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Abstract
Motor self-regulation describes the ability to inhibit motor responses which is essential for
survival in the context of many situations. To measure and compare this ability the cylinder
task, a two-stage response inhibition detour test, has been widely accepted but almost
exclusively used on primates and birds. We tested four species of Egernia lizards using the
cylinder task to add data on reptiles to the growing body of evidence on motor self-regulation
and to help identify relevant factors influencing this ability. Our results show that reptiles are
able to inhibit a motor response at comparable levels to several primate and bird species and
that ground-dwelling and non-hunting lizards performed the best. We therefore suggest
locomotion and foraging behaviour as new potential predictors of motor self-regulation
ability. Furthermore, this is the first study investigating motor response inhibition in non-avian
reptiles.
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Introduction
Understanding cognitive processes in animals is one of the greatest challenges in cognitive
biology (Shettleworth 2010). Cognition, as a mental process, cannot be observed directly
which makes it difficult to investigate and study. Executive Function (EF), also referred to as
cognitive control, describes an array of top-down mental processes that can lead to an
observable behavioural response (Diamond 2013). These behaviours and their flexible
application can be tested and provide insight into cognition. Being flexible in responding to
stimuli and even inhibiting harmful or disadvantageous behaviour are important skills for
successful survival (Amici et al. 2018). Ambush or sit-and-wait predators, for example, exhibit
a hunting strategy during which the animal stays concealed until prey is in striking distance
(Glaudas & Alexander 2016). Not being able to stop a premature response and pounce or
strike at the wrong time could lead to unsuccessful hunts and ultimately starvation.
Inhibiting certain behaviour, especially in the presence of an external pull, requires acting on
one of the core EF which is inhibitory control (Diamond 2013). The aspect of inhibitory control
that involves resisting impulsive actions in foresight of a more advantageous outcome is called
self-control. Being able to withhold an action that could immediately be rewarded in foresight
of gaining an even greater reward later on can be considered amongst one of the most
demanding cognitive processes. It involves evaluating options that differ in value and are not
available at the same point in time (Stevens 2014). An underlying and essential aspect of selfcontrol is motor self-regulation or motor response inhibition. Without the ability to inhibit a
motor response, self-control and therefore behavioural flexibility would hardly be possible. To
measure and compare this executive function, detour tasks, requiring test subjects to inhibit
a pre-dominant motor response and instead detour around a barrier, are widely accepted and
used (Moll & Kuypers 1977; Diamond 1990; 1991). Usually these detour tasks involve
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retrieving a high value reward from behind a barrier. Many different shapes and sizes of
barriers, ranging from straight walls, U-shapes to cylinders have emerged. Some barriers are
fully or semi-transparent while others are opaque, resulting in a varying degree of reward
visibility which can influence the detour performance. Studies investigating object retrieval
tasks in human infants (Diamond 1981; Diamond 1990), non-human primates (Santos et al.
1999), mice (Juszczak & Miller 2016) and chickens (Regolin et al. 1994) have shown that a clear
visibility of the reward exerts a stronger urge for a direct reach and makes the motor inhibition
and detour more difficult compared to the retrieval of an invisible reward.
Santos et al. 1999 argue that in addition to inhibiting the pre-dominant motor response, test
subjects must have access to an alternative motor action or strategy. A common test
investigating motor inhibition and providing an alternative strategy is a two-stage response
inhibition detour test called cylinder task (MacLean et al. 2014). During stage one of this task
test subjects are confronted with an opaque cylinder containing an invisible reward,
retrievable from one of the side openings of the cylinder. In the second stage the opaque
cylinder is replaced with a transparent tube for a total of ten trials. The food reward is now
visible through the wall of the cylinder and animals have to resist the direct pull of the reward
and detour around to one of the side openings, replicating the motor action trained in the
previous stage, instead of impulsively bumping into the wall. The number of correct detours
on the transparent cylinder, which is defined as retrieving the reward without touching the
surface of the cylinder, provides insight into the animals’ ability to inhibit predominant motor
responses (Moll & Kuypers 1977; Diamond 1990, 1991; MacLean et al. 2014).
Several studies testing different species of animals in the cylinder task revealed that the best
scores are achieved by great apes (MacLean et al. 2014) and corvids (Kabadayi et al. 2016).
MacLean et al. 2014 linked superior inhibitory abilities to absolute brain size and dietary
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breadth but was contradicted by Kabadayi et al. 2016, who found that corvids performed
equally or better than great apes despite having significantly smaller absolute brain volumes.
They argued that neuronal numbers and sizes of certain brain regions might better explain
great apes and corvids superior inhibitory skills. In their 2017 study, however, Kabadayi et al.
showed that parrots, which possess similar neuronal numbers as corvids, performed
considerably worse. This finding supported the potential importance of specialized brain
regions for motor self-regulation. Furthermore, Lucon-Xiccato et al. 2017 applied the cylinder
task in fish and their findings also disprove absolute brain size as a proxy for enhanced
inhibitory skills.
Over 40 years ago Humphrey formulated the social complexity hypothesis which states that a
complex social structure acts as a driver for the evolution of higher cognitive abilities. Even
today the social environment is frequently considered a main factor when explaining superior
intelligence (Cheney et al. 1986; Dunbar 1998; Byrne & Bates 2007). MacLean et al. 2014 did
not find a correlation between sociality and the performance in the cylinder task, however,
social complexity was only compared within primates, which arguably all rank amongst the
most socially complex species in the animal kingdom. Testing and comparing species with a
greater range in social complexity will provide information on how the social environment
shapes differences in motor self-regulation. Similarly, the correlation between food ecology
or dietary breadth and self-regulation has only been studied in primates (Stevens et al. 2005;
MacLean et al. 2014) and information on other taxonomic groups could help to identify its
universality. Furthermore, in their comprehensive review addressing the detour paradigm in
animal cognition, Kabadayi et al. 2017a suggested that various non-cognitive factors, such as
previous experience with transparency, neophobia or the earlier mentioned reward visibility
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may effect performance in the cylinder task. These factors have to be taken into consideration
when comparing performance data collected from different species.
In general, experiments investigating inhibitory control are biased towards testing mammals
and birds and as far as we know there are no studies investigating motor self-regulation in
reptiles. Reptiles are often overlooked when it comes to studying cognitive abilities although
studies in monitors (Gaalema 2011), anoles (Leal & Powell 2012) and skinks (Clark et al. 2014)
have shown successful visual discrimination and even reversal skills, indicating response
inhibition abilities. In order to establish a better understanding of inhibitory control and
identify influencing factors, data from a wide range of taxonomic groups is needed.
Here, we report results on the motor response inhibition ability of four closely related
members of the Egernia group. With species living in large stable family aggregations that can
recognise kin and show long term mate fidelity, members of this group exhibit some of the
most complex social behaviour in all squamate reptiles.
In this study we tested four species from two genera: Egernia and Tiliqua, that differ in social
complexity and feed on a large variety of invertebrates and plant material. Tree skinks (Egernia
striolata) (Fig. 1D) and gidgee skinks (Egernia stokesii) (Fig. 1B) are both medium sized, semiarboreal species that live in stable family groups of up to 17 individuals (Gardner et al. 2001;
Lanham 2001; Duffield & Bull 2002; Chapple 2003). E. stokesii shows socially and genetically
monogamous behaviour (Bull 1988; Gardner et al. 2002) and E. striolata as well as E. stokesii
have been found to be able to recognise members of their own group and differentiate
between kin and non-related conspecifics (Main & Bull 1996; Bull et al. 2000; Bull et al. 2001).
Both species are omnivorous and consume a number of invertebrates, flowers, seeds and
other plant material (Brown 1991; Chapple 2003). Belonging to the Tiliqua genus, bluetongued skinks (Tiliqua scincoides) (Fig. 1A) and shinglebacks (Tiliqua rugosa) (Fig. 1C) are
5

