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Abstract
Response inhibition (inhibiting prepotent responses) is needed for reaching a more favourable goal in situations where 
reacting automatically would be detrimental. Inhibiting prepotent responses to resist the temptation of a stimulus in certain 
situations, such as a novel food item, can directly affect an animal’s survival. In humans and dogs, response inhibition varies 
between contexts and between individuals. We used two contextually different experiments to investigate response inhibition 
in the eastern water skink (Eulamprus quoyii): reversal of a visual two-choice discrimination and a cylinder detour task. 
During the two-choice task, half of our lizards were able to reach an initial learning criterion, but, thereafter, did not show 
consistent performance. Only two individuals reached a more stringent criterion, but subsequently failed during reversals. 
Furthermore, half of our animals were not able to inhibit a pre-existing side preference which affected their ability to learn 
during the two-choice task. Skinks were, however, able to achieve a detour around a cylinder performing at levels compara-
ble to brown lemurs, marmosets, and some parrot species. A comparison between the tasks showed that reaching the initial 
criterion was associated with low success during the detour task, indicating that response inhibition could be context-specific 
in the water skink. To the best of our knowledge, this is the first study to examine inhibitory control and motor self-regulation 
in a lizard species.

Keywords  Cognition · Executive function · Non-avian reptile · Squamate

Introduction

Inhibitory control is one of three core control processes 
encompassing executive function. These are activated in 
novel situations to achieve a more beneficial outcome when 
responding automatically or instinctively would be disadvan-
tageous (Diamond 2013). A predator, for example, must wait 
for the right moment to strike to capture its prey. Controlling 

attention and behavioural responses to overcome the pull of 
an external lure, such as a premature strike at a potential prey 
item, require inhibitory control (Santos et al. 1999). Inhibit-
ing prepotent motor responses and going against instinct, 
however, takes effort (Diamond 2013).

Inhibitory control can be further broken down into dis-
tinct contextual classes such as inhibitory processes control-
ling attention (i.e., attentional inhibition) or motor responses 
(i.e., motor–response inhibition). In humans, studies show 
that inhibitory control has a common neural basis (e.g., 
Diamond 2013) which supports the view that inhibition is 
consistent across different contexts (Bray et al. 2014). Some 
research in humans, however, points to a more context-spe-
cific control which varies even between individuals (Tsukay-
ama et al. 2011; Bray et al. 2014).

From the human literature, a plethora of methods exists 
to test for executive function. Some have been adopted to 
investigate animal cognitive abilities and associated evo-
lutionary history. Simple two-choice discrimination and 
reversal learning, for example, test an animal’s ability to 
associate one of the two stimuli with a reward. As soon as 
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this stimulus–reward relationship is established, a reversal 
is applied during which the previously unrewarded stimulus 
becomes rewarded. When a subject is confronted with the 
reversal, it first needs to inhibit responding to the formerly 
rewarded stimulus and then to form a new stimulus–reward 
association with the formerly unrewarded stimulus (Dias 
et al. 1996). Although discrimination reversal is a common 
test used in animal cognition (Sutherland and Mackintosh 
1971), only a fraction of these studies have focused on rep-
tilian reversal learning in the visual domain. For example, 
rough-necked monitor lizards (Varanus rudicollis; Gaalema 
2011), green anoles (Anolis evermanni; Leal and Powell 
2012), and three-lined skinks (Bassiana duperreyi; Clark 
et al. 2014) all learnt to discriminate between two colour 
stimuli and, thereafter, successfully reversed this initial dis-
crimination, providing evidence for response inhibition (for 
further reading see Burghardt 1978; Wilkinson and Huber 
2012).

Another widely used method to investigate 
motor–response inhibition is a detour task. During a 
detour, animals need to either reach or move their entire 
body around a barrier to gain access to a reward. Different 
barrier shapes, such as V-shaped or cylindrical tubes, are 
made of a range of materials. These include mesh or glass 
through which the reward inside is visible during testing. 
The reward elicits strong motivation to approach, making 
it more difficult to detour compared to an invisible reward 
(Diamond 1981, 1990). Cylinder tasks combine both opaque 
and transparent barrier stages (Bray et al. 2014; MacLean 
et al. 2014). First, animals learn the motor action of detour-
ing around an opaque cylinder without touching its surface. 
After a performance criterion is met, animals are presented 
with a transparent cylinder of the same shape and size. The 
number of successful detours (without touches to the trans-
parent barrier) out of 10 to either entrance is used to gain 
insight into a subject’s ability to inhibit motor responses 
(Diamond 1981, 1990; MacLean et al. 2014). The cylinder 
task has been tested in different mammals and birds, and 
the results indicate that great apes (MacLean et al. 2014) 
and corvids (Kabadayi et al. 2016) possess superior inhibi-
tory skills (making fewer mistakes during the transparent 
cylinder phase) compared to the other primates and birds 
(Kabadayi et al. 2017b), respectively. Furthermore, only one 
study has applied the cylinder task in fish (Lucon-Xiccato 
et al. 2017) and, so far, tests of inhibition using the cylinder 
task in reptiles are completely absent. Therefore, to better 
understand response inhibition across all vertebrates, and its 
evolution, we need more data that include reptiles.

