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Choice by exclusion involves selecting a rewarded stimulus by rejecting alternatives that are unlikely to
be rewarded. It has been proposed that in corvids, exclusion is an adaptive specialization for caching that,
together with object permanence and observational spatial memory, enhances a bird’s ability to keep
track of the contents of caches. Thus, caching species are predicted to perform well in tasks requiring
exclusion. We tested this prediction by assessing the performance of Eurasian jays (Garrulus glanda-
rius), a highly specialized cacher, in a two-way object choice task in which food was hidden in 1 of 2
cups. Consistent with the corvids’ capacity for observational spatial memory, jays were highly accurate
when shown the location of the food reward. However, the jays failed to exclude the empty cup when
shown its contents. This failure to select the baited cup when shown the empty cup was possibly due to
jays attending to the experimenter’s movements and erroneously selecting the empty cup by responding
to these local enhancement cues. To date, no corvids have been tested in an auditory two-way object
choice task. Testing exclusion in the auditory domain requires that a bird use the noise produced when
the baited cup is shaken to locate the reward. Although jays chose the baited cup more frequently than
predicted by chance, their performance did not differ from trials controlling for the use of conflicting
cues provided by the experimenter. Overall, our results provide little support for the hypothesis that
caching has shaped exclusion abilities in corvids.

Keywords: Eurasian jay (Garrulus glandarius), exclusion, corvid, two-way object choice, acoustic cues

Animals may reduce foraging costs by using information avail-
able in the environment to exclude locations that are unlikely to
contain a desired resource. A common paradigm for testing for
such exclusion abilities in nonhuman animals is a two-way object
choice task in which animals must find food hidden inside one of
two containers (Call, 2004; Premack & Premack, 1994). In this
task, an animal first learns across trials that only one container
contains a hidden food reward. Subsequently, when the animal is
informed about the empty container, it can potentially use one of
two mechanisms to correctly choose the rewarded container: They
can either avoid the empty container without mentally representing
the contents of the rewarded container, or they can infer from the
available information that if one container is empty, the other must

contain the reward (Mikolasch, Kotrschal, & Schloegl, 2011;
Paukner, Huntsberry, & Suomi, 2009; Schmitt & Fischer, 2009).
Whereas both mechanisms require that the animal learn the rule
that one container will always be rewarded and one will always be
empty, the second relies on the animal’s ability to inferentially reason
about the location of the reward (Call, 2004). However, few studies of
exclusion distinguish between these two mechanisms, namely exclu-
sion by avoidance and exclusion by inference (Mikolasch et al., 2011;
Paukner et al., 2009; Pepperberg, Koepke, Livingston, Girard, &
Hartsfield, in press; Schmitt & Fischer, 2009).

Irrespective of the mechanism underlying a species’ capacity for
exclusion, the ecological factors that influence these exclusion abili-
ties can be investigated with a comparative approach (Schloegl et al.,
2009). The two-way object choice task and variants of this task have
been used to evaluate the exclusion abilities of apes (Call, 2004, 2006;
Hill, Collier-Baker, & Suddendorf, 2011; Premack & Premack, 1994),
monkeys (Heimbauer, Antworth, & Owren, 2012; Hill et al., 2011;
Sabbatini & Visalberghi, 2008; Schmitt & Fischer, 2009), prosimians
(Maille & Roeder, 2012), human children (Homo sapiens; Hill,
Collier-Baker, & Suddendorf, 2012), and dogs (Canis lupus familia-
ris; Aust, Range, Steurer, & Huber, 2008; Bräuer, Kaminski, Riedel,
Call, & Tomasello, 2006; Erdőhegyi, Topál, Virányi, & Miklósi,
2007). Recently, parrots (African Grey parrots, Psittacus erithacus;
Mikolasch et al., 2011; Pepperberg et al., in press; Schloegl, Schmidt,
Boeckle, Weiss, & Kotrschal, 2012; keas, Nestor notabilis; Schloegl
et al., 2009) and corvids (carrion crows, Corvus corone corone;
Mikolasch, Kotrschal, & Schloegl, 2012; ravens, Corvus corax;
Schloegl et al., 2009; jackdaws, Corvus monedula; Schloegl, 2011)
have also been tested using this paradigm.
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Among the corvid species tested in the two-way object choice
task, ravens and crows demonstrate the capacity for exclusion and
correctly select the rewarded container when shown the contents of
the empty container (Mikolasch et al., 2012; Schloegl et al., 2009),
but jackdaws do not (Schloegl, 2011). Both ravens and carrion
crows are moderate cachers, and this trait has been secondarily lost
from an ancestral state of caching in noncaching jackdaws (de Kort
& Clayton, 2006). It has therefore been hypothesized that among
corvids, exclusion abilities are an adaptive specialization for cach-
ing behavior, with cognitive demands associated with caching
potentially giving rise to the capacity for exclusion (Mikolasch et
al., 2012; Schloegl, 2011). Exclusion allows individuals to avoid
locations that are unlikely to contain a desired resource without the
need to extensively search in them. Thus, this ability may be
enhanced in caching species that need to keep track of the contents
of their caches and avoid revisiting sites they know to have been
recovered or pilfered (Mikolasch et al., 2012; Schloegl, 2011).
Accordingly, there is evidence that at least one species of corvid
avoids caching in locations that are routinely pilfered (western
scrub-jays, Aphelocoma californica; de Kort, Correia, Alexis,
Dickinson, & Clayton, 2007).

