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Abstract

Reptiles are a vastly understudied taxon, leaving large gaps in comparative cognition and
behaviour. They are more similar, cognitively, to mammals and birds than previously thought,
but are difficult to test in cognitive tasks. The difficulty comes in effectively motivating reptiles to
perform behaviours that allow for cognitive and behavioural comparison to mammals and birds.
Painted turtles are a good model for comparison due to their relatively common use in scientific
studies, compared to other reptiles, allowing them to be widely compared with mammals and birds.
Methyl anthranilate (MA) is a potential short-term aversive stimulus in reptiles, similar to capsaicin
in mammals, that could aid in motivating reptiles to perform cognitive tasks for comparison with
mammals and birds. In this study, we tested MA on painted turtles to determine if it is an effec-
tive short-term aversive stimulus for use in behavioural and cognitive studies. We found that MA
produces a short-term aversive reaction in painted turtles, exemplified by a decline in willingness
to consume food treated with MA. Future comparative studies could benefit from using MA as an
aversive stimulus in cognitive and behavioural tests on reptiles.
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1. Introduction

In the study of evolutionary cognition, the comparative approach is a power-
ful tool to examine patterns of behaviour across taxa, and to provide insight
into the potential processes that drive the evolution of traits (Miles & Dun-
ham, 1993; Huey et al., 2019). To maintain strong validity in comparative
studies, a variety of taxa must be considered, especially those previously
underrepresented. However, comparing traits across a diverse array of taxa
can be difficult, as it requires balancing consistency of testing with account-
ing for diverse taxa’s unique evolutionary background, selection pressures,
and taxon-specific gestalt (Burghardt, 1977; Shaw & Schmelz, 2017).

Reptiles, a historically understudied and underrepresented taxa, are being
increasingly included in comparative cognition studies as a root taxonomic
group for comparisons between mammals and birds, leading to additions
to our understanding of the evolution of cognition in vertebrates (Roth et
al., 2019; Szabo et al., 2021; Kundey, 2024). For example, we know that
reptiles are capable of learning and performing a number of complex cogni-
tive tasks (Burghardt, 1977; Powers et al., 2009; Burghardt, 2020), and even
demonstrate similar spatial learning and memory capabilities to mammals
and birds (Roth & Krochmal, 2016; Kundey, 2024). The overlaps in cogni-
tive capabilities are likely due to their functionally analogous brain regions
used in spatial learning (Lopez et al., 2000; Lopez et al., 2003). Taxa with
analogous brain regions are likely to possess similar cognitive mechanisms
and thus similar learning abilities (Fischer et al., 2019). Differences in neural
mechanisms underlying cognition between endotherms and ectotherms have
also been identified, highlighting the evolutionary progress of certain cogni-
tive systems (Powers et al., 2009). For example, scopolamine seems to affect
reptiles’ and mammals’ negative patterning learning similarly, implying an
ancestral origin of the effect (Powers et al., 2009). Thus, we are continuing
to expand our understanding of the neural mechanisms underlying cognition
in amniotic vertebrates and the factors that may be responsible for driving
evolutionary differences and similarities (Roth et al., 2019). In doing so,
comparing the cognitive abilities of these taxa could reveal even more new
information on the evolution of learning abilities and cognition (Roth et al.,
2019; De Meester & Baeckens, 2021; Szabo et al., 2021; Roth & Krochmal,
2024).

Despite the benefits of studying diverse taxa from an integrative stand-
point, reptiles remain an underrepresented taxon in much of cognitive sci-
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ence (Matsubara et al., 2017; De Meester & Baeckens, 2021; Kundey,
2024). A key limiting factor in comparing the cognition of mammals and
birds with reptiles is the nature of motivating an animal to perform a task
(Dayan & Balleine, 2002; Yee & Braver, 2018). When an individual is found
not to perform a certain task, determining whether it is unable to perform
the task or whether it lacks the proper motivation to do so is challenging
(van Horick & Madden, 2016). This challenge becomes particularly difficult
when comparing species with different umwelts, or worldviews (Varholick,
2022). Designing a task that adheres to both species’ ecological contexts
and species-specific motivations while remaining scientifically reliable and
relevant can be impossible in some cases. Thus, when species have different
motivations, ensuring control, reliability, and effective comparison within the
context of an experiment becomes difficult (Burghardt, 1977).

