
1Scientific Reports |          (2020) 10:394  | https://doi.org/10.1038/s41598-019-56138-y

www.nature.com/scientificreports

Individual exploratory responses 
are not repeatable across time or 
context for four species of food-
storing corvid
Alizée Vernouillet   1 & Debbie M. Kelly1,2*

Exploration is among one of the most studied of animal personality traits (i.e., individual-level 
behavioural responses repeatable across time and contexts). However, not all species show clear 
evidence of this personality trait, and this is particularly so for members of the Corvidae family. We 
assessed the exploratory behaviour of four food-caching corvid species: pinyon jays (Gymnorhinus 
cyanocephalus), Clark’s nutcrackers (Nucifraga columbiana), California scrub jays (Aphelocoma 
californica), and black-billed magpies (Pica hudsonia). Contextual repeatability was assessed through 
examining behavioural measures during the Novel Environment task and the Novel Object task, 
whereas temporal repeatability was assessed by examining changes in these measures over repeated 
trials. Our results suggest that, for corvids, an individual’s exploratory behaviour was not repeatable 
across contexts or over time. Hence, we found no evidence that exploration constitutes a personality 
trait for these species of corvid. We did find differences in exploratory behaviour, at a species level, that 
may be explained by relative reliance on cached food.

Animal personality has been defined as a suite of behaviours that differs among individuals but is repeatable across 
time and contexts within an individual1–4. For several decades, animal personality has been investigated using a 
wide range of species, including invertebrates, birds, mammals, reptiles, amphibians, and fish2,5,6. For non-human 
animals, five personality traits are often investigated: exploration, neophobia, aggressiveness, sociability, and activ-
ity4,7. These traits may have important implications at the individual level as well as at the species level, as they may 
influence the fitness of individuals4,8. For this reason, it is important to examine whether animals have repeatable 
behavioural responses to better understand how they cope with novel or changing environments.

Exploration of novel environments and novel objects allow individuals to learn about their social and physical 
surroundings, as well as encounter new resources4,9. However, exploration of novelty can also be associated with 
an increased risk of predation4. For this reason, an individual’s exposure to novelty may trigger two seemingly 
opposite, yet independent, responses within an individual: avoidance (i.e., neophobia) and approach or explora-
tion10,11. Neophobia may interfere with exploration, because if an individual is avoiding novelty, the individual 
will have fewer opportunities to explore or interact with a novel stimulus10. To optimize the value gained from 
exploring novelty, individuals need to balance the potential benefit of exploring and the risks of increased preda-
tion. As animals are frequently exposed to novelty, and these experiences may be on the rise due to an increase in 
human-induced environmental changes12, it is becoming increasingly important to understand how individuals 
explore novelty to better evaluate whether these environmental changes affect species differently.

To assess an individual’s exploratory behaviour, two tasks have been commonly used for studies of 
non-human animals: the Novel Environment task and the Novel Object task (for a review see13). During the 
Novel Environment task, an individual is placed in an unfamiliar environment, and the number of movements 
made within the environment is viewed as a measure of spatial exploration13,14. During the Novel Object task, 
an individual is presented with a single novel object within a familiar environment (such as a home cage), and 
the latency to approach the object is viewed as a measure of object exploration13,14. Both tasks have been used to 
investigate whether an individual’s exploratory behaviour changes during its development15, or correlates with 
other personality traits13, fitness8 or cognitive abilities16.
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To determine whether an individual’s exploratory behaviour is a personality trait, it has to be repeatable across 
contexts (i.e., contextual repeatability17) and over time (i.e., temporal repeatability). To investigate whether an 
individual’s exploratory behaviour is repeatable across different contexts, previous studies have administered 
the Novel Environment and the Novel Object tasks together to assess whether the main behaviours measured 
during these tasks correlate at an individual level14,18–20. Similarly, to investigate whether an individual’s explora-
tory behaviour is repeatable over time, previous studies have administered the tasks multiple times to assess the 
repeatability of the main behavioural measures at an individual level21,22. Using this approach, the presence of 
personality traits has been supported for multiple species (e.g., Eurasian blackbirds23, great tits24–26, mallards27, 
starlings28, zebra finches29). However, studies focusing on species within the Corvidae family have shown that 
exploratory responses may not be correlated across tasks15,20, nor repeatable over time21, suggesting instead that 
exploration may be context-dependent. Hence, investigating corvids’ exploratory behaviour, including whether it 
is context-dependent, provides us with an opportunity to understand the potential uniqueness of this bird family 
among other animal species.

Despite the growing number of studies focusing on animal personality, how and why different personalities 
evolved and persist remains unclear. Since an individual’s behavioural responses may be constrained across time 
and contexts, this apparent inflexibility can be maladaptive in some situations. However, researchers have sug-
gested that this apparent inflexibility may be the result of a trade-off between current and future reproduction30 
or an adaptation to a changing environment31, resulting in the presence of a great range of personalities within a 
population.

One avenue to gain insight into the evolutionary basis for the existence of animal personalities is to use a com-
parative approach4,32. Comparative studies allow researchers to isolate a factor that may explain why species differ 
in their behavioural responses. Yet, studies that have focused on the comparison of personality traits in related 
species remain limited (but see32–35). For this reason, we chose related species of North American corvid to assess 
the contextual and temporal repeatability of an individual’s exploratory behaviour. Pinyon jays (Gymnorhinus 
cyanocephalus) and Clark’s nutcrackers (Nucifraga columbiana) are two closely-related corvid species that rely 
heavily on thousands of cached pine nuts to survive through the winter36. Both species can be sympatric and 
display cache protection strategies when observed by conspecifics (Clark’s nutcrackers37, Clark’s nutcrackers and 
pinyon jays; Vernouillet et al., in prep). However, pinyon jays and nutcrackers differ in their relative sociality: 
pinyon jays are highly social, as they live in large flocks of hundreds of individuals38, whereas Clark’s nutcrackers 
are less social, as their social group usually comprises only the mating pair and their offspring of the year39. To fur-
ther our comparative analyses, we also included results from a previously published study20 of two other related 
North American corvid species, black-billed magpies (Pica hudsonia) and California scrub jays (Aphelocoma cal-
ifornica), which participated in the same Novel Environment task20 as the pinyon jays and Clark’s nutcrackers in 
the current study. However, their relative sociality is intermediary in comparison to that of pinyon jays and Clark’s 
nutcrackers. Magpies’ social structure usually consists of non-territorial pairs that gather in small flocks40,41, and 
Western scrub jays form small flocks of semi-territorial mating pairs40,42. California scrub jays cache fewer food 
items, and rely on these caches for shorter periods of time36,43, compared to pinyon jays and Clark’s nutcrack-
ers. Black-billed magpies, although a food-caching corvid, only cache items for a few hours to days, and are 
primarily considered to be an opportunistic omnivore41,44,45. All four species are year-round residents in North 
America38–42. Including data from these two species, in addition to those collected from Clark’s nutcrackers and 
pinyon jays in the current study, allowed us to more closely examine the contribution of relative sociality and 
feeding ecology to exploration in corvids.

