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Risk-sensitive foraging by juvenile signal crayfish
(Pacifastacus leniusculus)

C.A. Bondar, K. Zeron, and John S. Richardson

Abstract: Feeding behavior of carnivorous and herbivorous organisms is commonly explained in terms of nutritional re-
quirements. However, feeding behavior of omnivorous organisms is difficult to predict and may not be based on nutritional
requirements alone. To assess the plasticity of feeding behaviors exhibited by an omnivore, we conducted a feeding experi-
ment using juvenile signal crayfish (Pacifastacus leniusculus (Dana, 1852)), both alone and in the presence of conspecifics
and predators. Crayfish were presented with three types of food (chironomids, mayflies, and woody debris) in experimental
enclosures, and the food type consumed and time to consumption were recorded. Although the same overall food choice
(chironomid larvae) was made in all trials, the time it took for the juvenile crayfish to make a food selection was longer
in the presence of adult conspecifics (both male and female) and adult cutthroat trout (Oncorhynchus clarkii (Richardson,
1836)). Food selection also took longer, although not significantly, in the presence of conspecific juvenile crayfish, and no
changes in behavior were noted in the presence of young-of-the-year (YOY) cutthroat trout. The altered behavior of the ju-
venile crayfish observed in the presence of adult fish and crayfish can lead to context-dependent effects of this omnivore
on its community. Ecologists must be increasingly aware that the feeding of omnivores may not be solely based on nutri-
tional criteria.

Résumé : Le comportement alimentaire des organismes carnivores et herbivores s’explique ge´néralement par leurs besoins
nutritifs. Cependant, le comportement alimentaire des organismes omnivores est difficile a` prédire et peut ne pas eˆtre base´
sur les seuls besoins nutritifs. Afin de de´terminer la plasticite´ des comportements alimentaires chez un omnivore, nous
avons mene´ une expe´rience d’alimentation chez des jeunes de l’e´crevisse signal (Pacifastacus leniusculus (Dana, 1852)),
seuls et en pre´sence d’animaux de meˆme espe`ce et de pre´dateurs. Nous avons fourni trois types de nourriture (chirono-
mides, éphémères et de´bris ligneux) aux e´crevisses dans des enclos expe´rimentaux et nous avons note´ le type de nourriture
consomme´e et le temps requis pour cette consommation. Bien que le meˆme choix ge´néral de nourriture (chironomides)
soit fait dans tous les essais, le temps requis par les jeunes e´crevisses pour faire un choix de nourriture est plus long en
présence d’e´crevisses adultes (tant maˆles que femelles) de meˆme espe`ce et de truites farde´es (Oncorhynchus clarkii (Ri-
chardson, 1836)) adultes. La se´lection de la nourriture est aussi plus longue, mais pas de fac¸on significative, en pre´sence
de jeunes e´crevisses de meˆme espe`ce; il n’y a pas de changement de comportement alimentaire en pre´sence de jeunes
truites farde´es de l’anne´e. Le changement de comportement des jeunes e´crevisses observe´ en présence de poissons et
d’écrevisses adultes peut entraıˆner des effets de cet omnivore sur sa communaute´ qui varient selon le contexte. Les e´colo-
gistes doivent de plus en plus eˆtre conscients que l’alimentation des omnivores peut ne pas eˆtre base´e seulement sur des
critères nutritifs.

[Traduit par la Re´daction]

Introduction

Omnivory in aquatic food webs has been recognized as a
widespread occurrence (Menge and Sutherland 1987; Polis
and Strong 1996). However, food choices made by omnivo-
rous organisms are difficult to predict because an under-
standing of when and why different food groups are more

likely to be consumed is required. Most often it is assumed
that nutritional constraints uniquely determine the food-
mixing behavior of omnivores; however, several other fac-
tors may ultimately play a role (Singer and Bernays 2003).
Factors such as predation risk, density of a preferred food
source, biotic interactions (both intraspecific and interspe-
cific), and microhabitat use all contribute to the dietary
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choices of an omnivore, which may lead to selection of
food sources that are suboptimal in terms of nutrition. For
example, it has been well established that freshwater pred-
atory invertebrates often incorporate algae and detritus (nu-
tritionally poor food choices) into their diets, though the
reasons for this inclusion are poorly understood (Lancaster
et al. 2005).

