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ABSTRACT: Factors affecting the predator-related mortality of sand goby Pomatoschistus minutus
(Pallas), common goby P. microps (Kroyer) and brown shrimp Crangon crangon L. were investigated in
Gullmar Fjord, Sweden. Substrate selection and locomotory activity was recorded in the 3 species on
sand and on mud. Sand goby and brown shnmp preferred sand to mud, while common goby preferred
mud to sand. Activity was clearly correlated to substrate type. In all 3 species, swimming activity was
increased by a factor 4 when kept on the less preferred substrate. Predation experiments were
performed with sand or mud as bottom substrate and with cod as predator. On sand, common gobies
were more rapidly eliminated by the predator than were sand gobies, and sand gobies more rapidly
than brown shrimps. On mud, sand gobies were more rapidly taken than were common gobies and
brown shrimps. Staying on the 'wrong' substrate will result in increased locomotory activity which will
in turn increase the risk of predation. We suggest that the microgeographical distribution of members
of the epibenthic guild is primarily a consequence of various behaviour patterns. Predators act to
restrict the habitat use of these fish and shrimp species. Differences in behaviour between the species
when encountering a predator reduce their vulnerability to predators on their respective preferred
substrate. This may in part explain the spatial segregation and will contribute to the maintainance of

community structure.

INTRODUCTION

Selective predation by fish has been demonstrated to
influence community structure in marine and fresh-
water ecosystems (e.g. Brooks & Dodson 1965, Wells
1970, Dodson 1974, Nelson 1979, Stoner 1979). Pre-
dators may control microdistribution of prey not only
through selective elimination but also through intimi-
dation (Charnov et al. 1976). Many studies have dealt
with the foraging strategies of the predator (for reviews
see Curio 1976, Macan 1977), but considerably fewer
have specifically dealt with the antipredator behaviour
of the prey.

In the marine, shallow soft-bottom environment, the
presence of vegetation increases habitat complexity
and reduces predator-related mortality for small fish
and crustaceans (Nelson 1979, Stoner 1979, Berglund &
Bengtsson 1981, Coen et al. 1981, Heck & Thoman
1981, Minello & Zimmerman 1983). On bare sand, on
the other hand, shelter is lacking and the risk of preda-
tion might be one of the many factors that limit the
habitat use of epibenthic species. Various antipredator
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behaviours developed by potential prey species are of
great survival value and contribute to the segregation
of species occupying different substrates.

On the Swedish west coast the dominant species of
the epibenthic guild on unvegetated bottoms are the
sand goby Pomatoschistus minutus (Pallas), the com-
mon goby P. microps (Kreyer) and the brown shrimp
Crangon crangon L. (Evans & Tallmark 1979, 1984,
1985). Generally, sand goby and brown shrimp are
dominant on sandy bottoms whereas common goby is
most abundant on muddy bottoms. All 3 species show a
wide overlap in dietary habits and only a small tem-
poral segregation in peak abundances. This will make
it possible for them to exploit resources available when
one of them temporarily is reduced in number or even
absent (Evans & Tallmark 1985). Our previous results
indicated that interference competition, where space is
the proximate object of competition, is important in
maintaining both structure and size of the epibenthic
guild. In this paper we evaluate the role of behaviour
and predation in small-sized fish and shrimp species
on shallow bottoms, and concentrate on the following
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questions: (1) Does the substrate affect the predation
rate of these species? (2) Are there any differences in
antipredator behaviour between these species, and if
so, are they substrate dependent? (3) Is there a correla-
tion between the antipredator behaviour of these
small-sized fish and shrimp species and the predation
pressure?

MATERIAL AND METHODS

Experiments were conducted at Klubban Biological
Station in Gullmar Fjord, Swedish west coast
(58°15'N, 11°28'E). Animals and bottom material
were collected in Kvarnbukten and Kilviken Bays,
located in the vicinity of the station. Kvarnbukten Bay
is moderately exposed and contains clean sand. The
dominant epifaunal species are brown shrimp and
sand goby. Kilviken Bay is very sheltered, also sandy
but with a high content of silt in the substrate. Com-
mon goby and brown shrimp are common there. The
physical features and epifauna in the 2 bays have been
described previously (Evans & Tallmark 1985). The
main differences between the substrates were found in
the silt-clay fraction (Kilviken 14 %, Kvarnbukten 3 %)
and in the organic content (3.5 and 0.3 % D. W,
respectively). From each site surficial bottom substrate
used in the experiments was collected and sieved
through 1 mm mesh. Fishes and shrimps were col-
lected with a small hand trawl net.

Predation experiments. Two outdoor tanks with a
bottom area of 2.4 m2 and water depth of 70 cm were
provided with running water. The bottoms of the
2 tanks were covered with a 4 to 5 cm thick substrate
layer, 1 tank with sand from Kvarnbukten Bay and the
other with silty sand from Kilviken Bay. Cod Gadus
morrhua of 15 to 35 cm length were caught in fyke nets
and were kept 3=3 d in aquaria without food. Ten sand
gobies and 10 brown shrimps from Kvarnbukten Bay,
and 10 common gobies from Kilviken Bay, were put
into each tank. One to 2 h later 1 cod was added to
each tank. Ten to 12 h later the cod were removed.
Their stomach contents were identified, the tanks were
refilled to the original composition of prey animals and
a new cod was added a few hours later.

