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Abstract: Enrichment has become a key aspect of captive husbandry practices as a means of improv-
ing animal welfare by increasing environmental stimuli. However, the enrichment methods that are
most effective varies both between and within species, and thus evaluation underpins successful
enrichment programs. Enrichment methods are typically based upon previously reported successes
and those primarily with mammals, with one of the main goals of enrichment research being to
facilitate predictions about which methods may be most effective for a particular species. Yet, despite
growing evidence that enrichment is beneficial for reptiles, there is limited research on enrichment for
Varanidae, a group of lizards known as monitor lizards. As a result, it can be difficult for keepers to
implement effective enrichment programs as time is a large limiting factor. In order for appropriate
and novel enrichment methods to be created, it is necessary to understand a species’ natural ecology,
abilities, and how they perceive the world around them. This is more difficult for non-mammalian
species as the human-centered lens can be a hinderance, and thus reptile enrichment research is slow
and lagging behind that of higher vertebrates. This review discusses the physiological, cognitive, and
behavioral abilities of Varanidae to suggest enrichment methods that may be most effective.
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1. Introduction

Over the course of the last century, zoos have been transformed from menageries to
institutions rooted in science. Long considered the father of zoo biology, Hediger first
recognized the inadequacies of the zoo environment in 1950 and emphasized the need
to promote the well-being of captive animals [1]. This can be achieved by providing
captive animals with opportunities that allow them to display their behavioral capabilities,
which was the goal of Markowitz, one that he termed ‘behavioral engineering’ in the
1970s [2]. Originally based on Skinner’s theory of operant conditioning, it has developed
to become what we know today as ‘environmental enrichment’ [3]. Now, over 40 years
later, environmental enrichment has become standard practice in the management of
captive animals [4]. The focus in enrichment research has moved from the need to provide
enhancements in husbandry to how they can be rigorously assessed in order to monitor
and improve welfare [5]. Despite the attention this field of zoo science has received, there
is still the general opinion that enrichment is a supplementary aspect of care and not
integral to the daily husbandry [5,6]. By definition, environmental enrichment is a principle
of husbandry that aims to provide stimuli to improve animal care and thus mental and
physical wellbeing [7]. Even by this definition it is regarded as extra to standard animal
care. What can be agreed upon is that enrichment can be classified into five categories:
social, physical, nutritional, occupational, and sensory [8]. Enrichment programs should
aim to provide captive animals with enrichment methods from each category, rather than
just one [9,10], to improve animal welfare [3] and promote the natural phenotype of their
wild counterparts [11]. This is achieved by meeting goals such as increasing activity levels,
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natural/species-specific behaviors, choice and control, and behavioral diversity [12], as well
as reducing the prevalence, or onset, of stereotypic or abnormal behaviors [13]. As has been
consistently demonstrated, the extent of zoo research markedly varies across taxa [14,15],
and this pattern holds constant for enrichment. A Web of Science search yielded over
1053 and 1256 publications with the terms ‘enrichment mammals’ and ‘enrichment birds’,
respectively, and yet provided only 143 results for ‘enrichment reptiles’. Thus, despite
enrichment now being one of the key concepts in captive animal management [16], there
are still knowledge gaps, and the lack of progress within non-avian reptiles (reptiles from
this point forth) is striking [17]. A growing body of evidence suggests that one group of
reptiles, the varanids, have high cognitive abilities and as such understanding how to
meet the motivational needs of such a group of species is imperative to improving welfare
standards in their care.

2. Reptile Enrichment: What Do We Know?
2.1. Left in the Cold

Within the scientific literature, a strong mammal-centric bias is prominent, with a
scarcity of studies regarding reptile enrichment [12,14,18–20]. This may be in part due
to the long-held misconception that reptiles are stoic, highly adaptable, and tolerant to
suboptimal conditions [21], as well as too neurologically simple to suffer [22,23] and thus
not requiring enrichment. Where enrichment is utilized, structural or habitat design-based
enrichment was the most employed provision for reptiles within U.S. collections, with
an average of 86% of holders reporting this provision across all the reptile taxa [17]. This
reflects the notion that reptile behavior and cognition tends to be less well-understood
compared to that of higher vertebrates [24]. With current understanding being heavily
influenced by mammalian-centric paradigms [25], this makes them a low priority for
enrichment provision [19]. Enrichment techniques that cater for the animals learning and
social functions were reported to be much less utilized by collections [17]. As a result,
current reptile husbandry is clearly less than ideal yet deemed acceptable [23].