To test hypotheses about the factors that influence behavioural or cog-
nitive processes, researchers have at their disposal a wide variety of both
positive and negative stimuli to motivate animals to complete certain tasks
or perform certain behaviours (Dayan & Balleine, 2002). Positive stimuli are
rewards that encourage the performance of certain tasks or behaviour (posi-
tive reinforcement). Negative stimuli, on the other hand, discourage certain
tasks or behaviours through punishment (Michael, 1975; Dayan & Balleine,
2002; Kuczaj & Xitgo, 2002). Implementing a punishment to discourage an
undesired behaviour involves presenting an aversive stimulus after the unde-
sired behaviour is performed, thereby encouraging the individual to display
a different, desired behaviour (Wergard et al., 2015).

Both positive and negative stimuli are often tied to homeostatic func-
tions, such as accessing food or water, sleep, avoiding pain or potential
predators, or thermoregulation (Toates, 1995; Mota-Rojas et al., 2021). Birds
and mammals are easy to motivate using access to food and water as posi-
tive reinforcement. These taxa, in part due to their high metabolisms that
require them to eat frequently (McNab, 2019; Alarcén, 2022), become more
food-driven and spend more time searching for food sources and learning to
complete tasks resulting in access to food when food deprived prior to testing
(Kuczaj & Xitco, 2002; Padmala & Pessoa, 2010; Anselme & Giintiirkiin,
2019; Szabo et al., 2022). Negative stimuli and punishments often utilize
aversive experiences, such as pain, to reduce unwanted behaviours. Different
motivators can be used as positive and negative reinforcement, and punish-
ment as ways to motivate animals to learn certain behaviours and tasks.
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While birds and mammals can be motivated using relatively simple meth-
ods and tools, the same cannot be said for most reptiles (Davis & Burghardt,
2011; Wilkinson & Glass, 2018; Roth et al., 2024). Encouraging reptiles to
exhibit a desired behaviour to gain access to previously withheld resources
does not ensure they will be motivated enough to change their behaviour
in the desired way (DeNardo, 2021). As ectotherms, reptiles have slow
metabolisms and need to feed relatively infrequently. Thus, with some excep-
tions (i.e., tortoises, which can be quite food driven; Tomonaga et al., 2023),
reptiles need to be food deprived for an extended period of time to be moti-
vated enough to learn and complete a task for food, which is impractical for
testing (Legendre & Davesne, 2020; Tomonaga et al., 2023). While moti-
vating reptiles with high-reward food is possible, doing so typically requires
many trials, and may not be successful in all individuals, making it difficult
or impractical for studies with small sample sizes. While food can be used to
motivate turtles as a positive reinforcer (e.g., Powers et al., 2009), motivating
behaviour with aversive stimuli can often be faster and lead to more efficient
learning (van der Schaaf et al., 2022).

One classic negative reinforcer used in mammal and bird studies is ther-
mal stress. However, this approach is problematic for reptiles. As ectotherms,
reptiles respond to low temperatures by conserving energy and reducing
activity rather than increasing behaviour (Prassack et al., 2001; Krochmal &
Bakken, 2003; Tattersall, 2016; Pettersen, 2020; Bodensteiner et al., 2021;
Giacometti et al., 2021; Bernich et al., 2022), and high temperatures by
relocating to a cooler location. While extreme heat successfully motivated
rattlesnakes to complete learning tasks in order to locate cooler tempera-
tures, it failed with pit vipers and required specialized apparatus (Krochmal
et al., 2018) that could be impractical and complex. This strategy would
likely prove equally ineffective for semi-aquatic reptiles like turtles, which
physiologically adapt to abnormal water temperatures (Prossack et al., 2001;
Pettersen, 2020; Mednikova & Kalabushev, 2023).

