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Summary. Following exposure to a predator, socially
dominant individuals may reduce their risk of predation
by waiting until subordinates have resumed foraging be-
fore doing so themselves. Although such status-related
ordering in the resumption of foraging activity has been
observed in several bird species, the underlying mecha-
nism(s) facilitating such a delay remains unknown. So-
cial status per se and status-related foraging benefits
prior to a threat of predation (i.e., individual hunger
level) have both been suggested as possible mechanisms.
We tested between these two alternative suggestions us-
ing pairs of stream-dwelling juvenile Atlantic salmon,
for which the dominant-subordinate relationship was
known. Fish were tested at equal and unequal hunger
levels. Fish were presented with drifting prey, followed
by a predation threat in the form of an aerial predator
model. Which fish (i.e., dominant or subordinate) initial-
ly resumed foraging activity after exposure to the preda-
tor model was recorded. When both fish were at an
equal hunger level, the dominant fish was more likely
to resume foraging first. When the dominant and subor-
dinate fish differed in their hunger level, the hungrier
fish was the first to resume foraging regardless of social
status. These results support the conclusion that hunger
level, rather than social status per se, determines the
order in which juvenile Atlantic salmon resume foraging
after exposure to a predator.

Introduction

Dominant-subordinate relationships represent a com-
mon type of social structure found in a variety of differ-
ent taxa, where socially dominant individuals typically
get priority access to any number of contested resources
(e.g., Krebs and Davies 1984) resulting in increased feed-
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ing and growth rates relative to subordinates. For exam-
ple, numerous bird species spend varying amounts of
time living in groups (=flocks). Flocking behavior
confers certain benefits to individuals, including reduced
risk of predation (Powell 1974; Ekman 1987) and in-
creased probability of locating food (Krebs et al. 1972;
Baker et al. 1981). However, due to the social structure
of many such flocks not all flock members necessarily
benefit equally. Dominant individuals can displace sub-
ordinates to less rewarding foraging sites (Peters and
Grubb 1983; Ekman and Askenmo 1984) and/or sites
further away from shelter, which increases the subordi-
nates’ risk of predation (Ekman 1987; Hogstad 1988;
Desrochers 1989).

Recently, several studies have shown that, after expo-
sure to a predator, subordinate birds in a flock are often
the first to emerge from cover and resume feeding (De
Laet 1985; Hegner 1985; Hogstad 1988). Although in
doing so subordinates may benefit by gaining access to
preferred foraging sites, they nevertheless incur the risk
that the predation threat may still be present. By waiting
until subordinates have resumed feeding before starting
themselves, dominant individuals may incur a cost in
terms of lost foraging opportunity and prey depletion
in preferred sites. However, a dominant individual could
benefit by waiting, in that subordinate activity might
provide a means by which to assess habitat safety with-
out the dominant having to expose itself to any potential
predation hazard. Once judged safe, the dominant could
then resume foraging, supposedly being able to compen-
sate for any initial foraging costs by displacing subordi-
nate individuals from preferred feeding sites.

Although dominant individuals have been shown to
wait longer than subordinates before resuming to forage
after exposure to predation hazard, the mechanism(s)
underlying this delay is not known. It has been suggested
(De Laet 1985; Hegner 1985; Waite and Grubb 1987)
that the dominant individual’s social status per se may
allow it to delay and then make up any costs through
its inherent ability to displace subordinates from pre-
ferred feeding sites once the threat of predation is gone.
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Alternatively, it may be that dominant individuals can
delay longer because they are less hungry than subordi-
nates, due to status-related foraging benefits gained
prior to the threat of predation. In the latter case, a
delay may not represent any significant cost to the domi-
nant with respect to lost foraging opportunity.

