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Abstract Learning is a change in state resulting from new
experiences enabling behavioural responses to be adjusted
in alignment with external cues. Individuals differ in the
speed and accuracy at which they learn. Personality has been
postulated as being a major influence on learning ability in
terms of attention and encounter rates of environmental cues.
This link forms the basis of the cognitive style hypothesis
(CSH), predicting that an individual’s cognitive style will
occur along a fast—slow behavioural gradient. Fast types are
characterised as being active, neophilic, and bold individu-
als who sample their environment rapidly, yet superficially,
enabling learning to occur at a higher speed, but at the cost
of accuracy. Slow types have the opposite suite of person-
ality traits resulting in them being more accurate flexible
learners. Greater level of learning flexibility is thought to
help promote invasions success. Here, we test the predictions
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of the CSH in an invasive lizard (Lampropholis delicata) to
determine if personality dictates learning performance in a
two-phase associative task. Results indicated that the deli-
cate skink was capable of learning an associative task but
only provided partial support for the CSH. Personality was
found to influence learning accuracy, however, the direction
of that relationship was opposite to that predicted. Instead,
fast lizards made fewer mistakes when learning to associate
a colour to a goal. These findings highlight the need to fur-
ther investigate the CSH across taxa and consider its poten-
tial as an underlying mechanism of the invasion process.

Keywords Associative learning - Behaviour - Cognitive
style hypothesis - Lizard - Personality type

Introduction

Animals in the wild are confronted with a multitude of
external stimuli. These cues are relied upon to maximise
foraging efficiency, reproductive output, and predator avoid-
ance (Dukas 2004; Shettleworth 2001). How the information
transmitted by a given cue is applied is highly dependent
upon an animal’s cognitive ability. In other words, varia-
tion in perception, information processing, and memory will
dictate the ultimate behavioural response employed (Raine
and Chittka 2008). Learning is a change in state resulting
from new experiences that enables behavioural responses
to be adjusted in alignment with external cues (Burghardt
1977; Shettleworth 1998). Having the capacity to perform
this process is, therefore, considered to be adaptive in that
it enables critical information about the environment to be
acquired and responded to appropriately (Grieco et al. 2002;
Tebbich et al. 2012).
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Nonetheless, the fitness advantage of learning is not only
mediated through its effect on the perception of environ-
mental cues themselves, but also through its effect on the
perception of changes in those cues (Guenther et al. 2013).
Detecting such fluctuations in cue reliability and meaning
requires an animal to maintain an elevated level of attention.
In doing so, the animal can then have the capacity to modify
its behavioural response in an adaptive way. Given the costs,
not all species or populations exhibit learning flexibility.
Instead, a flexible learning style tends to emerge under vari-
able or novel environmental conditions and is thought to be
particularly important during species invasions (Amiel et al.
2011; Bezzina et al. 2014; Lowry et al. 2013; Sol et al. 2008,
2013). When establishing in new environments, invaders are
confronted with the challenge of navigating through unfa-
miliar habitats to locate and identify key resources while
also avoiding novel predators. Cues which were once relied
upon in the native range may therefore no longer hold the
same meaning, necessitating new associations to be formed
(Sih and Del Giudice 2012).

