
© The Author 2013. Published by Oxford University Press on behalf  of  the 
International Society for Behavioral Ecology. All rights reserved. For permissions, 
please e-mail: journals.permissions@oup.com

Behavioral 
Ecology

The official journal of  the

ISBE
International Society for Behavioral Ecology

Original Article

Predator and prey activity levels jointly influence 
the outcome of  long-term foraging bouts
Kayla Sweeney,a Brian Cusack,b Fawn Armagost,a Timothy O’Brien,a Carl N. Keiser,a  
and Jonathan N. Pruitta

aDepartment of Biological Sciences, University of Pittsburgh, 213 Clapp Hall, 4249 Fifth Avenue, 
Pittsburgh, PA 15260, USA and bDepartment of Oral Biology, School of Dental Medicine, University  
of Pittsburgh, 3501 Terrace Street, Pittsburgh, PA 15261, USA

Consistent interindividual differences in behavior (i.e., “behavioral types”) may be a key factor in determining the outcome of spe-
cies interactions. Studies that simultaneously account for the behavioral types of individuals in multiple interacting species, such 
as predator–prey systems, may be particularly strong predictors of ecological outcomes. Here, we test the predator–prey locomotor 
crossover hypothesis, which predicts that active predators are more likely to encounter and consume prey with the opposing loco-
motor tendency. We test this hypothesis using intraspecific behavioral variation in both a predator and prey species as predictors 
of foraging outcomes. We use the old field jumping spider, Phidippus clarus (Araneae, Salticidae), and the house cricket, Acheta 
domesticus (Orthoptera, Gryllidae), as a model predator–prey system in laboratory mesocosm trials. Stable individual differences in 
locomotor tendencies were identified in both P. clarus and A. domesticus, and the outcome of foraging bouts depended neither on 
the average activity level of the predator nor on the average activity level of prey. Instead, an interaction between the activity level of 
spiders and crickets predicted spider foraging success and prey survivorship. Consistent with the locomotor crossover hypothesis, 
predators exhibiting higher activity levels consumed more prey when in an environment containing low-activity prey items and vice 
versa. This study highlights 1) the importance of intraspecific variation in determining the outcome of predator–prey interactions and 
2) that acknowledging behavioral variation in only a single species may be insufficient to characterize the performance consequences 
of intraspecific trait variants.
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IntroductIon
The factors that influence the outcome of  species interactions are 
numerous, including species identity (Burns 2004), environmental 
contingencies (Kordas et  al. 2011), body state (Pierce et  al. 2000), 
and even the traits of  the specific individuals involved in the inter-
action. One of  the primary goals of  ecology is to understand how 
the outcomes of  species interactions are determined, and how these 
interactions collectively beget higher order ecological phenomena 
(e.g., species coexistence, community stable states, and cyclical pat-
terns in species’ abundance). In recent years, behavioral ecologists 
have begun to focus more and more on behavioral variation occur-
ring at the level of  the individual and how individual differences 
in behavior can dictate the magnitude (Réale and Festa-Bianchet 
2003; Biro et  al. 2004), nature (Pruitt and Ferrari 2011; Pruitt, 
Cote, et al. 2012), and diversity (Riechert 1991; Tinker et al. 2008) 
of  species interactions that individuals will experience (Sih et  al. 
2012).

Consistent individual differences in behavior are referred 
to variably as behavioral tendencies, behavioral syndromes, 
temperament, personality, and/or behavioral types (Gosling 
2001; Sih, Bell, and Johnson 2004; Reale et  al. 2007). In the 
study presented here, we will refer to correlations among 
functionally dissimilar aspects of  behavior as behavioral syndromes 
(Sih, Bell, and Johnson 2004; Sih, Bell, Johnson, and Ziemba 
2004) and consist individual differences in behavior as behavioral 
types or “BTs” (Sih and Bell 2008). Individual differences 
in behavior have been documented in countless vertebrates 
(Dingemanse et  al. 2002; Cote et  al. 2008, 2012; Carter et  al. 
2010) and invertebrates (Wilson et al. 2010; Berning et al. 2012), 
and aspects of  behavior commonly studied within this literature 
include boldness, aggressiveness, activity levels, and, to a lesser 
extent, social behavior (Carter et  al. 2010; Wilson et  al. 2010; 
Cote et  al. 2011, 2012). Although our understanding of  the 
proximate causes of  BTs continues to grow at an impressive rate 
(McElreath and Strimling 2006; Kempenaers et  al. 2008; Biro 
and Stamps 2010; Stamps and Groothuis 2010; Jones et al. 2011; 
van Oers et al. 2011), our knowledge of  how BTs impact higher Address correspondence to C.N. Keiser. E-mail: cnk21@pitt.edu.