The capacity for exclusion may also enhance corvid pilfering
behavior. In contrast to food-caching species from other clades
(e.g., black-capped chickadees, Poecile atricapillus; Baker et al.,
1988), observational spatial memory has been demonstrated in
food-caching corvids including western scrub-jays (Clayton, Grif-
fiths, Emery, & Dickinson, 2001; Watanabe & Clayton, 2007),
ravens (Bugnyar & Kotrschal, 2002), pinyon jays (Gymnorhinus
cyanocephalus; Bednekoff & Balda, 1996b), Mexican jays (Aph-
elocoma ultramarine), and Clark’s nutcrackers (Nucifraga colum-
biana; Bednekoff & Balda, 1996a). Corvids use observational
spatial memory to remember the location of caches that they have
seen another individual make. The capacity for exclusion may
enable corvids to avoid targeting caches that they have seen being
recovered or pilfered by another individual, reducing costly time
spent searching for caches that are no longer available to pilfer.
However, exclusion in corvids may not necessarily be an adaptive
specialization related to feeding ecology. Instead, the capacity for
exclusion may have emerged in the more closely related carrion
crow and raven after their last common ancestor with the jackdaw
(Mikolasch et al., 2012). Alternatively, exclusion may be a general
ability possessed by all corvids, but the conditions under which it
is usually tested favor certain predispositions or sensory biases in
caching species (Schloegl, 2011). To elucidate the role of feeding
ecology in promoting exclusion abilities, distantly related corvids
with differing feeding ecologies must be tested (Schloegl, 2011).

The Eurasian jay (Garrulus glandarius) is from a distantly
related genus to Corvus, namely Garrulus. In contrast to moderate
cachers such as ravens and crows, which do not have strongly
seasonal caching behavior and do not rely on caches as a staple
food resource, Eurasian jays are highly specialized cachers that
cache thousands of acorns in the autumn and rely on them as a
staple food resource throughout the year (Bossema, 1979; de Kort
& Clayton, 2006). Jays also use flexible cache protection and
pilfering strategies (Shaw & Clayton, 2012). If their caching
behavior involves adaptive specializations that also enhance ex-
clusion performance, jays should demonstrate exclusion abilities
that at least equal those of the more generalized caching species,
the crow and the raven. Accordingly, jays should preferentially

select a baited container when given information only about an
empty container in a two-way object choice task.

In primates, exclusion abilities have been investigated in both
the visual and the auditory domain (Call, 2004; Hill et al., 2011)
and subjects’ performance is typically poorer in the auditory
domain (Heimbauer et al., 2012; Paukner et al., 2009; Schmitt &
Fischer, 2009). However, prosimians are a notable exception, as
they have been shown to perform better in auditory exclusion tasks
than in visual tasks (Maille & Roeder, 2012). When tested in the
auditory domain, subjects must first relate the presence and ab-
sence of noise to the location of a food reward, before being able
to exclude a silent location and correctly select the baited cup
(Call, 2004; Schloegl et al., 2012). For avian species, exclusion
performance in an auditory version of the two-way object choice
task has only been investigated in African Grey parrots (Schloegl
et al., 2012). It has been suggested that the failure of many primate
species in auditory exclusion tasks could be due to inattention to
the auditory cues in the task (Schmitt & Fischer, 2009). However,
Eurasian jays (Shaw & Clayton, 2013), like western scrub-jays
(Stulp, Emery, Verhulst, & Clayton, 2009), are sensitive to acous-
tic cues both when caching and when pilfering and so may be
capable of exclusion in the auditory domain. The critical first step
to testing exclusion in the auditory domain is to demonstrate that
a species can use auditory cues to find food. The aim of this study
was therefore to test the visual exclusion performance of a spe-
cialized caching corvid and to establish whether this species could
use auditory information to locate a food reward.