The effects of predation on feeding behavior have tradi-
tionally been observed through an organisms’ feeding rate
on one specific food type (Sih 1982; Gilliam and Fraser
1987); however, few studies have investigated how preda-
tion risk affects the feeding behavior of omnivores. Under-
standing the mechanisms contributing to food choice in
omnivorous organisms is important both in terms of the
feeding ecology of the omnivores themselves and in terms
of the potential effects of omnivorous organisms on their
surrounding communities. The dynamics of food selection
can ultimately dictate whether omnivory stabilizes popula-
tion, community, and food web dynamics (Singer and Ber-
nays 2003).

Stream-dwelling crayfish have been shown to be true om-
nivores (Pimm and Lawton 1978), having both plant- and
animal-based components in their diets (Whitledge and Ra-
beni 1997; Parkyn et al. 2001; Hollows et al. 2002). In addi-
tion to the omnivory observed within age classes, crayfish
have also been described to exhibit ‘‘life-history omnivory’’
(Woodward and Hildrew 2002), in that there are shifts in the
feeding behavior of crayfish through development. Juvenile
crayfish have traditionally been described as carnivorous
and adults as detritivorous, and this trend has been shown
for many crayfish genera (e.g., Abrahamsson 1966; Parkyn
et al. 1997; Whitledge and Rabeni 1997). However, the on-
togenetic shifts previously described in the literature may
not be ubiquitous to all crayfish genera. In particular, re-
search on the North American signal crayfish,Pacifastacus
leniusculus (Dana, 1852), in its native environment has
documented that juveniles feed primarily on conditioned
woody debris found in the streambed (Bondar et al. 2005),
in contrast with the primary food base of aquatic inverte-
brates found by other authors (e.g., Stenroth and Nystro¨m
2003).

Although a certain amount of nutrition is clearly available
from detrital food sources via the biofilm (Whitledge and
Rabeni 1997), growth rates were significantly higher when
crayfish were raised on a diet of invertebrates in comparison
with detritus (Bondar et al. 2005). JuvenileP. leniusculus
are therefore making foraging decisions that are not entirely
based on the nutritive value of the food source, leading to
the question about what determines the behavioral aspects
of food choice in this omnivore.

There are several reasons why juvenileP. leniusculus may
select food that is not optimal in terms of its nutritional
value. Members of this species are aggressive and exhibit
strong cannibalistic tendencies at several ontogenetic stages,
especially by adults (Guan and Wiles 1998). Juvenile and
adult P. leniusculus are found in similar stream habitats in
their native environment, in areas of low flow and high de-
bris buildup (C.A. Bondar, unpublished data). Although
crayfish in these areas can be quite dense, the woody debris
and other vascular detritus provide an abundance of refugia.
In addition to the threat of intraspecific cannibalism, there is

a threat of predation for juvenile crayfish from other sour-
ces. Cutthroat trout (Oncorhynchus clarkii (Richardson,
1836)) are numerous in small streams containing crayfish
and adults prey on juvenileP. leniusculus in Spring Creek
(C.A. Bondar, personal observation). Little is known about
the relationship between juvenile crayfish and juvenile cut-
throat trout; however, these organisms are known to coexist
in similar areas of the stream.

