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Abstract Cognitive processes are important to animals
because they not only influence how animals acquire, store
and recall information, but also may underpin behaviours
such as deciding where to look for food, build a nest, or
with whom to mate. Several recent studies have begun to
examine the potential interaction between variation in
cognition and variation in personality traits. One hypoth-
esis proposed that there is a speed—accuracy trade-off in
cognition ability that aligns with a fast-slow behaviour
type. Here, we explicitly examined this hypothesis by
testing wild-caught black-capped chickadees in a series of
cognitive tasks that assessed both learning speed (the
number of trials taken to learn) and accuracy (post-
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acquisition performance when tested with un-trained
exemplars). Chickadees’ exploration scores were measured
in a novel environment task. We found that slow-exploring
chickadees demonstrated higher accuracy during the test
phase, but did not learn the initial task in fewer trials
compared to fast-exploring chickadees, providing partial
support for the proposed link between cognition and per-
sonality. We report positive correlations in learning speed
between different phases within cognitive tasks, but not
between the three cognitive tasks suggesting independence
in underlying cognitive processing. We discuss different
rule-based strategies that may contribute to differential
performance accuracy in cognitive tasks and provide sug-
gestions for future experimentation to examine mecha-
nisms underlying the relationship between cognition and
personality.

Keywords Animal personality - Black-capped
chickadee - Cognition - Exploratory behaviour -
Individual differences - Learning

Introduction

Recent research in the field of animal personality has
focused on two distinct styles of coping with stress: reac-
tive and proactive (Koolhaas et al. 1999, 2010; Cockrem
2007; Carere et al. 2010; Carere and Locurto 2011).
Although these two styles are often characterized dichot-
omously in the literature, in nature, individual differences
in behaviour and physiology fall along a continuum, and in
practice, are usually measured as such. Animals charac-
terized as falling towards the proactive end of the contin-
uum (hereafter referred to simply as proactive) tend to be
aggressive towards rivals, are fast and superficial explorers,
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and seek out novelty in their environment. In contrast,
animals characterized as falling towards the reactive end of
the continuum (hereafter referred to as reactive) are less
aggressive, are slow and careful explorers, and prefer the
familiar (Groothuis and Carere 2005; Cockrem 2007; for a
review see Coppens et al. 2010). If different personality
types are maintained within a population, the usual
hypothesis is that one personality type excels in one situ-
ation, while a second personality type excels in another
situation. The habitat-dependent selection hypothesis sug-
gests that certain habitats may favour different behavioural
types, for instance, slow versus fast explorers. Previous
theoretical work (Cockrem 2007) hypothesized that fast-
exploring birds may fare better in consistent environments
because forming stable routines quickly is beneficial
(Marchetti and Drent 2000). Slow-exploring birds may be
more sensitive to environments that are constantly chang-
ing and thus benefit in dynamic environments. The results
of several empirical studies using different songbird spe-
cies as a model support Cockrem’s hypothesis and have led
to increased interest and hypotheses about the way indi-
viduals differ in learning abilities, learning styles or
learning strategies (van Oers and Naguib 2013) and how
these differences in cognition interact with personality
(Chittka et al. 2009; Sih and Del Giudice 2012; Niemeld
et al. 2013).

For instance, black-capped chickadees (Poecile atri-
capillus) that are fast explorers in a novel environment also
learn an acoustic discrimination task in fewer trials com-
pared to slow explorers (Guillette et al. 2009). The cog-
nitive task used by Guillette et al. (2009) was designed to
favour individuals that formed routines quickly: there was
only one rule to learn in the instrumental discrimination
task and that rule was for birds to respond to exemplars that
belong to one category (e.g. ‘B’ notes from the chick-a-dee
call of the black-capped chickadee) and withhold
responding to exemplars that belong to a second category
(e.g. ‘C’ notes from the chick-a-dee call). In this task
(Guillette et al. 2009), the proactive behavioural strategy
(sensu Cockrem 2007) was advantageous because the
environment was stable (i.e. only one rule). In a subsequent
experiment, Guillette et al. (2011) utilized the same
instrumental discrimination paradigm but manipulated the
task to favour individuals with reactive strategies by
making the environment less stable; this was accomplished
by reversing the reward contingencies associated with
responding to stimuli from different categories after the
birds learned the initial reward contingencies of the task.
As predicted, fast-exploring birds outperformed slow-
exploring birds in the former experiment, while slow-
exploring birds outperformed fast-exploring birds when the
rules changed in the latter experiment (Guillette et al. 2009,
2011).
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Similar results, in support of Cockrem’s (2007) char-
acterization of proactive and reactive avian personalities,
were observed in recent experiments conducted with great
tits (Parus major), a European relative of the black-capped
chickadee. Slow-exploring great tits outperformed fast-
exploring great tits in an avoidance learning task (Exnerova
et al. 2010). In another study using a dimension shift
learning paradigm (colour-location; Titulaer et al. 2012),
great tits’ exploratory behaviour was related to learning
only in the most cognitively demanding stages, but effects
were opposite for males and females. In the reversal stage,
fast-exploring males took fewer trials to acquire the task
compared to slow-exploring males, whereas slow-explor-
ing females outperformed fast-exploring females. Titulaer
et al.’s (2012) results obtained for females are in support of
Cockrem’s classification of proactive and reactive person-
ality types, but the results for males are not. Previous work
examining the role of personality type in adult survival in
wild great tits has demonstrated this same complex inter-
action; in years of high food availability, fast-exploring
males and slow-exploring females had higher over winter
survival, while the opposite was observed in years with low
food availability (Dingemanse et al. 2004). However,
another study conducted in a separate population of wild
great tits showed that problem solving ability, a proxy for
innovative foraging ability, did not co-vary with explor-
atory behaviour (Cole et al. 2011), while more recent
research has shown correlations between problem solving
ability and traits other than exploratory behaviour. For
instance, individuals that were good problem solvers were
poor competitors (Cole and Quinn 2012), and problem
solving females had larger clutches but deserted their nests
more so than non-problem-solving females (Cole et al.
2012). In sum, these studies suggest that there is a complex
interaction between cognition, personality type and sex.