Method

We tested Eurasian jays (Garrulus glandarius) from two social
groups that had never been in contact: Group A contained twelve
3-year-old birds and Group B contained nine 4-year-old birds. The
two groups were housed in separate outdoor aviaries, each mea-
suring 28 � 10 � 3 m (length � width � height). Aviaries were
wood and mesh construction with gravel floors and contained
several perches of varying height, width, and length. Each aviary
contained smaller aviaries at one end (6 � 1 � 3 m or 6 � 2 � 3
m). Group A had three smaller aviaries and Group B had four
smaller aviaries, each of which was accessible via a mesh door and
could be closed off from the main aviary. Smaller, individual,
indoor testing compartments (measuring approximately 1 � 1 � 2
m) were accessible from these small aviaries via opaque trap
doors. Birds were obtained from a registered breeder (M. Ghob-
bain, Derbyshire, UK), hand raised, and kept for future behavioral
experiments after the conclusion of this study. Jays had ad libitum
access to water, maintenance diet (soaked dog biscuits, egg,
cheese, bread, cooked vegetables, seeds, nuts, and fruit), and
enrichment (small toys and other objects). The experiments were
conducted under the UK Home Office project license PPL 80/
2519.

Each experiment consisted of a training phase followed by a
testing phase. For the visual experiment, we tested four jays from
Group A and two jays from Group B. These trials took place
between February 25 and June 10, 2012, and were conducted in the
testing compartments. For the auditory experiment, we tested four
jays from Group A and three jays from Group B. These trials took
place between December 15, 2011, and April 5, 2012. Four jays
participated in both experiments and all were tested in the auditory
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experiment first. For the auditory experiment, Group A jays were
already familiar with being tested in the compartments in the
presence of the experimenter (RCS), whereas Group B jays were
not. We therefore tested Group B jays in the small aviaries and
Group A jays in the compartments.

In all trials described below, a jay was enclosed in the compart-
ment or small aviary and presented with two round (7 cm diameter
� 2 cm high) metal cups with identical opaque white squares of
Perspex resting on top as lids. These were positioned between the
experimenter and jays, approximately 0.5 m apart, on a platform
inside the testing compartment (see Figure 1) or on the floor of the
small aviary. For each jay, the cups were placed in the same
location for all trials within a block. During the presentation of the
cups, jays sat on a perch 0.7 m above the platform in the com-
partments or used perches positioned between 0.7 and 2.0 m from
the cups in the small aviaries. As the jays used in our experiments
differed in their preference for perching location at the start of a
trial, it was impossible to position the cups in a location where it
was certain that the jays had a direct line of sight into the cup once
the lid was removed. The experimenter therefore observed the jays
during presentation to ensure that they had looked at the contents
of both cups in all visual trials and auditory training trials (looking
behavior was judged from the orientation of the jay’s head and
eyes relative to each cup) and to ensure that they were oriented
toward the experimenter and cups during presentation in auditory
experimental trials and all control trials. After presentation, the
experimenter was careful to not directly observe the jays or cups
and oriented her body such that she did not directly face the
experimental set up until the jays had selected a cup.

Training

Visual. We gave jays blocks of 10 trials in which we showed
them the contents of both cups. We use the term block to refer to
consecutive trials that took place within a single day, usually in a
single session. However, if a jay lost motivation and ceased
approaching the cups, occasionally a block of trials was split
across two sessions within a single day. Before a trial began, the
experimenter turned her back to the jay and baited one cup out of
view with either a peanut or a worm, depending on the preference
of the jay. The experimenter then covered both cups before turning
to face the jay, opening the small door that gave access to the
compartment platform and placing the covered cups on the plat-
form (see Figure 1a). The side on which the baited cup was placed
(left or right) was pseudorandomized between trials, with one side
baited in no more than two consecutive trials. The experimenter
called the jay’s name to gain its attention while touching both lids.
Once the jay was attentive, the experimenter simultaneously with-
drew the lids toward herself, allowing the bird to see inside both
cups (see Figure 1b). If the jay attempted to approach before the
cups were closed, the trial was aborted (to be repeated later) and
both cups were removed before the jay could retrieve the food
reward; jays therefore quickly ceased attempting to approach while
the cups were open during the training sessions. After presentation,
the experimenter replaced the lids, closed the compartment door,
and allowed the jay 30 s to approach and touch or remove the lid
of one cup only (see Figures 1c and 1d). After the jay had made its
choice, both cups were removed and the procedure was repeated,
or the jay was released, as necessary (jays given peanuts typically
needed to be released to cache these between trials). Jays pro-

