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1  |  INTRODUC TION

Food caching, the process of storing and subsequently recovering 
food for later consumption, is a strategy widely used by birds and 
mammals to survive periods of low- food availability (Sherry, 1985; 
Smith & Reichman, 1984; Vander Wall, 1990). Food caching species 
can be broadly divided into two groups: larder-  and scatter- hoarders. 
Within these two fundamental groups, both short- term and long- term 
food- cachers exist (Vander Wall, 1990). Short- term food- caching 
species typically cache and recover items to cope with immediate 
uncertainty or threats of pilferage and retrieve caches within hours 
to days of caching. Long- term food- caching species, however, typ-
ically store for future needs, frequently leaving caches for periods 

of months before retrieval. The latter strategy is often employed in 
highly seasonal environments that experience long periods of lim-
ited resources. These long- term caches are subjected to potentially 
harsh environmental conditions, putting them at a risk of degrading.

Whilst most species cache nonperishable food items like acorns 
or seeds, this is not the case for all species (Vander Wall, 1990). 
Many vertebrates cache perishable food items such as fungi, fruits, 
arthropods and vertebrate flesh (e.g. Chesemore, 1975; McCord 
& Cardoza, 1982; Strickland & Ouellet, 2020). A recent review by 
Sutton et al. (2016) discusses the susceptibility of caching species 
to climate change. As one might predict, long- term caching spe-
cies, which store perishable food items are amongst those most 
vulnerable.
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Abstract
Food caching is a foraging strategy used by many vertebrates, involving the stor-
age and subsequent recovery of food items for later consumption, when other food 
sources are scarce. Once cached, stored food, particularly highly perishable items, can 
degrade over time. Evidence suggests that for birds, some conifers may aid in cache 
preservation through protective properties in resin. However, due to the challenges 
involved with following birds to their caching locations, cache- site preferences are 
not easily studied in the wild. We investigated eight captive Canada jays’ (Perisoreus 
canadensis) ability to both identify and exploit conifer tree species. Further, we exam-
ined potential cues that birds may use to identify and select these potentially beneficial 
sites. We found strong evidence to suggest that birds can quickly identify conifer tree 
species and subsequently exploit those cache locations preferentially. Furthermore, 
our evidence suggests that although birds do not appear to use olfactory cues when 
making caching decisions, they potentially to attend to structural cues. We suggest 
that visual information is essential to both the identification of conifer trees and to 
cache- site selection decisions. These findings indicate that jays make rapid, fine scale 
assessments of their environments, discriminating amongst trees of different species 
and use this information to select cache- sites.
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Caching species should use behavioural strategies, which max-
imize cache preservation, including microhabitat preference, prey 
incapacitation and physical manipulation of the environment (re-
viewed in Sutton et al., 2016). Previous studies have demonstrated 
that caching species, particularly corvids, can actively use aspects 
of their environment to aid in preserving caches. For example, 
Florida scrub- jays (Aphelocoma coerulescens) select for high- tannin 
acorns and will cache in and relocate acorns to drier sites less 
vulnerable to degradation and germination (Fleck & Woolfenden, 
1997; Fuirst et al., 2020; Kulahci & Bowman, 2011). Additionally, 
spotted nutcrackers (Nucifraga caryocatactes) also select cache- 
sites with favourable microclimatic conditions (Neuschulz et al., 
2015). Whilst these studies demonstrate that food- caching spe-
cies exploit certain environmental characteristics, particularly drier 
conditions, for food preservation, little information exists about 
species exploiting other aspects of the environment. In addition, 
many corvid species cache predominantly in the ground; food- 
caching animals that prefer arboreal sites likely select for different 
cache- site characteristics.