The current study aimed to investigate the exploratory behaviour of corvids at the individual level and species 
level. At the individual level, we examined whether an individual’s exploratory behaviour constituted a personal-
ity trait. For this purpose, we assessed the temporal repeatability and the contextual repeatability of an individual’s 
exploratory behaviour. At the species level, we investigated whether corvids differed in their exploration by com-
paring the behavioural responses of four closely-related North American corvid species.

Methods
Subjects.  Pinyon jays and Clark’s nutcrackers actively participated in this experiment (n = 12 for each species; 
seven female jays, six female nutcrackers). Additionally, we used previously published data20 from California 
scrub jays and black-billed magpies (n = 7 for each species; four female jays, three female magpies) housed in the 
same laboratory. Nutcrackers and both jay species were wild-caught as adults around Flagstaff (Arizona, USA), 
whereas magpies were wild-caught as pre-fledglings around Saskatoon (Saskatchewan, Canada) and hand-raised 
in captivity. All individuals were kept in captivity for approximately seven years, and had previous unrelated 
experiments (e.g., concept learning46,47; caching experiments37,48). 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 complied with the guidelines set by the 
Canadian Council on Animal Care.

All individuals were housed in individual cages (jays: 51 × 51 × 72 cm, width x depth x height; nutcrackers 
and magpies: 82 × 54 × 76 cm), with multiple wood perches, at the University of Manitoba. Both jay species were 
held in the same colony room, whereas nutcrackers and magpies were held in a species-specific colony room. 
Colony rooms were maintained at 22 °C with a 12:12 day-night cycle, with light onset at 0700. Birds were given an 
ad libitum amount of water and grit during the study. Their regular diet consisted of parrot pellets, turkey starter, 
sunflower seeds, pine nuts, mealworms, peanuts, oyster shells, and a vitamin supplement Prime®.

The experimental procedures used during the Novel Environment task for the scrub jays and magpies were 
the same as reported here.
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Exploration tasks.  To assess an individual’s exploratory behaviour, we used: the Novel Environment task 
and the Novel Object task (adapted from14). To measure the temporal repeatability of an individual’s exploratory 
behaviour, we conducted multiple trials of each task. During the first day, subjects received the first trial of the 
Novel Environment task. During days two through five, the subjects received four trials, one trial per day, of 
the Novel Object task. The second trial of the Novel Environment task was conducted six to eight months later. 
During the intermediary period, individuals participated in an unrelated caching experiment (i.e., pinyon jays 
and nutcrackers, Vernouillet et al., in prep) or in an inhibitory control experiment (i.e., scrub jays and magpies20), 
which was conducted in a room different from that used in the current study. Testing time of the day and order of 
individuals were randomized across species and individuals. All trials were video-recorded using an Everfocus® 
1/3″ colour digital camera.

Novel environment task.  Materials. Two different environments of the same size (221 × 312 × 200 cm, width 
× length × height) were used. All individuals experienced each environment in the same order. The size of 
the environments and the flooring material were similar to equate the amount of exploratory space and tactile 
experiences, respectively. To ensure the environments were perceived as novel, several visual properties differed 
between the two environments: one longer wall was covered by a cloth curtain in the first environment, whereas 
one shorter and two longer walls were covered by plastic curtains in the second environment. Five artificial trees 
made of laminate wood (61 × 86 cm, width × height), affixed to a wooden base14,20 were spaced evenly throughout 
the environment, and in the same locations for both environments. Each tree had four branches, comprised of 
perches used in the birds’ home cages. Birds were never exposed to the artificial trees nor to the environments 
prior to the current experiment.

Procedures. Individuals had ad libitum access to food prior to the start of each trial for at least 24 hours (max-
imum 30 hours), to control for food motivation. Within the experimental environment, a bird was placed in a 
wooden “start” box (31 × 38 × 32 cm, width × length × height) on the floor, along one of the shorter walls of the 
environment. To start a trial, the door of the start box was remotely opened. Birds were then permitted to move 
freely within the environment for a total of 20 minutes once the trial started. We did not force entry into the envi-
ronment to better assess an individual’s self-motivated spatial exploration13.

Behavioural measures for the novel environment task (NE). For each trial four dependent measures were 
recorded: (1) NE Exit Latency – duration in seconds from when the start box door was opened to when the 
individual exited (i.e., when the bird’s entire body was out of the start box), (2) NE First Visit Latency – duration 
in seconds for an individual to visit the first tree (i.e., perching on at least one of a tree’s branches) from when 
it exited the start box, (3) NE Number of Trees – number of trees visited at least once, and (4) NE Number of 
Movements – number of “movements” made in the environment (i.e., individual flying or walking from one loca-
tion to another, with a minimum of two seconds latency between movements). If an individual did not exit the 
start box within 20 minutes, it was given a NE Exit Latency of 1200 seconds; if an individual did not visit any of 
the trees within 20 minutes it was given a NE First Visit Latency of 1200 seconds and a NE Number of Trees of 0.

Novel object task.  Materials. All trials were conducted in the same environment as used during the first trial 
of the Novel Environment task, and the start box remained in the same position. The birds experienced a total 
of four trials, each with a different object placed at the centre of the environment, and visible from the start box 
(Trial 1: red cup, Trial 2: green poker chip, Trial 3: black bottle, Trial 4: yellow plastic duck). The objects were 
selected to be distinctive, and small enough to allow individuals to interact with them. Only pinyon jays and 
nutcrackers performed this task.

Procedures. Birds were provided with ad libitum availability to food for at least 24 hours (maximum 30 hours) 
prior to the start of each trial to control for food motivation. Each trial started with the remote opening of the 
start box. Birds were permitted to move freely within the environment for 10 minutes. We did not force the entry 
into the environment nor place a food reward beside the novel object to better assess an individual’s interest to 
explore the object13.

Behavioural measures for the novel object task (NO). For each trial, three dependent measures were recorded: 
(1) NO Exit Latency – duration in seconds from the start of the trial to when the individual exited the start box 
(i.e., when the bird’s entire body was out of the start box), (2) NO Approach Latency – duration in seconds from 
when the individual exited the start box to when it approached within a radius of 50 cm of the novel object, and 
(3) NO Duration Close – relative duration spent less than 50 cm from the object (i.e., duration spent less than 
50 cm from the object divided by duration spent outside of the start box [600 – NO Exit Latency]). If an individual 
did not exit the start box during a trial it was given a NO Exit Latency of 600 seconds; if a bird did not approach 
within 50 cm of an object, it was given a NO Approach Latency of 600 seconds and a NO Duration Close of 0.

Analyses.  All statistical analyses were conducted in R49 using car50, dunn.test51 and rptR52 packages. Alpha 
values of p < 0.05 were considered significant.