While motivators can vary between species, semi-aquatic turtles are in
alignment with most other reptiles, with temperature and food being inef-
fective and unreliable positive stimuli (Krochmal et al., 2018; Legendre &
Davesne, 2020). Given these limitations, an alternative means of motivat-
ing reptiles in a controlled experimental context that is more practical than
food as a positive stimulus or thermal manipulation is needed. An aversive



T.R. Galban et al. / Behaviour 163 (2026) 357-377 361

stimulus that motivates semi-aquatic reptiles, such as painted turtles (Chry-
semys picta), could also motivate a wide breadth of reptiles (Roth et al.,
2019; Szabo et al., 2021), leading to increased comparison and knowledge
of the cognitive and behavioural abilities of reptiles (Kundey, 2024). Painted
turtles are a fitting model for studying aversive stimuli because they are moti-
vationally in alignment with other reptiles, and they are a commonly studied
species in comparative cognition, including at the cognitive and behavioural
levels, relative to other reptiles (Valenzuela, 2009; De Meester & Baeckens,
2021; Roth et al., 2021).

We propose methyl anthranilate (MA) as a potential novel aversive stimu-
lus for behavioural manipulation and motivation in reptilian studies. Access
to a simple aversive stimulus, as opposed to an appetitive stimulus, for
behavioural studies could lead to greater cross-species comparison, and
increased clarity on the evolution of reptilian cognition. MA is a chemical
naturally found in Concord grapes and artificially made as a petroleum-
based compound derived from anthranilic acid. It is used as artificial grape
flavouring and scent, and is a common bird repellent for crop protection,
and a motivator in a variety of avian studies (Werner & Avery, 2017; Krish-
natreyya et al., 2018; Luo et al., 2019). MA activates Transient Receptor
Potential Ankyrin 1(TRPA1) receptors in birds, causing a negative sensation
and immediate aversive effect, making it an efficient bird repellent (Werner
& Avery, 2017; Zhang et al., 2022), sometimes teaching birds to avoid the
novel stimulus after one exposure (Clark et al., 2014b; Ahmad et al., 2016;
Werner et al., 2017; Zhang et al., 2022; Chamorro et al., 2023; DeLiberto &
Werner, 2024). MA is a non-invasive, low-impact aversive stimulus func-
tionally equivalent to capsaicin in mammals — both produce short-lived
negative sensations causing no tissue damage (Krishnatreyya et al., 2018),
with capsaicin activating TRPV1 receptors that are functionally equivalent
to avian TRPA1 receptors (Fernandes et al., 2012). It is possible that the
TRPA1 receptor and its response to MA is a conserved trait among avian
and non-avian reptiles (Saito et al., 2012; Saito & Tominaga, 2017; Zhong et
al., 2017; Zhang et al., 2022; Saito & Saito, 2025), as both birds and reptiles
respond similarly to some bitter substances that seem to activate TRPA1,
meaning they spit out the aversive food and show less interest in consum-
ing it (Rowland et al., 2015; Saito & Tominaga, 2017; Griffen et al., 2022).
Because of these shared receptors, reptiles may react to MA similarly to
birds.
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Thus, we tested the hypothesis that Eastern painted turtles (Chrysemys
picta) have a short-lived, aversive response to MA, such that it could be
potentially used as a negative stimulus in future behavioural experiments.
We predicted that if MA is perceived as aversive, we would observe an
increase in distaste-related behaviours and behaviours of avoidance, such as
an increased reluctance to fully consume the food, an increased number of
spit outs, and consequently, an increased number of bites and strikes, as the
turtles repeatedly bite and spit out the same piece of cod (Moldowan et al.,
2015).

