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Abstract
Caching species store food when plentiful to ensure availability when resources are scarce. These stores may be at risk of
pilferage by others present at the time of caching. Cachers may reduce the risk of loss by using information from the social
environment to engage in behaviors to secure the resource—cache protection strategies. Here, we examined whether pinyon
jays, a highly social corvid, use information from the social environment to modify their caching behavior. Pinyon jays were
provided with pine seeds to cache in two visually distinct trays. The cacher could be observed by a non-pilfering conspecific, a
pilfering conspecific, or an inanimate heterospecific located in an adjoining cage compartment, or the cacher could be alone.
After caching, the pilfered tray was placed in the adjoining compartment where caches were either pilfered (pilfering conspecific
and inanimate heterospecific conditions) or remained intact (non-pilfering conspecific and alone conditions). The safe tray was
placed in a visible, but inaccessible, location. Overall, pinyon jays reduced the number of pine seeds cached in the pilfered tray
when observed, compared with caching alone. However, their caching behavior did not differ between the pilfering conspecific
and the non-pilfering conspecific conditions. These results suggest that either pinyon jays were unable to discriminate between
the pilfering and non-pilfering conspecifics, or they generalized their experience of risk from the pilfering conspecific to the non-
pilfering conspecific. Thus, we report evidence that pinyon jays use cache protection strategies to secure their resources when
observed, but respond similarly when observed by pilfering and non-pilfering conspecifics.
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Irene M. Pepperberg’s pioneering research with the language-
trained grey parrots (Psittacus erithacus), Alex, and more re-
cently Griffin and Athena, has deepened our understanding of
avian cognition. Over several decades, the groundbreaking re-
sults obtained from Pepperberg and her research team have
challenged many preconceived ideas that complex cognitive
abilities, such as numerosity (reviewed by Pepperberg, 2006a,
2006b), category comprehension (e.g., Pepperberg, 1990), and
abstract concept learning (reviewed by Pepperberg, 2013), are
exclusive to primates. These investigations, and the insights
they provided, contributed to the growth of the field of com-
parative cognition, by expanding the breadth of species exam-
ined and the research areas investigated, revealing impressive

cognitive abilities particularly among parrots and corvids
(reviewed by Cussen, 2017; Emery & Clayton, 2004;
Lambert, Jacobs, Osvath, & von Bayern, 2018).

The complexity of social life has been argued as a factor
contributing to the evolution of cognitive abilities (e.g.,
Humphrey, 1976). Although initially proposed to account
for these facilities in primates, many social qualities (e.g.,
large, semipermanent groups or fission-fusion situations,
long-lived individuals, or extended developmental periods)
exist within other animal groups. Likewise, the demands of
living in social groups (such as learning about the relation-
ships among multiple individuals) may be experienced by
non-primate species. For example, many studies have shown
impressive sociocognitive abilities by several corvid species
(e.g., for reviews, see Bugnyar, 2013; Dally, Emery, &
Clayton, 2010).

Food-caching, the behavior of storing food when plentiful
to ensure availability of nourishment when resources are
scarce, is a natural behavior often used during investigations
of the sociocognitive abilities of corvids (e.g., Clary, & Kelly,
2011; Emery & Clayton, 2001). Two important components
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involved in food-caching are spatial memory, remembering
where (and possibly when) an item was stored (reviewed by
Gould, Kelly, & Kamil, 2010; Pravosudov & Smulders,
2010), and securing the food store—for instance, protecting
the resource against pilferage (reviewed by Bugnyar, 2013;
Dally, Emery, Clayton, 2006a; Emery & Clayton, 2009).
Corvids present an excellent opportunity to examine
sociocognitive abilities, as they have natural variation in their
caching behavior and socioecology, both argued to influence
cache protection strategies (Dally, Emery, & Clayton, 2006a).
For instance, Clark’s nutcrackers (Nucifraga columbiana)
make thousands of caches in the autumn and rely on these
food stores almost exclusively over the subsequent winter
and spring, whereas jackdaws (Corvus monedula) do not
cache at all (de Kort & Clayton, 2006). California scrub jays
(Aphelocoma californica) are semisocial and live in small
groups, whereas Eurasian jays (Garrulus glandarius) are ter-
ritorial (Emery & Clayton, 2009). Joining these two facets,
caching and sociality, through the investigation of cache pro-
tection strategies, has provided an insight into whether the
socioecological demands of a particular species influence its
cache protection strategies (Clayton, Dally, & Emery, 2007;
Dally, Emery, & Clayton, 2006a).

During a typical experimental caching paradigm, an indi-
vidual bird is provided with a source of food that can be
cached and several locations suitable for caching—in many
instances, these have been open areas (e.g., Bednekoff &
Balda, 1996; Bugnyar & Heinrich, 2006; Shaw & Clayton,
2012) or small plastic trays (e.g., Clary & Kelly, 2011; Dally,
Emery, & Clayton, 2004, 2006b; Emery & Clayton, 2001;
Emery, Dally, & Clayton, 2004). The caching individual is
permitted to consume and cache the food. This caching phase
is conducted with the bird alone, or in the presence of another
individual—typically a conspecific or a heterospecific. If an-
other bird is present, this observer is often allowed to pilfer the
caches either immediately or at a later time. A central element
to this paradigm is that the cacher has an opportunity to wit-
ness the fate of its caches; if it caches in private, the caches
remain intact, whereas if it caches in the presence of another
individual, some proportion of its caches may be pilfered. As
this sequence of events is often repeated, the cacher has an
opportunity to learn about the pilfering risk associated with
the presence of an observer and modify its caching behavior
over time, such as engaging in cache protection strategies to
reduce the risk of future cache loss (e.g., relocating caches to
less risky sites, caching behind a barrier or in shady locations,
reducing possible indirect cues associated with a cache; Dally,
Emery, & Clayton, 2004, 2005, 2006b; Legg & Clayton, 2014;
Shaw & Clayton, 2013; Tornick, Rushia, & Gibson, 2016).
Researchers use this procedure to evaluate whether sociality
influences the type of cache protection strategies species dis-
play. For instance, in comparison to when caching alone, rela-
tively less social Clark’s nutcrackers reduce the number of

caches made (Clary & Kelly, 2011), semisocial California
scrub jays recache more (Emery et al., 2004), and highly social
pinyon jays preferentially allocate their caches in safe locations
(Vernouillet, 2020). Hence, the different cache protection strat-
egies may be a reflection of the social environment.