Studies investigating learning have primarily done so at
the species level (Mery 2013; Sih and Del Giudice 2012;
Thornton and Lukas 2012; Titulaer et al. 2012). However,
there is mounting evidence indicating that cognition in gen-
eral, and learning in particular, can vary among individuals
(Niemela et al. 2013; Sol et al. 2013). Several studies have
suggested that learning within a species can be influenced
by factors such as sex, age, social status, and developmen-
tal conditions (Amiel et al. 2013; Amiel and Shine 2012;
Carazo et al. 2014; Clark et al. 2014; Jones et al. 2005;
Noble et al. 2014). An additional factor that has recently
been postulated to moderate learning ability is personality
(Amy et al. 2012; Carazo et al. 2014; Guenther et al. 2013;
Sih and Del Giudice 2012; Tebbich et al. 2012). Personality,
defined as repeatable individual differences in behaviour,
may affect performance in cognitive tasks in that individual
variation in attention and encounter rates of environmental
stimuli act to either facilitate or constrain learning (Carere
and Locurto 2011; Griffin et al. 2015; Sih et al. 2004). This
link forms the basis of the cognitive style hypothesis (CSH)
which predicts that an individual’s cognitive style, as medi-
ated by its personality type, will occur along a fast—slow gra-
dient (Carere and Locurto 2011; Sih and Del Giudice 2012).
At one end of the spectrum are fast types that are charac-
terised as having active, neophilic, and bold personalities.
Such individuals are thought to pay less attention to environ-
mental cues and instead sample their environment rapidly,
yet superficially, enabling decision-making and learning of
new activity-based tasks to occur at a higher speed (Guen-
ther et al. 2013; Sih and Del Giudice 2012). However, this
may come at the cost of learning accuracy and flexibility, as
fast types may be less responsive to environmental changes
(Sih and Del Giudice 2012). In contrast, slow types have the
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opposite suite of personality traits (e.g., inactive, neophobic,
and shy) resulting in them moving through their environ-
ment at a slower rate but paying more attention to external
cues (Mamuneas et al. 2014). For instance, Guillette et al.
(2011) found that slow-exploring black-capped chickadees
(Poecile atricapillus) were more flexible in learning a vocal
discrimination task compared to fast-exploring birds. Those
that visited fewer trees in a novel environment required less
trials to extinguish a previously learned response to a B note
and instead respond to the newly relevant C note. Likewise,
in cavies (Cavia aperea), activity was strongly related to
learning speed where individuals who engaged in greater
levels of locomotor behaviour were also faster at associating
a symbol with a food reward (Guenther et al. 2013).

High cognitive function, particularly learning flexibility,
has been invoked as a major contributor to invasion success,
as has personality (Carvalho et al. 2013; Chapple et al. 2012;
Sol et al. 2002; Wright et al. 2010). Much support has indeed
demonstrated that among and within species, those that
were invasive exhibited higher levels of innovation (Sasvari
1985), associative learning ability (Hazlett et al. 2002), as
well as exploratory behaviour (Carvalho et al. 2013; Chapple
et al. 2012). For example, the invasive green crab (Carcinus
maenas) was found to be faster in remembering the location
of a hidden food item than the native blue crab (C. sapidus)
(Roudez et al. 2008). It can be envisioned then that faster
behavioural and cognitive types would be more capable of
finding and using novel resources such as food, refuges, and
mates than slower types, thereby, facilitating their invasion
success.

Despite much support of the CSH, there are still studies
which provide evidence against its predictions (Amy et al.
2012; Carazo et al. 2014; Dugatkin and Alfieri 2003; Grif-
fin et al. 2015; Guenther et al. 2013; Tebbich et al. 2012).
Thus, examining the role that personality plays in the learn-
ing process is critical to our understanding of the mecha-
nisms driving inter-individual variation in cognitive func-
tion. Invasive species offer a promising system with which
to examine this relationship as the functional integration
of personality and learning should enable invaders to meet
the challenges of the novel environments into which they
become established (Amiel et al. 2013). Accordingly, we
tested the predictions put forth by the CSH by investigating
the relationship between personality and learning ability in
the invasive delicate skink (Lampropholis delicata). This
species is an ideal model for addressing these questions as
it exhibits consistent inter-individual variation in activity,
exploratory behaviour, boldness, and sociability with all
behaviours except boldness being structured into a behav-
ioural syndrome (Melki-Wegner 2015; Michelangeli et al.
2016b; Moule et al. 2016). These behaviours have also been
shown to enhance its invasion success (Chapple et al. 2012).
We aimed to determine if: (1) the delicate skink is capable
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of learning an associative task; (2) variation in personality
among delicate skink individuals influences learning speed
and accuracy. We expected that fast individuals, in having
greater levels of activity, exploratory behaviour, and bold-
ness would have higher learning speed at the cost of accu-
racy. Slow types, on the other hand, were instead expected
to take a greater number of trials to become trained, but in
being slower and more attentive, would exhibit higher levels
of accuracy and flexibility.

