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Cover is ofien thought to be an important habitat characteristic for juvenile stream salmonids. In addition to providing protec-
tion from predators, cover may be associated with reduced food availability. Thus, an individual’s use of cover is likely to reflect
a trade-off between the conflicting demands of growth and survival. We measured the influence of cover on foragingsite
selection in groups of eight juvenile coho salmon ( kisutch) by examining their distribution across two stream
channel patches, one providing access to cover but little food (the “poor” patch), the other providing more food but no cover
(the “good” patch). Because fish distributions in the absence of cover conformed to an ideal free distribution (IFD) for unequal
competitors (ie., the distribution of competitive abilities matched the distribution of food), we used IFD theory to quantify the
energetic equivalence of cover to the fish. In the presence of cover and a model avian predator, use of the poor patch increased
relative to the predictions of the IFD model. Using this observed deviation from an IFD, we calculated how much extra food
must be added to the good patch to return the distribution of fish to the previously observed IFD of unequal competitors. As
predicted, adding this amount of food caused the fish to return to their previous distribution, demonstrating that IFD theory
can be used to relate energy intake and risk of predation in a common currency. Key words: coho salmon, foraging, habitat
sclection, ideal free distribution theory, Oncorhynchus kisutch, predation risk, trade-offs, unequal competitors. [Behav Ecol 8:

437447 (1997)]

raging theory predicts that individuals attempting to

maximize their net rate of energy intake should forage
preferentially in areas of high prey density (Stephens and
Krebs, 1986). However, when such sites are also associated
with high levels of intraspecific competition and/or predation
risk, the net fitness value of those sites may decrease relative
to areas of lower prey density. Thus, during foraging-site se-
lection, animals may be faced with a rade-off between energy
intake and survival (for a review of foraging-predation risk
trade-offs, see Lima and Dill, 1990). There are several ways
animals can resolve such trade-offs, including the selection of
foraging sites adjacent to a refuge or cover (e.g., Brown, 1988;
Hogstad, 1988; Newman and Caraco, 1987).

Cover is often speculated to be an important habitat char-
acteristic for stream-dwelling salmonid fishes. Both in-stream
structure (e.g., rocks, vegetation) and overhead cover (e.g.,
undercut banks, streamside vegetation, fallen logs, deep wa-
ter) are thought to provide protection from predators (Shir-
vell, 1990; Wilkzbach, 1985), as well as reduce energetic expen-
diture by sheltering individuals from areas of high current
velocity (Fausch, 1993; Huntingford et al., 1988). Hence, the
preservation of natural cover and the addition of artificial cow
er are important goals of salmonid enhancement programs.
Despite the widely held belief that Juvemle salmonids prefer
habitats with cover, the results of experiments investigating
the effects of cover on fish distributions and abundance are
equivocal (e.g., Dolloff, 1986; Fausch, 1993; McMahon and
Hartman, 1989; Ruggles, 1966; Taylor, 1988). In some cases
cover is preferred (e.g., Taylor, 1988), while in other cases fish
are indifferent to its presence (e.g., Bugert and Bjornn, 1991)
or avoid it entirely (e.g., Ruggles, 1966). We do not find this
surprisirig given that, in addition to reducing predation risk,
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cover may also be associated with areas of reduced food avail
ability. Furthermore, in streams where juvenile salmonids
co-occur with piscivorous fishes, predation risk may actually
be greatest under cover. Thus, rather than expecting the value
of cover to be absolute, we view an individual’s use of cover
as a compromise between the conflicting demands of growth
and survival—a compromise that may be extremely context

specific.

Juvenile coho salmon (Oncorhynchus kisutch) typically main-
tain foraging positions from which they dart forward to inter-
cept in-stream drift (Chapman, 1962; Hartman, 1965; Puckett
and Dill, 1985). The best feeding sites (i.c., those with the
greatest amount of drift per unit time) are likely shallow areas
of swift current (Fausch, 1984; Ruggles, 1966), often with little
in-stream structure or overhead cover. Thus, to gain access to
cover, individuals may have to move into areas of slower cur-
rent and accept a reduction in foraging gains. However, to
predict the circumstances under which cover will be used by
fish and, consequently, when the addition of natural or art-
ficial cover is likely to reward conservation efforts, it is nec-
essary to quantify the influence of cover on the trade-off be-
tween growth and survival, two components of fitmess that are
usually measured in different currencies.