We used field-based choice experiments to assess the
food selections made byP. leniusculus juveniles. Specifi-
cally, we asked whether juvenile crayfish would select in-
vertebrate prey over woody debris when given a choice in a
nonthreatening environment and whether the feeding behav-
ior of these organisms would be influenced by the presence
of conspecifics (adult or juvenile crayfish) or predators (cut-
throat trout). Owing to the aggressive, cannibalistic nature of
this species, we expected there to be a strong negative im-
pact of the presence of adult crayfish (no food choice, at-
tempting to seek refuge instead of feeding). We used both
male and female adult crayfish in this study to determine
whether there was an influence of adult gender on juvenile
behavior. Similarly, as adult cutthroat trout have been shown
to actively prey on juvenileP. leniusculus, we expected to
see a strong negative influence of their presence. The pres-
ence of conspecific juvenile crayfish was expected to alter
the time to a decision, but not the overall choice, and the
presence of young-of-the-year (YOY) cutthroat trout was
not expected to alter the behavior of the juvenile crayfish,
as there is little size difference between these two organ-
isms.

Methods

The choice experiments took place in Spring Creek (see
descriptions in Reece and Richardson 2000; Negishi and Ri-
chardson 2003), a second-order stream located in The Uni-
versity of British Columbia’s Malcolm Knapp Research
Forest. YOY juvenileP. leniusculus (orbital carapace length
(OCL) average 11.01 mm, range 8.2–12.5 mm) were hand-
netted and kept in 25 L plastic containers without food for
48 h prior to being tested. Lids were kept on the containers
to minimize disturbance and predation by birds and mam-
mals. The vessels containing the crayfish were kept in the
stream to maintain cool temperatures. River rocks (3–5 cm)
purchased from a landscape supplier were thoroughly
washed and placed in the containers with the crayfish to
provide them with hiding places without providing any food.

Small (5 L) plastic vessels were used for the food choice
tests. Purified water from the laboratory was brought to the
stream site so that the water was free of any chemical sig-
nals that might influence the crayfish. The food choices
added at random places to each vessel were as follows: five
pieces of conditioned woody debris (approximately 1 cm�
1 cm), 10 live chironomid larvae, and five live baetid may-
fly (Ephemeroptera) nymphs. The invertebrates were chosen
based on their occurrence in diets of crayfish (including
P. leniusculus) from other research (Guan and Wiles 1998;
Hollows et al. 2002). Food sources were added to the en-
closures 2 min prior to the addition of the crayfish. Cray-
fish were placed in the enclosures (one per trial) within the
confines of a piece of 5.25 cm PVC tubing held vertically
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and were given 3 min to acclimatize prior to being re-
leased. Subsequent to the release of the crayfish, the PVC
tubing was removed from the vessel. The first item eaten
by the crayfish was taken to be a positive trial for that
food source. Time to consumption was also recorded. If a
trial progressed for 20 min without consumption of a food
item, it was not included. Only one trial was performed in
each enclosure before rinsing and re-adding the food sour-
ces. A total of 19 trials were performed this way; each
crayfish was used only once.

For the treatments involving the reaction of the juvenile
crayfish to potential predators or conspecifics, a basket
(13.0 cm diameter) made of 0.32 cm plastic mesh was hung
in the center of the vessel so that the presence of the added
fish or crayfish could be experienced by the juvenile cray-
fish without the surface area of the arena being altered in
any way. Mesh was used so that chemical signals could
easily permeate the vessel and also so that the entire floor
of the treatment area would be visible once the basket was
in place. The treatment organism was added to the basket,
and the basket was suspended over the treatment area for
2 min prior to the addition of the food sources. Trials then
proceeded as outlined above. A total of 14 juvenile feeding
trials were performed for each of the following added organ-
isms: adult female crayfish (OCL < 30 mm), adult male
crayfish (OCL < 30 mm), conspecific juvenile crayfish
(OCL ~ 11 mm), juvenile (mass ~ 0.5 g) and adult (mass ~
10 g) cutthroat trout. The added organisms were caught by
hand-netting in Spring Creek, except for adult cutthroat
trout, which were caught in minnow traps. These organisms
were held without food in minnow traps (adult crayfish and
fish) or plastic vessels (juvenile fish) within the stream for
24 h prior to the experiment. All treatments were conducted
during daylight hours, in a shaded area of the streambank.