large, ground-dwelling species that are primarily solitary (Cogger 2014; Bull et al. 2017). T.
rugosa, however, shows highly monogamous behaviour with the same female and male
pairing up to mate for multiple consecutive years – in one case 27 years (Bull 1988; Bull et al.
2017). Shingleback mothers were also found to be able to recognise their offspring (Main &
Bull 1996). T. rugosa and T. scincoides are primarily herbivorous with the occasional inclusion
of slow moving invertebrates (Dubas & Bull 1991; Bull et al. 2017). In urban environments, T.
scincoides has been found to be highly opportunistic and include a wider range of food items
containing various insects and snails additional to plant material, thus making the urban bluetongued skinks clearly omnivorous (Koenig et al. 2001).

Fig. 1: Images of the study animals. (A) Blue-tongued skink (Tiliqua scincoides), (B) gidgee skink (Egernia stokesii), (C)
shingleback (Tiliqua rugosa), (D) tree skink (Egernia striolata). Photo credit: Sebastian Höfer, Julia Riley.
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Our aim for this study was to test lizards on the cylinder task and to add data on reptiles to
the growing body of evidence on motor self-regulation. Their performance can be directly
compared to the results of other studies testing mammals (MacLean et al. 2014), birds
(Kabadayi et al. 2016; Kabadayi et al. 2017b) and fishes (Lucon-Xiccato et al. 2017) which will
further our understanding of the evolution of inhibitory control.
Based on previous findings in reptile cognition we expect all four species to be able to learn
the detour task and exhibit motor response inhibition. On the one hand, if the positive
correlation between food ecology or dietary breadth and self-control ability found by Stevens
et al. 2005 and MacLean et al. 2014 represents a general rule across taxa, we expect T.
scincoides, E. striolata and E. stokesii with a broader diet to perform better (more correct
detours) than T. rugosa, supporting the findings in primates. On the other hand, if social
complexity acts as a main driver of enhanced cognitive abilities, we would expect E. striolata
and E. stokesii to perform at a higher rate than both T. rugosa and T. scincoides.
This is the first study testing reptile species on the cylinder task, which will provide insight into
the motor response inhibition ability of reptiles. Furthermore, adding a new taxonomic order
to compare motor self-regulation abilities will help to identify relevant factors influencing this
basic cognitive process across a wide range of taxa.
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Material and Methods
Study Animals
In this study we used four closely related species of Australian skinks, the shingleback (Tiliqua
rugosa asper), the eastern blue-tongued skink (Tiliqua scincoides scincoides), the eastern
gidgee skink (Egernia stokesii zellingi) and the tree skink (Egernia striolata).
At the end of February 2018 we collected five adults shinglebacks (Snout Vent Length (SVL) ≥
270 mm, Bull & Pamula 1996, three females and two males) in the rocky outcrops surrounding
Fowler’s Gap Research Station in the North West of New South Wales (NSW), Australia
(31°04'S; 141°40’E). The individuals were caught by hand (carefully extracting them from their
refuges) or noosing. Additionally, five more wild and captive shinglebacks (two females and
three males) were provided by professional reptile catchers to participate in this study (mean
SVL ± SD, all: 307.3 mm ± 23.57 mm, female: 320 mm ± 14.63 mm, male: 294.6 mm ± 25.16
mm, Table 1). Sex was determined by comparing the proportion of head width (HW) to SVL,
with males having substantially wider heads (Bull & Pamula 1996) than females (mean
HW/SVL ± SD, female: 18.64 mm ± 0. 73 mm, male: 21.43 mm ± 1.01 mm, Table 1).
Furthermore, we caught three adult gidgee skinks (SVL ≥ 155 mm, Chapple 2003, mean SVL ±
SD all: 183.33 mm ± 16.04 mm, Table 1) at the same location (31°04'S; 141°41’E) by hand
capture (carefully extracting them from crevices) or noosing. Due to their extreme stiffening
behaviour and to prevent excessive amount of stress for the animals we were unable to
determine sex (presence or absence of hemipenes). The small number of individuals caught
was due to the fact that no capturing sites for E. stokesii had been established in NSW and the
time of capture was close to the end of the activity season which affected the time lizards
spent active outside burrows. We were unable to capture any E. stokesii with Elliott traps,
which were successfully used to capture this species in Western Australia (personal
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conversation with Michael Gardner) probably due their low activity level and food motivation
close to hibernation.
The 12 adult female tree skinks (SVL ≥ 100 mm, Chapple 2003; mean SVL ± SD, 108 mm ± 4.71
mm, Table 1) were collected by hand or noosing near Albury, New South Wales (35°980’S,
146°970’E), Australia in 2014 to participate in a social learning study and were kept in captivity
since; only wild caught adult females were available for this study.
Additionally, we tested six juvenile and four adult blue-tongued skinks (adult SVL ≥ 254 mm,