Figure 1. Figure of the testing compartment (Group A) and placement of cups and lids during a training trial
in the visual experiment. The baited cups were placed approximately 50 cm apart on the platform (a), the lids
were removed to show the contents of cups to the jay (b, jay out of view), the jay was allowed to approach one
cup (c) to remove the lid and retrieve the food item (d).
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ceeded to the testing phase of the visual experiment once they had
selected the baited cup in at least eight of 10 trials within a block.

Auditory. Before testing jays in the auditory task, we first
gave them blocks of 10 training trials to ensure that they would
attempt to recover a reward from the cups when they had seen its
location. During training trials in the auditory experiment, the jay
watched the cup being baited. This difference in training method-
ology was because, in contrast to the visual experiment, some jays
were tested in the small aviaries in the auditory experiment. The
jays tested in the small aviaries were frequently at a greater
distance from the cups at the start of a trial compared with jays
tested in the compartments. Therefore, to ensure that the location
of the reward remained salient in the small aviary, the experi-
menter showed the jay the reward being placed into the cup. At the
beginning of a block, the experimenter first positioned the cups
and then removed the lids and placed them behind the cups either
on the compartment platform (Group A) or on the aviary floor
(Group B). For Group A, a trial began with the experimenter
opening the small door into the compartment platform and holding
the nut in the air while calling the jay’s name and repeating the
word look to ensure that the jay was oriented toward the cups and
experimenter. For Group B, the trial began with the experimenter
approaching from the far end of the small aviary, kneeling down
beside the cups, and attracting the jay’s attention as described
above. Once the jay was attentive, the experimenter placed the nut
into one of the cups and then covered both cups simultaneously.
Between trials, the order in which the left and right cups were
baited was pseudorandomized, with the same side being baited in
no more than two consecutive trials.

After baiting, the experimenter closed the compartment door
and stepped to the side (Group A) or stood up and moved back to
the far end of the small aviary (Group B) and allowed the jay up
to 30 s to touch or remove the lid from one of the cups. After 30
s had elapsed, or after the jay had touched or removed the lid of a
cup, the experimenter approached and returned both lids to their
original position behind the cups. If the jay failed to select the
baited cup, the food reward was removed and a new trial was
begun by repeating the entire procedure (unless the block was
complete). If the jay had selected the baited cup and retrieved the
peanut, it was released to allow it to cache before being re-
enclosed in the compartment (Group A) or small aviary (Group B)
to continue the block if necessary. Jays proceeded to the testing
phase of the auditory experiment once they had selected the baited
cup in at least eight of 10 trials.

Testing

Visual. Before a block of trials in the visual experiment, jays
were given “refresher” trials. These were identical to training
phase trials and their purpose was to ensure that jays did not have
a preference for a particular side and remained attentive to the
location of the food reward. Jays correct on the first four refresher
trials were tested immediately; jays that scored less than four
correct refresher trials were given 10 trials and were tested only if
they were correct in eight of these trials. Only one jay (Ohuruogu)
failed to reach criterion on one occasion and was not tested further
on that day; instead, it was tested the subsequent day. The testing
blocks in the visual experiment consisted of four “baited” and four
“empty” trials. The procedure for these trials was almost identical

to the training and “refresher” trials. The only difference was that
while touching both lids, the experimenter withdrew the lid from
one cup only: the empty cup lid in “empty” trials and the baited
cup lid in “baited” trials. Within a block, all four possible combi-
nations of baited cup location and cup shown (empty or baited)
were used twice. Between blocks, the order of the different com-
binations of side baited and cup shown was pseudorandomized,
with the baited cup being on the same side in no more than two
consecutive trials.

At the end of each block, jays were given two “control” trials,
in which both lids were touched for approximately 3 s and no lids
were removed. The purpose of these was to ensure that jays were
not responding to unintentional cues given by the experimenter
about the location of the food item or to other possible cues such
as olfactory cues. We were limited in the number of control trials
we could give jays, as jays rapidly became unmotivated to ap-
proach the cups in the absence of any cues given by the experi-
menter. Jays received four blocks in total during the testing phase
of the visual experiment, with no more than two blocks per day and
no more than a 4-day break between consecutive blocks.