The studies outlined in the previous paragraphs dem-
onstrate that instrumental conditioning, avoidance learning
and dimensional shift learning paradigms are well suited to
examine variation in cognitive performance among indi-
viduals and that differences in performance on cognitive
tasks are related to differences in personality. In a recent
review, Sih and Del Giudice (2012) suggest that there may
be speed—accuracy trade-offs in cognition that align with
fast—slow behavioural types (also see Carere and Locurto
2011 for a review of personality and cognition and Chittka
et al. 2009 for a discussion on interindividual speed—
accuracy trade-offs in decision making). Sih and Del Gi-
udice postulate that factors that produce ‘fast behavioural
types’ (akin to proactive personalities, Cockrem 2007) also
produce ‘cognitive styles’ that highlight speed over accu-
racy. Until now, the studies conducted with chickadees
(Guillette et al. 2009, 2011) and great tits (Exnerova et al.
2010; Titulaer et al. 2012; Amy et al. 2012) have only



Anim Cogn (2015) 18:165-178

167

examined one aspect of learning, namely individual dif-
ferences in learning rate.

The goal of the current study was to examine whether
there are, in fact, speed—accuracy trade-offs that co-vary
across personality and cognition, using the black-capped
chickadee as a model species. Our predictions are, in
accordance with Sih and Del Giudice’s hypothesis, that
fast-exploring birds should learn a task in fewer trials
compared to slow-exploring birds, but slow-exploring birds
should outperform fast-exploring birds in a test designed to
measure accuracy. To accomplish this, we first tested wild-
caught black-capped chickadees in a novel environment
task to assess their exploratory behaviour (Verbeek et al.
1994; Guillette et al. 2009, 2011; Titulaer et al. 2012).
Exploratory behaviour is often used as a proxy for animal
personality as it has been shown to be correlated, in great
tits, with behaviours that affect fitness such as natal dis-
persal (Dingemanse et al. 2003), dominance (Dingemanse
and de Goede 2004), nest defence (Hollander et al. 2008),
mate-choice and extrapair behaviour (van Oers et al. 2008),
and singing behaviour (Naguib et al. 2010); breeding
studies have found exploratory behaviour to show sub-
stantial heritability (54 £ 5 %; Drent et al. 2003).

After assessing exploratory behaviour, birds in the cur-
rent study were tested in three different cognitive tasks to
assess not only learning speed as in previous studies
(Guillette et al. 2009, 2011), but also performance accu-
racy. We trained birds in an acoustic instrumental dis-
crimination task until they reached a specified level of
expertise, and then, they were given a test to assess per-
formance accuracy. In the current paper, we define learning
speed (or learning rate) as the number of trials until animals
reach criteria and accuracy as how animals perform when
tested with exemplars they were not trained with.

Our previous studies showed that learning and reversal
speed are related to exploration in an acoustic discrimi-
nation task (Guillette et al. 2009, 2011); we wanted to test
whether this relationship holds when chickadees are tested
on different cognitive tasks. Therefore, in the current
experiment, we also tested our birds for both learning and
reversal speed in a colour association task in which birds
were trained to flip over chips to uncover food hidden in
wells. The colour association task had training stages that
mirrored those in the acoustic discrimination task and
consisted of a pre-training phase to familiarize the birds to
the apparatus and task, an initial learning phase where one
colour was associated with a food reward and a second
colour was not, and a reversal phase where the colour that
was not rewarded during initial training was now rewarded.
We also added a second learning phase that used new
colours to signal both the food reward and absence of food
reward. As with the acoustic discrimination task, we pre-
dicted that fast-exploring birds should learn the initial task

in fewer trials compared to slow explorers and slow
explorers should outperform fast explorers in the reversal
(Cockrem 2007; Sih and Del Giudice 2012).

The third learning task we tested our birds in was a
detour-reaching task to measure inhibitory control (Vla-
mings et al. 2010; Boogert et al. 2011). Inhibitory control is
the ability to learn to inhibit an ineffective automatic
response or to inhibit making a response to irrelevant
stimuli. Birds were first presented with an opaque tube that
was open at both ends. Once the birds learned how to
retrieve a mealworm from inside the tube, we then gave the
birds the same task, but with a transparent tube. Even after
training with an opaque tube, birds initially respond to the
transparent tube by directly reaching for the mealworm and
making contact with the tube, thus failing to make the
detour to the open end of the tube where they can obtain
the mealworm. We measured the number of trials until the
birds learned to inhibit this incorrect response and retrieve
the mealworm. Our prediction is that slow-exploring birds
will learn to inhibit this automatic response in fewer trials
compared to fast-exploring birds. Lastly, our procedure
allowed us to test whether there are stable individual dif-
ferences in cognition because we tested learning perfor-
mance across the three different learning tasks.