Phillips et al. 2016, two groups of juveniles from different mothers: group 1 (n=3) which was
4 weeks old and group 2 (n=3) which was 7 weeks old but were similarly sized, mean SVL ± SD,
juvenile all: 120.67 mm ± 3.06 mm, adult all: 298 mm ± 24.12 mm, female: 302.5 mm ± 6.36
mm, male: 293.5 mm ± 40.31 mm, Table 1) which were collected in the suburban Sydney area
in 2017 to investigate their defensive behaviour and tongue colour. The juvenile blue-tongues
were the offspring of two wild caught females. Sex of juveniles could not be determined at
the time of testing, sex of adults was determined in the same way as the shinglebacks (Phillips
et al. 2016, mean HW/SVL ± SD, female: 13.69 mm ± 0.37 mm, male: 14.42 mm ± 0.02 mm,
Table 1).
All study animals were transported into a controlled indoor environment at Macquarie
University Fauna Park with the room temperature set between 24 and 26 °C (depending on
season) and a 12:12 h light:dark cycle. The lizards were placed into individual plastic tubs
(blue-tongue: 487 L × 350 W × 260 H mm, gidgee skink: 487 L × 350 W × 260 H mm,
shingleback: 800 L × 600 W × 450 H mm, tree skink: 487 L × 350 W × 260 H mm). Snout-ventlength (SVL), head width (HW), mass and sex (presence of hemipenes, except for T. scincoides
and E. stokesii) were measured within 24 h after acquisition. Animals were checked for
ectoparasites such as tics right after collection and again before the transfer into enclosures.
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These parasites were removed to avoid behavioural abnormalities and a decrease in activity
in the lizards (Main & Bull 2000) which could have affected the experiments. Heat cords were
installed underneath each enclosure to create a thermal gradient (24 - 34 °C). The
temperature within enclosures was monitored using a digital thermometer and ibuttons
(Thermochron iButton model DS1921) and was adjusted via air conditioning (Daikin Inverter
model FTXS71KVMA). We used white paper as a substrate and each enclosure included a hide
and a water bowl. E. stokesii and T. rugosa enclosures did not permanently contain a water
bowl to avoid the risk of respiratory infection caused by high humidity. These two species are
found in dry, arid habitats (Cogger 2014; Bull et al. 2017) and thus do not consume much liquid
water. We, however, placed a water bowl in the enclosure twice a week (Tuesdays and
Fridays) for 40 min and fed them water-rich vegetables to ensure a sufficient water supply. All
lizards were fed three times a week (Monday, Wednesday and Friday); blue-tongues were fed
vegetables, cat and dog food, gidgee skinks received vegetables, pureed fruit and crickets,
shinglebacks were offered vegetables and dog food and tree skinks fed on crickets and pureed
fruit. As a supplement, vitamin (aristopet Repti-Vite) and calcium (URS Ultimate Calcium) were
added to the food at least once a week. During trials all participating animals were only fed
experimental rewards to sustain a high motivation. Experimental rewards for juvenile bluetongues were small pieces (0.05 g) of cat food (Purina Supercoat® Adult chicken) soaked in
water (to make them soft and easily edible) and 2 g pieces of dog food (Pedigree, various
flavours) for the adults. Shinglebacks received small pieces (2 ± 0.3 g) of dog food, tree skinks
and gidgee skinks were offered 2 g and 5 g of pureed fruit (HeinzTM) respectively; animals had
ad libitum access to water (with the exception of E. stokesii and T. rugosa). The different
species had varying experience performing in behavioural tasks. The gidgee skinks were naive
and had never participated in any cognition experiments before being tested on the detour
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task. Shinglebacks and both groups of juvenile blue-tongues were tested on set-shifting
experiments (visual two-choice discrimination learning) prior and participated in the cylinder
task thereafter. Of the adult blue-tongues only Ts5 (Table 1) had participated in set-shifting
experiments in 2017, the other three adults were naive. The tree skinks had previously been
tested in visual discrimination tasks (Riley et al. 2017a; Riley et al. 2018).

Table 1: Overview of all individuals included in the study ordered by species. Snout-vent length (SVL) and Head width (HW)
are measured in mm. HW Proportion describes the proportion of HW to SVL in %.

Species

ID

Sex

Age

SVL

HW

Tiliqua rugosa
T. rugosa
T. rugosa
T. rugosa
T. rugosa
T. rugosa
T. rugosa
T. rugosa
T. rugosa
T. rugosa
T. rugosa

ID1
ID3
ID4
ID5
ID6
ID10
ID14
ID15
ID17
ID20

Female
Male
Female
Female
Male
Female
Male
Male
Female
Male

Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult

310
314
332
324
280
334
320
300
300
259

Tiliqua scincoides
T. scincoides
T. scincoides
T. scincoides
T. scincoides
T. scincoides
T. scincoides
T. scincoides
T. scincoides
T. scincoides
T. scincoides

Ts41-6
Ts41-7
Ts41-10
Ts44-4
Ts44-5
Ts44-17
Ts42
Ts44
Ts5
Ts48

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Male
Female
Female
Male

Juvenile
Juvenile
Juvenile
Juvenile
Juvenile
Juvenile
Adult
Adult
Adult
Adult

Egernia stokesii
E. stokesii
E. stokesii
E. stokesii

ID2
ID7
ID8

Unknown
Unknown
Unknown

Adult
Adult
Adult
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HW Proportion