Auditory. The testing blocks in the auditory experiment con-
sisted of eight trials in which each closed cup was shaken in turn.
At the beginning of a trial, the experimenter faced away from the
jay and held both cups and lids out of view to place a single peanut
in either the left or right cup. The experimenter then turned to face
the jay, opened the door into the compartment, and held the cups
above their usual locations on the platform (Group A) or walked
toward the jay, knelt down, and held cups above their usual
location on the ground (Group B). The experimenter called the
jay’s name to gain its attention before shaking each of the cups in
turn for 4 s each (cups were moved side to side for maximum
rattling effect) and subsequently placing the cups on the platform
or ground. The experimenter then retreated in the same manner as
described for training trials and allowed the jay up to 30 s to touch
or remove the lid from one of the cups. After 30 s had elapsed, the
cups and lids were retrieved and the procedure was repeated or the
jay was released, as necessary. The right-side cup was baited four
times within a block. The side that was baited and the order in
which cups were shaken were pseudorandomized between blocks
and between jays: The same side was baited in no more than two
consecutive trials, and the same cup was shaken first in no more
than two consecutive trials.

We gave jays four blocks of trials in the auditory experiment.
Similar to the testing phase of the visual experiment, at the end
of each block, jays received two “control” trials. In these, the
cups were held for approximately 3 s and were not shaken
before being placed on the platform or ground. Jays received no
more than two blocks of 10 trials per day and had no more than
a 4-day break between consecutive blocks. In the small aviaries,
one jay side-biased (choosing the left-side cup in at least nine
trials) in two blocks of trials and one jay side-biased (choosing
the left-side cup in 10 trials) in one block. These blocks were
excluded from the analyses, and both jays received additional
blocks to give a total of four blocks in which side-biasing did
not occur. However, we also report the results of an analysis of
the data set that includes these side-biasing blocks and excludes
the additional blocks.
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Analysis

For the visual experiment, we compared the proportion of trials
in which the baited cup was chosen between the baited, empty, and
control conditions using a Friedman analysis of variance. Wil-
coxon signed-ranks test for matched pairs were used for pairwise
planned contrasts of the control condition with the baited condition
and with the empty condition (visual experiment) and the control
condition with the auditory condition (auditory experiment). For
the testing phase of both experiments, in each condition we com-
pared the jays’ performance with the chance expectation that they
would select the baited cup in 50% of trials using one-sample
Wilcoxon’s tests. Given the small sample sizes, all tests were exact
and were calculated by hand (Mundry & Fischer, 1998). All tests
were two-tailed and the alpha level was set at .05.

Results

Visual Performance

During the training phase of the visual experiment, the six jays
received an average of 1.4 � 0.3 (mean � SE) training blocks until
they chose the baited cup in at least eight of 10 trials within a block
(mean trials of 10 correct � 8.83 � 0.40). The jays’ performance
when shown the contents of both cups remained consistent
throughout the visual experiment, and jays correctly chose the
baited cup more frequently than expected by chance in their
refresher trials (see Table 1 for individual performance in all
experimental trials and Table 2 for the number of refresher trials
that jays had at the start of each test block; Wilcoxon’s test: n �
6, T– � 0.00, p � .05).

In the test phase of the visual experiment, the jays’ performance
differed between trials in which they were shown the baited cup’s
contents (baited condition), trials in which they were shown the
empty cup’s contents (empty condition), and trials in which they
were not shown the contents of either cup (control condition;
Friedman: n � 6, �2 � 11.57, p � .003; see Figure 2). Jays chose
the baited cup more often in the baited condition than in the control
condition (Wilcoxon’s test: n � 6, T� � 0.00, p � .05). Moreover,
within the baited condition, jays correctly chose the baited cup
more often than predicted by chance (Wilcoxon’s test: n � 6, T– �
0.00, p � .05; see Figure 2). By contrast, jays did not choose the
baited cup more frequently in the empty condition than in the
control condition (Wilcoxon’s test: n � 6, T– � 5.00, p � .10).