Methods and materials
Study species and field collection

The delicate skink is a small [35-55 mm adult snout—vent
length (SVL)] heliotherm that is locally abundant and geo-
graphically widespread in eastern Australia (Chapple et al.
2011). Its native distributional range spans 26° of latitude
from north Queensland to southern Tasmania (Chapple
et al. 2011). In addition, this species has been introduced
to Hawaii, New Zealand, and Lord Howe Island (Chapple
et al. 2013, 2014; Tingley et al. 2016). Within both its native
and introduced range delicate skinks occur in moist habitats,
including rainforests, wet sclerophyll forests, woodlands,
and heaths but are also able to utilise urban settings as well
(Chapple et al. 2014).

Fifty adult male lizards with complete tails were col-
lected from the Sydney region (New South Wales, Australia:
27°38S 153°05E) in Oct-2013 and Apr-2014. Each were
individually marked with a unique Visible Implant Elasto-
mer (Northwest Marine Technology) colour code and trans-
ported back to the animal housing facility at Monash Univer-
sity (Clayton, Victoria, Australia). Lizards were maintained
at 20 °C with a 14-h light: 10-h dark cycle (0600-2000 h)
and fed crickets (Acheta domesticus). Experimental trials
were conducted when lizards were in a post-absorptive
state (24 h without food). All applicable institutional and/
or national guidelines for the care and use of animals were
followed.

Behavioural measurements

The personality of each lizard was scored based on the meth-
odology described in Michelangeli et al. (2016a, b). Briefly,
behaviour was evaluated in four contexts: activity, explo-
ration, boldness and sociability. However, as boldness was
shown not to be repeatable, it was omitted from the present
study. Activity was measured by placing lizards individually
into an arena (550 X 320 x 240 mm) marked with 20 equal
grid squares. Activity was scored based on the number and
rate of transitions between squares. Exploration was meas-
ured by presenting lizards with an obstacle which divided

an arena into two compartments. Latency to reach the goal
compartment was used as a measure of exploratory behav-
iour. Sociability was measured by placing lizards in an arena
divided into three zones: social, asocial, and a neutral zone.
The social zone was comprised of a basking site divided
in half by a clear Perspex™ partition running the length
of the arena, with three stimulus lizards placed behind the
partition. The asocial zone located at the opposite end of
the arena was identical but contained no stimulus lizards.
The amount of time spent basking with conspecifics was
a measure of sociability. Each lizard was exposed to each
assay twice.

Associative learning
Apparatus and general design

To investigate associative learning ability, we used a stand-
ard Y-maze (Orchid Scientific & Innovative India Pty Ltd) as
this is an established design for testing learning in a range of
taxa, including the delicate skink (Amiel et al. 2013; Bezzina
et al. 2014; Burger et al. 1991; Waldman 1985). Mazes were
constructed from opaque white plastic with each arm (L:
37.5 X W: 6.5 X H: 13 cm) connecting to a central decision
point (CDP). The start arm was fitted with a guillotine door
and the two remaining arms were designated as decision
arms. Both decision arms were painted with either blue or
yellow horizontal stripes. These colours were selected as a
lizard’s visual system is capable of distinguishing between
them (Clark et al. 2014; Fleishman et al. 2011). A shelter (D:
57 mm X H: 43 mm) was placed at the end of each decision
arm with the shelter matching the colour of the arm. Lizards
were observed from behind a black curtain and recorded
using a Panasonic HC-V130 video camera. All equipment
was cleaned between trials with soap and water to remove
olfactory cues.

Associative learning involves visual discrimination
between two alternative stimuli presented simultaneously.
The stimuli used in the present study were a “safe” refuge
and an “unsafe” refuge. The safe refuge was that in which
lizards were permitted to remain inside without being dis-
turbed while lizards were removed from the unsafe refuge.
A visual cue (e.g., colour) was provided to enable lizards to
discriminate between the two stimuli and to reinforce the
association between cue and stimuli (positive or negative).

Here, lizards were exposed to a two-phase learning para-
digm. Each phase differed in cue relevance to assess the
lizard’s ability to associate a colour with a goal, in this case
the safe refuge. The first phase (training phase) served to
train lizards to associate a specific colour with safety using
negative reinforcement while the second phase (associative
learning) was meant to determine if the colour association
was established and used to locate the safe refuge. Because
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refuges utilised in the study were similar to those provided
within the lizard’s housing containers, no habituation was
conducted to familiarise lizards with their use.