Origin

57.66
67.16
61.86
57.95
64.09
61
65.59
61.49
59.52
56.71

18.60
21.39
18.63
17.89
22.89
18.26
20.50
20.50
19.84
21.90

Wild
Wild
Wild
Wild
Wild
Captive
Wild
Captive
Wild
Wild

118
124
120
124
122
112
322
298
307
265

17.95
19.45
17.28
19.31
19.18
17.09
46.39
41.59
41.22
38.27

15.21
15.69
14.40
15.57
15.72
15.26
14.41
13.96
13.43
14.44

Captive
Captive
Captive
Captive
Captive
Captive
Wild
Wild
Wild
Wild

182
200
168

29.93
31.3
31.21

16.45
15.65
18.58

Wild
Wild
Wild

Species

ID

Sex

Age

SVL

HW

Egernia striolata
E. striolata
E. striolata
E. striolata
E. striolata
E. striolata
E. striolata
E. striolata
E. striolata
E. striolata
E. striolata

160
504
538
476
532
760
625
515
480
264

Female
Female
Female
Female
Female
Female
Female
Female
Female
Female

Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult

114
109
110
101
99
107
108
114
112
104

19.15
18.03
18.81
16.57
15.37
17.78
16.7
15.88
16.92
17.02

HW Proportion

Origin

16.80
16.54
17.10
16.41
15.53
16.62
15.46
13.93
15.11
16.37

Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild

Cylinder Task
Habituation
To reduce stress from handling and prevent stress related learning impairments (Langkilde &
Shine 2006) animals were tested in their home enclosure. Before starting pre-training T.
rugosa and adult T. scincoides were left undisturbed for two weeks, juvenile T. scincoides and
E. striolata for one week and E. stokesii for one month (E. stokesii habituated very slowly to
captivity). The tree skinks went through several behavioural experiments (Riley et al. 2017b;
Riley et al. 2017a; Riley et al. 2018) and the juvenile blue-tongues were born in captivity. Both
species therefore already had experience with the testing environment which is why they
were only habituated for one week. We made sure that all animals were feeding consistently
and had habituated to captivity before pre-training commenced.

Pre-training
After habituation E. stokesii, E. striolata and adult T. scincoides started pre-training for the
cylinder task. Juvenile T. scincoides and T. rugosa participated in set-shifting experiments prior
to the cylinder task and were only tested after finishing this experiment. Therefore, following
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habituation, these two species underwent pre-training for set-shifting experiments, several
visual discrimination learning stages and afterwards, pre-training for the cylinder task. Pretraining for set-shifting experiments followed the procedure of (Szabo et al., in press). During
pre-training animals were familiarised with the experimental procedure and reward and
gained experience with mesh and its’ transparency. The animals went through five trials with
an open-meshed food dish containing the reward at one end and the hide on other end of the
enclosure. At the start of each trial, all animals were placed into their hide to prevent the
lizards from perceiving any accidentally given cues from the experimenter during
experimental-setup. To start the trial the hide was removed and the animal exposed to the
setup for 1.5 h. After retrieving the reward from the food dish 4 out of 5 times, individuals
moved on to stage 2 of pre-training. Here, the hide was removed first and the reward placed
into the food dish using a spoon or tweezers in full sight of the animal for 10 trials. The lizards
had to stay calm and not flee when the food was inserted into the dish. This stage was to
familiarise the lizards with the necessary insertion of the experimenter’s hand into the
enclosure and positively associate the action with the reward. The criterion for stage 2 was
10/10 correct (staying calm and eating the reward). Trials were conducted three times per day
which resulted in one week of pre-training per individual.

Setup
One cylinder (opaque or transparent) was stuck to the floor at least 1.5 × SVL away from the
subjects; the water bowl behind and the hide on the opposite end. T. rugosa and E. stokesii
setup did not include a water bowl. The white paper substrate was fixed onto the tub floor
using masking tape to prevent animals from crawling underneath and out of sight during trials.
The trials were not directly observed and scored by an experimenter to prevent the animals
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from stress and potential freezing caused by a predatory presence. Instead, a camera was
placed 50 cm above the enclosure to automatically record the trials.

Fig. 2: Schematic diagram of the cylinder task setup at the beginning of the trials. Depending on Response Inhibition Phase
the cylinder was either opaque (covered in mesh) or transparent (made entirely of mesh). Animals were kept under the refuge
during the attachment of the cylinder. The food reward was placed into the cylinder after the refuge was removed.

Experimental Procedure
Before each trial, a subject was ushered into its hide and moved to the starting position
furthest away from the cylinder. After one minute of acclimatisation, the trial started by
removing the hide and exposing the animal to the setup. The food reward was then inserted
into the cylinder using a spoon or tweezers. The side from which the reward was inserted into
the cylinder was based on a predetermined pseudo-random order and counterbalanced for
14

side (inserting the food no more than twice in a row on the same side). A trial lasted for 1.5 h,
after which the hide was put back and the cylinder removed and cleaned of any food residue.
Trials were conducted from March 2018 to June 2018 between 08:00 - 14:00 h, five days a
week with an inter trial interval (ITI) of 40 minutes. Every trial was videotaped (H.264 Digital
Video Recorder, 3-Axis Day & Night Dome Cameras) with no experimenter present in the room
(to minimize stress experienced by the inability to hide) and scored afterwards. The videos
were scored using Microsoft Excel and Windows Media Player.

Response Inhibition Phase 1 (opaque cylinder)
In phase 1 study animals were presented with an opaque cylinder (PVC tube covered in fine
polyester window screen, Fig. 3). The size of the cylinder varied to match the size of the species
(shingleback: 10 × 20 cm, gidgee skink: 8 × 15 cm, tree skink: 3 × 10 cm, blue-tongue: juvenile
3 × 10 cm, adult 10 × 20 cm). With the lizard under its hide, the opaque cylinder was stuck to
the floor of the enclosure using adhesive putty (Bostik Blu-Tack, Fig. 3A). After removing the
hide, the reward was slowly inserted into the cylinder, using tweezers for cat or dog food and
the back of a spoon for pureed fruit, in full view of the animal (Fig. 3B). A trial lasted for 1.5 h,
during which the lizard was able to retrieve the reward from either side of the cylinder. For a
successful detour, an animal had to enter the cylinder through one of the side openings and
retrieve the food reward without touching the surface of the cylinder with its head (Fig. 3C).
This procedure was repeated for three trials a day, five days a week until subjects successfully
retrieved the reward in 4 out of 5 consecutive trials (criterion based on MacLean et al. 2014)
or a maximum of 30 trials. After reaching the learning criterion individuals moved on to phase
2, whereas lizards that did not show criterion performance within 30 trials were removed from
the experiment.
15

Fig. 3: Screenshots of a video recording in response inhibition phase 1 (opaque cylinder). (A) Setup before the start of the
trial with the lizard under the hide and the cylinder stuck to the floor. (B) Hide is removed to start the experiment and the
food reward inserted into the cylinder using tweezers/spoon. (C) Correct detour to a side opening to retrieve the reward
without touching the outside wall.