Methods
Subjects

Thirty birds in at least their second year determined by the
shape and colouring of outer tail flight feathers (Pyle 1997)
were captured between 22 December 2010 and 14 February
2011 using potter traps baited with sunflower seeds. Sev-
enteen birds (10 male, 7 female) originated from the North
Saskatchewan River Valley in Edmonton (NSRV), Alberta,
Canada (53.53°, —113.52°), and thirteen birds (6 male, 7
female) originated from Stony Plain (SP), Alberta, Canada
(53.45°, —114.013°), 36 km west of Edmonton. All birds
were housed in the same colony room, which allowed for
visual and vocal, but not physical, contact among birds. In
winter flocks, black-capped chickadees establish domi-
nance hierarchies through aggressive interactions (Smith
1991), so each bird was housed individually at the Uni-
versity of Alberta prior to and between all tests in Jupiter
parakeet cages (30 x 40 x 40 cm; Rolf C. Hagen, Inc.,
Montreal, Quebec, Canada) or Blue Ribbon Pet Square
Roof Bird Cage (46 x 46 x 56 cm; Wayfair LLC, Boston,
Massachusetts, USA). The birds were given water for
bathing and environmental enrichment (variety of wooden
and plastic perches and cardboard ‘mouse house’ and
plastic partition). Birds had free access to food, water
(vitamin supplemented on alternating days), grit and
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cuttlebone. For additional supplements, birds were given a
small number of sunflower seeds and one superworm three
times a week, and a mixture of greens (spinach or parsley)
and eggs twice a week. Birds were maintained on a light/
dark cycle that mimicked the natural light cycle for Ed-
monton, Alberta, Canada. While in the colony room and
during all testing, birds were visually monitored by animal
care staff at least once per day.

Apparatus
Novel environment room

The novel environment room (2.03 x 1.52 x 2.0 m)
housed five landing stations (artificial trees). Each tree was
made of a 5 x 5 cm unfinished wooden ‘trunk’ that was
1.4 m high. There were four 1 cm diameter unfinished
wooden dowel ‘branches’ that extended 20 cm from the
trunk of the ‘tree’, two upper branches were 5 cm from the
top of the tree, and the remaining two branches were 20 cm
below and perpendicular to the top branches (Verbeek et al.
1994; Guillette et al. 2011). Each session was recorded
with a JVC Everio camcorder fit with a wide angle lens and
a Swann BulletCam, so behavioural data could be scored at
a later date.

Instrumental discrimination chamber

Each bird was placed in a modified colony room cage
(30 x 40 x 40 cm) that contained three perches, a grit
cup, cuttlebone and water dispenser. An opening in one
side of the cage (16 x 11 cm) allowed access to the motor-
driven food hopper. The bottom of the cage was plastic
mesh suspended above the chamber floor, so birds could
not recover spilled or dropped food. Infrared beams span-
ned the entrance to the food hopper; a second set of
infrared beams was situated on the request perch that was
approximately 5 cm from the opening to the food hopper.
These beams monitored the position of the bird. A Fostex
FE108) " speaker that broadcast stimuli was situated at
perch height next to the food hopper, outside the cage.
Each set-up was housed in a ventilated, sound-attenuating
chamber lit by a 9-W full spectrum fluorescent bulb.

Stimulus preparation

The stimuli for the acoustic instrumental discrimination
were the same stimuli used in Guillette et al. (2011; see
Charrier et al. 2005 for detailed description of stimulus
preparation). In brief, the stimuli were twenty exemplars
each of B and C notes taken from high-quality recordings
of chick-a-dee calls produced by black-capped chickadees.
The average duration and loudest frequency of these notes
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types (mean & SD) are as follows B: 52.3 £ 8.5 ms,
6,214.1 £ 6473 Hz C: 56.7 £ 44 ms, 5,737 £ 1,009
(Charrier et al. 2004). Previous perceptual research has
shown that black-capped chickadees classify each note
type from their chick-a-dee call as belonging to a natural
category when they are tested with novel exemplars (e.g.
Sturdy et al. 2000; Charrier et al. 2005).

Colour association and detour-reaching chamber

Each bird was tested in their colony room cage
(46 x 46 x 56 cm) placed inside a sound-attenuating
chamber (Industrial Acoustics Co. Inc.; inner dimensions
58 x 168 x 83 cm). Birds remained in the chamber for
the duration of testing. They had free access to water, grit
and cuttle bone. They had free access to food with the
exception of 90 min prior to and during the 3 h testing
sessions each day. A camera, Sony Handycam—DCR-
SX45/SC, was suspended above the cage, so each trial
could be remotely viewed and recorded.

Colour associative apparatus The Colour associative
apparatus was a white plastic board (21.4 x 14.5 cm) with
24 wells (1.3 cm diameter x 1.3 cm deep) arranged in a
6 x 4 grid. Yellow, blue, red and green opaque plastic
chips (1.8 cm diameter) with a foam stopper (0.5 cm deep)
fitted into the well were used during training and shape 5
(see procedure, below). During stages 1-4 of shape train-
ing, the same plastic chips, without rubber stoppers, were
used. See Fig. 1.

Detour-reaching apparatus The Detour-reaching appa-
ratus was a plastic tube (2.5 cm length x 3.8 cm inner
diameter) secured to a white plastic base (4.5 cm x 5 cm).
The tube used during training was opaque black, and the
tube used during testing was transparent. See Fig. 2.