The social environment provides many cues that may be im-
portant to the initiation of cache protections strategies. Mountain
chickadees (Poecile gambeli) have been shown to engage in
cache protection strategies by hiding food in locations out of
view, when observed by a conspecific or a known pilfering
heterospecific (red-breasted nuthatch, Isitta canadensis), but con-
tinued to cache in view of known non-pilfering heterospecific
(dark-eyed junco, Junco hyemalis; Pravosudov, 2008). Pinyon
jays are also reported to engage in cache protection strategies
when observed by a conspecific or a known pilfering
heterospecific (Clark’s nutcracker), caching preferentially in safer
locations. Interestingly, Clark’s nutcrackers likewise engage in
cache protection strategies, in the form of cache consumption and
reducing the number of caches made, when viewed by a conspe-
cific, but did not show such behavior when observed by a known
pilfering heterospecific (pinyon jay). Vernouillet (2020) argued
these species differences in cache protection strategies may be
attributable to the social environment.

The relative social status (dominant or subordinate) within
a group has also been shown to influence a caching bird’s
behavior when observed. When caching in the presence of a
dominant conspecific, Eurasian jays respond by suppressing
caching behavior, followed by placing caches in less visible
locations. In contrast, when caching in the presence of a sub-
ordinate conspecific, Eurasian jays increased the amount of
caching as well as recached items (Shaw & Clayton, 2012).
Although fewer studies have examined whether the individual
identity of the observer is encoded, some food-storing species
have been shown capable of identifying group members dur-
ing food competition scenarios (Bugnyar, 2011; Paz-y-Mino,
Bond, Kamil, & Balda, 2004). The ability to discriminate
among group members may be beneficial in food-caching
situations, particularly by species that live in large social
groups (Yorzinski, 2017) or by species that may face compe-
tition at high-quality or ephemeral food sites (Bugnyar &
Heinrich, 2006).

Importantly, concluding that food-storing birds may be ca-
pable of using aspects of the social environment to inform
caching behavior requires that other non-social cues, or “kill-
joy explanations,” be carefully considered (Shettleworth,
2010). Clary and Kelly (2011) evaluated whether Clark’s nut-
crackers would engage in similar cache protection strategies
when cache loss was associated with a conspecific or an inan-
imate human-made object. The nutcrackers’ behavior support-
ed that the object was not responded to as a potential pilfering
threat, as they continued to cache at a rate similar to when in
private. Comparable results were also reported for pinyon jays
(and Clark’s nutcrackers) by Vernouillet (2020). However, for
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both of these studies, the human-made items were artificial,
which may have contributed to the dismissal of these objects
as irrelevant or inconsequential. In contrast, taxidermy models
provide more naturalistic qualities and are often used to inves-
tigate animals’ responses to predator risk (e.g., Curio, Ernst, &
Vieth, 1978; Maziarz, Piggott, & Burgess, 2018). As such,
using a more naturalistic object, such as a taxidermy bird,
may be a better control to assess whether birds adjust their
caching behavior based on non-social cues, such as cache loss,
or social cues, such as the observer’s behavior.

Using the pinyon jay, the current study investigated two
central issues: (1) whether pinyon jays can discriminate be-
tween a pilfering conspecific and a non-pilfering conspecific,
and (2) whether a naturalistic object would be responded to as
a potential pilferer. Pinyon jays are a highly social corvid
species that live in large flocks with high fission-fusion dy-
namics (Clayton & Emery, 2008; Marzluff & Balda, 1992).
They are also a long-term food-storing species that caches
thousands of pine seeds in the autumn as a main source of
nourishment throughout the winter and spring (Vander Wall,
1990). These combined factors make them an ideal candidate
to explore whether corvids adjust their caching behavior in
response to the social context.

To evaluate whether pinyon jays modify their caching be-
havior in response to the social context, we allowed individ-
uals to cache in the presence of an individual that always
pilfered their caches, or an individual that never pilfered their
caches. This procedure permitted us to evaluate whether pin-
yon jays are able to differentiate between individuals. Based
on previous research supporting individual recognition in
corvids (e.g., Kondo, Izawa, & Watanabe, 2012; Zandberg,
Jolles, Boogert, & Thornton, 2014), we hypothesized that
cachers would show cache protection strategies in the pres-
ence of the pilfering individual, but would not show these
strategies when in the presence of the non-pilfering individual
(caching behavior in the latter situation would not differ from
when in private). To evaluate whether pinyon jays would re-
spond to a naturalistic object as if it were a potential pilferer,
we allowed individuals to cache in the presence of a
heterospecific taxidermy avian mount. Importantly, the pres-
ence of this mount was correlated with cache loss. Together,
these conditions allowed us to examine whether pinyon jays
are able to discriminate between a pilfering and non-pilfering
individual, and whether a naturalistic object, associated with
cache loss, would be responded to as a potential pilferer.

Methods

Subjects

Wild-caught adult pinyon jays served as caching birds (herein
referred to as cachers; n = 6, three females) and as observing

birds (herein referred to as observers; n = 4, two females). All
individuals were captured as adults from populations around
Flagstaff (Arizona, USA) and were in captivity for approxi-
mately 10 years prior to the study. All birds had previously
participated in both caching (Vernouillet, 2020) and non-
caching experiments (e.g., Vernouillet & Kelly, 2020).

Birds were housed in the animal facilities of the
Department of Psychology at the University of Manitoba, in
a colony room maintained at 22°C with a 12:12 light:dark
cycle, with light onset at 0700 (CST). Birds were held in
individual cages (width × length × height: 51 × 51 × 72 cm)
with multiple perches and had ad libitum access to water and
grit. When not experiencing the experimental food restriction
procedures (see below), their diet consisted of a mixture of
parrot pellets, turkey starter, peanuts, dried mealworms, and
sunflower seeds, with added oyster shell powder and vitamin
powder supplement Prime®. Birds were monitored and
weighed daily to ensure a healthy weight during the study.