Response Inhibition Phase 2 (transparent cylinder)
Phase 2 presented the study subjects with a transparent cylinder (made of rolled up fine mesh
aluminium insect screen) in the same size as the opaque cylinder used in phase 1 (Fig. 4). The
insect screen was selected to enable even odour diffusion and prevent animals from only
following olfactory cues to make a successful detour and retrieve the reward. The procedure
followed the same basic steps described in phase 1 with the difference that the lizards were
able to see through the mesh and therefore perceive the reward through the wall of the
cylinder but were unable to reach and retrieve it through the mesh holes. The visibility of the
reward meant that the lizards had to resist the immediate reach for the reward through the
cylinder wall and instead detour to the side opening to retrieve the food. This procedure was
repeated for 10 trials and the mean proportion of correct detours (score) for the whole group
was calculated.
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Fig. 4: Screenshots of a video recording in response inhibition phase 2 (transparent cylinder). (A) Setup before the start of
the trial with the lizard under the hide and the cylinder stuck to the floor. (B) Hide is removed to start the experiment and
the food reward inserted into the cylinder using tweezers/spoon. (C) Correct detour to a side opening to retrieve the reward
without touching the outside wall.

Coding
We used the video recordings of the trials to score correct/incorrect detours. A trial was
considered incorrect if the head of the lizard touched the surface of the cylinder, whereas a
correct trial ended with the animal entering a side opening to retrieve the food without any
contact of the head. We recorded trial latency from the start of the trial to either a correct or
incorrect detour and the choice latency from first movement (directed, uninterrupted forward
movement of the body ending either by touching the outside of the cylinder with the head or
by entering the side opening to retrieve the reward; interruption was defined as no movement
for 10 seconds or more) to either detour. Due to the absence of an experimenter during the
trial we used a non-correction method where lizards had the opportunity to touch the outside
wall of the cylinder with their head (incorrect choice) and also enter a side opening of the
cylinder to retrieve the reward without any consequences in the same trial.
To find out if the animals showed an avoidance behaviour towards the newly introduced
cylinder or the experimenter’s presentation of the food reward, which could have affected
performance and learning speed, we checked for neophobia and side choice. For neophobia
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we looked at the amount of time individuals spent within two centimetres of the cylinder
(association time) and the number of times the lizards went into this zone (association
frequency) during the first trial of response inhibition phase 1. We chose to only look at
association time during the first trial because habituation to the novel object could have
already occurred due to the long (1.5h) trial length. To investigate side choice, we recorded
the side of the cylinder the lizards chose to enter to retrieve the reward for both phases.
Individuals could have either followed the experimenter’s presentation and entered the
cylinder on the same side or chose the other side to retrieve the reward.

Statistical Analysis
Response Inhibition Phase 1 and 2
All statistical analyses were performed in R version 3.5.0 (R Core Team 2018). To compare
the trials to criterion (ttc) in response inhibition phase 1 and the score in phase 2 across
species we used generalized linear mixed-effects models (GLMM, ‘glmer’ function of the
‘lme4’ R package) fitted with the correct/incorrect performance in phase 1 and 2 as the
responsible variable and species as the fixed effect. We included a random effect accounting
for differences in the intercept based on individual ID (random intercept) and in the slope
based on trial number (random slope). We had to remove data from E. stokesii from both
models due to the small sample size preventing the models to converge. We created a figure
based on data provided in Lucon-Xiccato et al. 2017 adding the average score each lizard
species accomplished in phase 2 to the data from 44 mammalian, fish and avian species
using a ggplot (‘ggplot2’ function of the ‘ggplot2’ R package). With a generalized linear
model (GLM, based on a negative Binomial distribution) we investigated if the number of
trials to reach criterion would predict the score in phase 2. Here ttc was set as the
responsible variable and score as a fixed effect. Furthermore, we used a linear mixed-effects
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model (LMM, ‘lmer’ function of the ‘lme4’ R package) to find out if the time it took to enter
the cylinder would decrease over trials suggesting learning effects. In this model, choice
latency was set as the responsible variable and number of trial as the fixed effect; we
included a random effect based on individual ID and trial number.

Avoidance Behaviour
In order to find out if neophobia affected the learning speed (ttc) in phase 1 and the score in
phase 2 we used the Spearman’s Correlation Test. We created an association score by
dividing association time with association frequency to account for biased results based on
varying activity levels. A correlation was then assessed using the Spearman’s Correlation
Test. To investigate if the experimenter’s presentation of the reward would influence the
side choice of the animals we created the mean percentage for each species following the
insertion side. The number of entries on each side was counted and compared to the side
the food reward was inserted into by the experimenter. Individuals that varied ± 20% from
choosing both sides equally were considered influenced by the presentation.
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Results
In total 27 out of 35 (77%) tested individuals across all species reached the learning criterion
of 4 out of 5 in response Inhibition phase 1 and were tested on the transparent cylinder for
ten trials (phase 2). Within species 8 of 10 (80%) shinglebacks, 10 of 10 (100%) blue-tongues,
2 of 3 (67%) gidgee skinks and 7 of 12 (58%) tree skinks were able to learn the detour task in
phase 1 (Table 2). Individual learning performance can be seen in Fig. 6. When simply looking
at genus differences, considerably more individuals of Tiliqua (90%) compared to Egernia
(60%) successfully reached criterion in phase 1.