One observed cache- site characteristic is tree species itself. 
Different tree species offer different types of visual cues, struc-
tural configurations, chemical compounds and variety of caching 
locations to caching individuals. In noncaching birds, specific plant 
species –  bird interactions have been demonstrated previously. 
Migratory birds demonstrate preferences for particular species, 
often exploiting the resources these plants provide for foraging (e.g. 
Kirsch & Wellik, 2017; Morgan et al., 2018; Wood et al., 2012) or for 
breeding sites (e.g. Anderson & Shugart, 1974; Squires and Bunnell, 
2018). The same is true of resident species (e.g. Narango et al., 2017, 
2018). New Caledonian crows (Corvus moneduloides) have even been 
shown to attend to specific parts of beneficial plants in order to 
identify their preferred species for tool manufacture (Klump et al., 
2019). Despite these examples, evidence of active environmental 
exploitation in nonmigratory caching species is limited. Willow tits 
(Poecile montanus) prefer caching in conifer trees compared to de-
ciduous trees, but these preferences are likely due to the physical 
characteristics of conifers in the winter (Lahti et al., 1998). Generally, 
cache- site preferences, and the mechanisms that drive such prefer-
ences, remain largely unexplored.

Canada jays (Perisoreus canadensis) are resident species of the 
boreal and subalpine forests in North America and maintain year- 
round territories (Strickland & Ouellet, 2020). Canada jays are a 
long- term food- caching species, which store perishable food items 
including berries, mushrooms, invertebrates and carrion in saliva 
covered boluses for overwinter survival and late- winter reproduc-
tion (Dow, 1965; Strickland & Ouellet, 2020; Sutton et al., 2016). 
These boluses, which resemble varnish covered balls when dry, are 
stored arboreally and likely play an important role in the long- term 
preservation of the stored perishable items (Dow, 1965; Strickland 
& Ouellet, 2020; Sutton et al., 2016). Thus, cache perishability and 
preservation are clearly important factors that influence the viabil-
ity of cached food for future consumption, and Canada jays should 
engage in behaviours to promote further viability.

Canada jays also make active decisions about where to cache 
their food, evaluating their environment prior to caching (Martin & 
Sherry, 2021), and this could play a role in determining cache viabil-
ity. Evidence suggests that the breeding territories of Canada jays 
are largely determined by habitat quality, particularly forest com-
position (Strickland et al., 2011). More specifically, habitat quality of 
Canada jay territories has previously been defined by the propor-
tion of conifers such as black spruce (Picea mariana), white spruce 
(Picea glauca) and balsam fir (Abies balsamea; Strickland et al., 2011; 
Strickland & Ouellet, 2020). These conifer tree species are known 
to preserve perishable food items better than deciduous trees, 
which also exist within Canada jay territories (Sechley et al., 2015; 
Strickland et al., 2011). This natural preservation, however, is only 
beneficial if Canada jays can identify and exploit these cache- sites 
when available. Whilst field experiments have shown that conifers 
preserve caches better than deciduous trees within the Canada jay 
distribution, it is not known whether the jays actively prefer to cache 
in conifer trees or if they opportunistically select trees for scatter- 
hoarding. Unfortunately, it is extremely difficult to actively track jays 
to their caching locations, and so cache- site preferences have not 
been empirically examined in Canada jays.

Here we experimentally tested whether Canada jays discrimi-
nate amongst tree species when caching. Additionally, we assessed 
two potential cues that individuals might use to make such assess-
ments, olfaction and structure. Birds were allowed to freely cache 
perishable food items in a variety of experimental settings, and 
caching preferences were recorded. We predicted that individuals 
would be able to identify conifers, and preferentially cache in these 
trees, avoiding deciduous trees. We also expected that Canada jays 
would identify preferred trees based on both isolated olfactory and 
structural cues.

2  |  GENER AL METHODS

2.1  |  Subjects

Eight adult Canada jays were captured by Potter trap in Sudbury, 
Ontario, Canada during December 2018 and transported to the 
Advanced Facility for Avian Research, Western University, London, 
Ontario, Canada. Birds were housed individually or in pairs from 
capture until 1 week before the experiment in large, outdoor, free- 
flight rooftop aviaries. Aviaries ranged in size from 2.5 × 3.0 m to 
3.0 × 3.5 m, all were 2.5 m in height and contained numerous natu-
ral perches of various diameters. Each aviary also included shelters, 
and other items allowing the birds to interact with various textures, 
colours and patterns. One bird was removed from Experiments Two 
and Three due to unrelated health concerns.