Among fishes, salmon, trout, and charr (Salmonidae)
characteristically show a social structure commonly de-
scribed as a dominance hierarchy (Jenkins 1969; Met-
calfe 1986), where dominant fish occupy and defend pre-
ferred (i.e., shelter, current, food) locations in any given
section of the stream (Cunjak and Green 1984; Fausch
1984). Foraging by stream-dwelling salmonids typically
involves movement by fish up into the water column
to intercept food drifting downstream. However, as for-
aging activity may increase the probability of detection
by predators, fish temporarily reduce such activity fol-
lowing a predation threat (Dill and Fraser 1984; Met-
calfe et al. 1987; Huntingford et al. 1988). Therefore,
one might predict that, after exposure to a predator,
dominant fish may wait until subordinates have resumed
foraging before resuming themselves, thereby using sub-
ordinate activity as a cue to the current level of predation
hazard present. However, nothing is known about the
order in which salmonids resume foraging after exposure
to predation threat with respect to social status.

In this study, we used pairs of juvenile Atlantic salm-
on (Salmo salar 1.) to test the hypothesis that subordi-
nate fish are more likely to resume foraging sooner than
dominant individuals after exposure to a predation
threat. We also addressed the more general question of
whether an animal’s social status per se or its hunger
level, as related to its social rank, is responsible for any
observed status-specific ordering in resumption of forag-
ing activity following a threat of predation.

Methods

Fish and holding conditions. Juvenile Atlantic salmon (4.2-5.7 cm
SL) were collected by electrofishing from the Northwest Miramichi
River, New Brunswick, Canada. Fish were transported to the labo-
ratory at Mount Allison University, where they were housed in
a communal stream tank at 10° C, under a 12h L:12 h D light
regime. Fish were fed freeze-dried euphausiid crustaceans (Euphau-
sia pacifica) once a day. Food was introduced on the water surface
at the upstream end of the tank and allowed to drift downstream.

Prior to testing, fish of equal weight (mg) and length (cm) were
paired, and these pairs were housed in separate flow-through
aquaria (40.5x20x 26 cm) for a minimum of 7 days under the
same temperature and light regime as above. This procedure facili-
tated the development of a dominant-subordinate relationship be-
tween the fish. Fish were observed daily during this 7-day period,
and the dominant fish in each pair was identified as that individual
initiating and subsequently displacing the other in the majority
of social interactions (e.g., chasing, and frontal and lateral displays,
sensu Keenleyside and Yamamoto 1962). A period of 7 days ap-
pears to be sufficient for such a relationship to stabilize (Keenley-
side and Yamamoto 1962). Fish were fed once a day while in these
aquaria. Sufficient food was introduced to insure that both fish
fed. There was no significant difference in weight between individ-
ual fish in each pair (n =40 pairs) following their use in the experi-
ment (paired #-test; t=1.00, df=39, P>0.32).

Experimental apparatus and procedure. Bxperiments were con-
ducted in one channel (*“experimental channel”) of a double-chan-
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Fig. 1. A Top view of experimental stream tank. B Side view of
experimental channel in stream tank. 4: gravel pad; B: overhead
cover; C: flat stone; D: clear Plexiglas rod (simulates dive by aerial
predator); E: blind; F: automatic feeder; G: flow control baffles;
H: screen; I: inflow and outflow pipes leading to a pump and
refrigeration unit; J: overflow standpipe. Arrows indicate direction
of current

neled, flow-through, recirculating stream tank (240 x 117 x 53 cm),
maintained under a 12 h L:12 h D light regime and a water temper-
ature of 10° C (Fig. 1). Water depth was maintained at 21 cm and
mean ( + SE) water current velocity across the width of the channel
was 8.24 (£0.09) cm/s. This is within the range of current velocities
naturally selected by juvenile Atlantic salmon (e.g., Morantz et al.
1987). The experimental channel (150 % 55 cm) was screened off
at both its upstream and downstream ends to prevent fish from
exiting. The floor of the channel was marked at 10-cm intervals
along its length with black marker lines to facilitate measurement
of the distance fish traveled to capture prey. A gravel pad (55 x
50 cm) was situated at the downstream end of the channel and
two pieces of opaque Plexiglas (30 x 12 cm), positioned equidistant
from the front, back, and middle of the gravel pad, were suspended
7 cm above the gravel to provide overhead cover for the fish. Two
flat stones (11.5 x 7 cm) were placed on the gravel equidistant from
the front, back, and middle of the gravel pad, as well as the inside
edge of the overhead cover, to provide potential holding stations
for the fish (i.e., where the fish sits while inactive). An automatic
food dispenser was located at the upstream end of the channel,
above the water, and behind a blind which obscured it from the
fish’s view. Another blind, with a viewing slit, was attached to
the glass side of the experimental channel to eliminate external
disturbances and allow direct observation into the channel.