Individual responses to novelty.  To assess whether dependent variables measured the same behaviour, we per-
formed Spearman correlations between all measures collected within each task with a Bonferroni correction.

Temporal repeatability of an individual’s behavioural measures.  To assess whether an individual’s behaviour dur-
ing each task was repeatable, we ran one general linear mixed model for each behavioural measure collected to 
partition variance and calculated the adjusted repeatability (R) as the ratio of variance among individuals divided 
by total variance (individual plus residual variance) for each species using the rpt function of the rptR package52. 
We fit each model with a Poisson error structure since behavioural measures were count data and latencies and 
were not normally distributed. Models included trial number as a fixed effect and bird identity as a random 
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effect53. We conducted parametric bootstrapping (n = 1,000 loops) to estimate 95% confidence intervals, and 
likelihood ratio tests to calculate p values for each repeatability estimate.

Contextual repeatability of an individual’s behavioural measures.  To determine the contextual repeatability of 
an individual’s exploratory behaviour across tasks, we performed Spearman correlations between all repeatable 
measures using the data collected during the first trial of each task with a Bonferroni correction.

Behavioural variability at the species level.  To compare the exploratory behaviours between corvid species, we 
performed Kruskal-Wallis tests on all variables for the Novel Environment task and Mann-Whitney tests on all 
variables for the Novel Object task. To compare the inter-individual variability between species, we performed 
Levene’s tests on all variables collected using the car package, and HSD Tukey’s tests for post-hoc comparisons 
using the dunn.test package.

Results
Overall species results.  Novel Environment.  During the first trial of the Novel Environment task, thir-
ty-eight birds (n = 12 pinyon jays, n = 12 nutcrackers, n = 7 scrub jays, and n = 7 magpies) were tested. We found 
differences in the behavioural variables collected in the four corvid species (see Table 1 for all species comparisons 
using Kruskal-Wallis tests). Pinyon jays visited more trees than magpies (Dunn’s multiple comparison post-test: 
NE Number of Trees: p = 0.022) and nutcrackers made more movements than magpies (Dunn’s multiple compar-
ison post-test: NE Number of Movements: p = 0.012).

Thirty-three birds (n = 10 pinyon jays, n = 10 nutcrackers, n = 7 scrub jays, and n = 6 magpies) participated 
in the second trial of the NE task. We found differences in the behavioural variables collected in the four cor-
vid species (see Table 1 for all species comparisons). Pinyon jays had a lower latency to exit the start box than 
nutcrackers (Dunn’s multiple comparison post-test: NE Exit Latency: p = 0.001), scrub jays (Dunn’s multiple 
comparison post-test: NE Exit Latency: p = 0.013) and magpies (Dunn’s multiple comparison post-test: NE Exit 
Latency: p = 0.008).

Novel object.  Twenty-three birds (n = 11 pinyon jays, and n = 12 nutcrackers) participated in all four trials of 
the NO task. We found some differences in the behavioural variables between the two corvid species (see Table 2 
for all species comparisons using Mann-Whitney tests). Nutcrackers had a lower latency to exit the start box 
during the first trial, but pinyon jays had a lower latency to exit the start box during the second and third trials. 
Nutcrackers had a lower latency to approach the novel object during the third trial.

Individual responses to novelty.  Novel environment.  For pinyon jays, NE Number of Trees and NE 
Number of Movements were positively correlated (rho = 0.84, p < 0.001; Table S1), indicating that individuals 
who made more movements in the environment tended to visit more trees. The NE Number of Trees and NE First 
Visit Latency tended to be negatively correlated (rho = −0.36, p = 0.096; Table S1), indicating that individuals 
who visited the first tree earlier in the trial tended to visit more trees. No other behavioural measures significantly 
correlated (Table S1).

For nutcrackers, NE Exit Latency positively correlated with NE First Visit Latency, indicating that individuals 
having a greater latency to exit the start box also had a greater latency to visit the first tree (rho = 0.45, p = 0.034; 
Table S2). Additionally, NE Number of Trees negatively correlated with NE First Visit Latency (rho = −0.63, 
p = 0.002) and positively with NE Number of Movements (rho = 0.55, p = 0.008; Table S2), indicating that indi-
viduals that visited more trees had a shorter latency to visit the first tree and made more movements. There was 
also a tendency for NE Number of Trees to be negatively correlated with NE Exit Latency (rho = −0.41, p = 0.056; 
Table S2), indicating that individuals who left the start box later in the trial tended to visit fewer trees. No other 
behavioural measures significantly correlated (Table S2).

Pinyon jays 
(M ± SE)

Clark’ nutcrackers 
(M ± SE)

Scrub jays 
(M ± SE)

Black-billed 
magpies (M ± SE) χ p

First trial

Exit Latency 24.2 ± 21.5 7.9 ± 2.1 146.4 ± 90.9 308.6 ± 171.6 7.33 0.062

First Visit Latency 187.9 ± 120.1 328.6 ± 150.1 178.0 ± 170.2 731.6 ± 192.1 7.49 0.058

Number of Trees 2.6 ± 0.6 2.3 ± 0.5 1.9 ± 0.7 0.4 ± 0.2 8.06 0.045*

Number of 
Movements 24.2 ± 12.2 39.4 ± 11.2 17.7 ± 7.9 3.4 ± 1.3 8.38 0.039*

Second trial

Exit Latency 0.2 ± 0.1 343.0 ± 150.8 174.4 ± 170.9 423.8 ± 246.4 16.321 <0.001**

First Visit Latency 244.4 ± 159.3 634.1 ± 176.4 343.9 ± 220.5 600.2 ± 248.8 6.627 0.085

Number of Trees 1.7 ± 0.4 0.8 ± 0.5 1.3 ± 0.4 0.5 ± 0.2 5.573 0.134

Number of 
Movements 5.3 ± 1.5 15.4 ± 4.9 3.0 ± 0.8 2.5 ± 1.2 5.499 0.139

Table 1.  Behavioural measures collected during the Novel Environment task in four corvid species. Exit 
Latency, and First Visit were measured in seconds. Species comparisons were performed using Kruskal-Wallis 
tests. *p < 0.05, **p < 0.01.
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For scrub jays, only NE First Visit Latency and NE Number of Trees tended to negatively correlate 
(rho = −0.52, p = 0.054; Table S3), indicating that individuals who visited the first tree earlier in the trial tended 
to visit more trees. No other behavioural measures correlated (Table S3).

For magpies, NE Exit Latency positively correlated with NE First Visit Latency (rho = 0.82, p < 0.001; Table S4) 
and negatively correlated with NE Number of Trees (rho = −0.65, p = 0.017; Table S4), indicating individuals that 
had a greater latency to exit the start box also had a greater latency to visit the first tree and visited fewer trees. 
NE First Visit Latency and NE Number of Trees negatively correlated (rho = 0.83, p < 0.001), indicating that 
individuals who visited the first tree earlier in the trial tended to visit more trees. No other behavioural measures 
correlated (Table S4).