Data analysis
Data were analyzed in a one-way ANOVA using the

MIXED procedure in SAS/STAT1 version 8e (SAS Institute
Inc. 2004) for the choice made by the juvenile crayfish for
all treatments. The time to a choice for each treatment was
assessed in the same manner, and treatments were compared
using post hoc contrasts.

Results
For each of the choice treatments apart from the cutthroat

trout, there was one trial for which the crayfish did not
make a choice within 20 min. Otherwise, all trials for all
treatments yielded the same result: the crayfish ate the chi-
ronomid larvae. It was noted in a few instances that the
crayfish attempted to obtain a mayfly; however, they were
never successful in this endeavor. Often, crayfish would
climb over the wood fragments to reach a chironomid or
would turn them over with their chelipeds if a chironomid
had crawled underneath it. The crayfish never selected the
wood as a food source in these trials.

The amount of time before a food item was consumed by
the crayfish varied between treatments (Fig. 1). It was sig-
nificantly faster when the crayfish were alone or with con-
specific juveniles or cutthroat trout as opposed to when they

were with adult crayfish (significant contrasts for alone ver-
sus with adult female (P < 0.0001) or adult male (P <
0.0001)). The time to consumption was 285% and 242%
longer in the presence of adult female and male crayfish, re-
spectively. There was no statistically significant difference
in the time it took for the juvenile crayfish to consume a
food item in the presence of either female or male adult
crayfish. Although there were no statistically significant dif-
ferences in the time to consumption for the alone, conspe-
cific juvenile crayfish, or cutthroat trout trials, there was a
trend of increased time with any introduced organism. Time
to consumption was 31%, 64%, and 87% longer in the pres-
ence of YOY cutthroat trout, conspecific juvenile crayfish,
and adult cutthroat trout, respectively. Although not statisti-
cally significant, there was a trend of increased time to con-
sumption in the presence of adult cutthroat trout (P = 0.10).

In the trials where juvenile crayfish were alone, several
unsuccessful attempts to obtain mayflies occurred. This hap-
pened with 26% of individuals (5 of 19 individuals), as op-
posed to an average of 6% across all other trials (4 of 70
individuals). In each of the five individuals that attempted
to obtain mayflies in the juvenile crayfish alone treatment,
there was an average of three tries per individual, while
there was only one for those crayfish in the other treatments
where these attempts occurred.

The movement patterns of the crayfish differed between
trials. In trials with adult crayfish and adult cutthroat trout,
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Fig. 1. Time to first food choice by young-of-the-yearPacifastacus
leniusculus alone and in the presence of various other members of
the stream community. In all cases, the first food choice was a chir-
onomid. A statistically significant difference in the time to choice
was detected between the treatments containing adult crayfish and all
other treatments (ANOVA post hoc contrast,P = 0.0001 for both
adult female and male crayfish vs all other treatments). Numbers of
replicates for each trial wasn = 19 for juvenile crayfish alone andn =
14 for each of the other trials with added individuals. Error bars in-
dicate standard error.
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the juvenile crayfish were still and movements were slow as
opposed to when they were alone or with conspecific juve-
niles or YOY fish. Movements became especially limited or
would cease altogether when the adult crayfish or fish
within the cages were active.

Discussion

Although gut content and stable isotope analyses have
demonstrated that YOY juvenileP. leniusculus in Spring
Creek have a substantial portion of woody debris (and al-
most no invertebrates) in their diet (Bondar et al. 2005),
wood was not the food source consumed under any circum-
stances during this experiment. Why are invertebrates not a
larger part of the natural diet of juvenileP. leniusculus? The
answer may come in part from the clear inhibition exhibited
by the juvenile crayfish in the presence of adult crayfish
and, to a lesser extent, the large cutthroat trout. Despite the
fact that the larval chironomids were always chosen, the
time to consumption was much longer, suggesting a degree
of inhibition. In addition, the movement patterns of the juve-
nile crayfish in the presence of adult crayfish and fish sug-
gested a greater degree of caution.