There was a trend for jays selecting the baited cup less frequently
than predicted by chance in the empty condition (Wilcoxon’s test:
n � 6, T– � 1.00, .10 � p � .05; see Figure 2). In the control
condition, three of the six jays selected the baited cup in exactly
50% of trials (see Table 1); therefore, the number of jays with a
non-zero difference between chance and their performance was
less than the minimum necessary for a Wilcoxon’s test. Finally,
there was no evidence of a learning effect across trials; the jays’
choice of the baited cup did not differ between the first two blocks
and last two blocks in any of the conditions (see Table 1; Wilc-
oxon’s test: empty condition, n � 5, T– � 1.5, p � .1. In the baited
and control conditions, several jays had the exact same perfor-
mance in the first and second half of the experiment; because of
these ties, statistical analysis was not feasible).

Auditory Performance

During the training phase of the auditory experiment, the seven
jays received a mean of 1.4 � 0.2 training blocks before correctly
selecting the cup containing the reward in at least eight of 10 trials
in a block (mean trials of 10 correct � 8.57 � 0.20). In the testing
phase, jays did not differ in their accuracy between the auditory
and control conditions (Wilcoxon’s test: n � 7, T� � 12.50, p �
.10; see Figure 3). However, jays correctly selected the baited cup
more frequently than predicted by chance (chance � 50% of trials)
in the 32 auditory trials (Wilcoxon’s test: n � 7, T– � 0.00, p �
.02; see Figure 3), whereas in the control condition three jays
selected the baited cup in exactly 50% of trials (see Table 3), such
that the number of jays with a non-zero difference when compar-
ing their performance with chance was less than the minimum
sample size necessary for a Wilcoxon’s test. Analyzing the data set
that included blocks in which side-biasing occurred (and excluded
the additional replacement blocks) yielded results that were iden-
tical to those described above.

The jays’ performance in the first two blocks could not be
statistically compared with their performance in the last two blocks
of trials, as too few jays changed in their performance to permit the
use of a paired Wilcoxon’s test (see Table 3). Two jays were more
accurate in the second half of trials, two jays were less accurate,
and three jays showed no change (see Table 3). In the first 16 trials
in the auditory task, there was a trend for jays performing above
chance (median % correct � 56.25; Wilcoxon’s test: n � 5, T– �
0.00, p � .10), and this reached significance in the last 16 trials

Table 1
Individual Performance (Percentage Correct of Total Trials) in the Refresher, Baited, Empty, and Control Trials of the
Visual Experiment

Overall Blocks 1 and 2 Blocks 3 and 4

Jay Refresh Baited Empty Control Refresh Baited Empty Control Refresh Baited Empty Control

Lima 92.5 100.0 37.5 50.0 95.0 100.0 12.5 50.0 90.0 100.0 62.5 50.0
Ohuruogu 97.5 87.5 56.25 37.5 95.0 87.5 62.5 50.0 100.0 87.5 50.0 25.0
Pendleton 100.0 93.75 31.25 50.0 100.0 100.0 25.0 75.0 100.0 87.5 37.5 25.0
Romero 85.0 75.0 37.5 25.0 90.0 62.5 25.0 25.0 80.0 87.5 50.0 25.0
Washington 100.0 87.5 25.0 50.0 100.0 87.5 12.5 50.0 100.0 87.5 37.5 50.0
Wilson 90.0 93.75 37.5 62.5 90.0 87.5 37.5 50.0 90.0 100.0 37.5 75.0

Note. Jays in bold participated in both experiments. Values in italics for the refresher trials denote that a jay received 10 trials for at least one
block.
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(median % correct � 56.25; Wilcoxon’s test: n � 6, T– � 0.00,
p � .05).

Discussion

The adaptive specialization hypothesis predicts that species that
cache food should perform better at tasks requiring exclusion than
species that do not (e.g., Kamil, 1987; Krebs, 1990). However, we
found no evidence that the Eurasian jay, a specialized cacher,
could correctly select the baited cup in the visual two-way object
choice task after being shown the contents of the empty cup.
Consistent with previous studies demonstrating object permanence
in the Eurasian jay (Zucca, Milos, & Vallortigara, 2007), and with
evidence that many corvids possess well-developed observational
spatial memory (reviewed in Shaw & Clayton, 2012), when shown
the baited cup, the jays were more accurate in their choice of this
cup than predicted by chance and compared with control trials. By
contrast, when shown the empty cup, jays tended to preferentially
choose this cup. Furthermore, the jays’ performance did not change
over the course of the experiment, suggesting that they did not learn
the causal cues (e.g., using the presence or absence of the food reward
inside the cup to determine which cup to choose) required to solve the
task.

