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Island habitats often differ markedly from those on the mainland in many biotic and abiotic factors.

Typically, they harbour fewer predator, competitor and prey species and resources tend to be scarcer or
more variable. In response, many island dwelling species have evolved a series of morphological,
physiological and life-history adaptations, collectively referred to as ‘island syndrome’. Although
morphological and life-history island-induced trait shifts are particularly well documented, the effects
of insularity on behaviour have attracted much less attention. In this study, we examined the effects of
insularity on two putatively interrelated behavioural domains: cognition and personality. We compared
cognitive and personality-related traits of Aegean wall lizards, Podarcis erhardii, from several mainland,

Article history:

Received 30 April 2025

Initial acceptance 16 June 2025
Final acceptance 24 November 2025
Available online xxx

MS. number: 25-00274R

KeyWorcF-‘ island and small islet populations. We anticipated that the ecological peculiarities of insular environ-
agaression ments would induce convergent changes in the behaviour of island lizards. However, we found few clear
Esgﬁlﬁr or consistent shifts in cognitive or personality trait means that were linked to insularity. One notable
evolution exception was the discernible decrease in the aggressiveness of insular lizards compared with their
islands mainland counterparts, suggesting that high population densities on islands alter the economics of

lizard territorial defence. However, we observed recurrent differences in behavioural variation: insular lizards
personality exhibited higher repeatability (higher among- and lower within-individual variation) in their behav-
Podarcis erhardii ioural traits (predominantly aggressiveness, risk-taking and sociability). This suggests increased
behavioural specialization and reduced flexibility in insular populations compared with mainland
populations. Our findings highlight the complexity of behavioural evolution in insular systems and
suggest that, unlike morphological and life-history traits, behavioural responses to insularity may be

more variable and nuanced than previously assumed.
© 2026 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

Islands often differ markedly from the mainland in a variety of
biotic and abiotic factors. Owing to their smaller size and distinct
boundaries, they typically support fewer predator, competitor and
prey species (Losos & Ricklefs, 2009; MacArthur & Wilson, 1967).
Consequently, insular animal populations often reach much higher
densities than conspecific populations on the mainland (Buckley &
Jetz, 2007; Case et al.,, 1979; MacArthur et al., 1972). However,
resource availability on islands tends to be lower or more variable
(Blanco et al., 2014; Janzen, 1973; but see Sale & Arnould, 2013).
Therefore, in response to the peculiarities of insular conditions,
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many insular populations have evolved a number of morphological,
physiological and life-history adaptations, collectively known as
‘island syndrome’ (Adler & Levins, 1994; Baeckens & Van Damme,
2020 and references therein). Indeed, a steadily increasing body
of evidence documents how a wide array of insular species have
different body dimensions, occupy wider trophic niches, lose their
locomotor abilities and exhibit reduced fecundity and longer life-
span compared with their mainland relatives (reviewed in Adler &
Levins, 1994; Baeckens & Van Damme, 2020; Jezierski, Smith, &
Clegg, 2024; Lomolino et al., 2013; Losos & Ricklefs, 2009).
However, despite extensive research into morphological and
life history island-induced trait shifts, the effects of insularity on
behaviour remain largely unexplored (Gavriilidi et al., 2022). One
notable exception is the documented phenomenon of ‘island
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tameness’, whereby insular prey species often fail to recognize or
respond adequately to predators (Cooper Jr, Pyron, & Garland,
2014; Darwin, 1839). However, other behavioural domains,
including cognition (sensu Dukas, 2004; Shettleworth, 2009) and
personality (sensu Dall et al., 2004; ‘broad-sense definition’, Réale
et al,, 2010), have received very little attention. This is unfortunate
because cognitive functions and personality traits have important
effects on the way animals negotiate their socio-ecological envi-
ronments (Dunbar & Shultz, 2007; Jolly, 1966; Mettke-Hofmann,
2014; Parker & Gibson, 1977; Réale et al., 2007; Sih & Del
Giudice, 2012; Sih et al., 2004; Sol, 2009; Wolf & Weissing, 2012;
Wooster et al., 2024). For example, there are certain personality
traits that may reduce individuals' risk of predation and increase
their competitive ability, reproductive success and probability of
survival (e.g. Cole & Quinn, 2011; Cote et al., 2008; Sinn et al.,
2006; Smith & Blumstein, 2008). In some animals, superior
cognition has been associated with greater foraging efficiency (e.g.
Gonzalez-Gomez et al.,, 2011), enhanced body condition (e.g.
Huebner et al., 2018), higher survival rates (reviewed in Rochais
et al, 2022), increased reproductive output (e.g. White et al,,
2022) and invasion success (reviewed in Szabo et al., 2020), indi-
cating selection advantages for superior cognition.

However, there is a high energy cost of developing and main-
taining the nervous tissues that form the substrate for cognitive
functions (Aiello & Wheeler, 1995; Isler & van Schaik, 2009;
Laughlin et al., 1998). Depending on the spatiotemporal context,
personality traits may also be disadvantageous and bear fitness
costs (Dingemanse et al., 2004; Smith & Blumstein, 2008). How-
ever, natural selection can be expected to bestow animals with the
correct amount of cognitive power and type of behaviours to
survive in their specific environments.

Aspects of behavioural phenotypes are often interrelated
(Dougherty & Guillette, 2018; Goulet et al., 2018; Sih & Del
Giudice, 2012); as such, personality and cognitive traits may
experience a shared evolutionary fate on islands. For example,
behavioural traits (e.g. aggression, boldness, exploration, socia-
bility and neophobia) are often found to covary, giving rise to
behavioural syndromes (reviews in Conrad et al., 2011; Sih et al.,
2004). In many species, these traits have also been linked to
cognitive performance (e.g. birds: Guillette et al., 2009; fish:
Lucon-Xiccato & Bisazza, 2017; mammals: Mazza et al., 2018,
Shultz & Dunbar, 2022; reptiles: Carazo et al.,, 2014), albeit in
varied ways (Dougherty & Guillette, 2018). A small number of
these behavioural traits have also been considered as potential
components of the island syndrome (e.g. aggression, Adler &
Levins, 1994; risk sensitivity, Cooper Jr et al., 2014); as such,
insular conditions may impose indirect selection on cognitive
traits by affecting the associated behavioural traits and vice versa.