Phase 1: training

Prior to the onset of the training phase, experimentally naive
lizards were randomly assigned a safe goal colour that was
held constant for the entire experiment. Goal allocation was
counter-balanced for both colour and side to control for pos-
sible colour or side biases. The spatial location (i.e., left or
right) of the goal remained constant for all trials during the
training phase thereby enabling lizards to use position and/
or colour cues to navigate to the goal. Lizards were subjected
to up to two trials per day for a total of 15 trials or until the
training the criterion of five correct trials within six consecu-
tive trials was met (Clark et al. 2014; Noble et al. 2014).
Lizards not reaching criterion were considered untrained and
removed from the experiment, whereas all trained lizards
continued onto the learning phase.

At the start of each trial, lizards were individually placed
behind the guillotine door for 5 min of acclimation. The door
was then lifted allowing them to move freely throughout the
maze. Each lizard was given up to 10 min to enter half of its
body into the goal shelter. Lizards remaining motionless for
15 continuous seconds were gently tapped on their pelvic
girdle with a small paint brush to instigate movement. If the
lizard entered the incorrect (unsafe) shelter, it was imme-
diately placed back into the decision arm. If the goal was
not reached within 10 min the lizard was then chased into
the goal shelter as reinforcement. Trials were only scored
as correct if the lizard initially turned into the goal arm and
entered half of its body into the goal shelter without leaving
that arm, with all other choices scored as incorrect (cor-
rect/incorrect turn). The number of correct trials served as
a measure of accuracy. The trial at which the criterion was
achieved was designated as the training trial and served as
a measure of training speed. Additional metrics recorded
during each trial were the number of incorrect turns into
non-goal arms from the CDP (# incorrect turns) as another
measure of accuracy (Mamuneas et al. 2014), latency to the
goal (Burghardt 1977), as well as the first side and colour the
lizard turned towards to investigate potential side and colour
biases. Lizards not entering the goal by the end of the trial
were assigned 10 min as their latency.

Phase 2: associative learning

In phase 2, the general methods, learning criterion, and
metrics remained the same as that of the training phase
described above. However, the number of trials increased
to 20 and the maze colour layout alternated between tri-
als. By changing the position of the goal, the use of colour
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versus spatial cues could, thus, be deciphered. Lizards cor-
rectly reaching the criterion were considered to have learned
the associative task while those that did not meet the crite-
ria were non-learners. The trial at which the criterion was
reached was designated as the associative learning trial and
served as a measure of learning speed.

Statistical analyses

Data wereanalysed using R (R Core Team 2013) and SPSS
version 20.0 (SPSS Inc. 2011), with statistical significance
assigned at @ = 0.05. Data were checked for normality and
homogeneity of variance. Data not meeting these assump-
tions were log transformed.

To be incorporated into a behavioural syndrome, behav-
ioural traits must show repeatability (test—retest reliability)
and between-individual variation (Bell 2007). Accord-
ingly, repeatability between trials for each trait was quanti-
fied using intra-class correlation coefficients (ICC) (‘rptR’
package: (Nakagawa and Schielzeth 2010); ‘ICC’ package
(Wolak et al. 2011)). Repeatability implies that individual
behaviour is consistent over multiple trials. Between-indi-
vidual variation for each trait was also quantified through
the ‘ICC’ package, with significance assessed using one-way
ANOVAs. Traits with significant between-individual varia-
tion and repeatability were then considered in tests assess-
ing the presence and structure of a behavioural syndrome.
Pairwise correlation tests were first completed followed
by a principal components analysis (PCAs) with varimax
rotation. This technique summarises correlations between
multiple variables and characterises the traits which make
up the syndrome.

Learning metrics were assessed separately for each phase.
Spearman’s rank correlation tests were used to determine
whether an individual’s training performance was predic-
tive of its learning ability. Pearson’s correlation tests were
conducted to examine the overall relationship between
personality and training trial number as well as personal-
ity and learning trial number. The effect of personality on
the probability of passing each phase was assessed with a
Kruskal-Wallis rank sum test and generalised linear mod-
els (GLM). Learning curves for the number of incorrect
turns, within-trial latency, and the probability of getting the
trial correct were constructed and examined independently
of personality using generalised linear mixed effect mod-
els (GLMM) or linear mixed effect models (LMM). Trial
number was specified as a fixed effect and Skink ID as a
random effect. LMMs were performed to determine if per-
sonality influenced learning metrics, including within-trial
latency, the number of incorrect turns, and correct/incorrect
trial. Trial number, batch, and individual personality scores
derived from the PCA were specified as fixed effects and
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Skink ID as a random effect. The presence of colour and side
biases was determined using Chi-squared tests.

