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General Abstract  
 

 Reptilian cognition is a field that requires additional investigation, because the level of detail 

pales in comparison to models such as mammals and birds. However, in a handful of studies, reptiles 

have displayed cognitive abilities that are similar to amniotes, with evidence in a wide range of cognitive 

assessments. Further, studies have demonstrated that they are affected by differences in the 

environment, especially during early development with profound effects on cognition and behaviour. 

However, little is known about the impact that the environment has on cognition in adult reptiles, 

therefore we investigated whether environmental enrichment affected snakes within a short treatment 

duration. In our second study we investigated whether corn snakes, red-footed tortoises and bearded 

dragons could recognize artificial odours when passively presented within their environment, while 

assessing recognition at multiple time points to gauge short- and long-term memory.  

Our first study demonstrated that snakes could discriminate between objects and human 

odours when housed in an enriched environment, while snakes kept in standard housing could not. The 

second set of studies revealed that both snakes and tortoises could recognize artificial scents for 30 

minutes and 24hrs respectively, which indicates evidence of both short- and long-term memory. 

However, the bearded dragons were unable to complete the task because of inactivity suggesting that 

our specific methods were not necessarily applicable across difference species. Overall, reptiles have 

demonstrated they are quite similar to mammals and birds in the sense of cognitive abilities, and their 

responses to proper environmental enrichment. Therefore, future studies should investigate reptilian 

housing in greater detail, with emphasis on cognitive stimulation and species-specific enrichment stimuli 

to maintain healthy individuals, as numerous studies have previously done with both mammals and 

birds.   
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Chapter 1 
General Introduction: 

Traditionally, reptiles were hardly used in cognitive studies because many believed they were 

incapable of functioning in that capacity (Brattstrom, 1974; Burghardt, 1977). However, more recently, 

multiple studies have used species representing testudines, crocodilian and squamata, in turn 

highlighting that reptilian cognition is not only present, but widely spread among the groups (Burghardt, 

1977; Begun et al., 1988; Holtzman et al., 1999; Weiss & Wilson, 2010; Dinets et al., 2013).  This allows 

us to explore theories that were previously tested in other well documented organisms such as 

mammals (Morris, 1984; Van Dam et al., 2006) and birds (Clayton & Emery, 2005; Daisley et al., 2008), 

since reptilian cognition is still a new field, comparatively speaking.  

The notion that reptiles do not possess cognitive skills stems from early papers that used 

methodology originally designed for other animal groups, which may be inappropriate for reptilian 

species (Burghardt, 1977). This was further exacerbated by the sheer lack of publications in this field, 

which made finding credible literature few and far between (Burghardt, 1977). On the other hand, 

mammalian and avian cognition have been thoroughly explored using specific tests, and a few studies 

have used these on reptilian models (Glickman & Srogues, 1966) which allows for easy comparisons 

between groups (Wilkinson et al., 2007). However, as useful as comparisons are, it is unlikely that we 

can accurately capture a species’ cognitive breadth with a standardized base assessment. For example, 

when Glickman and Srogues (1966) conducted cognitive tests on zoo animals, they found that most of 

the reptiles were not as responsive to the adapted mammalian methodology, hence declared they were 

incapable of that level of investigation. They further concluded that even the implementation of 

enrichment specifically tailored for the reptiles, such as those focussed on temperature or movement, 

would likely still result in minimal investigation unless mistaken for food (Glickman & Srogues, 1966).  



 
4 

However, they did observe some interest to the presented stimuli through tongue flicks and 

bites by a Nile monitor, blue-tongued skink and giant water monitor lizard, but none compared to the 

Orinoco crocodile. The crocodile regularly bit and moved the stimuli over repeated trials, as well as 

demonstrated a habituation curve to 4/5 objects (Glickman & Srogues, 1966.). This implies that reptiles 

as a group seem uninterested in novel stimuli, but hinting otherwise is the exception of four reptiles that 

showed signs of curiosity in their behaviour. It is plausible that the lack of response in the other reptiles 

was because of the testing procedure rather than inability, and could be improved upon by 

incorporating tests specific to the species in question.  

This is supported by a handful of cognition and behavioural studies that demonstrate reptiles 

are capable of cognitively demanding tasks, when observing them in proper conditions (Leal & Powell, 

2011; Wilkinson et al., 2007; Chiszar et al., 1976; Garrick et al., 1978). For example, reptiles such as 

tropical lizards (Anolis evermanni) have displayed both associative and reversal learning, among 

numerous others (Leal & Powell, 2011), highlighting flexibility in behaviour and cognitive function when 

faced with a novel problem. They were successfully able to dislodge lids that were secured on food wells 

by using a novel manoeuvre, then learned to associate a specific colour to where the food was hidden, 

and finally learned to reverse the association, all in quick succession (Leal & Powell, 2011). 

 The extent of reptilian cognition was further reinforced when generally solitary red-footed 

tortoises (Chelonoidis carbonaria) were found to be sensitive to a conspecific’s gaze and capable of gaze-

following, thus displaying social cognition (Wilkinson et al., 2010). Gaze-following is a cognitively difficult 

task which requires understanding that another’s perspective may be more valuable than our own. This 

is especially the case for solitary animals that have minimal contact with conspecifics thus reducing the 

need for it, making the discovery more intriguing. However, the tortoises used within the study were 

kept in group housing where they had regular contact with other tortoises in a semi-naturalistic habitat 

(Wilkinson et al., 2010). This setting and consistent contact with other individuals may have provided 
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the tortoises with the opportunity to learn gaze-following through association, since they were already 

capable of gaze sensitivity as a predator avoidance strategy (Wilkinson et al., 2010). In hindsight, it is 

also plausible that gaze following is a concept that is far more prevalent within amniotes than first 

assumed, and thus may have originated from a common ancestor rather than evolving individually 

within each group (Wilkinson et al., 2010).  

On the other hand, social cognition and behavioural flexibility have not been observed within 

snakes to the same degree as seen in members of Chelonia or the lizard variety of squamates (Chiszar et 

al., 1976; Burghardt, 2013; Almli & Burghardt, 2006). The few studies that have focussed on snakes have 

demonstrated that they are more than capable of cognitive tasks with examples of curiousity in 

chemoreception as well as evidence of self-recognition (Burghardt, 2013; Chiszar et al., 1976). These 

examples highlight the behavioural flexibility that reptiles are capable of as well as demonstrate their 

inclination for social cognition, but reptiles have also been found to display learning in visual and spatial 

cognitive tasks as well as elicit play behaviour (Wilkinson & Huber, 2012).        

With the provided evidence of complex cognition in reptiles (Wilkinson & Huber, 2012), it leads 

to questions pertaining to the influence of external factors as well as the extent of their cognitive 

function. In comparison, it is well-known that mammals and birds are both impacted by their 

environments and have been extensively studied in a wide variety of factors (Taylor et al., 2016; Kight & 

Swaddle, 2011).  . For example, environmental conditions in the form of various enriching stimuli have 

been observed for effectiveness both in isolation and in combination. Furthermore, their effects on 

health, such as stress levels and the delayed onset of diseases, have been thoroughly studied by 

analyzing biological markers at different time points throughout enrichment (Leger et al., 2014; Dellen 

et al., 2000). However, this level of detail within reptiles is scarce in relation to both the nature and 

degree of effects (Burghardt, 2013).  
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  Additional environmental factors such as incubation temperature (Siviter et al., 2019), 

enrichment (Almli & Burghardt, 2006), and even auditory disturbances (Cui et al., 2009) affect cognitive 

performance with a wide array of effects. However, since reptiles are ectothermic (Leal & Powell, 2011), 

factors such as temperature show more observable changes within this group, compared to 

endotherms. This was visible in bearded dragons that changed behaviour in relation to egg development 

temperature, effectively showing that foraging success is impacted through a change in the 

development of behavioural traits (Siviter et al., 2017). The bearded dragons that were incubated at the 

hotter temperature were successful in 100% of their foraging trials, while the cold group only completed 

62% (Siviter et al., 2017). These examples highlight that the incorporation of environmental aspects, 

whether it be as specific as egg development temperature or the general presence of conspecifics, can 

greatly influence the behaviour and cognitive abilities of residing reptiles. Therefore, the effects of 

environment still require clarification, specifically housing environment.  

The impact of housing environment is still largely unclear because our knowledge of abnormal 

reptilian behaviour is incomplete, thus it is hard to gauge stress and anxiety within these organisms 

(Warwick, 1990; Warwick et al., 2013). Furthermore, it is difficult to identify proper enrichment for this 

reason (Burghardt, 2013), however it does seem to be a method that works within this group. A study 

using rat snakes (Elaphe obsoleta) clarified the effects of housing on snake cognition, when snakes in 

enriched environments underwent changes in their behavioural profiles (Almli & Burghardt, 2006). They 

incorporated naturalistic stimuli such as a climbing branch, and hides ranging in humidity, as well as 

used live feeding to act as enrichment. However, they only used a set number of cognitive tests and 

implemented a long housing duration, therefore, the specifics of environmental enrichment are still 

quite vague. This is especially the case for snakes because they have been largely neglected compared to 

other reptile species (Burghardt et al., 1996; Therrien et al., 2007; Rosier & Langkilde, 2011; Londono et 
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al., 2018; Almli & Burghardt, 2006) in reference to enrichment and the extent of their cognitive 

capabilities.  

Key Questions:  
Our research focused on two areas, the first study examined to the effects of environmental 

enrichment on corn snake (Pantherophis guttata) cognition, which was observed by testing memory 

retention, habituation and the discrimination of objects and odours. Our second study further explored 

the extent of their odour discrimination and retention processes given its significance to snake 

behaviour, but also to investigate whether it is a proper form in which to test cognition within this 

group, given their proficiency with the sense. Hence, artificial odours were used in combination with 

additional reptiles, red-footed tortoises and bearded dragons for comparative reasons in the second 

study.   

The first study specifically observed whether environmental enrichment impacted snake 

cognition within a duration of a month in each environment, while using a within-subject component. 

This means that individuals were used for both treatments at different time periods to observe whether 

the effects of enrichment were influenced by order of exposure. The other treatment environment was 

a standard lab condition used for comparison consisting of only essentials, and the effects were 

assessed via cognitive tasks that required usage of various components such as memory retention and 

discrimination. The experimental design we implemented was similar to the study conducted by Almli & 

Burghardt (2006) which showed that environmental enrichment was beneficial to snakes, but they 

utilized a longer treatment duration that consisted of eight months. Therefore, we expect to see less 

significant changes in individual behaviours because of the reduced treatment duration. However, we 

may see more changes in a variety of behaviours because our assessments observe cognitive functions 

that they were unable to include in their study. Regardless, our study will shed light on the extent to 
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which specific enrichment conditions can influence the cognitive capacity of snakes, including 

exploration, visual discrimination, odour discrimination, and memory retention.  

The second study focussed on the extent of their cognitive abilities, specifically the recognition 

and retention of artificial odours, that may serve less relevance to the models compared to naturalistic 

scents. Recognizing odours that differ from those found in nature show that the recognition process is 

diverse and adaptable to novel stimuli rather than pre-set, as displayed by studies that use socially 

salient cues with no prior exposure or habituation trials (Cooper & Vitt, 1986; Burger, 1989; Pernetta  et 

al., 2009). This portion of the study also highlights the need for species-specific methodology by using a 

design that was originally made with the snakes in mind, as done countless times before with adapted 

mammalian tests on reptilian models (Glickman & Srogues, 1966).  
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Chapter 2 
The Effects of Environmental Enrichment on Snake 

Cognition 

Abstract:  
The effect of environmental enrichment on reptiles is still largely unexplored, which is an issue 

with the growing number of reptiles in the pet trade, therefore the specifics of enrichment need further 

investigation. As a result, we assessed whether a relatively short treatment duration of a month in 

enriched and standard environments, would alter the behavioural tendencies and cognitive function of 

corn snakes (Pantherophis guttata) in a range of tasks, including novel arena habituation, as well as 

object and odour discrimination. We also implemented a within-subject component, which refers to the 

fact that all the snakes were privy to both housing types by the conclusion of the experiment, in a 

pseudorandomized fashion. We found that the enriched snakes could discriminate between objects and 

human odours, as well as retain the memory of objects for 24hrs, while snakes housed in standard 

environments could not. Therefore, we conclude that snakes are cognitively plastic as shown by the 

observable changes within the short duration, with striking resemblances to mammals and birds.  
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Introduction: 
Environmental enrichment is an effective way to improve the welfare of many animal species 

(Young, 2004). It influences cognition and health by adding an element of novelty, either by the inclusion 

of toys or other positive stimuli (Young et al., 2003). However, the impact of environmental enrichment 

is quite ambiguous in reptiles, while the aspect has been thoroughly studied in mammals (Leal-Galicia et 

al., 2008; Olsson & Dahlborn, 2002) and birds (Coulton et al., 1997; Tahamtani et al., 2018). By 

implementing enriching stimuli within mammalian and avian habitats, studies have shown observable 

changes in functions involving cognition, behaviour and physiology (Leal-Galicia et al., 2008; Coulton et 

al., 1997; Tahamtani et al., 2018), showcasing the significance of the concept in captive animals (Coulton 

et al., 1997). These changes include a reduction of stress-induced behaviours, as well as favourable 

physiological responses like delayed on-set of diseases (Leal-Galicia et al., 2008; Dellen et al., 2000), 

however we will emphasize the effects of environmental enrichment on cognition and its benefits in 

welfare.  

Birds 
Normally in captivity, animals lose a sense of control over their environment and perceive this as 

a stressing factor. This stems from their inability to respond to the stimuli in a manner of their choosing, 

thus enrichment provides an outlet for natural behaviours as well as encourages the use of them 

(Coulton et al., 1997). This is observed when parrots (Rhynchopsitta pachyrhyncha, Ara chloroptera and 

Lotius garrulus) are provided with a feeding device that requires problem solving before food is 

dispensed (Coulton et al., 1997). They display contra-freeloading, in which they prefer working and 

foraging for a reward rather than having easy access to it (Coulton et al., 1997). Foraging is a natural 

parrot behaviour (Meehan & Mench, 2002), and the inclusion of stimuli that elicits natural behaviours 

reduces fear-related responses, while increasing desirable ones such as grooming (Coulton et al., 1997; 
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Meehan & Mench, 2002). Therefore, enrichment seems to provide the birds with a sense of control, 

while mitigating for other aspects such as fear (Tahamtani et al., 2018; Jones & Waddington, 1992). 

 Fear is a highly beneficial aspect to organisms in short durations because it is a protective 

psychophysiological response against dangerous situations (Jones & Waddington, 1992). However, being 

in a constant state of fear is regarded as highly detrimental because prolonged exposure is linked with 

decreased growth and delayed maturation, among other negative effects (Jones & Waddington, 1992). 

