Schildkréten im Fokus Online, Bergheim 2012: 5: 1-18

Text by Emma Smith, Nottingham, England

Photos by Emma Smith, Nottingham, England, Anna Wilkinson, Lincoln, England

and Thomas & Sabine Vinke, Filadelfia, Paraguay
Drawings by Emma Smith, Nottingham, England and Michael Daubner, KéIn, Germany

Introduction

Learning in reptiles

Amniotes include all mammals, rep-
tiles and birds whose embryos are sur-
rounded by a membrane known as the
amnion (RIpLEY 2011). These classes
evolved from a common amniotic
ancestor who lived 280 million years
ago (WILKINSON et al. 2007). Due to
this, these three animal classes may
share many behavioural and morpho-
logical traits (WILKINSON & HUBER

2012). Despite this, the amount of
research into the learning and cogni-
tion of these classes is not balanced,
with a large emphasis on Mammalian
and Avian cognition.

Before the 1970’s research into
reptilian cognition was very popular,
a large proportion of the work was
done by BITTERMAN and colleagues
(BURGHARDT 1977) who investigated
areas of cognition including T-mazes
(a two choice task where the subject

has to enter one of two arms for a
reward), and partial reinforcement
(a procedure where the subject is
rewarded less than 100% of the time
for a correct response) in several che-
lonian species (BoycOTT & GUILLERY
1962). However unlike the veritable
explosion of work in mammals and
birds (WILKINSON & HUBER 2012),
research in reptiles dwindled, due to
poor performance through testing in
inappropriate conditions.

Fig. 1
Red-footed tortoise in the xerophytic forest in Paraguay.

Photo: Thomas & Sabine Vinke
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Graphic 1

Red-footed tortoises are able to learn how to navigate a detour to gain a reward by

watching a pre-trained tortoise.

Studies into spatial cognition have
highlighted the ability of the Red-
Footed tortoise (Geochelone carbon-
aria) to successfully navigate a radial
arm maze (WILKINSON et al. 2007).
The same individual was also capa-
ble of switching strategies, changing
from using visual room cues to avoid
entering previously visited arms, to

Graphic nach WiLkiNsoN et al. (2010a)

using a turn-by-one-arm strategy
when visual cues were removed or
manipulated (WILKINSON et al. 2009);
this demonstrated the first evidence
that this species was able to switch
its behaviour when the information
around it had changed.

This group was also the first to
test for social learning in reptiles

Fig. 2
Red-footed tortoises have to navigate an environment which is diverse and lacking in
shelters. But must they be cognitively flexible and able to reverse what they have

learned before?
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(WILKINSON et al. 2010a). Red-Footed
tortoises had to navigate a “V-shaped’
fence to gain a reward, which involved
initially walking away from the reward
in order to navigate the detour (see
graph 1); half of the subjects had to
learn through individual learning,
resulting in the failure of each indi-
vidual. However for those subjects
who watched a pre-trained demon-
strator tortoise successfully navigate
the fence, each subject was able to
reach the reward, with two tortois-
es performing successfully on their
first attempt. This demonstrated that
social learning may be an attribute
which was conserved amongst the
amniotes, leading to the assumption
that perhaps other areas of cognition
had been conserved across mammals,
birds and reptiles.

WILKINSON et al. (2010b) looked
into gaze following in the Red-Footed
tortoise and they were able to exhibit
the first evidence of gaze following
in reptiles, with the majority of the
tortoises following the gaze of a con-
specific. Again this illustrates that
reptiles can perform well in tasks
dominated by mammals and birds
and demonstrates another form of
cognition which may have been con-
served in these classes. Therefore it
is possible that other forms of cogni-
tion have been conserved across the
amniotes.

Cognitive flexibility
Cognitive flexibility is the ability to
shift from one problem-solving strat-
egy to another (VoyTrko 1999); to
correctly perform cognitive flexibility
tests involves the possession of a
higher level of cognitive functioning
(LOpPEZ et al. 2003) as it is dependent
on three aspects which affect an ani-
mal’s ability to deal with rapid chang-
es.

Firstly animals that live in perma-
nent social groups and display a wide
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range of social behaviours should face
greater demands for flexibility than
more solitary species (BonND et al.
2007). Secondly complex environ-
ments are thought to select for greater
levels of flexibility as these animals
are exposed to increased unpredict-
ability (Bonp et al. 2007). Thirdly
flexibility is favoured in animals that
exploit diverse food sources (LEAL &
PoweLL 2011) as they must exhibit a
win-stay, lose-shift strategy in order
to deal with the changing resources
(DAVEY 1989).

One method of investigating cog-
nitive flexibility is reversal learning.
In this task the subject is typical-
ly presented with two stimuli, each
with different reward contingencies
(D’Cruz et al. 2011), one stimulus is
positive and the subject is rewarded
for choosing this stimulus, and the
other is regarded as negative and does
not result in a reward.