Bach experimental trial was preceded by a period of acclimati-
zation to the experimental channel. The pair of fish to be tested,.
previously starved for 24 h, was introduced into the experimental
channel between 1300 and 1400 hours the day before testing. At
1600 hours food was provided in such a manner that both fish
ingested approximately the same number of prey (5 + 2 euphausiid



crustaceans). This feeding was to insure that both fish would forage
in the experimental channel.

All prey items presented to any one pair of fish during both
the acclimatization and experimental trial periods were of equal
size. However, a range of prey sizes (i.e., 2-4 mm long, 1 mm in
diameter, and weighing 0.9-1.6 mg) was used to compensate for
the range in size of fish among the different pairs tested (i.e., 4.2—
5.7 cm SL). Based on preliminary observations, three food items
represents approximately 10% of the satiation level (i.e., 25+2.3
prey items) in fish of the size used in this study. Therefore, when
determining hunger level of individual fish during the course of
an experimental trial, if the difference in the total number of prey
ingested by each fish in the pair being tested was <3 food items,
fish were assumed to be at an equal hunger level.

_ Each pair of fish was observed both during the acclimatization
period, before and after feeding, and prior to beginning an experi-
mental trial. This was to verify whether the particular dominant-
subordinate relationship established in the holding aquaria re-
mained after fish had been moved to the experimental channel.
The same criteria as in the aquaria was used to identify dominant
and subordinate individuals.

The experiment was designed so that each experimental trial
(Fig. 2) tested both whether (1) an individual’s social status per
se (i.e., fish at an equal hunger level) or (2) an individual’s hunger
level affects which fish of a pair initially resumes foraging after
exposure to a predator. Our experiment was also designed to simu-
late the progression in foraging activity and changes in hunger
level experienced by juvenile salmon on a daily basis in nature
(Godin, Classon, and Randall, unpublished data).

Each experimental trial (n=40) began between 0900 and 0930
hours the morning following the period of acclimatization, with
the presentation of three prey items to initiate feeding activity in
the fish (Fig. 2, test block 1). Throughout the experimental trial,
prey were presented such that each item was introduced only after
the previous prey had either been captured or had been caught
in the screen at the downstream end of the experimental channel.
Prey were presented at random time intervals. Presentation of the
third prey item was followed by the presentation of a predation
threat in the form of a stuffed belted kingfisher (Ceryle alcyon).
The model simulated a kingfisher in flight (i.e., wings extended
laterally). A kingfisher model was used because kingfishers are
known predators of juvenile Atlantic salmon (White 1937, 1938).
The bird was released from an upstream position, where it was
concealed from the fish by a blind, so that if “flew” downstream
along a clear monofilament line over the center of the experimental
channel. As the model passed over the gravel pad, a clear Plexiglas
rod (21.5x1.5x1.5cm), suspended over the center of the pad
(Fig. 1D), was dropped down into the water to just above the
gravel and then immediately raised back to its original position
above the water. This was to simulate a diving capture attempt
by the kingfisher.

Immediately after presentation of the predator model, another
prey item was introduced at the upstream end of the channel.
This was followed with the presentation of other prey, one at a
time, until a total of three had been captured. Because the differ-
ence in the number of prey captured by the dominant and subordi-
nate fish prior to presentation of the predator model in test block
1 was <3, fish were assumed to be at an equal hunger level (D=S1;
D=dominant fish, S=subordinate fish, 1=test block 1) at the
time of presentation of the predation threat. Therefore, test block
1 tested whether social status per se has any effect on the order
in which individuals resume foraging following exposure to a pre-
dation threat.