Novel object.  For pinyon jays, NO Duration Close was negatively correlated with NO Exit Latency (rho = −0.44, 
p = 0.005; Table S5) and with NO Approach Latency (rho = −0.82, p < 0.001; Table S5). Individuals that spent a 
proportionally longer duration close to the object had a shorter latency to exit the start box and a shorter latency 
to approach the object once out of the start box.

For nutcrackers, NO Approach Latency was negatively correlated with NO Exit Latency (rho = −0.36, 
p = 0.011; Table S6) and with NO Duration Close (rho = −0.76, p < 0.001; Table S6), indicating that individuals 
that had a shorter latency to approach the novel object had a longer latency to exit the start box and spent rela-
tively more time close to the novel object.

Temporal repeatability of an individual’s behavioural measures.  Novel environment.  For indi-
vidual pinyon jays, NE Exit Latency and NE Number of Trees were not repeatable across trials (NE Exit Latency: 
n = 10, R = 0.20 [95% CI: 0.00-0.67], p = 0.306; NE Number of Trees: n = 10, R = 0.28 [95% CI: 0.00–0.54, 
p = 0.149), but NE First Visit Latency was (NE First Visit Latency: n = 10, R = 0.73 [95% CI: 0.18–0.95], p = 0.011) 
and there was a tendency for NE Number of Movements to be repeatable over trials (NE Number of Movements: 
n = 10, R = 0.53 [95% CI: 0.00–0.92], p = 0.053; Fig. 1).

For individual nutcrackers, NE Exit Latency, NE First Visit Latency and NE Number of Movements were not 
repeatable across trials (NE Exit Latency: n = 10, R = 0.00 [95% CI: 0.00–0.69], p = 1.000; NE First Visit Latency: 
n = 10, R = 0.27 [95% CI: 0.00–0.78], p = 0.184; NE Number of Movements: n = 10, R = 0.08 [95% CI: 0.00–0.70], 
p = 0.407), but there was a tendency for NE Number of Trees to be repeatable across trials (NE Number of Trees: 
n = 10, R = 0.46 [95% CI: 0.00–0.73], p = 0.092; Fig. 1).

For individual scrub jays, NE Number of Trees and NE Number of Movements were not repeatable across tri-
als (NE Number of Trees: n = 7, R = 0.30 [95% CI: 0.00–0.66], p = 0.249; Number of Movements: n = 7, R = 0.44 
[95% CI: 0.00–0.92], p = 0.162), but NE Exit Latency and NE First Visit Latency were (NE Exit Latency: n = 7, 
R = 0.65 [95% CI: 0.00–0.97], p = 0.031; NE First Visit Latency: n = 7, R = 0.59 [95% CI: 0.00–0.96], p = 0.045; 
Fig. 1).

For individual magpies, NE Exit Latency was not repeatable across trials (NE Exit Latency: n = 6, R = 0.36 
[95% CI: 0.00–0.92], p = 0.187), but NE First Visit Latency and NE Number of Movements were (NE First Visit 
Latency: n = 7, R = 0.90 [95% CI: 0.47–0.99], p < 0.001; NE Number of Movements: n = 6, R = 0.73 [95% CI: 
0.00–0.91], p = 0.028; Fig. 1). Repeatability for NE Number of Trees was not calculated as individuals only visited 
zero or one tree.

Novel object.  For pinyon jays, NO Approach Latency and NO Duration Close were not repeatable across trials 
(NO Approach Latency: n = 11, R = 0.00 [95% CI: 0.00–0.28], p = 1.000; NO Duration Close: n = 11, R = 0.00 
[95% CI: 0.00-1.00], p = 1.000), but there was a tendency for NO Exit Latency to be repeatable across trials (NO 
Exit Latency: n = 11, R = 0.21 [95% CI: 0.00–0.52], p = 0.082; Fig. 2).

Pinyon jays 
(M ± SE)

Clark’s nutcrackers 
(M ± SE) U p

First trial

Exit Latency 110.5 ± 73.0 45.8 ± 31.1 33.0 0.046*

Approach Latency 280.3 ± 91.8 196.9 ± 76.9 76.0 0.557

Duration Close 0.20 ± 0.03 0.11 ± 0.26 29.0 0.289

Second trial

Exit Latency 3.5 ± 1.7 107.2 ± 66.5 28.0 0.021*

Approach Latency 257.9 ± 81.4 311.6 ± 76.0 70.5 0.805

Duration Close 0.14 ± 0.29 0.02 ± 0.04 45.0 0.669

Third trial

Exit Latency 3.8 ± 0.8 160.5 ± 76.6 26.5 0.016*

Approach Latency 546.8 ± 49.2 297.9 ± 85.5 113.5 0.004**

Duration Close 0.00 ± 0.01 0.00 ± 0.01 33.0 0.384

Fourth trial

Exit Latency 56.9 ± 54.3 53.4 ± 49.7 45.0 0.208

Approach Latency 278.6 ± 91.8 279.9 ± 84.9 67.5 0.951

Duration Close 0.17 ± 0.31 0.07 ± 0.11 54.5 1.000

Table 2.  Behavioural measures collected during the Novel Object task in two corvid species. Exit Latency, 
and Approach Latency were measured in seconds. Duration Close was measured as a proportion. Species 
comparisons were performed using Mann-Whitney tests. *p < 0.05, **p < 0.01.
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For nutcrackers, NO Exit Latency and NO Approach Latency were repeatable over trials (NO Exit Latency: 
n = 12, R = 0.54 [95% CI: 0.16–0.78], p < 0.001; NO Approach Latency: n = 12, R = 0.47 [95% CI: 0.08–0.69], 
p < 0.001), but NO Duration Close was not (NO Duration Close: n = 12, R = 0.00 [95% CI: 0.00-1.00], p = 1.000; 
Fig. 2).

Contextual repeatability of an individual’s behavioural measures.  For pinyon jays, correlations 
between both tasks using repeatable variables were non-significant: 1) NE First Visit and NO Exit Latency 
(rho = 0.252, p = 0.454), and 2) NE Number of Movements and NO Exit Latency (rho = 0.030, p = 0.929).

For nutcrackers, correlations between repeatable variables between tasks were non-significant: 1) NE Number 
of Trees and NO Exit Latency (rho = 0.041, p = 0.899), and 2) NE Number of Trees and NO Approach Latency 
(rho = −0.266, p = 0.403).