2.2. Do Reptiles Benefit?

Despite the attention bias, this is a developing field (Figure 1), and the studies that
have been published in peer-reviewed journals support the notion that reptiles benefit
from enrichment [21,26–31] and that it is in fact essential [32]. Evidence for enrichment as a
beneficial practice with reptiles is documented through an increase in natural behaviors
and relaxed postures under structural enriched environments [33,34]. Additionally, the use
of chemosensory enrichment (scent of conspecifics, based upon the species natural ecology)
significantly (p < 0.001) reduced the occurrence of abnormal behavior (escape attempts)
in wild-caught brown wall lizards (Podarcis liolepis) by 38% [27]. Similarly, the use of fish-
scented enrichment cups resulted in a reduction in escape behaviors of aquarium-housed,
freshwater turtles (Trachemys scripta and Pseudemys concinna), although there was an increase
in aggression, which demonstrates the need to assess the efficacy of any new techniques
before implementation [35]. When offered multiple forms of enrichment, leopard geckos
(Eublepharis macularius) interacted with all forms and, in particular, to a feeding puzzle and
to structural enrichment placed under a heat source [31]. The alternative forms, sensory
(mirror and olfactory) and novel object enrichment, elicited less engagement; however, this
highlights that the enrichment should be species-specific and biologically or ecologically
relevant. In addition to simply documenting a difference in behavior, when given choice
(and thus some level of control), corn snakes (Pantherophis guttatus) displayed more time
occupying structurally enriched enclosures over standard housing [34]. Clearly, reptiles
respond to, and benefit from, the provision of enrichment.
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Figure 1. Number of publications using the terms ‘reptile enrichment’ from Web of Science over the 
past 30 years, as of October 2021. 
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often representing case studies of a few individuals. While large sample sizes are im-
portant for generalizability to the wider population as a means of predicting the most 
effective enrichment methods [36], there is also value in studies with small sample sizes 
[37,38], typically true of zoos [18]. While different complexities in enclosure design [39], 
confounding factors of sex, age [27], and individuality and the measures used to evaluate 
the enrichment [40] can lead to issues in generalization of the design, enrichment studies, 
in many cases, require an individual approach [41,42]. Differing past experiences, temper-
ament, genetics, and coping mechanisms may lead to different preferences, while some indi-
viduals may, for example, choose tactile stimulation, others may choose food rewards [43]. 
The individual approach can also aid enrichment designs for individuals with additional 
needs [29]. However, for wider application, well designed studies with robust samples 
sizes are still needed to improve internal validity and ensure any changes are due to the 
design and not simply chance or impacted by keeper interactions and/or social learning 
from other individuals when housed together [44]. Thus, both small and large sample 
sizes are valuable and necessary in advancing reptile enrichment practices. 

