences between 
caged (enclosures and exclosures) and uncaged areas

in densities of the gastropods Hydrobia ulvae and the 
bivalves Cerastoderma edule, Macoma balthica and 
Tellina tenuis, with higher densities in caged areas 
where gobies were in higher concentrations. These 
differences were not likely to be due to siltation 
(ANOVA for October-December experiment; T/U- 
TEST for December-April experiment: P>0.05 in all 
cases). Also, the lower molluscan densities in 
uncaged areas could not have been due to the action
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F i g . 6. -  Testing effects of overwintering fish Pomatoschistus microps on benthic invertebrate density in winter-spring: absolute frequency 
of most common benthic invertebrates in caged and uncaged areas (A and B are homogenous subgroups after Tukey's pairwise comparisons 

when P was significant; * P just above level of significance; ** P level significant; ANOVA; Bonferroni).
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Fig. 7. -  Relative abundance of larger-sized molluscs between 
caged and uncaged areas during the autumn-winter season (* P just 

above level of significance; ANOVA, Bonferroni).
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<5 mm

Fig. 8. -  Relative abundance of larger-sized molluscs between 
caged and uncaged areas during winter-spring season (* P just 
above level of significance; ** P level significant; ANOVA, 

Bonferroni).

of epibenthic predators as only sizes too large for 
these predators were less abundant (Figs. 7-8).

Survival of fish in cages, over the 7 weeks could 
not be estimated as only half of the individuals were 
re-captured. Although there was no way for them to 
escape, the remaining ones were not found either 
dead or alive, suggesting that they may have been in 
chambers in the sediment. Analyses of the available 
fish stomach contents showed no significant differ
ences in diets between the caged and uncaged fish 
(ANOVA: P>0.05 in all cases).

DISCUSSION

Overwintering epibenthic fauna and their diets

In the present study, epibenthic species occurred 
most frequently near musselbeds (site 1), only

reflecting higher invertebrate densities at these sites 
(Mendonça, 1997). This result is in line with studies 
conducted by Gunther (1996) in musselbeds of 
Mytilus sp. Additionally, empty bivalve shells pro
vide ideal sites for nests to be built by gobies (and 
guarded by males; e.g. Klug et al.. 2005), and sev
eral male Pomatoschistus microps were observed in 
the present study having nuptial coloration.

Though they were present all year round, both 
the gobies Pomatoschistus microps and the plaice 
Pleuronectes platessa were more abundant in sum
mer, reflecting their life cycles. According to studies 
carried out by Flealy (1969) in the North Sea, gobies 
return from the open sea to colonise shallower 
waters in spring, as June is the middle of the breed
ing season, and flatfish come back around the same 
time and in late autumn (Summers, 1974). The first 
appearance of the plaice Pleuronectes platessa and 
the flounder Platichthys flesus usually occurs with

UNCAGED
GASTROPOD 

Hydrobia ulvae

<3 mnr

GASTROPOD CAGED
Hydrobia ulvae

>3 mm

GASTROPOD UNCAGED
Hydrobia ulvae
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the peak biomass of brown shrimps Crangon cran
gon, and at similar depths (Modin and Pihl, 1996). 
Green (1968) remarked that plaice and flounder do 
not usually occur together, because flounders toler
ate lower salinity than plaice. This probably 
explains why plaice were more abundant at Culbin 
Sands, where there was little fresh water. Doornbos 
and Twisk (1987) also note that Pomatoschistus 
minutus may remain longer in shallower waters and 
may even show some degree of migration inshore in 
later autumn. In addition to these seasonal patterns, 
over a time scale of days or weeks fish can move in 
response to changes in food density (Boddeke,
1996). Crangon crangon shrimp concentrations and 
distribution may also depend on the predation pres
sure, because they arc prey for many fish species 
although they are also predators of eggs and larval 
stages of fish (e.g. Gibson et al., 1995), as also 
observed in the present study. Pleuronectes platessa 
was also more abundant near- Culbin Bar (site 2) 
than at any other site, probably because this fish 
species requires open flat bottoms composed of 
either coarse sand or mud (Ansell and Gibson, 
1990), but near- musselbeds there were many bivalve 
shells present, providing better habitats for gobies 
than for flatfish and also refuge from predators for 
larval and juvenile stages (e.g. Fokestad, 2005).