One week prior to the start of each experiment, we moved the 
birds indoors to individual cages (0.75 × 0.4 × 0.4 m) and set the light 
cycle to 10:14 h light:dark cycle (light onset 0700 h). This was done to 
induce caching behaviour and to ensure motivation for caching upon 
entrance in the experimental arena. Birds were physically, but not 
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visually or acoustically, isolated from one another. Food and water 
were available ad libitum except as required by each experiment 
(described below). Food was a mixture of Mazuri Exotic Gamebird 
Starter (PMI Nutrition International), Mazuri Parrot Pellets (PMI 
Nutrition International), shell- less peanuts and sunflower chips and 
was supplemented with a HARI PRiME vitamin, mineral and amino 
acid supplement (Rolf C. Hagen Incorporated).

2.2  |  Ethical note

All birds were handled and tested in accordance with the guidelines 
set out by the Canadian Council on Animal Care. Canada jays were 
collected and housed under Ontario Ministry of Natural Resources 
Wildlife Scientific Collector's Authorization 1091668. This research 
was conducted under protocol number 2015- 065 approved by the 
Western University Animal Care Committee (see Supplementary 
material for extended note).

2.3  |  Behavioural observations

Observations for Experiment One occurred 12 February to 19 
February 2019. Observations for Experiment Two occurred 7 
March– 13 March 2020. Observations for Experiment Three oc-
curred 20 March– 26 March.

We tested birds in a free- flight room (2.7 × 2.7 m; Figure 1), 
which could be observed through a one- way mirror to allow live 
behavioural scoring. Remote doors on the opposite wall to the mir-
ror allowed birds to enter and exit the room without being han-
dled. During all trials, cache- sites were available in each of the four 
corners of the room (slightly asymmetric; see Figure 1). Previous 
research with Canada jays suggests that they do not view the mir-
ror as a pilferage threat (Martin & Sherry, 2021). In Experiment 
One these cache- sites were 4 sections of different tree species. 
In Experiment Two, each corner contained a custom caching board 

with a different odour cue. In Experiment Three, the four corners 
contained artificial trees with different structural configurations 
(see Supplementary material for examples of stimuli). In all experi-
ments the location of a particular cache- site and its associated cues 
in a given trial was counter balanced across all possible locations. 
Additionally, a table with food and water was always present in 
the centre of the room. Food for all testing sessions was shred-
ded cheddar cheese, which is a highly perishable food previously 
used in behavioural studies on Canada jays (Martin & Sherry, 2021; 
Sechley et al., 2014).

2.4  |  Training

Five days prior to the start of each experiment, the birds were al-
lowed into the flight room in order to habituate. Four artificial trees 
were present in the room, one in each corner, along with the table 
containing water, but no food. Artificial trees consisted of a vertical 
0.05 × 0.05 m wooden ‘trunk’ with 0.02 m diameter dowels protrud-
ing horizontally at varying heights. Each flight lasted 20 min, after 
which time the birds were returned to their holding cages.

2.5  |  Behavioural testing

All testing occurred between 0930 h and 1300 h. Birds were tested 
in two cohorts, each consisting of either three or four birds. At 
0830 h, we transferred cohort 1 from their home cages into hold-
ing cages (0.4 × 0.3 × 0.3 m) where they were deprived of food 
for 1– 2 h. Immediately prior to testing cohort 1 (0930 h), we trans-
ferred cohort 2 to holding cages and deprived them of food (result-
ing in 1.5– 3 h of food deprivation). We tested cohort 2 immediately 
following the testing of cohort 1. Water remained available ad libi-
tum in the holding cages. We changed the order of testing each day 
such that each bird was tested in each of the possible time slots 
once. For Experiment One, there were eight possible slots, and for 

F I G U R E  1  A scaled schematic of the experimental set up. Trials were run in a series of three conjoined rooms. Birds held in the Housing 
Room could be released into the Flight Room by an observer in the Observation Room operating the remote doors. Observers viewed trials 
through the one- way glass observation window. a, b, c and d mark the locations of the stimuli, and a table with water and food was present 
in each trial. All doors remained closed during testing
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Experiments Two and Three, the slot originally occupied by the bird 
removed from the experiment was skipped. Change in the order 
of testing was done to control for motivational differences, and so 
that food availability and length of deprivation was unpredictable 
to the birds. This procedure resulted in each bird completing one 
trial per day, for the duration of the experiment (8 days for Exp. 
One, 7 days for Exp. Two & Three; see Supplementary material for 
detailed Table S1).