Tasks
Novel environment task

Birds were tested in the novel environment task for their
exploratory behaviour before participating in the cognitive
tasks. The same procedure for the novel environment was
followed as in Guillette et al. (2011). Briefly, birds were
allowed to visually habituate to the novel environment
room for 1 h while being held in their home cage, which
was separated from the novel environment room via a
transparent barrier. After the habituation period, the barrier
was removed and a 15-min trial commenced. All trials
were conducted between 1000 and 1400 hours. All birds
were run in the novel environment room between 02 Jan-
uary 2012 and 15 January 2012.
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Fig. 1 The foraging board
apparatus used in the Colour
Association task. a Shows the
colours used in Discrimination 1
and Reversal phases, while

b shows colours used in
Discrimination 2. An overturned
chip with foam stopper is also
shown

foam stopper

Fig. 2 The opaque (a) and
transparent (b) tubes used in the
Detour-reaching task

Instrumental discrimination task

Preliminary training Preliminary training began once a
bird had learned how to use the request perch and food
hopper to obtain food. To start a trial in preliminary
training, a bird had to break the infrared beam on the
request perch for a random interval between 900 and
1,100 ms. Then, a note from the pool of 40 notes (20
B notes, 20 C notes) was randomly selected and played
(~75 dB SPL) from the speaker. There was one exemplar
per trial. Each of the 40 exemplars was played once,
without replacement, until each exemplar had been played,
and then, all exemplars were returned to the stimulus pool.

If the bird left the request perch before the note had fin-
ished playing, the trial was terminated and a 30 s inter-trial
interval (ITI) with the houselights off ensued. This trained
birds to remain on the perch and attend to each stimulus, in
its entirety, before making a response (flying to the feeder,
or not flying to the feeder). If the bird remained on the
perch for the entire duration of the stimulus presentation
and then flew to the feeder, thus breaking the infrared beam
in the feeder within 1 s of the stimulus completion, the
food cup rose and the bird had access to food for 1 s
followed by a 30 s ITI with the houselights on, before
another trial could be initiated. If the bird remained on the
request perch for the entire duration of the stimulus
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presentation and then flew away within 1 s of stimulus
completion but did not enter the feeder, a new trial could be
initiated after 1 s. If the bird remained on the request perch
for the entire duration of the stimulus presentation and did
not leave the request perch, a new trial would initiate after
60 s with the houselights on. If the bird left the request
perch during the 60-s interval, a new trial could be initiated
if the bird remained off the request perch for 1 s.

The goals of preliminary training were to: (1) train birds
to remain on the request perch for the entire duration of
each stimulus before making a response, (2) train birds to
leave the request perch after each stimulus completion, (3)
create high, uniform responses to each stimulus that the
birds would hear during the remainder of the experiment
and (4) alleviate any potential effects of neophobia on
learning rate (all exemplars used in subsequent training and
testing were heard an equal number of times during pre-
liminary training). The criteria to complete preliminary
training were greater than or equal to 60 % responding to
all exemplars and no greater than 3 % difference in
responding to future S+ and S— exemplars over the last
520 trials. Birds were then given 1 day of free feed and had
to reach the criteria a second time in order to move to the
next phase.

Initial ~ discrimination training Initial discrimination
training began following completion of preliminary train-
ing. In this phase, all contingencies from preliminary
training remained in place with the exception of differential
food reinforcement for S+ and S— exemplars. Specifically,
breaking the infrared beam in the food hopper after S+
exemplars resulted in 1 s access to food on 80 % of the
trials, while visits to the feeder after S— exemplars resulted
in a 30 s ITI with the houselights off. All 30 birds were
trained with B notes as S+ and C notes as S—. Birds were
trained to discriminate ten S+ from ten S— exemplars. The
criterion to complete this phase was obtaining a discrimi-
nation ratio (DR; calculated by dividing the average per
cent response to S+ exemplars by the average per cent
response to all [both S+ and S—] exemplars, excluding
terminated trials) of 0.8 or greater, over the last 500 trials.

After birds completed initial discrimination training, the
probability of reinforcement for responding to S+ exem-
plars was lowered from 0.8 to 0.6. This resulted in 30 % of
all trials (S4 and S— combined) being rewarded. This
stage was to ready birds for the next phase, probe testing,
where they would receive the same overall reinforcement
rate (i.e. 30 %). Birds remained on discrimination training
with 0.6 probability of being reinforced until they obtained
a DR of 0.8 or greater for at least 500 trials.

Probe testing During probe testing, the birds continued to
hear the same 10 S+ and 10 S— exemplars from the initial
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discrimination phase, with a probability of reinforcement
of 0.9 for responding to S+ exemplars. In addition to these
20 exemplars, five additional B notes and five additional
C notes were played during Probe 1, and a different five
B notes and a different five C notes during Probe 2. These
ten additional B note exemplars and ten additional C note
exemplars were not presented during initial discrimination
training, but were all previously reinforced during pre-
liminary training. However, during probe testing, these ten
additional exemplars were not reinforced with food or
punished with the houselights turning off. Birds were on
each of the two probe phases for a minimum of 510 trials.
The overall reinforcement rate during probe testing was
30 %, the same as in the latter part of initial discrimination
training.

Reversal training Once birds completed probe testing,
they moved onto reversal training. In reversal training,
there were three stages: Reversal 1, Reversal 2 and
Reversal 3. During all reversal stages, the same ten B note
exemplars and ten C note exemplars from initial discrim-
ination were used and the reinforcement probability for
correct responses to S+ stimuli was 0.8, the same as in
initial discrimination training. The criterion to complete
each successive reversal stage was obtaining a DR of 0.8 or
greater for the last 500 trials. During Reversal 1, the reward
contingencies from initial discrimination were reversed, so
now C notes were S+ and B notes were S—. In Reversal 2,
the reward contingencies were the same as in initial dis-
crimination, and during Reversal 3, the reward contingen-
cies were the same as in Reversal 1.

Birds lived and worked in the instrumental chamber for
the duration of the instrumental discrimination task. Birds
received two supplemental superworms per day, one in the
morning and one in the evening, and were returned to the
colony room when they had completed the experiment. All
birds were run in the instrumental discrimination task
between 10 January 2012 and 15 May 2012.