Daily values of percentage of body weight 
ingested by both Pomatoschistus microps and 
Pleuronectes platessa estimated in the present study 
were within ranges also found by Evans (1983) for 
the Gullmar Fjord in Sweden. Flowever, the energy 
flow from benthic invertebrates to these fish species 
at Culbin Sands (68 kJ m 2 y r 1 for gobies, and 65 kJ 
m 2 yr 1 for plaice) was higher than that estimated by 
Evans (1983) in Sweden (15 kJ m 2 yr 1 for gobies, 
and 20 kJ m 2 yr 1 for plaice). These differences 
could be because in the present study predators were 
collected during low tide when they are more con
centrated, and in this case densities could have been 
overestimated. Nevertheless, numbers recorded at 
Culbin Sands appear- similar- to those found in other 
areas of Britain and the North Sea for both gobies 
and plaice (Pihl and Rosenberg, 1982), so it is 
unlikely that they were overestimated. Moreover, 
we used lower values of the range of abundance for 
estimates of consumption rates.

In the present study, epibenthic predators were 
caught at low tide and most feed mainly during ris
ing tide (e.g. Summers, 1974). Therefore, some of 
the food may have already been digested at the time

of sampling and the harder, less digestible prey 
items may have been over-represented in the guts. 
Flowever, this is not thought to be a major problem 
because some of the predators caught had empty or 
not yet full stomachs, suggesting that they also feed 
on the ebb tide. Similar- results were obtained by 
Gibson and Flesthagen (1981). Nevertheless, del 
Norte Campos and Temming (1994) argue that 
Crangon usually eat at dawn and very little at noon 
and gobies eat at daylight, dusk and sunrise, con
suming up to 3% of their body weight daily. 
Nevertheless, the over-representation of certain prey 
could have impacted estimates of energy flow.

Manipulative experiments to test impacts of 
overwintering fish on benthic invertebrates

The occurrence of bivalve recruitment in autumn 
at Culbin Sands was obvious from the tremendous 
increase in numbers of small bivalves found in 
caged areas, although the presence of cages could 
also have produced exaggerated differences in num
bers of small bivalves between caged and uncaged 
areas, as conditions in caged areas may favour set
tlement of larvae. Flowever, cage artefacts seem 
unlikely because there were no significant differ
ences in silt content between caged and uncaged 
areas. Least likely but also possible, higher numbers 
of small bivalves as well as of small Hydrobia ulvae 
in caged areas from October 1995 to December 
1995 and from December 1995 to April 1996 may 
also have been associated with the macroalgal mats 
growing in caged areas, although they had been 
cleaned every week. Macroalgae and other biogenic 
structures seem to promote higher numbers of infau- 
nal species, until a point is reached where weed 
turns the sediment anoxic and populations start to 
decline (e.g. Cardoso et al., 2004). Finally, as the 
proportion of small molluscs (Hydrobia and 
bivalves) was not significantly different between 
caged and uncaged areas, the number of small mol
luscs in caged areas may simply indicate molluscan 
production when effects of both epibenthic preda
tors and birds are totally removed.

Despite the predation pressure by overwintering 
fish (the common gobies Pomatoschistus microps) 
on benthic macrofauna, manipulative field experi
ments carried out at Culbin Sands showed no signif
icant impacts on prey communities (first set of 
experiments), even when the predation pressure of 
all overwintering epibenthic predators was com
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bined (second set of experiments). These results 
were in line with those found by other authors using 
caging experiments to test effects of epibenthic 
predators (including gobies) on their prey communi
ty densities (Henry and Jenkins, 1995).

A lack of significant negative effects of overwin
tering fish on their prey communities was due to the 
fact that predators only ingested part of their prey 
(e.g. cropping on polychaete tails and bivalve 
siphons), thus permitting their regeneration (e.g. 
Sandberg et al., 1996), or ingested small 
nemerteans, bivalve larvae and other prey, which are 
very abundant and have very high mortality rates 
anyway (Guillou, 1994).

Therefore, estimates of the impact of predators 
based only on predator consumption efficiencies 
(consumption/prey production) or on the energy 
flow are not always reliable, since predation does 
not necessarily mean mortality for the prey species.

Finally, the removal of larger size classes from 
uncaged arcas could not have been due to the com
bined effect of small-mouthed overwintering fish but, 
as has been further investigated by Mendonça et al. 
(2007), was due to predation pressure by shorebirds.
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