Table 2: Species averages and 95% confidence intervals of trials to criterion in Phase 1 (opaque cylinder), correct detours in
Phase 2 (transparent cylinder) and sample size of individuals that reached criterion in Phase 1.

Species

Trials to criterion

Proportion correct detours

Sample size

Egernia striolata

12.43 ± 4.7

0.30 ± 0.12

7

Egernia stokesii

19.5 ± 8.82

0.35 ± 0.1

2

Tiliqua rugosa

7.75 ± 1.47

0.33 ± 0.16

8

Tiliqua scincoides

8.20 ± 3.47

0.44 ± 0.09

10

Total (all species)

10.00 ± 2.21

0.36 ± .07

27
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Fig. 5: Average percentage of correct detours around a transparent cylinder including the four tested reptile species (black
bars) and 40 avian (orange), mammalian (blue) and fish (pink) species (MacLean et al. 2014; Kabadayi et al. 2016; Kabadayi
et al. 2017b; Lucon-Xiccato et al. 2017).

Response Inhibition Phase 1 (opaque cylinder)
Compared to shinglebacks, blue-tongues (GLMM, estimate = -0.05622, SE = 0.39980, z-value
= -0.141, p = 0.8882) and tree skinks (GLMM, estimate = -0.70527, SE = 0.41557, z-value = 1.697, p = 0.0897) needed more trials to reach criterion and successfully detour around an
opaque cylinder, these differences are, however, not significant. The number of trials animals
needed to reach the criterion in phase 1 ranged from 7.75 (shinglebacks) to 19.5 (gidgee
skinks) (Table 2). Our data shows individual variation in learning speed: T. scincoides (min = 5
max = 23) and E. striolata (min = 5 max = 24) performed at a greater range than T. rugosa (min
= 5 max = 11) and E. stokesii (min = 15 max = 24). Furthermore, our analysis revealed that
Tiliqua (8) reached criterion significantly faster than Egernia (14) (GLMM, estimate = 0.8293,
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SE = 0.2927, z-value = 2.833, p = 0.00461), showing that Tiliqua learned to detour the opaque
cylinder nearly twice as fast as Egernia.

Response Inhibition Phase 2 (transparent cylinder)
The number of correct detours around the transparent cylinder did not significantly differ
across species. Compared to shinglebacks, blue-tongues performed better and made more
correct detours (GLMM, estimate = 0.6341, SE = 0.4072, z-value = 1.557, p = 0.11943) whereas
tree skinks performed worse (GLMM, estimate = -0.1190, SE = 0.4135, z-value = -0.288, p =
0.77356). This is also apparent in the score (proportion of correct detours) (Table 2, Fig. 5),
with T. scincoides (44%) receiving the highest and E. striolata (30%) the lowest score out of
the four tested species. T. rugosa (33%) and E. stokesii (35%) performed almost identically.
When testing for genus differences, we found no significant difference between Egernia (31%
± 0.9%) and Tiliqua (39% ± 0.9%) (GLMM, estimate = 0.3532, SE = 0.3181, z-value = 1.110, p =
0.26687). Moreover, learning did not influence performance on the transparent cylinder
across all tested species suggesting no significant overall improvement (GLMM, estimate = 0.04631, SE = 0.05039, z-value = -0.919, p = 0.358).
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Some individuals were able to successfully navigate around the transparent cylinder on the
first trial, while others correctly detoured the cylinder wall only after making some errors (Fig.
6). Individual differences within species can be seen when looking at the variation in scores
(Fig. 6). T. rugosa (min = 1 max = 7) and E. striolata (min = 1 max = 5) showed the widest range
of correct detours with individuals of E. stokesii (min = 3 max = 4) and T. scincoides (min = 2
max = 6) performing relatively uniformly.

Fig. 6: Cumulative sum of correct detours of all 27 individuals in Phase 2 of the cylinder task presented individually for each
species. Number of trials (horizontal axes), cumulative number of successful detours (vertical axes) and learning curves (black
lines) can be seen for each individual of each species. The 95% confidence intervals for the species are shown in grey.
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We found no correlation between the time needed to reach criterion (ttc) during the opaque
cylinder phase (phase 1) and the performance in the transparent cylinder phase (phase 2) for
any species (GLM, shingleback: estimate = -0.04697, SE = 0.06241, z-value = -0.753, p = 0.452;
blue-tongues: estimate = -0.02696, SE = 0.09299, z-value = -0.290, p = 0.772; gidgee skink:
estimate = -0.4700, SE = 0.3291, z-value = -1.428, p-value = 0.153; tree skink: estimate =
0.006033, SE = 0.065025, z-value = 0.093, p-value = 0.926) indicating that the speed of learning
to detour during phase 1 did not predict the score in phase 2.