2. Methods
2.1. Species description

We tested 16 adult, long-term captive eastern painted turtles (Chrysemys
picta). Fourteen of these turtles were wild-caught (7 originated from Chesa-
peake Farms in Kent County, MD; 7 from Chester River Field Station in
Queen Anne’s County, MD, USA). The remaining two turtles were pur-
chased from a commercial supplier (ReptileCity, Lexington, SC, USA). All
turtles used in testing have lived in the Franklin and Marshall College Vivar-
ium since 2013. All wild-caught turtles were held in two 1817 1 artificial
ponds, while the captive-raised turtles were held in two 37.8 I tanks. Before
the experiment, all of the turtles were fed ReptoMin turtle pellets daily and
fresh vegetables (e.g., lettuce and squash) 3—4 times per week. The turtles
were allowed to freely graze on the food. Beginning six months prior to, and
continuing throughout testing, we withheld all foods other than ReptoMin
turtle pellets three times per week. We allowed the turtles to eat to satia-
tion, but removed any leftover food after 30 min to prevent the turtles from
grazing and to maintain cleanliness.

2.2. Experimental design

We habituated the turtles to the testing apparatus (described below) by run-
ning them in one 10-min habituation trial every day for 12 days. In order to
meet the criterion for habituation, the turtles needed to eat the presented cod
during any seven out of eight consecutive habituation trials, over the course
of the 12 habituation trials. If a turtle did not meet criterion, they were not
included in the study. If a turtle met the criterion sooner than day 12, we
tested them the day after reaching criterion, and conducted the final control
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trial the day after testing, following an ABA design, in which a baseline test
is run (A), followed by the treatment (B), and finally, another baseline (con-
trol) test (A). No additional tests were conducted after the final control test.
We tested each turtle a maximum of once per day.

2.3. Details of testing apparatus

We conducted all trials in a 40.64 cm x 20.32 cm x 25.4 cm testing appa-
ratus filled with 12—-15 cm of water, which was enough for the turtles to be
fully submerged and comfortably swim around. The apparatus was opaque
to prevent turtles from seeing into the testing room. We placed a GoPro Hero
5 Black on a tripod approximately 40 cm directly above the testing apparatus
to film all trials for coding and analysis.

2.4. Details of test/procedure

Each turtle was tested individually in a semi-arbitrary order. The turtle was
placed in the testing apparatus and allowed 10 min of habituation prior to
feeding to reduce handling stress. After 10 min, we placed a 2 cm? piece of
thawed cod (obtained from a local grocery store) approximately eight cm in
front of the turtle. The turtles were given 10 min to eat the cod, after which,
we returned them to their enclosures and removed any remaining cod from
the apparatus before beginning the next turtle’s trial. Control/habituation cod
was soaked in 200-proof ethanol (solvent for the treatment stimulus) for
10 min. The cod was then dried at room temperature for 15 min to allow
the ethanol to evaporate entirely before being fed to the turtles. Once a turtle
reached criterion (eating seven of eight consecutive days), the following day
they were tested following the same procedure, but using the treatment cod.
Treatment cod was soaked in MA (food grade; Sigma-Aldrich) dissolved in
75% (v/v) ethanol for 10 min, allowing the cod to dry and the alcohol to
fully evaporate as before. The day following the treatment test, we ran the
turtles in a final control trial using non-MA treated cod. We tested any turtle
receiving treatment cod last in the day to prevent potentially contaminating
the water for turtles not receiving treatment cod that day.