Furthermore, in addition to improving the welfare of captive individuals, advance-
ments in reptile enrichment may benefit reptile conservation strategies, such as headstart-
ing and translocation, by better preparing animals for wild challenges [45]. This may be 
particularly true of cognitive enrichment, which may take the form of a challenging puz-
zle or mentally challenging exploration, or involve training to help the individual cope 
with challenges and learn new species-specific behaviors [4,46]. Cognitive enrichment has 
been much less studied in reptiles; however, enrichment itself may help improve the cog-
nitive function of all animals. Thus far, the effects of enrichment on translocation success 
have had mixed results. DeGregorio [47] found no effect of enrichment on translocation 
success of ratsnakes (Pantherophis obsoletus), and there was a negative correlation of suc-
cess with time spent in captivity. Conversely, captive common watersnakes (Nerodia sipe-
don sipedon) had an equal rate of survival to that of the wild snakes [48]. This suggests that, 
while structural enrichment may not improve natural survival traits, enrichment that en-
courages or helps in learning the processes of natural foraging would be beneficial for 
maintaining natural behavioral traits. In addition, there are no studies investigating the 
effects of antipredator training in captive raised and released reptiles (although there are 
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Many enrichment studies have been carried out with relatively small sample sizes,
often representing case studies of a few individuals. While large sample sizes are important
for generalizability to the wider population as a means of predicting the most effective
enrichment methods [36], there is also value in studies with small sample sizes [37,38], typ-
ically true of zoos [18]. While different complexities in enclosure design [39], confounding
factors of sex, age [27], and individuality and the measures used to evaluate the enrich-
ment [40] can lead to issues in generalization of the design, enrichment studies, in many
cases, require an individual approach [41,42]. Differing past experiences, temperament,
genetics, and coping mechanisms may lead to different preferences, while some individ-
uals may, for example, choose tactile stimulation, others may choose food rewards [43].
The individual approach can also aid enrichment designs for individuals with additional
needs [29]. However, for wider application, well designed studies with robust samples
sizes are still needed to improve internal validity and ensure any changes are due to the
design and not simply chance or impacted by keeper interactions and/or social learning
from other individuals when housed together [44]. Thus, both small and large sample sizes
are valuable and necessary in advancing reptile enrichment practices.

Furthermore, in addition to improving the welfare of captive individuals, advance-
ments in reptile enrichment may benefit reptile conservation strategies, such as headstarting
and translocation, by better preparing animals for wild challenges [45]. This may be par-
ticularly true of cognitive enrichment, which may take the form of a challenging puzzle
or mentally challenging exploration, or involve training to help the individual cope with
challenges and learn new species-specific behaviors [4,46]. Cognitive enrichment has been
much less studied in reptiles; however, enrichment itself may help improve the cognitive
function of all animals. Thus far, the effects of enrichment on translocation success have had
mixed results. DeGregorio [47] found no effect of enrichment on translocation success of
ratsnakes (Pantherophis obsoletus), and there was a negative correlation of success with time
spent in captivity. Conversely, captive common watersnakes (Nerodia sipedon sipedon) had
an equal rate of survival to that of the wild snakes [48]. This suggests that, while structural
enrichment may not improve natural survival traits, enrichment that encourages or helps
in learning the processes of natural foraging would be beneficial for maintaining natural
behavioral traits. In addition, there are no studies investigating the effects of antipredator
training in captive raised and released reptiles (although there are cases of toxin avoidance
training in wild reptiles (see later)). Indeed, in painted turtles (Chrysemys picta), early life
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experience is vital to the development of successful navigation [49]. Training to improve
navigation, predator recognition, prey location, and foraging training mentally stimulates
the animal while providing the tools to improve survival [45], and this should be given
more consideration in reptile husbandry going forward. More so, regardless of their level
of sociality, no social enrichment studies in the reptilian taxa have been explored. Further-
more, there may exist social stages within the reptilian lifecycle; thus, an understanding of
how sociality acts on their learning would be beneficial for optimal captive care [50] and
possibly even conservation strategies.

2.3. The Necessity of Evaluation

The value of evidence-based enrichment and the need to broaden the research to a
wider range of taxa, such as that of reptiles, is appreciated among zoo professionals [5].
This is particularly the case because keeper perceptions alone may not always be accurate,
and personal expectations or lack of time to fully observe the animals can impact judgment.
Mehrkam and Dorey [51] found that keepers were least accurate when predicting the
preferred enrichment for a reptile (eastern indigo snake (Drymarchon couperi)) compared to
other taxa. Aside from simply establishing preference, the effectiveness of an enrichment
method to meet the required goals must be subjected to empirical evaluation before they
can be definitively considered to be ‘enriching’ [10]. Januszczak et al. [39] found that using
an enrichment device that was designed to present 10 live crickets (Gryllus spp.) to tree-
runner lizards (Plica plica) randomly over 40 min was less effective than the commonly used
and simpler method of scatter-feeding. Additionally, despite basing enrichment (raised
basking platforms) on the natural ecology of eastern fence lizards (Sceloporus undulatus),
Rosier and Langkilde [52] found that this form of enrichment did not affect activity levels.