Although there is a lack of empirical evidence, it is plausible
that cognitive and personality differences between mainland and
island populations exist and may arise through multiple pathways
(Gavriilidi et al., 2022). If cognitive abilities have an influence on an
individual’s capacity to colonize new or challenging environments
(Amiel et al., 2011; Sol et al., 2005), such as islands, then insular
populations may already differ from their mainland counterparts
owing to a selective filtering process that reduces the range of
behavioural phenotypes found in island populations. Once a
population is established, the unique ecological pressures could
drive developmental, phenotypically plastic or genetic changes in
individual’s cognition that, depending on the peculiarities of the
island system, either favour or constrain cognitive abilities.
Potentially, poor or erratic food availability (e.g. on small islands)
may select against the allocation of energy into expensive
neuronal tissue, thus favouring individuals with smaller brains and
lower cognitive capacity (Heldstab et al., 2022; van Woerden et al.,

2010). The reduction in predation and interspecific competition
may likewise reduce selection for performant brains (Kotrschal
et al.,, 2015; Reichert & Quinn, 2017; but see Stankowich &
Romero, 2017), leading to cognitive decline on islands. Increased
inbreeding, a common feature of small-island populations
(Frankham, 1998; Sherpa et al., 2024), may further diminish
cognitive abilities (Gavriilidi & Van Linden, 2024). However, higher
population densities may drive selection towards larger brains
capable of coping with increased social complexity (following the
assumption that higher densities increase social complexity;
Hemelrijk, 2017). Furthermore, in insular environments, animals
often face challenging situations and must exploit novel or more
diverse food sources; this is hypothesized to promote the evolu-
tion of larger brains and more well-developed cognitive skills
(Sayol et al., 2018). Any directional selection on islands could
further reduce behavioural variation among insular animals.
Therefore, despite the potential cognitive divergence between
mainland and island populations, comparative studies remain
underutilized as a framework for testing cognitive evolution.

Similarly, certain personality types may influence individuals’
movement, activity and dispersal tendencies, thereby increasing
their chances of establishing in new habitats or surviving in chal-
lenging habitats (Chapple et al., 2012; Spiegel, Leu, Bull, & Sih, 2017),
such as islands. Once a population is established, the same ecolog-
ical pressures (limited or erratic food availability, relaxed predation
and increased population density) that act on cognition may also
favour specific personality types. For example, a poor nutritional
environment (i.e. low protein intake) resulted in less aggressive
phenotypes in southern field crickets that were less active during
courting (Gryllus bimaculatus; Han & Dingemanse, 2017), whereas
high-predation regimes selected against risk-taking behaviour in
salmonid fishes (Biro et al., 2004). Moreover, these ecological
pressures may influence not only the average levels of personality
traits but also their correlations (i.e. behavioural syndromes).
Indeed, populations of three-spined sticklebacks, Gasterosteus acu-
leatus, exposed to high predation exhibited a behavioural syndrome,
characterized by correlated aggressiveness, activity and exploration,
which was weakened or absent in populations experiencing lower
predation pressure (Dingemanse et al., 2007).

In this study, we investigated the effects of insularity on a suite
of cognitive and personality-related traits in Aegean wall lizards,
Podarecis erhardii, by comparing mainland and insular populations.
We hypothesized that mainland and island lizard populations
would differ in their average cognitive performance and person-
ality traits, as well as the correlations between these traits, and
that these differences would be pronounced in smaller, more
isolated islets, as the populations would experience the largest
ecological shift relative to mainland and larger islands (Whittaker
& Ferndndez-Palacios, 2007).

METHODS
Study Species and System

Podarcis erhardii is a diurnal, ground-dwelling lacertid that has
an adult snout-vent-length (SVL) of up to 75 mm (Valakos et al.,
2008). Native to the Balkans, it inhabits a variety of semi-open
environments from rocky islets with xeric vegetation to conti-
nental mountaintops (Valakos et al., 2008). Owing to the gradual
fragmentation of its range since the Miocene, P. erhardii now in-
cludes more than 60 small, isolated, island populations that have
undergone substantial morphological and genetic differentiation
(Hurston et al., 2009; Poulakakis et al., 2003).

In the summers of 2021, 2022 and 2023, we caught a total of
219 adult lizards (males: N = 191, mean SVL = 64.38 mm,
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range = (54.71, 80.21), females: N = 28, mean SVL = 63.91 mm,
range = (52.74, 79.14)) from two mainland (N = 67; Parnitha and
Evia), two large island (N = 36; Naxos: 430 km?; Anafi: 40 km?) and
five small islet populations (N = 116; Parthenos, Fidoussa, Aspro-
nissi, Glaronissi and Megalo Fteno; <1 km?; Fig. 1). To minimize
interference with female pregnancies, we aimed to study males
only. However, in some populations, it was necessary to include
females to increase the sample size (Table S1 in supplementary
material). Lizards were sampled from dense shrublands with
scattered trees on the mainland, whereas those from insular pop-
ulations were captured in rocky habitats, including stone walls,
dominated by phrygana vegetation. Mainland and insular wall
lizard populations likely experience very different ecological con-
ditions owing to differences in predation pressure (smaller pred-
ator communities on islands) and intraspecific competition (higher
densities on islands) (Brock et al., 2015; Foufopoulos et al., 2023;
Pafilis et al., 2009; Table S1 in supplementary material).

The lizards were housed individually in plastic terraria (57 x
39 x 42 cm) with opaque walls, containing a sandy substrate,
enrichment material (small stones and clay shelters) and water
bowls. A 65 W bulb, suspended above each terrarium, provided
light and heat between 0800 and 1800 hours. The lizards had ad
libitum access to fresh water and were fed one mealworm (Tene-
brio molitor) dusted with multivitamin powder each day. Before
the experiments were started, all lizards were permitted a 2-day
acclimation period in their home terrarium. All experimental
procedures were conducted within a brief captivity period no
longer than one month, after which the lizards were returned in
good health to their original capture sites.
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Experimental Procedures

We assessed the behavioural traits of the lizards using various
experimental settings under controlled conditions; specifically, we
measured five personality-related behaviours (aggressiveness,
risk-taking, exploratory behaviour, neophobia and sociability) and
four cognitive traits (spatial and reversal learning, inhibitory
control and problem-solving ability). Most traits were assessed
between 0900 and 1800 hours, when lizards are most active. Prior
to testing, the lizards were allowed to thermoregulate freely in
their home enclosures for at least one hour, to ensure their body
temperatures were within the preferred range. Heat bulbs were
left on throughout the experiments to maintain the optimal
thermal conditions. To minimize external disturbances, the
researcher was not present in the room during most experimental
trials. All trials were recorded on video, and lizard behaviours were
quantified using Solomon Coder software (Péter, 2017,
RRID:SCR_016041). To reduce stress from unnecessary handling,
all experiments were conducted in the lizards’ home terraria. To
standardize experimental procedures across populations, lizards
were tested in a consistent sequential order.