Received 15 January 2013; revised 17 April 2013; accepted 6 May 2013; Advance Access publication 17 June 2013.

Behavioral Ecology (2013), 24(5), 1205–1210. doi:10.1093/beheco/art052

mailto:cnk21@pitt.edu


Behavioral Ecology

order ecological phenomenon has lagged behind significantly 
(argued in Sih et  al. 2012; Wolf  and Weissing 2012). This lag 
is unfortunate because of  the potential synergies between 
the behavioral syndromes literature and the rapidly moving 
literatures devoted to intraspecific variation and individual 
specialization within general ecology (lamented in Dall et  al. 
2012).

Here, we propose to test how variation in BTs within multiple 
species impacts the net outcome of  their interaction. We focus on 
a predator–prey interaction and how the BTs of  the specific indi-
viduals involved in the interaction unite to shape performance out-
comes. Although numerous studies have considered how variation 
in the BTs of  either predator (Riechert 1991; Kobler et al. 2009; 
Exnerová et al. 2010; Pruitt and Krauel 2010) or prey (Réale and 
Festa-Bianchet 2003; Carter et  al. 2010; Jones and Godin 2010; 
Smith and Blumstein 2010) each individually impact individuals’ 
performance within a trophic level, only once has a study consid-
ered the effects of  BTs in both predators and prey simultaneously 
in a unified test system (Pruitt, Stachowicz, et  al. 2012). Notably, 
this weakness is not specific to the behavioral syndromes litera-
ture. Throughout general ecology, numerous reviews have criti-
cized that, although species interacts are inherently bidirectional in 
nature, they are rarely ever studied as such (Lima 2002; Agrawal 
et  al. 2007; Sih et  al. 2012). Additionally, among the behavioral 
syndromes studies that have considered the effects of  BTs in mul-
tispecies interactions, results have demonstrated that the outcome 
of  species interactions can be contingent on the BTs of  the specific 
individuals involved (Webster et al. 2009; Pruitt, Stachowicz, et al. 
2012). Taken together, we argue that if  it is our goal to under-
stand how individual differences in behavior shape animal’s ecol-
ogy, then graduating to multispecies investigations is one of  the 
unavoidable frontiers/challenges for behavioral syndromes studies.

Here, we test the predictions of  the predator–prey locomotor 
crossover hypothesis using stable BTs in a predator and its prey. 
The locomotor crossover hypothesis, champion by Huey and 
Pianka (1981), predicts that active predators will tend to consume 
sedentary prey, whereas sedentary predators will tend to cap-
ture active prey. Put another way, predators that have active BTs 
(i.e., that go out and search for prey) are more likely to encoun-
ter prey with the opposing locomotor tendency and vice versa. 
By extension, the locomotor hypothesis predicts that a shift in 
the presentation of  active versus sedentary BTs in either preda-
tor or prey will have an impact on the performance of  BTs in 
the interacting trophic level: 1) in prey populations dominated by 
sedentary BTs, predators possessing active BTs are predicted to 
have greater foraging success than sedentary predators, whereas 
2) in prey populations dominated by active BTs, predators possess-
ing sedentary BTs are predicted to have greater foraging success 
than those exhibiting active BTs. From the perspective of  prey: 
in predator populations dominated by active BTs, prey possessing 
active BTs are predicted to enjoy greater survivorship; in contrast, 
in predator populations dominated by sedentary BTs, prey pos-
sessing sedentary BTs are predicted to enjoy higher survivorship. 
Thus, the performance of  either predator or prey will be con-
tingent on the BTs expressed in the interacting trophic level. If  
present, such effects could help stabilize species interactions and 
maintain phenotypic variation in multiple trophic levels by ensur-
ing that no strategy (in predator or prey) will consistently yield 
superior performance (Schreiber et al. 2011). In contrast, it could 
be that a single BT will outperform all others concerning foraging 

regardless of  prey type and availability, as is the prevailing, famil-
iar hypothesis in the literature.