Behavioural variability at the species level.  During the first trial of the Novel Environment task, the 
four species also displayed different amount of variability within NE Exit Latency, NE Number of Movements, 
and NE Number of Trees, but not within NE First Visit Latency (NE Exit Latency: F3,34 = 14.67, p < 0.001; NE First 
Visit Latency: F3,34 = 0.66, p = 0.580; NE Number of Movements: F3,34 = 3.762, p = 0.020; NE Number of Trees: 
F3,34 = 4.118, p = 0.014; Fig. 3). The inter-individual variability in the latency to exit the start box was significantly 
smaller for pinyon jays and nutcrackers than for scrub jays and for magpies (Tukey’s HSD: nutcrackers-magpies: 
p < 0.001; pinyon jays-magpies: p < 0.001; nutcrackers-scrub jays: p = 0.010; pinyon jays-scrub jays: p = 0.041); 
whereas the inter-individual variability for the number of movements made in the novel environment was only 
significantly greater for nutcrackers compared to magpies (Tukey’s HSD: nutcrackers-magpies: p = 0.014). 
Finally, inter-individual variability in the number of number of trees visited was significantly greater for 
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Figure 1.  Individual behavioural differences for the four dependent variables collected during the Novel 
Environment task in the four corvid species. Each line represents one individual. Significant repeatability 
estimates are indicated in bold.
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nutcrackers and pinyon jays than for magpies and tended to be greater for scrub jays than for magpies (Tukey’s 
HSD: nutcrackers-magpies: p = 0.028; pinyon jays-magpies: p = 0.012; scrub jays-magpies: p = 0.075).

During the first trial of the Novel Object task, we found no differences in the amount of variability for 
each behavioural variable between pinyon jays and nutcrackers (NO Exit Latency: F1,21 = 0.736, p = 0.401; NO 
Approach Latency: F1,21= 0.612, p = 0.443; NO Duration Close: F1,17 = 0.798, p = 0.384).

Discussion
The goals of our study were: (1) to determine the temporal and contextual repeatability of exploratory behaviour 
in corvids at the individual level, using two commonly-used exploration tasks (Novel Environment and Novel 
Object), and (2) to compare exploration among corvid species. Generally, our overall results showed that an indi-
vidual’s exploratory behaviour was not temporally repeatable. We also found that the behavioural measures of 
exploration at the individual level did not correlate between tasks, suggesting an individual’s exploratory behav-
iour was not contextually repeatable. Together, these results suggest that the behaviour assessed during the two 
tasks did not constitute a personality trait. However, we found some differences in the exploratory behaviour at 
the species level. During the Novel Environment task, magpies visited significantly fewer trees and made fewer 
movements than pinyon jays or nutcrackers, respectively. During the Novel Object task, pinyon jays and nut-
crackers differed in their latency to exit the start box. Finally, inter-individual variability in exploratory behaviour 
significantly differed between magpies and pinyon jays, as well as between magpies and nutcrackers.

Across four corvid species, we investigated whether an individual’s exploratory behaviour might be considered 
as a personality trait. Specifically, we investigated the temporal and contextual repeatability of an individual’s 
exploratory behaviour, by examining behaviour across repeated trials for two different tasks. Our results showed 
that only some behavioural variables were repeatable over time for each task and for each species. Particularly, 
the latency to visit the first tree was repeatable for three of the four corvid species during the Novel Environment 
task, and may be considered partial evidence supporting a personality trait. However, overall, the lack of repeat-
ability may also be partially explained by reduced novelty, as with repeated exposure the environment, novelty is 
necessarily reduced. As individuals became more familiar with the environment, the number of movements they 
made and the number of trees they visited decreased54,55. The species studied all are food-storing corvids with 
strong spatial memory capabilities, therefore it may be expected that these species would reduce exploration due 
to environmental familiarity. Thus, behavioural variables examined during subsequent trials may not accurately 
represent an individual’s exploratory behaviour in more novel envrionments13,56.
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Figure 2.  Individual behavioural differences for the three dependent variables collected during the Novel 
Object task in the two corvid species. Each line represents one individual. Significant repeatability estimates are 
indicated in bold.
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We found no contextual repeatability for the behavioural responses made by individual pinyon jays or nut-
crackers. We also did not find any significant correlations among the behavioural measures between the two 
tasks. This result indicated the lack of stability of an individual’s rank order relative to others. Overall, we 
found no evidence that individuals’ exploratory behaviours were repeatable across contexts for pinyon jays and 
Clark’s nutcrackers. These results support the idea that, instead, an individual’s exploratory behaviour may be 
context-specific in corvids20,21,57 (as has been shown for other species58–60).

Another possible explanation for our failure to find individual level temporal and contextual repeatability 
for exploratory behaviour may be that behavioural measures examined during these tasks were assessing dif-
ferent aspects of personality or that a combination of personality traits may be contributing to the measures; 
the measurements are not selective for only exploratory behaviour60,61. During our study, this explanation was 
supported by the fact that most of the behavioural measures examined did not correlate within a task. The Novel 
Environment task has been previously used to assess not only exploration, but also activity and neophobia, 
whereas the Novel Object task has been used to assess neophobia in addition to exploration13,62,63. By controlling 
for food motivation and not forcing the birds to enter into the novel environment, we aimed to limit the influence 
of neophobia on the behavioural measures we assessed13. Instead, the behavioural measures used to assess the 
approach and interaction an individual has with a novel object (i.e., exploration), was not confounded by the 
hunger state of the individual13. However, these manipulations may not have completely removed the influence 
of neophobia and other personality traits such as activity on the individuals’ behaviour. For instance, it is possible 
that measures, such as the number of movements an individual made, or the number of trees visited in a novel 
environment, may measure a combination of an individual’s exploratory and activity behaviour13. An individual’s 
latency to exit the start box and latency to approach the novel object, or visit the first tree, may be the combination 
of both neophobia and exploration10. Hence, the dependent variables collected during both tasks might assess 
a behaviour that depends on different personality traits rather than an intrinsic exploratory behaviour. For this 
reason, and as suggested by previous studies59,61, we stress that future research should attempt to validate the tasks 
used or the study of animal personality.

Species comparisons provide opportunities to examine the variability of behavioural responses at the level 
of a species4. Comparative studies of variability in individual’s behavioural responses across species are lim-
ited33,34,64–69, even though this approach is necessary to identify potential factors contributing to individual-level 
variability of behavioural responses among closely-related species. Previous comparative studies that focused 
on identifying factors influencing exploratory behaviour at a species level have identified three main factors: the 
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Figure 3.  Inter-individual variability in four North American corvid species tested in the Novel Environment 
task: (a) NE Exit Latency, (b) NE Number of Movements, and (c) NE Number of Trees. BBMA: black-billed 
magpies, CLNU: Clark’s nutcrackers, PIJA: pinyon jays, and SCJA: California scrub jays.
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relative sociality of the species (e.g., Social Niche Hypothesis70,71), the foraging ecology and habitat complexity of 
the species10,33,34,72, and the migratory patterns of the species67,73. During our study, we compared the exploratory 
behaviour among four corvid species, which differed in relative sociality and foraging ecology. Pinyon jays are 
highly social, magpies and scrub jays are intermediary, and Clark’s nutcrackers are less social44. Pinyon jays and 
Clark’s nutcrackers are both specialist foragers and rely on long-term caching of pine nuts to endure periods 
lacking resources38–40, scrub jays are generalists that rely relatively less on food caches, and finally magpies are 
opportunist omnivores that only cache food for hours to days36,41–45. Although we did not directly examine the 
influence of sociality and foraging ecology on the exploratory behaviour of our four corvid species, this study 
provides a first insight into the factors underlying potential behavioural differences among these corvids.