Avoidance Behaviour
No significant correlation was found between association score and ttc (Spearman’s
Correlation Test, shingleback: rho = -0.5628843, S = 131.28, p = 0.1463; blue-tongue: rho = 0.2335497, S = 203.54, p = 0.5161; gidgee skink: rho = 1, S = 2.2204e-16, p = 1; tree skink: rho
= -0.4909903, S = 83.495, p = 0.2632) and association score and score in phase 2 (Spearman’s
Correlation Test, shingleback: rho = 0, S = 84, p = 1; blue-tongue: rho = -0.008664587, S =
121.04, p = 0.9823; gidgee skink: rho = -1, S = 2, p = 1; tree skink: rho = 0.2569781, S = 41.609,
p = 0.578) for any of the species, indicating that the presence of a novel object did not
influence the learning speed or performance during the cylinder task.
The animals did not predominantly enter or avoid the side in which the food reward was
inserted into by the experimenter (mean ± CI, shingleback: phase 1: 55% ± 8%, phase 2: 58%
± 14%; blue-tongue: phase 1: 47% ± 11%, phase 2: 49% ± 9%; gidgee skink: phase 1: 45% ±
15%, phase 2: 50% ± 0%; tree skink: phase 1: 53% ± 5%, phase 2: 58% ± 15%); therefore the
experimenter’s presentation had no impact on the detour learning of the lizards. The time it
took to enter the cylinder (choice latency) did not significantly change over trials (LMM,
estimate = 0.01882, SE = 0.01900, df = 26.00000, t-value = 0.991, p = 0.331).
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Discussion
In total nearly all lizards learned how to detour the opaque cylinder and exhibited motor
response inhibition by retrieving a food reward form behind a transparent barrier at
comparable levels to marmosets, brown lemurs, African grey parrots, blue-headed macaws,
white Carneau pigeons and sparrows (MacLean et al. 2014; Kabadayi et al. 2017b).
Significantly more individuals of the two Tiliqua species were able to learn the detour task
compared to the species of Egernia. Additionally, we found both Tiliqua species to be
significantly faster in learning the detour task and they also performed better at detouring the
transparent cylinder compared to both Egernia species. Because of the small number of E.
stokesii participating in this study, their data has to be interpreted with caution (Thornton &
Lukas 2012) and rather provides a trend or direction than strong proof. Future work with
additional E. stokesii tested in the cylinder task will clarify if our findings truly represent this
species’ motor response inhibition ability.
Previous studies comparing over 40 species across a wide range of taxa have shown that brain
size and dietary breadth seem to best predict performance in the cylinder task (MacLean et
al. 2014; Kabadayi et al. 2016). Absolute brain size, however, has been widely disproven as a
proxy across taxa (Kabadayi et al. 2016; Kabadayi et al. 2017b; Lucon-Xiccato et al. 2017) and
brain sizes have only been found to explain superior performances within birds and primates
(Kabadayi et al. 2016). Thus far, no data on absolute or relative brain sizes exists for Egernia
or Tiliqua and therefore we are not able to support or reject brain size as a predictor of their
motor response inhibition ability. Recent studies in birds (Kabadayi et al. 2016; Kabadayi et al.
2017b), have shown that corvids performed on par with great apes, despite much smaller
absolute brains. The authors suggested that comparing specific brain regions rather than
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simply looking at brain sizes might be more conclusive. The prefrontal cortex in mammals
(Diamond 1990; Wallis et al. 2001) and the analogous nidopallium caudolaterale (NCL) in birds
(Güntürkün 2012) were identified as the brain regions crucial for inhibitory control, but there
is no data on specific brain regions in reptiles. If, in the future, this brain data becomes
available we will be able to further our understanding of the importance of brain sizes and
specific brain regions for motor self-regulation.
In their recent studies MacLean et al. 2014 and Vernouillet et al. 2016 have shown that a
superior cylinder task performance is linked to a wider diet. Based on these findings we
expected T. rugosa, who is mainly herbivorous and only occasionally includes invertebrate
prey in its diet (Dubas & Bull 1991; Bull et al. 2017), to show the lowest level of inhibitory
control. E. striolata, E. stokesii and T. scincoides on the other hand, are omnivorous and
consume a large variety of food items from different food categories (Brown 1991; Koenig et
al. 2001; Chapple 2003), assuming them to have enhanced motor response inhibition abilities.
Both Egernia species, however, had the lowest score in the cylinder task and performed at the
same level as T. rugosa, which arguably has the narrowest dietary breadth of our tested
species. Based on these findings we have to reject dietary breadth as the main predictor for
superior performance in the cylinder task in our lizards. However, data on dietary breadth in
these species is scarce and only very few scientific studies have analysed the prey and plant
species consumed by these lizards (Brown 1991; Dubas & Bull 1991). More comprehensive
dietary information, especially on food categories to directly compare to the work of MacLean
et al., is needed to allow an ultimate statement for this relationship in reptiles.
Perhaps more relevant than dietary breadth itself could be the way of acquiring the food. Both
Egernia species are fast moving and quickly striking lizards that hunt insects and rarely leave
the proximity of their burrows (Brown 1991; Chapple 2003), whereas T. scincoides and T.
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rugosa do not hunt and rather opportunistically feed on plant material and slow-moving
invertebrates that they come across. Stevens et al. 2005 compared two species of monkeys in
their inhibitory control ability and found the species that actively hunts fast moving insects to
be more impulsive and performing worse. As predators that go directly and quickly after
insects, Egernia might also be more impulsive and thus have more difficulties resisting the
direct pull of the food reward behind the transparent barrier. The urge to immediately go after
a food item that can otherwise escape and leave yourself without a meal would be important
for a hunter, whereas an animal that primarily feeds on stationary plant material might not
feel that impulse. Furthermore, in contrast to both Tiliqua species that move around
constantly to find food, E. stokesii and E. striolata stay close to their burrows and therefore
encounter less prey, which they should always immediately chase after.
Sociality is often regarded as a driver of enhanced cognitive skills (Humphrey 1976) and living
in social groups has been hypothesized to be responsible for an increase in cognitive abilities
related to group living (Kummer et al. 1997). Especially in hierarchical societies such related
cognitive abilities certainly involve inhibiting selected behaviour such as mating drive (Soltis
et al. 2001) and feeding urge (Tilson & Hamilton 1984). For a subordinate animal not inhibiting
such behaviour could lead to punishment and injury inflicted by the alpha animal (CluttonBrock & Parker 1995). Therefore, a complex social environment should lead to the
enhancement of a basic, underlying cognitive ability such as motor response inhibition. Both
Egernia species live in stable family groups that can exist over several seasons (Chapple 2003)
and can be considered more socially complex than Tiliqua. Blue-tongued skinks, however,
outperformed tree skinks and gidgee skinks and therefore we have to reject social complexity
as the main driver for motor response inhibition ability in our lizards. Our findings also align
with MacLean et al. 2014 who found no correlation between sociality and performance in the
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cylinder task in over 20 species of primates and the results in Vernouillet et al. 2016 which
further supports that social complexity does not explain cylinder task performance.
Another possible explanation for differences between Tiliqua and Egernia might lie in their
way of locomotion. Both Tiliqua species are ground-dwellers and thus have to frequently