Results
Behavioural syndrome structure

Activity, exploratory behaviour, and sociability were repeat-
able with significant between-individual variation for each
of these traits (Table 1). Consequently, all three traits were
included in the PCA. Pairwise correlations did not reveal
any significant relationships between behaviours (Table S1).
By contrast, the PCA analysis showed a shared pattern of
behavioural variation. A first major axis (PC1) meeting the
Kaiser—Guttman criterion (eigenvalue > 1) explained most
of the variation (44.5%) and was positively correlated with
all three traits. Specifically, more active lizards passed over
an obstacle more quickly, and spent more time basking with
other lizards. PC2 explained comparatively less of the vari-
ance (30.9%) and did not meet the Kaiser—-Guttman criterion
for retention (eigenvalue = 0.93). Thus, only the individual
scores for PC1 were used as a measure of personality in the
learning analyses.

Learning ability in the delicate skink

Twenty-eight of the 50 lizards (56%) passed the training
phase and 16 of the 28 trained lizards (57%) went on to
become learners. The probability of correctly completing
five of six consecutive trials by chance alone was low (Phase
1 =0.18; Phase 2 = 0.25). Lizards took 5-15 trials inclusive
(mean = SE: 9.82 + 0.65, n = 28) to become trained (Phase
1) and trained lizards took 6-20 trials inclusive (mean + SE:
12.88 + 1.16, n = 16) to learn the associative task (Phase 2).

Chi-squared tests indicated that within trials lizards
preferentially turned right but did not exhibit a colour bias
(?=4.20,df=1,P=0.040; y* = 0.015,df =1, P = 0.901;
respectively). However, when comparing the performance
of lizards assigned either goal side or colour, the number of
learners did not vary (Phase 1:;{2 =0.14,df=1, P =0.706;
Phase 2: y*> = 0.25, df = 1, P = 0.617; Phase 1: y* = 0.14,
df =1, P = 0.706; Phase 2: ;(2 =1,df=1, P=0.317,
respectively).

The Spearman’s rank correlation test indicated that during
the training phase, both the number of incorrect turns as well
as latency to reach the safe refuge were associated with the
number of trials to reach the training criterion (Table S2).
Similarly, the number of incorrect turns was related to the
number of trials to reach the learning criterion. However, the
time to reach the goal was not associated with the number
of trials to learning criterion nor did training performance
predict learning performance (Table S2; Figure S1).

Analysis of learning curves for the training phase
independent of personality revealed that both the
number of incorrect turns and latency to reach the
goal decreased with successive trials (GLMM: esti-
mate + SE = —0.06 + 0.01, z = - 5.21, P < 0.001; LMM:
estimate + SE = — 0.03 + 0.01, r = — 3.11, P < 0.001;
respectively) (Figure S2a and S3a) whereas the prob-
ability of getting the trial correct was unaffected by trial
number (GLMM: estimate + SE = 0.04 + 0.02, z = 1.85,
P =0.065). In the associative learning phase, overall learn-
ing performance improved as indicated by a decrease in
the number of incorrect turns across trials (GLMM: esti-
mate + SE = — 0.04 + 0.01, z = —3.95, P < 0.001; Figure
S2b) and an increase in the probability of getting the trial
correct (GLMM: estimate + SE = 0.04 + 0.02, z = 2.27,
P = 0.02). However, latency to reach the goal during the
learning phase did not exhibit a significant decrease over
successive trials (LMM: estimate + SE = — 0.01 + 0.01,
t=—-1.82, P = 0.069; Figure S3b).