The task is composed of an acqui-
sition phase in which the subject

learns to choose the positive stim-
ulus over multiple trials, once this
has been learnt the reinforcement
contingencies are switched without
warning (D’Cruz et al. 2011), there-
fore the stimulus-reward associations
are reversed so that the previous-
ly rewarded stimulus is no longer
rewarded and the previously negative
stimulus is now rewarded. Successful
reversal learning requires the suppres-
sion of the response initially learned
in the acquisition phase, whilst learn-
ing a new competing response dur-
ing the reversal phase (WATSON &
StaANTON 2009).

In serial reversals, subjects are
exposed to a long series of reversals
(SHETTLEWORTH 1998), to determine
if the subject can solve subsequent
reversals in fewer trials, culminat-
ing in one-trial learning (BONNEY &
WYNNE 2004) where the animal can
reverse after making just one error,
this epitomises the win-stay, lose-
shift strategy.

Reversal learning in reptiles

VPrevious reversal learning studies
have delved into comparisons between
reptile species (DAy et al. 1999,
GAALEMA 2007); however none have
yet taken two populations of the same
species to examine the effect of habitat
on cognitive flexibility. The DAY et al.
article (1999) tested the reversal abili-
ties of two species of male lizards
(Acanthodactylus boskianus, an active
forager and Acanthodactylus scutella-
tus a sit and wait predator). They were
able to demonstrate that there were no
stage
between the two species, however the
active forager completed the single
reversal in fewer trials than the sit-
and-wait predator, but both species
took more trials to criterion for the

differences in acquisition

reversal than the acquisition. This
suggests that the foraging strategy of a
species may have an influence on their
cognitive flexibility; this may be due
to the increased complexity of having
to source distribute mobile prey.

Fig. 3

View into the habitat from the tortoises’ point of view. Because red-footed tortoises live in groups in Paraguay they should have

a level of cognitive flexibility.

Photo: Thomas & Sabine Vinke
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Fig. 4a-b
The capability to identify different forms can be useful when searching food. Photos: Thomas & Sabine Vinke
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GAALEMA (2007) investigated vis-
ual reversal learning in the Komodo
dragon (Varanus komodoensis) and
rough-necked monitor lizards (Vara-
nus rudicollis). All three subjects suc-
cessfully reached criterion for the
acquisition and two reversals, they
also completed the second reversal in
the minimum time possible (two ses-
sions), therefore showing an improve-
ment from the first reversal. This
implies that, for these species at least,
reptiles are able to solve and improve
upon a reversal, suggesting a high
level of cognitive flexibility.

It is suggested that animals with
highly fluctuating environmental cir-
cumstances should be more adept to
reversal learning paradigms than ani-
mals which occupy a more stable envi-
ronment (BONNEY & WYNNE 2004);
this is because a stable environment
is less likely to change and therefore
the necessity for cognitive flexibil-
ity is less demanding. Additionally,
it is thought that those animals that
inhabit a stable environment would
depend more upon static long-term
memory than on behavioural flex-
ibility (BONNEY & WYNNE 2004). This
should mean that an animal from a
habitat with variable environmental
conditions should perform better in a
reversal learning task than an animal
from a stable habitat.

Therefore we examined whether
the Red-Footed tortoise was capable

of learning a reversal task and to
show improvement across subsequent
reversals to determine if this species
is cognitively flexible. We also wished
to see if there is an effect of habitat
on this species by comparing two
different populations, a captive bred
population and a semi-wild popula-
tion from Paraguay, on the reversal
problem.

Experiment 1

A group of four Red Footed tortoises
were given a two-choice, visual dis-
crimination, serial reversal learning
paradigm, consisting of an acquisi-
tion and four reversals where the
reward contingencies were switched
with each consecutive reversal.

It is hypothesised that the Red
Footed Tortoises will be able to learn
a serial reversal task, and also that
each reversal should take fewer ses-
sions to reach criterion than the pre-
vious reversal.

Following the completion of the
fourth reversal, the tortoises were
presented with a set of novel stimuli
and given an acquisition and one
reversal with these new stimuli.

It is hypothesised that the Red
Footed tortoises will be able to gen-
eralise the reversal paradigm to a set
of novel stimuli, resulting in them
being able to solve the acquisition and
reversal stages in fewer sessions than
was necessary for the original stimuli.

Moses Female 18 Experienced  Blue Circle  Green Triangle
Wilhelmina Female 19 Experienced AL Orange Cross
Square
Russell unknown 9 Naive Blue Circle ~ Orange Cross
Margot unknown 8 Naive AUl Green Triangle
Square
Table 1

Basic information for the Riseholme tortoise population.

Positive —
food revward

Negative —

Stage no reward

Training

Eeversal 1

Reversal 2

Reversal 3

Reversal 4

Extension 1

>HOCHOR
>+HOHONO®

Extension 2

Graphic 2
Visual representation of the reversal lear-
ning paradigm.  Graphic: Emma Smith

Experiment 2
The Paraguayan, semi-wild popula-
tion of the Red Footed tortoises were
given an identical reversal learning
procedure in order to identify if they
are able to learn a reversal paradigm
faster (in fewer sessions), than the
captive bred population at Riseholme
as they should have a higher level of
cognitive flexibility.