All applicable international, national, and/or institutional
guidelines for the care and use of animals were followed.
Our research protocol was approved by University of
Manitoba’s Animal Care Committee (#F2014-037) and com-
plied with the guidelines set by the Canadian Council on
Animal Care.

Apparatus

The study was conducted in a separate procedural room.
Individual birds were tested in a cage (width × length × height:
123.5 × 63.5 × 74.5 cm) that was surrounded by white shower
curtains. The cage was divided into two equally sized com-
partments, each of which contained a perch. One compartment
served as the “caching compartment,” whereas the other
served as the “observing compartment.” The two compart-
ments were separated by a transparent acrylic divider (see
Fig. 1).

Within the caching compartment, cachers were given two
ice-cube trays (width × length: 11 × 49.5 cm), each containing
26 individual wells filled with sand using a 2 × 13 array,
attached to a wooden board. To make each tray visually dis-
tinct, three uniqueMegaBlocks™ structures of the same color,
but with different block arrangements, were attached to the
edge of the wooden board of each tray. These structures were
kept constant throughout the duration of the study, with each
bird receiving the same pair of distinct trays. One tray (herein
referred to as the pilfered tray) was placed along the acrylic
divider separating the two compartments, whereas the other
(herein referred to as the safe tray) was positioned along the
opposite wall of the caching compartment, parallel to the first
tray. A food dish containing 50 pine seeds was placed in the
caching compartment, beside the cage door and between the
two trays. All trials were recorded using the motion tracking
software BiObserve® operating on a Red Barn® computer
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(Windows 7), which was connected to an EverFocus® 1/3-in.
color digital camera positioned beside the experimental cage,
behind the white curtains, to be minimally visible to the birds.

Experimental procedures

The procedures were modified from Clary and Kelly (2011)
and were the same as those used by Vernouillet (2020).
Generally, each cacher experienced 2 consecutive days of
testing per week. Cachers were food restricted 24 hr before
the start of the first day (of every week) to motivate the birds to
cache. During the first day, an individual cacher experienced
three phases: caching, pilfering, and recaching, whereas dur-
ing the second day, an individual cacher experienced only one
phase, the retrieving phase. The 45-min caching phase was
immediately followed by the 3-min pilfering phase. Cachers
were then given a 1-hour break followed by the 5-min
recaching phase. After completion of the recaching phase,
they were returned to their home cage in the colony room,
and provided with one teaspoon of diet mixture to ensure a
healthy weight during the experiment. During the second day,
the cacher experienced the retrieving phase, which could con-
sist of one or more trials as necessary, to allow the cacher an
opportunity to retrieve all of the caches it made the previous
day.

Experimental phases

Caching phase At the start of the caching phase, the transpar-
ent divider separating the two compartments was covered by
an opaque white corrugated plastic divider, and the observing
compartment was set up as per the condition to be completed

during the session (see Conditions below—i.e., it would be
empty, contain a taxidermy mount of an avian heterospecific,
or contain another pinyon jay; see Fig. 2). Once the cacher
was placed inside the caching compartment, the opaque cover
was removed (but the transparent divider remained in place) to
permit the cacher visual access (but not physical access) to the
observing compartment. During the caching phase, the cacher
was able to consume or cache pine seeds in the two trays. At
the end of the caching phase, the two caching trays were
removed from the caching compartment to allow the experi-
menter an opportunity to record the number of pine seeds
cached in each tray. Although the cacher remained in the
caching compartment, it could not see the actions of the ex-
perimenter. The wells were carefully searched by the experi-
menter, and pine seed numbers and locations were recorded.
All pine seeds were placed back in their original locations and
the sand redistributed such that the tray looked as “untouched”
as possible.

Pilfering phase Immediately after the caches in the trays were
counted, a 3-min pilfering session was started, during which
the pilfered tray was placed in the observing compartment of
the cage, flush against the divider, in the same orientation as
during the caching phase. During conditions with an observ-
ing bird present in the observing compartment (see Fig. 2c–d),
the pilfered tray was accessible to the observing bird. The safe
tray was placed on a stool outside of the cage, inaccessible but
within the view of both the caching and observing birds. Upon
completion of the pilfering phase, both birds were returned to
the colony room.

Recaching phase Approximately 1 hour after the pilfering
phase, the cacher was transported from the colony room and
placed in the caching compartment of the experimental cage,
and permitted access to both trays while alone (the observing
compartment was empty). This recaching phase provided an
opportunity for the cacher to consume the pine seeds it had
previously cached, or to recache them. This procedure
allowed individuals to interact with their caches after
witnessing the pilfering event, while still being satiated from
the caching phase, and to differentiate birds’ cache protection
strategies from behaviors motivated by hunger. After 5 min,
the cacher was again returned to the colony room and provid-
ed with one teaspoon of diet mix. This supplemental feeding
was to ensure that the weight of the bird remained in the
healthy range, while keeping the bird motivated to retrieve
its caches the following day (Clary & Kelly, 2011;
Vernouillet, 2020).

Retrieving phase The following day (24 hr after completing
the caching phase), the cacher was allowed to retrieve the
remaining caches during one or multiple 45-min retrieving
trial(s), while alone (for all conditions described below). At

Fig. 1 Experimental setup during the caching phase. The two visually
distinct caching trays, a pilfered tray (along the divider separating the two
compartments) and a safe tray (on the opposite side) were placed in the
caching compartment (left side). The adjoining observing compartment
(right side) could contain either an inanimate heterospecific, a pilfering
conspecific, a non-pilfering conspecific, or remain empty (as shown here)
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the end of each retrieving trial, the number and location of the
pine seeds cached were noted once again, together with any
recaching occurrences. Additional retrieving trials were pro-
vided every 3 hours and, if necessary, on the following day,
until the cacher recovered the entirety of its caches.

Conditions

Each cacher was presented with a first block consisting of
three sessions (three weeks) of the alone condition to establish
a baseline for an individual’s caching and retrieving rates
(herein referred to as baseline). Next, each cacher was pre-
sented with five blocks (i.e., blocks two, three, four, five, and
six) of four conditions (alone, inanimate heterospecific, pil-
fering conspecific, and non-pilfering conspecific), with each
condition randomly selected and not repeated within the same
block. Each condition refers to what (if anything) was present
in the observing compartment during the caching and pilfering
phases. During both of the conspecific conditions, the
observer–cacher pair was consistent throughout the study.
Observers did not participate as cachers to exclude potential

effects of pilfering experience on their caching behavior
(Emery & Clayton, 2001).