In captivity, fear-related responses are abundant since most of them stem from novelty, in which new 

stimuli are perceived as harmful because the organisms have a lack of exposure to them (Meehan & 

Mench, 2002). Therefore, the use of environmental enrichment especially during the development stage 

has shown to augment positive interactions with novel stimuli, thus successfully reducing fear responses 

(Meehan & Mench, 2002; Lazic et al., 2007). For example, domestic chicks (Gallus gallus domesticus) 

were found to benefit greatly from the implementation of enrichment during development, with 

reduced latencies to explore novel arenas as well as increased ambulation within them (Jones & 

Waddington, 1992). Furthermore, they found that the enrichment caused a wide range of effects, with 

those stated previously to the inclusion of increased vocalizations and decreased avoidance of the 

experimenter. This implies that the enrichment elicited a generalized reduction of fear to novelty, that is 

wider than the specific type of stimuli presented during the enrichment phase. However, when the 

chicks were exposed to regular handling without the environmental enrichment, it only modulated their 

response to the experimenters without the added characteristics of increased exploration or reduced 

latencies. The regular handling could be considered a form of enrichment (Jones & Waddington, 1992), 

highlighting that even though enrichment can generalize the reaction to novelty, it is heavily dependent 

upon the specific enrichment used. 

 This is seen in a similar study with Northern Bobwhite birds (Colinus virginianus) that increased 

spatial exploration of a maze when exposed to a short enrichment duration during the development 
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stage (Lazic et al., 2007). The hatchlings were only privy to the enrichment stimuli for three to five days 

before they were assessed, in which significant differences were observed in the maze task, with 

evidence for generalization (Lazic et al., 2007). This study also further highlights the complexity of 

enrichment, with effects not only related to the type of enrichment used, but as well as the duration 

since the birds were given less than a week in the treatment. This leads to questions such as whether 

this level of complexity with environmental enrichment exists when used with reptile species.   

Mammals  
In mammalian species, similar findings have been shown with changes in cognitive performance 

and physiological parameters in response to environmental enrichment conditions (Dellen et al., 2000; 

Leal-Galicia et al., 2008; Leger et al., 2014). The effects of enrichment have been shown to delay the 

onset of diseases such as Huntington’s (Dellen et al,.2000), as well as alter the composition of various 

compounds related to stress within mice (Leger et al., 2014). Huntington’s is an inherited disorder that 

affects specific portions of the brain via neurodegeneration, and as a result can cause motor disorders as 

well as a detrimental reduction of cerebral volume (Dellen et al., 2000). When mice were exposed to 

enrichment for a fifteen- to eighteen-week period during development they showed a significant delay 

in the impairment of motor function. Furthermore, the enriched mice mitigated the effects of 

Huntington’s in brain chemical composition by increasing the strength of their specific hippocampal 

synapses (Dellen et al., 2000). The continual interaction with the enrichment increased the sensory input 

and usage of the brain effectively protecting against neuronal killing, also known as excitotoxicity (Dellen 

et al., 2000). This implies that animals that are restricted to a certain behavioural repertoire, as a 

product of of their housing conditions, run the risk of a shortened life span and increased susceptibility 

to diseases through reduced brain function.  

Additionally, as seen in birds, the effect of duration also plays a critical role in the effects of 

enrichment in mammals, with the degree of change dependent on the exposure duration (Leger et al., 



 
13 

2014). Mice showed that exposure lengths from 24hrs to five weeks greatly affected their performance 

in a variety of cognitive tasks, as well as altered neuro-biological parameters such as stress-related 

hormones (Leger et al., 2014). With the short duration of a single day, mice showed improved 

recognition of novel objects that they were familiarized with prior to testing, but not privy to during 

enrichment. After three weeks, the mice displayed a significant decrease in abnormal behaviours that 

stem from anxiety as well as had a better response to aversive stimuli, which was also visible at the five-

week duration. However minimal changes were observed between the three- and five-week durations, 

highlighting that three weeks may be the optimal time-course for peak enrichment effects. Also, when 

the mice were placed back into standard housing conditions that lacked enrichment, the effects were no 

longer visible. This implies that not only are the effects of enrichment based on the stimuli used (Jones & 

Waddington, 1992), as well as the duration (Lazic et al., 2007), but it also depends on the consistency of 

the exposure (Leger et al., 2014). Environmental enrichment seems to be beneficial when the organisms 

are constantly exposed to the stimuli, and they tend to revert when the enrichment is eliminated, 

further highlighting the intricate characteristics of enrichment.  

As evident in numerous studies, the concept of environmental enrichment is complicated, and 

encompasses a variety of effects ranging from behaviour to physiology. It is also prone to changes in 

impact, based on the type of stimuli used, duration, and consistency of presentation, highlighting the 

need for in-depth studies that utilize gradients of the factors previously mentioned. However, some 

have boldly stated that non-mammalian organisms are more resistant to sub-par housing conditions, 

because they lack complex social behaviours or display less abnormal behaviours in captivity (Poole, 

1992; Coulton et al., 1997; Warwick, 1990). This was evidently disproven with the copious amount of 

avian focussed studies (Jones & Waddington, 1992; Coulton et al., 1997; Meehan & Mench, 2002; Lazic 

et al., 2007; Tahamtani et al., 2018) , as well as a handful of studies that observed reptilian species 

(Londono et al., 2018; Almli & Burghardt, 2006).  
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Reptiles  
As previously mentioned, there has been very little work investigating the effects of 

environment in reptiles (Londono et al., 2018). A multitude of reasons could explain this, but the 

common misconception is that reptiles are robust and adapt well in captivity with minimal housing 

requirements (Warwick, 1990). This may be because it is difficult to identify stress- and anxiety-related 

behaviours when their full behavioural repertoires are still relatively unknown (Warwick, 1990; Almli & 

Burghardt, 2006; Londono et al., 2018). Furthermore, given that a reptile’s social structure may be 

different from those of mammals and birds, means that abnormal behaviours observed in those groups 

may not manifest in the same way within reptiles, adding to the difficultly in gauging reptilian welfare 

(Warwick, 1990).  

Those studies that have explored environmental enrichment in reptiles have found opposing 

results, with some stating positive benefits (Almli & Burghardt, 2006; Londono et al., 2018) while others 

show no change in behaviour (Rosier & Langkilde, 2011). For example, brown wall lizards (Podarcis 

liolepis) seemed to benefit from the simple addition of chemosensory enrichment within their 

enclosures in the form of conspecific-scented filter paper for seven weeks (Londono et al., 2018). The 

enriched group showed a consistent reduction in abnormal behaviours such as escape attempts, when 

observations were made daily for a three-week period within the environments. The enriched 

individuals also showed a more significant decrease in locomotion between exploration trials of a novel 

arena, compared to the control individuals. This suggests that the enriched group had habituated to the 

arena quicker than their control counterparts by adjusting to the novelty at a faster rate. This was 

further reinforced by the significant reduction in escape attempts by enriched individuals when placed 

within the arena while the change in controls was less drastic. Therefore, implying that a seven-week 

period in tandem with a simple and inexpensive chemosensory addition, can have resounding effects to 

a lizard’s behavioural profile (Londono et al., 2018).  
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On the other hand, eastern fence lizards (Sceloporus undulatus) showed no significant 

differences from the addition of climbing stimuli, which is quite surprising given the fact that they are 

typically arboreal, and the duration of enrichment was 8.5 months (Rosier & Langkilde, 2011). The 

lizards were observed for behavioural changes in basking, activeness and hiding within their 

environments, and were sampled for a stress-related marker near the conclusion of the experimental 

duration. None of these observations displayed any significant differences between the treatments, 

which either implies that this species did not perceive the stimuli as enrichment, or that they are 

incapable of being enriched. It is more than likely that the explanation lies in the former rather than the 

latter, because the climbing stimuli that was implemented was a mere fourteen centimeters in height 

(Rosier & Langkilde, 2011). This height may not be substantial enough to elicit recognition as 

enrichment, thus even with a long duration there are no significant differences visible between 

treatments. Therefore, the lack of studies, as well as the lack of consistency with results, further 

implores the need to investigate the specifics of environmental enrichment in reptiles. 

Snakes and Environmental Enrichment 
When examining the effects of environmental enrichment, snakes may be the prime 

observational model to use. With their unique body plan they are prone to changing to their 

environment via behavioural, physiological and morphological adaptations (Sheehy et al., 2016). This is 

clearly visible through their expansive radiation from terrestrial to aquatic habitats, all of which pose 

various physical strains upon the snakes, resulting in different species-specific traits (Kofron, 1978; Shine 

& Shetty, 2001; Sheehy et al., 2016). Furthermore, their lack of appendages means that their bodies are 

constantly interacting with the surrounding terrain for reasons from locomotion to camouflage. 

Therefore, they might be more receptive to a wider range of environmental factors which includes 

enrichment (Almli & Burghardt, 2006), reducing the chances of misrecognition of the stimuli 
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implemented, even if anthropomorphic in quality, as seen with the eastern fence lizards (Rosier & 

Langkilde, 2011). 

A recent study conducted by Almli & Burgardt (2006) had done just that, they used rat snakes 

(Pantherophis obsoletus) as the focus of their study with the addition of environmental enrichment for 

an eight-month duration. They implemented enrichment in the form of a climbing branch, multiple 

hides ranging in humidity and elevations, shredded aspen bedding, as well as live feeding to emulate a 

natural environment. At the conclusion of their treatment duration all the snakes were given cognitive 

tests centered around problem solving, spontaneous behaviour, as well as feeding proficiency. They 

observed the impact of enrichment on a multitude of behaviours such as latencies to goal sites, changes 

in spontaneous behaviour like locomotion, as well as efficiency in feeding determined by prey capture 

positions and coil types, among other characteristics. They found marginally significant differences 

between the treatment groups, with animals in the enriched enclosures exhibiting quicker habituation 

rates, aligning with previous enrichment studies (Londono et al., 2018; Leger et al., 2014). They also 

used a discriminant function analysis that correctly placed all individuals into residing treatments based 

on behavioural changes. This displays that the enrichment altered their behavioural tendencies, and the 

fact that every individual was correctly assigned demonstrates that the treatment affected all subjects in 

a similar manner.  

However, given their long exposure duration, one would expect to see a greater difference 

between treatments, if the enrichment used was the best-suited stimuli for that specific species. This is 

because as seen with the mice (Leger et al., 2014), even though a longer duration did not necessarily 

mean a better cognitive performance, it did circumvent the possibility of an insufficient treatment 

duration. Leger et al. (2014) highlights that longer time periods are required to observe greater changes 

in behaviour, such as the reduction of stress-related actions. However, Almli & Burghardt (2006) only 

observed marginally significant changes between treatments, and a reason for this, as posed for the 
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study on eastern fence lizards (Rosier & Langkilde, 2011), could be that the stimuli used was not 

completely recognized as enrichment. However, given the lack of studies in this field especially using 

snake models, as well as the inconsistent results and incomplete knowledge of behavioural repertoires, 

it highlights that further investigation needs to be conducted before definitive statements can be made.  

Key Questions & Design Reasoning:  
As a result, the nature and impact of enrichment in reptiles still needs further clarity, particularly 

in terms of enrichment duration and type. For example, does a shorter duration alter the degree of 

behavioural change or make it non-existent? Were the effects of environment persistent or reversible as 

seen in mammals? But most importantly did the enrichment we provide cause substantial changes in 

cognitive functions involving exploration behaviour as well as visual and odour discrimination? To 

answer these questions, we used an enrichment duration of a single month and included a within-

subject component, in which individuals were exposed to both enriched and standard conditions at 

different time periods in succession. Furthermore, we opted to use assessments that encourage the 

display of a wider range of cognitive abilities such as object and odour recognition, in addition to spatial 

exploration.  

Out of interest and novelty, we used human odours for the odour discrimination test. This is 

because a key challenge that animals face in captivity is interacting with humans, thus we acquired 

scents that belonged to strangers as well as regular handlers who had consistent contact with the 

snakes. We conducted this with the assumption that handlers would produce a familiar scent (Burman & 

Mendl, 2006). This allowed us to observe how the snakes behaved when in the presence of these odours 

and whether they showed signs of distress or interest when exposed to them. It also provided the 

individuals with the opportunity to demonstrate hetero-specific discrimination in a safe manner with 

direct implications to reptilian pet owners. These tests were used to mitigate for the fact that Almli & 
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Burghardt (2006) focussed on spatial exploration, therefore, the snakes may show greater changes 

between treatments if given the correct opportunities to display them.  

After spending a month in their housing conditions, the snakes were given a series of cognitive 

tests. We conducted cognitive assessments within the two weeks between treatment changes, 

therefore time was a limited resource. As a result, we exploited spontaneous behaviour as the main 

observational tool for our study, since it did not require meeting a certain criterion prior to assessment, 

as needed in studies that rely on training (Begun et al., 1988). Previously mentioned enrichment studies 

have shown evidence of altered behavioural profiles as a product of the enrichment, therefore 

spontaneous behaviour would be directly affected and observable (Almli & Burghardt, 2006; Leger et al., 

2014; Jones & Waddington, 1992). Another reason we did not use training tasks is because the action of 

training could potentially induce stress upon participants, especially when the reinforcement’s effects 

are unclear (McLeod, 2015) In retrospect, the act of training itself could also be perceived as a form of 

enrichment, thus making it difficult to isolate the effects of the environment. However, given their 

natural habit of eating infrequently, providing positive reinforcement to snakes through treats is likely to 

be a difficult task. Begun et al. (1988) managed to condition garter snakes (Thamnophis radix) to enter a 

lemon scented chamber using bits of worm as rewards. Nonetheless, this is an ideal scenario since the 

species of snake is a voracious diurnal predator, and is known to be highly active (Burghardt et al., 1973; 

Schott et al., 2016). Hence, this methodology is not plausible for all snake species given their species-

specific dispositions that may perceive small bits of food as inconsumable. For example, Emer et al. 

(2015) found that Burmese pythons (Python molurus bivitattus) could be trained to touch a button by 

changing their singular meal of a live rat to euthanized juvenile mice over a period of time, yet, the 

pythons never accepted prey less than 0.2-0.4% of their body weight. They also did not recognize the 

juvenile mice as food during pre-training until after an average of 12 sessions, even with two months of 

food deprivation. This makes working within a set time frame difficult, since this type of reinforcement 
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takes time to be instilled through pre-conditioning (changing from a singular large meal to multiple 

smaller ones) before the assessments can begin.  

We specifically chose corn snakes because of their popularity in the pet trade, thus our findings 

would be directly applicable to a majority of snake owners. Corn snakes are also semi-arboreal species 

that predate on a variety of prey such as nesting birds, which implies they would use climbing type 

stimuli if implemented as enrichment (DeGregorio et al., 2014). This allows us to include a larger 

variation of enrichment within the enclosure thus mitigating the possibility that all the stimuli are not 

recognized as enrichment as seen with the study conducted on Eastern fence lizards (Rosier & Langkilde, 

2011).  

Hypotheses & Predictions:  

Based on the evidence provided by Almli & Burghardt (2006) as well as the evidence 

accumulated from other organisms, we predict that will observe a change between treatments, even 

with the reduced duration (Leger et al., 2014). We expect enriched individuals to display quicker 

habituation rates in the novel arena test, as well as discriminate objects and odours to a higher degree 

compared to standard individuals. In relation to our within-subject component, we expect any changes 

we saw as a product of the enrichment to be eliminated or drastically reduced when placed within 

standard environments, as seen with the mice (Leger et al., 2014). We also expect the snakes that were 

placed within standard environments first to show a steep increase in habituation rate and other 

characteristics as they move into the enriched environments, as a result of their newfound access to 

novel stimuli within their enclosures.     
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 Methodology: 
Specimens, Housing Conditions & Husbandry:  
 

The corn snakes (Pantherophis guttata, n= 15) used in this study were acquired temporarily 

from a charity organization (RSPCA) as ‘rescues’, and therefore limited information was available about 

their individual histories. The colouration of the snakes varied from red to black with the inclusion of 

three albinos, and they were approximately 80-125cm (average= 104.18 ± 3.9 cm) in length at the start 

of the study. They were individually kept in plastic coated wooden vivariums (82cm x 38cm x 32cm; 

18°C-30°C thermal gradient) that included different stimuli based on the treatment condition. The 

housing room was set to a 12hr light-dark cycle from 7am-7pm, that also controlled the UV lighting and 

heat lamp located within the enclosures. 