For each trial, birds accessed the testing rooms through remote 
doors, controlled by the observer. Whilst birds were in the flight 
room, an observer scored the location of the bird and any caching 
events. A caching event was defined as any time the bird deposited 
food in bolus form on any part of a tree and subsequently moved 
to a different location. Boluses deposited and immediately retrieved 
(without the bird moving) were not scored as caches. In addition, 
cheese left on flat surfaces, not in bolus form, was not scored as a 
cache. This occurred when birds removed large amounts of cheese 
from the food dish, relocated it to another flat surface and then 
subsequently made boluses from that cheese but did not cache it 
all before the trial ended, or the bird returned to caching from the 
food dish. Trials lasted 20 min, unless a bird remained stationary for 
five consecutive minutes at which point the trial was terminated. At 
the conclusion of a trial, the lights in the flight room were turned 
off, and the birds returned through the remote door to their holding 
cage unassisted. We returned the birds to their home cages after the 
completion of trials for their cohort.

2.6  |  Statistical analyses

Alpha was set at 0.05 threshold for all analyses, and all analyses 
were performed using R Studio (R Core Team, 2018). Linear mixed 
effects models were performed using the ‘nlme’ package (Pinheiro 
et al., 2018), Poisson regressions were performed using the ‘lme4’ 
package (Bates et al., 2015), multiple comparisons were performed 
using the ‘multcomp’ package (Hothorn et al., 2008) and all data was 
manipulated using the ‘dplyr’ package (Wickham et al., 2018). All pro-
portion data were arcsine transformed to correct for non- normality 
but for visual clarity untransformed proportion scores are presented 
in figures. Trials in which an individual did not interact with any of 
the stimuli are excluded from analysis for all exploration related 
measures (e.g. time spent, visits). For caching measures (e.g. total 
caches, cache proportion) only trials in which at least one cache was 
deposited were analysed (trials removed, Exp. One: 5; Exp. Two: 38; 
Exp. Three: 1).

3  |  E XPERIMENT ONE: SITE 
IDENTIFIC ATION AND E XPLOITATION

In this experiment we assessed jays’ abilities to first identify and sub-
sequently exploit different tree species. Birds were allowed to cache 
freely in any of four tree species available.

3.1  |  Methods

3.1.1  |  Flight room

Stimuli for Experiment One were sections of trees with distributions 
that overlap with the geographic range of Canada jays in Ontario. 
We selected four sections from each of two coniferous species, red 
pine (Pinus resinosa), white spruce (Picea glauca) and two deciduous 
species, red maple (Acer rubrum) and white birch (Betula papyrifera; 
also referred to as paper birch) obtained in Elginfield, Ontario (16 
tree sections total). Tree sections were cut no more than 7 days prior 
to the beginning of the experiment and were approximately 0.25 m 
in diameter and ranged in height from 1.7 to 2.7 m. Sections included 
intact portions of trees including the truck, branches and foliage and 
were placed vertically with cut ends on the ground. For each testing 
day, a new spatial configuration of tree sections and new tree sec-
tions were used to control for both spatial preferences and possible 
preferences for particular tree sections. Spatial and section configu-
ration was established the evening prior to testing to allow the tree 
sections to warm up, and the resin to flow more freely.

3.1.2  |  Statistical analysis

Birds interacted with at least one tree in all trials (n = 64) and de-
posited at least one cache in 81% of trials (n = 52). We used linear 
mixed effects models to analyse time spent in each tree and cache 
locations. For the time spent model, the proportion of time spent 
in a given tree per trial was the response variable whilst for cache 
location model, the proportion of caches per tree in a given trial was 
the response variable. Trial number was nested within individual and 
was included as random effect.

To assess the exploitation of cache- sites, we compared the cach-
ing rate per tree using a Poisson regression. Caching rate was cal-
culated as the number of caches made per 10 min. Tree type was 
included as a covariate and individual was included as a random ef-
fect. We also assessed how likely an individual was to make a cache 
on each visit to a particular tree. Caches per 20 visits were calculated 
and a second Poisson regression was performed.