It is hypothesised
Paraguayan tortoises

the
solve

that
will
the reversal learning paradigm in
fewer sessions to criterion than the
Riseholme population of tortoises.

Experiment 1

Materials and Methods

Subjects

Four Red-Footed tortoises (G. car-

bonaria) participated (see table 1)

and were housed in two groups in a

heated room (maintained at an aver-

age of 22 °C), with added heat mats

and lamps on a cycle (12hL:12hD).
Although two of the participants,

Moses and Wilhelmina, were experi-
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Fig. 5a-b

Each tortoise was habituated to the arena along with allocated food (a). Later they had

been habituated to feed from tweezers (Riseholm) or a little stick (Paraguay) (b).
Photos: Emma Smith
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Graphic3

Visual representation of the experimental set-up: The starting set up, demonstrating
the position of the tortoise within the holding pen opposite the two stimuli, positi-
oned upright, so that the subject could see both stimuli clearly before being released
(a). The tortoise, having been released from the holding pen, is now free to approach
either stimulus within the two minute time limit. In this example the tortoise has
approached the purple square (b). Graphic: Emma Smith
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mentally experienced, they had never
taken part in a reversal study. Their
experience included social learning
(WILKINSON et al. 2010a), gaze fol-
lowing experiments (WILKINSON et
al. 2010b), and radial arm maze stud-
ies (Wilkinson et al. 2007, WILKINSON
et al. 2009).

Procedure

All training took place in the room in
which the tortoises were housed, in a
100x100 cm arena constructed from
12 mm polycarbonate sheeting, cov-
ered in sticky-back plastic to ensure
that the tortoises could not see
through the sides of the arena. The
floor was lined with newspaper and
covered in bark chips, to match that
of the home enclosure so that the tor-
toises were not distracted by novelty.
All stimuli were laminated and
trimmed so that they were identical
sizes (24 x21.5 c¢m), then mounted
upon clear plastic presentation tables
placed 14 ¢cm in from the corners of
the back panel of the arena. This
measurement was marked with black
tape to ensure consistency through-
out. The stimuli were placed 24 cm
apart, which was again marked with
black tape. A food reward (a piece of
a preferred food, including kiwi and
tomato) was delivered upon a correct
choice being made, using a pair of
plastic tweezers. Opposite the stimuli
was a metallic holding pen (measur-
ing 30x30 cm and placed 40 cm in
from the corners of the arena) in
which the tortoises were placed prior
to being released for each trial. The
subjects participated in one to four
sessions per day, each session consist-
ing of ten trials.

Habituation

Prior to training, each tortoise was
habituated to the arena. They were
individually placed into the arena for
three sessions of 20 minutes along with
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five pieces of dandelion leaf, during
this time they could explore the arena
and eat the scattered food. So that it
was clear that each animal was com-
fortable working in the arena, they had
to explore all four corners and the cen-
tre in order to consume all of the food
within this 20 minute period. They
were each also habituated to the tweez-
ers used to deliver food by having the
tweezers present in the
arena by a piece of the
food. If they did not
eat all the dandelion
pieces within the 20
minutes, or if they
withdrew into their shells, or refused
to move, then the tortoise was consid-
ered as having not habituated and they
were removed and given another ses-
sion the following day.

Pre-training phase

The tortoises were required to under-
go two stages of pre-training before
the experimental section of the study
so that they all had an equal mini-

mum level of experience before the
testing began. They firstly needed to
learn to approach a stimulus for food;
this was trained using a yellow star.
Tortoises were initially taught to
approach the star from a short dis-
tance for a food reward, gradually
building up to them having to
approach the star from the opposite
side of the arena. Once this had been

part in a reversal study
learnt, the tortoises were then
required to choose between two stim-
uli and picking the correct one would
result in the reward being delivered.
For this stage a black arrow was used
as the second, non-reinforced stimu-
lus and the tortoises were required to
always approach the yellow star. Once
the tortoises had learnt to reliably
approach the correct stimulus to a
pre-set criterion of a minimum of

30/40 on the last four sessions (75%)
then they were moved onto the exper-
imental phase of the study.

Experimental phase
For the experimental phase, the test
stimuli were used, these were a purple
square (with an area of 152 cm?) and
a blue circle (with an area of 125 cm?).
The experimental phase consisted
of 5 stages; the acqui-

Two of the participants were experimental sition stage followed
experienced, but they had never taken

by 4 reversals, where
the contingencies of
which stimuli was the
positive was alternat-
ed with each successive reversal (see
graph 2, p. 5 for details).