Baseline/alone During the caching phase, the cacher cached
in private (i.e., the observing compartment was empty; see
Fig. 2a). During the pilfering phase, the pilfered tray was
put in the observing compartment for three minutes, and the
caches made in the tray remained intact. Both trays were
then returned to the caching compartment during the
recaching phase. The retrieving phase(s) was/were con-
ducted the following day(s). The baseline condition (i.e.,
block one) served to assess the baseline caching behavior of
individuals, and was used to assess whether exposure to the
experimental conditions changed the caching behavior of
individuals. The alone condition was conducted in an iden-
tical manner, but it occurred interspersed with the other
experimental conditions.

Inanimate heterospecific During the caching phase, an inani-
mate taxidermy mount of a bohemian waxwing (Bombycilla
garrula) was placed under the perch in the observing

)b)a

)d)c

Fig. 2 Pictorial representations of the experimental conditions during the
caching phase. The caching compartment contained the cacher (nearest
bird), and the observing compartment remained empty, contained an

inanimate heterospecific, or contained another pinyon jay depending on
the condition: a alone, b inanimate heterospecific, c pilfering conspecific,
and d non-pilfering conspecific
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compartment facing the caching compartment (see Fig. 2b).
During the conspecific conditions, the observers spent most of
their time in this location (A.V., pers. obs.); therefore, the bird
mount was likewise placed under the perch. During the pilfer-
ing phase, the pilfered tray was placed in the observing com-
partment with the bird mount for 3 minutes, whereas the safe
tray was placed on a stool outside of the cage, remaining
visible to the cacher. After the pilfering phase (but before
the recaching phase) and out of sight of the cacher, the exper-
imenter removed pine seeds from the pilfered tray, such that
all areas of the tray were pilfered equally. Pilfering rate was
kept consistent across individuals by removing 33% of pine
seeds cached during the second, third, fifth, and sixth blocks,
and 50% of pine seeds cached during the fourth block, to
resemble variation in pilfering rates as would be experienced
naturally (Vander Wall & Jenkins, 2003). Both trays were
then given to the cacher during the recaching phase. The
retrieving phase(s) was/were conducted the following
day(s). The inanimate heterospecific condition served as a
control condition, to determine whether pinyon jays modify
their caching behavior in response to caches loss, indepen-
dent of whether the observer approached the tray or the
caches. Previous studies have used an artificial human-
made object, our use of a bird mount allowed for a more
naturalistic stimulus.

Pilfering conspecific During the caching phase, an observing
pinyon jay was placed in the observing compartment (see
Fig. 2c). During the pilfering phase, the pilfered tray was
placed in the adjoining compartment with the observer,
who was given 3 minutes to access the tray, and permitted
to remove cached pine seeds, in view of the cacher.
Meanwhile, the safe tray was placed on an inaccessible
stool outside of the cage, but visible to both birds. At the
end of the pilfering phase, and out of the birds’ view, the
experimenter adjusted the pilfering rate so that it was the
same as what was experienced during the inanimate
heterospecific condition. Both trays were given back to
the cacher during the recaching phase. The retrieving phase
(s) was/were conducted the following day(s).

Non-pilfering conspecific This condition was conducted as
during the pilfering conspecific condition (see Fig. 2d), with
the exception that the experimenter removed all pine seeds
cached from the pilfered tray at the end of the caching phase,
out of the birds’ view, and before the pilfering phase. Since no
pine seeds were available to pilfer, even if the non-pilfering
bird interacted with the tray, the cacher never observed it
remove any cached pine seeds during the pilfering phase.
Following the pilfering phase, the experimenter replaced all
caches in the pilfered tray so that the tray was in the same state
as at the end of the caching session. Hence, no caches were
pilfered during this condition. Both trays were given back to

the cacher during the recaching phase. The retrieving phase(s)
was/were conducted the following day(s).

Analyses

Dependent variables During the caching phase, we examined
the number of seeds eaten and the number of seeds cached.
During the recaching phase, we examined the number of seeds
eaten and the number of seeds recached. Specifically, the pre-
cise well location of each seed was recorded for each tray after
caching. After the recaching phase, if a seed remained in the
same well location, it was considered intact, and if the seed
was missing from the well, it was considered either recached
or eaten. For these latter two cases, if an extra seed was found
in a different well of the same tray or in the opposite tray, the
seed was considered recached, whereas if the seed was
completely missing from the trays and the cage, it was con-
sidered eaten. The location of cached and recached seeds (i.e.,
pilfered vs. safe trays) was also examined to determine if
cachers associated the pilfering theft specifically with the pil-
fered tray, but not the safe tray.

To determine whether cachers modified their caching be-
haviors, the total number of pine seeds eaten or cached/
recached per trial, and the tray identity (safe or pilfered),
was compared across all conditions. To evaluate whether the
caching bird’s behavior remained similar throughout the
study, when caching alone, we compared the caching phases
of the baseline and the alone conditions. If no differences
were found, we then used the alone condition as a control to
evaluate behavioral changes during the pilfering conspecific,
non-pilfering conspecific, and inanimate heterospecific con-
ditions. If the behavior of the cacher differed between the
baseline and the alone conditions, we compared all the exper-
imental conditions with the baseline condition. To examine
whether the observer’s interaction with the pilfered tray, dur-
ing the pilfering phase, affected caching behavior, we com-
pared the pilfering conspecific and non-pilfering conspecific
with the inanimate heterospecific conditions. Finally, to es-
tablish whether cachers associated the reduction of caches in
the pilfered tray (i.e., pilfering rate) to a pilfering threat, we
compared the pilfering conspecific and the inanimate
heterospecific conditions with the non-pilfering conspecific
condition (see Table 1 for a summary).