2.5. Video coding

All habituation and testing videos were filmed and coded following the same
guidelines. All trials were recorded and scored by two independent reviewers
(TRG and TCR) with high interobserver reliability (Cronbach’s Alpha =
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0.974). We measured latency to first bite as the time from when the cod hit
the bottom of the testing apparatus and the turtles’ heads were <90° to the
fish (to ensure the turtle had seen the fish), to when the turtle took the first
bite of cod. A strike was defined as when the turtle moved its head in and
out of its shell quickly, while attempting to bite the cod. Strikes included any
attempt to eat the cod, including ripping apart the fish without consuming any
of it, using the front legs to rip apart the cod while it was being consumed, or
the turtle rapidly biting at the cod without necessarily consuming anything.
A spit out was when a turtle bit a piece of cod and then entirely ejected
the cod from its mouth, without taking another bite, and when a turtle used
its front legs to push cod out of its mouth without actually consuming any
fish. We determined how long it took a turtle to finish the cod by measuring
the time from the first bite to the time when all cod had been consumed,
excluding small, incidental flakes that came off of the fish. We also recorded
whether a turtle did not touch the cod at all, and if they finished eating the
entire piece of cod.

2.6. Data analysis

We conducted a Friedman’s test to compare the turtles’ performance
across trials (Habituation, Treatment, Control), specifically looking at the
behaviours indicating aversion to the MA (number of strikes/bites, and spit
outs, and the latencies to first bite and to finishing the cod). Four of the 16
turtles did not meet the habituation criterion and thus were not used in test-
ing. All 12 turtles tested consumed fish in the habituation and post-treatment
control tests. However, two turtles did not attempt to bite the fish at all dur-
ing the treatment and were thus removed from the analyses of the number of
strikes/bites and the number of spit-outs. We analysed the ten turtles that at
least attempted to bite the fish for the number of strikes/bites and the number
of spit-outs. We used a Cochran’s Q to compare the proportion of turtles that
ate all of the cod to those who did not eat at all. We included all 12 turtles that
were tested in the Cochran’s Q analysis. Pairwise analyses were conducted
comparing results between Habituation and Control trials for all measures.
All figures were made in SPSS.

3. Results

We hypothesized that, due to the shared evolutionary history between avian
and non-avian reptilian species (Roth et al., 2019), as well as superficial
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Figure 1. The mean difference in latency, in seconds, between trials to finishing the cod.
Error bars represent +/— 1 SE. There was a significant difference in the latency to finish the
Control versus Treatment cod, using Friedman’s test (XZ =10.050, df =2, p = 0.007), but
a pairwise analysis showed no difference in the latency to finish between the Control and
Habituation trials ( X2 = —0.250, df = 2, p = 0.540). The turtles took more time to finish
the MA cod, as opposed to the control cod, indicating a distaste for the fish treated with MA.
Turtles who did not finish the cod were marked as taking 10 min (the full length of the trial)
to finish.

similarities of TRPA1 between those groups (Rowland et al., 2015), painted
turtles would react negatively to MA, indicating that it is an aversive stimu-
lus. We predicted that the presence of MA in a desired food item would be
consistent with behaviours of avoidance, such as an increased reluctance to
fully consume the food, an increased number of spit outs, and consequently,
an increased number of bites and strikes, as the turtles repeatedly bit and spat
out the same piece of cod.

Consistent with our hypotheses, the painted turtles seemed to perceive
MA as aversive, as evidenced by their reactions to consuming the treated
cod, which largely supported our predictions. While the turtles took similar
amounts of time to take the initial bite of the control and MA-treated cods
(x% = 1.660, df = 2, p = 0.436), the turtles took significantly longer to
finish MA-treated cod than control cod (x? = 10.050, df = 2, p = 0.007),
indicating hesitancy or reluctance to consume the food (Figure 1).

While eating, the turtles rejected (spat out) the MA-treated cod more
frequently than the control, during either Habituation or Control trials. There
were differences in the number of spit outs between all three trials (2 =
12.968, df = 2, p = 0.02) (Figure 2), but they took statistically similar
numbers of bites/strikes (x> = 0.667, df =2, p =0.717).
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Figure 2. The mean difference between trials in the number of spit outs. Error bars rep-
resent +/— 1 SE, N = 10. There was a significant difference in the number of spit outs
between Control and Treatment cod ( X2 = 12.968, df = 2, p = 0.02), but there was not a
significant difference in the number of spit outs between the Habituation and Control trials
(x2=—-0.300, df = 2, p = 0.502). Turtles who did not participate in the trial (i.e. did not eat
anything) were not included in the analysis.