Discrimination reversals and cylinder detours require sub-
jects to inhibit automatic responses to either the formerly 
positive stimulus or visible reward within the transparent 
cylinder. The basic properties of both tasks, however, are 
fundamentally different. Most importantly, during visual 

discrimination, the reward itself is not visible, only the stim-
ulus associated with the reward can be seen while making a 
choice, whereas during detours around transparent barriers, 
the reward is visible, exerting a strong pull towards a direct 
approach and an error (while direct approaches during rever-
sals do not necessarily lead to an error). Testing animals on 
both tasks can, therefore, give insight into how inhibition is 
exercised in different contexts and whether there is a trade-
off or a correlation between these cognitive processes. Bray 
and colleagues (2014) tested dogs on three contextually dif-
ferent response inhibition tasks: a social task, an A-not-B 
task, and the cylinder task. Their aim was to investigate if 
dogs exhibit context-general or context-specific inhibitory 
skills. The dogs’ performance did not correlate between the 
three tasks which led the authors to conclude that dogs pos-
sess context-specific inhibitory skills.

Here, we report the results on two experiments investigat-
ing response inhibition in the eastern water skink (Eulam-
prus quoyii), a reversal of a visual discrimination task as 
well as a detour task. Eulamprus quoyii is a medium-sized, 
Australian skink species (Cogger 2014), common in subur-
ban areas. These lizards are primarily visual foragers (Veron 
1969; Daniels 1987), making them suitable candidates for 
testing inhibition using visual stimuli. Previous studies in 
the water skink have shown their ability to use visual cues 
to escape a simulated predator attack in semi-natural (Noble 
et al. 2012) and laboratory conditions (Carazo et al. 2014) 
as well as socially (Noble et al. 2014) and individually (Qi 
et al. 2018) learn a simple colour discrimination.

Our aim was to test this species’ inhibitory control in two 
different tasks, a simple visual two-choice discrimination 
reversal learning task and a detour task around a cylinder 
(Bray et al. 2014; MacLean et al. 2014). Based on the pre-
vious studies (e.g., Gaalema 2011; Leal and Powell 2012; 
Clark et al. 2014), we expected lizards to learn the visual 
discrimination and exhibit inhibitory control when respond-
ing during reversals. This is the first study testing a lizard on 
the cylinder task, allowing their performance to be compared 
to the results in mammals (Bray et al. 2014; MacLean et al. 
2014), birds (Kabadayi et al. 2016, 2017b; MacLean et al. 
2014), and fishes (Lucon-Xiccato et al. 2017).

General methods

Study animals and husbandry

During October 2017, 20 adult (snout–vent length [SVL] 
≥ 100 mm; Cogger 2014) Eulamprus quoyii (10 males and 
10 females, mean SVL ± SD all: 107.6 ± 5.8 mm; male: 
106.3 ± 5.2 mm; female: 108.9 ± 6.4 mm, Online Resource, 
Table 1) were captured at Macquarie University campus, 
New South Wales, Australia, by noosing. Skinks were 
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transported to Macquarie University Fauna Park within 2 h 
of capture and moved indoors into individual plastic tubs 
(683 L × 447 W × 385 H mm). The room temperature was 
set at 24 ± 2 °C (mean ± SD, depending on season) and ani-
mals were kept on a 12:12 h light:dark cycle. Heat cord was 
installed underneath each enclosure, thereby elevating the 
temperature on one side to 32 °C. We established sex (pres-
ence of hemipenes) and measured snout–vent length (SVL), 
total length (TL), and weight on the day of capture, and 
each lizard was PIT-tagged (passive integrated transponder) 
for individual identification (Online Resource, Table 1). For 
the duration of the experiment, the room temperature was 
monitored within enclosures using iButtons (Thermochron 
iButton model DS1921) which recorded temperature hourly. 
Newspaper was used as a substrate and each enclosure 
included a hide, a small water bowl, and two wooden ramps. 
We fed lizards three times/week (Monday, Wednesday, and 
Friday); twice with dog food (20 g) and once with crickets 
powdered with vitamin (aristopet Repti-vite) and calcium 
(URS Ultimate Calcium). During experiments, skinks were 
fed small pieces (0.1–0.2 g; amounting to less food than 
what was fed before the experiment to ensure motivation to 
participate) of cat food (Purina Supercoat® Adult chicken) 
soaked in water (to make them soft and easy to cut into six 
pieces, these were made three times a week to make sure 
that they were fresh) and crickets on Fridays; animals had 
ad libitum access to water. All subjects were naïve and had 
never participated in any cognitive experiments. All lizards 
were used in both experiments (details below).

Habituation

Animals were tested in their home enclosure to reduce stress 
from regular handling and thereby reduce or prevent stress-
related learning impairments (Langkilde and Shine 2006). 
Lizards were left undisturbed for 2 weeks prior to the start of 
experiment 1. During this time, we made sure that animals 
were feeding consistently and were habituated to captivity.

Experiment 1: visual discrimination learning

Methods

Setup

Within each enclosure, masking tape secured newspaper 
substrate to the tub floor during trials to prevent animals 
from crawling underneath and out of sight from our cameras. 
Two ramps were place at one end of the enclosure with the 
water bowl in between and the hide at the opposite end at the 
starting position (Fig. 1b). At the start of a trial, cue cards 
containing the stimuli were attached to the inner wall of the 

enclosure at the top end of the ramp and the food dishes 
(55 mm diameter and 12 mm height) containing the reward 
(0.1–0.2 g) were placed directly in front of the cards. Dishes 
were covered on the outside with black electrical tape and 
inside with re-usable adhesive putty (Bostik Blu-Tack) to 
be able to stick mesh onto the top. Each dish was covered 
with a round piece of fine polyester window screen; how-
ever, we cut a hole into one of the pieces of mesh to provide 
access to the reward in one dish (Online Resource, Fig. 4). 
To prevent animals from associating one of the food dishes 
with the reward instead of the stimuli, the side each dish was 
presented during the experiment followed a random prede-
termined order. Cue cards (for more details, see Szabo et al. 
2018) containing the stimuli (colour/shape) were visible to 
the lizards from any position within their enclosure and liz-
ards were unable to see into the food dish before making a 
choice. Half of the subjects (N = 10; N = 5 females and N = 5 
males) were trained on a shape discrimination and the other 
half (N = 10; N = 5 females and N = 5 males) were trained on 
a colour discrimination (Fig. 1a). All groups were counter-
balanced for sex and mean SVL (± 0.1 mm).