Statistical analysesWe used a generalised linear mixed model
(GLMM) approach for our analyses, with the number of seeds
eaten and the number of seeds cached during the caching
phase and the number of seeds eaten and the number of
recached seeds during the recaching phase as dependent var-
iables. Condition (i.e., baseline , alone, inanimate
heterospecific, pilfering conspecific, non-pilfering
conspecific), block, and cacher’s sex were included as fixed
factors in our models. We performed separate analyses on the
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number of seeds cached in each tray to determine whether the
cachers used the two trays differently. For these analyses, we
included tray identity (pilfered vs. safe) as an additional fixed
factor. For all models, identity of the cacher was included as a
random factor to account for repeated measures taken on each
individual. Residual plots indicated assumptions of normality
were met. Analyses were conducted using R Version 3.3.2
with the lme4, qpcR, psych, and lsmeans packages (Bates,
Maechler, Bolker, & Walker, 2015; Lenth, 2016; Revelle,
2017; Spiess, 2018).

To assess the fit of each model, we used Akaike’s informa-
tion criterion (AIC). Models were considered equivalent when
ΔAIC < 2.0. For each dependent variable, we considered the
best model(s) explaining the variability of the data (i.e., the
model with the lowest AIC). We obtained p values for each
fixed factor (i.e., tray, condition, block, sex, Block ×
Condition, Condition × Tray, Block × Tray, and Condition
× Block × Tray) using likelihood ratio tests of the model
with the fixed factor of interest against the model without it.
Parameter estimation was achieved using residual maxi-
mum likelihood. Post hoc analyses were conducted using
pairwise comparisons. The p values of post hoc analyses
were adjusted using the Tukey method to consider multiple
comparisons (Lenth, 2016). Alpha was set at 0.05 for all
statistical analyses.

Results

Caching phase

Total number of seeds eaten There were no significant differ-
ences in the number of seeds eaten during the caching phase
among the conditions (M ± SE: 14.1 ± 0.9), χ2(4) = 1.684, p =
.794 (see Table 2). No other fixed factors examined in our
analyses explained the number of seeds eaten during the cach-
ing phase (see Table 2).

Overall number of seeds cached The best model explaining
the overall number of seeds cached included conditions as the

fixed factor, χ2(4) = 10.664, p = .031 (see Fig. 3, Table 3).
There were no differences in the overall number of seeds
cached between the baseline and the alone conditions (M ±
SE: baseline: 20.2 ± 2.6, alone: 24.3 ± 1.7). The lack of dif-
ference between the baseline and the alone condition supports
the use of the alone condition as a control for further compar-
isons. Once the baseline condition was removed, there were
no differences in the overall number of seeds cached among
conditions (M ± SE: inanimate heterospecific: 24.9 ± 2.0,
pilfering conspecific: 22.7 ± 1.5, non-pilfering conspecific:
22.4 ± 1.9), χ2(3) = 5.789, p = .122. No other fixed factors
explained the overall number of seeds cached (see Table 3).

Number of seeds cached per tray The number of pine seeds
cached in each tray was best explained by condition, χ2(9) =
158.28, p < .001 (see Fig. 4, Table 3). During baseline condi-
tion, birds cached a similar amount of pine seeds in each tray,
t(270) = −1.090, p = .277, whereas for all experimental con-
ditions, cachers cached more seeds in the safe tray in compar-
ison with the pilfered tray, alone: t(270) = −4.082, p < .001;
inanimate heterospecific: t(270) = −5.957, p < .001; pilfering
conspecific: t(270) = −8.809, p < .001; non-pilfering
conspecific: t(270) = −8.837, p < .001 (see Fig. 4).

The number of pine seeds cached in the safe tray during the
baseline condition compared with alone was not significantly
different (M ± SE: baseline: 11.0 ± 2.2, alone: 14.8 ± 1.3),
t(270) = 2.516, p = .090. Birds cached a similar amount of
pine seeds in the safe tray during the inanimate heterospecific
(M ± SE: 16.3 ± 1.3), t(270) = −1.197, p = 0.753, the non-
pilfering conspecific (number of pine seeds cached ± SE: 16.9
± 1.5), t(270) = −1.651, p = .466, and the pilfering conspecific
conditions (number of pine seeds cached ± SE: 17.1 ± 1.4),
t(270) = −1.770, p = .393, compared with the alone condition.
Similarly, there were no statistical differences in the number
of pine seeds cached in the safe tray between the inanimate
heterospecific condition and the non-pilfering conspecific
condition, t(270) = 0.454, p = .991, between the inanimate
heterospecific condition and the pilfering conspecific condi-
tion, t(270) = 0.574, p = .979, nor between the non-pilfering
conspecific condition and the pilfering conspecific condition,
t(270) = 0.120, p = 1.000.

Table 1 Experimental manipulations during each condition

Conditions Presence
of an
observer

Interaction with the
pilfered tray (during
the pilfering phase)

Pilferage of pine seeds
cached in the pilfered
tray (after the pilfering
phase)

Alone ✗ ✗ ✗

Object ✓ ✗ ✓

Non-pilfering ✓ ✓ ✗

Pilfering ✓ ✓ ✓

Table 2 Models explaining the number of pine seeds eaten by pinyon
jays during the caching phase

Model AIC ΔAIC df Weight Deviance p value

Null 745.2 0.0 3 0.67 739.2

Sex 747.0 1.8 4 0.27 739.0 .684

Block 751.1 5.9 8 0.03 735.1 .534

Condition 751.5 6.3 7 0.03 737.5 .794

Condition × Block 773.2 28.0 23 0.00 727.2 .918
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The number of pines seeds cached in the pilfered tray dur-
ing the baseline condition compared with the alone condition
was not significantly different (M ± SE: baseline: 9.2 ± 1.5,
alone: 9.5 ± 1.0), t(270) = 0.199, p = 1.000. The birds, how-
ever, cached significantly fewer pine seeds in the pilfered tray
during the non-pilfering conspecific condition (M ± SE: 5.4 ±
0.8), t(270) = 3.103, p = .018, and the pilfering conspecific
condition (M ± SE: 5.6 ± 0.8), t(270) = 2.956, p = .028, com-
pared with the alone condition. The number of pine seeds
cached in the pilfered tray did not differ between the inani-
mate heterospecific condition (M ± SE: 8.6 ± 1.0) and the
alone condition, t(270) = 0.678, p = .961. Similarly, there
were no differences in the number of pine seeds cached in
the pilfered tray between the inanimate heterospecific condi-
tion and the non-pilfering conspecific condition, t(270) =
−2.425, p = .112, between the inanimate heterospecific

condition and the pilfering conspecific condition, t(270) =
−2.278, p = .155, nor between the non-pilfering conspecific
condition and the pilfering conspecific condition, t(270) =
0.147, p = 1.000. No other fixed factors examined in our
analyses explained the number of seeds cached per tray during
the caching phase (see Table 3).