Influence of personality on learning

Personality had little influence on learning metrics in either
phase. During the training phase, no relationship was
detected between personality and the latency to reach the
goal (Table 2; Fig. la, b), whether a trial was correct or
incorrect, or the number of trials to reach training criterion
(GLM:;(2 =0.07,df=1, P =0.79; Fig. 1c). However, for the
number of incorrect turns, personality did interact with trial
number suggesting that faster types (e.g., more active and
exploratory individuals) decreased the number of turns into
the non-goal arm over consecutive trials (F = 1.85, df = 15,
P = 0.03) relative to slow types. Additionally, within the
associative learning phase, personality was not associated
with either the number of incorrect turns (Table 2; Fig. 1d,

Table 1 Between individual variation and repeatability of personality traits. F-statistics are from one-way ANOVAs and intra-class correlation

coefficients (ICC) were used to assess repeatability

Activity

Exploration Sociability

Inter-individual variation 254.73 (Fy950 = 2.08)
ICC (95% CI) 0.35(0.08, 0.57)
P 0.006

1551309 (Fyg 49 = 2.41)
0.41(0.15,0.62)
0.001

35115.6 (Fu950 = 2.12)
0.36 (0.09, 0.58)
0.005
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Table 2 Results of LMMs
examining the influence of trial

number, batch, and personality
on learning metrics

Response Predictor Fy P
# Incorrect turns phase 1 Intercept 46.40, 35 g5 < 0.00
Batch 0.715 31 05 0.50
Personality 0.88,167.49 0.35
Trial no 2.4315 19742 < 0.00
Personality X trial no 1.8515038.36 0.03
Latency phase 1 Intercept 3661.19; 0489 < 0.00
Batch 1.02) 3553 0.37
Personality 0.65195.50 0.42
Trial no 1.0615 305 62 0.40
Personality X trial no 1.5245369.00 0.10
Correct/incorrect trial phase 1 Intercept 150.26, 0476 < 0.00
Batch 0.26, 352 0.78
Personality 1.90, 195 44 0.97
Trial no 0.585355.11 0.89
Personality X trial no 1.0245 385 85 0.43
# Incorrect turns phase 2 Intercept 21.23, 371 < 0.00
Batch 0.07598.54 0.93
Personality 0.35,167.49 0.85
Trial no 1.18,9 160722 0.28
Personality X trial no 0.61,9 5645 0.90
Latency phase 2 Intercept 3578.57, 3106 < 0.00
Batch 37853105 0.04
Personality 0.38) 7584 0.54
Trial no 2.501994.17 < 0.00
Personality X trial no 1.18198200 0.27
Correct/incorrect trial Intercept 315.52) 5415 < 0.00
Batch 2.89; 5067 0.08
Personality 0.15; 5096 0.71
Trial no 1.8919.265.17 0.02
Personality X trial no 1.8219262.09 0.02

Values in boldface are significant at P < 0.05

e), latency, or learning speed (GLM: )(2 =282,df =1,
P =0.09; Fig. 1f). Whether a trial was correct or incorrect
was, on the other hand, influenced by the combined effect of
trial and personality (F = 1.82, df = 19, P = 0.02; Table 2)
where fast personality types increased accuracy over trials
at a higher rate than slow types. The Kruskal-Wallis rank
sum test further supported the lack of influence of person-
ality on learning in that personality of untrained, trained,
non-learners, and learners did not vary (y*> = 0.96, df = 2,
P =0.620).

Discussion
Overall, delicate skinks were able to learn to perceive and
identify a colour cue as it related to a safe shelter when pre-

sented with an associative learning paradigm. Nearly equal
numbers of lizards passed the training and learning phase,
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indicating that even when position cues became unreliable
more than half of the trained lizards had the capacity to per-
ceive the change in position cue reliability and associate
the safe shelter based solely on the visual cue. However, in
testing the CSH, we found that personality had little influ-
ence on an individual’s learning accuracy, learning speed,
or the probability of learning. This is the first study to our
knowledge evaluating the impact of personality on aspects
of learning in an invasive species, suggesting that aspects of
cognition may have the potential to contribute to an invader’s
ability to successfully establish outside its native range.
Our results indicate that the delicate skink is capable of
learning an associative task. This was evidenced by the high
proportion (> 50%) of lizards successfully completing both
the training and learning phases. Furthermore, the same
learning criterion and similar maximum trial numbers have
been used in previous studies of associative learning sug-
gesting that the level of learning success demonstrated here
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Fig. 1 Relationship between personality and learning metrics during each experimental phase

was not inflated as a result of having a greater opportunity
to reach the criterion (Clark et al. 2014; Noble et al. 2014).