In a two-way object choice task, the movements of a human
experimenter may unintentionally distract the subject from the

information relevant to the task (Erdőhegyi et al., 2007). By lifting
or moving the empty cup to reveal its contents to the subject, the
experimenter may draw the subject’s attention to this cup, distract-
ing it from the causal cues relevant to the task and confounding its
ability to exclude this unrewarded location and correctly select the
baited cup. Accordingly, dogs tested in a two-way object choice
task were more likely to incorrectly select the empty container
when shown its contents by a human experimenter and only
switched to correctly selecting the baited container once the task
had been modified such that the human experimenter did not touch
either container when showing their contents to the subject
(Erdőhegyi et al., 2007). Similarly, the jays in our study tended to
incorrectly choose the empty cup in trials in which the human
experimenter removed the lid of this cup. Potentially, the experi-
menter’s movements drew the jays’ attention to the empty cup,
possibly via local enhancement or a similar mechanism, and these
social cues were more salient to the jays than the relevant cue (i.e.,
the absence of the food reward) that they needed to respond to in
order to exclude the empty cup and select the baited cup.

In a previous, visual, two-way object choice experiment, hand-
raised ravens correctly selected the baited cup when shown the
contents of the empty cup, whereas keas failed to do so (Schloegl

Table 2
Number of Refresher Trials That Each Jay Received at the
Beginning of Each Block in the Visual Experiment

Block

Jay 1 2 3 4

Lima 4 10 10 10
Ohuruogu 4 10 4 4
Pendleton 4 4 4 4
Romero 10 4 10 10
Washington 4 4 4 4
Wilson 10 4 10 4

Note. Jays in bold participated in both the visual and auditory experiments.

Table 3
Individual Performance (Percentage Correct of Total Trials) in
the Auditory and Control Trials of the Auditory Experiment

Overall Blocks 1 and 2 Blocks 3 and 4

Jay Auditory Control Auditory Control Auditory Control

Caracas 53.125 50.00 50.00 50.00 56.25 50.00
Hoy 56.25 62.50 50.00 50.00 62.50 75.00
Lima 62.50 75.00 62.50 75.00 62.50 75.00
Ohuruogu 53.125 50.00 56.25 50.00 50.00 50.00
Pendleton 68.75 37.50 68.75 50.00 68.75 25.00
Rome 62.50 50.00 68.75 50.00 56.25 50.00
Wilson 56.25 62.50 56.25 75.00 56.25 50.00

Note. Jays in bold participated in both experiments.

Figure 2. The proportion of trials within each condition (baited, empty,
and control) in which jays correctly chose the cup containing the food
reward (bars show the range, and boxes show the median and the inter-
quartile range). The dashed line indicates the chance expectation that the
cup containing the food reward would be chosen.

Figure 3. The proportion of trials in which jays correctly chose the cup
containing the reward in the auditory and control trials (bars show the
range, and boxes show the median and the interquartile range). The dashed
line indicates the chance expectation that the cup containing the food
reward would be chosen.
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et al., 2009). This species difference in performance led the authors
to suggest that, like dogs (Erdőhegyi et al., 2007), keas may have
been more responsive to social cues than to the causal cues
relevant to the task (Schloegl et al., 2009). Likewise, when the
experimenter manipulated only one cup in each trial, the Eurasian
jays in our study, carrion crows (Mikolasch et al., 2012), and
jackdaws (Schloegl, 2011) failed to select the baited cup in trials
in which they were shown the contents of the empty cup. An
additional experiment in the crow study revealed that crows pre-
ferred to select the last cup that an experimenter had manipulated,
even when the manipulation consisted of the experimenter remov-
ing the food reward (Mikolasch et al., 2012). Therefore, similar to
keas (Schloegl et al., 2009), the failure to use exclusion by jays,
crows, and jackdaws in the two-way object choice task in which
the experimenter manipulates only one cup in a trial may be due to
subjects attending to social rather than causal cues, potentially
masking the true exclusion abilities of these species.