Recaching phase

Total number of seeds eaten There were no significant differ-
ences in the number of pine seeds eaten during the recaching
phase among the conditions (M ± SE: 2.2 ± 0.3), χ2(4) =
0.673, p = .955 (see Table 4). No other fixed factors examined
in our analyses explained the number of seeds eaten during the
recaching phase.

Overall number of recached seeds The overall number of
recached seeds was best explained by block, χ2(5) = 19.170,
p = .002 (see Table 5). Birds showed an increase in the overall
number of recached seeds across blocks: first block (M ± SE:
3.7 ± 1.0) and the third (M± SE: 6.6 ± 0.9), t(132) = 2.894, p =
.050), fourth (M± SE: 7.4 ± 1.1), t(132) = 3.660, p = .005, and
fifth blocks (M ± SE: 7.7 ± 1.2), t(132) = 3.919, p = .002, and
tended to increase during the last block (M ± SE: 6.6 ± 1.0,
t(132) = 2.842, p = 0.057). No other fixed factors used in our
models explained variation of overall number of seeds
recached (see Table 5).

Number of recached seeds per tray The number of recached
pine seeds in each tray was best explained by block, χ2(11) =
29.498, p = .002 (see Table 5). During all six blocks, birds
recached a similar amount of pine seeds in each tray (M ± SE:
first block: safe tray: 2.0 ± 0.7, pilfered tray: 1.7 ± 0.5), t(270)
= −0.370, p = .712; (second block: safe tray: 2.8 ± 0.7, pilfered

Table 3 Models explaining the number of pine seeds cached by pinyon jays during the caching phase

Model AIC ΔAIC df Weight Deviance p value

Overall number of pine seeds cached

Condition 891.6 0.0 7 0.57 877.6 .031*

Sex 893.6 2.0 4 0.21 885.6 .105

Null 894.3 2.7 3 0.15 888.3

Block 895.9 4.3 8 0.07 879.9 .139

Condition × Block 913.7 22.1 23 0.00 867.7 .421

Number of pine seeds cached per tray

Tray × Condition 1,721.1 0.0 12 1.00 1,697.1 <.001**

Tray 1,740.9 19.8 4 0.00 1,732.9 <.001**

Tray × Block 1,741.5 20.4 14 0.00 1,713.5 <.001**

Tray × Condition × Block 1,771.3 50.2 20 0.00 1,683.3 <.001**

Null 1,861.4 140.3 3 0.00 1,855.4

*p < .05, **p < .001

Fig. 3 Total number of pine seeds cached (±SE) by pinyon jays during
the caching phase during the baseline, alone, inanimate heterospecific,
non-pilfering conspecific, and pilfering conspecific conditions
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tray: 1.8 ± 0.4), t(270) = −1.474, p = .142; (third block: safe
tray: 3.8 ± 0.6, pilfered tray: 2.9 ± 0.5), t(270) = −1.330, p =
.185; (fourth block: safe tray: 3.8 ± 0.6, pilfered tray: 3.6 ±
0.7), t(270) = −0.433, p = .666; (fifth block: safe tray: 3.6 ±
0.7, pilfered tray: 4.0 ± 0.8), t(270) = 0.641, p = .522; (sixth
block: safe tray: 3.2 ± 0.6, pilfered tray: 3.4 ± 0.6), t(270) =
0.192, p = .848. The number of recached pine seeds in the safe
tray did not significantly differ between blocks.

The birds increased the number of recached pine seeds in
the pilfered tray during the fifth block in comparison to the
first block, t(270) = 3.303, p = .014, and the second block,
t(270) = 0.129, p = .009. No other comparisons were signifi-
cantly different. No other fixed factors used in our models
explained the number of recached seeds per tray (see Table 5).

Discussion

The current study investigated whether pinyon jays adjust
their caching behavior in response to the social context.
During the caching phase, individuals cached or ate a similar

number of pine seeds regardless of whether they were ob-
served by a conspecific, an inanimate heterospecific, or when
theywere caching alone. However, the specific locationwhere
the caching bird chose to place its caches, in a safe tray or in a
tray that could be pilfered from, was affected by the social
context. Specifically, when being observed by a conspecific,
birds cached fewer seeds in the pilfered tray compared with
when they cached alone. This result supports that the cacher
interpreted the presence of an observing pinyon jay as a threat,
regardless of its experience with the observer pilfering its
caches. When observed by an inanimate heterospecific, the
birds made a similar number of caches to the pilfered tray as
when caching alone. This result seems to support that the birds
did not interpret the inanimate heterospecific as a threat. Yet,
when comparing across the three observed conditions, the
pinyon jays made fewer caches to the pilfered tray when ob-
served by the conspecifics compared with the inanimate
heterospecific, but again this was not significant. Thus, these
results show that birds placed the least caches in the pilfered
tray when observed, compared with when alone, but the cach-
ing behavior with the inanimate heterospecific was intermedi-
ary (not statistically different than the alone condition, but also
not different from either of the conspecific conditions). During
the recaching phase, individuals recached more of their seeds
with successive experience, but this behavior was similar
across all caching conditions. Thus, overall, we found that
pinyon jays showed cache protection behaviors, allocating a
greater number of caches to the safe tray compared with the
pilfered tray, when being observedmaking their caches. There
were no differences in their caching behavior when pinyon
jays were in the presence of a conspecific associated with
cache pilferage and one that was not. They also showed an
intermediate response to the inanimate heterospecific, with

Fig. 4 Number of pine seeds cached (±SE) in the safe and in the pilfered trays by caching pinyon jays in each experimental condition during the caching
phase (p < .001). *p < .05

Table 4 Models explaining the number of pine seeds eaten by pinyon
jays during the recaching phase

Model AIC ΔAIC df Weight Deviance p value

Null 616.9 0.0 3 0.55 610.9

Sex 617.5 0.6 4 0.41 609.5 .236

Block 623.4 6.5 8 0.02 607.4 .618

Condition 624.3 7.4 7 0.01 610.3 .955

Condition × Block 643.4 26.5 23 0.00 597.4 .855
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caching behavior not differing from either when caching alone
or in the presence of conspecifics (this result should be
interpreted cautiously due to the possibility of small sample
sizes limiting statistical power).