Colour association task

Associative board shape training Food was removed
90 min prior to the start of training each day. Training ran
each day from 12.00 to 15.00 h. Each bird received five
trials a day, which could last up to 10 min, with 30 min in
between each trial. During shape training, birds progressed
through five stages (following Boogert et al. 2008, 2011).
In Stage 1, a piece of superworm was placed in four wells.
The location of baited wells was randomized for each trial.
In Stage 2, four wells were baited, and each one had a lid of
a different colour (yellow, blue, red and green) placed next
to it. In Stage 3, four wells were baited, and each one had a
lid of a different colour half covering it. In Stage 4, four
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wells were baited, and each one had a lid of a different
colour completely covering it. In Stage 5, four wells were
baited, and each one had a lid of a different colour, now
fitted with a rubber stopper, fitted into it. To ‘pass’ a trial,
the bird had to obtain three of the four mealworm pieces
within the 10-min trial. The trial ended, and the board was
removed before the 10 min were up if all fours pieces of
worm had been consumed. The criterion to complete each
stage was receiving a pass on three trials in a row. Trials
were cumulative across successive days; birds were trained
7 days a week.

Colour association training Once a bird passed all five
shaping stages it moved onto colour training. During colour
training, there were eight wells covered: four lids of one
colour were placed over baited wells (S+) and four lids of
a second colour were placed over empty wells (S—). Each
location was assigned according to a predetermined ran-
dom number table. There were three training stages: Dis-
crimination 1, Reversal and Discrimination 2. In
Discrimination 1, the S+ colour was yellow and the S—
colour was blue (see panel a Fig. 1). During Reversal, the
S+ colour was blue and the S— colour was yellow. In
Discrimination 2, the S+ colour was red and the S— colour
was green (see panel b Fig. 1). If a bird flipped over all S+
lids before flipping over any S— lids within the 10-min
trial, the trial was considered a ‘pass’. If the bird flipped
over any S— lids before it flipped over all S+ lids, the trial
was considered a ‘fail’. To pass each stage, a bird had to
receive a pass on five out of six consecutive trials. If the
bird flipped over one, two or three S+ lids and no S— lids
and the trial timed out, the trial did not count against the
consecutive window of six trials. All birds were run in the
colour association task between 20 April 2012 and 06 July
2012.

Detour-reaching task

Opagque training Food was removed 90 min prior to the
start of training each day. Training ran each day from 1200
to 1520 hours. Each bird received ten trials a day, which
could last up to 5 min, with 15 min in between each trial.
One small piece of a mealworm was placed in the centre of
the opaque tube (see panel a Fig. 2). The opaque tube was
placed on the floor in the centre of the cage. A trial was
considered a ‘pass’ if the bird retrieved the worm within
the 5-min trial without pecking any part of the tube or base.
A trial was considered a ‘fail’ if the bird pecked any part of
the tube or base, or did not consume the mealworm.
Regardless of whether a trial was a pass or fail, the tube
was removed after the worm was consumed, or whether the
5-min trial elapsed and the worm was not consumed. A bird

had to receive a pass on five out of six consecutive trials to
reach criterion. Trials were cumulative across successive
days; birds were trained 7 days a week.

Transparent training Transparent training and criterion
to pass transparent training were the same as in opaque
training, except a transparent tube was used (see panel b
Fig. 2). All birds were run in the Defour-reaching task
between 11 July 2012 and 12 August 2012.

Scoring

The number of trees, out of five possible, visited by each
bird in the novel environment room during the 15-min trial
was scored from the video recording and served as the
exploration score (Guillette et al. 2009, 2011). A score of
zero indicated that the bird failed to leave its home cage
during the trial. For the three learning tasks: Instrumental
discrimination, Colour association and Detour reaching,
the learning score for learning speed was the number of
trials to reach criterion for the various stages of training.
The learning score that measured performance accuracy
was the discrimination ratio (DR) for the probe stimuli
during Probe testing in the instrumental discrimination
task. Discrimination performance is at chance when the DR
is 0.5 and is perfect (responding to only S+ exemplars)
when the DR is 1. Birds were ranked according to their raw
learning speed scores so that learning speed could be
compared across the different learning tasks. Reversal
speed scores for the Instrumental discrimination task and
the Colour association training were calculated by sub-
tracting the initial learning score from the reversal learning
score. Therefore, the longer (more trials) it took a bird to
learn the reversal task, compared with the initial task, the
higher the reversal speed score, reflecting that the bird was
slow at reversing relative to a bird with a lower score.

Statistical analysis

Linear regressions to predict the exploration score from the
learning scores included sex and tarsus length as inde-
pendent variables. We controlled for these two permanent
between-individual sources of variation because males and
females may differ in predictability in some behavioural
measures (Nakagawa et al. 2007; Schuett and Dall 2009;
Guillette et al. 2010a), and body size is related to boldness
scores in some species (Reale et al. 2007). Pearson corre-
lations were conducted on the different raw learning scores
within each learning task, and Spearman correlations were
conducted on the ranked learning scores between the dif-
ferent learning tasks. All statistical tests were performed in
IBM SPSS Statistics v19.