The Social Niche Hypothesis stipulates that group-living individuals may maintain stable social roles (i.e., 
social niches) to reduce conflicts with other group members over resources70,71. Consequently, more social 
species should have a greater number of social niches and greater inter-individual variability in personalities 
than less social species so that individuals do not overlap in their social roles. We found no significant differ-
ences in the inter-individual variability of the highly-social pinyon jays and less social nutcrackers. Additionally, 
black-billed magpies and scrub jays had greater individual-level variability in their latency to enter the novel 
environment than pinyon jays and nutcrackers. On the contrary, nutcrackers, pinyon jays and scrub jays had a 
greater inter-individual variability in the exploratory measures compared to magpies. Thus, although we found 
significant species differences in the inter-individual variability of exploratory responses, these differences do not 
align with the relative level of sociality of each species. However, this pattern may better align with the species’ 
relative reliance on food-storing – their foraging ecology. The two species that rely most on cached food (i.e., 
pinyon jays and Clark’s nutcrackers) did not differ in their inter-individual variability in the exploratory meas-
ures, but both significantly differed from black-billed magpies, which rely less on cached food. Furthermore, 
California scrub jays, showed intermediate exploratory behaviour, as would be predicted by their foraging ecol-
ogy. Additionally, our results showed that pinyon jays were faster to exit the start box and visited more trees than 
magpies, and nutcrackers made more movements than magpies. This pattern of species-level exploratory behav-
iour by food-caching corvids contradicts previous studies showing that generalist species are more exploratory 
than specialist species34,68,74. Instead, our results lend support to the idea that species relying on seasonal food 
resources are more exploratory11,33. Future research is necessary to determine whether corvids generally show dif-
ferent patterns of exploratory behaviour, compared to other birds, or if cache-reliance is driving these differences.

Other potential explanations exist for the differences in the exploratory behaviour between magpies and the 
other corvid species we examined. Perhaps the most interesting may be related to the rearing environment of the 
birds. The magpies were hand-raised, whereas the three other species were wild-caught as adults. To our knowl-
edge, the influence of developmental experiences on exploratory behaviour has not yet been examined in related 
corvid species. Thus, whether the pattern of results we found are affected by these early experiences will require 
future investigation.

In summary, the current study assessed the repeatability of an individual’s exploratory behaviour during 
two commonly-used tasks for four species of corvid. Our results support recent findings that exploration is 
context-dependent. Additionally, we showed that an individual’s exploratory behaviour as measured in these 
tasks does not seem to constitute a personality trait, as the temporal and contextual repeatability of the behav-
ioural variables collected during the two tasks was low. We recommend that future research focus on validat-
ing tasks used to assess an individual’s exploratory behaviour. We also suggest that future studies focus on the 
context-dependency of exploratory behaviour by corvids. At a species level, we found no supporting evidence that 
relative sociality, across closely-related species, explains inter-individual variability in exploration. Instead, at least 
for corvids, our results tend to support foraging ecology as an explanatory factor driving exploration.

Data availability
Data has been made available as Supplementary Material.

Received: 12 July 2019; Accepted: 2 December 2019;
Published: xx xx xxxx

References
	 1.	 Budaev, S. V. “Personality” in the guppy (Peocilia reticulata): a correlational study of exploratory behavior and social tendency. J. 

Comp. Psych. 111, 399–411 (1997).
	 2.	 Sih, A., Bell, A. & Johnson, J. C. Behavioral syndromes: an ecological and evolutionary overview. Trends Ecol. Evol. 19, 372–378 

(2004).
	 3.	 Gosling, S. D. From mice to men: what can we learn about personality from animal research? Psych. Bull. 127, 45–86 (2001).
	 4.	 Réale, D., Reader, S. M., Sol, D., McDougall, P. T. & Dingemanse, N. J. Integrating animal temperament with ecology and evolution. 

Biol. Rev. Camb. Philos. Soc. 82, 291–318 (2007).
	 5.	 Bell, A. M., Hankison, S. J. & Laskowski, K. L. The repeatability of behaviour: a meta-analysis. Anim. Behav. 77, 771–783 (2009).
	 6.	 Stamps, J. & Groothuis, T. G. G. The development of animal personality: relevance, concepts and perspectives. Biol. Rev. Camb. 

Philos. Soc. 85, 301–325 (2010).
	 7.	 Dougherty, L. R. & Guillette, L. M. Linking personality and cognition: a meta-analysis. Phil. Trans. R. Soc. B 373, 20170282 (2018).
	 8.	 Smith, B. R. & Blumstein, D. T. Fitness consequences of personality: a meta-analysis. Behav. Ecol. 19, 448–455 (2008).
	 9.	 Reader, S. M. & Laland, K. N. Animal innovation: an introduction in Animal Innovation (eds. Reader, S. M. & Laland, K. N.).
	10.	 Greenberg, R. & Mettke-Hofmann, C. Ecological aspects of neophobia and neophilia in birds. Curr. Ornith. 16, 119–178 (2001).
	11.	 Mettke-Hofmann, C. Cognitive ecology: Ecological factors, life-styles, and cognition. Wiley Interdiscip. Rev. Cogn. Sci. 5, 345–360 

(2014).
	12.	 Greggor, A. L., Clayton, N. S., Phalan, B. & Thornton, A. Comparative cognition for conservationists. Trends Ecol. Evol. 29, 489–495 

(2014).
	13.	 Greggor, A. L., Thornton, A. & Clayton, N. S. Neophobia is not only avoidance: improving neophobia tests by combining cognition 

and ecology. Curr. Opin. Behav. Sci. 6, 82–89 (2015).

https://doi.org/10.1038/s41598-019-56138-y


1 0Scientific Reports |          (2020) 10:394  | https://doi.org/10.1038/s41598-019-56138-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

	14.	 Verbeek, M. E. M., Drent, P. J. & Wiepkema, P. R. Consistent individual differences in early exploratory behaviour of male great tits. 
Anim. Behav. 48, 1113–1121 (1994).

	15.	 Miller, R., Bugnyar, T., Pölzl, K. & Schwab, C. Differences in exploration behaviour in common ravens and carrion crows during 
development and across social context. Behav. Ecol. Sociobiol. 69, 1209–1220 (2015).

	16.	 Guillette, L. M., Reddon, A. R., Hurd, P. L. & Sturdy, C. B. Exploration of a novel space is associated with individual differences in 
learning speed in black-capped chickadees, Poecile atricapillus. Behav. Proc. 82, 265–270 (2009).