The two-way object choice task was therefore modified in the
crow and jackdaw studies to remove local enhancement cues by
having the experimenter manipulate both containers equally in
every trial (Mikolasch et al., 2012; Schloegl, 2011). In this mod-
ified paradigm, the particular arrangement of opaque and transpar-
ent cups underneath larger opaque cups allowed experimenters to
reveal the presence or absence of a food reward by simultaneously
lifting both large external cups. Subsequently, the crows’ exclu-
sion performance improved and they correctly selected the baited
cup more frequently when shown the empty cup’s contents than in
control trials, but remained less successful than in trials in which
they had been shown the contents of the baited cup (Mikolasch et
al., 2012). By contrast, there was only limited evidence that
jackdaws were capable of exclusion in the modified task, with only
one jackdaw improving its ability to correctly select the baited cup
when shown the empty cup’s contents (Schloegl, 2011). If Eur-
asian jays are in fact capable of exclusion, but these abilities are
masked by their response to local enhancement cues, then their
performance in the two-way object choice task should improve if
confounding social cues are controlled or removed in a similar
manner (Mikolasch et al., 2012). Such evidence for exclusion
abilities in a specialized caching species would fit the prediction of
the hypothesis that differences in caching ecology may explain
differences in exclusion performance among corvids (Mikolasch et
al., 2012; Schloegl, 2011). However, the cups and lids to which our
jays were accustomed (see Figure 1) could not be modified to fit
smaller interior cups that the jays were able to lift, such as those
used in the crow and jackdaw studies, to remove potentially
confounding social cues provided by the experimenter.

In contrast to previous studies with great apes (Call, 2004; Hill
et al., 2011), lemurs (Eulemur macaco and Eulemur fulvus; Maille
& Roeder, 2012), and African Grey parrots (Schloegl et al., 2012),
we found no clear evidence that Eurasian jays could use a sound
cue to locate a food reward. As the first step in investigating
exclusion performance in the auditory domain is demonstrating
that an animal can use sound cues to locate a food reward (Heim-
bauer et al., 2012), we therefore did not proceed to test jays in an
auditory version of the two-way object choice task. The jays did
select the baited cup more frequently than predicted by chance,
indicating that they could potentially associate the rattling sound
with the location of a food reward. However, as the jays’ perfor-
mance did not differ between the auditory and control conditions,

we cannot rule out the possibility that jays responded to inadver-
tent cues provided by the experimenter.

Many species fail to use auditory cues to locate food, despite
succeeding in a visual version of the task (e.g., olive baboon,
Papio hamadryas Anubis; Schmitt & Fischer, 2009). Foraging
ecology, combined with the ease with which species can manually
manipulate objects, may affect their performance in the task.
Capuchin monkeys (Cebus apella), for example, use weight and
sound cues to determine the contents of closed nut shells before
attempting to open these (Visalberghi & Neel, 2003). Moreover,
capuchins become more accurate in using auditory cues to select a
reward container in a two-way object choice task after receiving
training trials in which they have the opportunity to manipulate
baited and empty containers to produce sound themselves (Sabba-
tini & Visalberghi, 2008). By contrast, there is no evidence that
investigation of the acoustic properties of objects plays an impor-
tant role in corvid foraging strategies, and this could potentially
lead to corvids performing poorly in the acoustic version of the
two-way object choice task (Schmitt & Fischer, 2009). However,
both Eurasian jays and western scrub-jays suppress noises associ-
ated with caching in the presence of a conspecific that can hear but
cannot see them (Shaw & Clayton, 2013; Stulp et al., 2009),
indicating that corvids may be attentive to acoustic cues in some
foraging contexts. Given that the jays’ performance in the auditory
condition of our study was above chance, it remains possible that
jays can use sound to locate food. However, as small sample sizes
can increase the likelihood of both Type I and Type II errors,
caution is needed when interpreting the jays’ performance in the
auditory task.

Although it remains possible that the Eurasian jays’ exclusion
performance may improve if conflicting enhancement cues are
controlled for in the two-way object choice task (e.g., Erdőhegyi et
al., 2007; Mikolasch et al., 2012), our current results for this
specialized caching species provide little support for the hypoth-
esis that the capacity for exclusion is an adaptive specialization for
food caching in corvids. Thus, it is possible that within the Corvus
genus, exclusion abilities emerged in the more closely related
crows and ravens after their split from a common ancestor shared
with jackdaws (Mikolasch et al., 2012). To evaluate this intriguing
possibility, more species belonging to both Corvus and to other
corvid genera that are distantly related to Corvus must be tested in
the two-way object choice task. Although the results of our study
add valuable data to our existing knowledge of the exclusion
abilities of corvids, testing additional species to further investigate
exclusion in the auditory domain and the selective pressures that
led to the emergence of exclusion abilities in corvids remains
exciting avenues for future research.
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