Reducing abnormal behaviors is a common goal in animal enrichment, but a lack of
undesirable behaviors does not mean the animal is thriving in captivity [14,24]. Behavioral
diversity is commonly used to evidence an increase in a wide range of behaviors. However,
even this is not without its issues, in that while increasing behavioral diversity can be
another aim of enrichment, it is not always a good measure of success, as if the enrichment
results in the development of a new abnormal behavior, this will increase behavioral
diversity [53]. Appropriate evaluation of enrichment programs is essential so that if the
intended goals are not met, alternative strategies can be devised [20,52,54]. Furthermore,
within enrichment research, it is vital that researchers report nonsignificant results [23,32],
as enrichment that is ineffective does little to improve welfare and is not time- nor cost-
effective [55], with time being the largest limiting factor of enrichment provision among
keepers [10]. Following frameworks such as the SPIDER framework to Set goals, Plan,
Implement, Document, Evaluate, and Readjust if needed ensures that any enrichment
offered is maximizing benefits to the individual [20]. The goals and enrichment plans
should consider the animal’s natural biology and ecology to be species-specific and relevant
for the intended recipient.

3. Is Enrichment Vital for Varanids?
3.1. A Brief Background of Varanidae

Native to Africa, Asia, and Australasia [56], there are currently 83 known species of
this monotypic family, with the only extant genus Varanus [57]. Of these 83, at least 50
are known to have been kept in captivity [58]. Many of these are also popular pet species,
and with the global population of exotic reptile pets increasing and considering CITES
trade statistics, there are likely to be several thousand individuals in captivity around
the world [59,60]. In the wild, varanids (commonly called ‘monitor lizards’) occupy a
diverse range of habitats and niches, in which some are terrestrial, others are aquatic or
semi-aquatic, arboreal, or semi-arboreal, and some are saxicolous (rock-dwelling) [61].
Many of these lizards are active predatory species, typically being opportunistic gen-
eralists, except for the three known frugivorous species—V. mabitang, V. olivaceus, and
V. bitatawa, of the Philippines [62,63]. Despite this variety, monitors are conservative in
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their morphology, but vary greatly in size [61]. Unlike most reptiles, these lizards are
relatively energy-efficient [64], capable of sustaining high metabolic rates and prolonged
high-speed movement [65,66]. This is due to their complex lungs that are reminiscent of
avian lungs [67] in their unidirectional airflow [68], as well as their gular pump that allows
them to breathe while running (unlike other lizards) [65,69], in addition to a high VO2
max and morphological specializations to the heart and skeletal muscles [69]. Varanids
are reputed to be the most intelligent of all lizards and possess a telencephalon (the most
highly developed part of the forebrain) that constitutes a larger proportion of their relative
brain size in comparison to other lizards [70,71]. These features are in part why the Varanus
body plan has been so successful [61] and why these lizards would benefit greatly from
enrichment, particularly as they are prone to obesity in captivity and require adequate
exercise [56]. This is a particular conundrum as varanids are often kept in enclosures that
spatially are a fraction of their natural home ranges [72].

3.2. Cognitive Abilities

Cognitive skills are the process that animals acquire, handle, and store information
from the environment, and their cognitive abilities refer to the ways that they can act upon
this information [73]. The varanid’s higher intelligence has long been recognized [74–76],
along with their curiosity, perceptiveness, apparent ability to recognize different keep-
ers [56,61], and ability to be successfully target trained [32,77]. Experiments carried out on
captive V. albigularis even suggest that they may have counting-like skills as they appeared
to be able to count to six [78], which is theorized to be attributed to raiding the nests of other
reptiles, birds, and mammals, given that the average clutch or litter size would be around
six [61]. The ‘allostasis concept’ argues that animals are adapted to respond to challenge
and therefore require cognitive skills to function normally [79]. The wild environment is in
stark contrast to the highly predictable environment faced by captive animals [4]. Despite
the requirement of wild animals to employ behavioral strategies and cognitive abilities
to solve problems (such as the need to access and control limited resources) in ways that
minimize threat to self, cognitive challenge is an under-utilized method of enrichment [80].
With any cognitive enrichment, however, the cognitive challenge provided must be appro-
priate to that animal. If a task fails to challenge an individual animal, either boredom or
apathy may result, the state dependent on the cognitive skills of the animal (high or low,
respectively) [80]. Alternatively, opportunities that challenge an individual that does not
have the appropriate skills to meet the tasks demands can result in anxiety [81]. When the
task is well matched to the individuals’ skills, it results in the individual becoming absorbed
in the task, as well as the experience of pleasure and satisfaction referred to as flow [82].
The flow model is useful in enrichment development [80] but has yet to be applied as these
emotional states (boredom, apathy, anxiety, and pleasure) are difficult to measure [4]. Addi-
tionally, the animals’ cognitive abilities and the way in which they perceive the world must
first be understood, a difficult task to perform through a human-centered perspective [22].
As a result, studies investigating animal cognition have typically focused on non-human
primates and, to a lesser extent, marine mammals [4].