Caching behavior and sociality

Results from our current study provide further support that
food-storing corvids show cache protections strategies, but
the nature of these strategies are species specific (e.g., Clary
& Kelly, 2011; Emery et al., 2004). In particular, our previous
research has shown that Clark’s nutcrackers, a relatively less
social corvid, responded to a cache threat by consuming pre-
viously made caches (Clary & Kelly, 2011) or reducing the
number of caches (Vernouillet, 2020), whereas pinyon jays, a
highly social corvid, preferentially allocated caches from risky
locations to safe ones (Vernouillet, 2020). Vernouillet (2020)
further showed that pinyon jays engaged in this cache protec-
tion behavior when observed by either a conspecific or by a
heterospecific (a Clark’s nutcracker). The different strategies
used by nutcrackers and pinyon jays, as well as California
scrub jays and Eurasian jays (e.g., Emery et al., 2004; Shaw
& Clayton, 2012, respectively) may be due to the pressures of
their social environment. The territorial nutcracker may have
ample opportunity to cache in private. Therefore, if a cache is
potentially compromised by the presence of an observer, a
nutcracker may either simply consume the cache or reduce
its caching rate and make a new cache at a more opportune
time. However, such occasions to cache in private may not be
as plentiful for the highly social pinyon jay, which live in
socially complex groups composed of hundreds of individuals
(Marzluff & Balda, 1992). During the fall, pinyon jays make
caching trips in flocks of up to 20 individuals (Marzluff &
Balda, 1992), which forage and cache in close proximity

(within 5 square meters; Balda & Bateman, 1971). Hence,
caching items in safer locations when a potential pilferer is
present may be a more viable solution than waiting for an
infrequent opportunity to cache in private.

Does it matter who is watching?

Previous studies have examined whether birds respond to the
mere presence of something in the adjoining cage. The idea
being, if birds engage in cache protection strategies when an
observer is not a cache threat, such as an inanimate object,
then this behavior would more parsimoniously be explained
by associative learning. The birds could learn that when there
is anything present in the adjoining compartment, regardless
of the identity, the caches may be pilfered. Clary and Kelly
(2011) showed that for Clark’s nutcrackers, this is not the
case; likewise, Vernouillet (2020) replicated this initial find-
ing with nutcrackers, and extended it to pinyon jays. For both
species, an inanimate object was not treated as a threat, even
when paired with cache reduction. However, these studies
used an artificial human-made object. For our current study,
we used a taxidermymodel of a bohemian waxwing, a species
that is sympatric with pinyon jays, but does not pilfer their
caches. This manipulation, of presenting a naturalistic object,
led to interesting results when compared with previous stud-
ies. We again found that when presented with a possible cache
threat, pinyon jays reduced the number of caches placed in the
pilfered tray when being observed by live conspecifics, com-
pared with when caching alone. However, they showed an
intermediary response to the inanimate heterospecific, placing
fewer caches in the pilfered tray compared with when alone,
but more caches in the pilfered tray than when being observed
by the live conspecifics—yet both of these comparisons failed
to reach significance. Thus, pinyon jays do not interpret an

Table 5 Models explaining the number of recached pine seeds by pinyon jays during the recaching phase

Model AIC ΔAIC df Weight Deviance p value

Overall number of recached pine seeds

Block 751.7 0.0 8 0.75 735.7 .002*

Conditions 754.0 2.3 7 0.24 740.0 .005*

Null 760.9 9.2 3 0.01 754.9

Sex 762.9 11.2 4 0.00 754.9 .991

Condition × Block 772.4 20.7 23 0.00 726.4 .098

Number of recached pine seeds per tray

Tray × Block 1,279.8 0.0 14 0.77 1,251.8 .002*

Tray × Condition 1,282.5 2.7 12 0.20 1,258.5 .007*

Null 1,287.3 7.5 3 0.02 1,281.3

Tray 1,288.1 8.3 4 0.01 1,280.1 .282

Tray × Condition × Block 1,306.3 26.5 44 0.00 1,218.3 .015*

*p < .05, **p < .001
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inanimate human-made object as a threat (as supported by
previous studies), but they also view an inanimate
heterospecific differently from an animate conspecific. Our
results suggest that pinyon jays may assess the presence of
an observer, irrespective of its animacy (i.e., interaction with
the pilfered tray during the pilfering phase), as a cache risk as
long as it is sufficiently natural. Future studies will be neces-
sary to evaluate which visual or motion-based properties of
the observer provide important information when pinyon jays
are assessing cache threat.

Food-storing birds have been shown to be capable of dis-
criminating between observers that pose a cache threat and
those that do not. Bugnyar, Schwab, Schloegl, Kotrschal,
and Heinrich (2007) reported that ravens (Corvus corax) were
able to discriminate between a human who stole a previously
cached non-edible object (the pilferer) and one who did not
(the onlooker). Ravens only modified their behavior when
allowed to cache food (rather than an object) in the presence
of the human observers. They were able to use knowledge
learned with non-edible items and immediately transfer it
when caching food items by starting to cache items more
quickly and in locations hidden from the pilferer’s view com-
pared with when in the presence of the onlooker. Likewise,
Pravosudov (2008) showed that when provided with an op-
portunity to cache in locations within direct view or hidden
from view of a conspecific or a known pilfering heterospecific
(red-breasted nuthatch), mountain chickadees preferred to
cache in locations hidden from view. However, they did not
show this location preference when caching under the observa-
tion of a known non-pilfering heterospecific (dark-eyed junco).
Thus, as the mountain chickadees were not provided with direct
experience (within the study) of a pilfering event, but differen-
tiated between potential pilferers and non-pilferers, the authors
argue that mountain chickadees might have evolved this ability.
We have also previously reported that pinyon jays show cache
protection strategies when observed by a pilfering conspecific or
a heterospecific (Clark’s nutcracker; Vernouillet, 2020). As with
our current study, the strategy the pinyon jays displayed was to
allocate caches from risky to safe locations, when observed by
either species. Taken together these studies clearly support that
food-storing birdsmodify their caching behavior when observed
by potential heterospecific and conspecific pilferers.