 Handling was conducted five times a week to ensure comfort with the handlers, and each 

session ranged from two to five minutes based on the comfort level of the snake. Comfort was 

evaluated based on the level of erratic movement, rigidity of the body, as well as whether the snake 

consistently tried to escape, at which point the snake was returned to its vivarium. The handling practice 

also aided with the daily husbandry duties and provided the snakes with equal amounts of experience 

with their handlers. This practice was paused when they were fed once a week on Fridays, and a meal 

consisted of a juvenile standard mouse (fuzzy). An exception was made for the smallest snake that was 

fed two smaller mice (pinkies) to decrease the risk of complications with swallowing. Each snake was 

given two days to digest before handling resumed the following week. Handling was also paused during 

periods of shedding with a two-day buffer period after the presence of the shed, to ensure no 

contamination of the new skin.  
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Housing Procedure:  
The snakes were pseudo-randomly placed in one of two environments for one month at the 

start of the experiment. They then received cognitive assessments to observe the effects of the 

environment they had experienced, which took place over a two-week time span, after which the 

individuals were swapped into the other housing condition. The same cognitive assessments were also 

conducted at the conclusion of the experiment to observe the effects after the environmental swap.    

Standard Condition:  

In the standard environment, the snakes were kept under conditions that were reflective of a 

standard pet owner. Under these conditions, enclosures were lined with flat sheets of newspaper as 

substrate, a small water dish in which the animals were unable to submerge, and a single rock hide 

(Almli & Burghardt, 2006) (see fig.1).   

Enriched Condition:  

In the enriched environment, the snakes were kept under conditions that encourage natural 

behaviours. (see fig.2). These enclosures contained:  

 Shredded aspen as substrate for digging  

 Large water bowl allowing submersion  

 Interchangeable climbing board and branch for climbing enrichment  

 Damp moss hide to aid in shedding and temperature control  

 Hanging hide in the form of a hollowed-out coconut to simulate a tree cavity  

 Rock hide to aid in shedding and for basking  



 
22 

Figure 1. In the standard environment, the snakes were kept under standard pet owner conditions, with 
flat sheets of newspaper as substrate, a small water dish in which the animals were unable to submerge, 
and a single rock hide. 

 

 

Figure 2. In the enriched environment, the snakes were kept under conditions that were reflective of a 
naturalistic habitat.  

 



 
23 

Arena & General Procedure:  
Two arenas were used simultaneously, and subjects had access to both throughout the entirety 

of the experiment. All the cognitive tests were conducted within the arenas. Both were open boxes in 

which “Arena 1” was composed of plastic plexi- glass (83cm x 83cm x 75cm) (see fig. 3) while “Arena 2” 

was a large compost box (83cm x 83cm x 60cm) (see fig. 3.1). The plastic plexi-glass arena was lined with 

Christmas themed decorative wallpaper and bubble wrap as flooring, while the compost box arena had 

turf grass as substrate with cheetah wallpaper, resulting in two different arenas with no common visual 

cues. Both arenas had quadrants marked on the floor to allow for locational data to be gathered, as well 

as markers for the placement of the individual and stimuli (see fig. 3 & 3.1). A single camera was placed 

above each arena attached to a high shelf to provide overhead observations on locomotion among 

other variables.  

All the trials were conducted from 10am-5pm in a temperature-controlled room (24-27 °C) 

adjacent to the snake housing unit, separated by an insulated sliding divider. The snakes were carried by 

hand into the testing room and placed upon the marker at one end of the arena. Each trial began after 

researchers were seated out of view approximately twenty seconds post placement, for a duration of 

ten minutes, after which the snakes would be extracted and returned to home enclosures. All the 

cognitive tests had a trial duration of ten minutes. Prior to the start of each trial, the arena was 

thoroughly sanitized using a diluted safe4 solution (1:100) and cleaning cloths, which was also 

conducted with the objects prior to placement.  
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Figure 3. 

 

 

 

 

 

 

 

 

 



 
25 

Figure 3.1. 

 

Figure 3 & 3.1. Both arenas had quadrants marked on the floor to allow for locational data to be 
gathered, as well as markers for the placement of the individual and stimuli. The walls and floor also 
consisted of different wallpaper to minimize similarities between arenas.  

 

Cognitive Assessments:  
 

1. Novel Arena Habituation:   

To investigate the effects of housing on habituation rates, we observed their behavioural tendencies 

within a novel environment across five trials. Each snake participated in the arena habituation trials at 

the conclusion of their housing duration, with an inter-trial interval of thirty minutes, all completed 

within a single day prior to further testing. This was done because the specifics of habituation and 

retention within snakes are still unknown. Chiszar et al. (1976) had observed three different species of 

snakes (Thamnophis radix, Heterodon platyrhinos, Crotalus species) and showed that they displayed a 
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similar tongue flick rate across daily exposures to the same arena regardless of day. Therefore, it seems 

that the snakes required more than a daily single trial to recognize the arena, however they did show 

evidence of habituation to the arena within the trial duration. This implies that they would benefit from 

multiple trials in close succession for habituation, rather than lengthy breaks between trials (Chiszar et 

al., 1976).  

During these habituation trials, the arena was empty, and observations were made on the 

exploration of the arena via the behaviours mentioned previously. This also provided the snakes with 

familiarity to the arena by the conclusion of habituation, which allowed us to accurately observe the 

object and odour cognitive tests that occurred afterwards. The order of testing individuals was also 

pseudo-randomized across housing conditions prior to starting the assessments.  

2. Object Discrimination:  

To investigate the effects of housing on object recognition and discrimination, we commenced 

object familiarization the day after they habituated to the arena. Ten objects of roughly similar size were 

used, and each animal was exposed to a total of eight objects by the conclusion of the experiment (see 

fig. 4). This was to control for any individual differences between objects on the discrimination process. 

The placement of objects was also pseudo-randomly assigned across individuals and treatments to 

mitigate for locational effects.  

Each individual was exposed to a familiar object twice for a ten-minute duration, with an inter-trial 

interval of thirty minutes completed in a single day. After familiarisation, two tests were conducted, in 

which a novel object was placed in tandem with the familiar object to observe differences in exploration 

of the stimuli. The first test occurred thirty minutes after the final familiarisation trial, and the second 

test occurred 24hrs later. These timepoints were chosen because the memory retention of snakes as 

mentioned previously, is still uncertain (Chiszar et al., 1976). Therefore, as conducted with the arena 
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habituation trials, the snakes would most likely benefit from trials conducted in quick succession with 

tests conducted on shorter retention periods such as thirty minutes. We also included the 24hrs test to 

observe whether the effect of environment influenced a longer retention period. The cameras were 

kept in the same positions as arena habituation as well with additional observational variables including 

durations of body contact-, and durations of head investigation with the object (recorded by head 

contact, as well as close proximity of a heads length). BORIS software was used again to record the 

variables for further analysis.   
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Figure 4. These are a few of the objects used during the object discrimination cognitive task. 

3. Odour Discrimination:  

To investigate the effects of housing on odour recognition we conducted odour discrimination trials 

in the last week of cognitive testing using familiar and novel scents. To ensure that the scents were 

relevant to the snakes we used human odours and assumed familiarity with the handlers that handled 

the snakes regularly (five times a week) (Burman & Mendl, 2006). Novel odours were acquired from 

strangers that were matched with the handlers for sex and age (within a three-year age gap).  

Odour preparation: Odours were acquired the day before they were used. Participants were asked to 

firmly hold rectangular shaped cotton pads (10cm x 20cm) in their palms for a ten-minute duration prior 

to placement in air-tight Ziplock bags (Settle et al., 1994; Pernetta et al., 2009). The scented cotton pads 

were then cut into squares (10cm x 10cm) the night before use for easy placement.   

Cotton Square Habituation: We placed unscented cotton squares (10cm x 10cm) within the home 

enclosures of the snakes for ten-minute durations with an inter-trial interval of ten minutes. This was 

conducted twice, with the placement of the square near the snake’s head. For each trial a new cotton 

square was used to ensure that there was no contamination from previous use. This was conducted the 

day before odour discrimination trials were initiated to minimize the effect of novelty of the medium 

from affecting observations. Since odour recognition was the focus of this test it was vital to habituate 

the snakes to the medium of presentation. This was to isolate the responses of the snakes to the odours 

because the medium itself may have an effect through novelty upon the behaviours displayed. In 

contrast, the object discrimination test was focused on visual discrimination, therefore elimination of 

odorous cues was far more pertinent and was minimized by wiping the objects with a diluted Safe4 

cleaning solution prior to each presentation. As a result all the objects were assumed to emit similar 

odours, leaving the snakes with mainly visual cues as a means to discriminate between the stimuli.  
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Test Procedure: Only a single trial was conducted per snake per environmental duration with the 

placement of both odours simultaneously, to resemble the object discrimination tests. This was because 

the two-week time constraint to conduct all cognitive testing made multiple trials difficult to fit within 

the schedule. However, since the handler odour is assumed to be familiar, it also circumvents the need 

for multiple trials to instil habituation to the scent.    

Observed behaviours: Tongue flick rate within snakes is a critical observation for chemoreception 

(Burger, 1989; Pernetta et al., 2009). However, from our observations, tongue flicks vary in length of 

extension and frequency, making it hard to properly quantify from over-head observations. Therefore, 

since cameras were kept in the same positions as before, as a replacement, time spent within the 

quadrant of the odour was used for analysis via BORIS software (Jones & Waddington, 1992).  

Data Analysis:  
 

1. Novel Arena Habituation: In this cognitive test we observed a variety of behaviours. We first 

recorded the types of locomotion which included inactivity (static for longer than two seconds), 

partial motion (a portion of the body or head region remains static) and locomotion (full body 

motion). To observe interactions with the arena we recorded the durations of contact the 

snakes had with the walls as well as with themselves (coiled or overlapping body). To measure 

distance travelled within the arena we recorded the number of times the snake entered a 

quadrant, which was distinguished when the head entered the quadrant past the taped grid 

line. We also observed latencies to initiate the various behaviours listed previously as well as 

totalled all behaviours elicited within the trial to compare across trials.    

2. Object Discrimination: In this cognitive test we used the behaviours mentioned in the novel 

arena task, with the inclusion of object investigation both by the head and by the body. 

Investigation via the head was recognized when the head of the snake was either in contact or 
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within a head’s length away from the object, while body investigation was recognized when the 

body was in contact with the object. 

3. Odour Discrimination: In this cognitive test we used the behaviours mentioned in the novel 

arena task, with the inclusion of odour quadrant duration. We recorded the time that the snake 

spent within the odour quadrant, and the quadrant was deemed as “entered” when the snake’s 

head crossed into the quadrant past the taped grid line. 

Statistical Analysis:  
Two snakes were excluded from the statistical analysis, because of an unaware pregnancy and 

an illness-related death at the conclusion of the first and second housing durations respectively. Both 

snakes belonged to the “enriched first” category. On any given cognitive assessment, a range of 11-13 

snakes were used, as a result of shedding times conflicting with the assessment period. Shedding snakes 

are prone to temporary vision impairment as well as a lowered immune system, thus participation in 

cognitive assessments could yield inaccurate results (Ford, 1995). 

Normality within the data was verified using a Shapiro-Wilks test where acquired p-values were 

above the benchmark of 0.05. In cases where normality was not present, transformations were used to 

achieve normality via Log10(x) transformations and in cases with prevalent zeroes Log10(x+1) was used to 

avoid missing any values. To minimize the number of tests conducted, repeated measures GLMs 

(general linear models) were used to identify sections that required further investigation with 

environment, object and odour types as within-subject factors. When the repeated measures GLM 

showed no significant differences for treatments, the individuals were grouped together. They were 

analyzed via a one sample t-test (0 as the test value) after normal distribution was verified to observe 

whether as a species the snakes showed signs of habituation.    
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Given the within-subject environmental component of the study, paired samples t-tests were 

used to compare observations across the treatments, as well as to discern any statistical difference 

between simultaneously paired exposures. For the novel arena habituation portion, only the first and 

last trials were analyzed (Begun et al., 1988) because of the time constraint. Also, durations of 

observational variables were taken and the proportion of each within the trial was used to provide an 

easy comparison between individuals and trials.  

Some datasets continued to be uneven in distribution regardless of the transformation, and in 

those instances a Wilcoxon signed-rank test was used to ensure that the observations were still paired, 

with environment and odour as the within-subject factors.  

Results  
The results focus on the effects of the treatment because the effects of order were insignificant for all 

observations.   

Novel Arena Habituation:  
The repeated measures GLM had shown that treatment had no effect on the behaviours 

observed during arena habituation, therefore the individuals were grouped together to observe whether 

habituation was still occurring as a species. The snakes on average entered significantly more quadrants 

on their fifth (M= 18.7 ± 1.22) habituation trials compared to their first (M= 13.7 ± 0.91), (tquadrant(25)= 

3.556, pquadrant = 0.002) (fig.5). Paired t-tests also showed there was significantly more climbing in the 

fifth trial (M= 0.32 ± 0.04) than in the first (M= 0.19 ± 0.04, t(25)= 4.177, p= 0.000314) (fig.6), as well as a 

trend for less locomotion in the fifth trial (M= 0.344 ± 0.030) compared to the first (M=0.414 ± 0.030, 

t(25)=-1.868, p = 0.074) (see fig. 7).  This trend was also visible in the duration of inactivity, with less in 

the fifth trial (M= 0.045 ± 0.013) compared to the first (M=0.065 ± 0.010, t(25)=-1.855, p = 0.075) for all 

the snakes (see fig. 7).  
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Figure 5. The corn snakes (n=26) regardless of treatment entered significantly more quadrants on their 

fifth (M= 18.7 ± 1.22) habituation trial compared to their first (M= 13.7 ± 0.91), (tquadrant(25)= 3.556, 

pquadrant = 0.002).   

 

 

 

Figure 6. The corn snakes (n=26) regardless of treatment spent significantly more time climbing in the 

fifth trial (M= 0.32 ± 0.04) than in the first (M= 0.19 ± 0.04, t(25)= 4.177, p= 0.000314).Each trial 

consisted of ten minutes.  

0

5

10

15

20

25

H1 H5

A
ve

ra
ge

 Q
u

ad
ra

n
ts

 E
n

te
re

d
 

Habituation Trial 

0%

5%

10%

15%

20%

25%

30%

35%

40%

Habituation 1 Habituation 5

P
e

rc
e

n
ta

ge
 o

f 
Tr

ia
l D

u
ra

ti
o

n
 

* 

* 



 
33 

 

Figure 7. The corn snakes (n=26) regardless of treatment showed mildly significant reductions in 

inactivity and locomotion at the fifth trial (Minactivity= 0.045 ± 0.013, Mlocomotion= 0.344 ± 0.030) compared 

to the first (Minactivity =0.065 ± 0.010, t(25)=-1.855, p = 0.075; Mlocomotion=0.414 ± 0.030, t(25)=-1.868, p = 

0.074).Each trial consisted of ten minutes.  