The bark in the arena was redis-
tributed before every session to
reduce the possibility of scent cues.
The stimuli were then attached to
the presentation tables and placed in
position and the holding pen located
on the opposite side. The tortoise was
then positioned in the holding pen
until they looked at both stimuli; this

Fig. 6a-f
As pre-training the tortoises had to learn that approaching one stimulus caused a reward and the other did not.
Video capture: Thomas Vinke
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Acquisition 6 6 4 6 5,50
Reversal 1 18 12 17 10 14,25
Reversal 2 12 24 14 10 15,00
Reversal 3 11 12 9 20 13,00
Reversal 4 9 11 17 18 13,75

Extension 1 6 4 6 N/A 533

Extension 2 9 6 10 N/A 8,33

Table 2

The resulting sessions to criterion for each of the tortoises and the group average
data. Margot failed to move onto the generalisation phase; therefore the group
averages for these stages include the data from the other three individuals.

was done to ensure that they did not
just go to the first stimulus that they
saw. They were then released from the
holding pen and given a time limit of
two minutes to make a decision and
approach one of the stimuli (see graph
3, p. 6). An approach was defined as
being within 5 cm of the stimulus
whilst looking directly at it. If a cor-
rect choice was made a food reward
was given and the tortoise was then
removed from the arena and given a

one minute inter-trail-interval (ITI).
If an incorrect choice was made then
the tortoise was immediately removed
from the arena and given the ITI. If
the tortoise did not choose a stimuli
within the allotted two minutes, or
they went into either of the back
corners, then this was taken as a ‘no
choice’ and the tortoise was removed
from the arena and the trial was
repeated after the ITL. If the tortoise
made three consecutive ‘no choices,

Fig.7

During the experimental phase new stimuli had been used, which at first had to be
learned and were then reversed after fulfilling the criterion (compare graph 2).
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Video capture: Thomas Vinke

they were then removed from the
arena and tested in the afternoon or
the following day.

Upon reaching criterion for the
training stage, the tortoises were then
able to move onto the first reversal,
which was identical in its procedure
and set up, to the acquisition stage
except that the reward contingencies
were reversed; this ensured that the
tortoises had no cues that a reversal
had taken place. The same level of
criterion had to be reached in each
reversal stage in order for the tortois-
es to progress through each reversal.

Generalisation

For this part of the study two novel
stimuli were introduced, these were a
green triangle (with an area of 66 cm?)
and an orange cross (with an area of
65 cm”). The same methodology was
used as in the experimental phase of
the study; however there was only the
acquisition and one reversal with
these new stimuli (see graph 2, p. 5).

Results

We first investigated if the Red-Footed
tortoises could learn a serial reversal.
All four subjects were able to reach cri-
terion for the acquisition and the four
reversals which is the first evidence of
reversal learning in this species.

One tortoise, Margot, only com-
pleted the acquisition and revers-
als for the original stimuli and did
not progress to the novel stimuli.
Therefore the results for extension 1
and extension 2 (the generalisation
phases) are based on the remaining
three tortoises (see table 2, graph 4).

Secondly we wanted to assess if
the tortoises were able to follow the
pattern of improving over succes-
sive reversals. To determine this, a
one-way repeated-measures analysis
of variance (ANOVA) was used to
analyse differences between the four
reversals. We found there to be no
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Graphic 4a-e

Graphs representing the individual data for the sessions to criterion for the four tortoises across all stages of experiment 1 (a-d). The
group data for the number of sessions to reach criterion for each stage in the experiment; data for the two extension stages are based
on the results of Moses, Wilhelmina and Russell as Margot did not complete this part of the investigation (¢). ~ Graphic: Emma Smith
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Fig. 8 a-b
To avoid a preference the tortoise was put in the holding pen, they were released after looking straight at both stimuli (a), not

when the head was moved to one side (b).

statistically significant differences
in the performances of each revers-
al, (Reversall: M=15.67, SD=3.22,

Reversal2: M=16.67, SD=6.43,
Reversal3: M=10.67, SD=1.53,
Reversal4d: M=12.34, SD=4.16,

Wilks' Lambda=0.03, F(2, 1)=16.27,
p=0.173).

This therefore means that the tor-
toises did not show an improvement
over successive reversals.

Generalisation

To see if the tortoises were able to
generalise the reversal learning para-
digm to the novel set of stimuli, a

Video capture: Thomas Vinke

paired-samples t-test was used to
identify differences between the
acquisition and first reversal with the
original stimuli and the novel stimuli.

It was discovered that there were
statistically significant differences for
the acquisition and first reversal per-
formances between the original dis-
crimination (Acquisition: M=5.50,
SD=1.00, Reversall: =~ M=14.25,
SD=3.86, #(3)=3.955, p=0.029) and
the novel discrimination (Extensionl:
M=5.33,5SD=1.16, Extension2: M=8.33,
SD=2.08, #(2)=5.196, p=0.035). In
addition to this, there was also a signif-
icant difference between the perform-
ance of Reversal 1 and Extension 2
(#(2)=8.315, p=0.014). This difference
was still statistically significant when
using a Bonferroni correction so that
the p value limit was dropped to 0.017.