Following test block 1, fish were presented with a total of 15
prey items over the course of three successive feeding sessions (i.c.,
5 items per feeding session) spaced randomly every 30-60 min
(Fig. 2, feeding sessions 1 to 3). The third feeding session was fol-
lowed (i.e., 30 to 60 min later) by a second test block (test block
2). This was identical in protocol to test block 1 (Fig. 2), except
that at the time of presentation of the predation threat in test
block 2, the fish were at one of three different “hunger levels”
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1) present 3 food items
to initiate feeding.

2)present predator
model.

3) present food until
3 items captured.

TEST BLOCK 1

SESSION 1 - present 5
food items

'

SESSION 2 - present 5
food items

v

SESSION 3 - present 5
food items

FEEDING
SESSIONS

1) present 3 food items.
2) present predator
model.
3) present food until
3 items captured.

TEST BLOCK 2

Fig. 2. Flow chart illustrating chronological order of events within
each experimental trial. Arrows denote a random time interval of
30 to 60 min

as a result of their feeding history in the preceding three feeding
sessions. Therefore, test block 2 tested whether an individual’s
hunger level had any effect on the order in which individuals re-
sume foraging following exposure to a predation threat.

Hunger level of individual fish was determined by recording
the number of prey captured by the dominant and subordinate
fish during the three feeding sessions and up to presentation of
the predator in test block 2 (maximum = 18 prey/fish, approximate-
ly 72% of satiation level). If the difference in prey captured between
fish was <3 items, the fish were again assumed to be at an equal
hunger level (D=S2; D and S as before, 2=test block 2), but
one significantly lower than that in test block 1 (i.e., D=S1, fish
previously starved for 17 h vs D=S2, minimum number of prey
captured = 7/fish). One fish was assumed to be hungrier than the
other if the difference in the number of prey captured between
fish was >4 (D> S: more prey captured by dominant than subordi-
nate; S>D: more prey captured by subordinate than dominant).

Due to a limited number of naive fish available, we did not
run controls for possible sequence effects (i.e., habituation to the
predator model between presentations in test blocks 1 and 2). How-
ever, we feel such effects are unlikely, given our experimental de-
sign. First, Metcalfe et al. (1987) found that the effects of exposure
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to a fish predator on foraging behavior of juvenile Atlantic salmon
was no longer evident within 2 h of exposure. Second, as predation
from natural aerial predators represents an unpredictably occurring
event, it would seem maladaptive for salmon to habituate to an
overhead stimulus after only one presentation (i.e., test block 1).
In our study, presentations of the kingfisher model were separated
by at least 2 h.

Forty pairs of fish were tested, one pair at a time, and no
fish was used more than once. The following data were recorded
for each pair of fish tested:

1. The number of prey captured by the dominant and subordinate
fish before exposure to the predator was compared to determine
the effect of social status on foraging rewards (G-test).

2. The location of each fish in the experimental channel (i.e., under
overhead cover, upstream, or on the gravel pad), immediately be-
fore and after presentation of the predator was recorded. Fish
distribution was compared to determine any preference of location
before and after exposure to the predator by the dominant and
subordinate fish (G-test).

3. Following presentation of the predator model in both test blocks
1 and 2, we recorded which fish was the first to move from where
it had sought cover, and which was the first to capture a prey
item. Movement from cover is here defined as either an aborted
attack towards a prey item (i.e., movement up into the water col-
umn towards a prey without capturing it), movement out from
under the overhead cover, or movement for a distance of at least
three body lengths (i.e., minimum of 12.6 cm) from where the fish
came to rest after exposure to the predator. Which fish was the
first to move and which was the first to capture prey after exposure
to the predator was determined for each hunger level category;
D=S81,D=82, D>S, and S>D (G-test).

4. The time (seconds) elapsed until fish resumed foraging after
exposure to a predator was compared among hunger level categor-
ies (ANOVA).