Object Discrimination:  

A Wilcoxon signed rank test showed that enriched individuals spent significantly less time with 

the object during the second habituation (mean rank=4.50) compared to the first (mean rank=7.45), 

n=13 p=0.011 (Fig. 8.1). While a paired t-test showed that standard individuals spent relatively equal 

durations with the objects during the first habituation session (M=0.05324  ± 0.0094),  and second 

(M=0.04352  ± 0.00981, t(12)=0.687, p=0.505).There was no significant effect of treatment during the 

first object discrimination test conducted at 30 minutes (Standard 30min: Novel (mean rank = 9.00), 

Familiar (mean rank= 4.67) p= 0.221; Enriched 30min: Novel (mean rank= 7.11), Familiar (mean rank= 

6.75), p= 0.196) (Fig. 8.2).   

At the 24 hour test (Fig. 8.2), inspection via a paired t-test had shown that enriched snakes 

spent significantly more time with the novel object (M= 0.04697 ± 0.0087) than the familiar (M=0.0192 ± 

0.0034 ; t(12)=-3.020, p = 0.011), while a Wilcoxon signed rank test showed that standard snakes (Novel 
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object: mean rank= 7.75, Familiar object: mean rank= 5.80) did not (n=13, p= 0.249). The enriched 

snakes also (mean rank= 5.00) spent significantly less time with the familiar object compared to the 

standard snakes (mean rank= 7.60, n=13, p = 0.033).   

 

Figure 8.1. The enriched corn snakes (n=13) spent significantly less time investigating the designated 

object in the second habituation session (M=0.0383 ± 0.0123) compared to the first (M=0.0746 ± 

0.01964, p=0.011) while the standard corn snakes (n=13) spent relatively equal durations during both 

sessions. Each trial consisted of ten minutes.  
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Figure 8.2. The enriched (n=13) and standard (n=13) snakes showed no significant differences at the 

30minute mark. The enriched snakes spent significantly more time investigating the novel object (M= 

0.04697 ± 0.0087), at 24hrs than the familiar object (M=0.0192 ± 0.0034; t(12)=-3.020, p = 0.011), while 

standard snakes showed no significant differences. The enriched snakes (M=0.0192 ± 0.003) also spent 

significantly less time investigating their designated familiar objects compared to the standard snakes 

(M=0.045 ±0.013; p=0.033). Each trial consisted of ten minutes.  

 

Human Odour Discrimination:  

The enriched snakes spent significantly more time within the stranger’s odour quadrant 

(M=0.346 ± 0.034) compared to the familiar handler (M=0.219 ± 0.031), t(10)= -2.978, p = 0.014, while 

standard snakes showed no significant difference between handler (M= 0.286 ± 0.056) and stranger (M= 

0.253 ± 0.063) quadrants, t(10)= 0.521, p= 0.613 (fig. 9). 
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Figure 9. The enriched snakes spent significantly more time within the stranger’s odour quadrant 

(M=0.346 ± 0.034) compared to the familiar handler (M=0.219 ± 0.031), t(10)= -2.978, p = 0.014, while 

standard snakes showed no significant difference between handler and stranger quadrants. Each trial 

consisted of ten minutes.  

  

 

Discussion:  
Our study highlights that environmental enrichment can influence the behaviour and cognitive 

function of a corn snake. Individuals from enriched housing were capable of object and odour 

discrimination, displayed by their ability to recognize the handler scent and the familiar object.  These 

changes were visible after a single month in enrichment, showing that it is an acceptable duration, but 

more importantly demonstrating that the enrichment stimuli we chose were effective.  

Novel Arena Habituation:  
We found that the environmental enrichment we provided did not have a significant impact on 

the behaviours displayed during this cognitive assessment. Similarly, Almli and Burghardt (2006) had 

also observed the same during their open field task, which is an assessment that resembles the novel 

arena task we used.  Given that there was no significant effect of environment, it did provide an 
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opportunity to observe whether the corn snakes habituated to the arena as a species. All the snakes 

regardless of environment explored the arena significantly more in the fifth trial than the first, as shown 

by the increases in climbing duration and quadrants entered. Therefore, the snakes are capable of 

habituating, but it seems that the enrichment used did not have a major impact upon the habituation 

process in the context of an arena exploration task, contrary to results found using mammalian and 

avian models (Leger et al., 2014; Lazic et al., 2007). Habituation as defined by Thompson and Spencer 

(1966) is regarded as the decrease in response to a particular stimulus with repeated exposure, for 

example such as increased durations of a behaviour as a result of a decreased fear response.  

For example, domestic chicks and Northern Bobwhite birds that were housed in enriched 

environments showed increased durations of walking within the open field tests, as well as interacted 

more with the surroundings of the arena even though it was empty (Jones & Waddington, 1992; Lazic et 

al., 2007). These examples effectively showcase habituation with a reduction in fear. Furthermore, the 

enrichment duration of their study (Jones & Waddington, 1992) and ours was twenty days and a month 

respectively. These are relatively similar, implying that we should have observed some change in 

locomotion or arena interaction, if the reptiles were affected in the same way as the birds. This is 

strengthened by the fact that the enrichment used for the chicks was centered on material stimuli and 

did not alter available space between the treatments by increasing enclosure size, which is the type of 

enrichment we implemented as well. However, they did find that the chicks enriched solely by handling 

did not show the same level of alterations in behaviour as the environmentally enriched individuals, 

stating that the type of enrichment probably did not provide the same level of stimulation (Jones & 

Waddington, 1992; Lazic et al., 2007). Therefore, it is highly possible that the enrichment we provided 

for the snakes was not completely adequate, thus lacking in significant changes between treatments in 

habituation rate when exposed to an empty arena. This is also believable given the light observational 
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history of reptiles and enrichment stimuli, which made choosing enrichment in the first place a difficult 

endeavour (Almli & Burghardt, 2006; Rosier & Langkilde, 2011; Londono et al., 2018).      

A study by Rosier and Langkilde (2011) had found similar results when they included climbing 

enrichment in the enclosures of typically arboreal lizards, and failed to find a significant effect as a 

product of the treatment. However, it should be noted that they used a height of fourteen centimetres 

as climbing enrichment, which is not comparable to the heights that are accessible in their natural 

environment. These lizards have been known to climb trees and sleep on perches that are eleven feet 

off the ground (Kennedy, 1958). Therefore, it is more than likely that the enrichment was not perceived 

as enrichment by the arboreal lizards, which may have also occurred in our study regarding locomotion 

and climbing. Even if the snakes were using the climbing stimuli within the enclosures we provided, it is 

possible that those stimuli are not enough to elicit a behavioural change in climbing and locomotion, 

because there was no alteration in accessible space. The snakes from both treatments were able to raise 

their bodies off the floor and reach the ceiling with ease, therefore the full height of the enclosures were 

accessible to both the enriched and standard snakes even without using the climbing stimuli. Thus, we 

may see greater changes in locomotion and climbing aspects between treatments if we implemented a 

change in accessible space in tandem with climbing stimuli.    

However, the lack of significance could be also be product of the within-subject design that was 

used in this experiment. This was used to investigate whether the effects of enrichment were evident 

when removed or implemented later. However, with the small sample size we were unable to observe 

this, but that is not to say that the effect of order does not play a role. It is possible that the order of 

treatment was negligible as a group, but critical to certain individuals because of individualistic 

differences (Almli & Burghardt, 2006), since the specific effects of environmental enrichment are still 

largely unknown (Rosier & Langkilde, 2011; Londono et al., 2018). Therefore, it is possible that the 
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within-subject factor could have added a level of complexity in a form that we do not understand, thus 

affecting subsequent behaviour to produce similarities between treatments.  

There is also the possibility that the habituation process of reptiles is heavily based on context 

and experimental design, and requires the attention of specific aspects before observation. For example, 

maybe the standard environments imitated the novel arena task more-so than the enriched variety, 

which gave standard snakes an advantage on habituation because it resembled their home enclosures. 

Therefore, successfully masking any effect the environmental enrichment may have had in those 

observed behaviours.  

Object Discrimination:  
In terms of object discrimination and recognition, we found that snakes can recognize objects 

that may be considered less biologically relevant. This is significant because by removing this factor, we 

circumvent the possibility of a genetic predisposition to familiarization. Numerous studies that focus on 

reptiles use naturalistic stimuli that do not require habituation, because the recognition of that specific 

stimuli is imprinted from birth (Burger, 1989; Pernetta et al., 2009). For example, recognizing the scents 

of predators (Burger, 1989) and prey are ingrained in many reptiles because parental care is less 

pronounced within this group (Pernetta et al., 2009). Therefore, what would normally be learned by 

experience needs to be genetically passed to give juveniles a chance to reach sexual maturity.    

Regardless of this factor, the enriched snakes had shown a significant reduction in investigating 

the familiar object during the second habituation phase and displayed recognition at the 24hr-mark, 

while the standard snakes did not. This shows that the enriched individuals learned to recognize the 

object in just two exposures, while the standard snakes showed similar levels of exploration in both 

trials. The standard snakes also spent significantly more time investigating the familiar object at the 24-

hour mark compared to the enriched snakes, implying that they may have forgotten or failed to 
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remember the object to the same degree. Furthermore, the fact that this was visible shows that our 

chosen environmental enrichment does have a significant impact on the aspects involving object 

recognition and memory retention. However, no changes were observed during the 30-minute test, 

which may be a result of fatigue or over exposure within a relatively short time frame (Thompson & 

Spencer, 1966; Rankin et al., 2009).  

These results align with what is found in mammalian (Leger et al., 2014) and avian studies (Jones 

& Waddington, 1992) that show environmental enrichment to positively impact cognitive processes, like 

the recognition of objects with a reduced aversion to novelty. For example, the environmentally 

enriched domestic chicks had displayed significantly reduced latencies to approach novel objects, as well 

as spent significantly more time near them (Jones & Waddington, 1992). This is a pattern that is also 

visible in mice that displayed significantly better recognition of familiarized objects after a single day of 

environmental enrichment (Leger et al., 2014). This is eye-opening for a variety of reasons, but mainly 

because it refutes what was found previously in the novel arena task, that the snakes were not 

responsive to treatment.  

In the novel arena task, we found that the enrichment stimuli we provided may not have been 

enough to alter locomotion and exploration behaviours, which are visible in mammals (Leger et al., 

2014; Leal-Galicia et al., 2008) and birds (Jones & Waddington, 1992; Lazic et al., 2007). However, since 

only the enriched snakes were able to correctly recognize the object and remember it at the 24hr-mark, 

means that the enrichment had a substantial effect on the cognitive processes required in visual 

discrimination. The fact that the mice were able to show improvements in this category (Leger et al., 

2014) hints that visual discrimination and retention are easily influenced by the type of enrichment we 

both implemented. However, given that the mice had a short duration of a single day, also hints that 

reptiles may not be as receptive to material-focused enrichment compared to mammals and birds. This 

is implied by the visible changes seen in visual discrimination by reptiles, in combination with the lack of 
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accompanied changes in exploration and locomotion (Jones & Waddington, 1992; Lazic et al., 2007; Leal-

Galicia et al., 2008; Leger et al., 2014).      

The disparity between the influence of material enrichment on reptiles versus mammals and 

birds may be explained by the niches they exploit within their natural environments. Mammals and birds 

are homeotherms that actively forage, hunt, and manipulate abiotic factors within their habitats 

(Chapell, 1980; Remsen et al., 1970; Brouwer & Komdeur, 2004). While ectothermic reptiles rescind 

from manipulation to conserve energy (Hulbert & Else, 1981) as well as relying on ambush hunting 

techniques such as those used by snakes (Burger, 1989). As a result homeotherms are continuously 

interacting with an abundance of various stimuli, for example showing preference for certain twigs and 

vegetation as nesting material (Van de Weerd et al., 1996), which may have led to a heightened 

sensitivity to material enrichment as seen by Leger et al. (2014) and Jones & Waddington (1992).  

Odour Discrimination:  
In this cognitive assessment we found that the snakes were able to differentiate between 

handlers and strangers when housed in enriched environments prior to testing. This is the first study to 

hint that snakes may be able to recognize humans that they have repeated contact with when privy to a 

stimulating environment, highlighting that the effects of environmental enrichment are not restricted to 

just visual stimuli. Our study is the first to report such findings, since human recognition is normally a 

concept associated with cognitively adept organisms such as mammals (Saito & Shinozuka, 2013) and 

birds (Lee et al., 2011). Mammals and birds have an advantage in human recognition because of their 

intricate social requirements which encourages discrimination and recognition of individuals (Saito & 

Shinozuka, 2013). However, this is not an aspect attributed to reptiles (Warwick et al., 2013). Further 

investigation is required before definitive statements could be made, but enriched snakes do seem to 

show that they can discriminate between people they have regular contact with, effectively 

demonstrating hetero-specific discrimination.   
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As interesting as this finding is, it is not surprising given a snake’s reliance on chemoreception 

(Burger, 1989; Pernetta et al., 2009; Almli & Burghardt, 2006) for information on their surroundings. This 

implies that the enrichment stimuli we provided was effective in positively influencing visual 

discrimination and retention, as well as chemoreception. Therefore, showing that the chosen stimuli 

does influence a wider range of cognitive processes than originally led to believe in the previous tests, 

but not to the same degree as mammals (Leger et al., 2014) and birds (Jones & Waddington, 1992). This 

also further highlights the need to use more than one cognitive test to properly assess the effects of 

environmental enrichment on reptiles, since so little is known about the specifics (Almli & Burghardt, 

2006).  

 
General Discussion: 

Based on our findings it seems that corn snakes are both capable of recognizing objects with a 

retention period of 24hrs as well as recognizing a familiar handler they had consistent contact with, 

however this was only the case for enriched snakes. This shows that the specific types of environmental 

enrichment used, as well as the duration, are substantial enough to produce a behavioural change in 

corn snakes. This implies that snakes are capable of cognitively complex tasks and resemble mammals 

and birds more than previously assumed. However, a definitive statement cannot be made in reference 

to the order of treatment and increasing the sample size in future studies could provide a better 

opportunity to observe this factor.  

The fact that both object and odour discrimination tests provided evidence for a significant 

difference between environments is eye opening, considering we observed a lack of it during the novel 

arena habituation task. In hindsight, the varied tests did observe different cognitive processes, but 

mammalian and avian models tend to show changes in both visual discrimination as well as habituation 
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rates (Jones & Waddington, 1992; Leal-Galicia et al., 2008). Furthermore, theories state that increased 

discrimination is correlated with swifter habituation rates to surroundings (Jones & Waddington, 1992; 

Almli & Burghardt, 2006; Leal-Galicia et al., 2008). These behavioural changes normally arise together 

because organisms that habituate quicker to novel environments can acquire information far more 

efficiently than those that do not, thus recognizing objects sooner and displaying higher levels of 

memory retention. In our study we found that the snakes showed similar levels of habituation to the 

arena regardless of treatment, but the enriched snakes were the only ones capable of discrimination 

and retention of test stimuli. However, many studies tend to disregard the types of environmental 

enrichment that they chose prior to designing an observational experiment, which may explain the lack 

of significance found in our novel arena task and the open field task by Almli & Burghardt (2006).     