The cognitive abilities of monitor lizards have been studied a handful of times, con-
cluding that this genus is capable of problem solving and rapid learning [75,83–85], as
well as reversal learning [86] and procedural learning [76]. Considering their biology and
ecology, varanids, with excellent eyesight and active predatory foraging ability, would
be expected to learn and respond to visual stimuli. This was successfully demonstrated
with rough-necked monitors (V. rudicollis) who were able to discriminate between colors
of stimuli as well as showing reverse learning when retrained with different stimuli [86].
Unpalatability of certain prey species (a selective advantage for that prey species as a whole,
as predators learn to avoid them in future), means that the taste senses of varanids should
also be well established. Indeed, evidence of this is reported through toxic prey avoidance
learning in the floodplain monitor (V. panoptes) [87]; thus, in addition to visual stimuli,
gustatory stimuli should also be able to be discriminated.
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Learning is vital to conserve behavioral adaptations and cognitive function that can
help individuals to thrive in captivity. The animal’s ability to solve problems and retain this
skill over time is one way to measure the success of the learning trail. Decreasing latencies
to solve a cognitive task suggests that black-throated monitors (V. albigularis) can become
more efficient at solving food-based puzzles by reducing unnecessary behaviors that do not
result in success [85]. Cooper et al. [75] found evidence of problem solving using puzzle
feeders in three species of monitor lizards—V. rudicollis, V. prasinus, and V. mertensi. In a
follow-up study, evidence of long-term procedural learning ability was documented in that
Varanus prasinus and Varanus mertensi that were quicker to solve the same puzzle a year
later than when they first encounter the task [76].

Given that varanids have the longest incubation period of any lizard, a trait hypothe-
sized to be attributed to their increased brain size [88], the effects of breeding environments
should be taken into consideration when assessing cognitive abilities and further, as part
of optimal husbandry, to maintain cognitive abilities in the next generation. In particular,
the effect of incubation temperature on cognitive abilities should be considered as hatch-
ling velvet geckos (Amalosia lesueurii) from ‘hot-incubated’ eggs (nest temperatures that
could be experienced by A. lesueurii in the year 2050 [89]: mean = 27 ◦C, range 14–37 ◦C)
had slower spatial learning abilities than hatchlings from ‘cold-incubated’ eggs (current
nest temperatures: mean = 23.2 ◦C, range 10–33 ◦C) [90,91]. Another factor that could be
important to consider is social learning abilities. Many lizards are considered ‘nonsocial’,
and even amongst the more social species, this can often be of a temporary nature [50].
However, research is beginning to identify instances of social learning in reptiles [92,93],
and while there has been nothing published yet on the varanids, there are many instances
of social behaviors (including play behavior) that suggest that social learning is possible.