Fig. 9a-c

The food reward was given immediately after approaching the correct stimulus.
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Fig. 10a-b
If an incorrect choice was made (a) then the tortoise was immediately removed from the arena (b). Video capture: Thomas Vinke

Fig. 11a-b
If the tortoise did not choose within two minutes, the trail was repeated, independently whether she was close to a stimulus
without looking to it (a) or stopped in either of the back corners (b). Video capture: Thomas Vinke

Fig. 12a-b
The experiments had been documented in written form (a). For further analysis and documentation purposes all tests had been
documented additionally by video. Video capture: Thomas Vinke

SCHILDKROTEN IM FOKUs ONLINE 5, 2012
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Therefore the tortoises were able
to generalise what they had learnt
from the reversal procedure and
apply it to the set of novel stimuli
resulting in them reaching criterion
for Extension 2 much faster than they
did for Reversal 1.

Discussion

The main findings in this study are that
the Red-Footed tortoise can learn a
reversal task (all subjects reached crite-
rion for the acquisition and the four
reversal stages), secondly they do not
appear to improve across subsequent
reversals. This reflects the idea that
these tortoises do not possess a high

Experimental Training
status stimulus

Number 1 Female Naive Purple Square

Number 8 Female 29.5 Naive Blue Circle

Number 9 Male 30 Naive Blue Circle
Table 3

Basic information for the Paraguayan tortoise population.

level of cognitive flexibility.

A two-choice reversal learning
paradigm was used consisting of an
acquisition discrimination and four
reversals in which the reward contin-
gencies were subsequently switched.

After reaching criterion for any
stage, the first trial of a new problem

Error bars indicate +/- Standard Error (SE).

The Average Number of Sessions to Criterion (Riseholme)
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Graphic 5a-b

Comparison of the group data of the Riseholme population and the Paraguayan

population of Red Footed tortoises.
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Graphic: Emma Smith

is a matter of chance, if the subject
is rewarded then that item should
always be chosen (reflecting a win-
stay strategy), however if the subject
is not rewarded then that item should
be subsequently avoided (a lose-shift
strategy, BONNEY & WYNNE 2004).
This win-stay, lose-shift response pat-
tern is essential for reversal learning
(Davey 1989), and it appears that
the tortoises did not rapidly adopt
this strategy for solving the revers-
al. D’Cruz et al. (2011) states that
the ability to shift choice patterns
under changing reinforcement con-
tingencies represents a type of flex-
ibility that is essential for daily living.
Therefore because the Riseholme tor-
toises do not require cognitive flex-
ibility for their daily life, they were
perhaps unable to improve over suc-
cessive reversals due to the inability to
change strategies.

Graph 4a demonstrates that
Moses was the only individual who
followed the expected pattern of
reversal learning, taking less ses-
sions for each subsequent reversal. It
is believed that given more reversals
Moses would have reached the opti-
mum one-trial learning, as chimpan-
zees were shown to reach one-trail
learning only after 50-100 reversals
(ScHUSTERMAN 1964). This implies
that improvement over successive
reversals is within the capacities of
this species, however not all indi-
viduals adopt this strategy.

MACPHAIL (1982) states that dur-
ing the first reversal, subjects must
choose between a neutral stimulus
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whilst learning to avoid the nega-
tive stimulus and that in the sec-
ond reversal they must pick between
a stimulus which they deem aver-
sive (but is now rewarded) and the
stimulus which they should avoid.
Therefore in the third and subse-
quent reversals subjects have learnt to
avoid both stimuli and should there-
fore show a strong tendency to

switch between them. While

this pattern is suggested for
Moses, it is uncertain why this

did not occur in the other three
tortoises; Russell appeared

to follow this pattern until the final
reversal, whereas Wilhelmina seemed
to adopt this pattern after the second
reversal, which is suggestive of an
improved performance.

Margot’s pattern was the most
unexpected, taking ten sessions for
the first two reversals, followed by
two reversals in which it took her 20
sessions to reach criterion. This may

be because after the second reversal
she deemed both stimuli as aversive
and it interfered with her learning
that one stimulus was being consist-
ently rewarded. Another possibility
for Margot’s sudden increase in ses-
sions is that it occurred once the
other tortoises had completed their
training, so Margot’s training was

Margot’s pattern was
the most unexpected

increased from two to four daily ses-
sions. In addition, the introduction of
four new tortoises and two students
may have repressed her ability her
learn the serial reversals due to the
levels of novelty in the environment
and also her motivation to avoid the
negative stimulus may have decreased
as she had more access to food in the
home enclosure.

With regards to the tortoise’s abil-
ity to successfully generalise a learn-
ing strategy to a set of novel stimuli,
they were able to learn the novel
reversal stimuli significantly faster
than the first reversal of the original
stimuli. This implies that the tor-
toises have taken the learning strat-
egy used to distinguish between the

original stimuli and applied it

to the novel stimuli, this may

not be a win-stay, lose-shift

approach as the results sug-

gest that this was not used to

solve the reversals, however
their performance did improve with
the new stimuli. Based on MacPhail’s
theory (1982), a win-stay, lose-shift
strategy is unnecessary until after the
second reversal when subjects are
required to readily switch between
stimuli, implying that the tortoises
did not necessarily need this strategy
to successfully generalise their learn-
ing to the new stimuli.