5. All trials were recorded on video tape using an overhead camera.
Recordings were analyzed to determine the distance (cm) fish tra-
veled to capture individual prey items. The distance traveled to
capture prey before exposure to a predator was compared to that
traveled to capture the first, second, and third prey item captured
after exposure to the predator for both dominant and subordinate
fish (paired #-test).

In all statistical analyses, the level of significance was set at
P<0.05.

Results

Prior to presentation of the predator model in both test
blocks 1 (G=14.21, df=1, P<0.005) and 2 (i.e., feeding
sessions 1 to 3, and beginning of test block 2; G=5.94,
df=1, P<0.025), the dominant fish captured significant-
ly more prey than the subordinate. Therefore, social sta-
tus appears to confer a foraging advantage to dominant
individuals in the absence of predation threat.

Prior to exposure to a predation threat, regardless
of social status or hunger level, significantly more fish
were found on the gravel pad (D=S1: G=72.8, D>S:
G=528,S>D: G=164, D=S2: G=19.5; df=2, P<
0.005). In comparison, only 4 (3 dominant and 1 subor-
dinate) out of 80 fish occupied a position under the over-
head cover. Exposure to the kingfisher model produced
a typical overhead fright response (cf. Suboski and Tem-
pleton 1989) in all fish, in both test blocks 1 and 2.
Following exposure to the model, regardless of social
status or hunger level, significantly more of the fish that
were on the gravel pad prior to the predation threat
sought shelter under the overhead cover (D=S1: G=
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Fig. 3. Mean (4 SE) distance (cm) dominant and subordinate fish
traveled to intercept a prey item immediately before and for the
first three prey items (Prey 1, 2, and 3) captured following exposure
to the predator model, when fish were at an equal (test block
1) and unequal (test block 2) hunger level. Within each test block,
means with the same letter are not significantly different. * denotes
a significant difference between the dominant and subordinate fish

62.7, D>S: G=50.8,S>D:G=11.4,D=S2: G=114;
df=2, P<0.005). Each of the 4 fish that were under
the overhead cover prior to exposure to the predator
model remained there following exposure. In contrast,
among those fish occupying positions upstream of the
gravel pad prior to a predation threat, half sought shelter
under the overhead cover while the others remained in
an upstream position (D=S1: G=0.02, D>S: ¢G=0.01,
S>D: G=0.11, D=S2: G=1.39; df=1, since 0 fish
chose the gravel pad, P>0.05). In the latter case, fish
typically moved further upstream from their original po-
sition and then remained there, motionless, on or near
the bottom.

The distance fish traveled to capture a prey item de-
creased significantly after exposure to the predator mod-
el (Fig. 3). This was true for the first (test block 1: r=
4.47, df=39, P<0.002; test block 2: r=3.28, df=39,
P <0.003), second (test block 1: r=3.93, df=39, P<
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Fig. 4. Total number of dominant and subordinate fish to initially
move from shelter and to initially capture a prey item, following
exposure to a predator model, in relation to their feeding history
prior to the predation threat. Feeding history; test block 1, D=S1:
fish at an equal hunger level; test block 2, D>S: dominant fish
captured more prey items than subordinate, S>D: subordinate
fish captured more prey than the dominant, D=S2: dominant and
subordinate fish captured an equal number of prey (but overall
hunger level of both fish lower than in D=S1). * denotes a signifi-
cant difference between the number of dominant and subordinate
fish

0.006; test block 2: r=2.74, df=39, P<0.011), and third
(test block 1: r=3.44, df=39, P<0.002; test block 2:
t=15.38, df=39, P<0.001) prey item captured after ex-
posure to the predator. There was no significant differ-
ence in this pattern between the dominant and subordi-
nate fish (Fig. 3). Therefore, the predator-mediated re-
duction in distance traveled to capture a prey item per-
sisted for some time after exposure to the predator mod-
el.

There was no significant difference in the response
of fish to presentation of the kingfisher model between
test blocks 1 (D=S81) and 2 (D=S2, D>S, S>D) with
respect to (1) shifts in location within the experimental
channel and (2) a reduction in distance traveled to cap-
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ture the next three prey items following exposure to the
predator. Therefore, habituation to the predator model
over the course of an experimental trial was not appar-
ent.