We used a one- way ANOVA to quantify differences in which tree 
species birds interacted with first on each trial. The proportion of tri-
als in which a bird interacted first with each species was included as 
the response variable. Data was collapsed across trials, as we had no 
reason to expect learning to occur due to the randomization of tree 
location and characteristics.

3.2  |  Results

3.2.1  |  First tree interaction

Canada jays demonstrated a strong preference for which tree spe-
cies they interacted with first (F3,1 = 13.5, p < .0001; Figure 2a). Jays 
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preferred the white spruce over the red pine (Tukey's: p = .0011), red 
maple (p < .0001) and white birch (p = .0001). All other comparisons 
were nonsignificant (Tukey's: p > .05 for all).

3.2.2  |  Time spent

Canada jays also demonstrated a strong preference for the tree spe-
cies in which they spent the most amount of time in (F3,1 = 38.3, 
p < .0001; Figure 2b). As with cache location, jays spent the most 
time in the white spruce (51.63% of all time) compared to red pine 
(20.01%; Tukey's: p < .0001), red maple (10.70%; p < .0001), or white 
birch (17.66%; p < .0001) but showed no preferences between the 
other three trees (Tukey's: p > .05 for all remaining comparisons).

3.2.3  |  Cache location

Canada jays demonstrated a strong preference for tree species 
when caching (F1,3 = 50.6, p < .0001; Figure 2c). Jays preferred to 
cache in white spruce (63.08% of all caches) over red pine (17.64%; 
Tukey's: p < .0001), red maple (10.74%; p < .0001) and white birch 
(8.54%; p < .0001) but showed no preferences between the other 
three trees (Tukey's: p > .05 for all remaining comparisons).

3.2.4  |  Caching rate and frequency

Tree species had a significant effect on the rate at which Canada 
jays chose to cache in them (X2

3
, = 9.56, p = .023; Figure 2d). Canada 

jays cached more frequently in the spruce tree over the white birch 
(Tukey's: p = .027); however, all other comparisons were not statisti-
cally significant.

Canada jays’ propensity to deposit a cache on a given visit also 
varied by tree species (X2

3
, = 19.96, p < .0001; Figure 2e). Canada jays 

were more likely to make a cache on a given visit to the spruce tree 
rather than to either the maple (Tukey's: p = .001) or the white birch 
(p = .006). We found no difference for how likely individuals were to 
deposit a cache when visiting either the spruce or pine trees.

3.2.5  |  Location of inactivity

A total of twenty- five trials (39%) were ended due to inactivity, with 
each bird becoming inactive at least once. For 24 of these trials the 
inactivity occurred with the bird perched in a tree, whilst 1 ended 
with bird on the ground. Of the 24 trials in which birds became 
inactive whilst perched, 18 (75%) occurred whilst the bird was in 
the white spruce tree. The remaining trials were ended with birds 
perched in: red pine, 3; red maple, 1; white birch, 2.

F I G U R E  2  Top row: mean proportion of (a) first visits, (b) time spent and (c) caches in branches of each tree species. Bottom row: mean 
number of (d) caches deposited per 10 min block and (e) caches deposited per 20 visits in branches of each tree species. Dashed lines 
represent the 0.25, chance level. Tree species are identified by two- letter abbreviations: RP, Red pine; WS, White spruce; RM, Red maple; 
WB, White birch. Lower- case letters that are not shared indicate a significant difference at p < .05
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3.3  |  Discussion

Canada jays were able to both identify and subsequently exploit 
beneficial conifer caching locations. Birds quickly identified and 
spent a disproportionate amount of time in the white spruce tree, 
followed by the red pine. Additionally, Canada jays cached at higher 
rates, and more frequently in the conifer species than the deciduous 
species.

We next attempted to determine how birds can identify these 
trees. We tested whether the cue differentiating the preferred coni-
fer species was olfactory.