When considering the four learning metrics measured,
learning performance differed between the training and
learning phases. During the first phase (training phase), liz-
ards decreased the number of incorrect turns and latency

to reach the goal with successive trials, but the number of
correct first turns did not improve from one trial to the next.
By contrast, during the learning phase, an increase in learn-
ing accuracy was observed whereas latency to reach the
goal did not decrease over successive trials. Varying results
among the two phases may be due to a number of factors.

@ Springer



648

Oecologia (2017) 185:641-651

Firstly, stable cue reliability may have promoted the use of a
‘rule-of-thumb’ strategy during the training phase whereby
lizards employed the same behavioural response across tri-
als (e.g., always turn right). This could explain the decrease
in latency without a corresponding increase in the number
of correct first turns (Carazo et al. 2014). Secondly, lizards
had the opportunity to utilise both position and colour as
a cue in their decision-making process during this initial
phase while only colour was available during the learning
phase. By having to rely entirely on the visual cue while
extinguishing the spatial information, the second phase may
have required greater processing time, thus causing latency
to reach the goal to increase (Day et al. 2003). Finally, over-
training effects may also have contributed to the lack of
latency reduction during this phase. Since lizards completed
up to 35 trials over the entire experiment, they may have lost
motivation to complete the task or become habituated to
the perceived threat of the paint brush (Carazo et al. 2014).

The cognitive performance demonstrated here is consist-
ent with that of other species of skinks (Clark et al. 2014;
Day et al. 2003; Leal and Powell 2012; Noble et al. 2014).
For example, in the only other study on delicate skink cogni-
tion, latency to reach a food reward in a Y-maze decreased
while the number of correct turns did not improve (Bezzina
et al. 2014). Similarly, three-lined skinks (Bassiana duper-
reyi) decreased their latency under the same testing para-
digm (Amiel et al. 2013). However, these authors did not
examine the number of incorrect turns across successive
trials; thus, this metric could be compared. Together these
findings suggest that some level of learning appears to be a
common trait among this group of animals, potentially due
to common foraging, reproductive, or predator avoidance
strategies.

Influence of personality on learning

The CSH states that behavioural types will fall along a
fast—slow continuum whereby fast types are more active and
exploratory than slower types, and that this individual varia-
tion in personality will in turn correspond to an individual’s
position along the fast—slow cognitive style axis (Sih and
Del Giudice 2012). This purported link between personality
and cognitive style arises through a shared speed—accuracy
trade-off. By exhibiting a higher level of activity and explo-
ration, fast personality types sample their environment more
rapidly, albeit, more superficially. These behavioural tenden-
cies should, therefore, enable fast types to learn novel tasks
more quickly, but at the cost of accurate decision-making
and responsiveness to changes in the meaning of cues. Slow
types, by contrast, should instead have a reduced learning
speed but express more learning flexibility through their
greater attention towards cue relevancy, increasing their
accuracy under variable environmental conditions.
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Accordingly, we expected a greater proportion of lizards
exhibiting a high level of the activity—exploration—sociabil-
ity syndrome (fast type) to successfully reach the training
criterion and do so more rapidly but with potentially more
errors relative to those expressing a low level of the syn-
drome (slow type). Moreover, we further expected that slow
lizards would achieve the learning criterion at a faster rate
and with greater accuracy than fast lizards. In testing these
predictions, we found that personality had little influence on
learning in the delicate skink, with most metrics having no
relationship with personality. Neither learning ability nor
speed was affected by a lizard’s personality. In other words,
the expectation that fast lizards would disproportionately
achieve the training criterion at a faster rate while slow liz-
ards would achieve the learning criterion more rapidly was
not observed. By contrast, personality did influence learn-
ing accuracy as stated by the CSH but these effects were in
the opposite direction. It was expected that fast personality
types, with their superficial sampling and inaccurate cogni-
tive style, would not perceive the change in cue meaning
during this phase and thus would make greater number of
mistakes when associating the colour with the goal. How-
ever, lizards exhibiting slower personality types were less
accurate countering the CSH. Similar results were reported
by Mamuneas et al. (2014#1163) where bolder fish (Gaster-
osteus aculeatus) were no less accurate than shy fish when
tested in a standard food reward experimental paradigm.