Abrahams and Dill (1989) used ideal free distribution (IFD)
theory (Fretwell, 1972; Fretwell and Lucas, 1970) as a wol to
quantify the energetic equivalence of predation risk to gup-
pies (Poecilia reticulata). IFD theory predicts that when ani-
mals have perfect information about the distributions of com-
petitors and resources (“ideal”), and can move to the habitat
where their fitness gains will be highest (“free”), they should
distribute themselves such that the proportion of individuals
in each habitat matches the proportion of resources available
there (i.e., input ing; Parker, 1974). In addidon to being
“ideal” and “free,” the model also assumes that individuals
have equal competitive ability. Thus, at equilibrium, all indi-
viduals will receive the same payoff and no individual can in-



crease its payoff by moving to another habitat After demon-

ing that the distribution of guppies between two feeders
conformed to an IFD in the absence of predation risk, Abra-
hams and Dill (1989) added a fish predator to one of the
patches and used the observed deviation from an IFD to quan-
tify the energetic equivalence of predation risk. We use a mod-
ified version of this ‘duaton’ technique to determine the en-
ergetic equivalence of cover to juvenile coho salmon (for fur-
ther discussion of “behavioral titrations,” see Kotler and Blau-
stein, 1995).

Because small differences in body size influence the rank
of coho salmon in a dominance hierarchy (Chapman, 1962)
and thus their ability to compete for food, it is unlikely that
spatial distributions of coho will conform to the predictions
of the original IFD model. In fact, Grand (1997) has recently
shown that in the absence of cover and predaton risk, distri-
butions of foraging coho salmon are best described by a sec-
ond-generation IFD model that incorporates competitive in-
cqualities. This IFD model for unequal competitors (Parker
and Sutherland, 1986; Sutherland and Parker, 1985) assumes
that each individual's payoff is related to its competitive ability
or “‘competitive weight” (i.e., the proportion of a resource it
obtains when competing with all other members of a group
in a single habitat). When the relative competitive weights of
individuals remain constant across habitats, the model pre-
dicts that animals should distribute themselves such that the
proportion of competitive weights in each habitat matches the
proportion of resources available there (i.c., input matching
of competitive weights), and juvenile coho do just that
(Grand, 1997).

We conducted two experiments to quantfy the energetic
equivalence of cover to juvenile coho salmon. In the first ex-
periment, groups of fish were allowed to choose between two
patches, one providing access to cover but linde food, the oth-
er providing more food but no cover. We used the observed
deviatdon from an unequal competitors IFD to predict how
much additional food must be added to the uncovered patch
to return the distribution to that observed in the absence of
cover. In the second experiment, we added the calculated
amount of food to the uncovered patch and compared the
resulting distribution of competitive weights to the previous
distribution of food. If our calculation of the energetic equiw
alence of cover was correct, we expected the distribution of
competitive weights to return te that ebserved in the absence
of both cover and additional food, demonstrating that growth
and survival can be measured in a common currency.

METHODS

Experimental subjects

We captured 16 wild, young-of-theyear coho salmon by pole
seine from the Salmon River, Langley, British Columbia, Can-
ada weekly between 3 July and 28 August 1995. Fish were re-
turned w0 the laboratory and placed in a 1704 flow-through
aquarium where they were maintained at 12°-15°C on a 14
10 h light:dark schedule.

Within 36 h of capture, we anesthetized fish in a dilute
solution of 2-phenoxy-ethanol, determined their mass (near-
est 0.01 g) and fork length (nearest millimeter), and marked
them individually by attaching pre-made, colored tags
through the musculature posterior to the dorsal fin (Chap-
man and Bevan, 1999). Each week, swo groups of cight fish
were formed by selecting individuals ing in mass from
1.16t0 1.68 g (£ = 1.42 g, SD = 0.125, n = 96) and in length
from 49 to 56 mm (£ = 51.8 mm, SD = 154, n = 96), fora
total of 12 groups. 'We placed groups of fish in buckets of cold,
acrated water for 30 min to recover from the stress of han-
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Figure 1
Schematic top view of the experimental stream channel. Water was
pumped over a concrete barrier (A) and traveled downstream

a series of four mesh barriers (B) which separated the
pools (C) from the glides (D). Four Yshaped feeding tubes (E)
were attached to the mesh barriers at the upstream end of each
glide. Prey were dispensed from Erlenmeyer flasks (F) mounted on
magnetic stir plates. A single cover structure (G) could be placed
along either wall of each glide. Arrows indicate the direction of
water flow and broken lines the single and paired patches of the

one- and two-patch trials, respectively.

dling and tagging and then returned each group to a separate
flow-through aquarium to await the beginning of the foraging
experiment. Fish were fed live, adult brine shrimp (Artemia
spp.) ad libimum while in the flow-through aquaria.

Four days after wgging, we transferred each group to one
of two glide sections of the artificial stream channel in which
experiments were conducted (see below), and left the fish to
acclimatize for an additional 2 days. No food was provided to
the fish during this acclimation period, that all in-
dividuals were hungry and foraged actively when the experi-

ment began.

Apparatus and general methods

We conducted experiments in an artificial stream channel
(Figure 1) in the woods of the Burnaby Mountain campus of
Simon Fraser University. The concrete channel (described
more completely elsewhere; Grand, 1997) consists of two shal-