4  |  E XPERIMENT T WO: OLFAC TORY 
IDENTIFIC ATION OF C ACHE- SITES

In this experiment we assessed birds’ abilities to identify, and sub-
sequently exploit cache- sites based on olfactory cues. Because the 
suspected mechanism of increased cache preservation is volatile 
compounds in conifer resin (Strickland et al., 2011), we expected 
olfactory cues to be a strong indicator of potential cache preserva-
tion. As Canada jays demonstrated a preference for conifer species 
in Experiment One, and because deciduous trees lack volatiles used 
to produce strong scents, we used only conifer odours in this ex-
periment. Additionally, it has been shown that even within conifers, 
some species preserve caches better than others (Strickland et al., 
2011), making the distinction between conifer trees important.

4.1  |  Methods

4.1.1  |  Flight room

Stimuli for Experiment Two were custom made caching boards. 
Boards were made from commercially available SPF dimensional 
lumber and were cut, drilled and allowed to dry indoors for at 
least 10 days to reduce existing scent cues. Each board was 
1.6 m × 0.25 m and contained 12, 0.5 cm diameter holes for cach-
ing. Caching holes were arranged in three columns, with holes in 
each column spaced 0.25 m apart. The lowest hole in the outer 
two columns was 0.80 m from the ground. Each hole had a perch 
0.05 m below it. The lowest hole in the centre column was at 
0.68 m and holes in this column did not have perches. All caching 
locations were accessible to all birds.

Olfactory cues were provided by spraying one of four scented 
mixtures of water and commercially available essential oils (1% oil; 
Aliksir Essential Oils) on each of four caching boards daily. Scented 
mixtures were shaken immediately before being sprayed and were 
sprayed until the caching board was visibly wet. Olfactory cues 
were easily detected by human researchers. Each scented mixture 
was applied to an individual board, resulting in four distinct scent 
caching boards.

We selected oils from four coniferous species because of 
birds’ demonstrated preferences for caching in conifer species 
(Experiment One). Scents selected for this experiment were white 
pine (Pinus strobus), white spruce (Picea glauca), balsam fir (Abies bal-
samea) and eastern hemlock (Picea glauca). For each testing day, a 
new spatial configuration of caching boards was used to control for 
spatial preferences.

4.1.2  |  Statistical analysis

Birds interacted with at least one caching board in 67% of trials 
(n = 32) and deposited at least one cache in 34% of those trials 
(n = 11). We used linear mixed effects models to analyse birds’ tree 
species preferences for number of visits, time spent in each tree and 
for cache location. We did not analyse the exploitation of site due to 
the low number of trials in which caches were deposited.

4.2  |  Results

Canada jays did not differ in the number of visits they made to a 
location (F3,93 = 0.86, p = .47; Figure 3a), or the time they spent inter-
acting with each of the scented caching boards (F3,93 = 0.95, p = .42; 
Figure 3b). Additionally, Canada jays did not preferentially cache in 
any of the scented boards (F3,30 = 0.88, p = .46; Figure 3c).

4.3  |  Discussion

We found no evidence to suggest that Canada jays use olfactory 
cues to discriminate between potential caching sites. Whilst it is pos-
sible that olfaction does plays a role in the discrimination process, 
olfactory cues alone do not appear sufficient to elicit a behavioural 
response. We suggest that olfactory cues may be indistinguishable 
in a mixed forest, or that the birds simply rely on more obvious visual 
cues to identify trees.

5  |  E XPERIMENT THREE: STRUC TUR AL 
IDENTIFIC ATION OF C ACHE- SITES

Inherently, with different tree species, different structural configu-
rations are common. For example, typical conifer trees have many 
branches protruding perpendicularly from a central trunk in all di-
rections whilst deciduous trees often have fewer branches protrud-
ing at angles. There are also obvious foliage differences, adding to 
the visual information available to caching birds. In this experiment 
we assessed birds’ abilities to identify, and subsequently exploit 
cache- sites based on structural cues. For our purposes, we focused 
on the branchiness of a tree most closely resembling a conifer 
configuration.
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5.1  |  Methods