Specifically, two characteristics of habituation as posed by Thompson and Spencer (1966), later 

revised by Rankin et al. (2009) come to mind. The first, “characteristic # 6 -The effects of habituation 

training may proceed beyond the zero or asymptotic response level”, highlights that a delayed effect 

may be visible in subsequent behaviour as a result of repeated stimulation surpassing a certain 

threshold. This means that the organism becomes so accustomed to the stimuli that even the lack of it 

instils an altered response. For example, mammals and birds that are constantly exposed to enriching 

abiotic factors within the home environment, have a reduced fear of novelty when placed in new 

environments or near novel stimuli (Jones & Waddington, 1992; Leal-Galicia et al., 2008). The second 

refers to “Characteristic #7- Habituation of response to a given stimulus exhibits stimulus generalization 

to other stimuli”, that emphasizes habituation to a specific stimulus may result in stimulus 

generalization, in which even novel stimuli would have a reduced response if it is perceived as innocuous 

(Rankin et al., 2009).  

The types of enrichment that we, as well as Almli and Burghardt (2006) used, are more prone to 

causing stimulus generalization of objects and odours in reptiles, as stated in characteristic #7 
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(Thompson & Spencer, 1966; Rankin et al., 2009). This is because the housing tanks for both treatments 

were of the same size and only differed in the components within them. Therefore, enriched individuals 

were constantly exposed to a multitude of object and odour type stimulants, that reduced their fear 

towards novel stimuli of that nature. Our attempt to include stimuli that would encourage climbing and 

locomotion via branches and multiple hides may have been negligible, because the area of the enclosure 

was the same between treatments. Furthermore, climbing was severely restricted because the height of 

the enclosure was marginal compared to the height accessibility that would be present in nature 

(DeGregorio et al., 2014; Rosier & Langkilde, 2011). Therefore, we may see a greater difference in 

exploration and locomotion behaviour in an empty arena if we were to use our enrichment in addition 

to an increase in space.  

Another reason for the lack of significant differences between treatments in the novel arena 

task, could be because the standard snakes were habituated to the context of an empty arena 

(Thompson & Spencer, 1966; Rankin et al., 2009), while the enriched snakes were not. This may have 

been further reinforced by the characteristics that accompany a prey species and ambush hunter like 

snakes, such as long periods of inactivity and an incessant need of hiding places (Burger, 1989; Pernetta 

et al., 2009). The standard individuals spent a month in a barren environment that resembled the open 

arena in many aspects, such as minimal hiding spots and an abundance of empty space. This aligns with 

characteristic #7 that states stimulus generalization can occur if presented stimuli are similar and 

innocuous in nature (Thompson & Spencer, 1966; Rankin et al., 2009), as the novel arena would be to 

standard individuals, therefore allowing for a quicker habituation rate. On the other hand, the enriched 

snakes were accustomed to having an abundance of hiding places with options such as burrowing and 

access to multiple hides. Therefore, there is a much starker contrast between their home enclosures and 

the novel arena task, which as characteristic #6 states, could have caused a delayed instilled reaction 

(Thompson & Spencer, 1966; Rankin et al., 2009) from no longer having access to certain stimuli they 
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have grown to rely on. This is the opposite of what is observed in mammals (Leger et al., 2014; Leal-

Galicia et al., 2008) and birds (Jones & Waddington, 1992; Lazic et al., 2007), which further implores the 

need to investigate the specifics of environmental enrichment in reptiles, as well as utilise different 

cognitive assessments to accurately observe the species in question.    

Future Directions:  
As a result future experiments should focus more on teasing apart the specifics of enrichment 

by taking an approach similar to Bashaw et al. (2016). They implemented enrichment in various forms 

such as olfactory and thermal stimuli in the housing of leopard geckos (Eublepharis macularius), and 

then designed assessments that incorporated the types of enrichment they presented. This was very 

useful in observing the variety of specific effects that arise from different forms of enrichment. Studies 

should also try to record physiological variables such as chemical composition of saliva and other bodily 

fluids, to observe changes within the organism that may not manifest in a behavioural difference. 

Implications of Study:  
It is abundantly clear that reptilian cognition has taken the backseat to models such as mammals 

and birds for decades, and as a result their welfare standards were never analyzed to the same extent 

(Almli & Burghardt, 2006; Londono et al., 2018). It became common practice to use barren 

environments to maximize reptilian occupancy, but our results, like other studies, showcase that reptiles 

require more stimulating enclosures (Carazo et al., 2014; Almli & Burghardt, 2006; Londono et al., 2018). 

This was observed when corn snakes benefitted from environmental enrichment in a relatively short 

housing duration by recognizing objects and scents. Therefore, we urge pet owners and large scale 

breeders to shift towards snake housing regimes that include enrichment, because even the simple 

addition of substrate and novel stimuli could have numerous beneficial effects to both the snakes and 

those that rely on them (Rosier & Langkilde, 2011). This concept is discussed further in chapter four in 

relation to the pet trade and altering venom quality through cognitive stimulation, which may be more 
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than viable considering that behavioural changes are products of chemical cascades (Dellen et al., 2000), 

and said changes were visible within a month.  

  

Conclusion:  
 In conclusion, the findings of this study further highlight the need to observe reptilian cognition 

with a closer look into the specific details of enrichment. Regardless, the environmental enrichment 

used, and the short duration, show that snakes are far more plastic than first assumed, and have 

cognitive capabilities resembling those of avian and mammalian models. We have demonstrated that 

they are able to discriminate between objects, as well as retain the memory of it 24hrs post exposure, 

but only when privy to a cognitively stimulating environment. Enriched individuals were also the only 

ones capable of discriminating between humans that they had repeated contact with, showcasing that 

their odour recognition is far more pronounced than standard individuals. However, enrichment specific 

habituation may provide a reason for the lack of significance found in other studies such as Almli & 

Burghardt (2006) that may have benefitted from the inclusion of more cognitive assessments. To see 

visible differences in the open field task, we believe changing the dimensions of the home enclosures, or 

implementing an enrichment that drastically encourages locomotory behaviours would produce greater 

differences between treatments. This is because we found results similar to Almli & Burghardt (2006) 

and proved that the enrichment was in fact beneficial if observed in a different light, even with a 

reduced duration. Therefore, an enrichment element specific to locomotory behaviour needs to be 

added before changes in exploration tasks are visible within reptiles.  
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Chapter 3 
Artificial Odour Recognition and Retention 

by Reptiles 
Abstract:  

Memory is a critical component of cognition that plays a major role in learning and the making 

of decisions. Unfortunately, this is a concept that has not been studied in depth with reptilian species. 

Thus to address this, we specifically investigated whether corn snakes, red-footed tortoises and bearded 

dragons, could recognize a less biologically relevant artificial odour at different time points, allowing us 

to gauge short- and long-term memory. We found that both snakes and tortoises can recognize an 

artificial scent, as well as retain it for 30 minutes and 24 hours respectively. In contrast the bearded 

dragons were inactive for extended periods of time during the trials, hinting that the trial duration may 

have been insufficient. Regardless, we have successfully displayed that reptiles are comparable to 

mammalian and avian species with their flexibility in odour recognition and retention via passive 

exposure.   
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Introduction:  
Memory is an important aspect of cognition that aids other components such as decision-

making and learning to reach their full extent, which provides multiple benefits to the user 

(Shettleworth, 2001). For example, animals that take part in foraging are routinely calculating potential 

yield rates to maximise finding food (Kamil & Roitblat, 1985). However, the effort invested can be 

drastically reduced by recalling previous experiences or recognizing cues in relation to resource 

abundance (Kamil & Roitblat, 1985). Both concepts heavily rely on memory, and can be differentiated 

into episodic and semantic memory respectively (Shettleworth, 2001). Episodic memory refers to 

recalling a personal experience that is unique in aspects such as setting, time, and event, while semantic 

memory is based more on fact, such as differentiating between objects or food (Shettleworth, 2001). 

The latter concept has been widely observed in various species, which includes birds (Lazareva et al., 

2005) and mammals (Sik et al., 2003). However, reptiles for the most part have been neglected, because 

many assumed they were unable to function in a cognitive capacity (Chiszar et al., 1976; Burghardt, 

2013).      

Reptilian Memory 
Nonetheless, with scattered evidence from past papers as well as the flurry of recent studies, it 

is safe to assume that reptiles are smarter than originally thought (Chiszar et al., 1976; Burghardt, 2013). 

Their cognitive abilities have been displayed in numerous tasks, ranging from problem solving to 

reversal learning, clearly defining the robustness of their behavioural flexibility (Leal & Powell, 2011). For 

example, arboreal lizards (Anolis evermanni) completed a novel problem in the form of removing a disc 

for a food reward by using multiple strategies, as well as reversed associations with specific colours that 

were previously instilled (Leal & Powell, 2011). These types of associations and degrees of discrimination 

are comparable to those of mammalian (Warren, 1966) and avian models (Warren et al., 1960), 

effectively demolishing the previous reptilian paradigm that they were incapable of complex tasks. 
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However, the fact remains that reptile focussed studies are considerably less in number than the 

previously mentioned animal groups, therefore more detailed studies need to be conducted before 

accurate comparisons can be made.   

The concept of memory within reptiles has tended to focus on repeated exposures under 

training conditions, where memories are ingrained by repetition and reinforced by rewards. For 

example, Florida Red-bellied Cooters (Pseudemys nelsoni) have been shown to remember a visual task 

after substantially long durations, ranging from two months to two years, where they significantly 

decreased the number of incorrect trials by the end of the study (Davis & Burghardt, 2012). 

Interestingly, there was also a significant decrease in incorrect trials when longer rest periods were 

used. This demonstrates that the turtles benefitted from extended breaks between testing, rather than 

repeated exposure to the task within a short time frame. Davis and Burghardt (2012) had also shown 

that this level of retention for a complex visual discrimination task was present in wild naïve turtles, with 

no prior experimental experience. In hindsight, both the first and second portions of the study use 

sample sizes of nine and four respectively, thus the results should be considered with that in mind.   

Other than turtles, memory retention via spatial cues has also been observed in side-blotched 

lizards (Uta stansburiana), that located the goal within an arena even when goal-related odours were 

eliminated (LaDage et al., 2012). Four of seven lizards successfully completed the test trial within the 

first attempt, and all the individuals chose the spatially cued goal rather than the local option further 

reinforcing spatial memory retention. These are only a couple of examples that highlight memory usage 

within reptiles, but it also has been observed in tortoises (Wilkinson et al., 2007; Wilkinson et al., 2013) 

as well as other lizard species (Annolis evermanni – Leal & Powell, 2011; Eulamprus quoyii – Noble et al., 

2014). Snakes on the other hand, have been largely disregarded within the relatively small field of 

reptilian cognition, therefore comparisons of memory capabilities between reptile groups is difficult 

(Pernetta et al., 2009).  
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Snake Memory 

However, a few studies have shown that snakes may be just as competent as other reptile 

species (Begun et al., 1988; Burghardt, 1973; Chiszar et al., 1976; Almli & Burghardt, 2006). Chiszar et al. 

(1976) had shown that garter snakes (Thamnophis radix), were able to habituate to a novel arena when 

the duration of the trial was relatively long, such as twenty minutes. They found that the tongue flick 

rate of the snakes significantly reduced after three to five minutes within the arena, and the rate 

became approximately zero after twenty minutes of sustained exposure. To control for fatigue and 

sensory overload, they introduced novel objects and odours, to which the snakes had significantly 

increased tongue flick rate, displaying that habituation was indeed taking place. When observing 

whether habituation was occurring over days, they found that the tongue flick rate did not significantly 

decrease, but the fact that only a single trial per day was conducted needs to be considered. This implies 

that the snakes were not remembering the environment, but rather treated the environment as novel 

with each trial. This in turn hints that the snakes may benefit from multiple trials daily, rather than a 

single trial when reinforcing memory.  

A limiting factor for the previously mentioned study is the fact that the arena was controlled for 

odour related cues (Chiszar et al., 1976). Snakes rely heavily on chemoreception (Gillingham & Clark, 

1981), therefore by eliminating odour cues within the arena, it is highly possible that the snakes were 

unable to create a tangible memory in which to recall at a later point. Memory is a complicated aspect 

and requires considering the method in which information is gathered (Davis & Burghardt, 2012). For 

example, if an organism has inadequate visual reception, it is hard to believe that visual cues would elicit 

a memory better than cues that align with its heavily used senses. Therefore, to tackle the issue of 

memory retention within snakes we opted to use odours as the memory-eliciting stimulus.  
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Problems with Biological Relevance:  

Prior to initiating an experiment, olfactory memory retention requires consideration of a couple 

aspects. For example, we decided to implement odours that could be perceived as less biologically 

relevant when compared to stimuli that other snake studies tend to use (Burger, 1989; Pernetta et al., 

2009). Studies that test for odour discrimination within reptiles tend to use scents that are naturalistic 

and serve some significance to the organism, for example scents of predators or prey (Cooper & Vitt, 

1986; Burger, 1989; Pernetta et al., 2009). However, these scents can prove problematic in cognitive 

experiments because the discrimination between odours could be resultant of a genetic predisposition 

(Pernetta et al., 2009). Certain cues are imprinted from birth and are critical pieces of information for 

newborn animals that lack parental care, such as snakes (Pernetta et al., 2009). Therefore, animals such 

as these, may have an innate reaction to the stimulus or an associated level of interest that was 

inherited rather than learned.  

A single study with snakes controlled for this factor by demonstrating that garter-snakes can 

learn a less biologically relevant odour, in the form of lemon and amyl acetate (Begun et al., 1988). This 

was conducted by implementing an intensive training regiment with a reward stimulus and multiple 

trials. They showed that garter snakes were able to correctly choose between scented chambers after a 

Pavlovian response was instilled by using worms as rewards within a hundred trials (Begun et al., 1988). 

This successfully displays that snakes can recognize an artificial odour that serves an imminent biological 

relevance, such as feeding, put in place by a reward system. However, because the memory was 

reinforced by a reward paradigm, it is hard to distinguish whether they are capable of the same 

recognition when that reinforcement is removed. Also instilling that type of memory takes time, as seen 

with the number of trials required to meet criterion (Begun et al., 1988), therefore working within a set 

time frame can be difficult. As a result, we opted to observe changes in spontaneous behaviour with a 
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limited number of trials to complete the study within our strict timeline (Almli & Burghardt, 2006). This 

also provides another avenue of exploration, since now there is less incentive to learn the stimulus, thus 

implying a diverse odour recognition process if retainment is observed.  

Comparative Aspect:  

Another factor that is largely neglected in studies such as these is the comparative aspect, 

where studies focus on a single species (Burger, 1989; Begun et al., 1988; Pernetta et al., 2009; Almli & 

Burghardt, 2006) rather than multiple. This is because as useful as incorporating multiple species within 

a study is, it also brings a level of complexity, both in the sense of housing facilities and experimental 

design (Moszuti et al., 2017), thus some resort to reducing the sample size (Davis & Burghardt, 2012). 