Experimental procedure and coding

At the start of a trial, lizards were ushered into their hide at 
the starting position (Fig. 1b). After about 30 s the hide was 
removed and the lizard exposed to the setup. A trial lasted 
for 1.5 h after which the hides were replaced and feeding 
bowls and cards removed. Between trials, we cleaned both 
dishes and refilled them with food, making sure that both 
bowls were touched in the same manner (to ensure that both 
dishes smelled the same). The order in which subjects were 
set up was alternated over the course of the study to prevent 
order effects and cue cards and dishes were never swopped 
between individuals. Trials were conducted from October 
2017 to February 2018, three times a day, between 08:00 
and 14:00 h, 5 days a week (= 15 trials per week) with an 
inter-trial interval (ITI) of 40 min. All trials were videotaped 
(H.264 Digital Video Recorder, 3-Axis Day and Night Dome 
Cameras) with no experimenter present in the room (to mini-
mize stress experienced by the inability to hide) and scored 
afterwards by two researchers.

We scored the lizard’s choice (correct/incorrect) as the 
first food dish which a subject looked into (by raising its 
head high enough to see inside). We also recorded the time 
from the start of the trial and the time from first movement 
(directed, uninterrupted forward movement of the whole 
body ending in the examination of a food bowl; an interrup-
tion is defined as no movement for 10 s or more) to choice 
(trial latency and choice latency in seconds). Choice latency 
was measured separately because the time from trial start 
to first movement can be quite long (range = 0–4731 s). A 
non-correction method was used during which lizards were 
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able to correct their errors by visiting both dishes within the 
same trial. The initial learning criterion was defined as either 
6/6 or 7/8 consecutive trials chosen correctly. However, to 
ensure the robustness of these criteria, animals received 12 
post-criterion trials during which they were allowed to make 
a maximum of two errors. If they had successfully learned 
the task animals should make no, or only very few, mistakes, 
by chance, after reaching criterion. If an animal made more 
than two errors, it was moved to a more stringent learning 
criterion of 8/8 or 9/10 correct trials in a row (criteria were 
chosen based on a binomial choice pattern with the prob-
ability of choosing correctly six times in a row being 0.016, 
7/8 being 0.035, 8/8 being 0.0039, and 9/10 being 0.011) 
and tested until it either learned or was removed. These more 
stringent criteria were also implemented during the reversal. 

To avoid trial fatigue (reduced motivation to participate), 
each individual was given a maximum of 60 trials in each 
stage, however, as soon as an individual reached criterion, 
it moved on to the next stage. If a subject did not reach cri-
terion within 60 trials in either stage of experiment 1, it was 
removed from the experiment (‘non-learner’).

Pre‑training

We pre-trained animals to habituate them to the experimen-
tal procedure, to familiarise them with the food dishes and 
the reward and ensure high food motivation. Pre-training 
consisted of three trials/day (15 trials total) one week prior 
to stimulus training, and was divided into three phases. Dur-
ing phase 1 (five trials), a dish with open mesh including a 

Fig. 1   a Stimulus pairs and order of presentation (left to right) for 
both stimulus group 1 (which was tested on a shape discrimination, 
top row) and stimulus group 2 (which was tested on a colour dis-
crimination, bottom row) during stimulus training as well as acqui-
sition and reversal of the discrimination learning task. Tick marks 
indicate the rewarded (correct) choice during each stage, whereas 
Xs indicate that access to the reward was blocked (incorrect choice). 
b Schematic representation of the setup used during the visual dis-
crimination learning experiment. Two ramps are placed at one end of 
the tub (about 15 cm apart) with the cue cards containing the stimuli 

at the top end of each ramp and the food dishes directly in front of 
the cards. The water bowl was placed between the ramps and ani-
mals started each trial from the starting position. c Schematic repre-
sentation of the setup used during the cylinder task. The ramps were 
removed and replaced with a 10 cm-long opaque or transparent cyl-
inder (Online Resource, Fig. 5) attached to the enclosure floor (Bos-
tik Blu-Tack). After the hide was removed, a reward was placed at its 
centre with tweezers in full view of the animal (the side was based on 
a predetermined pseudo-random order). a–c Created with Inkscape
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reward was introduced in front of the water bowl for 1.5 h. 
Two dishes were available and each was used equally often 
in a random order throughout the pre-training stage. An 
animal moved on to phase 2 if it ate the reward in at least 
four out of the five trials. During phase 2 (six trials), one 
randomly chosen food dish was placed on top of one ramp 
(either the left or right ramp) in a pseudo-random order. 
Again, lizards that ate in at least four out of the six trials 
moved on to phase 3. Phase 3 (four trials) was similar to 
phase 2; however, the hide was removed during the 1.5 h of 
the trial. Only animals that ate during all four trials moved 
on to the stimulus training.