Contradictory results have been demonstrated in several
other studies as well (Ducatez et al. 2015; Guillette et al.
2015). For example, exploration was found to be positively,
rather than negatively, correlated with reversal learning
ability in two species of Darwin’s finches (Camarhynchus
parvulus and Cactospiza pallida) (Tebbich et al. 2012).
Similarly, an individual’s level of exploratory behaviour
did not affect either associative learning or reversal learn-
ing success in great tits (Parus major) nor were the expected
speed—accuracy trade-offs observed (Amy et al. 2012). In
other words, there was no difference in the number of errors
(e.g., accuracy) between fast and slow explorers during
either experimental phase.

The lack of full support of the CSH demonstrated here
could indeed be a true reflection of the limited influence
personality has on the learning process of the delicate skink.
However, individual variation in motivation and/or habitu-
ation may instead be causing differences in the latency to
reach the safe refuge. Each behavioural type (e.g., fast or
slow) may have different levels of motivation to explore
and be active as each has different underlying energetic
demands. Likewise, the ability to habituate to novel cog-
nitive problems may also vary as a function of personal-
ity. Such differences may then result in fast lizards having
higher encounter rates with environmental cues than slow
lizards, effecting the time an individual takes to employ an



Oecologia (2017) 185:641-651

649

appropriate behavioural response. This has been suggested
in several empirical as well as theoretical studies (Biro and
Stamps 2010; Careau and Garland 2012; Shettleworth 2001;
Sol et al. 2013; Stamps and Groothuis 2010).

An alternative explanation could be the fact that we inves-
tigated the effect of a suite of correlated behaviours (e.g.,
behavioural syndrome) rather than each one individually.
It may be that only some, or one, of the constituent behav-
iours making up the personality syndrome in the delicate
skink is functionally related to its learning. For example,
both activity and exploration have been shown to positively
affect cognitive traits (Guenther et al. 2013; Guillette et al.
2015; Titulaer et al. 2012), but it is less clear how sociability
may be involved. Furthermore, it may also be possible that
learning and personality interact more strongly in a different
cognitive trait. It has been shown that an individual’s perfor-
mance in one learning task may not necessarily be indicative
of that individual’s performance in a different task (Leal and
Powell 2012). Indeed, to fully evaluate whether the CSH
holds for a species, learning ability must be assessed over
a variety of cognitive traits such as navigation or problem-
solving (Griffin et al. 2015; Sih and Del Giudice 2012).

Our study is the first of its kind to investigate the link
between personality and learning in an invasive species
while also considering personality-mediated speed—accu-
racy trade-offs within the context of the CSH. Our results
indicate that the delicate skink has the capacity to learn,
and that previously learnt associations between a visual cue
and a behavioural response can be modified. These findings
contrast with a previous investigations of general cognitive
function in this species, and add to the growing literature
demonstrating reptilian learning ability (Bezzina et al.
2014). Moreover, personality only influenced a single aspect
of learning, whereby lizards with faster personality types
had lower latencies to reach a goal than slower personality
types. However, the speed—accuracy trade-offs predicted by
the CSH were not supported. Nonetheless, our results will
serve to contribute to the paucity of research into reptilian
cognition in general, and personality-mediated learning abil-
ity specifically.

The learning ability of the invasive delicate skink, as
demonstrated here, may act to facilitate its capacity to
become established outside of its native range. Having the
capacity to use cues as a means of evading novel predators
and identifying key resources such as food, mates, and ref-
uges could serve to promote its invasibility. Furthermore,
having the flexibility to perceive changes in cue meaning
and/or reliability would also assist in adapting to the chal-
lenges of a variable environment (Sih and Del Giudice
2012). How personality interacts with cognitive function
and how their interplay influences invasion success is, how-
ever, still unclear. Our results hint at a potential link that
may increase establishment success in the delicate skink.

Further investigations comparing the personality-mediated
learning abilities between invasive and non-invasive species
or populations would, therefore, be warranted to determine
if indeed cognitive style is a mechanism underlying the inva-
sion process.
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