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ABSTRACT

Naive, hatchery-reared Atlantic salmon Salmo salar parr were paired with demonstrators that had been
pre-trained to accept live prey from the surface or from the benthos. After 6 days of observing
demonstrators through a clear perspex partition the naive fish’s benthic foraging skills were tested. The
results revealed that hatchery-reared Atlantic salmon can be taught to target benthic prey items by
observation alone and social learning protocols can be utilized to dramatically increase benthic foraging
success. The results are discussed with reference to refining hatchery-rearing practices with a view to
improving the post-release survival of hatchery fishes. The role of learning, and in particular social
learning, in the development foraging behaviour is highlighted.

INTRODUCTION

Hatchery-reared fishes are increasingly used to enhance wild populations that suffer from over-
exploitation. Fishes released from hatcheries, however, suffer from high post-release mortality, which
fisheries scientists and hatchery managers have been aware of for well over a century (Brown & Laland,
2001). It has only been relatively recently that deficits in the behaviour of hatchery fishes were identified
as the principal cause of this mortality. Both foraging and predator evasion behaviour are poorly
developed in hatchery fishes (Brown & Day, 2002; Brown & Laland, 2002). As these behaviour patterns
are partly dependent on experience to develop (Kieffer & Colgan, 1992) it is highly likely that the
behavioural deficits exhibited by hatchery fishes stem from the unnatural circumstances in which they are
raised, and from the absence of the opportunity to learn relevant life skills (Brown & Laland, 2001). In a
foraging context, learning enables individuals to improve their prey recognition, attack mode and handling
efficiency. This behavioural flexibility is especially important when foraging in the wild where the
distribution, abundance and trophic value of prey are variable (Hughes et al., 1992). It is now well
established that prior exposure to live prey increases the foraging success of fishes (Paszkowski & Olla,
1985; Stradmeyer & Thorpe, 1987; Reiriz et al., 1998; Ellis et al., 2002).

Early attempts to raise enough wild prey to maintain hatchery populations proved difficult so the focus of
hatchery research quickly turned to developing artificial food sources (Embody & Gordon, 1924). Today,
nearly all hatchery fishes are routinely reared on manufactured pellet foods that require limited use of the
fish’s potentially extensive foraging repertoire. Food is routinely added to the surface of enclosures and



there is no variation in the timing, location, abundance or type of food on offer. As a consequence, there
is evidence that inappropriate search images or foraging strategies are conditioned during the early
stages of development in the hatchery (Ware, 1971; Sosiak et al., 1979; Coughlin, 1991; Langley, 1996;
Ellis & Nash, 1998; Reiriz et al., 1998).

Starvation is often cited as one of the principal causes of mortality in fishes released from hatcheries
(Paszkowski & Olla, 1985). Indeed starvation in the ‘midst of plenty’ has often been observed (Suboski &
Templeton, 1989). Following release from the hatchery many fishes may not eat for several days, weeks
or months (Miller, 1954; Paszkowski & Olla, 1985; Usher et al., 1991). When they do start to forage they
typically take up high risk and energetically costly positions close to the surface of the water [e.g. red
drum Sciaenops ocullatus (L.); Stunz et al., 2001]. This behaviour not only exposes them to higher water
velocities and predation pressure, but also reduces contact with potential benthic prey items (Olla et al.,
1998). Consequently, hatchery fishes also show limited prey choice, take fewer items and are very slow
to switch between prey types compared with wild fishes (Sosiak et al., 1979; Ersbak & Haase, 1983).
Hatchery fishes show substantial mass loss following release and their mortality rates can be up to ten
times greater compared to transplanted wild fishes (Miller, 1954).

There has been much discussion of the possibility that the viability of hatchery fishes could be enhanced
by some form of training prior to release to help them recognize potential predators and prey items
(Brown & Day, 2002). There is now considerable evidence that the rate of learning can be increased by
applying social learning protocols to fishes (Suboski & Templeton, 1989; Brown & Laland, 2001, 2002).
Social learning occurs when naive individuals learn by observing or interacting with others. A previous
study suggested that foraging individuals may provide a cue to naive conspecifics as to the location of
prey items (Brown & Laland, 2002). When Atlantic salmon Salmo salar L. strike at prey items and return
to their foraging stations, they may provide information regarding prey location to surrounding
conspecifics. The aim of the present study was to examine if the direction of the strike provides
information about the location of available prey by exposing naive Atlantic salmon parr (observers) to
conspecifics that had been pre-trained to strike at prey items on the benthos (demonstrators). The
foraging behaviour of these observer fish was compared to control individuals who had only observed
demonstrators striking at the surface.

METHODS

Subjects were allocated to one of two conditions in which they either observed real demonstrators trained
to eat food delivered to the benthos (test condition) or sham demonstrators that fed at the surface (control
condition). Subsequently, subjects were tested to ascertain their proficiency at benthos feeding by
recording their latency to feed and number of food items consumed.