@ Springer



172

Anim Cogn (2015) 18:165-178

Ethical and welfare considerations

Traps were continuously monitored, and individual birds
were removed immediately upon capture and placed into a
cardboard transportation box (10 x 10 x 15 cm) filled
with shredded newspaper. Trapping started at dawn and
ceased for the day 1 h after the first individual was cap-
tured. As birds have not been feeding overnight, they
readily enter the traps, which contain sunflower seeds.
Using traps may result in a sampling bias, such that the
‘shyest’ individual in a population avoids the traps and is
not captured (Biro and Dingemanse 2010; Guillette et al.
2010a). However, alternative trapping methods such as
mist netting are not feasible in our area because of the
extremely low ambient temperature. Transportation time to
the laboratory from the capture site was <5 min from the
NSRV and <60 min from SP. Upon arrival at the labora-
tory, each bird was fitted with a leg ring and weighed. All
birds survived the transport and were quarantined for
3 weeks prior to any testing. Our permits allow us to trap
up to 25 individuals per location per year, and Breeding
Bird Surveys from 1985 to 2007 show no change in the
abundance of black-capped chickadees in Alberta; their
conservation status is listed as secure (Federation of
Alberta Naturalists 2007). During quarantine, birds were
given ad libitum water with vitamin supplements (Hagen,
Inc., Montreal, Quebec, Canada) and received hulled and
whole sunflowers mixed with ground bird food (Mazuri
Small Bird Maintenance Diet; Mazuri, St Louis, Missouri,
USA), grit and cuttlebone and 3-5 superworms (Zophobas
morio) per day.

Two birds tested in the Novel environment died before
completing the Instrumental discrimination task resulting
in an N = 28. These two birds had food and water avail-
able, and post-mortem examination by University veteri-
narian revealed no obvious cause of death. One bird died in
the colony room of unknown cause (post-mortem con-
ducted by University veterinarian) between the Instru-
mental conditioning task and the Colour association task,
and three birds were omitted from this task because they
stopped flipping over lids during the task resulting N = 24.
One bird developed an infection on its leg and was
removed from testing and euthanized in accordance with
the animal use protocol resulting in N = 26 for the Detour-
reaching task.

When all testing was complete, birds were returned to
the colony room for future use in other behavioural tests. In
line with our animal use protocols, birds were not released
into the wild. All animal studies were conducted in
accordance with the Canadian Council on Animal Care
Guidelines and Policies with approval from the Animal
Care and Use Committee for Biosciences for the University
of Alberta (AUP 108). Chickadees were captured, and
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research was carried out under an Environment Canada
Canadian Wildlife Service Scientific permit (#09-MB-
SCO0), Alberta Fish and Wildlife Capture and Research
permits (CN54040), and City of Edmonton Parks Permit.

Results

See Fig. 3 for a histogram of the number of birds that
visited O (failed to leave home cage) to all 5 trees in the
Novel environment task. The number of trials to criterion is
reported for each individual in Fig. 4, broken down by
phase within the learning task. The number of trials to
complete the Instrumental learning task ranged from 598
to 2,944 (1,160 + 539, Panel a Fig. 4). The cumulative
number of trials to reach criterion for the Colour associa-
tion task ranged from 30 to 64 (43 £ 8, Panel b Fig. 4).
The cumulative number of trials to reach criterion for the
Detour-reaching task (N = 26) ranged from 14 to 63
(28 £ 12, Panel c Fig. 4).

Relationship between learning speed and exploration

Across all learning tasks learning speed did not signifi-
cantly predict exploratory behaviour; please see Table 1
for N, Ridj, F, and P values.

Relationship between performance accuracy
and exploration

Performance accuracy significantly predicted exploratory
behaviour, Rag = 0.18, F3,5 = 3.02, P = 0.048. The DR
for probe exemplars was the only variable that significantly
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Fig. 3 The number of birds (y-axis) that visited 0-5 trees (x-axis) in
the Novel environment task. A bird received a score of zero if it failed
to leave its home cage during the 15-min trial. Grey portion of bars
represents individuals captured at Stony Plain (SP) N = 13, and black
portions of bars represent birds captured in the North Saskatchewan
River Valley (NSRV), N = 17
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contributed to this equation, § = —0.44, P = 0.017. Tar-
sus length (f = 0.16, P = 0.37) and sex (f = —0.16,
P =0.35) did not contribute significantly. A separate
analysis showed that there was no interaction between sex
and exploratory behaviour in predicting DR. Birds that
visited fewer trees in the novel environment had higher
DRs (Fig. 5). The DR for the training exemplars during the
probe testing was not significantly related to exploratory
behaviour, Ry = 0.07, F3,5 = 1.72, P = 0.19.

Correlations within learning tasks

The number of trials to reach criterion in the Colour
association task for Discrimination 1 and Discrimination 2
was significantly correlated, r = 0.40, N = 24, P = 0.05.
The number of trials to reach criterion for each phase in the
Instrumental discrimination task was all significantly pos-
itively correlated (all r’s > 0.6, N =28, all P values
<0.001). It should be noted that although there were
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Table 1 Statistical values for exploratory behaviour predicted by the
different learning scores

Instrumental
discrimination task

Colour association
task

Detour-reaching
task

Training, n = 29 Training, n = 27 Opaque, n = 26
Radj? —0.03 Radj? —0.05 Radi> —0.04
F 0.71 F 0.58 F 0.67
P 0.56 P 0.63 P 0.53

Reversal speed, n = 28  Reversal speed, Transparent,

n=26 n =26

Radj? 0.03 Radj? —0.04 Radi> —0.06

F 1.26 F 0.69 F 0.53

P 0.31 P 0.57 P 0.66
Reversal 1 training, Reversal training,

n =28 n =26

Radj? 0 Radj? —0.06

F 1 F 0.56

P 0.41 P 0.65

Reversal straining, Training 2, n = 24
n =28
Radj? —0.02 Radj? —0.08
F 0.81 F 0.42
P 0.5 P 0.74

Reversal 3 training,

n =28

Radj? —0.04
F 0.54
P 0.6

Linear regressions were conducted to the exploration score from the
learning scores for the different phases (e.g. training and reversal) in
each of the three learning tasks (Instrumental discrimination, Colour
association, Detour reaching). The learning score, sex and tarsus
length (as an index of body condition) were included as independent
variables

multiple comparisons performed to examine whether the
number of trials taken to learn different stages both within
and between the three learning tasks, the significant r val-
ues for the number of trials to reach criterion for each phase
in the Instrumental discrimination task are robust in that
they are still significant after the Bonferrion test for mul-
tiple comparisons is applied. See Table 2 for specific r and
P values between the different phases within each learning
task.