Personality-Related Assays

Aggressiveness

Aggressiveness was estimated by scoring the lizards’ behaviour
in response to their mirror image (similar to Scali et al., 2019). At
the start of each trial, water bowls and food were removed from
the home terrarium and a mirror (38 cm x 30 cm) was introduced

“ 0%

Figure 1. Sites of origin of the lizards studied. Mainland Greece (dark blue): 1. Mountain Parnitha, Attica, 2. Mountain Ochi, Evia, Aegean archipelago, islands (medium blue): 3.
Naxos, 4. Anafi and smaller islets (light blue): 5. Parthenos, 6. Fidoussa, 7. Aspronissi, 8. Glaronissi, 9. Megalo Fteno. An image of the Aegean wall lizard, the study species, is

displayed in the top right corner (photo credit: Lefteris Stavrakas).
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against one of its walls. Behaviour was recorded for the 10 min
immediately after the mirror was introduced. Each lizard was
tested three times, with one trial on each of 3 consecutive days. For
each trial, the side of the terrarium in which the mirror was placed
was randomly selected and we recorded the number of biting at-
tempts directed at the mirror image.

Risk-taking

Risk-taking was assessed in an antipredator context (Carter
et al., 2012) and quantified as the latency to emerge from a shel-
ter after a simulated predator attack (Carazo et al., 2014; Damas-
Moreira et al., 2019). Each individual was tested once per day for
3 consecutive days. In each trial, the lizards were gently chased
into a cardboard shelter (9 cm long and 4 cm high) by tapping their
tail with a paintbrush. We then recorded the time taken for the
lizard to peek their head out of the shelter; lizards that did not
peek their head out of the shelter within 10 min were assigned the
maximum score of 600 s.

Exploratory behaviour

Exploratory behaviour was measured by scoring the lizards’
behaviour in a novel environment (Carter et al., 2012; Damas-
Moreira et al., 2019). We temporarily removed the lizards from
their home terraria, cleared their terraria and replaced the sub-
strate with white sand. Then, we placed new shelters made of
cardboard cups (9 x 4 cm) in each corner of the terrarium (four in
total). Individual lizards were then placed back in the centre of
their terrarium, underneath a transparent cover. After 2 min, the
transparent cover was removed to allow the lizards to explore the
terrarium freely, and their behaviour was recorded for 4 min. The
time spent moving was recorded and assessed as a proxy of
exploratory behaviour.

Neophobia

Neophobia was evaluated by observing changes in the lizards'
foraging behaviour when a novel object (brightly coloured and
artificial) was placed near a familiar food source (De Meester et al.,
2022; Greenberg, 1983). We performed three neophobia trials, one
on each of 3 consecutive days. Neophobia trials followed the same
procedure as the inhibitory trials (see below, cognitive tests), with
the exception that a novel object (a red toy car, two yellow glow
sticks or a colourful clothespin, selected in a random order) was
placed next to the Petri dish at the start of each trial. For each trial,
we recorded the feeding latency as the time it took the lizard to
touch the Petri dish after the mealworm and the novel object were
introduced. Individuals that did not touch the Petri dish within
15 min were assigned the maximum latency (900 s). In each trial,
we calculated individuals' neophobia score based on the normal-
ized relative change ((—100%, +100%)) in their feeding latency
when the novel object was present compared with the ‘control’
average feeding latency during inhibitory control (De Meester
et al., 2022; Guido et al., 2017).

Sociability

Sociability was assessed as attraction towards the odour of
conspecifics (Cote & Clobert, 2007; Léna et al., 2000) and was
assessed for 10 consecutive days. Thirty minutes before the lights
were switched off for the night, two identical shelters made of
white clay were introduced into each lizard’s home terrarium,
placed in a random position each time to avoid any side biases. One
shelter was sprayed with a solution of water containing faeces and
shredded skin of several same-sex conspecifics from the same
population; the other was sprayed with pure water (to standardize
for humidity levels). We checked the shelters shortly after the
lights were switched off in the evening and shortly before they

were switched on again the next morning (similar to Léna et al.,
2000). A score of ‘1’ was assigned if the lizards chose to hide un-
der the scented shelter and ‘0’ if they chose to hide under the
shelter sprayed only with water.

Cognitive Tasks

Spatial and reversal learning

The lizards' spatial learning abilities were assessed using a
spatial memory task during which lizards needed to learn the
location of a safe hiding spot (similar to Font, 2019). Identical
shelters (made of cardboard cups; 9 x 4 cm) were placed in each of
the four corners of the lizards' home terraria (four in total). One
shelter was randomly assigned as ‘safe’ for each lizard. Visual cues
in (stickers) and around (wooden poles) each terrarium were
provided to help lizards' orientation. Prior to the experiment, liz-
ards were allowed 24 hours to acclimate to the shelters. Before the
beginning of each trial, we removed water bowls and enrichment
material from the terraria. At the beginning of a trial, each lizard
was placed in the centre of the terrarium underneath a transparent
cover for 2 min. After this familiarization period, the cover was
lifted and the lizard was chased by gently tapping the base of its
tail with a paintbrush. Chasing stopped when the lizard entered
the correct (‘safe’) shelter or after 120 s if the lizard did not enter
the safe shelter (after which the lizard was gently directed towards
the assigned safe shelter). When the lizard made a wrong decision
(i.e. entered an unsafe shelter), the unsafe refuge was lifted and the
chasing continued. Each individual was tested four times per day,
with at least 1 h in between trials, for 6 consecutive days. For each
trial, we recorded the number of errors (i.e. number of times a
lizard visited an unsafe shelter) and a successful score was given if
the lizard’s first choice was the safe shelter. Individuals were
considered to have learnt the task if they were successful in four
out of five consecutive trials (a robust learning criterion tested by
an exact binomial test, P < 0.05).

Immediately thereafter, lizards that successfully completed the
learning criterion (i.e. had learnt the location of the safe shelter),
were tested for reversal-learning capacity. In this reversal-learning
test, the safe shelter became unsafe, and another, previously un-
safe shelter became the safe shelter. Lizards were considered to
have successfully reversed the learned information if they were
successful in four out of five consecutive trials (binomial test,
P < 0.05). Lizards’ reversal-learning ability was determined from
the number of correct trials and the average number of errors
during the reversal-learning trials.