Importantly, several turtles did not finish the MA-treated cod (Q = 6.222;
df = 2; p =0.045) or even attempt to make contact with it (Q = 8.000; df =
2; p = 0.018), even though they consumed the control fish both before and
after the treatment trial (Figure 3).

Pairwise comparisons between Habituation and Control trials showed no
significant differences between the two trials for latency to bite (x> = 0.500,
df = 2, p = 0.221), latency to finish (x> = —0.250, df = 2, p = 0.540),
the number of strikes (x> = —0.100, df = 2, p = 0.823), or the number of
spit outs (2 = —0.300, df = 2, p = 0.502). There was also no significant
difference in the number of turtles that ate anything (Q = 0.000, df = 2,
p = 1.000), or the number of turtles who ate everything (Q =0.167, df = 2,
p=0.414).

4. Discussion

Our results suggest that methyl anthranilate (MA) is an immediate, but short-
lasting, aversive stimulus for painted turtles. The turtles showed a significant
decline in their willingness to consume the MA-treated cod compared to
the control cod, supporting the idea that aversion in turtles is displayed by
less enthusiastic feeding behaviours (Southwood et al., 2007; Swimmer et
al., 2008). Significantly fewer turtles finished the MA-treated cod relative to
the baseline trials, and they took significantly longer to engage with (first
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Figure 3. The number of turtles to finish the cod during each trial. The legend is distinguish-
ing whether the turtles consumed all of the cod they were presented with. Red represents the
turtles that finished, Blue represents the turtles that did not finish all the cod. There was a
significant difference in the number of turtles to finish the Control versus the Treatment cod
(Q =6.222, df =2, p =0.045), but no difference in the number of turtles to finish between
the Control and Habituation trials (Q = 0.167, df = 2, p = 0.414). This shows that the turtles
were not motivated to finish the MA-treated cod, indicating an aversive effect.

bite) the MA-treated cod. Those who did finish the MA-treated cod took sig-
nificantly longer to do so and spat food out more frequently. The response
to the MA was generally immediate, observable, and short-lasting. MA is
a short-lasting aversive stimulus appearing to last on the order of minutes.
The negative behaviours of turning the head, spitting out the food, and wip-
ing the face all suggest agitation and some mild aversive response. However,
those behaviours were never observed after the turtles were removed from
the apparatus — the turtles continued to feed normally in their home enclo-
sure. The thermal illusion of chemicals that bind to this suite of transient
receptor proteins (TRPV1 and TRPA1) seems short-lived, consistent with
the effect of MA in birds or capsaicin in mammals. While the turtles as
a whole responded negatively when assessed behaviourally, the number of
bites/strikes did not significantly increase during treatment, and the latency
to bite did not increase after treatment.

In previous studies on birds, the tested individuals responded to MA sim-
ilarly to the turtles tested here, although we used a lower concentration of
MA than typical for birds (Werner & Avery, 2017; Mikiciuk et al., 2021). An
aversive response was seen in many species of birds tested with MA (Werner
& Avery, 2017), including starlings (Sturnus vulgaris) (Clark et al., 2014b),
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brown-headed cowbirds (Molothrus ater) (Marples & Roper, 1996), and
mallards (Anas platyrhynchos) (DeLiberto & Werner, 2024). The response
in these birds was consistent with the spit outs seen in our painted turtles.
In addition to an aversive response, tested birds consumed less MA-treated
food or water than control food or water (Werner & Avery, 2017; Ahmad et
al., 2018), making it clear that birds and painted turtles have similar aversive
responses.