3.3. Play Behaviour

The tendency of animals to play has been linked with brain size [94] and regarded
to be a mode of information acquisition. ‘True play’ was initially considered a trait only
exhibited by mammals and birds; Burghardt [38], however, reports of play in Komodo
dragons (V. komodoensis) going back over 80 years. More recently, blue-spotted tree monitors
(V. macraei) and green tree monitors (V. prasinus) [77] have been observed to exhibit play
behavior that meets the following five criteria of play developed by Burghardt [38]: (1) a
behavior that is not fully functional in the context or form in which it is expressed; (2) a
behavior that is voluntary, spontaneous, intentional, pleasurable, rewarding, reinforcing, or
autotelic; (3) a behavior that differs structurally or temporally from strictly functional be-
haviors; (4) a behavior that is performed repeatedly in a similar, but not rigidly stereotyped,
form; (5) a behavior that is performed when an animal is in a relaxed, unstimulating, or
low-stress environment. These tree monitors, housed at two separate collections (V. macraei
at ZSL London Zoo and V. prasinus at Bristol Zoo), were both observed participating in
the same object-based play behavior with live plants in the enclosure [77]. This behavior,
not observed in wild animals, resembles natural prey-tearing and wiping behavior [95]
and may have developed through under-stimulation, as animals may seek to create their
own diversions in the absence of extrinsic ones [77]. Alternatively, play may arise when
there is minimal stress and sufficient resources to allow time for other behaviors, a theory
proposed as the Surplus Resource Theory [96]. In addition to reports of play in captive
varanids, a wild yellow monitor (V. flavescens) was recently observed vertical swimming
in a forward/backward motion in what was perceived to be play [97]. If monitor lizards
play, it is an added incentive to provide enrichment [32] that promotes these behaviors,
particularly as such behaviors tend to be motivationally robust and do not readily habitu-
ate [38]. However, again, adequate enrichment must be facilitated by provision of adequate
space [72].
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4. Future Directions for Research

Having considered the physiological and cognitive capabilities of monitor lizards,
we find that there is a clear need for enhanced provision of enrichment for this family
group. They possess a metabolism that is said to ‘bridge the gap’ between reptiles and
mammals [98], they exhibit ‘mammal-like’ feeding behavior [95], and their cognitive
abilities have suggested that they could be regarded as the ‘primate of the squamate
world’ [77,96]. Yet, to the authors knowledge, there have been no empirical studies carried
out regarding varanid enrichment or its efficacy, except for one quasi-experimental study by
Mendyk and Horn [74]. Two adult black tree monitors (V. beccarii), kept as part of Mendyk’s
private collection, were observed exhibiting skilled forelimb movements to retrieve food
through a small gap. Following these observations, a series of four holes narrower than the
width of the monitors’ heads were drilled into two tree trunks, which were then filled with
a variety of prey items. Using coordinated forearm movements, both subjects successfully
retrieved all prey types from all four holes located in each tree trunk. Furthermore, despite
being housed in separate enclosures, both individuals used identical extraction behaviors.
Thus, Mendyk and Horn [74] suspect this behavior to be instinctive. These results were
also replicated in an additional female V. beccarii kept by another keeper upon request of
the authors. Furthermore, all subjects involved continued to show interest in the drilled
tree trunk holes. This behavior requires high levels of processing skills, motor coordination,
and dexterity, yet again suggesting that varanids share many biological similarities with
mammals [74]. Similar extractive behaviors have been observed in other varanid species.
The Kimberley rock monitor (V. glauerti) will use its claws to widen the diameter of the
opening until it is large enough for the head to enter [99], while the sand goanna (V. gouldii)
will use its tail to flush out prey from rock crevices [100]. These differences may possibly be
the result of differences in claw morphometrics [101]. Thus, the efficacy of different types of
puzzle feeders as enrichment devices may vary between varanid species, again highlighting
the importance of enrichment evaluation. Referring back to the five enrichment categories
(which are not mutually exclusive), monitor lizards would likely benefit from puzzle
feeders as a means of providing nutritional and occupational enrichment, and these may
be made part of the enclosure (such as the drilled tree trunks) as a means of physical
enrichment, so long as they are relevant to the species’ natural ecology. However, it is
important to remember that these can become physical rather than cognitive barriers to
food acquisition [80], and with the learning abilities of varanids, it is likely that such devices
would need to be modified and updated regularly [80]. The effectiveness of enrichment
methods can also be maintained through practices such as the use of partial reinforcement
schedules [55].