Fig. 13

Does the capability of learning and/or cognitive flexibility change by age?

Photo: Thomas & Sabine Vinke
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Fig. 14

The tortoises of the Riseholm population learned faster; Moses during another experiment.

With regards to future research, it
may be interesting to see how the tor-
toises’ perform on a spatial reversal.
LEAL & PoweLL (2011) suggest that
spatial reversals are an easier cog-
nitive task than reversals based on
visual cues. However chelonians are
known to have good visual percep-
tion (CASTEEL 1911, MYNARSKI 1951,
QUARANTA 1952, from BoycoTT &
GUILLERY 1962) and therefore it was
not anticipated that this would be a
problem. Successful performance on
a visual reversal would also imply a
higher level of flexibility, as this is
deemed more difficult to solve. In
this particular case due to the large
volume of literature into spatial cog-
nition, we wished to probe further
into visual perception and therefore a
visual reversal was chosen.

SCHILDKROTEN IM FOKUs ONLINE 5, 2012

Experiment 2

Materials and Methods

Subjects

A group of three semi-wild (not born
in captivity but taken from the wild
and rescued) Red-Footed tortoises
(G. carbonaria) from the Chaco-Alto
region of Paraguay were used (see
table 3). The ages and the origin of
these subjects were unknown howev-
er based on the measurements of
their plastrons, they are all older than
the Riseholme group. All of the
Paraguayan tortoises were experi-
mentally naive.

The animals were housed in a
large natural outdoor enclosure,
which consisted of many native trees
and three purpose built underground
shelters to mimic those in their natu-
ral habitat. They were exposed to

Photo: Anna Wilkinson

natural sunlight and temperatures
with no artificial light or heat sources.

Procedure

The Paraguayan tortoises were tested
using the identical procedure as with
the Riseholme tortoises in experiment
1; however the food rewards predomi-
nantly used were papaya and apple. All
habituation and training took place in
the home enclosure, therefore outside,
and testing was carried out with the
same arena as used in experiment 1.

Results

We investigated whether three

Paraguayan tortoises could solve the

reversal task to compare their perform-

ance with the Riseholme population.
Not one of the Paraguayan tortois-

es made it past the acquisition stage
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with the original stimuli and onto the
reversals, therefore it is not possible
to compare their levels of cognitive
flexibility.

Despite this, we can determine if
there is a difference in their levels of
basic visual learning as both popula-
tions completed the acquisition dis-
crimination.

An independent-samples t-test
was conducted to compare the
number of sessions to criterion for
the acquisition stage between the
two populations. There was a statis-
tically significant difference in the
number of sessions to criterion for
the Riseholme population (M=5.50,
SD=1.00) and the Paraguayan popu-
lation (M=9.00, SD=0.00; #(4) =4.667,
p=0.010).

Therefore surprisingly the
Riseholme population appear to per-
form better in a visual discrimination
task then the Paraguayan population
as they reached criterion at a signifi-
cantly faster rate.

Diskussion
The results show that there was a sig-
nificant difference between the acqui-
sition discrimination of two popula-
tions, in that the Riseholme tortoises
reached criterion in fewer sessions
than the Paraguayan group. This sug-
gests that differing habitats may have
a negative influence on solving a sim-
ple visual discrimination. It may
imply that the novelty of participating
in cognitive tests hindered the
Paraguayan tortoises’ ability to learn.
Also this group were deemed to be
older than the Riseholme group and
studies with rats (MizoGgucHI et al.
2010) have shown that aged individu-
als do not perform as well on an
acquisition than younger individuals,
which may reflect their poorer per-
formance.

Due to the Paraguayan tortoises’
only reaching criterion to the acquisi-

tion stage, there is not enough data
to compare the cognitive flexibili-
ty of the two populations. We can
imply that differences in the learn-
ing abilities of these populations may
be based upon their different habi-
tats. This is because, reflecting on the
three characteristics which can influ-
ence cognitive flexibility; sociality of
the species, changing environmental
conditions and the diversity of food
resources, we may be able to elimi-
nate the first and third characteristics
by using two populations of the Red-
Footed tortoise.

The Red-Footed tortoise is soli-
tary by nature and although this spe-
cies interacts with conspecifics for
mating opportunities, they do not
naturally form permanent social
groups (WILKINSON et al. 2010b),
which would suggest that they may
not be required to be highly cogni-
tively flexible.