The threat of cannibalism by larger conspecifics has been
shown to alter foraging decisions in other organisms as well.
For example, Sih (1992) documented that avoidance of can-
nibalistic adults for juvenile aquatic insects (Notonecta hoff-
manni Hungerford, 1925) was achieved by a reduction in
movement, similar to the results of our study. If the threat
of cannibalism to juvenile crayfish was causing a restriction
of movement, the ingestion of woody debris may be a by-
product of the increased risk. Since crayfish are omnivorous,
and therefore have the capacity to feed on several food types,
the presence of adults may shift juveniles to a diet that is
composed largely of detritus, a more easily obtained food
source. The woody debris may serve a dual function as a
refuge from predators and a food source. Although chiro-
nomids and other invertebrates may also be present in
areas with an abundance of woody debris, juvenile crayfish
may refrain from ingesting them if a great deal of move-
ment is required to do so. The occasional ingestion of in-
vertebrates may occur for this reason, although stable
isotope data (Bondar et al. 2005) show that generally this
does not occur to a large extent.

Although not statistically significant, our results show a
pattern of reduced movement and inhibition of feeding be-
havior of the juvenile crayfish in the presence of the large
cutthroat trout, leading us to speculate that adult cutthroat
trout have impacts on the ecology of these organisms. The
lack of significance found in our study may be a result of
the fact that our experiments took place during daylight
hours as opposed to at night. Indeed, Nystro¨m (2005) found
a greater effect of fish on the activity level ofP. leniusculus
outside of refugia during the night. However, So¨derback
(1994) researched the behavior of juvenileP. leniusculus in
the presence of adult European perch (Perca fluviatilis L.,
1758) and found a strong antipredator response in pool-
based experiments conducted during daylight hours. The lat-
ter study found the use of refugia in experimental pools was
greater in the presence of perch. Although we did not use
refugia in this study, we speculate that larger pieces of

woody debris in Spring Creek may serve such a function
for juvenile crayfish and serve secondarily as a food source.
Further work should incorporate this possibility by providing
juvenile crayfish with a choice between edible and nonedi-
ble types of refugia. Additionally, the effects of cutthroat
trout on juvenile crayfish behavior should be investigated at
several times of day and night.

When juvenile crayfish were alone in the choice trials,
several unsuccessful attempts to obtain the mayflies oc-
curred. Crayfish were clearly unable to obtain the mayflies,
as we did not observe any successful captures. However,
they were almost always successful in capturing a chirono-
mid on their first attempt. This shows that there may be
some food sources that would be preferable to the crayfish
but are too costly to obtain both in terms of energy expendi-
ture and the potential exposure to predators through in-
creased movement (since no attempts to obtain mayflies
occurred when any other organism was present in the ves-
sel). Several researchers have speculated that adult crayfish
are detritivorous because of their inability to obtain small,
fast-moving invertebrates in their large chelipeds (Abra-
hamsson 1966; Nystro¨m et al. 1999). This study shows that
the same may be true of juvenile crayfish for certain fast-
moving invertebrates, such as the baetid mayflies used in
our experimental vessels. The fact that the crayfish were al-
ways able to obtain a chironomid, even when they had to
overturn wood pieces to find them, shows that this should
be a likely food source for them in the absence of predation
risk in a natural setting.

Our research has demonstrated that predation risk can af-
fect the feeding behavior of omnivores, and we speculate
that this may be the reason for the inclusion of nutrition-
ally-poor items in the diet in a natural setting. The decreased
movement patterns and the increased time to food consump-
tion may be contributing factors to the seemingly poor diet
of juvenile P. leniusculus in Spring Creek. Feeding behavior
of omnivorous organisms presents ecologists with a substan-
tial challenge. However, detailed studies on feeding behav-
ior will provide a broader insight into the circumstances
that govern when a switch in food choice takes place. This
in turn will lead to a greater knowledge of the complex web
of ecological impacts that omnivores have on their commun-
ities.
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