However, these difficulties are well worth the effort, because reptilian cognition lacks the relative depth 

that has already been observed in mammals (Box & Gibson, 1999) and birds (Clayton & Emery, 2005). 

Therefore, studies such as these provide us with an opportunity to observe similarities and patterns in 

species-specific behaviours, which can be used to draw accurate comparisons between reptiles. Also, 

the behavioural repertoires of many reptiles are still ambiguous (Warwick et al., 2013), thus any 

opportunity to observe these species in a lab or ethological setting should be exploited, even with a low 

sample size.  

Key Questions and Design Reasoning:  

Therefore, our study used corn snakes (Pantherophis guttata) in addition to red-footed tortoises 

(Chelonoidis carbonaria) and bearded dragons (Pogona vitticeps), to provide a comparative aspect of 

odorous memory retention within reptilian species. This study specifically observed whether the various 

reptiles could recognize a less biologically relevant odour at different time points when motivation 

through a reward paradigm was eliminated, allowing us to gauge short- and long-term memory. Long 
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term memory is an aspect that is rarely discussed in reptilian cognition, except when referencing 

individuals that belong to the testudines group (Davis & Burghardt, 2012), thus our study could shed 

light on this aspect within squamates.  

We predicted that snakes given their heavy reliance on chemoreception would discriminate 

between scents to a higher degree, by displaying a greater difference in tongue flick rate between 

odours based on familiarity. We also predict that tortoises may have the best chance at retaining the 

familiar scent over a longer time period, if their odour cues are retained similarly to their visual cues as 

seen in the Red-bellied Florida Cooters (Davis & Burghardt, 2012). Since the bearded dragons are lizards, 

and multiple studies have shown they are capable of discriminating naturally derived scents (Stapley, 

2003; Cooper, 1990), it leads us to believe they would recognize artificial scents, especially given their 

behavioural flexibility in other cognitive functions (Leal & Powell, 2011). However we also believe that 

they may not be able to display this to the same degree as the snakes because comparatively they are 

more receptive to visual stimuli than chemoreception (Burger, 1989; Gillingham & Clark, 1981; Santaca 

et al., 2019; Frohnwieser et al., 2017), or are unable to retain it to the same capacity as the tortoises 

because of the lack of studies that indicate this.      

Methodology:  
Subjects, Husbandry, Housing Conditions  
 

Corn snakes:  

The details relating to the conditions and care of the corn snakes (Pantherophis guttata, n= 14) 

remained the same as Study 1, with the addition of enriched housing for all the snakes. The vivariums 

consisted of aspen bedding, a large water bowl, climbing stimuli (e.g. a branch and climbing board), as 
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well as two hides that varied in moisture to aid in shedding. The snakes were also approximately 146g – 

367.7g (average= 277.46g ± 22.33g) in weight at the start of the study. 

Tortoises:  

The red-footed tortoises (Chelonoidis carbonaria, n=12) used within this study were captive bred 

and located permanently at the University of Lincoln (United Kingdom), where they regularly 

participated in observational experiments. The lengths and widths of tortoises at the initiation of study 

ranged from 13cm – 26cm and 9-12cm respectively. They were housed (28 °C) either in groups of two or 

three within open topped enclosures (153cm x 92cm x 30cm) that were raised off the floor via wooden 

legs. The enclosures consisted of orchid bark substrate, water dish, as well as a heat lamp on one end 

with a damp moss hide on the other for temperature control. They were fed (fruits and vegetables) once 

a day for six of seven days, in which the seventh day was considered a ‘starve’ day. The housing room 

was set to a 12hr light-dark cycle from 7am-7pm, that also controlled the UV lighting and heat lamp 

located within the enclosures.  

Bearded Dragons:  

The bearded dragons (Pogona vitticeps, n=10) were also located permanently at the university 

and had previous history with observational studies. The lengths of the individuals at the initiation of the 

study ranged from 34cm – 59cm and were comprised of six females and four males. They were housed 

individually or in pairs within the enclosures (146cm x 54cm x 54cm) that included sand substrate, two 

hides, a water bowl and a feeding dish to minimize risk of ingesting sand during meals. A heat lamp was 

located at one end of the enclosure and produced a thermal gradient of 27°C - 45 °C. They were fed 

greens in the form of garden rocket once a day and were supplemented with live food (crickets) three 
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times a week. Th housing room was set to a 12hr light-dark cycle from 7am-7pm, that also controlled 

the UV lighting and heat lamp located within the enclosures.  

Arena and Apparatus:  

 Corn snakes:  

The snakes were tested within their home environments after all the hides and stimuli were 

removed, leaving only their aspen bedding. They were then given ten minutes to acclimate to the 

emptied enclosure prior to the first trial. All the individuals had undergone habituation of the cotton 

medium in the previous experiment (Chapter Two), regardless, to allow further habituation, the snakes 

were given three trials consisting of ten minutes each. These trials took place the day before the 

experiment began and entailed placing the cotton medium near the snake’s head.  

 

Tortoises and Bearded Dragons:  

These species were tested within an arena (90cm x 60cm x 30cm) (Fig. 1 & 3) that they were 

habituated to using a specific criterion, since in-vivarium experiments were not possible due to 

paired/group housing. The criterion consisted of consuming all provided food rewards within a ten-

minute duration, and three successful consecutive trials were required to proceed with odour 

habituation. Five bearded dragons failed to habituate with the presented food reward, thus live food 

was used in substitute with the same criterion to complete the study within the timeframe. The live 

food was used specifically used because these individuals remained static after placement in the arena, 

thus required more motivation. 
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 The arena had a grid (10cm x 10cm squares) layered in plastic taped to the bottom, to allow the 

researcher to monitor locomotion. Unlike for the snakes, the tortoises and bearded dragons required 

the use of odour apparatuses (4, one per scent) (Fig.2) to discourage them from eating the odour 

medium. The apparatus was made by using two petri dishes inverted into one another to produce a 

small cylindrical unit (circumference = 19cm, height= 1.5cm, diameter= 5.5cm), with a space in between 

to hold the odour medium, which was held together by a plastic band. The apparatuses were spray-

painted orange to minimize visual cues from impeding on odour recognition, after which a soldering iron 

was used to make holes on both sides of the apparatus to increase ventilation and encourage odour 

transfer. The habituation of the arena and apparatus occurred simultaneously to minimise trials 

conducted.   

 

Figure 1. The arena used for both the tortoises and bearded dragon trials. 
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Figure 2. The odour apparatus was made by using two petri dishes inverted into one another to produce 

a small cylindrical unit (circumference = 19cm, height= 1.5cm, diameter= 5.5cm) with a space in 

between.   

 

Figure 3. This is a snapshot of the arena with both the subject and odour apparatus in place.  
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Odour Preparation:  

Scents in the form of varied squash concentrate (apple- Robinsons brand, lemon- Robinsons 

brand, orange- Robinsons brand, summer fruits- Robinsons brand) and extracts (vanilla- Tesco brand, 

lemon- Tesco brand, salted caramel- Tesco brand, almond- Tesco brand), were used for the snakes and 

other two species respectively. One millilitre of the scent was equally distributed on the surface of a 

square piece of pleated cotton (10cm x 10cm), and then placed within airtight Ziplock bags separated by 

odour the night before use. Each individual was pseudo-randomly assigned three different scents prior 

to the initiation of experiments, one to act as a “familiar” scent and two to act as “novel” scents. The 

scents were distributed evenly among individuals of a given species to minimize odour specific effects.  

Experimental Procedure:  
 

Snakes:  

The presentation of odours were pseudo-randomly assigned to maintain equal distribution, and 

novel odours were used to compare to their responses to familiar odours.  All individuals participated in 

the 30-minute test after odour habituation trials with the familiar odour, and half the subjects 

participated in either the 24hrs or 48hrs tests to observe long-term memory retention.  

 The scented cotton was placed at the far-right side of the home enclosure to encourage 

investigation of the medium when the snake entered from the left. The snakes were handled for thirty 

seconds before they were placed back within the environment via sliding glass door, at which the trial 

duration of two minutes would begin with an inter-trial interval of thirty minutes per individual. Five 

odour habituation trials were conducted on the same day with the designated familiar odour for each 

individual, followed by the first discrimination test thirty minutes after the last habituation exposure 

(Fig.2). Discrimination tests were conducted by presenting either the familiar or novel odour first, and 
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then followed by the latter with the same methodology (Fig.4). A handheld camera was used to record 

tongue flicks throughout the trial. The trials were conducted from 10am-5pm within the snake housing 

room, and each scented cotton was disposed of after individual use.   

 

Figure 4. This outlines the general exposure process for all three species (corn snakes (n=13), red-footed 

tortoises (n=11) and bearded dragons (n=10)).  

Tortoises:  

Odour habituation for this species occurred the day after they habituated to the arena and 

apparatus, since we could not use home enclosures with presumed habituation to the environment. 

However, as we had done with the snakes, the tortoises were handled for thirty seconds before 

placement within the arena to encourage exploration of the arena and stimulus. The experimental 

procedure was conducted in the same manner as the snakes, except with the addition of a camera 

situated on a tripod to procure an overhead perspective. Since the snake trials were two minutes in 

 

H#- Refers to the habituation session with a pseudo-randomly chosen odour. 

S#- Refers to the type of odour used, with a total of 3 stimuli per individual.   

T#- Refers to the test session in which the original odour and a novel odour were 
simultaneously presented. After T1, half the subjects participated in each time 
point.  

Experimental Procedure 
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length, the same duration was used with the tortoises because they seemed to initiate movement quite 

rapidly after placement within the arena.  

The trials were conducted from 9am-6pm in a temperature-controlled room (24-27 °C), and 

prior to the initiation of each trial, the arena and apparatus were thoroughly sanitized with diluted Safe4 

solution (1:100) and cleaning cloths. The individuals were carried into the testing room via a plastic tub 

and placed upon the marker at one end of the arena (Fig.1). Each trial began when the researcher was 

seated with the handheld camera ready, approximately twenty seconds post placement. At the 

conclusion of the trial the individual was returned to the plastic tub, at which point the arena and 

apparatus were cleaned again via the same method, and the scented cotton was thrown away. The 

individual was then returned to its enclosure and swapped for the next. 

Bearded Dragons:  

Odour habituation for this species also occurred the day after they habituated to the arena and 

apparatus, since we could not use home enclosures with the assumption that they are habituated to the 

environment. However, due to an initial methodological error composed of forgetfulness on the 

researcher’s part, the bearded dragons were not handled during arena habituation. As a result, the 

handling portion was eliminated from the test procedure, unlike the snakes and tortoises. In hindsight, a 

study conducted by Stockley et al. (2019) suggested that the behaviour of bearded dragons may be 

unaffected by handling, thus this slight methodological difference may not have impacted our findings. 

The experimental set-up was kept consistent with the tortoises with the addition of a camera situated 

on a tripod to procure an overhead perspective.  

The bearded dragons were split into two groups, those that had habituated to the arena by 

standard means, and those that habituated via live food. The bearded dragons that habituated by the 
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standard means had trial durations that lasted two minutes, but were given a two minute buffer period 

to initiate movement before the trial’s duration began. If the individual did not initiate movement then 

the trial was considered unsuccessful and conducted later, with eight attempts in total, after which only 

one bearded dragon met the odour habituation criteria of five successful trials. However, all the 

bearded dragons were progressed into the test trials regardless of meeting the criterion. The bearded 

dragons that habituated by live food, were given just the two-minute duration with no delay, as 

conducted in the snake and tortoise trials. The delay period was removed partway through because of a 

time constraint at the end of the experiment, but kept consistent with specific individuals. 

The trials were conducted from 9am-6pm in a temperature-controlled room (24-27 °C), and 

prior to the initiation of each trial, the arena and apparatus were thoroughly sanitized with diluted Safe4 

solution (1:100) and cleaning cloths. The individuals were carried into the testing room via a plastic tub 

and placed upon the marker at one end of the arena (Fig.3). Each trial began when the researcher was 

seated with the handheld camera ready, approximately twenty seconds post placement. At the 

conclusion of the trial the individual was returned to the plastic tub, at which point the arena and 

apparatus were cleaned again via the same method, and the scented cotton was thrown away. The 

individual was then returned to its enclosure and swapped for the next. 

Behavioural observations:  

Snakes:  

Since chemoreception is key for this experiment, we opted to settle for tongue flick rate as a 

better predictor of odour recognition (Gillingham & Clark, 1981; Burger, 1989), than the observation of 

the entire organism. Observations were recorded using BORIS software.    
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Tortoises and Bearded Dragons: 

For both species we recorded locomotion, latency to initiate locomotion, interactions with the 

arena/apparatus (biting, touching), and recorded the duration of time spent within a 400cm zone 

around the apparatus. Tortoise specific behaviour was also attempted to provide an accurate 

representation of memory retention via neck extension length (Moszuti et al., 2017) and deglutition 

(Owen, 1866). Deglutition refers to the neck inflation behaviour that tortoises display quite often which 

may be a habitual behaviour that is presented at a constant rate regardless of situation (Owen, 1866). 

For the bearded dragons we included tongue flicks and head bobbing (Brattstrom, 1974; Moszuti et al., 

2017), and these were observed for both species to include more species-specific behavioural variables, 

which were analyzed using BORIS software.    

 

Statistical Analysis:  

Snakes: 

Paired samples t-tests were conducted to compare the first and last odour habituations to 

efficiently observe any differences within the behaviours displayed (Begun et al., 1988). Paired samples 

t-tests were also used for the discrimination tests after normal distribution was verified via Shapiro-

Wilks tests, confirming that the data met the assumptions of parametric testing. All the statistical testing 

was conducted using SPSS (IBM SPSS Statistics 23).  

Tortoises and Bearded Dragons:  

Paired samples t-tests were conducted to analyze the neck extension length and throat inflation 

response of the tortoises, between the odour habituations and discrimination tests. This was conducted 
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after normal distribution was verified using a Shapiro-Wilks test, confirming that the data met the 

assumptions for parametric testing. Bearded dragons did not elicit enough behaviours to allow for any 

subsequent statistical analysis because a majority of trial durations were spent being stationary.    

 

Results:  
Snakes:  

The snakes displayed a close to significant decrease in tongue flick rate (tongue flicks/second) in 

their final odour habituation trial (M= 1.086 ±0.079) compared to their first (M= 1.298 ±0.085, t(12)= 

2.169, p= 0.051) (see fig.4). At the first discrimination test conducted at the 30 minute mark, they 

displayed a close to significant increase in tongue flick rate when exposed to a novel odour (M= 1.145 

±0.0684) compared to the familiar (M=1.031 ±0.0796, t(12)= -2.151, p= 0.053) (see fig.5.1). However, 

there was no change in tongue flick rate observed at the 24-hour (Mfamiliar= 1.082 ±0.067, Mnovel= 1.145 

±0.097, t(6)= -0.797, p= 0.456) and 48-hour mark (Mfamiliar= 1.150 ±0.176, Mnovel= 1.238 ±0.143, t(5)= -

0.557, p= 0.602) (see fig.5.2).  
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Figure 4.The corn snakes (n=13) displayed a close to significant decrease in tongue flick rate (tongue 

flicks/second)  in their last odour habituation trial (MLast= 1.086 ±0.079) compared to their first (MFirst= 

1.298 ±0.085, t(12)= 2.169, p= 0.051).Each trial consisted of 2 minutes.   