Stimulus training

Before introducing compound stimuli with two dimensions 
(shapes as well as colours), we trained lizards on a simple 
one-dimensional task between either different shapes (Group 
1, Fig. 1a) or colours (Group 2, Fig. 1a). We conducted a 
simple associative learning test with one stimulus (e.g., tri-
angle) being positively reinforced (S+) and the other (e.g., 
X) being unrewarded (S−). This stage required subjects to 
associate one of the shapes or colours with a reward. Our 
lizards showed very poor performance during training and 
to ensure that this poor performance was not due to insuffi-
cient habituation to the captive environment (and to rule out 
prolonged negative effects on behaviour due to captivity) but 
an inability to learn the discrimination, we tested 14 animals 
that were able to learn during the response inhibition task 
(experiment 2) on a second batch of 30 trials.

Acquisition and reversal learning

As soon as subjects reached criterion in the stimulus training 
stage, they were tested using complex cues (introducing a 
second-stimulus dimension) in an acquisition and reversal 
stage. The initially trained stimulus dimension remained 
reinforced (e.g., triangle and X), while the second dimen-
sion acted as an irrelevant distractor (e.g., background col-
our). Group 1 was presented with two colours (light and 
dark blue) at the background and Group 2 with two differ-
ent shapes (triangle and X) superimposed on the dark and 
light blue background colours (see Fig. 1a). To succeed at 
this stage, animals had to maintain their attention on the 
already learnt stimulus–reward association (e.g., triangle is 
rewarded regardless of background colour), while ignoring 
the new stimulus dimension. After the performance criterion 
was met, animals moved on to a reversal, changing the for-
merly unrewarded S− to S+ and vice versa (e.g., X becomes 
rewarded regardless of background colour). To successfully 
reverse a previously learnt stimulus–reward relationship, 

lizards needed to inhibit responding to the former S+ and 
reassociate the former S− with reward.

Statistical analyses

All statistical analyses were performed in R version 
3.4.2 (R Development Core Team 2008) and all p val-
ues are two-tailed. All data sets generated and analysed 
during the current study are available at Zenodo https​://
doi.org/10.5281/zenod​o.13044​60. We used the packages 
lme4 (version 1.1–14; Bates et al. 2015), lmerTest (version 
2.0–36; Kuznetsova et al. 2017), markovchain (version 
0.6.9.7; Spedicato 2017), MASS (version 7.3; Venables 
and Ripley 2002), ggplot2 (version 2.2.1; Wickham 2009), 
and psy (version 1.1; Falissard 2012) during analysis.

No statistical comparison of the learning performance 
between acquisition and reversal was done, because lizards 
were not able to reach criterion during the reversal stage. 
Close inspection of our data, however, revealed that the 
reason why our lizards did not learn was due to an inability 
to inhibit a strong side bias. Consequently, we investigated 
if animals started out with this bias or developed a bias 
over time. We calculated a bias index (BI) using the num-
ber of right and left choices:

for each block of ten trials during stimulus training batch 
1 and applied a generalised linear mixed-effects model 
(GLMM) with the BI as the response variable. Block was 
included as the fixed effect and the random effect contained 
a random intercept for each animal and a random slope for 
block. Furthermore, we wanted to know if animals that 
reached the initial learning criterion of 6/6 or 7/8 correct tri-
als were able to inhibit responding to their preferred side by 
showing less of a side bias than those that did not learn. For 
this purpose, we calculated BI for ‘learners’ and ‘non-learn-
ers’ using all trials from batch 1. Due to the small sample 
sizes, we used non-parametric bootstrapping to draw 1000 
bootstrap samples from our original data set and calculated 
the mean difference between the groups for each sample. The 
95% confidence interval (CI) of these means was then used 
to quantify significance; if the CI does not cross 0 the differ-
ence between the groups is significant. Finally, we wanted 
to know if being rewarded during trials (stimulus training 
batch 1 only) would affect our lizards’ choice behaviour. 
We applied a discrete time Markov chain (DTMC) based 
on which side was chosen by each lizard during each trial 
and if this choice was rewarded or not. Our data included 
four discrete states: (1) left-rewarded, (2) left-unrewarded, 
(3) right-rewarded, and (4) right-unrewarded. We modelled 
the transition probabilities of a right-side choice following 

right choice − left choice

right choice + left choice
.
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either one of these four discrete states. The resulting transi-
tion matrix was used to create Fig. 2c.

To test for inter-observer reliability, a subset 
(57% = 1107/1924) of trials was scored by one researcher 
(SH) unfamiliar with the experiment and blind to the tested 
questions as well as another researcher (ML) involved in 
data collection. Inter-observer reliability was calculated 
based on Cohen’s kappa, which estimates the inter-rater 
agreement between two independent scorers; 100% agree-
ment equals a kappa of 1, 0% agreement a kappa of 0.