While MA did not cause an overall increase in the number of bites and
strikes taken at the treated cod, we observed the turtles striking repeatedly
at the same few pieces of MA-treated cod without consuming it, although
they had consumed the control cod. This means that the turtles consumed
less MA-treated cod than control cod, despite the similar number of bites. It
is also possible that the turtles lost some interest in the MA-treated cod after
experiencing its aversive nature, as birds have done with MA and other aver-
sive substances (Avery et al., 1997; Marples & Roper, 1997). This would
explain why the turtles did not take significantly more bites and strikes
with MA-treated cod. The turtles may also have detected the MA in the
water before consuming the food. MA is aversive even when not directly
consumed, but detected through the water, and birds are more sensitive to
MA-tainted water than food, so this is possibly also the case for turtles
(Crowe-Riddell & Lillywhite, 2023; DeLiberto & Werner, 2024), and would
explain the higher proportion of turtles not consuming treated cod, as com-
pared to untreated cod.

The turtles in our study consumed less MA-treated cod than untreated
cod, but the pattern was not consistent across all animals, and some of our
predictions did not hold, as some turtles responded more strongly to the MA
than others. While individual variation is standard in the study of biological
systems, it can be difficult to know concretely whether the turtles’ reactions
to MA-treated cod was based on their individual states, the MA itself, or,
most likely, a combination of both (Waters et al., 2017; Roth et al., 2020;
Gharnit et al., 2022). It is possible that the turtles who ate the MA-treated cod
more vigorously than others were relatively more motivated to eat (Waters et
al., 2017). It is even possible that variation in pain thresholds or perception of
MA among turtles could have caused those more strongly impacted by MA to
have less desire to eat. Individual perception and pain thresholds of capsaicin
have also been shown to vary genetically between mammalian individuals
(Szolcsanyi, 2015; Nolden et al., 2016), so the same could potentially be
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true for reptiles and MA. Despite the variation in individual responses among
turtles in our study, it is clear that the turtles demonstrated an aversion to MA
throughout testing, suggesting that MA is an aversive substance to painted
turtles, regardless of individual differences.

While MA causes immediate behavioural effects in painted turtles, ver-
ifying its use as a potential aversive stimulus in future studies, it did not
seem to cause aversion in the context of this study after a single exposure.
Our goal was not to test the learning capacity of the turtles, per se. Tur-
tles were offered MA only once and after many previous exposures to cod.
Instead, we were setting up the conditions under which we could identify the
clear behavioural response to the MA rather than demonstrating the ability
to learn. The post-treatment condition was necessary to demonstrate a strong
rebound effect. Future studies might consider using MA with a novel food
stimulus to test the nature of the one-trial learning that is common in many
avian studies (Marples & Roper, 1997; Ahmad et al., 2016; Chamorro et al.,
2023; DeLiberto & Werner, 2024). However, in our context, as cod was not a
novel stimulus for the painted turtles we should expect them to need multiple
exposures to learn the aversion.

It is possible that we could have seen stronger individual responses with a
higher concentration of MA. The turtles’ group-level behavioural responses
are similar to those of avian test subjects. However, we used a lower concen-
tration of MA in this study (i.e., 75% v/v with ethanol) based on guidance
from our IACUC, as testing the pain response to MA had not been done
before (to our knowledge) in this taxon. Had we used a higher concentra-
tion, as is common in avian studies (Werner & Avery, 2017; Mikiciuk et al.,
2021), we might have seen a more prolonged response. It is also possible that
birds and reptiles have differing densities of taste buds, as well as functional
variation in TRPA1 receptors, both of which could lead to these taxa per-
ceiving the same substance differently (Rowland et al., 2015; Saito & Saito,
2025). Thus, it is important to further compare and research reptile and bird
gustatory systems to compare sensitivities and pain/taste thresholds.