5.1.1  |  Flight room

Stimuli for Experiment Three were custom made artificial trees. 
Trees were composed of a 0.05 × 0.05 × 2.0 m trunk and 0.02 m 
diameter dowel branches of varying lengths at various heights. In 
total, all trees had a total branch length of 1.22 m and mean branch 
height of 1.37 m. Trees were constructed to have either 2, 4, 6, 
or 8 evenly spaced branches in order to give the trees different 
structural configurations. Equal numbers of branches protruded 
in all directions for the 4-  and 8- branch trees. Branches were per-
pendicular to one another on the 2- branch tree. The 6- branch tree 
had one branch protruding in each direction, with two additional 
branches as the lowest two branches that were perpendicular to 
one another. No branch protruded in the same direction as the 
branch either immediately above or below it. For each testing day, 

a new spatial configuration of trees was used to control for spatial 
preferences.

5.1.2  |  Statistical analysis

Birds interacted with at least one artificial tree in all trials (n = 49) 
and deposited at least one cache in 98% of those trials (n = 48) were 
analysed. We used linear mixed effects models to analyse birds’ 
preferences for individual artificial trees for time spent, number of 
visits and caches deposited.

5.2  |  Results

Birds demonstrated no preferences in the number of times they vis-
ited a particular tree (F3,144 = 1.61, p = .19; Figure 4a). There was 
a main effect of location on time spent (F3,144 = 0.2.89, p = .04; 

F I G U R E  3  (a) number of visits, (b) mean proportion of time spent 
and (c) mean proportion of caches deposited by birds in each of 
the four scented caching boards. The dashed line indicates chance, 
0.25. Olfactory cues are identified by two- letter abbreviations: RP, 
Red pine; WS, White spruce; BF, Balsam fir; EH, Eastern hemlock. 
Alpha for all tests was set at 0.05, ‘n.s.’ indicates nonsignificant 
differences

F I G U R E  4  (a) number of visits and mean proportions of (b) time 
spent and (c) caches deposited by birds in each of the four artificial 
trees. The dashed line indicates chance, 0.25. Structural cues are 
the number of branches on each tree (e.g. 2, two- branch). Lower- 
case letters that are not shared indicate a significant difference at 
p < .05, ‘n.s.’ indicates a nonsignificant difference
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Figure 4b), but post hoc tests revealed no significant pairwise dif-
ferences (Tukey's: all comparisons >0.05). Birds did, however, dem-
onstrate a preference for the proportion of caches they deposited 
in each location (F3,141 = 3.86, p = .01; Figure 4c). Individuals cached 
significantly more items in the eight- branch tree than any of the 
other trees (Tukey's: all ≤0.05), but had no preference between the 
six- , four-  and two- branch trees (all >0.05).

5.3  |  Discussion

We found evidence that Canada jays preferentially cached in the 
eight- branch tree. Because there were no differences in the time 
spent in each tree, we take this as evidence that Canada jays are 
responding to the structural cues, and actively selecting the tree 
with the most branches for caching. We believe the main effect of 
location on time spent was driven by the increased time spent in 
the two- branch tree compared to the other three trees, but because 
there are no significant pairwise comparisons, we do not believe this 
effect is informative.

6  |  GENER AL DISCUSSION

The overall aim of our study was two- fold. First, we assessed Canada 
jays’ ability to identify and exploit beneficial cache locations. Second, 
we aimed to evaluate two potential factors that individuals could be 
using to decide between potential caching locations. We found that 
Canada jays quickly identify white spruce and red pine, and prefer-
entially cache in these species compared to deciduous trees, with a 
stronger preference for spruce trees. Further, we found evidence to 
suggest that Canada jays use structural features of trees when mak-
ing caching decisions.

Conifer species, specifically spruce trees, preserve cached 
perishable food better than other tree species (Sechley et al., 
2015; Strickland et al., 2011). Additionally, as Canada jays’ caches 
are most at risk from acute pilferage at the time of caching (Burnell 
& Tomback, 1985; Rutter, 1972), caching amongst an abundance of 
branches (and needles) may help to disguise the location of caches 
(broadly reviewed in Dally et al., 2006). Whilst the forest com-
position of territories jays inhabit has long been assumed to be 
related to food- caching preferences, our results provide a key em-
pirical link showing that Canada jays do indeed prefer to cache in 
tree species most suitable for long- term cache preservation. The 
active exploitation of conifers for caching provides a potential ex-
planation for the link between conifer density and Canada jay ter-
ritory occupancy described by Strickland et al. (2011), especially 
considering that Canada jays do not consume conifer seeds (Dow, 
1965; Strickland & Ouellet, 2020). That is, territories with a higher 
proportion of spruce provide higher quality caching locations for 
long- term food storage and individuals are exploiting these loca-
tions, leading spruce- dominated territories to be occupied more 
than other habitat types.