In test block 1, with both fish at an equal hunger
level (D =S1), the dominant fish was more likely to be
both the first to move out from cover in response to
(G=10.02, df=1, P<0.005), and the first to capture
(G=8.23, df=1, P<0.005), a prey item after exposure
to the predator (Fig. 4, D=S1). In test block 2, hunger
level had a significant effect on which fish was the first
to resume foraging after exposure to the predator. In
those trials where the dominant fish had captured more
prey and, therefore, was presumably less hungry than
the subordinate (D > S), the subordinate was more likely
to be the first to respond to a prey item following expo-
sure to the predator (G=15.19, df=1, P<0.005), but
was not necessarily the first to capture one (G=2.72
df=1,0.1>P>0.05; Fig. 4, D> S). However, in this lat-
ter case, the subordinate fish did capture the first prey
item in twice as many trials as the dominant. Moreover,
in half of the trials in which the dominant fish was the
first to capture a prey item, the subordinate had been
the first to respond to a prey item by moving out from
cover. When the subordinate captured more prey than
the dominant (S> D) prior to the predation threat, the
dominant fish was both the first to respond to (G=
13.86, df=1, P<0.005) and capture (G=13.87, df=1,
P <0.005) a prey item following exposure to the preda-
tion threat (Fig. 4, S>D). Finally, when both fish had
previously captured the same number of prey (D =S2)
and were at an equal, but lower, hunger level than that
in test block 1 (i.e., fish had captured 7 to 11 prey/fish),
dominant and subordinate fish were equally likely to
be the first to respond to (G=0.01, df=1, P>0.1) or
capture (G=0.68, df=1, P>0.1) a prey item after expo-
sure to a predator (Fig. 4, D=S2).

Finally, exposure to the kingfisher resulted in a delay
in the resumption of foraging. The duration of this delay
was significantly affected by hunger level for both domi-
nant (F=10.67, df=3,55, P<0.0001) and subordinate
fish (F=2.8, df=3,29, P<0.05). Fish waited significant-
ly longer before resuming to forage when they had eaten
an equivalent (i.e., D =82, ¥=270496 s) or greater (i.e.,
D>S,%x=207434.8sor S>D, ¥=180441.4 s) number
of prey than their counterpart, prior to presentation of
the predator. The minimal delay after exposure to a pre-
dation threat occurred when both fish were at an equal
and high hunger level (i.e., D=S1, x=51+1145).

Discussion

Social status had a significant effect on the number of
prey captured by juvenile Atlantic salmon when there
was no apparent risk of predation. Dominant individ-
uals typically captured more prey than subordinates.
These results are consistent with those previously re-
ported for salmonid fishes (Cunjak and Green 1984;
Fausch 1984; Metcalfe 1986) and a variety of other or-
ganisms (Hodapp and Fry 1982; Ekman and Askenmo
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1984; Stamps 1984; De Laet 1985; Waite 1987; Waite
and Grubb 1987).

Following an aerial predation threat, regardless of
social status, most fish sought shelter under overhead
cover and waited, on average for 236 s, before resuming
to forage. Fish also significantly reduced the distance
they were willing to travel to capture, at least, the next
three prey items. Since aerial predators cannot be direct-
ly monitored while under overhead cover, a delay before
resuming normal activity would seem advantageous with
respect to avoiding predation. Further, given that prey
movement is important in prey detection by visual pre-
dators (Ware 1971; Convey 1988 ; Gotceitas and Colgan
1988), a reduction in attack distance once foraging had
resumed can also be interpreted as an anti-predator re-
sponse. Similar changes in foraging tactics in response
to predation hazard have previously been reported for
juvenile Atlantic salmon (Metcalfe et al. 1987; Hunt-
ingford et al. 1988) and other salmonids (Dill and Fraser
1984; Grant and Noakes 1987).