Results

Of the 20 tested individuals, only 50% reached the initial 
learning criterion of 6/6 or 7/8 and were given 12 post-cri-
terion trials, the other ten lizards were removed from the 
experiment after not reaching this criterion within 60 trials 
(‘non-learners’). All of the ten ‘initial learners’, however, 
made more than two errors (mean ± SD = 5.5 ± 2) during the 
post-criterion phase, and testing was continued until they 
reached the new, stricter criterion of 8/8 or 9/10 consecutive 
trials correctly. Consequently, their maximum number of 
trials was increased to 90 until they were removed from the 

Fig. 2   a Change in group Bias Index from block 1 (trials 1–10) to 
block 9 (trials 81–90) ± 95% confidence interval. The relationship 
was not significant. A positive index indicates a bias to the right side 
and a negative index indicates a bias to the left. b Mean Bias Index 
(± 95% confidence interval) calculated for ‘learners’ (N = 10) and 
‘non-learners’ (N = 10). The distance from 0 indicates the strength 
of the bias. a Significant difference. c Transition probability (± 95% 
confidence interval) of a response to the right side following one 
of four discrete states (stimulus training batch 1): a response could 
either be made to the left or right and, depending on the setup, was 

either rewarded (+) or non-rewarded (−). Superimposed points repre-
sent data from each of the 20 individuals tested in the task. Numbers 
within bars indicate the number of events which transition probabili-
ties were based on the dashed line indicates 50%. d Number of cor-
rect detours in the transparent cylinder phase. ‘Learner’: lizards that 
were able to inhibit their side bias and reach the initial learning crite-
rion during stimulus training batch 1, and ‘Non-learner’: animals that 
did not inhibit their bias and did not reach criterion. *p < 0.05. a, b, d 
Created with R ggplot2. c Created with R baseplot
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experiment. Of the ten ‘initial learners’, only two reached 
the new learning criterion and were tested in the acquisi-
tion; both did not learn within 60 trials and were therefore 
removed from the experiment (Online Resource, Table 1).

Contrary to our expectations, only two additional ani-
mals reached the stricter learning criterion during the second 
batch of stimulus training (conducted after experiment 2) 
and moved on to acquisition (increasing the number to a 
total of four individuals) and thereafter reversal. However, 
both individuals were not able to reverse the previously 
learned association and were also removed from the experi-
ment after receiving 60 trials (Online Resource, Table 1). 
Motivation to participate was high; animals failed to make 
a choice in only 6 out of 1762 trials (sum of trials from all 
20 animals during experiment 1).

Close inspection of the data revealed a side bias: some 
of our lizards preferred the left side and others the right 
side. However, only less than 40% persevered to respond 
to the same side during both experiments 1 and 2 (Online 
Resource, Table 3). Animals showed a bias from the start 
of the experiment instead of developing a bias with time 
(GLMM, block = 0.004, std. error = 0.017, p = 0.208; 
Fig. 2a). The average BI for those animals that did reach 
the initial learning criterion (6/6 or 7/8) was very close 
to 0, indicating no bias, whereas the average BI for ani-
mals that were classified as ‘non-learners’ was smaller 
than − 0.3, indicating a bias to the left (Fig. 2b); the dif-
ference was significant (bootstrapping, CIlow = − 0.671535, 
CIup = − 0.138180). Furthermore, our analysis showed 
that animals that responded to the left were more likely to 
respond to the left in the subsequent trial and animals that 
initially chose to go to the right were more likely to do the 
same in the following trial (Fig. 2c). This pattern persisted 
irrespective of the choice being rewarded or not; the prob-
ability of choosing the same side was marginally higher after 
not being rewarded compared to being rewarded. Finally, 
inter-observer reliability was estimated at 0.86 indicating 
high agreement between independent scorers.

Discussion

Half of our lizards were able to reach our initial learning 
criterion (‘initial learners’), but did not show consistent per-
formance when testing continued to a more stringent crite-
rion. With this new criterion, only 2 out of 20 lizards learned 
to discriminate between two compound visual stimuli, but, 
subsequently, did not reverse this discrimination. The low 
learning rate was due to a strong side bias present from the 
first week of testing. ‘Initial learners’ were able to inhibit 
this bias, whereas ‘non-learners’ were unable to overcome 
their pre-existing side preference. Based on the order of 
stimulus presentation during the two-choice discrimination 

task, responding to only one side made reaching the learn-
ing criterion impossible, explaining the high dropout rate.

The two-choice learning experiment was designed to 
test stimulus–response inhibition through reversal learn-
ing. Previously, E. quoyii showed reversal learning in two 
spatial tasks and a social learning task based on a colour 
discrimination. Skinks were able to learn the spatial loca-
tion (side) of a randomly determined ‘safe’ refuge to escape 
a simulated predator attack and show flexibility in learning 
during a spatial reversal (Noble et al. 2012, 2014). In a study 
using males (Noble et al. 2014), lizards were first trained to 
remove coloured lids from food wells. Then, using lid col-
our to find a reward, they were tested on their use of social 
information to learn an acquisition and reversal task. Side 
was kept constant for each individual, side-confounding the 
task, and making it impossible to determine which stimuli 
(colour/side) animals used to find the reward. If this spe-
cies makes particularly high use of spatial cues to learn, it 
may explain the divergence from our results given that we 
deliberately chose to disassociate colour and spatial cues by 
presenting stimuli as well as dishes on top of the left ramp 
or right ramp in a random order to be able to rule out side 
effects. Surprisingly, our lizards showed a side bias from 
the first week of testing and persisted in choosing the same 
side in subsequent trials no matter if they were rewarded or 
not. This indicates that at least half of our lizards were not 
able to inhibit their innate side preference. The other half 
were able to reach our initial learning criterion (6/6 or 7/8 
correct trials) showing only a negligible bias but fell back 
to a one-sided response after testing continued to the more 
stringent criteria (8/8 or 9/10). Recent findings show, how-
ever, that E. quoyii males are able to successfully learn to 
discriminate colour when side is not confounded in a simple 
discrimination task involving the removal of coloured lids 
from food wells (Qi et al. 2018). This finding indicates that 
our method of using cue cards instead of food wells with lids 
might have been less well suited for this particular species or 
study population. Furthermore, using a correction method, 
by removing the food dish not chosen by the animals may 
have led to stronger learning, however, logistical constraints 
made implementing this approach challenging given the 
need to simultaneously monitor all animals. Future work 
exploring whether correction methods are able to remove 
side biases may be particularly elucidating.