In the study presented here, we explored the predictions of  
the locomotor crossover hypothesis using differences in BT in the 
old field jumping spider, Phidippus clarus (Araneae, Salticidae), and 
the house cricket, Acheta domesticus (Orthoptera, Gryllidae). First, 
we tested for the presence of  stable individual differences in the 
locomotor behavior in P.  clarus and A.  domesticus. Second, using 
laboratory mesocosms, we staged interactions between predators 
of  known BT and prey groups with different average BT com-
positions, from sedentary to highly active. We predicted higher 
prey consumption rates (i.e., lower prey survivorship) when active 
P. clarus were paired with sedentary A. domesticus or when sedentary 
P.  clarus were paired with active A.  domesticus. In contrast, we pre-
dicted lower prey consumption rates (aka higher prey survivorship) 
when active P.  clarus were paired with active A.  domesticus or when 
sedentary P.  clarus were paired with sedentary A.  domesticus. Such 
context-dependent performance trade-offs are important because 
they can help to maintain phenotypic variation in multiple trophic 
levels (Rosenheim et al. 2004; Scharf  et al. 2006; Perry 2007; Avgar 
et al. 2008; Schreiber et al. 2011).

Methods
Spider collection

A population of  P. clarus was haphazardly collected in old fields and 
agricultural plots near the University of  Pittsburgh’s Pymatuning 
Laboratory of  Ecology (Linesville, PA) in June and July 2012. 
Spiders were collected by sweep-netting through golden rods 
(Solidago canadensis) and other herbaceous plant during daylight 
hours (700–1800 hours). All adult female P.  clarus were collected 
(n  =  81) and transported to the laboratory at the University of  
Pittsburgh. Spiders were housed individually in clear plastic con-
tainers (diameter  =  11 cm, height  =  10 cm) at room temperature. 
Housing containers contained a single cardboard bridge, which 
served as a retreat, and a cotton ball soaked with water. The spiders 
were fed a maintenance diet of  4 two-week-old A. domesticus weekly.

Experimental crickets, A. domesticus, were obtained commercially 
(Fluker’s Farm, Port Allen, LA) and stored individually in clear 
plastic containers described above. Crickets were fed ad libitum 
with chick feed (Kalmbach Feeds, Upper Sandusky, OH) and pro-
vided water with a soaked cotton ball.

Spider activity level assay

To determine activity levels, each spider (n = 52) was removed from 
its housing containers and placed into clean plastic cylindrical vials 
(diameter  =  3 cm and height  =  8.5 cm). These vials were housed 
in clear plastic containers identical to housing containers. Each 
spider was placed in the bottom of  the vial, and we measured the 
time taken for the spider to climb to the top of  the vials with a 
stopwatch. Phidippus clarus regularly respond to novel environments 
by climbing up (Sweeney K, Pruitt JN, personal observation), and 
thus, ascension is a common locomotor pattern for this species 
(Hoefler 2007). The spiders were allowed a maximum of  5 min 
to complete their assay. Between each assay, vials were cleaned 
with isopropanol and the experimental spider was replaced into 
its housing container. To ensure that these values were repeatable 
and consistent across time, this assay was repeated for each spider 
weekly for 4 weeks.
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Cricket activity level assay

Similarly, to determine the activity level for individual crickets 
(n  =  192), we measured crickets’ latency to initiate movement 
and general activity level in a novel, open field environment (e.g., 
Wilson et  al. 2010). Individual crickets were removed from their 
housing containers and placed in the center of  a clear circular 
plastic chamber (diameter  =  17 cm and height  =  7.8 cm). The 
assay chamber sat atop a grid separated into 8 wedges of  iden-
tical area. For 3 min prior to experimentation, the crickets were 
allowed an acclimation period inside an opaque black dish (diam-
eter = 7.1 cm and height = 2.8 cm). The latency for initial move-
ment and the number of  wedge lines crossed on the grid in a 
period of  5 min were recorded. After each assay, the cricket was 
replaced back into its housing container. To test whether crickets’ 
activity scores were repeatable measures, we assayed another set 
of  crickets (N  =  39) 5 times, once every other day for 10  days. 
Crickets used to determine repeatability were excluded from 
other assays/experiments.

