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Fish in Larger Shoals Find Food Faster
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Summary. Experiments on shoaling cyprinids hunting
for food on patches in tanks demonstrate an advan-
tage of foraging in a group. Individual goldfish (Ca-
rassius auratus) and minnows (Phoxinus phoxinus) in
a shoal of conspecifics located food more rapidly as
shoal size increased from 2 to 20. Although shoaling
minnows form polarised schools more readily than
goldfish, which rarely do so, both species benefited
from the trend of speedier food location with increas-
ing group size.

Introduction

Although the benefits of being a member of a fish
schoal in reducing the effectiveness of predator attack
have been clearly demonstrated (Major 1978; Neill
and Cullen 1974; Pitcher 1979a; Pitcher and Wyche
1982) there has been relatively little work on other
functional aspects of shoaling. Some birds find food
more efficiently as members of a flock (Krebs et al.
1972) and it has been thought that shoaling may
confer similar advantages on fish (Bertram 1978;
Curio 1976). This paper reports experiments which
show that individual minnows and goldfish locate
food more quickly with increasing shoal size and
forms part of a wider experimental investigation of
the costs and benefits of shoaling with respect to
foraging efficiency. A shoal is defined here as a social
group of fish (Pitcher 1979b).

Materials and Methods

Experiments were performed with 5-6 cm minnows and goldfish
in order to contrast strong and weakly shoaling cyprinids, respec-
tively.

Four minnows which had been individually marked on the
fins with a jet inoculator (Pitcher and Kennedy 1977) and four
goldfish with individually recognisable markings were selected.

These test fish all had previous experience of foraging with various
numbers of conspecifics on artificial food patches similar to those
used in this experiment. In the goldfish work the patch consisted
of three ice-cube trays with a total of 63 pots which were placed
on the bottom of a 1 mx40cm x50 cm deep experiment tank.
The minnows were provided with one vertically-hung patch of
similar total area comprising 84 pots each fitted with a lip to retain
contents. All pots were filled with gravel and patches were cleaned
between trials. The goldfish experiments represent pilot work on
this topic; the minnow experiments took place at a later date
with improved protocol. The vertically-hung food patch was de-
signed to facilitate clear observation of the rapidly-moving min-
NOws.

Goldfish lived in small 50 cm tanks and were carefully trans-
ferred to the experimental tank for each trial. In order to standard-
ise handling, the fish were held in a small trough before being
introduced to the tank (Kennedy and Pitcher 1975). Minnows lived
in the 2 m x 70 cm x 70 cm deep experimental tank into which the
patch was introduced for each trial.

During a trial, which lasted 10 min, a group of fish including
one test individual searched for small flakes of dried protein fish
food placed in the gravel in one randomly selected pot in the
patch. The number of seconds the test fish spent searching before
finding food was recorded. In goldfish, food searching behaviour
was defined as the characteristic nosedown posture within 1 cm
of the patch and in minnows, when the fish had placed its snout
beyond the entrance of one of the pots.

Fach goldfish was tested as a member of a shoal of 2, 4,
and 6 fish and each minnow as a member of a shoal of 2, 4,
6, 12 and 20 fish. Four replicates of each test fish in each shoal
size were carried out in randomised order to control for the effects
of learning. Solitary fish were not included as controls because
pilot work indicated that they behaved aberrenily, as happens in
other species of cyprinids (Pitcher 1979b). To control for hunger,
all fish were fed equally about 6 h prior to a trial. )

Results

Time spent foraging before food was found decreased
as shoal size increased. This effect was true for both
species (Fig. 1) and the difference between group sizes
was significant (Table 1). There was no significant
difference between times for individual test fish and
no significant interaction between shoal size and indi-
viduals. '
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Fig. 1. The relationship between the number of seconds spent forag-
ing before food was found and shoal size in minnows and goldfish.
The median and quartiles (based on 16 replicates) are shown for
each shoal size

Table 1. Results of the 2-way analysis of variance with replicates
carried out on each species (4 individual fish with 4 replicates and
3 shoal sizes in goldfish, 5 shoal sizes in minnows). Data was log
transformed to equalise variances

Goldfish Minnows
df F P df F P
ratio ratio
Between fish 3 1.408 >0.25NS 3 0.849 >0.25NS
Shoal size 2 6.003 <0.005%* 4 23277  <0.00]1***
Interaction 6 1.276 >0.25NS 12 0275 >0.75NS

Minnows swam and darted more rapidly than
goldfish and formed polarised school units much
more frequently. In both species, smaller groups spent
less time foraging, possibly because of greater ner-
vousness and vigilance : the present analysis is based
on foraging time. Similar but more variable results
are given by total elapsed time.