 

 

Figure 5.1. The corn snakes (n=13) showed a close to significant increase in tongue flick rate after 30 

minutes when exposed to a novel odour (MNovel= 1.146 ±0.068) compared to the familiar (MFamiliar=1.030 

±0.0796, t(12)= -2.151, p= 0.053 ).Each trial consisted of 2 minutes.  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

H1 H2 H3 H4 H5

To
n

gu
e

 F
lic

k 
R

at
e

 (
TF

/s
e

co
n

d
) 

Odour Habituation Trial 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Familiar Novel

To
n

gu
e

 F
lic

k 
R

at
e

 (
TF

/s
e

co
n

d
) 



 
65 

 

Figure 5.2. The corn snakes showed similar tongue flick rates for the familiar and novel odours both at 

the 24hr (n=7) and 48hr (n=6) time points. Each trial consisted of 2 minutes.  

Tortoises:  

One tortoise did not meet the arena habituation criteria, which consisted of consuming all the 

provided food rewards within a ten-minute duration on three consecutive trials, and thus was excluded 

from the rest of the study. The remaining tortoises (n=11) showed no significant difference in the 

number of throat inflations (deglutition), between the first (MFirst=113.455 ±8.732) and last odour 

habituations (MLast=118.182 ±11.013, t(10)= -0.624, p=0.546) (see fig.6). However, the tortoises did show 

a significant increase in the extension of their necks from the first odour habituation (MFirst= 4.840 

±0.106) compared to their last (Mlast= 5.259 ±0.1022, t(10)= -2.800, p= 0.019) (see fig.7).  

This behavioural change was not visible at the thirty minute (Mfamiliar= 5.838 ±0.165, Mnovel=5.870 

±0.193, t(10)= 0.141, p= 0.891) or 48-hour mark (Mfamiliar= 5.946 ±0.229, Mnovel=5.979 ±0.207, t(5)= -

0.077, p= 0.0942) (Fig. 9) yet at the 24-hour mark they did show a significant reduction in extension 

length in novel odour exposures (M= 5.173 ±0.224) compared to familiar odours (M= 6.076 ±0.269, t(4)= 

6.632, p= 0.003) (Fig.8).  
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Figure 6. The red-footed tortoises (n=11) showed no significant difference in the number of throat 

inflations (deglutition), between the first (OH1 - MFirst=113.455 ±8.732) and last odour habituations (OH5 

- MLast=118.182 ±11.013, t(10)= -0.624, p=0.546). 

 

Figure 7. The red-footed tortoises (n=11) showed a significant increase in the extension of their necks 

from the first odour habituation (OH1 - MFirst= 4.840 ±0.106) compared to their last (OH5 - Mlast= 5.259 

±0.1022, t(10)= -2.800, p= 0.019). 
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Figure 8. The red-footed tortoises (n=5) showed a significant reduction in neck extension length after 24-

hours in novel odour exposures (MNovel= 5.173 ±0.224) compared to familiar odours (MFamiliar= 6.076 

±0.269, t(4)= 6.632, p= 0.003). 

 

 

Figure 9. The red –footed tortoises showed no significant changes in neck extension length after 30 

minutes (n=11) or at the 48 hours (n=6) test.  

0

1

2

3

4

5

6

7

Familiar Novel

A
ve

ra
ge

 N
ec

k 
Ex

te
n

si
o

n
 (

cm
) 

5.4

5.5

5.6

5.7

5.8

5.9

6

6.1

6.2

6.3

Familiar Novel Familiar Novel

30min 48hrs

A
ve

ra
ge

 N
ec

k 
Ex

te
n

si
o

n
 (

cm
) 

* 



 
68 

Bearded Dragons:  

The bearded dragons did not elicit enough behaviours to run a statistical analysis since they only 

displayed inactivity for a majority of the trials, and in the few that movement was initiated, only a single 

spurt of locomotion was visible.   

Summary of Evidence 
 

Species Habitation 1-5 30min test 24hrs test  48hrs test  

Snakes (A) (A) X X 

Tortoises   X   X 

Bearded Dragons N/A N/A N/A N/A 

 

 

Discussion:  
Based on the results our hypotheses and assumptions seem to be correct in certain aspects and 

not in others. The snakes revealed they could remember odours consistently with repeated exposures, 

as well as retain the scent for a short time period without undergoing sensory fatigue. The tortoises on 

the other hand demonstrated they were also able to remember the odour with repeated exposures, but 

were able to retain the scent long term at 24hrs. This was the case even though they were unable to 

differentiate between the scents at the 30-minute test or 48hr-mark. Lastly, the bearded dragons 

showed minimal behaviours within the trial duration thus no definitive statements could be made.  

Snakes:  
The corn snakes were able to remember less biologically relevant odorous cues within a short 

time frame after repeated exposure, but unable to do so at longer durations such as 24hrs and 48hrs. 

 - significant (p-value <0.05), (A) – Mildly significant trend (p-value = 0.05-0.06), X – 

Nonsignificant (p-value > 0.06), N/A – Did not complete the test 
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The individuals were exposed for only ten minutes, accrued over a 2.5-hour period via five trials, and 

they displayed a significant decrease in tongue flick rate showcasing habituation to the odour. 

Numerous studies have cited that increased tongue flick rates are related to the level of interest, such as 

higher rates when exposed to prey (Cooper, 1990), sexual odours (Cooper & Vitt, 1986), predators 

(Cooper, 1990;  Burger, 1989) and non-kin (Pernetta et al., 2009). Thus, the significant reduction in 

tongue flick rate throughout the odour habituation process is likely to show recognition of the odour, as 

the interest in the stimuli is decreased in relation to the decreasing novelty. This similar reaction was 

found in the plains garter snakes (Thamnophis radix) that decreased tongue flick rate to approximately 

zero after sustained exposure to an open arena (Chiszar et al., 1976). Learning via habituation could be 

falsely depicted by fatigue (Thompson & Spencer, 1966; Rankin et al., 2009), since participation in 

repeated trials could reduce tongue flick rate as a product of tiredness. 

 However, this potential explanation of our observed decline in behaviour was ruled out, when 

the snakes showed a strong response to the novel odour in the discrimination test conducted after 

habituation trials. In this test they demonstrated their ability to correctly discriminate between the 

odours based on familiarity after a 30-minute duration. This highlights the importance of introducing a 

novel stimulus in recognition tasks of this kind (Burman & Mendl, 1999), because it allows us to observe 

whether sensory fatigue is being mistaken for habituation (Thompson & Spencer, 1966; Rankin et al., 

2009). This was similarly seen in the garter snakes as well, that increased tongue flick rate when novel 

objects were introduced to the once empty arena (Chiszar et al., 1976), and seen in adult rats (Rattus 

norvegicus) when they altered investigative habits of juvenile mice when a novel environmental context 

was implemented (Burman & Mendl, 1999).    

Based on our findings corn snakes are capable of short-term memory retention with short 

durational exposures, but these exposures are not enough to elicit recognition at a longer timeframe. 

Tongue flick rates were similar for both types of odours at the 24-hour and 48-hour mark, implying 



 
70 

similar levels of interest, and a failure to recognize the familiarized odour. A possible explanation could 

be the fact that the scent types we used were innately less relevant, thus the retention of the scent long 

term would serve less significance than those that are naturalistic (Burger, 1989; Pernetta et al., 2009). 

This is evident in numerous studies that have shown odour discrimination via reptilian models, and do 

so without habituation by using socially derived scents (lizard-Cooper & Vitt, 1986; lizard-Cooper, 1990; 

snake-Burger, 1989; snake-Pernetta et al., 2009), that serve an assumed increased biological relevance 

to the model. This was displayed by the retention of odours in juvenile reptiles (Burger, 1989; Pernetta 

et al., 2009) that had no prior exposure with the scent cue, and displayed by adult reptiles that were 

able to differentiate conspecifics even after extended periods of isolated housing (Cooper & Vitt, 1986).  

Recognizing the scents of predators and possible sexual partners would increase survival rate 

(Downes, 2002) and gene transfer via accurate avoidance behaviour, and identification of viable 

conspecifics respectively (Cooper & Vitt, 1986). Thus, higher levels of interest are shown when scents fit 

these categories, even if the models are neonates with no prior exposure (Pernetta et al., 2009). 

Neonate smooth snakes (Coronella austriaca) displayed kin discrimination with a higher tongue flick rate 

directed towards non-sibling conspecifics, which may be a product of cannibalistic tendencies during 

times of food deprivation (Pernetta et al., 2009). However, this trend was not observed pre-shedding 

when food availability was not a driving issue, since pre-shedding snakes are prone to aggregation, 

prioritizing water retention over feeding. This change in response to the same scent cue after a 

physiological event, shows how critical the relevance of the scent type is to the recognition process, as 

well as the influence of the motivational state of the observed organism. This is because an animal that 

is satiated or not hungry, is less likely to respond in a manner that correlates with recognition because 

there is less motivation to explore the stimulus (Chiszar et al., 1981).  

Begun et al. (1988) had shown that this could be circumvented by a reward paradigm, 

conditioning garter snakes (Thamnophis radix and T. sirtalis sirtalis) to lemon and amyl acetate scents.  
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They had shown that the snakes quickly learned to choose a chamber regardless of scent, within an 

albeit twenty trials, and learned to choose the designated scent by the conclusion of the hundredth trial. 

The performance of the snakes increased from 40% to 75% by the end of the exposure period, and they 

had gotten significantly better at choosing the correct scent compartment when comparing the first ten 

trials to the last ten. However, we found that even without a reward stimulus, the snakes learned the 

scent quite quickly. Thus, the fact that our findings hint that corn snakes can recognize less socially 

salient cues within a short timeframe of 30 minutes, especially without a reward stimulus, indicate that 

the breadth of their odour recognition and memory processes may be far more diverse than first 

assumed. But this should be taken with some caution given that the snakes were unable to distinguish 

between the scents at the later tests (24hrs & 48hrs). 

Tortoises:  

Based on the findings, tortoises seem to be similarly responsive to the stimuli compared to the 

snakes when observing certain behaviours.  Within the large collection of behaviours most showed a 

lack of change between treatments, for example in terms of locomotion, they showed very little 

movement within the duration of the trial with prolonged periods of inactivity. As a result, most of the 

individuals never entered the target area (400cm2) housing the odour apparatus, which may have not 

been required as observed through neck extension length (Moszuti et al., 2017). This behaviour 

indicated that the tortoises were undergoing a process similar to the snakes. The tortoises showed a 

significant increase in extension length throughout the habituation trials, and a significant reduction in 

length when exposed to a novel odour at the 24-hour mark. Moszuti et al. (2017) found similar trends 

when exposing red-footed tortoises (Chelonoidis carbonaria) to familiar and novel arenas, and found 

that sustained presence in novel arenas increased neck extension with increasing familiarity. Therefore, 

the behaviour appears to be quite strongly related to the exposure of novelty.  
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Our findings imply that the tortoises were able to recognize the odour 24-hours later, but may 

have been subjected to stimulus generalization (Rankin et al., 2009) during the 30-minute test and 

unable to remember the familiar scent after 48-hours. Stimulus generalization is when an organism 

habituates to the stimulus type, and thus novel stimuli elicit the same response as the familiar stimulus 

if it is innocuous in nature (Rankin et al., 2009). Since the odours used were relatively the same type of 

scents, and the tortoises had undergone a total of seven trials by the completion of the 30-minute test, 

it is plausible that they habituated to the action of receiving the stimulus. This is further supported by 

the fact that they discriminated between the novel and familiar odours correctly after 24-hours, in a 

manner that is consistent with the findings from habituation and Moszuti et al. (2017). However, the 

fact that this was not observed in snakes may be a result of species-specific behavioural traits 

(Gillingham & Clark, 1981), that are discussed later in the comparative aspect.  

In terms of testudines, the handful of studies conducted on tortoise cognition have repeatedly 

stated that odour cues are not a significant factor in cognitive tasks like mazes (Wilkinson et al., 2007; 

Janisch, 2013). They tend to rely on visual cues, supported by the fact that they were unable to locate 

food rewards when hidden from view but still present. Davis and Burghardt (2012) reported similar 

findings with Florida Red-Bellied Cooters that had shown evidence of using visual cues in a cognitive 

task, with no impact from scents. However, like the snakes, there is evidence that some turtle species 

can recognize socially derived cues (Polo-Cavia et al., 2009). Polo-Cavia et al. (2009) found that 

Mauremys leprosa displayed avoidance behaviour when presented with odour cues from another turtle 

species, while Trachemys scripta did not. However, T. scripta did show odour discrimination during the 

mating season by avoiding conspecific scented waters. Aggressive behaviour is quite common at this 

time among conspecifics, thus they seek out areas where that scent is minimal (Polo-Cavia et al., 2009). 

Our findings are the first to show that tortoises can discriminate and remember cues that are less 

biologically relevant, as well as retain it for a 24-hour period.  
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Furthermore, it seems that the processing of odorous cues may be conducted in a similar 

manner to visual cues. This is because the Red Bellied Cooters benefitted from longer break periods 

between testing (Davis & Burghardt, 2012), which the tortoises displayed when they underwent 

stimulus generalization. Therefore, testudines in general, may process information on a longer timescale 

relative to snakes by putting emphasis on retainment over a longer time period, as seen by the correct 

discrimination at the 24-hours mark, as well as the findings by Davis & Burghardt (2012). However, the 

fact that tortoises were unable to discriminate at 48-hours seems to imply that their long-term retention 

of odours has limitations, and additional investigation is needed to clarify these.   

Bearded Dragons:  

The bearded dragons displayed a lack of behaviours, for example species-specific observations 

like biting, head-bobbing, and tongue flicks were not displayed enough to analyze. Nonetheless lizards 

are known to be quite adept at odour discrimination when socially derived cues are implemented 

(Cooper & Vitt, 1986; Cooper, 1990; Stapley, 2003). The extent of their discrimination is displayed in 

mountain log skinks (Pseudemoia entrecasteauxii), that prioritized escape responses in the presence of 

multiple predators and non-predators (Stapley, 2003). Therefore, it is possible that bearded dragons are 

unable to recognize less socially relevant cues, like the ones utilized within our study, and would have 

fared better if conspecific or food scents were used. However, another possibility is that our 

methodological approach was not suitable for the bearded dragons, which is an aspect discussed later in 

the comparative aspect section.  

Comparative Aspect:  

From a comparative aspect our findings suggest that snakes are better at investigating artificial 

scents, while tortoises are better retaining them, and bearded dragons incapable of it, at least when 
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using the methodological approach taken in this study. The experiment was initially designed with the 

snakes in mind; hence the usage of in-vivarium testing to minimize stress and ensure habituation to the 

environment (Pernetta et al., 2009). The duration of two minutes was chosen after observing the snakes 

in their vivariums, and ensuring full exploration of the space was possible within the time frame. The 

design was streamlined to only observe one behavioural variable, tongue flick rate, and proved to be a 

critical insight into snake cognition as shown by other studies (Burger, 1989; Pernetta et al., 2009). The 

factors that worked to the snake’s advantage may have been an issue for the other species that we 

observed.  