Inhibitory control

The lizards' ability to exercise inhibitory control (Diamond,
2013) was tested with a detour task (Kabadayi, Bobrowicz, &
Osvath, 2017) during which they had to surmount a transparent
barrier to reach the prey. This required the suppression of their
natural (but here, ineffective) behaviour of attacking their prey in a
straight line. Lizards were tested for their ability to eat from a
transparent Petri dish fixed on top of a wooden platform (10 x 10 x
1.5 cm) (similar to De Meester et al., 2022). To standardize moti-
vation and avoid satiation, lizards were fed exactly one mealworm
per day. Before each trial, we removed the water bowls and
enrichment material from the lizards' home terraria and intro-
duced the wooden platform with the Petri dish. After a 2 min
familiarization period, a mealworm (0.10—0.20 g) was placed in
the Petri dish, and the lizards were permitted 15 min to find and
consume it. Each lizard was tested once per day for 5 consecutive
days, although a second attempt was provided in case the lizard
did not eat the mealworm during the first trial. For each trial, we
recorded the lizards' feeding latency (i.e. the time it took lizards to
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touch the Petri dish after the mealworm was introduced). We also
noted the ‘solving time’, defined here as the time elapsed between
the lizard first making contact with the Petri dish and grabbing the
mealworm. Lizards that failed to overcome the barrier within the
assigned 15 min were assigned the maximum time of 900 s. In-
dividual performance in inhibition was determined by averaging
the solving time in all valid trials (i.e. when the lizard touched the
Petri dish; range of valid trials per individual = (2,10)).

Problem-solving: lid removal task

The problem-solving ability of the lizards was judged by their
performance in a lid-removal task (De Meester et al., 2022; Leal &
Powell, 2012). In this task, lizards had to remove an opaque plastic
disc (6 cm in diameter) that was placed on top of a Petri dish fixed
on a wooden platform (the same platform they were trained to eat
from during the inhibitory control) to gain access to a mealworm
(similar to De Meester et al., 2022). Similar to the inhibitory con-
trol task, lizards were fed one only worm per day to standardize
motivation. A lizard successfully completed the task if it displaced
the disc (e.g. by lifting or pushing it) and then immediately grab-
bed the prey. Lizards were tested three times and the number of
times they solved the task (0, 1, 2 or 3) as well as the solving time
(i.e. time between the lizard’s first contact with the Petri dish and
grabbing the prey) were recorded.

Ethical Note

This research was conducted under all necessary permits is-
sued by the Greek Ministry of Environment (Permit numbers
2021: YIIEN/AAA/28501/968; 2022: YIIEN/AAA/12534/504;
2023: 64014653I18-BBE) and was approved by the Ethical Com-
mittee of the University of Antwerp (ECD-dossier 2022-09). We
made all necessary adjustments to our protocols to minimize the
stress of all animals involved in the experiments. Animals were
caught by noosing, a technique commonly used for wall lizards,
which minimizes handling time and stress. During experiments,
disturbance and animal handling were minimized. Handling was
performed by trained researchers (FELASA category C) in accor-
dance with Finnish, Belgian and EU regulations governing the use
of animals in research. The study also adhered to the ASAB/ABS
Guidelines (ASAB Ethical Committee/ABS Animal Care Committee,
2023). All experiments were conducted in the lizards’ home
terraria, which provided ample space, enrichment material, op-
portunities for thermoregulation, food and ad libitum access to
water. Although the use of a paintbrush to chase lizards during
spatial and reversal learning may cause minor discomfort, the
procedure is brief, does not inflict injuries and has been previously
employed in numerous studies. Upon the completion of the ex-
periments, all lizards were returned in good health to their original
capture locations.

Statistical Analysis

All analyses were performed using R (version 4.4.2; R Core
Team, 2024). To maximize the statistical power, we pooled data
across the three sampling years, as preliminary analyses confirmed
the absence of a significant year-effect. Given the absence of sig-
nificant sex-related effects and the low number of females
sampled, we also combined data from both sexes.

Personality-Related Assays
To examine the effect of insularity (mainland, island or islet) on

aggression, risk-taking, exploratory behaviour, neophobia and so-
ciability we used a series of Bayesian mixed effect models (BMMs)

with default weakly informative priors (‘brms’ package; Biirkner,
2017; chains = 4, iter = 4000, adapt_delta = 0.99). In all models,
scaled SVL was included as a fixed covariate, and individual ID
nested within population was incorporated as a random effect.
Exploratory behaviour values were square-root—transformed to
improve model performance. In the case of risk-taking behaviour
(measured as the time taken to peek out of a shelter), we included
a binary censoring indicator (0: observed latencies, 1: right-
censored observations at the maximum latency) to account for
censoring (i.e. individuals that did not emerge within the obser-
vation window). The distribution family for each model was cho-
sen based on the nature of the data and the performance of each
model (aggression: negative binomial, risk-taking: lognormal,
exploratory behaviour and neophobia: Gaussian, sociability: Ber-
noulli). Overall predictor effects were extracted directly from the
model’s summary, and the proportions of total variance attribut-
able to among-individual (i.e. repeatability) and among-
population differences were calculated using the variance com-
ponents from each model (Dingemanse & Dochtermann, 2013;
Royauté & Dochtermann, 2021). We were unable to test the
repeatability of exploratory behaviour as it was assessed in a single
trial; as such, ID was not included in the model. Consequently, we
could not determine whether exploratory behaviour could be
considered a personality trait. Trait means were compared across
insularity levels by estimating marginal means (‘emmeans’ pack-
age; Lenth, 2024). To compare behavioural variance components
(i.e. among- and within-individual variance) across insularity
levels, we re-fitted the same model for each behavioural trait, but
included group-specific random effects allowing both among-
individual and within-individual variance to differ by insularity
(wherever applicable). For each variance component comparison
across insularity levels, we calculated the posterior probability of a
difference (Royauté & Dochtermann, 2021).

Cognitive Assays

Similar to the procedure used for personality-related assays, we
used a series of BMMs with default weakly informative priors
(‘brms’  package; Biirkner, 2017; chains=4, iter=4000,
adapt_delta=0.999) to assess whether insularity influenced per-
formance in the spatial and reversal learning, inhibitory control
and problem-solving tasks. For the spatial and reversal learning
we used only the number of correct trials as response variables, as
there was a strong correlation with the average number of errors in
each case (spatial: Spearman’s p = —0.84, P < 0.005; reversal:
Spearman’s p = —0.69, P < 0.005). Reversal learning was tested
only for the subset of lizards that achieved the spatial learning
criterion (N = 89). For the inhibitory-control test, we used the
average solving time (log-transformed) as the response variable.
For the model investigating the effects of insularity on problem
solving, we used a three-level factor to categorize how many times
an individual lizard solved the lid removal task (0: never, 1: once,
2: twice or more) as the response variable. In all models, we
included scaled SVL as a covariate and population as random ef-
fect. In each case, the distribution family was chosen based on the
nature of the data and the model performance (spatial and reversal
learning and inhibitory control: Gaussian, problem-solving: cu-
mulative with ‘probit’ link). For all BMMs, overall predictor effects
were extracted directly from the model summary and variance
components were partitioned based on posterior draws from each
model (Dingemanse & Dochtermann, 2013; Royauté &
Dochtermann, 2021). Comparisons across insularity levels were
performed by estimating marginal means (‘emmeans’ package;
Lenth, 2024). To compare cognitive trait variances across insularity
levels, we re-fitted the same models and allowed the residual
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variance to vary by insularity. For each variance comparison across
insularity levels, we calculated the posterior probability of a dif-
ference (Royauté & Dochtermann, 2021).