SUBJECTS AND APPARATUS

Three-hundred hatchery-reared Atlantic salmon parr were obtained from the Environment Agency
hatchery at Kielder, Northumbria, U.K. On arrival at the University of Cambridge the fish were placed into
four holding tanks. These holding tanks consisted of 2271, round, black plastic tubs, each containing c.
75 conspecifics and designed to simulate hatchery conditions. The holding tanks were connected to a
recirculating, biological filter system. Prior to the experiment the fish were maintained on the same pellet
diet as at the hatchery. Room temperature was kept at 14°C and overhead fluorescent globes maintained
at 12L : 12D photoperiod. The fish were c. 12 months of age at the time of experimentation.

The test tanks in which the experiments took place consisted of six 1m aquaria that had been divided into
thirds by black opaque barriers. Each of these three compartments were divided in half again by a 2mm



sheet of clear perspex. Therefore each individual compartment was 15 cm wide and 30 cm long. Water
depth was maintained at 180 mm. The test tanks were surrounded by black plastic on three sides and a
black plastic hide was present on the fourth side allowing the experimenter to observe and record the
behaviour of the fish without disturbing them. Half of the top of the tank closest to the hide was also
covered with black plastic. This cover had a small hole punched through it allowing the experimenter to
deliver prey items using a pipette. The remaining open half allowed light to enter the tanks. Each
compartment was also equipped with a feeding apparatus consisting of a length of round electrical
conduit pipe (30 cm length 20mm diameter) mounted vertically in the tank (Fig. 1). The pipe stood in the
corner closest to the hide and the clear partition in each compartment. Half of the bottom end of the pipe
had been sawn off both to support the pipe on the bottom of the compartment but also to shield the
appearance of the prey from the neighbouring compartment. The top end of the pipe emerged from the
top of the hide to allow the prey items to be placed into the pipe without disturbing the fish. The prey items
sank down the length of the tube out of sight of the fish and emerged at the bottom.

Each of the test tanks was placed on white polystyrene. Since Atlantic salmon generally prefer to hold
station on dark surfaces from which they strike at prey items and quickly return, a black strip of plastic 5
cm wide was placed under the tanks running along the length of the tanks farthest from the hide. This
black strip not only served to control the location of the fish throughout the experiment, but also enabled
them to settle into the new environment more quickly.

PROCEDURE

Nine fish were taken at random from the holding tanks, designated as ‘benthos’ demonstrators and
placed on one side of the clear partitions in the test tanks. Demonstrator fish were pre-trained to accept
prey items (frozen bloodworms, Chironomid spp.) that emerged from the bottom of the pipe. There were
two training sessions per day, one in the morning (c. 0900 hours) and one in the evening (c. 1900 hours).
During a training session three prey items were placed into the feeding pipe, one at a time and at an
interval of 30 s. These prey items emerged at the bottom of the tube and were available to the
demonstrators to consume. By the end of the third day of training (i.e. after six exposures) all
demonstrators readily accepted prey items from the bottom of the pipe. A further nine ‘surface’
demonstrators were chosen at random and were fed via a pipette at the surface of the water at the same
time as the real demonstrators.

Following the training of the demonstrators, 18 naive conspecifics (benthos and surface observers) were
added to the other side of the clear partitions in the test tanks. Twice a day for 5 days the benthos
demonstrators were fed three prey items via the pipe that delivered the prey to the benthos and the
surface demonstrators were fed via pipette at the surface. The observers could watch the demonstrators
feeding through the clear partition. Directly following the feeding of the demonstrators their corresponding
observers were fed by pipette at the surface only. After the final feed on the evening of the fifth day the
demonstrators were removed. The next morning all the observers were fed (via the pipe) on the benthos
and the mean time to consume the prey was recorded. Fish that failed to consume the prey item in <5
min were allocated a ceiling value of 300 s. Due to limitations on the number of fish tanks available the
experiment was repeated using the same apparatus but with new fish. In total 18 surface observers and
18 benthos observers were tested. The latency data were logl0 transformed and analysed using an
ANOVA. The number of observers successfully foraging on the benthic prey items was compared using a
x*-test.

The reverse test examining strike latency at the surface was not performed since hatchery-reared Atlantic
salmon have a strong tendency to strike preferentially at prey items on the surface. On the last day of
training all fish accepted bloodworms at the surface, however, data were only collected for the first nine



replicates. On the last day of training control fish displayed a mean + sg strike latency of 2:66 + 1:09 s
and test fish had a strike latency of 3-00 £ 0-93 s (ANOVA, d.f. =1 and 14, P=0-878).

il

FIG. 1. A diagrammatic view of a pair of compartments divided by a sheet of clear Perspex (1). A
demonstrator was placed on one side of the partition and its observer on the other. The apparatus was
designed to deliver the prey items to the benthos (upright tube; 2). The top of the compartments was covered
by another sheet of black plastic and had a hole cut in it (3) through which prey items could be delivered to
the surface by a pipette. The black plastic strip (4) underneath the tank is evident in the background.