Correlations across learning tasks

The rank order of trials to reach criterion was not signifi-
cantly correlated across any of the learning tasks for ori-
ginal learning (initial acquisition in both the Instrumental
discrimination task and Discrimination 1 in Colour asso-
ciative task, ry = 0.027, N =27, P = 0.89) or reversal
learning (Reversal 1 in both the Instrumental
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Fig. 5 The number of novel trees visited in the novel environment
task (x-axis) and the discrimination ratio (DR) during probe testing in
the [Instrumental discrimination task (y-axis). The dashed line
represents the DR that each bird was required to reach (0.80 or
greater) for the 500 trials prior to probe testing

discrimination task and the Colour associative task, r; =
—0.16, N = 26, P = 0.45). See Table 2 for specific r; and
P values for correlations between learning tasks.

Discussion

We tested the hypothesis that variation in cognition is
related to variation in personality. Each bird’s exploration
score was first measured in a novel environment task. Next,
across a series of cognitive tasks, we measured both
learning speed and performance accuracy. We found that
performance accuracy co-varied with exploratory behav-
iour, but learning speed did not. A secondary aim of the
experiment was to test whether there are stable individual
differences in learning speed both within and between
cognitive tasks. We found evidence of stable individual
differences in learning with positive correlations between
learning and reversal speed within two of the three cog-
nitive tasks. However, we did not find evidence of stable
individual differences across the three cognitive tasks.
Our results demonstrate that slow-exploring chickadees
have higher performance in a learning task compared to
fast-exploring conspecifics, which supports a recent
hypothesis proposed by Sih and Del Giudice (2012). This
hypothesis states that animals with fast behavioural types
(e.g. fast explorers) will also have cognitive styles that
emphasize speed over accuracy. In our learning task, we
trained each chickadee, in a go/no-go instrumental dis-
crimination task, to classify note types from their name-
sake chick-a-dee call. Previous research from our labora-
tory has shown that chickadees perceive different note
types from this call as belonging to discrete, open-ended
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Table 2 Correlation and associated significance level across the different stages of the three learning tasks

Colour associative task

Instrumental discrimination task Detour-reaching

task
DI R D2 DI Rl R2 R3 Opq Tsp
Colour association D1 roo- 0.36 040 r, 0.01 —-0.11 0.02 0.17 r, —0.07 —-0.28
task
P - 007 0.05 P 0.89 0.89 0.93 0.39 P 0.74 0.17
R roo- 01 r, 014 —-020 -028 —-0.17 r, 033 —-0.14
P - 0.65 P 049 045 0.17 0.42 P 0.11 0.5
D2 r - rg 0.18 —=0.07 —-0.01 0.19 re —0.27 —=0.21
P - P 041 0.73 0.97 0.36 P 021 0.33
Instrumental D1 r - 0.82 0.81 0.61 re —0.16 0.15
discrimination task
P - <0.001 <0.001 0.001 P 045 0.46
R1 r - 0.91 0.64 rs —0.04 0.17
P <0.001 <0.001 P 0.86 0.4
R2 r - 0.65 rs 0.13 —-0.12
P - <0.001 P 0.51 0.55
R3 r - rs¢ 0.13 —0.08
P - P 051 0.71
Detour-reaching Opq r - 0.13
task
P - 0.51

Pearson’s correlations (r) were conducted on raw data within each learning task (e.g. Instrumental discrimination, Colour associative, Detour
reaching), and Spearman’s correlations (r;) were conducted on rank order data between learning tasks. In the Colour association task: D1, initial
acquisition (yellow S+, blue S—); R, reversal (blue S+, yellow S—); D2, new colour association (red S+, green S—). In the Instrumental
discrimination task: D1, initial acquisition (B S+, C S—); R1, first reversal (C S+, B S—); R2, second reversal (B S+, C S—); and R3, third
reversal (C S+, B S—). In the Detour-reaching task: Opq, training with opaque tube; Tsp, training with transparent tube. Significant correlations

after the Bonferroni correction was applied are in bold

categories (Sturdy et al. 2000, 2007; Charrier et al. 2005;
Guillette et al. 2010b). In the current experiment, chicka-
dees were trained to respond (go) to the feeder when they
heard a B note played, and withhold responding (no go)
when they heard a C note played. Once each bird was
performing above criterion, our measure of performance
accuracy was how well the bird was able to classify new
exemplars of B and C notes. We found that slow-exploring
birds outperformed fast-exploring birds when asked to
classify these new exemplars but there was no difference in
accuracy between fast and slow explorers in classifying
previously trained exemplars. An alternative, but not
mutually exclusive, interpretation of the chickadees’ per-
formance when tested with novel exemplars of the different
note types is that slow-exploring chickadees may tend to
generalize a previously learned rule more readily than fast-
exploring birds and thus continue to correctly classify a
novel B note as belonging to the B note category, and a
novel C note as belonging to the C note category. On the
other hand, fast-exploring birds may be more expert dis-
criminators in the sense that what we are calling their
performance accuracy (specifically their discrimination

ratio) may have been lower compared to slow explorers
because the fast explorers may learn more about the
absolute properties of the stimuli in training and thus fail to
classify new exemplars ‘correctly’ while slow explorers
learn more about the general rules.