General Behavioural Profiles and Phenotypic Correlations

We employed a multivariate Bayesian mixed-effects modelling
approach to investigate the differences in behavioural profiles
among lizards from mainland, island and islet populations. All nine
behavioural traits considered (aggressiveness, risk-taking, explor-
atory behaviour, sociability, neophobia, spatial learning, reversal
learning, inhibitory control and problem solving) were included in
a joint multivariate model (‘brms’ package; Biirkner, 2017). For
aggressiveness, risk-taking and neophobia, we used the average
across the three trials as the response variables; for sociability, we
used the sum of all daily scores (i.e. 20 observations). To ensure
normality, aggressiveness averages, risk-taking averages, and
inhibitory control latencies were log transformed, whereas
exploratory behaviour values were square-rooted. To align all
behavioural traits on a comparable scale, all response variables
were standardized (mean = 0, SD = 1) before entering the model.
Subsequently, each trait was modelled as a function of insularity
(mainland, island and islet), with a random intercept for popula-
tion to account for the hierarchical structure of the data. Problem
solving, an ordinal outcome, was modelled using a cumulative
probit link. We used posterior means and 95% Crl to assess insu-
larity effects across traits.

We then examined the phenotypic correlation structure of
behavioural traits of lizards from mainland and insular origin.
However, given the nature of our data (collected in sequential
order with a varying number of repeated trials per trait) we were
unable to decompose raw phenotypic correlations into among-
and within-individual components (Dingemanse & Dochtermann,
2013). Instead, we calculated Spearman rank correlation matrices
(‘Hmisc’ package; Harrell Jr, 2024) based on the individual raw
mean values of each behavioural trait separately for mainland,
island and islet lizards, as well as for each individual population. To
increase the sample size, we excluded reversal learning as only a
subset of lizards were assayed. To statistically examine similarities
between insularity- and population-level correlation matrices, we
conducted a series of Mantel tests (999 permutations) using the
‘vegan’ package (Oksanen et al, 2024), applying the
Benjamini—Hochberg correction for multiple comparisons.

RESULTS
Personality-Related Assays

The results of BMMs testing for the effects of insularity on each
personality-related trait are summarized in Table 1 and Table S2
(supplementary material). Overall, insularity explained only a
small proportion of the total variance (Fig. S1; supplementary
material) and had few consistent effects on most personality-
related traits, with the exception of aggression. Individual
repeatability varied across behavioural traits and was generally
higher in insular lizards than in mainland lizards (Table S2; Fig. 2),
although statistical support for some traits, particularly neo-
phobia, was weak.

Mainland lizards exhibited higher aggression (8 = 1.03, poste-
rior SD = 0.46, 95% Crl = (0.17, 2.01)) than island lizards (8 = —0.97,
posterior SD = 0.67, 95% Crl = (—2.36, 0.30)) and, especially, islet
lizards (8 = —1.19, posterior SD = 0.56, 95% Crl = (—2.38, —0.14))
(Table 1; Fig. 3). The number of biting attempts increased some-
what with lizard body size (§ = 0.26, posterior SD = 0.16, 95%
Crl = (-0.06, 0.58)). Variability in aggressiveness (measured as the

Table 1

Summary output of Bayesian mixed-effects models examining the effects of insularity (Island or Islet vs Mainland) and scaled body size (SVL) on behavioural traits

Variability across
insularity levels

Individual variance (%),

(95 % Crl)

Population variance (%),

(95 % Crl)

Islet SVL

Island

Trait

B, SD, (95 % Crl)
0.26, 0.16, (—0.06, 0.58)

B, SD, (95 % Crl)

B, SD, (95 % Crl)

CVw: 0.79, (0.24, 1.82)
CVy: 1.53, (0.49, 3.76)
CVi: 2.84, (1.34, 5.68)
V: 2.87, (2.04, 4.04)
Vi: 3.80, (2.43, 6.03)
Vi: 3.27, (2.47, 4.36)

24.8, (127, 35.7)

2.7,(0.01, 12.8)

~0.97, 0.67, (—2.36,0.3) ~1.19, 0.56, (~2.38, —0.14)

Aggressiveness

13.1, (2.53, 43.6) 12.9, (4.59, 24.5)

0.06, 0.13, (—0.2, 0.33)

0.23,0.93, (~1.61, 2.12)

0.27, 1.1, (-1.95, 2.58)

Risk-taking

Ve 9.99, (7.08, 14.1)!
Vi: 3.04, (1.85, 4.93)'

Vi: 3.64, (2.78, 4.75)!

NA

5.62, (0.02, 24.9)

~1.13,0.67, (-2.49, 0.3) ~0.17, 0.2, (~0.58, 0.22)

~0.29, 0.81, (~1.89, 1.33)

Exploratory behaviour

Va: 1921, (1452, 2556)
Vi: 1613, (1180, 2264)
Vi 1862, (1569, 2215)
Vi 3.58, (3.42, 3.82)
Vi 3.92, (3.57, 4.52)
Vi 3.95, (3.72, 4.25)

32.5,(22.1, 42.6)

5.89, (0.12, 22.4)

5.91, 11.69, (—17.04, 29.9) —-2.15, 2.89, (-7.75, 3.62)

-10.1, 13.9, (—37.27, 18.4)

Neophobia

11.3, (8.43, 14.6)

0.75, (0, 4.5)

~0.16, 0.07, (~0.31, —0.02)

~0.19, 0.22, (~0.65, 0.25)

0.02, 0.27, (~0.53, 0.56)

Sociability

For each trait, Bayesian posterior estimates of the mean (B) and standard deviation (SD) for each insularity level and for body size (scaled SVL) are reported, along with the associated 95 % credible interval (95 % Crl). The
proportions of total variance attributable to populations and to individuals (i.e. individual repeatability) are presented as percentages (%) with the 95 % Crl, based on posterior predictions from the models. Posterior means of

total individual-level variance, along with the 95 % Crl, are shown for each insularity group (mainland: Vy; island: Vy; islet: V;). For aggression, the coefficient of variation (CV) is reported instead of variance owing to

differences in trait means.

1 Posterior mean residual variances and 95 % credible intervals.
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aggressiveness to account for differences in trait means across insularity levels. Panel (e) shows effect sizes of repeatability differences (At) and log variance ratios of among-
individual (InVRi) variances, as residual variance is fixed at 7?/3 in models with the Bernouilli distribution. Numbers with asterisks (*) indicate the posterior probabilities of a
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Fig. S2 of the supplementary material.