Although we did find MA to be aversive to painted turtles, we did not
identify the mechanisms that produced the aversion, as this was beyond the
scope of our study. We use inference and suggest that, given the close phy-
logenetic relationship between turtles and birds (Roth et al., 2019), and the
fact that MA had an aversive effect on painted turtles, it seems likely that
that TRPA1 receptors of turtles could be sensitive to the same chemicals and
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produce the same response as in birds (Saito & Tominaga, 2017; Werner
& Avery, 2017). However, there may be some other mechanism unique to
turtles that is producing the aversion to MA that might better explain the
differences between the responses to MA of birds in the literature and the
turtles in our study. To better understand how MA impacts painted turtles,
the mechanisms behind the effects need to be studied further. Additionally,
future studies should consider the breadth of reptilian taxa that respond to
MA. MA is an effective aversive stimulus in all bird species that have been
tested, despite the amount of diversity within the avian taxa, so many reptil-
ian species could react similarly to MA, despite their diversity (Tercic et al.,
2020). However, we have only tested painted turtles, and our study needs to
be replicated with other reptile species to determine its generalizability.
Nevertheless, MA affected the painted turtle’s behaviour, suggesting that
it could be used as an aversive stimulus in the context of behavioural testing
(Werner & Avery, 2017). While this study did not aim to train or teach
the turtles in any way, we showed that MA is aversive to turtles and could
potentially be used in studies of learning. In learning tasks, an ideal aversive
stimulus has significant, immediate effects, cannot be easily avoided by the
test subject, and is controllable (Capaldi & Capaldi, 1972). Electric shocks
are historically a common aversive stimulus and ideal learning motivator due
to their immediate, painful, and directed impact (Brush, 2014; Berezhnoy et
al., 2020). While electric shocks do impact reptiles, they are more invasive
and less accessible (e.g., the logistics of running electrical shock in aquatic
species and cost and maintenance of the equipment to produce the shock)
than a food-based motivator, like MA (Lau et al., 2025). MA’s observable
impact makes the association between the task and the aversive stimulus
(MA) clear and simple for reptiles to learn (Yau & McNally, 2019). This
may speed up the learning and make it more effective relative to other, less
salient (to reptiles) aversive stimuli, such as temperature or withholding food.
Having a more effective aversive stimulus, like MA, also makes it more
likely for researchers to learn about the test species’ cognitive abilities, as
they would be less limited by an association that is difficult to learn. Using
MA would allow for the use of aversive stimuli, not just positive stimuli
(Szabo et al., 2021) and set up food avoidance/preference scenarios (Clark et
al., 2014a; Skotnikova & Zhelankin, 2018). MA as an aversive stimulus even
has potential value for use in reptiles in a conservation setting, potentially
setting up conditioned taste aversions to help reptiles avoid unsafe situations
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(Andrewartha et al., 2023). Thus, the possibilities for using MA in a testing
setting as an aversive stimulus are vast and variable, and it could help us
test reptiles’ cognitive abilities more efficiently, without being limited by
ineffective aversive stimuli.

In conclusion, this study was an initial exploration of reptiles respond-
ing to MA in a way consistent with having a negative reaction. We pro-
pose that MA could potentially be used as an aversive stimulus for reptiles
in behavioural and cognitive tasks. Further investigations into the mecha-
nisms behind the reaction to MA, the generalizability of our results to all
reptiles, and a more detailed comparison of bird versus reptilian taste mech-
anisms need to be done to fine-tune and further our results. MA could allow
researchers to study and test the behaviour, learning, and cognition of reptiles
similarly to how mammals and birds are tested, while keeping the species
within their natural gestalts, allowing for more effective testing, higher valid-
ity, and greater comparison between taxa. Cognitive test results in reptiles
could then be made more definitive, allowing for the clarification of reptilian
capacities to perform certain complex cognitive behaviours, and more effec-
tive comparisons between taxa can shed additional light on the evolution of
cognition, specifically within reptiles.
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