Staged predator–prey encounters

An individual spider and 6 crickets were placed into 12 in. × 12 in. ×  
12 in. mesocosm chambers (n  =  28). Two sides of  the container 
were composed of  cloth screens, which allowed natural air flow 
but did not allow the organisms to escape (Bioquip 1450 BCV). In 
order to distribute a stratified random allotment of  crickets with 
different activity levels in each mesocosm, crickets were sorted ordi-
nally from least active to most active. Groups of  6 crickets with the 
closest activity levels were combined and assigned a randomly cho-
sen P. clarus (i.e., researchers were blind to spider activity level) and 
placed into a mesocosm along with 2 cardboard bridges, several 
water-soaked cotton balls, and haphazardly dispersed chick feed 
for the crickets. These environments were left alone for 1 week, at 
which point we recorded how many crickets were killed by the spi-
ders over the course of  7  days. To confirm that cricket mortality 
was the result of  spiders and not other causes, we ran no-spider 
controls (n = 8) concurrently and compared cricket mortality in the 
presence versus absence of  spiders.

Statistical analyses

To test for repeatability in spider and cricket behavioral tendencies, 
we used a nested Anova to partition variance into within-individual 
versus between-individual variability. The resulting intraclass cor-
relation coefficient score was used as our estimate of  repeatability 
(Boake 1989; Falconer and Mackay 1996). Once these consistent 
differences were established, we assigned each individual (spiders 
and crickets, analyzed separately) its average activity level across 
all 4 measurements to be used in further analysis. To test for asso-
ciations between individuals’ behavioral tendencies and their mor-
phology and/or body state, we constructed general linear models, 1 
for spiders and 1 for crickets. In the model predicting spider behav-
ior, we included prosoma width, cephalothorax length, individuals’ 
mass (g), and body condition (residuals of  mass on prosoma width) 
(Jakob et  al. 1996) as predictor variables and spiders’ latency to 
ascend a vial (s) as our response variable. In our model predicting 
cricket behavior, we included crickets’ thorax width, body mass (g), 
and body condition (residuals of  mass on thorax width) as predictor 
variables and crickets’ average activity level as our response vari-
able. To test the influence of  predator and prey activity on spider 
foraging performance (and cricket mortality rate), we performed 
an ordinal logistic regression. We included spiders’ body condition, 

spiders’ cephalothorax width, spiders’ activity scores, the average 
activity scores of  the 6 crickets within the mesocosm (hereafter 
“average cricket activity score”), and the interaction term spider 
activity score × average cricket activity score as predictor variables. 
The response variable for this model was the number of  crickets 
killed over the duration of  the 1-week trial. Descriptive statistics 
will be provided as means ± standard errors.

results
The spiders in this study exhibited consistent interindividual differ-
ences in activity level (i.e., exploration speed, F37,114 = 1.90, P = 0.0054, 
repeatability = 0.62; Figure 1), and these differences were not predicted 
by any morphological characteristics measured (F4,36 = 0.11, P = 0.98; 
Table 1). Similarly, crickets used in this study exhibited consistent indi-
vidual differences in activity level (i.e., distance travelled; F37,140 = 4.45, 
P  <  0.001, repeatability  =  0.74; Figure  2). Because all crickets were 
at the same life stage, and no morphological character measured pre-
dicted these differences (F3,35 = 0.29, P = 0.83; Table 1), we confirm 
that individual A. domesticus exhibit BTs for activity.

The foraging performance of  individual spiders depended neither 
on the average activity level of  the spider ( χ1 1

2 0 11, . ,=  P = 0.74) nor 
on the average group activity level of  the prey ( χ1 1

2 0 78, . ,=  P = 0.38), 

Figure 1 
Frequency histogram of  individual jumping spiders’ (Phidippus clarus) latency 
to scale (s) a clear plastic vial (height = 8.5 cm).