The environmental conditions of
the two populations differ signifi-
cantly, with the Paraguayan popula-
tion exposed to temperatures of over
40 °C in the summer and just 1 °C in
the winter. This teamed with tropi-

cal storms where the rainfall can be
over 60 mm in one day, means that
these tortoises have to cope with a
large amount of variation. In con-
trast to this, the Riseholme popula-
tion are kept in heated enclosures
maintained at an average temperature
of 22.5 °C and therefore they never
experience such diverse conditions,
this may be enough to have caused a
difference between the learning abili-
ties of the two groups, however that
fact that the Riseholme population
performed the acquisition better than
the Paraguayan group is still surpris-
ing. Although it must be remembered
that being able to successfully learn
the acquisition discrimination is not
a predictor how well an animal can
perform in reversals (DEBARTOLO et
al. 2009) and it is the reversals which
reflect flexibility.

In addition to this the fact that
both of the populations of tortoises
had a restricted range of food sources
means that this is unlikely to have
had an impact on the results. The
Riseholme population were fed at
similar times each day, by the same
people, as were the Paraguayan group.

Fig. 15
One should eradicate the prejudice that tortoises are stupid creatures, which are able

to act exclusively by using instinctive capabilities.

Photo: Thomas & Sabine Vinke
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Also, the fact that they are two popu-
lations of the same species who there-
fore should use the same foraging
techniques means that there should
be no differences between the groups.

The data collected in this experi-
ment although is interesting and
shows a comparison between the
groups on visual discriminations, it
can only be pilot data for a more in
depth study on the influence of habi-
tat on the cognitive flexibility of the
species as the Paraguayan tortoises
did not complete the reversals. It may
also be interesting to see if this group
can generalise a learning strategy to
novel stimuli, like their captive bred
counterparts.

General Discussion
Reflecting on the previous
literature, DAY et al. (1999)
demonstrated that an active
forager lizard could complete
a reversal task in fewer trials
than a sit-and-wait predator
lizard; illustrating the meth-
od of foraging does influence differ-
ent levels of cognitive flexibility. So if
two populations of the same species
were tested (as in this current study),
then it should exclude diversity of
food resources as a differing charac-
teristic. This investigation presented
their subjects with just one reversal
(as does the LEAL & PowEgLL 2011
lizard study), meaning that the lizards
did not have to adopt a typical revers-
al learning strategy to solve this dis-
crimination. Therefore although this
study suggests differing levels of flex-
ibility, without serial reversals we
must imply that there may only be
different levels of general learning.
GAALEMA (2007) shows levels
of cognitive flexibility in lizards by
presenting them with two reversals,
in which all subjects completed the
second reversal in the shortest pos-
sible time, implying that reptiles do
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possess the capacity for successful
reversal learning. It is results like these
which we should hope to achieve in
an attempt to exhibit the flexibility of
a species.

Our tortoises are not the only
species to struggle with improved
performance in serial reversal tasks,
Pigeons are known to struggle fol-
lowing the second reversal, making
more irrelevant responses and tend-
ing to show side biases on reversal 3
(MAcPHAIL 1982). This implies that
pigeons find it difficult to choose the
positive stimulus once both stimuli
have had a negative association. This
may again suggest a different learning
strategy for our tortoises as Moses,
Wilhelmina and Russell all improved
on their third reversal.

The Paraguayan tortoises
showed a surprising result

With regards to comparisons
between groups of the same species,
the mammalian literature is focused
on age differences (LAr1 et al. 1995),
pharmaceutical studies (WATsON
& STANTON 2009) and lesion stud-
ies (CLARKE et al. 2008) rather than
learning abilities. ENDO et al. (2011)
tested C57BL/6 mice at three different
institutions using identical IntelliCage
apparatus to test for behavioural flex-
ibility. They showed that all groups
of mice could learn the reversal and
that the group who were presented
with eleven reversals rather than four,
demonstrated a rapid adaptation to the
reversal task, they adopted the “win-
stay, lose-shift” reversal rule. This sug-
gests that perhaps given more revers-
als, the Red-Footed tortoises may have
improved over successive reversals,
especially as Moses™ pattern of results
reflects this strategy already.

Conclusions

In conclusion this investigation has
revealed four findings: firstly that the
Red Footed tortoise can learn reversal
discrimination, secondly that they fail
to improve their performance across
subsequent reversals. Thirdly we found
that they do generalise their learning
strategies and apply it to novel stimuli,
and finally that habitat appears to influ-
ence the ability to perform a visual dis-
crimination.

This suggests that although these
tortoises do not seem to possess a high
level of cognitive flexibility, as they
don’t improve across reversals, they do
possess high levels of visual perception
and that habitat may have an influ-
ence in the performance between two
populations of the same species.

Acknowledgements

I would like to say a huge

thank-you to Dr.

Wilkinson for introducing

me to the world of cold-

blooded cognition and for
giving me the amazing opportunities

Anna

of working with such fantastic ani-
mals especially Moses, Wilwil, Russell
and Margot, but mostly thank you so
much for giving me the chance to tag
along to Paraguay to do field research
with the semi-wild tortoises, it was
truly one of the most amazing and
unforgettable experiences of my life
and is something that I will never,
ever forget.