Figure 3. Violin plots of lizards' average number of biting attempts towards their mirror image (considered a proxy of aggressiveness) by population (PA: Mountain Parnitha, OC:
Mountain Ochi, NA: Naxos, AN: Anafi, FD: Fidoussa, GL: Glaronissi, MF: Megalo Fteno, AS: Aspronissi, PR: Parthenos) and coloured by insularity levels (mainland: dark blue,
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coefficient of variation; CV) was higher among insular lizards
(islet: CV = 2.84, 95% Crl = (1.34, 5.68); island: CV = 1.53, 95%
Crl = (0.49, 3.76)) than among mainland lizards (CV = 0.79, 95%
Crl = (0.24, 1.82)) (Fig. 2).

Cognitive Assays

The results for each cognitive trait are summarized in Table 2
and variance partitioning from BMMs is shown in Table S3 and
Fig. S1 of the supplementary material. Other than the few excep-
tions detailed below, there was very little evidence for consistent
effects of insularity on cognitive traits. The presence or direction of
residual variance differences across insularity levels was trait
specific (Table 2; Fig. S2).

A larger proportion of island lizards (64%) reached the spatial-
learning criterion compared with their islet (42%; %21 = 4.33,
P = 0.04) and mainland (42%; le =3.52, P = 0.06) conspecifics.
Similarly, a larger proportion of insular lizards (island: 52%; islet:
49%) achieved the reversal-learning criterion than their mainland
conspecifics (29%); however, this difference was not statistically
significant (%, = 2.41, P = 0.30). Otherwise, insularity did not
influence spatial or reversal learning performance (Table 2).

In the inhibitory control task, mainland lizards (8 = 1.93, pos-
terior SD = 0.10, 95% Crl = (1.74, 2.15)) performed only marginally
better (i.e. had shorter solving times) than islet lizards (6 = 0.23,
posterior SD = 0.13, 95% Crl = (—0.04, 0.47)) but not compared
with island lizards (8 = 0.08, posterior SD = 0.16, 95% Crl = (—0.25,
0.39); Table 2). Inhibitory control performance improved as body
size increased (8 = -0.12, posterior SD = 0.04, 95%
Crl = (-0.21, —0.03)).

General Behavioural Profiles and Phenotypic Correlations

In line with the above univariate analyses, multivariate
Bayesian mixed-effects modelling did not reveal any consistent
behavioural differentiations among mainland, island and islet
lizards (Fig. S3; supplementary material). The magnitude of
population-level variation differed across behavioural traits (range
of SDs of population intercept: (0.23, 0.61); Table S4). Full model
outputs from the multivariate Bayesian analysis are available in
the supplementary material (Table S4).

Behavioural correlation matrices were only similar between
island and islet lizards (Mantel’s r = 0.47, P = 0.02), with no sta-
tistically significant similarities found with the mainland (main-
land versus island: Mantel'r = —0.03, P = 0.58; mainland vs islet:
Mantel’s r = 0.29, P = 0.11). Overall, we found very few statistically
significant correlations among behavioural traits (Fig. 4; Fig. S4,

Table 2

supplementary material). Population pairwise comparisons
revealed very little similarity, indicating that, independent of
origin, populations largely differed in their behavioural correlation
structures (Fig. S4; Table S5, supplementary material).

DISCUSSION

Although we hypothesized that insular populations would
diverge from their mainland counterparts in consistent and
deterministic ways, our results suggest the reality is more
nuanced. We expected that the particularities of island environ-
ments would lead to consistent, predictable shifts in behavioural
trait means; however, this was observed only for aggressiveness,
which decreased as insularity increased. Instead, we observed
recurrent differences in the structure of variation for most
behavioural traits (aggressiveness, risk-taking, neophobia and so-
ciability): within-individual variance was generally lower and
among-individual variance was generally higher in insular pop-
ulations than in mainland populations. These findings suggest that
individuals living on islands, and especially on islets, exhibit more
repeatable behaviours or less behavioural flexibility, than in-
dividuals from the mainland. The variation on cognitive behav-
ioural was more complex: residual variance was generally lower in
islet populations, whereas island populations did not differ
significantly from the mainland. Below, we consider possible
reasons for the lack of effects of insularity on the average values
and discuss possible drivers for the observed changes in variance
composition.

Insular Lizards are More Docile than Their Mainland Counterparts,
but Otherwise Similar

A reduction in aggressiveness is considered one of the mani-
festations of the ‘island syndrome’ (Adler & Levins, 1994). How-
ever, somewhat surprisingly, there have been few direct
comparisons of aggression levels in mainland and insular animals
(reviewed in Gavriilidi et al., 2022). Most of the supporting evi-
dence is provided in insular rodent populations (Adler & Levins,
1994; Juette et al.,, 2020). In lizards, the picture is rather less
clear; some studies report increased aggression on islands (e.g. in
the Italian wall lizard, Podarcis siculus: Raia et al., 2010; and
clouded anoles, Anolis nebulosus: Siliceo-Cantero et al., 2017) but
other studies show opposite pattern (e.g. Agassiz’s anole,
A. agassizi: Rand et al., 1975; and chuckwallas, Sauromalus spp:
Case, 1978,1982; see Stamps & Buechner, 1985 for an early review).

Several hypotheses propose why insularity selects for lower
levels of aggression. The resource hypothesis holds that the high

Summary output of Bayesian mixed effect models examining the effect of insularity (Island or Islet vs Mainland) and body size (SVL) on each cognitive trait

Trait Island Islet
B, SD, (95 % Crl) B, SD, (95 % Crl)

SVL Population variance (%),
B, SD, (95 % Crl)

Variability across

(95 % Crl) insularity levels

Spatial learning 1.93, 2.08, (~2.24, 6.10) 0.64, 1.73, (-2.93, 4.21)

Reversal learning 3.20, 2.12,(-1.01, 7.41) 1.86, 1.82, (—1.66, 5.57)

Inhibitory control 0.08, 0.16, (—0.25, 0.39) 0.23,0.13, (—0.04, 0.47)

Problem solving 0.06, 0.35, (—0.64, 0.71) ~0.24, 029, (~0.81,0.3)

-0.36, 037, (—1.07, 0.36)

0.49, 0.51, (-0.51, 1.48)

13.4, (0.87, 39.7) Vu: 19.8, (14.1, 27.9)
Vi 21.1, (131, 33.9)
Vi: 16.4, (12.7, 21.3)
Va: 117, (5.63, 24)
Vi: 26.7, (14.6, 47.9)

Vit 12.2 (8.18, 18.3)

10.5, (0.05, 39.1)

~0.12, 0.04, (—0.21, —0.03) 3.05, (0, 16.5) Vi 0.35, (0.24, 0.49)
Vi: 035, (0.22, 0.57)
Vi: 0.24(0.19, 0.31)
0.14, 0.1, (—0.06, 0.33) 3.62 (0, 20.5) NA

For each cognitive trait, Bayesian posterior estimates of the mean (B) and standard deviation (SD) for each insularity level and for body size (scaled SVL) are reported, along
with the associated 95 % credible interval (95 % Crl). The proportions of total variance attributable to populations are presented as percentages (%) along with the 95 % Crl.
Mean posterior residual variances and the associated 95 % Crl are shown for each insularity group (mainland: Vy; island: Vj; islet: V;).
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Figure 4. Spearman’s correlation matrices of personality-related and cognitive traits (ag: aggression, rt: risk-taking, ex: exploratory behaviour, ne: neophobia, so: sociability, spl:
spatial learning, ihc: inhibitory control, Idr: problem solving) of mainland, island and islet lizards. The square size indicates the magnitude of the correlation coefficients and the
square colour and intensity represent, respectively, the direction and strength of the correlation (shades of blue: positive correlations, shades of red: negative correlations).