Additionally, we have shown that Canada jay's process and use 
trees’ structural cues when assessing potential cache locations. 
There are a variety of potential explanations for this preference. 
Perhaps the most obvious is that the trees with the most branches 
reflect most closely the physical characteristics of mature conifer 
species, including spruce. The series of branches extending out from 
the trunk allows Canada jays to move through the artificial tree most 
similarly to how individuals move through conifers. Additionally, it 
is possible that because there are more intersections with the trunk 
and exposed ends of branches, there were more caching sites avail-
able. Although birds cached along the entire length of branches in 
Experiment Three, the intersection of the branches and the trunk, 
and the exposed end of the branch were used by multiple individu-
als as caching locations. Previous research has shown that the num-
ber of potential nesting sites in a location plays an important role 
in determining the level of nest predation, and thus nest location 
choice (Martin, 1993), and the same could be true for cache- site se-
lection; the more potential sites available the less likely a cache is to 
be pilfered.

Interestingly, Canada jays only preferred the 8- branch tree 
when caching, but not when entering the room (first tree visited) or 
when making decisions where to perch. We suspect this is because 
whilst the structural characteristics of the tree appear important 
for caching, they are less important or useful for discriminating 
tree species when other visual cues (e.g. foliage) might be more 
salient. As noted above, Canada jays are typically found in areas of 
dense conifer growth (Strickland & Ouellet, 2020). This suggests 
that Canada jays may be reliant on habitat imprinting to identify 
particular species.

Though we have found evidence that Canada jays actively exploit 
their environment to their potential benefit, we acknowledge that 
our sample could be biased. Despite efforts to limit potential biases 
within our sample, based on the STRANGE framework (Webster & 
Rutz, 2020) our sample could have been biased in four of the seven 
STRANGE factors. Birds that participated in this study were cap-
tured in the same general area, using a single trapping method, and 
thus, could be biased in the (1) Trappability and self- selection and 
(2) Genetic make- up factors. Additionally, our sample remained in 
captivity for approximately 12 months between Experiment One 
and Experiments Two and Three resulting in possible biases in the 
(3) Natural changes in responsiveness factor. Finally, our sample 
participated in other captive experiments whilst in captivity, which 
could have resulted in bias in the (4) Experience factor. As noted, 
steps were taken to minimize potential biases, including ensuring 
that birds were collected as far apart as possible (within the per-
mitted area), housing birds in semi- natural conditions when possible 
and providing environmental enrichment. As such, we feel as though 
our sample is a representative of Canada jays living in the southern 
portion of their range. Regardless, we encourage caution when gen-
eralizing our results and suggest that any interpretations be made 
with the identified potential biases in mind.

Successful food- caching is essential to long- term Canada 
jay survival. Canada jays rely on their caches for provisioning 
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their offspring and are food limited during the breeding season 
(Derbyshire et al., 2015). Unexpected or increased degrada-
tion of caches can lead to population- wide effects (Sutton et al., 
2019, 2021) and could have long- term effects on populations of 
food- caching birds, especially those that are already food limited 
(Derbyshire et al., 2015).

Food- caching birds remember various details about their caches 
including location, contents, and even the relative time when the 
cache was made (Sherry, 1984; Clayton & Dickinson, 1998; and re-
viewed in Sherry, 2017). Our results suggest Canada jays can ac-
tively evaluate and process information about cache- sites prior to 
caching and use this information to inform caching decisions. The 
results also support the idea that Canada jay breeding success, 
abundance and distribution is closely associated with the availabil-
ity of high- quality habitat, specifically a high density of spruce, be-
cause these trees may best preserve caches (Sechley et al., 2015; 
Strickland et al., 2011).
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