In this study, the subordinate fish was not necessarily
the first to resume foraging following exposure to a pre-
dation threat. This is opposite to that reported for var-
ious bird species (De Laet 1985; Hegner 1985; Hogstad
1988), and is inconsistent with the hypothesis that social
status per se is the primary factor regulating status-spe-
cific ordering in the resumption of foraging activity fol-
lowing a predation threat (i.e., dominant expected to
wait for subordinate). Instead, which fjsh was the first
to resume foraging was dependent on hunger level.
When fish were at an equal and relatively high hunger
level, the dominant fish was most likely to initially re-
sume foraging. In contrast, when fish were at unequal
hunger levels, it was the hungrier fish, regardless of so-
cial status, that was the first to resume foraging. There-
fore, at least in juvenile Atlantic salmon, it appears that
an individual’s hunger level, and not its social status
per sc, is the primary factor regulating any delay in the
resumption of foraging activity after exposure to a pre-
dator. However, it remains to be seen whether status-
related hunger level, rather than social status per se,
is also the primary factor mediating such status-specific
ordering in birds and other animals.

Preliminary analysis of field data (Godin, Classon
and Randall; unpublished data) indicates that juvenile
Atlantic salmon collected just after dawn generally had
less food in their stomachs, and showed little inter-indi-
vidual variation in this regard, compared with samples
collected later in the day. Results from the present study
suggest that dominant fish would be at least as likely
as subordinates to resume foraging after exposure to
a predator, and, therefore, would be expected to be
equally as vulnerable to predation during the early part
of each day. However, given that the probability of at-
tacking a prey item after exposure to a predator de-
creases with a reduction in hunger level, and that a sta-
tus-related foraging advantage exists (Fausch 1984 ; Met-
calfe 1986; present study), vulnerability to predation
should decrease during the course of the day much more
rapidly for dominant than for subordinate individuals.
Further, having reached a hunger level at which they

delay longer than subordinates before resuming forag-
ing, dominants may gain an additional advantage in that
subordinate activity may serve as an indicator of habitat
safety. If status-related hunger level proves to play a
similar role in the status-specific order in which other
animals resume foraging after exposure to predation,
a similar diel cycle in vulnerability among individuals
could be expected. De Laet’s (1985) observations that
dominant great tits (Parus major) were the first to arrive
at feeding sites in the morning is consistent with such
a prediction.

In their study on escape behavior and use of cover
by juvenile brook trout (Salvelinus fontinalis), Grant and
Noakes (1987) reported a positive relationship between
increased latency to resume foraging and overall wari-
ness towards predators with increasing body size of the
trout. Similar relationships have also been noted for a
number of other salmonids (see Grant and Noakes
1987). These authors suggested three possible explana-
tions for such observations. First, if smaller fish derive
a greater benefit from rapid growth than larger ones,
they should, therefore, be more willing to accept a
greater risk to forage. Second, if conspicuousness and
vulnerability to visual predators increases with body size
in juvenile salmonids, then increased wariness with in-
creasing body size should be favored. Third, smaller fish
may resume foraging sooner than larger, dominant indi-
viduals in order to take advantage of reduced competi-
tion following a predation threat. Our results do not
support this third explanation, but do provide yet a
fourth possibility. Dominance status is positively corre-
lated with body size in stream salmonids (Grant and
Noakes 1987), and dominant individuals tend to occupy
the most rewarding foraging sites (Fausch 1984; Met-
calfe 1986). Therefore, dominant fish might generally
be expected to have lower hunger levels than subordi-
nates. This being the case, the positive relationship be-
tween body size and increased wariness towards preda-
tors might be related to the negative effect of reduced
hunger level on the tendency for fish to accept risk in
order to forage, as demonstrated in our study.

Factors other than level of satiation, such as overall
condition, energetic demands or deficit (e.g., Godin and
Sproul 1988; Abbott and Dill 1989), and previous expe-
rience with predators (e.g., Dill and Fraser 1984) may
also affect the likelihood of an individual being the first
to resume foraging following exposure to a predator.
Further work is needed to investigate the effects of such
factors, as well as to determine the primary factor(s)
affecting the order in which individuals resume foraging
activity following a predation threat in other species.
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