Trial Duration 

Other studies that utilize tortoises and bearded dragons routinely provide longer durations than 

two minutes (Janisch, 2013; Moszuti et al., 2017; Siviter et al., 2019), as well as use a buffer period in 

which trial duration initiates at first movement rather than placement. This mitigates for temporarily 

inactive behaviour when first placed into the arena and minimizes false representation. In turn this 

would provide a longer duration to explore the odour apparatus. In our study a majority of the 

individuals never entered the target zone, but tortoises were far more responsive and quicker to move 

compared to the bearded dragons. The bearded dragons repeatedly remained motionless throughout 

the trial’s duration, and the individuals with buffer periods were the only ones to initiate in locomotion 

consistently. This coupled with the fact that the trial’s duration was the same as the buffer period 

highlights that a two-minute duration is not suitable for bearded dragons, and not suitable for tortoises 

given the arena’s size in comparison to the individual.  

This is displayed by Moszuti et al. (2017) that had used durations of ten minutes per trial for 

both the bearded dragons and tortoises, with an arena that is similar in size to the one we implemented. 

They had found that tortoises showed significant differences in latencies to move and neck extension 
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length, while bearded dragons displayed differences in tongue touches to the environment, when 

exposing them to different environments based on familiarity. However, in their study, the latency for 

locomotion for both species is relatively high when compared to our trial duration of two minutes 

(Moszuti et al., 2017). The tortoises were quicker to move especially in a familiar arena, but when placed 

in a novel environment there was an average approximate latency of 60 seconds (Moszuti et al., 2017). 

The bearded dragons on the other hand had approximately 150 seconds within a familiar environment 

before movement was initiated, and this duration was only prolonged in the novel environment 

(Moszuti et al., 2017). These latencies highlight the fact that two minutes is not an adequate timeframe 

in which to observe these reptilian species. Hence, if the trial duration was increased it would have 

provided both species with a bigger window in which to acclimate, and explore the odour accurately, 

showing the extent of their discrimination and retention capabilities.  

In-vivarium testing:  

Conducting in-vivarium testing as done with the snakes was also impossible given the pair/group 

housing for individuals in both species, thus had to be situated in an arena. All the individuals that were 

included in statistical analysis had met the criteria for arena habituation. However, comparatively 

speaking, the snakes spent three months within their enclosures prior to the initiation of our 

experiment, while the other two species only entered the arenas during studies. Even with the criteria 

met for arena habituation, it is plausible to assume the snakes may have undergone a form of sensory 

adaption to their enclosures. Sensory adaption is the process of adjusting sensory systems such as 

chemoreception or vision to filter out unneeded stimuli, thus highlighting novelty or enhancing 

discrimination (Webster, 2012). This may also explain why the snakes did not undergo stimulus 

generalization, since by coding out unimportant stimuli more attention could be dedicated towards 

odour discrimination. The tortoises may have had the opposite occur with sensory habituation 



 
76 

(Webster, 2012), resultant of multiple trials with constant handling and odour exposures within a short 

time frame, making the first discrimination of odours a difficult task.   

This is similarly seen in the behaviour of lambs that were conditioned and exposed to different 

foods, with some containing toxins, after which were moved to either a familiar or novel environment 

(Burritt & Provenza, 1997). The lambs were found to readily ingest the familiar food that was toxin 

infused within a novel environment, while preferring to explore and ingest novel food that was safe 

within a familiar environment. This shows that familiarity with the surrounding environment alters the 

investigative approach of animals, with novel environments encouraging wariness while familiar ones 

encourage exploration. This is especially shown when the lambs prefer to eat the familiar food that they 

know is harmful within a new environment, rather than risk consuming a novel food item (Burritt & 

Provenza, 1997). Therefore, the snakes may have had an upper hand in discriminating and retaining the 

odours because of their increased comfort with the setting of the task.   

Ethological characteristics:  

Lastly from an ethological perspective the snakes may have also benefitted by our usage of 

chemoreception as the test method for memory retention. As stated previously the tortoises were 

shown to rely heavily on visual cues (Wilkinson et al., 2007; Janisch, 2013; Wilkinson et al., 2013), and 

incidentally the bearded dragons also rely on visual cues for foraging and hunting (Frohnwieser et al., 

2017). Furthermore, bearded dragons have shown evidence of specialized vision via lateralized eye use, 

in which a designated eye transfers information more efficiently than the other based on the stimuli 

perceived (Frohnwieser et al., 2017). This heavy reliance on visual cues may undercut the need for 

heightened olfactory senses within these species. Snakes on the other hand apply chemoreception in 

substitute for sight, using the tongue in tandem with the Jacobson’s organ in hunting, mating and 

defensive manoeuvres (Gillingham & Clark, 1981). Like the flexing of a muscle increases strength, the 
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increased reliance and implementation of chemoreception would undoubtedly make the process more 

efficient when faced with an odour-based task, reducing the chance for stimulus generalization.   

Future Directions:  
To gain a better understanding, specifically in relation to reptilian odour retention, future 

studies should focus on using a gradient of habituation trials and trial durations, to identify the best 

method for individual reptile species. Future studies should also attempt to distance themselves from 

standardized base assessments, and create experimental designs explicitly for the organisms in 

question. Furthermore, observing a large number of behavioural variables is taxing, and in many cases, 

redundant. Furthermore, the possibility of losing significant findings and correlations within cluttered 

data increases. This is not to say that comparative studies are unimportant, but when doing comparative 

studies, we should strive to incorporate portions of testing that are key to the organism to truly 

understand the extent of their capabilities. In the same way that the snake methodology was fashioned 

for the tortoises and bearded dragons, mammalian and avian methodology is fitted for reptiles 

constantly with the assumption that one size fits all.    

Implications of Study:  
Reptiles are capable of naturally recognizing and retaining the memory of less biologically 

relevant odour cues for as long as up to 24-hours. This means that the cognitive processes involved in 

odour retention and recognition are not pre-set, or genetically inscribed to only remember specific 

scents. Furthermore, the passive exposure of the scent through an innocuous odour medium provides 

the organism with the option of exploration, showing investigative habits of novelty similar to mammals 

(Leger et al., 2014) and birds (Jones & Waddington, 1992). We also found that spontaneous behaviour is 

a critical avenue for cognitive observations in corn snakes and red-footed tortoises (Chiszar et al., 1976; 

Moszuti et al., 2017), and urge future studies to use this type of an approach if faced with a time 
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constraint. Also, when considering time, it is better to provide the reptiles with a longer trial duration, to 

let them acclimate to the test setting and accurately observe their cognitive function.  

 
Conclusion:  

The findings of this study showcase that reptilian cognition is far more flexible and plastic than 

first assumed. Until this study, only biologically relevant cues such as conspecific scents were used in 

passive exposures, while Pavlovian responses were used to elicit discrimination between less relevant 

scents, such as those of artificial nature. Therefore, we have successfully displayed that reptiles are 

capable of this level of discrimination without a reward incentive, highlighting their tendency for 

investigation and their flexibility in odour recognition, comparable to mammalian and avian species.   
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General Summary of Findings, 

Future Directions & Implications: 
 

The findings from both studies highlight that snake cognition in particular, is far more plastic and 

diverse than first assumed. Portions of this study are the first to report findings such as the ability to 

discriminate between human odours by snakes, and the recognition of less biologically relevant odour 

cues by more than one reptile species. We also found that environmental enrichment evidently has 

impacts on snake cognition and behaviour, therefore a wide range of cognitive assessments should be 

used when observing this aspect to accurately notice behavioural changes.  

Study 1 
This study focussed on the effects of environmental enrichment on snake cognition. The results 

showed that when corn snakes spent a month in an enriched environment their behavioural and 

cognitive function was affected to a degree. We found that the type of enrichment we chose impacted 

how they performed in certain cognitive tasks, while showing a lack of change between treatments for 

others. For example, behaviours used in the exploration of space such as locomotion and climbing did 

not change significantly between treatments, while those involved in odour and object discrimination 

did. The enriched snakes proved they were able to remember objects over long time periods, and 

recognize the scents of their handlers in comparison with matched strangers. Animals with this level of 

cognitive function require stimulation and careful husbandry to maintain healthy individuals (Warwick et 

al., 2013), similar to mammalian (Leger et al., 2014) and avian (Meehan & Mench, 2002) standards.  
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Study 2 
Given that a snake’s cognitive performance was flexible and the fact that memory retention in 

reptiles was a severely lacking topic, in chapter three we explored the depth of their memory and odour 

recognition processes with the inclusion of red-footed tortoises and bearded dragons for comparison.  

In this study the tortoises discriminated between the less biologically relevant odour cues and 

retained it for a 24-hour period, while the snakes showed mild significance in discrimination at the half-

hour mark. The bearded dragons on the other hand showed minimal behaviours with a majority of the 

trials absent of movement, which unfortunately was a consequence of our short trial duration. The 

initial project was designed and streamlined with the snakes as the observational model, hence certain 

aspects of the methodology, while beneficial in observing snakes may not hold true for the other 

species. As a result, to accurately determine the cognitive limits of reptiles, proper methodology specific 

to the subjects is encouraged.  

Future Directions:  
Mammals and birds both show high levels of cognitive flexibility when exposed to a short 

duration of environmental enrichment, with observable changes in discrimination and exploration tasks 

(Leger et al., 2014; Jones & Waddington, 1992). However, in the first study we found that the snakes 

displayed similar changes, but the degree of the behavioural change was not as evident in all tasks.  

Thus, for future directions we encourage additional investigation into the specifics of 

environmental enrichment, and their influences on reptilian cognition and behaviour. Also, since 

enrichment stimuli for reptiles are still quite ambiguous, it is possible that they are capable of that level 

of behavioural change when proper enrichment stimuli are implemented. We recommend taking an 

approach similar to Bashaw et al. (2016), in which they used different types of enrichment such as 

feeding and thermal within leopard gecko enclosures, and then observed isolated and tandem effects. 
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This would allow us to gauge the specific enrichment’s influences, as well as identify whether certain 

enrichment is more beneficial for the organism when implemented in combination or in isolation. We 

also highly recommend studies include the observations of bodily fluids such as saliva as well as stress-

related hormones to understand the full effects of the enrichment, that may not present itself as a 

behavioural change.   

In addition to these, based on the second study we recommend identifying the optimal number 

of trials and duration for specific reptile species prior to testing. We found that the snakes and tortoises 

benefitted from a short trial duration, while the bearded dragons did not, which in no way means that 

the bearded dragons are less capable of the task. Therefore, future studies may benefit from using a 

gradient of trial durations and number of trials, to properly assess the species in question to avoid 

misrepresentation.  

In terms of odour recognition processes, it seems that both snakes and tortoises can recognize a 

scent cue that is not naturally present. The next step may be to see whether this recognition of a novel 

scent could be associated with awareness, for a survival benefit. Fish have displayed they can learn to 

associate non-predator animal scents as predators when conditioned with aversive stimuli, in the form 

of a chemical or visual cue (Darwish et al., 2005). This means they can alter their previously instilled 

reactions to specific cues, but this reaction did not cause stimulus generalization when they were 

exposed to a novel predator (Darwish et al., 2005). If snakes and tortoises can associate a novel scent 

with a certain connotation in a short time frame, it would show that their ability of recognizing less 

biologically relevant scents has a purpose within their natural environment. A hint of this was observed 

when the garter snakes were able to learn an artificial scent cue with a reward stimulus, however that 

took a hundred trials to instill (Begun et al., 1988). Future studies may want to investigate whether this 

could be replicated and quickened if novel scents were associated with predators, showing that their 

plasticity in odour recognition is a survival aspect with relevance to ethological situations.           
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Wider Implications: 
Pet Welfare: 

Our study highlights the fact that reptiles require welfare requirements that are similar to those 

of mammals and birds. Currently the husbandry practice concerning reptiles is minimal, and thus most 

individuals are kept in environments that are absent of cognitive stimulation (Warwick, 1990; Warwick 

et al., 2013). We had previously mentioned that mice show a variety of changes as a result of proper 

enriched enclosures, with individuals showing delayed onset of diseases (Dellen et al., 2000) and 

reduced stress behaviours (Leger et al., 2014). Therefore, by implementing the same standard with 

reptile specific enrichment, we could potentially increase the lifespan and health of individuals 

drastically.  

Another implication of our research stems from the fact that snakes were able to recognize 

handlers against matched strangers, which means pet snakes can more than likely recognize their 

owners if there is consistent contact. This further implores the need to include environmental 

enrichment within reptile enclosures, because only the enriched snakes were capable of this task. 

Therefore, if pet owners are looking for a better connection with their reptiles, enrichment may play a 

critical role in instilling that bond.     

Snake Venom Production:  
Given that reptiles, especially snakes, could complete multiple cognitive tests, shows that 

cognitive flexibility is evident, thus stressful conditions could be far more harmful in relation to health 

and bodily function (Dellen et al., 2000; Sigholt et al., 1997). At first glance it may seem like a snake’s 

health has little to offer in terms of human benefit, but the medical sector has been relying on snake 

venom for decades (Chippaux & Goyffon, 1991; Koh et al., 2006). Not only is snake venom used in the 
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production of anti-venom, but components are isolated and used in combination with other drugs to 

make new medications (Koh et al., 2006).  

However, the method in which we harvest venom is an extremely stressful event which entails 

holding snakes firmly in place, and then forcing them to bite onto a rubber film, consequentially 

injecting venom into a container. Normally a four-week period is given in between venom milking 

sessions per individual, which was found to be the optimal duration for an average venom yield 

(Chippaux & Goyffon, 1991). After venom extraction the snakes are returned to their enclosures which 

take the form of medium sized tubs devoid of a light source or cognitive stimulation. The fact that snake 

venom in its own regard is influenced by a wide variety of variables such as geographic region, age, and 

stress (Latifi, 1984; Cipriani et al., 2017), further highlights the need to investigate the effects of 

environmental enrichment on snake venom composition.   

It is quite possible that venom milking facilities are harvesting sub-par venom that lack either in 

quantity or quality, compared to venom production by individuals in a cognitively stimulating 

environment. As seen in mammals (Ferguson & Warner, 2008), birds (Debut et al., 2006) and fish 

(Sigholt et al., 1997), the effects of stress can have significant impacts on bodily function and chemical 

composition, with the magnitude of the issue based on duration and severity. The snakes in these 

facilities undergo stressful conditions constantly, therefore with the simple addition of naturalistic 

stimuli and space, the quality of venom could be greatly enhanced. If this is true, it could potentially 

reduce production costs of anti-venom as well as the isolated components, making the products more 

affordable for those that need them, with an emphasis on developing countries (Theakston & Warrell, 

2000).        

 



 
84 

Conclusion:  
With the increasing number of studies on reptilian cognition it is becoming abundantly clear that 

reptiles are more capable at cognitive tasks than previously assumed, with some slight resemblances to 

mammals and birds when provided with the proper stimuli within the proper context. Like them, they 

are capable of relatively complex tasks which are affected by housing conditions, and therefore require 

a higher standard of living that includes cognitive stimulation. This is critical given the rising popularity of 

reptile species within the pet trade, therefore increasing the need for awareness at a larger scale. 

Furthermore, the implementation of better welfare practices with reptiles would more than likely result 

in healthier individuals, thus benefitting the institutions and humans that rely on them.   
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