The high dropout rate of our lizards might be explained 
by animals not being able to solve the presented task or trial 
fatigue. Our analysis showed that lizards were not able to 
learn the discrimination due to an inability to inhibit a bias to 
one side. This bias might be a fall-back/alternative strategy 
applied due to an inability to solve the learning rule. This 
strategy might have, in turn, strengthened a pre-existing bias 
increasing the effort to inhibit a one-sided response. Studies 
in lizards investigating brain lateralisation and associated 
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laterality in behaviour have revealed a left-eye preference for 
exploring unfamiliar environments (e.g., Bonati et al. 2013), 
escape behaviour (e.g., Bonati et al. 2010), and aggression 
(e.g., Hews and Worthington 2001), and a right-eye bias 
for detecting moving prey (e.g., Robins et al. 2005). One 
advantage of cerebral lateralisation and the specialisation 
of specific areas to perform one or a few specific tasks is 
faster processing, less interference during processing and 
energy conservation (Vallortigara and Rogers 2005). Our 
findings are in accordance with the results from other studies 
in lizards (Csermely et al. 2010; Lustig et al. 2013) that indi-
cate a balanced distribution of left/right preferences within a 
population. Empirical data suggest that an asymmetry in side 
preference might be an evolutionary stable strategy (EES) 
with an equal benefit/cost (e.g., predator escape or foraging 
strategy) to both left- and right-biased individuals (Vallor-
tigara and Rogers 2005). Tree skinks (Egernia striolata), 
tested on a similar paradigm, showed no side bias or trial 
fatigue despite being tested in 100 trials per stage (Szabo 
et al. 2018). Although we do not know if water skinks are 
more prone to trial fatigue, we would not expect to find such 
differences between species.

Experiment 2: response inhibition

Immediately after animals either learned or were removed 
from the visual discrimination learning experiment, 
they were presented with a two-stage detour task testing 
response inhibition using a cylinder (hereafter referred 
to as ‘cylinder task’). The same cohort of animals as in 
experiment 1 was used.

Methods

Setup

The general setup was adopted from experiment 1, the 
ramps, however, were removed, and a 10 cm-long tube 
(opaque for Phase 1 or mesh for Phase 2) was fixed (with 
re-usable adhesive putty, Bostik Blu-Tack) to the enclosure 
floor in front of the water bowl (Fig. 1c). Trials were con-
ducted between November 2017 and January 2018.

Pre‑training

Pre-training was used to ensure high food motivation and to 
train lizards to associate tweezers with getting a food reward, 
without showing a stress response (running away or trying 
to climb up the walls of their enclosure). This method was 
implemented, because, in previous studies on this task, the 
reward was presented in the experimenters’ hand. Lizards 
commonly associate human hands with capture. Lizards 

were, therefore, trained to positively associate tweezers with 
reward and reduce stress during reward presentation. One of 
the already familiar food dishes was placed in front of the 
water bowl, the hide was removed, and a small piece of cat 
food was slowly placed into the food dish, using tweezers. 
The animal was allowed 1.5 h to retrieve the food. After this 
time period, the hide was replaced and the animal was left 
undisturbed for another 40 min (ITI). This procedure was 
repeated three times a day until ten trials were concluded. 
Criterion for completion of the pre-training was retrieving 
the reward in all ten trials without showing a stress response 
during food presentation.

Phase 1: response inhibition (opaque cylinder task)

During phase 1, animals were presented with an opaque 
cylinder (Online Resource, Fig. 5); a 10 cm-long opaque 
PVC tube covered in fine polyester window screen to make 
it more similar to the transparent cylinder (Phase 2). A trial 
lasted for 1.5 h during which time the lizard was allowed 
to retrieve the reward from either opening of the cylinder. 
A trial was scored correct if the lizard retrieved the reward 
without touching the exterior surface of the cylinder with 
its head. We repeated this procedure for three trials a day, 
5 days a week, until lizards performed correctly on 4/5 con-
secutive trials (criterion based on MacLean et al. 2014) or 
a maximum of 30 trials. Animals that reached the learning 
criterion moved on to phase 2, whereas animals that did 
not reach criterion within 30 trials were removed from the 
experiment.

Phase 2: response inhibition (transparent cylinder task)

During phase 2, lizards were presented with a transparent 
cylinder (Online Resource, Fig. 5); a 10 cm-long tube made 
of fine Aluminium insect screen. The material was chosen 
to facilitate even odour diffusion and prevent animals from 
using the smell of the reward to make a detour. Furthermore, 
animals were already familiar with the mesh properties form 
experiment 1; we, therefore, were able to eliminate the pos-
sibility of poor performance due to inexperience with the 
novel object properties. Lizards were able to see the reward 
through the mesh holes (but could not reach it). For a trial 
to be scored as correct, lizards had to inhibit responding in 
a direct trajectory to the reward but instead detour to the 
side openings to retrieve the food from inside the cylinder 
without touching the surface of the cylinder with their head. 
We repeated this procedure for ten trials and calculated the 
mean proportion of correct detours out of ten trials for the 
whole group.
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Coding

We scored lizard behaviour from video recordings of trials. 
We scored if a lizard made a correct (1) or incorrect (0) 
detour (Bernoulli variable) as well as trial and choice latency 
(for details, see experimental procedure above).