Discussion

Since a known individual in a minnow or goldfish
shoal takes less time to locate food with increasing
shoal size we can conclude that the foraging fish must
be aware that neighbours had found food. If this

were not the case the speed of location of food would
remain constant in all group sizes. As the shoal size
increases the probability of one of its members finding
food earlier also increases. In order that shoaling fish
can take advantage of this increased searching ability
they must be able to recognise a successful fish. Al-
though behavioural cues have not been investigated
quantitatively here, it is likely that in minnows the
cessation of searching and concentration by a fish
on one pot is a cue that food has been found: in
addition feeding minnows often wriggled actively with
their head in the pot. For goldfish, the more obvious
chomping and chewing of flake food may provide
the main cue. Once a feeding fish has been identified,
other fish attempt to exploit the same source of food.
We therefore think that changes in behaviour of for-
agers was the main cue for test fish in this experiment.
Welty (1934) came to a similar general conclusion
in experiments designed to demonstrate that speed
of learning increased with group size in goldfish. (Our
experiments controlled for learning however, and so
Welty’s specific finding does not apply here.)

However, although behavioural cues are para-
mount, alternative explanations may be considered.
It might be argued that a fish finding food exposes
it making it more obvious to others nearby. For the
minnows, the design of the pots rules out this possibil-
ity, but it cannot be ruled out for the goldfish where
a successful fish would occasionally drag a piece of
food from the patch. It is also possible that a fish
which has found food emits other cues, such as the
sound of chewing, which alerts its fellows. In our
tanks large air bubblers were employed to provide
a ‘white noise’ background and would probably have
masked such eating sounds. The smell of food could
be important in guiding a fish to its exact location,
perhaps along a concentration gradient. To be effec-
tive such an olfactory cue would have to enable the
fish to pin-point food within one or two pots, and
since such a cue would remain constant across the
experiment it is difficult to see how smell alone could
account for the differences between group sizes, unless
it became more effective when food was initially dis-
turbed by a finder. In fact, this effect is unlikely be-
cause searching fish were usually further apart than
this.

Despite the differences in protocol between the
experiments on the 2 species we think it is of interest
that similar trends of speedier location of food with
shoal size are observed in minnows and goldfish (a
2-way ANOVA gave no significant differences be-
tween species, although the test is invalid due to the
different sizes of tank etc.). In both species there is
a remarkable reduction in foraging time as the shoal
increases from 2 to 6 fish. This implies that shoaling



species which have only a weak tendency to form
polarised synchronised schools are nevertheless at no
disadvantage in exploiting the benefits of social
behaviour. The separate definitions of shoaling
{meaning a social group) and schooling (meaning a
polarised shoal) introduced by Pitcher (1979b) are
therefore useful in this respect.

Competition between fish was deliberately made
negligible in these experiments, but could have been
investigated by increasing the numbers of fish while
decreasing the quantity of food and altering tank and
patch dimensions. In the wild, the benefits of a very
large shoal size, such as efficiency of locating food
in an unpredictable habitat, must therefore be bal-
anced by the costs to fish which are successful in
finding food but cannot prevent their unsuccessful
companions from exploiting it as well. Conversely,
a very small shoal size bears costs not only in slower
food location but also in less time devoted to food
gathering because of vigilance. For a given species
one might expect an optimal shoal size and this point
is currently being investigated further (Pitcher 1980).
Other benefits of shoal foraging such as circumvent-
ing territory-holding fish on coral reefs (Robertson
et al. 1976), have not been investigated with a view
to determining the optimal numbers in a shoal.

The transfer of information between fish results
from their observation of one another’s behaviour
and can be termed passive information exchange. For
example, Krebs et al. (1972) found that great tits (Pa-
rus major), trained to search for hidden food adapted
their searching pattern according to the success or
failure of other birds. This passive information ex-
change differs from the active information exchange
shown for instance by honeybees (Heinrich 1978) or
by nectar-feeding bats (Howell 1979). The foraging
patterns of the cyprinid fish described here are less
complex than those of higher mammals with well
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developed social behaviour. They do however provide
an example of one simple way in which it is an advan-
tage to forage as a member of a group.
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