I would also like to thank Thomas
and Sabine Vinke, for not only their
hospitality and language skills but for
allowing two tortoise lovers to spend
three weeks ‘playing’ with their won-
derful animals.

Finally, a big thank you to Brian
Smith, arena designer and manufac-
turer, for an essential piece of (now
rather well travelled) equipment and
also for early morning airport taxi
services!



Can a tortoise learn to reverse? Testing the cognitive flexibility of the Red Footed tortoise [REnlnERlids!

Literatur

Bonp, A. B, A. C. KaMiL, & R. P. BALDA
(2007): Serial Reversal Learning and
the Evolution of Behavioral Flexibility
in Three Species of North American
Corvids (Gymnorhinus cyanocephalus,
Nucifraga columbiana, Aphelocoma
californica). - Journal of Comparative
Psychology 121 (4): 372-379.

BonNEY, K. R. & C. D: L. WyNNE (2004):
Studies of learning and problem solv-
ing in two species of Australian marsu-
pials. - Neuroscience & Biobehavioral
Reviews 28 (6): 583-594.

BoycorT, B. B. &« R. W. GUILLERY (1962):
Olfactory and visual learning in the
red-eared terrapin Pseudemys scripta
elegans (WIED). - Journal of
Experimental Biology 39: 567-577.

BurGHARDT, G. M. (1977): Learning
Processes in Reptiles. - pp. 555-681 in:
Gans, C. & D. W. TinkLE (Eds.):
Biology of Reptilia. - London, England
(London Acedemic Press).

CLarkg, H. E, T. W. RoBBINs & A. C.
ROBERTS (2008): Lesions of the Medial
Striatum in Monkeys Produce
Perseverative Impairments during
Reversal Learning Similar to Those
Produced by Lesions of the
Orbitofrontal Cortex. — The Journal of
Neuroscience 28 (43): 10972-10982.

Davey, G. (1989): Ecological Learning
Theory. - Ist edition. London, UK:
(Routledge), 392 pp.

Day, L. B,, D. CREws & W. WILCZYNSKI
(1999): Spatial and reversal learning
in congeneric lizards with different
foraging strategies. - Animal
Behaviour 57 (2): 393-407.

D'Cruz, A, M. E. RagozziNo, M. W.
Mosconi, M. N. PAVULURI & J. A.
SWEENEY (2011): Human reversal
learning under conditions of certain
versus uncertain outcomes. -
NeuroImage 56 (1): 315-322.

DEeBARTOLO,
Feperico, FE Foti, D. Curtull, E

(2009):

Cerebellar involvement in cognitive

P, L. ManpoLEgsi, E

GELFO & L. PETROSINI

flexibility. - Neurobiology of Learning
and Memory 92 (3): 310-317.

Enpo, T., £ MAEKAWA, V. VOIKAR, A.
HaniMma, Y. UEMURA, Y. ZHANG, W.
MIYAZAKI, S. SUYAMA, K. SHIMAZAKI,
D. P. WOLFER, T. YADA, C. TOHYAMA,
H. Lirp & M. Kakevyama (2011):
Automated test of behavioral flexibil-
ity in mice using a behavioral
sequencing task in IntelliCage. -
Behavioural Brain Research 221 (1):
172-181.

GAALEMA, D. E. (2007): Food Choice,
Reinforcer Preference, and Visual
Discrimination in Monitor Lizards
(Varanus spp.). - MSc. Georgia Institute
of Technology: Georgia Institute of
Technology, 49 S.

LeAL, M. &B.]. POWELL (2011): Behavioural
flexibility and problem-solving in a

tropical lizard. — Biology Letters, doi:

10.1098/rsbl.2011.0480.

Lorez, J.C., J. P. VARGaAs, Y. GOMEZ & C.
SaLAs (2003): Spatial and non-spatial
learning in turtles: the role of medial
cortex. — Behavioural Brain Research
143 (2): 109-120.

MACPHATIL,E. (1982): Brain and Intelligence
in Vertebrates. - Oxford, England,
(Oxford University Press), pp. 136-167.

MizogucHr K., H. SHoJj1, Y. TANAKA & T.

(2010):  Orbitofrontal

dopaminergic dysfunction causes

TABIRA

age-related impairment of reversal
learning in rats. - Neuroscience 170
(4): 1110-1119.

RIDLEY, M. (2011): Amniotes. — Blackwell
Publishing. Online: www.blackwell
publishing.com/ridley/a-z/Amniotes.
asp, accessed am 1.9.2011.

SCHUSTERMAN, R. J. (1964): Successive dis-
crimination-reversal training and mul-

Fig. 16

Anna Wilkinson, a pioneer in researching cognition of tortoises.

Photo: Thomas & Sabine Vinke

SCHILDKROTEN IM FOKUs ONLINE 5, 2012

17



18

ENInER il Can a tortoise learn to reverse? Testing the cognitive flexibility of the Red Footed tortoise

Fig. 17a-b

The author with the tame capybara, called Bubi.
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