During response inhibition phase 1, animals were pre-
sented with the cylinder for the first time and might have 
shown some neophobia/neophilia towards the unfamiliar 
object, which, in turn, could have had an effect on their 
learning speed and performance. We, therefore, scored the 
time that a lizard spent within 2 cm of the cylinder (asso-
ciation time) as well as the number of times that the lizard 
moved within 2 cm of the cylinder during the first trial of 
phase 1 (association frequency). Due to the long trial length 
(1.5 h), we did not score any of the later trials because of 
the possibility that habituation could have occurred within 
the first trial.

Statistical analyses

We used the association time (time a lizard spent with 2 cm 
of the novel cylinder) to investigate if neophobia/neophilia 
affected performance during the cylinder task. We applied 
a linear mixed-effects model (LME) with log-transformed 
association time as the response variable and trials to crite-
rion (in cylinder task phase 1), score (in cylinder task phase 
2), and sex as fixed effects. We also included the associa-
tion frequency as a random effect to account for any differ-
ences due to baseline activity level (animals might differ in 
their activity level which could bias results towards animals 
with very high or very low activity). To test if animals that 
learned faster during phase 1 were better at detouring during 
phase 2, we applied a generalised linear model (GLM, based 
on a negative binomial distribution) with trials to criterion 
(phase 1) as the response variable and score (phase 2) as a 
fixed effect. Again, we were interested if sex was a predictor 
for performance during phase 1 and 2 and included sex and 
an interaction between sex and score as fixed effects. To find 
out if ‘initial learners’ (animals that reached the learning 
criterion of 6/6 or 7/8 in experiment 1) were performing bet-
ter/worse in the transparent cylinder task compared to “non-
learners”, we included the interaction between learnt (yes 
or no) with score (phase 2) in the model. Finally, to ensure 
that performance on the transparent cylinder task was not 
affected by the number of trials performed during stimulus 
training of experiment 1 (and the number of times lizards 
were exposed to the mesh blocking the reward), we calcu-
lated the sum of trials performed in the learning experiment 
before exposure to the cylinder for each lizard and compared 
these to the score achieved during the cylinder task phase 2. 
We applied a Spearman rank-order correlation to investigate 

if the number of trials performed was positively correlated 
with the achieved score.

Results

Sixteen of twenty (80%) animals reached the predeter-
mined learning criterion of 4/5 correct detours during the 
opaque cylinder phase (phase 1; meantrials to criterion = 13.4, 
SDtrials to criterion = 6.9, rangetrials to criterion = 5–29) and sub-
sequently performed ten trials of phase 2 (transparent 
cylinder). Motivation to participate was high; all animals 
retrieved the reward during pre-training and only one ani-
mal did not retrieve the reward in one trial in phase 2. Some 
animals were able to detour the transparent cylinder already 
during the first trial (Fig. 3), whereas the other animals grad-
ually accumulated correct detours around the cylinder to 
reach the reward (meanscore = 0.44, CIup = 0.51, CIlow = 0.29, 
rangescore = 0.1–0.8).

Neither learning time (trials to criterion) during phase 
1 (LME, estimate = − 0.0019, SE = 0.0246, df = 10.68, 
t value = − 0.078, p = 0.939) nor score on phase 2 (LME, 
estimate = 0.0188, SE = 0.0769, df = 11.23, t value = 0.244, 
p = 0.811) was correlated with the time animals spent near 
the cylinder during the first trial of phase 1, indicating that 
the novelty of the cylinder had no lasting effect on animals’ 
performance. Furthermore, males and females did not 
differ in the time spent close to the cylinder (LME, esti-
mate = − 0.1505, SE = 0.3309, df = 11.05, t value = − 0.455, 
and p = 0.658).

Learning speed did not predict the correct tally accumu-
lated in phase 2 (score). We found no correlation between 
the time (trials to criterion) which it took lizards to learn 
to detour in phase 1 and the score of correct choices dur-
ing phase 2 (GLM, estimate = − 0.004, SE = 0.059, z 
value = − 0.072, p = 0.943). Males and females did not differ 
in the time which it took them to learn to detour (GLM, esti-
mate = − 0.002, SE = 0.467, z value = − 0.004, p = 0.997) or 
the number of correct detours around the transparent cylin-
der (GLM, estimate = − 0.056, SE = 0.104, z value = − 0.533, 
p = 0.594). We found a significant interaction between reach-
ing the initial learning criterion during discrimination train-
ing and the number of correct detours around a transparent 
cylinder. The ‘initial learners’ made less correct detours 
compared to animals that did not reach the learning criterion 
during stimulus training batch 1 (GLM, estimate = − 0.183, 
SE = 0.081, z value = − 2.247, p = 0.025; Fig. 2d). The num-
ber of trials performed in experiment 1 did not significantly 
improve the score achieved during the transparent cylin-
der phase (Spearman’s rank-order correlation, t = − 0.211, 
df = 14, rs = − 0.056, p = 0.836).
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Discussion

Lizards were able to detour around a transparent barrier to 
obtain a food reward. Importantly, a comparison between the 
experiments revealed that the ‘initial learners’, who success-
fully inhibited their side bias, were significantly less success-
ful in inhibiting prepotent responses towards a visible reward 
within the mesh cylinder compared to ‘non-learners’, who 
failed to surpass their bias.