Nonsignificant correlations (P >0.05) are indicated with a cross.

density of resources on islands renders territorial behaviour and
the accompanying aggressiveness unnecessary (Stamps &
Buechner, 1985). Resources may be denser on islands than on the
mainland owing to the paucity of competitor species (Buckley &
Jetz, 2007). The defence hypothesis argues that animals on
islands may abandon or reduce territoriality because of increased
defence costs (Stamps & Buechner, 1985). High population den-
sities, especially large numbers of territorial intruders and claim-
ants, may render territorial defence uneconomical. There is a third
hypothesis that reduced mortality schedules and selection for
reduced dispersal on islands may increase familiarity among
neighbours, also reducing the requirement for aggressiveness
(Adler & Levins, 1994). Unfortunately, in the absence of detailed
island—mainland comparisons of resource densities, territoriality
and home range overlap in P. erhardii, it is impossible to distin-
guish among these hypotheses. Detailed observations on the social
organization of lizards are required to understand why aggression
scores were consistently lower for insular individuals than their
mainland conspecifics in our study.

Unexpectedly, aggressiveness was the only examined trait with
means that differed between insular and mainland populations.
We propose the following explanations of why behavioural and
cognitive traits would be affected by insularity. First, the ecological
conditions may be not sufficiently different between our insular
and mainland sites to result in phenotypical divergence. Low tro-
phic resource density and reduced mortality due to predation
relaxation are often assumed to be key drivers of change in insular
phenotypes; however, (1) insular populations may switch to
alternative food types, potentially offsetting the expected limita-
tions in nutrient supply (e.g. marine subsidy: Pafilis et al., 2011;
Sale & Arnould, 2013; plant material: Van Damme, 1999) and (2)
predation relaxation may be counterbalanced by increased
cannibalism (Cooper Jr, Dimopoulos, & Pafilis, 2015). In addition,
as our mainland populations were confined to mountaintops, they
may represent ‘ecological islands’ (Dawson et al., 2016; but see
Itescu, 2019) and experience partly similar (or rather analogous)
biological conditions to that of insular populations. However, as
many of the behavioural and cognitive traits considered here
appear sensitive to animals' social environments (e.g. Sachser
et al., 2013), and density on islets is generally higher than on the
mainland, we consider the first explanation, that ecological con-
ditions may not be sufficiently different between our insular and
mainland sites to result in phenotypical divergence, to be
questionable.

Second, insular and mainland lizards may exhibit similar
behaviour and have similar cognitive abilities, but for different
reasons. The average expression of many traits constitutes a
compromise that balances the effects of several drivers of selection
acting upon simultaneously upon a trait. If two antagonistic
drivers change to a similar degree, the resulting behavioural
compromise may remain unchanged. For example, although
nutrient shortage on islands (Blanco et al., 2014) may disfavour
investment in performant brains (Aiello & Wheeler, 1995), density
compensation (MacArthur et al., 1972) may lead to increased social
complexity that promotes enhanced cognition (Speechley et al.,
2024). Ultimately, in both types of sites, this would produce liz-
ards with a similar cognitive capacity. Similar trade-offs may in-
fluence other aspects of behaviour, leading to convergence of
insular and mainland behavioural phenotypes.

Finally, evolution on islands may be highly unpredictable, with
traits changing in one direction on one island and in another di-
rection on a different island. This could occur if stochastic events
(such as founder effects and subsequent genetic drift) are impor-
tant (Foster, 2013; Foster, 1999r study, the population of origin
accounted for a considerable amount of variation in risk-taking
and spatial learning, much greater than insularity, suggesting
that each population may have followed its own trajectory for
these traits. Naturally, a similar pattern of geographical variation,
but no insularity effect, could arise if all islands individually
represent distinctive selective environments. Several studies
question the generality of island rules or syndromes (e.g. Meiri
et al., 2008), with an increasing appreciation of the variability in
socio-ecological factors within mainland and insular locations.
However, as population accounted for only a very small proportion
of the total variance for the other behavioural traits considered
here, it is unlikely that differential selective pressures among
islands can explain the lack of significant behavioural differences
between mainland and island lizards.

Insular Lizards Exhibit More Repeatable Behaviour Than the
Mainland Lizards

Although, with the exception of aggressiveness, behavioural
trait means remained similar among mainland and insular lizards,
scores for many behavioural traits were more consistent and
repeatable for the latter (higher among- and lower within-
individual variation). In essence, this means that, compared with
mainland lizards, insular lizards behave in a more individually
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consistent way: namely each individual shows a stable behav-
ioural pattern with less behavioural flexibility. Reduced residual
variance in exploratory behaviour and most cognitive traits (i.e.
the rest of the behavioural traits without repeated assessments)
may also indicate a decline in behavioural flexibility, particularly
on islets. One notable exception was reversal learning; however,
this may be an artefact of the small sample size analysed for this
trait. However, without detailed partitioning into within- and
among- individual components, these results remain inconclusive.

Intraindividual variance, the degree to which an individual’s
actions or performance varies across situations and time, may
have an (epi)genetic basis (reviewed by Dochtermann et al., 2019;
Ledon-Rettig, Richards, & Martin, 2013) or result from exposure to
divergent environments (now or during development) (e.g. Carere
et al., 2010; Dall et al., 2004; Dingemanse & Wolf, 2010; Stamps &
Groothuis, 2010). Furthermore, idiosyncratic differences (e.g. in
body size, internal state or experience) may further reinforce
consistent behavioural variation within a population (Bergmiiller
& Taborsky, 2010; Dall et al., 2004). Accordingly, geographical
variation in intraindividual and interindividual variance (just as in
average expression) is expected when populations occur in
different environments or have experienced different histories of
selection and genetic drift. For example, there is geographical
variation in the repeatability of the exploratory behaviour of
rufous-collared sparrows (Zonotrichia capensis), although their
average exploratory behaviour does not differ among populations
(van Dongen et al., 2010).