Table 1 
None of  the morphological characteristics measured explained 
a significant portion of  the between-individual variation in 
activity for both species 

Morphological character F-ratio1,1 P value

Spiders
 Body condition 0.0006 0.98
 Mass 0.016 0.90
 Cephalothorax length 0.18 0.67
 Cephalothorax width 0.005 0.95
Crickets
 Body condition 0.71 0.41
 Mass 0.60 0.45
 Thorax width 0.68 0.41
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but by an interaction between the activity level of  predators and prey  
( χ1 1

2 22 55, . ,=  P < 0.0001; Figure 3). Spider foraging performance is 
augmented when it falls on the negative relationship between spider 
and cricket activity levels. This trend is not driven by the few spiders 
that had the highest activity. We performed 2 additional statistical 
models where 2 groups of  outliers were removed, respectively, and the 
interaction between predator and prey activity remained significant 
(Supplementary Table S1). Thus, spiders with higher activity levels 
consumed more prey when in an environment containing a group of  
low-activity crickets and vice versa. In addition, spider foraging perfor-
mance was not associated with any observed morphological state (body 
condition: χ1 1

2 0 02, . ,=  P  =  0.89; cephalothorax width: χ1 1
2 0 92, . ,=  

P = 0.34). Finally, we detected large differences in the number of  sur-
viving crickets between trials containing spiders and no-spider con-
trols (t = 4.96, df = 34, P < 0.001): no-spider controls had an average 

mortality of  0.62 ± 0.52, whereas trials containing spiders had an aver-
age mortality of  3.18 ± 1.42.

dIscussIon
In this study, we sought to test the locomotor crossover hypothesis 
using intraspecific trait variants in predators and prey. Specifically, 
we tested how shifts in the average activity level of  prey populations 
impacted the mortality rate of  prey (and conversely) and the 
foraging rate of  predators, using the spider P.  clarus as a model 
predator and A.  domesticus as its prey. The locomotor crossover 
hypothesis predicts high prey mortality rate when sedentary prey 
interact with active predators and when active prey interact with 
sedentary predators. Consistent with this hypothesis, we found 
a high incidence of  prey mortality when sedentary crickets were 
paired with active spiders and when active crickets were paired with 
sedentary spiders (Figure 3). Thus, our study adds to the small, albeit 
growing, number of  studies that have experimentally documented 
a negative association between the locomotor tendencies of  
predators and prey. Importantly, the existing studies are derived 
from taxonomically divergent test systems spanning both vertebrate 
and invertebrate systems, as well as terrestrial and marine habitats. 
Taken together, the preponderance of  existing evidence suggests 
the subtle differences in the behavioral (i.e., locomotor) tendencies 
of  both predators and prey can be instrumental in determining the 
frequency and intensity of  their trophic interactions.

Our data have demonstrated the presence of  stable individual 
differences in behavior in both A. domesticus and P. clarus. Although 
conventional views of  behavior have marveled at its seemingly 
infinite plasticity, a vast contemporary literature has documented 
behavioral consistency in countless animals. The majority of  such 
studies have focused on a few key axes of  behavior, including bold-
ness, aggressiveness, sociability/sociality, exploration, and activity 
level. Similar to many other studies, we detected consistent indi-
vidual differences in the activity levels of  both the domestic cricket 
(A.  domesticus) and old field jumping spider (P.  clarus). Notably, our 
study is actually the second study to document individual differ-
ences in the locomotor behavior of  A. domesticus (Wilson et al. 2010) 

Figure 2 
Frequency histogram of  the activity levels of  individual domestic crickets 
(Acheta domesticus), as estimated by the number of  lines crossed over 5 min in 
a novel experimental arena.