Once a week the tanks were emptied and fresh
substrate and test animals were added. A test with
bullheads (Cottus spp.) as a predator was also per-
formed. The experiments ran from May to July. In May
the sand gobies were 4 to 6 cm in length and the
common gobies 3.4 cm. In July a new group of sand
goby of 2.5 to 3.5 cm arrived, while there were still
adult common gobies of 3.5 to 4.5 cm size. The brown
shrimps tested were 3.5 ¢cm long throughout the period.

Behavioural experiments. Substrate selection was
tested in aquaria with a bottom area of 0.1 m2 where

one half of the bottom was covered with sand and the
other with mud. The 3 species were tested separately.
Two specimens of each species were put together into
the aquaria in each test. Every 15 min the positions of
the animals were recorded and specimens were
exchanged every hour. Tests were also made in out-
door tanks (I m2bottom area) with 10 sand gobies and
10 common gobies in every run.

The activity of the animals was recorded in aquaria
with sand or mud, respectively. Activity was defined in
terms of number of animals swimming, lying on or
burrowed in the substrate. Their positions were
recorded for 30 s once every hour. Each species was
tested separately, using 5 specimens at a time.

The escape distance for the 2 goby species on sand
and on mud was tested using a dummy fish predator
moved slowly toward the prey.

RESULTS
Predation

Predation on sand and on mud was quite different for
all 3 species (Fig. 1). On sand, common gobies were
more rapidly tracked down and eliminated by cod than
were sand gobies (z = —4.86, p < 0.001), which in turn
were more rapidly taken than were brown shrimps
(z= —3.25,p < 0.001 :Wilcoxonmatched-pairssigned-
ranks test; Siegel 1956). On mud, sand gobies were
more rapidly eaten than were common gobies and
brown shrimps (z = —4.02 and —3.73, p < 0.001 for
both). Similar results were obtained in a few experi-
ments using bullheads as predator. There was no dif-
ference in the proportions of the 2 gobiid species taken
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Fig. 1. Selective predation by cod on sand goby, common
goby and brown shrimp on sand and mud. n = number of test
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Table 1. Substrate selection in sand goby, common goby and brown shrimp. Percentage distribution of animals on sand and mud
respectively

Distribution (%)

On mud On sand
Sand goby 45 55
Common goby 66 34
Brown shrimpl 39 61
I1Data from Eriksson et al. (1975)
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Fig. 2. Predation of sand goby and common goby on sand and
mud. Ten specimens of each species per run

by the predator when the predator consumed only a
few and when it consumed several prey items (Fig. 2).
All 3 species were taken by the predator more readily
at night than in the day (Fig. 1): sand goby x2 = 20.81,
p < 0.001; common goby x2 = 40.68, p < 0.001; brown
shrimp x2= 9.26, p < 0.01. However, the same pro-
portion of predation between the species appeared
also during daytime. In only 10 tests out of 70 were
specimens of all 3 species consumed.

Small cod (15 to 25 cm) consumed an average of
6 prey per 12 h, while larger cod (26 to 33 cm) con-
sumed only 3. This was probably due to the size of the
tanks, which were too small for larger cod to be maxi-
mally effective as hunters.

Behaviour

All 3 prey species are highly capable of changing
their colour and of rapidly camouflaging themselves
by mimicking the colour of the bottom. Brown shrimp
has the greatest capacity for burrowing, both in sand

No. of tests
684 x2 = 8.84 p < 0.05
570 X2 = 60.69 p <0.001
p < 0.01

and in mud. The common goby was the species that
burrowed most in mud while the sand goby seldom
burrowed in any substrate.

Generally, all 3 prey species had a preference for a
particular substrate (Table 1). Sand goby and brown
shrimp preferred sand to mud, while common goby
preferred mud to sand. The 2 gobiids were also tested
in large tanks (1 x 1 m) using 10 specimens at a time.
Here their substrate preferences were still more pro-
nounced (x2, p < 0.001 for both species).

The escape reactions of the 3 species were quite
different (Fig. 3). Sand goby dashed away 30 to 60 cm
in one long leap and then touched the bottom, but did
not burrow. Both common goby and brown shrimp fled
shorter distances moving in series of zig-zag leaps and
finally burrowing. In all 3 species, escape patterns
were independent of the substrate. The flight distance
from a dummy fish predator was somewhat longer for
sand goby than for common goby, both on sand and on
mud (Table 2). Brown shrimp remained immobile even
longer than the 2 gobies when approached by the
dummy fish predator.