navigate around obstacles such as rocks and logs whereas both Egernia species are semiarboreal and can simply climb over and on top of barriers in their way (Chapple 2003; Cogger
2014). In support of this, a lot of incorrect detours recorded in both Egernia species were
caused by the animals climbing on top of the cylinder rather than trying to retrieve the reward
through the transparent wall. Overall, many errors on the transparent cylinder were not
caused by individuals obsessively forcing their way through the cylinder wall, but rather
touching the surface with their heads during locomotion or exploration and did not seem
directed towards the reward. Similar observations were made by Kabadayi et al. 2017b who
then decided on a different scoring method, for which they divided the cylinder into different
zones and distinguished errors towards the reward and reward unrelated errors. They found
that the performances of the tested species were significantly higher compared to the old
scoring method. Errors that are not directed towards the reward itself, but result from the
animals’ explorative behaviour might provide untrue results about motor inhibition ability and
a new methodology for the cylinder task may be needed to obtain truthful inhibitory control
data of study animals.
Furthermore, non-cognitive factors such as neophobia, general motivation to solve the task
and previous experience with transparency can influence performance and have to be
carefully considered when interpreting inhibitory control and designing a study (Kabadayi et
al. 2017a). Learning to detour the opaque cylinder (trials to criterion) and the score on the
transparent barrier were not affected by how much time the animals spent close to the
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cylinder in their first trial, suggesting that the cylinder task performance of our lizards was not
influenced by neophobic effects. Similar results were found by Stow et al. 2018 who showed
that neophobia did not influence the cylinder task performance in two corvid species.
Moreover, we examined the influence of the experimenter’s presentation on the side choice
of our lizards and found that the insertion of the food reward did neither trigger an avoidance
behaviour nor provide a cue that the animals were following to solve the detour task. In fact,
most individuals seemed to decide on one particular side to enter and stuck to this side no
matter where the food reward was inserted into. Motivation to retrieve the food reward was
generally high across species with only 51 in 1284 total trials (pre-training and both phases of
the cylinder task) ending with the food untouched. Lastly, we provided experience with
transparency to all our study animals using mesh (food dishes during pre-training and opaque
cylinder covered in mesh) identical to the flyscreen used for the transparent cylinder. The
mesh material was chosen for the transparent cylinder because it permits even odour
distribution and prevents animals from following a scent trail to the side openings and
additionally most of our animals had experienced mesh in previous experiments and were
already familiar with its properties. Various studies have shown that previous experience is
very important and individuals that had never encountered transparent surfaces before were
outperformed by those with experience (Yates & Bremner 1988; Bojczyk & Corbetta 2004;
Kabadayi et al. 2016; Vernouillet et al. 2016; Kabadayi et al. 2017b). Overall, these noncognitive factors were kept constant for all animals and our data should therefore represent
true differences between all individuals and species.
Some animals were able to detour the transparent cylinder already on the first trial indicating
that these individuals were able to transfer previously acquired knowledge to a new problem
(Köhler 1925). Santos et al. 1999 suggested that animals trained with an opaque barrier would
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learn a strategy to solve the detour task which they could then use to detour the transparent
barrier. The authors also found that more training on the opaque barrier providing the
alternative strategy improved performance on the transparent barrier. However, lizards
gaining more experience on the opaque cylinder did not generally perform better on the
transparent barrier. It can be argued that these lizards needed more trials to reach criterion
and thus made a lot of errors (bumping into the cylinder) which doesn’t provide an alternative
strategy. Similar results were reported by Stow et al. 2018 who found that birds with extensive
experience on the opaque cylinder did not more readily detour the transparent cylinder. In
contrast, reaching criterion quickly and making less errors in the opaque phase could have
meant that lizards truly understood and learned the alternative strategy. In fact, most of
Tiliqua and some individuals of E. striolata reached criterion extremely fast and a lot of animals
only needed the absolute minimum of five trials to learn how to correctly detour the opaque
cylinder. The same individuals, however, did not generally achieve higher scores on the
transparent cylinder. There are various reasons that could be responsible. For instance, these
lizards might not have been able to consistently transfer the alternative strategy as a result of
the knowing/acting mismatch discussed in Kabadayi et al. 2017a, where the lizards know of
the strategy to solve the task but cannot act upon it because the visibility of the food reward
exerts a direct pull too strong to resist. Another explanation might be that the use of a noncorrection method during trials allowed the animals to still retrieve the food reward after
bumping into the cylinder. This meant that the animals received no negative feedback for an
error and only positive feedback for eventually retrieving the food reward was given. Warden
& Aylesworth 1927 have shown that negative feedback for an error is important to facilitate
learning effects and thus our lizards might have had difficulties learning the alternative
strategy by only receiving positive reinforcement. Reaching criterion therefore might have
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been the result of chance. Additionally, we found no overall improvement of the scores in the
course of the ten trials on the transparent cylinder and neither did the time it took to enter
the cylinder change across trials. Furthermore, previous studies in reptiles have shown them
to learn rather slowly (more than 10 trials needed) (Day et al. 1999; Noble et al. 2012; Clark
et al. 2014; Riley et al. 2018), suggesting that learning might have played a less significant role
in our lizards.

Conclusion
In summary, our lizards performed at comparable levels to several bird and primate species
and ground-dwelling, slow moving, less social Tiliqua species detoured the cylinder better
than semi-arboreal, fast moving, social Egernia species. Motor response inhibition ability is
not enhanced by a complex social environment and other factors might be important to shape
a strong inhibition ability in reptiles or at least the Egernia group. Feeding ecology and more
accurately foraging behaviour and the way of locomotion might offer new predictors to
indicate the level of motor self-regulation in animals. Some individuals might not have been
able to consistently transfer the alternative strategy to the new problem as a result of the
knowing/acting mismatch and no negative feedback during the task might have limited
learning and promoted chance.
This is the first study testing different species of lizards in the cylinder task and we therefore
provide an insight into the motor self-regulation of non-avian reptiles. We report for the first
time inhibitory control and motor response inhibition in lizards. Furthermore, identifying the
relevance of potential predictors such as dietary breadth, foraging behaviour, sociality,
locomotion and specific brain regions for the cylinder task performance in other reptile taxa,
will provide a better understanding of how motor self-regulation might have evolved.
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