Figure 3 
An interaction plot depicting the simultaneous effects of  cricket and spider locomotor behavior on the number of  prey killed over a 1-week mesocosm 
experiment. Cricket behavior (y axis) is an activity level measure, as estimated by the number of  lines individuals’ crossed over a 5-min period in an 
experimental arena. Individual data points represent the average activity levels of  6 crickets that constituted the prey population in each mesocosm. Spider 
behavior (x axis) is an estimate of  exploration speed, as estimated by individuals’ time to scale an 8.5-cm vial. Data points represent the behavior of  1 spider 
that served as the single predator in each mesocosm trial.
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and independently confirms the presence of  individual variation 
in activity level. For reference, P. clarus is now the 20th spider spe-
cies known to exhibit consistent individual differences in behavior 
(Pruitt and Riechert 2012). Documenting stable differences in the 
locomotor behavior of  P. clarus and A. domesticus is significant for our 
study because it was a necessary precondition to test the locomo-
tor crossover hypothesis using intraspecific trait variation. More 
broadly, the fact that individual differences in activity level have 
been documented in dozens (if  not hundreds) of  animal systems 
further supports the possibility that locomotor crossover may play 
an important role in the trophic interactions of  many predator–
prey systems.

At the core of  this study was the idea that the foraging 
success of  predators and survivorship of  prey would be different 
and predictable based on a priori knowledge of  individuals’ 
locomotor tendencies, formalized in the locomotor crossover 
hypothesis. Our study tests this idea using a novel experimental 
approach, where we intentionally biased the average activity 
levels of  prey populations and tested whether this impacted the 
foraging rate of  spiders bearing different locomotor tendencies. 
Our results closely matched the predictions of  the locomotor 
crossover hypothesis, as indeed the greatest foraging success of  
spiders and lowest survivorship of  prey occurred along a negative 
axis (Figure 3). This result is actually fairly surprising, given the 
possibility that predators and/or prey could have modulated 
their activity levels after assessing the behavior of  individuals 
in the opposing trophic level. Such shifts, though fascinating, 
would have obscured our ability to observe locomotor crossover. 
However, our results show that individuals in either trophic level 
do not perfectly and adaptively shift their behavior, and some 
trait combinations yield low performance for either trophic 
level. Thus, it seems that the performance of  both predator and 
prey could depend on the frequencies of  active versus sedentary 
BTs in the opposing trophic level and possibly even their own. 
Developing a formal, even game theoretical, model to explore 
the dynamics of  such 2-trait systems is an exciting avenue of  
ongoing collaborative research.

The science of  behavioral ecology has, by and large, pro-
gressed via single-species investigations, which tend to regard het-
erospecifics (e.g., predators, prey items, disease, and parasites) in 
an ancillary capacity. This paradigm is not unique to behavioral 
ecology; in fact, most of  population biology has treated species 
interactions as unidirectional phenomena—which, of  course, they 
are not. Though single-species approaches have obvious advan-
tages (e.g., they are more tractable and allow us to consider our 
focal species in greater detail), a small but growing literature is 
demonstrating that the predicted outcomes of  species interactions 
can vary wildly when we consider their dynamic, bidirectional 
nature. Toward this end, in the study reported here, we consid-
ered how behavioral variation in 2 interacting species together 
simultaneously influences the outcome of  a simple predator–prey 
interaction. Specifically, we found that the success of  individu-
als in either trophic level (predator or prey) depended not only 
on their own behavioral strategies but on the behavioral strate-
gies present within the opposing trophic level. If, however, we 
had restricted our focus to only a single species (e.g., predators), 
not only would we have missed the nuanced, context-dependent 
trade-offs predicted by the locomotor crossover hypothesis, we 
would not have detected any significant effects of  predator BT on 
their performance whatsoever. Context-dependent performance 
trade-offs are of  ecological and evolutionary significance because 

they suggest that the performance of  particular trait variants in 
one species (e.g., predators) will depend on the BTs of  individu-
als in another species (e.g., prey) and vice versa. Consequently, no 
single BT will consistently yield high performance, and this could 
help maintain strategic variation in multiple populations. Taken 
together, our data emphasize that there is a value (or perhaps 
even a need) to broadening the focus of  behavioral syndromes 
studies beyond single-species studies and instead begin to consider 
behavioral variation in multiple interacting species. Such investi-
gations promise to increase our understanding of  the ecological 
causes and consequences of  the behavioral variation, which we 
observe in virtually every animal population.

suppleMentary MaterIal
Supplementary material can be found at http://www.beheco.
oxfordjournals.org/
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