	17.	 Cauchoix, M. et al. The repeatability of cognitive performance: a meta-analysis. Philos. Trans. R. Soc. Lon. B. Biol. Sci. 373, 20170281 
(2018).

	18.	 Fox, R. A., Ladage, L. D., Roth, T. C. II & Pravosudov, V. V. Behavioural profile predicts dominance status in mountain chickadees, 
Poecile gambeli. Anim. Behav. 77, 1441–1448 (2009).

	19.	 Schuett, W., Laaksonen, J. & Laaksonen, T. Prospecting at conspecific nests and exploration in a novel environment are associated 
with reproductive success in the jackdaw. Behav. Ecol. Sociobiol. 66, 1341–1350 (2012).

	20.	 Stow, M. K., Vernouillet, A. & Kelly, D. M. Neophobia does not account for motoric self-regulation performance as measured during 
the detour-reaching cylinder task. Anim. Cogn. 21, 565–574 (2018).

	21.	 Greggor, A. L., Jolles, J. W., Thornton, A. & Clayton, N. S. Seasonal changes in neophobia and its consistency in rooks: the effect of 
novelty type and dominance position. Anim. Behav. 121, 11–20 (2016).

	22.	 Edwards, H. A., Burke, T. & Dugdale, H. L. Repeatable and heritable variation in a wild cooperative breeder. Behav. Ecol. 28, 668–676 
(2017).

	23.	 Miranda, A. C., Schielzeth, H., Sonntag, T. & Partecke, J. Urbanization and its effects on personality traits: a result of microevolution 
or phenotypic plasticity? Glob. Change Biol. 19, 2634–2644 (2013).

	24.	 Dingemanse, N. J., Both, C., Drent, P. J., van Oers, K. & van Noordwijk, A. J. Repeatability and heritability of exploratory behaviour 
in great tits from the wild. Anim. Behav. 64, 929–938 (2002).

	25.	 Quinn, J. L., Patrick, S. C., Bouwhuis, S., Wilkin, T. A. & Sheldon, B. C. Heterogeneous selection on a heritable temperament trait in 
a variable environment. J. Anim. Ecol. 78, 1203–1215 (2009).

	26.	 Herborn, K. A. et al. Personality in captivity reflects personality in the wild. Anim. Behav. 79, 835–843 (2010).
	27.	 Bousquet, C. A. H., Petit, O., Arrivé, M., Robin, J. P. & Sueur, C. Personality tests predict responses to a spatial-learning task in 

mallards, Anas platyrhynchos. Anim. Behav. 110, 145–154 (2015).
	28.	 Thys, B., Eens, M., Aerts, S., Delory, A. & Iserbyt, A. Exploration and sociability in a highly gregarious bird are repeatable across 

seasons and in the long term but are unrelated. Anim. Behav. 123, 339–348 (2017).
	29.	 David, M., Auclair, Y. & Cézilly, F. Personality predicts social dominance in female zebra finches, Taeniopygia guttata, in a feeding 

context. Anim. Behav. 81, 219–224 (2011).
	30.	 Wolf, M., van Doorn, G. S., Leimar, O. & Weissing, F. J. Life-history trade-offs favour the evolution of animal personalities. Nature 

447, 581–584 (2007).
	31.	 Dingemanse, N. J., Both, C., Drent, P. J. & Tinbergen, J. M. Fitness consequences of avian personalities in a fluctuating environment. 

Proc. Biol. Sci. 271, 847–852 (2004).
	32.	 Carter, A. J. & Feeney, W. E. Taking a comparative approach: Analysing personality as a multivariate behavioural response across 

species. PLoS ONE 7, e42440 (2012).
	33.	 Mettke-Hofmann, C., Winkler, H. & Leisler, B. The significance of ecological factors for exploration and neophobia in parrots. 

Ethology 108, 249–272 (2002).
	34.	 Tebbich, S., Fessl, B. & Blomqvist, D. Exploration and ecology in Darwin’s finches. Evol. Ecol. 23, 591–605 (2009).
	35.	 O’Hara, M. et al. The temporal dependence of exploration on neotic style in birds. Sci. Rep. 7, 1–9 (2017).
	36.	 Vander Wall, S. B. & Balda, R. Ecology and evolution of food-storage behavior in conifer-seed-caching corvids. Z. Tierpsychol. 56, 

217–242 (1981).
	37.	 Clary, D. & Kelly, D. M. Cache protection strategies of a non-social food-caching corvid, Clark’s nutcracker (Nucifraga columbana). 

Anim. Cogn. 14, 735–44 (2011).
	38.	 Marzluff, J. M. & Balda, R. P. The Pinyon Jay: the behavioral ecology of a colonial and cooperative corvid. T & AD Poyser, London, 

UK (1992).
	39.	 Tomback, D. F. (1998). Clark’s Nutcracker (Nucifraga columbiana) in The Birds of North America (P. G. Rodewald, editor) (1998).
	40.	 Clayton, N. S. & Emery, N. J. The social life of corvids. Curr. Biol. 17, 652–656 (2008).
	41.	 Trost, C. H. Black-billed Magpie (Pica hudsonia) in The Birds of North America (ed. P. G. Rodewald) (1999).
	42.	 Curry, R. L., Peterson, A. T., Langen, T. A., Pyle, P. & Patten, M. A. California Scrub-Jay (Aphelocoma californica) in The Birds of 

North America (ed. P. G. Rodewald) (2017).
	43.	 Balda, R. P. & Kamil, A. C. A comparative study of cache recovery by three corvid species. Anim. Behav. 38, 486–495 (1989).
	44.	 McKinstry, M. C. & Knight, R. L. Foraging ecology of wintering black-billed magpies. The Auk 110, 632–635 (1993).
	45.	 Birkhead, T. The magpies: the ecology and behaviour of black-billed and yellow-billed magpies (2010).
	46.	 Wright, A. A., Magnotti, J. F., Katz, J. S., Leonard, K. & Kelly, D. M. Concept learning set-size functions for Clark’s nutcrackers. J. Exp. 

Anal. Behav. 105, 76–84 (2016).
	47.	 Wright, A. A. et al. Corvids outperform pigeons and primates in learning a basic concept. Psych. Science 28, 437–444 (2017).
	48.	 Clary, D. & Kelly, D. M. Graded mirror self-recognition by Clark’s nutcrackers. Sci. Rep. 6, 36459 (2016).
	49.	 R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria 

(2017).
	50.	 Fox, J. & Weisberg, W. An {R} Companion to Applied Regression, Third Edition. Thousand Oaks CA: Sage. (2019).
	51.	 Dinno, A. dunn.test: Dunn’s test of multiple comparisons using rank sums. (2017)
	52.	 Stoffel, M. A., Nakagawa, S. & Schielzeth, H. rptR: repeatability estimation and variance decomposition by generalized linear mixed-

effects models. Methods Ecol. Evol. 8, 1639–1644 (2017).
	53.	 Nakagawa, S. & Schielzeth, H. Repeatability for Gaussian and non-Gaussian data: a practical guide for biologists. Biol. Rev. Camb. 