Therefore, we must consider why insular P. erhardii lizards
display more consistent behaviour than their mainland conspe-
cifics. Several mechanisms fuelled by insularization may lead to
genetic or plastic and developmental changes in behavioural
consistency.

First, a dispersal filter might favour individuals with consistent
behaviour (i.e. high repeatability). However, it is difficult to ima-
gine how this could occur without there being an effect on the
average trait value. For example, an individual that is consistently
more explorative and risk-prone (high repeatability) will be more
likely to disperse to islands than an individual with only occasional
exploration and risk-prone tendencies (low repeatability). How-
ever, if certain behavioural types are more likely to colonize or
become isolated (as is likely the case in our insular system) we
would also expect a directional shift in mean behavioural
expression, which we do not observe. Moreover, dispersal filters
have been found to favour behavioural flexibility. For example, in
delicate skinks (Lampropholis delicata), island colonization may
have acted as a selective filter that promotes risk-prone behav-
ioural types and enhances behavioural plasticity. This manifested
as concurrent shifts in the average levels of exploratory behaviour,
boldness and activity, and a substantial decrease in among-
individual variation and repeatability for these traits (Chapple
et al.,, 2022).

Stochastic events (e.g. bottlenecks, founder effects and genetic
drift) could also produce peculiar insular phenotypes, but it is not
likely that this would happen in a consistent way on all islands.
Under this scenario, we would expect higher intraindividual
variation on some islands or islets, and lower variation in others,
which would obscure any general insularity effects after
population-level differences are accounted for. Alternatively, sto-
chastic events and isolation may increase the likelihood of
inbreeding in insular populations (Frankham, 1998). If personality
traits are highly heritable and/or influenced by condition-
dependent traits that are affected by inbreeding, this may result
in greater behavioural consistency on islands. However,
inbreeding would likely also affect mean values of behavioural
(e.g. Miiller & JuSkauskas, 2018) and cognitive (reviewed in

Gavriilidi & Van Linden, 2024) traits in inbred and outbred in-
dividuals. Moreover, there is little evidence of personality differ-
ences between inbred and outbred individuals (e.g. Japanese quail,
Coturnix japonica; Beccardi et al., 2024; guppies, Poecilia reticulata;
Herdegen-Radwan, 2019), making inbreeding also an unlikely
explanation for our findings.

The third possibility is that behavioural flexibility is adaptive on
the mainland, but not on islands. As mainland habitats tend to be
more structurally complex and socio-ecologically more variable
than island habitats, mainland lizards must deal with a greater
variety of predators, competitors and prey. In such heterogeneous
and dynamic environments, behavioural flexibility can be an asset
(Mery & Burns, 2010). For example, the complex territorial dy-
namics of the mainland may impose strong selection for greater
behavioural flexibility. Indeed, urban great tits, Parus major,
showed greater territorial aggression and lower individual
behavioural repeatability (personality) compared with their rural
conspecifics, and these traits were deemed essential for success-
fully holding urban territories (Hardman & Dalesman, 2018).

Conversely, on islands, relaxed territoriality and higher popu-
lation densities may favour stable yet diverse behavioural strate-
gies that are maintained, for example, by frequency-dependent
selection (Bergmiiller & Taborsky, 2010; Dall et al., 2004).
Frequency-dependent selection has been invoked to explain the
coexistence of mixed fighting strategies, alternative mating tactics,
and even personalities within populations (Wolf & Weissing,
2010). One example is the European earwig, Forficula auricularia:
in insular populations, dominant and subordinate male morphs,
which differ in their fighting ability, coexist, whereas mainland
populations are mostly monomorphic. This pattern is attributed to
high population densities on islands, which alter the relative
fitness benefits of each morph (Tomkins & Brown, 2004). Similarly,
increased density and reduced predation may promote niche
specialization, such that individuals occupy only a subset of their
population’s socio-ecological niche (Aragjo et al., 2011; Bergmiiller
& Taborsky, 2010; Bolnick et al., 2003), further increasing consis-
tent among-individual behavioural variation on islands. In addi-
tion, selection may act against superfluous behavioural flexibility,
because the underlying neural structures and sensory machinery
are costly to develop and maintain (Dukas, 1999; Mery & Burns,
2010). If insular lizards face nutritional constraints (Blanco et al.,
2014), they may also simply lack the resources to support such
plasticity. Alternatively, resource limitation within dense island
populations may lead to pronounced differences in individuals'
state (e.g. growth and body condition) resulting from differences
in their competitive abilities. Because behaviour can be state
dependent, consistent individual differences in state may lead to
stable among-individual behavioural variation, and, consequently,
the coexistence of different personality types within a single
population (Dingemanse & Wolf, 2010; Wolf & Weissing, 2010).

Behavioural Correlations on Islands

In recent years, the notion that behavioural traits covary among
individuals has garnered much interest; both proximal (e.g. Bell,
2005; Ketterson & Nolan, 1999) and evolutionary (Bell, 2005;
Cheverud, 1996) pathways have been proposed to explain the
phenomenon.

In this study, there was very little evidence that personality or
cognitive traits formed behavioural syndromes. However, without
decomposing raw phenotypic correlations into between- and
within-individual components (Dingemanse & Dochtermann,
2013), our results remaining inconclusive. Overall, the strength
and direction of behavioural correlations varied across lizard ori-
gins and populations. This population-level variability suggests



L. Gavriilidi et al. / Animal Behaviour 233 (2026) 123493 1

that behavioural syndromes, if present, are not fixed and may be
shaped by local ecological or evolutionary contexts; moreover,
different selective pressures across populations may lead to the
decoupling of behavioural traits. Alternatively, stochastic pro-
cesses such as genetic drift, especially in small or isolated pop-
ulations, may weaken any consistent trait associations.

Conclusion

Although insular and mainland P. erhardii lizards did not differ
in average behavioural expression, with the exception of aggres-
siveness, insular individuals exhibited greater behavioural
repeatability and reduced flexibility (i.e. higher among- and lower
within-individual variation). Further investigation is required to
determine whether these differences reflect genetic divergence or
are shaped by developmental plasticity. If genetically based, the
reduced behavioural flexibility of insular lizards (particularly islet
lizards) may limit their capacity to cope with rapid environmental
change, which raises important conservation concerns. As animal
personalities can shape evolutionary potential and modify popu-
lation resilience to environmental change (Wolf & Weissing, 2012),
an understanding of the underlying mechanisms is crucial for
informing conservation strategies that can preserve particularly
vulnerable insular populations. We strongly encourage re-
searchers to assess the variation in such traits under more natural
conditions, and to establish their relevance for fitness in insular
and mainland environments.
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