Some of our lizards were able to solve the detour around 
a mesh cylinder already on the first trial. This performance 
might demonstrate these individuals’ ability to transfer 
insights about how to perform the detour from either being 
trained with mesh during the learning experiment or train-
ing to detour the opaque cylinder beforehand (Koehler 1925 
cited by; Kabadayi et al. 2017a). Cotton top tamarins (Santos 
et al. 1999) tested on a transparent box only were unable to 
inhibit direct responses. If trained on an opaque box first, 

Fig. 3   Cumulative sum of correct detours during phase 2 (transparent 
cylinder) of the response inhibition task. Each graph shows the per-
formance for 1 of the 16 individuals (identification number is given 

on top of each graph) that learned to detour during phase 1 (opaque 
cylinder task). The cumulative group mean is given as a dashed grey 
line in each graph. Created with R baseplot
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monkeys had no problems performing the detour during 
transparent box trials. The authors argue that the initial fail-
ure of the transparent-only group to make a detour was not 
due the inability to resist the strong pull of the visible reward 
but due to a failure to find an alternative motor response. 
After receiving an additional training on an opaque box, 
the same animals were able to perform at high levels even 
if more desirable rewards were used. Our analysis showed, 
however, that the amount of experience with mesh did not 
affect detour performance. Finally, learning might have 
improved performance over trials due to the repeated nature 
of the task.

Performance in cylinder tasks can be affected by different 
non-cognitive factors such as the type of stimulus cue, the 
distance to the cylinder, neophobia exhibited towards the 
unfamiliar object, experience with the transparent material 
and general food motivation (Kabadayi et al. 2017a). Water 
skinks rely on odour as well as vision to capture prey (Veron 
1969; Daniels 1987). We used a mesh cylinder to allow even 
odour distribution and prevent lizards from following an 
odour trail around a closed, transparent cylinder. Some of 
our lizards might have followed the smell, instead of using 
visual cues, to locate the reward. No matter if they followed 
visual or olfactory cues; however, solving the task required 
inhibiting direct responses and instead detouring to one of 
the side openings to access the reward. The distance to the 
cylinder was constrained by the length of the enclosure and 
the setup; however, animals started as far away from the 
cylinder as possible, which amounted to at least 1.5 times 
their snout–vent length (minimum 20 cm). Furthermore, our 
results show that if neophobia affected lizards in some way, 
it did not show in their performance during the task. We 
were not able to find a correlation between the time spent 
close to the novel cylinder (first encounter only) and their 
learning performance or score in the subsequent test. Impor-
tantly, all our animals had the previous experience with the 
transparent mesh material after being tested in experiment 
1. Studies show that domesticated animals or animals fre-
quently tested with transparent objects outperform inexperi-
enced species (Kabadayi et al. 2016, 2017a; van Horik et al. 
2018). Mesh was used to cover up the incorrect food dish 
and block access to the reward during the two-choice task 
which gave lizards ample opportunity to learn its proper-
ties. We also covered the opaque cylinder with mesh to add 
additional experience and make both phases as similar as 
possible. Furthermore, our results show that more experi-
ence with the mesh during experiment 1 did not improve 
or decrease the score received in the cylinder task. Finally, 
motivation was high during the task; animals consistently 
retrieved the reward during the trials. Overall, the above-
mentioned factors were kept constant across all individu-
als and our data should, therefore, represent true individual 

differences as opposed to confounding factors that affect 
learning and inhibition.

In the cylinder inhibitory control task, brain size and 
dietary breadth are some of the best predictors of perfor-
mance (Bray et al. 2014; MacLean et al. 2014; van Horik 
et al. 2018). Unfortunately, no data currently exist for brain 
size in E. quoyii, and to properly understand how diet affects 
performance in the cylinder task we need additional data 
on reptiles with a variety of dietary preferences. We know, 
however, that water skinks are opportunistic, insectivorous, 
visual foragers (Veron 1969; Daniels 1987; McElroy et al. 
2008), and inhibiting prepotent responses during prey cap-
ture could be an advantageous trait for this species.

Conclusions

Although we are not able to compare reversal learning per-
formance with the performance of detouring around a trans-
parent barrier, our results, nonetheless, show that half of our 
lizards were not able to inhibit a one-sided response during 
discrimination learning. The ten lizards that were able to 
inhibit their pre-existing bias and reached our initial learn-
ing criterion made fewer correct detours and more direct 
responses towards a visible reward within a transparent 
cylinder. If response inhibition is truly context-general, we 
would expect these ‘initial learners’ to perform well and be 
skilled at inhibiting both a side bias and prepotent responses 
towards a visible reward. All our lizards had the same basic 
experience and these differences in performance cannot be 
explained by non-cognitive factors. We can, therefore, con-
clude that response inhibition is context-specific, at least in 
our tested group of lizards. Furthermore, our study is the 
first to test a non-avian reptile in the cylinder task and our 
lizards performed at comparable levels to brown lemurs, and 
even outperformed marmosets, song sparrows, swamp spar-
rows (MacLean et al. 2014), African grey parrots, and blue-
headed macaws (Kabadayi et al. 2017b). The gathered data 
add a new taxon to the already existing body of knowledge 
on how evolution has shaped inhibitory control processes.

Ethical note  All experimental manipulations were non-inva-
sive behavioural observations approved by the Macquarie 
University Animal Ethics Committee (ARA # 2013/031) 
and the collection of the animals was approved by the New 
South Wales National Parks and Wildlife Service, Office of 
Environment and Heritage (License # SL101972). Skinks 
were individually captured at Macquarie University campus, 
New South Wales, by noosing and transported in cloth bags 
to their indoor enclosures.
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