As demonstrated by Mendyk and Horn [74], case studies that document novel behav-
iors in captivity, as well as those behaviors observed in wild individuals [99,100], can inform
the goals for future captive enrichment programs. For example, recently reported was a
rolling prey capture behavior in V. albigularis, comparable to the ‘death roll’ of crocodilians,
whereby the animal grips a food item with its jaws and spins on their longitudinal axis with
their four limbs pressed to their body [102]. Additionally, social enrichment and cognition
research is needed. For varanids, whose social behavior is also highly scent-orientated [56],
this would likely require a combination with sensory enrichment via the scent of con-
specifics, with scent being their most acute sense, thanks to their deeply forked tongue and
Jacobson’s organ. These are just some suggestions based upon natural ecology and the
findings of this review. New enrichment ideas are typically based upon previously reported
successes [10], and with such a large gap in the peer-reviewed literature, anecdotes from
monitor lizard keepers are the place to start [32]. While keepers may not accurately per-
ceive the effectiveness of their enrichment provision, it can provide a basis for enrichment
creation that can be empirically evaluated. Furthermore, it would provide an insight into
how keepers attempt to tackle the constraints of time, cost, and space, and whether they
account for the diversity between varanid species when considering enrichment provision.
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Given that the ultimate goal of enrichment is typically to improve the welfare of
captive animals, we must also focus on the ways in which we assess welfare. Historically,
the presence or absence of stereotypical and/or abnormal repetitive behaviors has been a
leading indicator of animal welfare; however, the past experience of individual animals can
make this an unreliable indicator. If such a behavior undergoes a process of ‘establishment’,
whereby it becomes disassociated from the individual’s current welfare [103], then it can
appear to be enrichment-resistant, and thus an unreliable indicator of the individual’s
current welfare [104]. Consequently, further research is needed to develop the use of
‘affective states’ as a welfare indicator. While an animal’s affective state cannot be measured
directly, it can be conducted experimentally using cognitive bias testing [4]. This method
requires the animal to be trained to discriminate between different stimuli, of which
varanids are capable [84,86]. Thus, this would likely prove to be a valuable area of future
research. Additionally, future research may also investigate the effectiveness of using the
flow model in varanids, beginning with whether the emotional states of flow, boredom,
apathy, and anxiety can be accurately measured in this family of lizards. Methods may
include measuring levels of motivation, such as willingness to exert high-effort for a high-
value reward as a means of measuring apathy [105]; measuring levels of interest, such
as the time-oriented to and in contact with multiple stimuli as a means of measuring
boredom [106]; measuring absorption in a task, such as how easily and animal is distracted
from a task as a means to measure flow [107]; or measuring exploratory behavior, such as
in an elevated plus maze as a means of measuring anxiety [108]. However, it must be noted
that these measures are based on mammalian studies, and as such, may not translate to use
in varanids.

5. Conclusions

It has been over 25 years since Bennett [56] stated that monitor lizards have not been
given the attention they deserve, and from the current review, this statement appears to
hold true. There is growing evidence that enrichment is beneficial to reptiles and that
this should be integral to their care and not just an additional luxury. Their cognition and
behavioral flexibility are arguably comparative to that of mammals. Given the impressive
cognitive abilities of varanids, as well as their propensity for play, it is likely that they
are susceptible to boredom as a result of an unstimulating environment. Research that
documents training programs with such species is needed to help inform evidence-based
practice and this should include training for reintroductions and translocations. More
cognitive studies are needed on varanids to continue to explore the extent of their abilities,
including social learning and the extent that social enrichment is needed and to investigate
cognitive enrichment that challenges and provides an opportunity to learn new skills that
help them cope with the environment. Furthermore, future research is needed to investigate
whether the affective states of varanids can be accurately measured in order to provide
an additional means of assessing welfare, thus aiding in enrichment evaluation. If these
lizards are to be provided with a high quality of life, then they should be provided with
appropriate enrichment. This starts with the empirical evaluation of anecdotal methods
that have been reported to be successful by varanid keepers. However, it is essential
that any subsequent behaviors that are elicited are recognized as those generated within
conditions of captivity, and these should never undermine any thorough investigation of
species-specific varanid behavior in the wild [72].
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