Locomotory activity was clearly correlated to sub-
strate type (Table 3). In all 3 species, activity was
increased by about a factor 4 when kept on their less
preferred substrate. In sand goby, 25 % of the speci-
mens were swimming above the muddy surface com-
pared to only 6 % over sand. Brown shrimp also
showed an increased swimming activity on mud. In the
common goby, on the other hand, only 6 % were swim-
ming above the muddy substrate in comparison to

Table 2. Escape distances in sand goby and common goby
measured as the distance from a fish dummy. Means + SD
from 40 tests

Escape distance (cm)

Mud Sand
Sand goby 8.5 + 2.8 8.6 + 3.9
Common goby 6.6 = 1.7 64 £ 23
t = 2.89 t = 3.73
P <0.001 P <0.001
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burrows
(in mud)

SAND GOBY

COMMON
GOBY

BROWN SHRIMP

Table 3. Locomotory activity in sand goby, common goby and

brown shrimp on mud and sand. Total number of occurrences

of each activity in 40 tests, 5 specimens per test. x2. P < 0.001
for mud and sand for all 3 species

Locomotory activity

Swimming On bottom Burrowed
Mud
Sand goby 51 149 0
Common goby 13 150 37
Brown shrimp 16 158 26
Sand
Sand goby 12 188 0
Common goby 59 141 0
Brown shrimp 4 143 53
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Fig. 4. Relation between locomotory activity (see Table 4) and
mortality (see Fig. 1) on sand and mud. Open symbols:
preferred substrate; filled symbols: less preferred substrate

burrows
(in both substrates)

Fig. 3, Escape behaviour patterns of sand
goby, common goby, and brown shrimp.
For explanation see text

29 % over sand. In the predation experiments, mortali-
ty rates of all 3 species were directly proportional to
their swimming activity, which in turn was related to
the type of substrate (Fig. 4. Movement of the prey
was the main trigger mechanism releasing the attack-
ing behaviour of both cod and bullhead. However, the
attacks were very often unsuccessful,

DISCUSSION

The results of our previous studies (Evans & Tall-
mark 1979, 1984, 1985) demonstrated the existence of a
certain spatial segregation of small-sized epibenthic
fish and shrimp species in shallow water. Brown
shrimp and sand goby are abundant on sandy bottoms
while common goby is abundant in silty habitats. How-
ever, this distribution is by no means absolute; at
reduced abundances the different fish and shrimp
species may invade each other's core habitats so that
the total abundance of individuals in the guild remains
fairly constant. A central question examined in our
present paper is the relation of prey-species behaviour
to predation pressure. Several investigations have
shown that the risk of predation is often a function of
exposure, which is related, among other things, to the
structural complexity of the habitat (Smith 1961,
Macan 1966, Schutz 1969, Ware 1972, Gilinsky 1984).
Sandy and unvegetated bottoms should provide only
partial protection, compared with silty and vegetated
ones, and the risk of predation therefore ought to be
higher. However, behavioural adaptations in brown
shrimp and sand goby may reduce their vulnerability
in the open habitat. In fact, predators and prey may
often persist in natural communities because adaptive
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improvements in one call forth an adaptive response in
the other, and as long as this process of mutual adapta-
tion can continue, prey and predator can coexist.

Prey movement is an essential criterion of prey per-
ception by visual predators. Ware (1973) produced
experimental evidence for the importance of prey
movement in increasing predation rates by rainbow
trout. Our results indicate that the rate of predation on
small-sized fish and shrimp species may be expressed
as a linear function of prey mobility. Potential prey
benefit by selecting a substrate where predation
pressure is lower and where presumably the probabil-
ity of survival is greater.

The mobility of the prey species will affect the suc-
cess of predators attacking gobies and shrimps. When
approached by a predator, both goby species and
brown shrimp often exhibited irregular and unpredict-
able behaviour. This behaviour has been shown to
reduce the predator's success (Humphries & Driver
1967, 1970, Driver & Humphries 1970). In addition, the
stirring up of loose bottom substrate by common goby
and brown shrimp may also be an effective escape
mechanism. The sand goby, on the other hand, dashes
away in one long leap and then rests upon the sub-
strate, but seldom burrows. This behaviour ought to be
more effective on sand where refuges are rare and
where no stirring up of mud will mislead the predator.
A dash and subsequent cessation of movement of a
prey organism has also been shown to be effective
against predation among fishes (McPhail 1969, Neill
1970).

A close coincidence of the activity rhythm of the
predator with that of its prey allows for a high rate of
encounter between them and therefore will enhance
predation. Predation by larger fish in very shallow
water occurs mainly during night, while both sand
goby and common goby are active during daytime
(Wiederholm, pers. comm.). The total number of eaten

prey animals varied irregularly between 0 and 18 indi-
viduals per 12 h.

The differences in behaviour between the species
when encountering a predator have evolved because
they are effective in reducing vulnerability to pre-
dators on the respective preferred substrate (Table 4).
Prey animals often seek microhabitats with reduced
predatory risk, referred to as resource depressions
(Charnov et al. 1976, Stein & Magnuson 1976, Stein
1977, Orth 1977). Selection will act to enforce the
association of epibenthic prey animals with their
specific microhabitats. Staying on the 'wrong' sub-
strate will demand increased locomotory activity
which will further increase the risk of predation. This
may in part explain the observed spatial segregation
and will contribute to the maintenance of community
structure.
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