RESULTS

As expected all the fish spent the majority of their time in the back section of the test tanks on top of the
black plastic strip provided (Fig. 1). During the training sessions, surface demonstrators attacked a
bloodworm soon after it hit the surface of the water and returned to the black strip. Bloodworms delivered
to the benthos were less conspicuous, nevertheless, all benthos demonstrators found the prey item on
every occasion and provided clear demonstration to their observers. Fourteen of the 18 (78%) observers
trained with benthos demonstrators (test fish) discovered the prey items on the benthos within the time
limit. Whereas only eight of the 18 (44%) observers trained with surface demonstrators (control fish)
accepted the bloodworms from the benthos (x2, d.f =1, P<0-005).

The latency to strike the bloodworm on benthos was significantly faster for benthos fish than for surface
fish (ANOVA on logy, values; d.f. = 1 and 34, P = 0-0172). Benthos fish took a mean + g 0f91.8 £ 30-3 s
to discover the prey item whereas surface fish took 189-6 + 29-5 s (Fig. 2).

DISCUSSION

It is well established that many fishes forage more efficiently in social groups than alone or in small
groups (Pitcher & House, 1987; Ryer & Olla, 1991; Sundstrom & Johnsson, 2001). Firstly, as group size
increases the probability that a fish will discover a food resource also increases. Once found the foraging
behaviour of the successful individual provides a cue to the rest of the group as to the location (forage



area copying) or even content of the foraging patch. Secondly, as group size increases individuals spend
less time scanning for predators and more time searching for food (Pitcher & Parish, 1993). Godin (1978)
observed that once a few juvenile pink salmon Oncorhynchus gorbuscha (Walbaum) had started to feed
on a novel live prey item ‘Artemia salina’ the remainder of the group was attracted to the area and also
started to feed. This ‘swarm feeding’ is often observed in hatchery situations where fish density is many
times higher than in the wild. Thus, social learning enables the rapid spread of information through a
population and many individuals subsequently discover the resource much quicker than they would have
if they had searched on their own (Brown & Laland, 2001). A previous study investigating social learning
of foraging behaviour in Atlantic salmon suggested that the direction of the strike made by demonstrators
at prey items not only provides a cue that food is available but may also contain some information
regarding its location (Brown & Laland, 2002). The results herein certainly support that notion. Fish that
had observed demonstrators striking at prey items on the benthos were more likely to strike at the benthic
prey items and did so more quickly than fish that had been exposed to demonstrators feeding at the
surface. The prey items used in this experiment (chironomid larvae) are usually found in the benthos and
so benthic feeding in this context is particularly relevant.
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FIG. 2. Mean * sg. strike latency at live prey on the benthos by observer fish with surface demonstrators
(control condition) and fish with benthos demonstrators (test condition). Test fish took a mean of 91-8 s to
strike at the prey item whereas control fish took 189-6 s (P = 0-0172)

Hatchery-reared fishes often possess a preference for taking prey from the surface (Nislow et al., 1998;
Reinhardt, 2001), even when this behaviour may not be part of their natural foraging repertoire (Furuta,
1996). This preference is brought about by frequent and long-term conditioning in the hatchery
environment and may be detrimental following release (Stunz et al., 2001). Hatchery-reared Japanese
flounder Paralichthys olivaceus (Temminck & Schlegel), for example, are fed at the surface which induces



an unnaturally high level of ‘off the bottom swimming activity’ post-release, thus increasing their
susceptibility to predators (Furuta, 1996). The results of the present experiment show that not only can
the fish be rapidly trained to accept prey items from the benthos, but exposure to more knowledgeable
conspecifics dramatically increases benthic feeding success. Reduced surface feeding may, in some
cases, also reduce predator-mediated mortality by encouraging fish to take up more appropriate feeding
stations closer to the bottom of the water column. Many hatchery-reared fishes show a much narrower
diet than their wild counterparts and the number of benthic prey items represented is particularly
depauperate (Olla et al., 1998; Brown & Laland, 2001). The results of the present study suggest that prior
exposure to benthic prey items, particularly in the presence of pre-trained conspecifics, would increase
the number of benthic prey items included in the diet post-release.

Whilst these experiments were only conducted on a small scale compared to the types of procedures
required at a hatchery level, it is apparent that hatcheries should reconsider the manner in which food is
delivered and the variety of prey items offered to hatchery fishes. Brown & Day (2002) recently suggested
that the addition of live prey items for a brief period just prior to release could make a significant
difference to the post-release survival of hatchery-reared fishes. Turbot Scopthalmus maximus (L.), for
example, appear to remember the visual characteristics of live prey for at least 6 weeks (Ellis et al., 2002)
providing further support for training regimes involving exposure of hatchery fishes to live prey in the
weeks prior to release. Furthermore, exposure to one type of live prey enables hatchery-reared fishes to
generalize to other types of live prey (Brown et al., 2003) and thus prior exposure to live prey ought to
significantly broaden the diet of hatchery fishes post-release. While most of the empirical data available
support this theory, large-scale tag recapture studies are required before the benefits of such a scheme
can be properly scrutinized. From an economic perspective the added cost of feeding live prey to
hatchery-reared fishes just prior to release would have to be weighed up against any perceivable
increase in post-release survival.

This work was funded by BBSRC grant 8/S15529. KNL was supported by a Royal Society University Research
Fellowship. We are grateful to the Environment Agency hatchery at Kielder for providing the salmon.
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