During our current study, we found no differences in an
individual’s caching behavior when observed by a pilfering
and by a non-pilfering individual, despite repeated exposures
to both observers and the differential outcomes from those
interactions. This finding indicates that pinyon jays responded
to both individuals as a pilfering threat in this competitive
context, irrespective of cache loss associated with one individ-
ual, but not the other. Yet pinyon jays have been shown to be
cable of determining the social status of individuals by observ-
ing pairwise interactions during a food competition paradigm,
supporting their ability to identify group members and to track

relationships among them (Paz-y-Mino et al., 2004). When
examining caching behavior, Bednekoff and Balda (1996)
also found that although pinyon jays engage in caching be-
havior sooner when in the presence of subordinate individuals
compared with when in the presence of dominant individuals,
they did not show differences in other caching behaviors (e.g.,
latency to cache or seeds eaten before caching) with respect to
observer status. Interestingly, the authors reported not observ-
ing clear cache protection strategies by the birds in their study
(Experiment 1). As the caching and potential pilfering birds in
their study interacted within the same space, a large open
room, the opportunity to engage in cache protection behaviors
may have been quite restricted or ineffective. Other food-
storing birds have been shown to modify their caching (and
pilfering) behavior when in the presence of dominant or sub-
ordinate conspecifics (e.g., Bugnyar & Heinrich, 2006; Shaw
& Clayton, 2012). For instance, the territorial Eurasian jays
showed cache suppression and recaching of items to less con-
spicuous locations when observed by a dominant individual,
whereas theymademore caches andmoved these cachesmore
frequently when observed by a subordinate individual (Shaw
& Clayton, 2012). Thus, the cues used when modifying cach-
ing behavior based on social status may be more general or
conspicuous than those necessary for individual recognition.

Alternatively, it is possible that the caching pinyon jays in the
current studywere associating the presence or the behavior of the
observers with cache risk. The pilfering and non-pilfering ob-
servers could approach the tray and search through the sand
during the pilfering phase, even though the non-pilfering observ-
er was not given an opportunity to pilfer caches. Possibly, the
cache loss associated with the behaviors of the pilfering conspe-
cific was also associated with similar behaviors displayed by the
non-pilfering conspecific, or perhaps even the presence of a con-
specific near the tray. This generalization might have resulted in
the caching individual displaying similar cache protection strate-
gies when observed by either conspecific. Future studies de-
signed to dissociate the observer’s behavior from the experience
of having caches pilfered will be necessary to better understand
whether pinyon jays can discriminate between pilfering and non-
pilfering conspecifics.

Individual recognition may not be all that informative in
some caching situations, as an observer’s intent to pilfer may
vary across situations due to intrinsic factors, such as hunger/
energy level or age, or environmental factors such as season-
ality (e.g., when feeding offspring), population density or food
abundance (Andersson & Krebs, 1978; Donald & Boutin,
2011; Lucas & Zielinski, 1998; Vander Wall, 1990; Vander
Wall & Jenkins, 2003; also see van der Vaart, Verbrugge, &
Hemelrijk, 2012). Although individual recognition may facil-
itate cache sharing among closely related individuals, this
possibility has not been examined—certainly, an intriguing
issue to be examined with a species as highly social as the
pinyon jay.
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Preferential allocation of seeds cached across all experi-
mental conditions and blocks may suggest that cachers gener-
ally viewed the testing environment as “risky” for their
caches, influencing the caching behavior of the individual
even in the absence of an observing bird. This suggestion is
also supported by the increase of recaching over time, as
recaching is a common cache protection strategy used by
corvids (e.g., Emery et al., 2004). Additional comparisons
with baseline trials revealed that cachers increased the amount
of caches made in the safe tray, especially when observed by
another bird or in the presence of a taxidermy bird. This find-
ing shows that cachers associated the safe tray as a location
with low pilfering risk. When observed by another pinyon jay,
individuals cached fewer seeds in the pilfered tray in compar-
ison to when they were caching alone. This result indicates
that individuals perceived the pilfered tray as a risky location
to store their caches. Thus, when perceiving the caching en-
vironment as risky, pinyon jays modify their caching behavior
by preferentially allocating a greater number of pine seeds in
safe locations and fewer pine seeds in the more risky pilfered
tray.

Influence of caching experience

Previous studies have shown that past experience being a pil-
ferer can influence an individual’s future caching behavior.
Emery and Clayton (2001) and Clary and Kelly (2011)
showed that when an individual was provided with an oppor-
tunity to pilfer the caches of a conspecific, the bird showed
cache protection strategies when they later had an opportunity
to cache themselves, whereas without this initial pilfering ex-
perience they did not. All the pinyon jays in our current study
had previous experience having their caches stolen
(Vernouillet, 2020), although none had experience being a
pilferer themselves (in an experimental setting). During this
previous study, the pinyon jays engaged in similar cache pro-
tection strategies as we report here, after one or two experi-
ences having their caches stolen. This previous experience
seems to have been sufficient to cause the birds to readily
use these previously learned behaviors when experiencing
pilfering events in the current study. Importantly, during the
baseline trials of the current study, we did not see tray prefer-
ences, supporting that the birds used the information gained
during the study to reinstitute their cache protection strategies.
However, this initial experience may have biased the pinyon
jays in our current study to generalize cache risk to the envi-
ronment itself (as supported by an overall preference to cache
in the safe tray), resulting in the engagement of cache protec-
tion strategies even in the presence of an unlikely threat, such
as the inanimate heterospecific. Thus, it could be that pinyon
jays need to learn that an inanimate object or heterospecific
can be a threat, and our previous study provided themwith this
opportunity, and once learned this information is readily

transferred to new situations. This suggestion is supported
by the fact that we did not find any learning effects in the
experiment, as there were no effects of block on the caching
behavior of the pinyon jays. Future research examining
whether the rate of learning to respond to human-made or
naturalistic observers is similar to each other, would provide
this necessary insight. Knowing how pinyon jays, and other
food-storing animals, learn to discriminate between observers
who are potential cache threats, from those who are not, will
further enrich our understanding of the influence of a species’
social ecology on the evolution of cognitive abilities.
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