This interpretation fits with Cockrem’s (2007) classifi-
cation of avian personalities in that proactive individuals
(i.e. fast explorers) may fare better in environments that are
constant or predictable compared to reactive individuals
that fare better in changing or unpredictable conditions.
Namely, proactive individuals are those that learn absolute
rules, or about absolute properties of stimuli, while reactive
individuals may learn more general rules, or about general
properties of stimuli. An intradimensional discrimination
task (e.g. wavelength of light, Hanson 1959; line orienta-
tion, Honig et al. 1963; Bloomfield 1967; Honig and Ur-
cuioli 1981) may be well suited to address this hypothesis.
Animals that produce steeper generalization gradients dis-
criminate between intradimensional test stimuli more than
animals that produce shallower gradients, and therefore, we
may expect fast-exploring individuals, if they do learn
more about the absolute properties of stimuli, to have
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steeper generalization gradients compared to slow-explor-
ing conspecifics.

In the current study, we found no relationship between
learning speed and exploration type. Previously, using
similar stimuli and procedures, we found that faster
learners were faster explorers in one cohort of chickadees
(Guillette et al. 2009) but not a second cohort (Guillette
et al. 2011). Furthermore, in Guillette et al. (2011), slow
explorers outperformed fast explorers on a reversal learn-
ing task, but we found no relationship between reversal
speed and exploration in the current experiment (reversal
speed was not tested in Guillette et al. 2009). Across these
three studies, what remains constant is that some aspect of
cognition (i.e. learning speed, reversal speed or perfor-
mance accuracy) is related to exploration. This result is
consistent with other studies that examine the relationship
between cognition and learning and found complex,
interactions depending on factors such as sex of the indi-
vidual or difficulty of the learning task (Titulaer et al.
2012). The chickadees tested in these three studies origi-
nated from different locations and were captured in dif-
ferent years. Several studies on wild-caught animals
demonstrate that the co-variance of personality traits is
dependent on environmental conditions that may fluctuate
from season to season (e.g. food availability, Dingemanse
et al. 2004) or from one sampling location to another (e.g.
predation pressure in different streams; see Bell et al. 2013
for a review) resulting in a pace-of-life syndrome, whereby
populations that experience different ecologies have dif-
ferent suites of correlated traits (Reale et al. 2010).

Although there is a growing interest in the interaction
between cognition and personality traits, as well as evi-
dence from several species to support the idea that there is
such an interaction (e.g. zebra finches, Taeniopygia gut-
tata, Brust et al. 2013; great tits, Amy et al. 2012; Titulaer
et al. 2012; Exnerova et al. 2010; European starlings,
Sturnus vulgaris, Boogert et al. 2006; rainbow trout, On-
corhynchus mykiss, Sneddon 2003; Guppies, Poecilia
reticulate, Dugatkin and Alfieri 2003; Budaev and Zhuikov
1998; black-capped chickadees, Guillette et al. 2009, 2011;
Cavies, Cavia aperea, Guenther et al. 2014), less attention
has been paid to individual consistency in cognition across
time or contexts (Thornton and Lukas 2012; but see Matzel
et al. 2003; Galsworthy et al. 2005 for studies on general
intelligence in mice). In our studies, we found no correla-
tions in learning speed between the three learning tasks.
Evidence from recent studies that measured performance
on multiple cognitive tasks shows that in some species,
there are correlations among some cognitive traits but not
others (e.g. feral pigeons, Bouchard et al. 2007; zebra
finches, Boogert et al. 2008; woodpecker finch, Cama-
rhynchus pallida, from Tebbich et al. 2011 [reported in
Boogert et al. 2011]; song sparrows, Melospiza melodia,
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Boogert et al. 2011), but in other species no correlation
among cognitive traits was detected [e.g. Zenaida doves,
Zenaida aurita, Boogert et al. 2010; small tree finch,
Camarhynchus parvulus, and medium ground finch,
Geospiza fortis, Tebbich et al. 2010 (reported in Boogert
et al. 2011) satin bowerbirds, Ptilonorhynchus violaceus,
Keagy et al. 2011]. Lack of correlations across different
cognitive tasks perhaps speaks to a more modular view of
cognition where abilities have been shaped to be special-
ized through different ecological demands.

In sum, we find evidence in the current study that there
is a relationship between cognition and exploration in
black-capped chickadees: slow explorers are more accurate
when tested with untrained exemplars compared to fast
explorers. In two previous studies, we have also found
evidence that cognition and exploration are related and
furthermore that the direction of the relationships in all
three studies is predicted by the proactive/reactive per-
sonality axis proposed by Cockrem (2007). If slow
explorers are more accurate as indicated by the current
data, what are the mechanisms driving this? It may be that
slow explorers learn and use general rules while fast
explorers learn and use more absolute rules. Even so, it is
unclear why and how learning a general versus an absolute
rule is related to how animals explore a novel environment.
For example, what depth and sort of information is being
processed by the animals and are later differences in
information use obtained in exploring a novel environment
due to difference in (1) amount of information encountered,
(2) amount of information gathered/processed or (3)
amount of information lost (forgotten)? While many stud-
ies, outlined above, with great tits have shown that
exploration is indeed a proxy for personality and also
predicts many other ecologically important variables, to
uncover whether intrinsic differences in cognition exist
among individuals, we need to understand the extent to
which cognition and exploration co-vary, and what mech-
anisms may be driving these effects.
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