Philos. Soc. 85, 935–956 (2010).
	54.	 Martin, J. & Réale, D. Temperament, risk assessment and habituation to novelty in eastern chipmunks, Tamias striatus. Anim. Behav. 

75, 309–318 (2008).
	55.	 Shettleworth, S. J. Cognition, Evolution, and Behavior (2009).
	56.	 Menzel, E. W. Jr. & Menzel, C. R. Cognitive, developmental and social aspects of responsiveness to novel objects in a family group of 

marmosets (Saguinus fuscicollis). Behaviour 70, 251–279 (1979).
	57.	 Stöwe, M. et al. Novel object exploration in ravens (Corvus corax): Effects of social relationships. Behav. Proc. 73, 68–75 (2006).
	58.	 Burns, J. G. The validity of three tests of temperament in guppies (Poecilia reticulata). J. Comp. Psych. 122, 344–356 (2008).
	59.	 Carter, A. J., Marshall, H. H., Heinsohn, R. & Cowlishaw, G. How to not measure boldness: novel object and antipredator responses 

are not the same in wild baboons. Anim. Behav. 84, 603–609 (2012).
	60.	 Arvidsson, L. K., Adriaensen, F., van Dongen, S., De Stobbeleere, N. & Matthysen, E. Exploration behaviour in a different light: 

testing cross-context consistency of a common personality trait. Anim. Behav. 123, 151–158 (2017).
	61.	 Perals, D., Griffin, A. S., Bartomeus, I. & Sol, D. Revisiting the open-field test: what does it really tell us about animal personality? 

Anim. Behav. 123, 69–79 (2017).

https://doi.org/10.1038/s41598-019-56138-y


1 1Scientific Reports |          (2020) 10:394  | https://doi.org/10.1038/s41598-019-56138-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

	62.	 Carter, A. J., Feeney, W. E., Marshall, H. H., Cowlishaw, G. & Heinsohn, R. Animal personality: what are behavioural ecologists 
measuring? Biol. Rev. 88, 465–475 (2013).

	63.	 Huang, P., Kerman, K., Sieving, K. E. St & Mary, C. M. Evaluating the novel-environment for measurement of exploration by bird 
species. J. Ethol. 34, 45–51 (2015).

	64.	 von Merten, S., Zwolak, R. & Rychlik, L. Social personality: a more social shrew species exhibits stronger differences in personality 
types. Anim. Behav. 127, 125–134 (2017).

	65.	 Pruitt, J. N., Oufiero, C. E., Avilés, L. & Riechert, S. E. Iterative Evolution of Increased Behavioral Variation Characterizes the 
Transition to Sociality in Spiders and Proves Advantageous. Amer. Nat. 180, 496–510 (2012).

	66.	 Mettke-Hofmann, C., Ebert, C., Schmidt, T., Steiger, S. & Stieb, S. Personality traits in resident and migratory warbler species. 
Behaviour 142, 1357–1375 (2005).

	67.	 Brown, M. J. & Jones, D. N. Cautious crows: Neophobia in Torresian crows (Corvus orru) compared with three other corvoids in 
suburban Australia. Ethology 122, 726–733 (2016).

	68.	 Camín, S. R., Martín-Albarracín, V., Jefferies, M. & Marone, L. Do neophobia and dietary wariness explain ecological flexibility? An 
analysis with two seed-eating birds of contrasting habits. J. Avian Biol. 47, 245–251 (2016).

	69.	 Kralj-Fišer, S., Hebets, E. A. & Kuntner, M. Different patterns of behavioral variation across and within species of spiders with 
differing degrees of urbanization. Behav. Ecol. Sociobiol. 71 (2017).

	70.	 Bergmüller, R. & Taborsky, M. Animal personality due to social niche specialisation. Trends Ecol. Evol. 25, 504–511 (2010).
	71.	 Montiglio, P. O., Ferrari, C. & Réale, D. Social niche specialization under constraints: personality, social interactions and 

environmental heterogeneity. Phil. Trans. R. Soc. B 368, 20120343 (2013).
	72.	 Mettke-Hofmann, C., Wink, M., Braun, M. & Winkler, H. Residency and a Broad Feeding Spectrum are Related to Extensive Spatial 

Exploration in Parrots. Behav. Ecol. 23, 1365–1371 (2012).
	73.	 Mettke-Hofmann, C., Lorentzen, S., Schlicht, E., Schneider, J. & Werner, F. Spatial Neophilia and Spatial Neophobia in Resident and 

Migratory Warblers (Sylvia). Ethology 115, 482–492 (2009).
	74.	 Leimar, O., Norberg, U. & Wiklund, C. Habitat preference and habitat exploration in two species of satyrine butterflies. Ecography 

26, 474–480 (2016).

Acknowledgements
This research was supported by a University of Manitoba Graduate Fellowship to AV and by a Natural Science 
and Engineering Research Council of Canada (NSERC) Discovery Grant to DMK (#4944-2017). We thank Parisa 
Sepehri and Thomas Rawliuk for their help with video scoring.

Author contributions
A.V. and D.M.K. developed the study; A.V. conducted the experiments and analyzed the data; A.V. and D.M.K. 
wrote the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-56138-y.
Correspondence and requests for materials should be addressed to D.M.K.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-019-56138-y
https://doi.org/10.1038/s41598-019-56138-y
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Individual exploratory responses are not repeatable across time or context for four species of food-storing corvid

	Methods

	Subjects. 
	Exploration tasks. 
	Novel environment task. 
	Novel object task. 

	Analyses. 
	Individual responses to novelty. 
	Temporal repeatability of an individual’s behavioural measures. 
	Contextual repeatability of an individual’s behavioural measures. 
	Behavioural variability at the species level. 


	Results

	Overall species results. 
	Novel Environment. 
	Novel object. 

	Individual responses to novelty. 
	Novel environment. 
	Novel object. 

	Temporal repeatability of an individual’s behavioural measures. 
	Novel environment. 
	Novel object. 

	Contextual repeatability of an individual’s behavioural measures. 
	Behavioural variability at the species level. 

	Discussion

	Acknowledgements

	Figure 1 Individual behavioural differences for the four dependent variables collected during the Novel Environment task in the four corvid species.
	Figure 2 Individual behavioural differences for the three dependent variables collected during the Novel Object task in the two corvid species.
	Figure 3 Inter-individual variability in four North American corvid species tested in the Novel Environment task: (a) NE Exit Latency, (b) NE Number of Movements, and (c) NE Number of Trees.
	Table 1 Behavioural measures collected during the Novel Environment task in four corvid species.
	Table 2 Behavioural measures collected during the Novel Object task in two corvid species.




