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Simple Summary: The leopard gecko is probably the most common lizard that is kept in terrariums
worldwide. In private keeping, its popularity has remained unbroken for decades, and it is also
used in science to research a wide variety of questions. The aim of this study was to improve the
husbandry by simple means in order to increase the well-being of the animals in the terrarium. For
this purpose, the animals were fed very small insects instead of large ones. The intention behind this
was that this would create much more varied and lasting stimuli that would encourage the leopard
geckos to show more behaviour on the one hand and more varied behaviour on the other. Both
are considered signs of increased well-being. The results confirmed this expectation and showed
that even after 11 months of continuous feeding with small insects, the behavioural frequencies had
almost doubled. The behavioural diversity had increased less, but both results could show that the
method used had clearly achieved its goal. This study has thus made an important contribution to
improving the husbandry of leopard geckos by showing that a small intervention, which is possible
for every keeper and does not require more time or money, can achieve a significant increase in
well-being and, thus, species-appropriate husbandry.

Abstract: Although the private keeping of reptiles has boomed in most western countries since
the millennium, studies dealing with the recognition and promotion of welfare in these reptiles
seem to represent a blind spot of scientific attention. The vast majority of studies from the field
of animal welfare science still concern mammals and birds. The leopard gecko is probably the
most common lizard that is kept in domestic terrariums worldwide. Due to its characteristic as
an ecological generalist, it is easy to keep and breed, and it is considered a good “starter reptile”
for beginners as it “condones” husbandry mistakes, even for extended periods. However, being a
mass species is not a second-class classification. They, too, have an equal claim to good well-being
as all animals in human care. The aim of the study was to test the hypothesis of whether an increase
in stimulus density leads to an increase in activity and behavioural diversity and, thus, an increase
in welfare. For this purpose, 18 leopard geckos were fed insects that were ≤1 cm in size, and
both the quantity and quality of behaviour was documented and analysed in the pre-intervention,
intervention and post-intervention stages. In addition, it was of interest whether behavioural
indicators could be identified that indicate a state of positive well-being. The results showed
that this type of enrichment led to a quantitative doubling of the activity levels from the baseline
(total of 12,519 behavioural elements) to the intervention (total of 25,366 behavioural elements).
And even 11 months after the introduction of small insect feeding (post-intervention total of
23,267 behavioural elements), the activity level was still significantly increased. The behavioural
diversity, as the absolute number of behavioural categories across all 18 leopard geckos, also
increased, although less than the behavioural intensity, between the baseline (5507 behavioural
categories) and intervention (6451 behavioural categories) and between the baseline and post-
intervention (6079 behavioural categories). The results clearly show that feeding small insects to
leopard geckos is a very efficient tool to increase the welfare of leopard geckos. Attractively, this
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feeding regime can be implemented by any leopard gecko keeper without significant additional
cost or time, and therefore, these methods have a potentially high impact.

Keywords: behavioural preferences; enrichment evaluation; Eublepharis; evidence-based husbandry;
reptiles; well-being; welfare

1. Introduction

“Animal welfare is increasingly recognised as a high priority for modern zoos and
aquariums” [1]. Statements like this reflect the current debate, cf., [2–4], about welfare.
Looking at this statement in more detail, it quickly becomes apparent that the majority
of studies and interventions concern mammals and birds, while information on reptiles
is rare [5–11]. It is astonishing that the private keeping of reptiles seems to be an almost
blind spot of scientific interest from the perspective of animal welfare science. In the 1990s,
the interest in private reptile keeping increased—parallel to the development and spread
of the internet. This trend grew into a real boom from around the turn of the millennium
onwards [9,12–16]. Currently, there are millions of privately kept reptiles in Europe, the
USA and parts of Asia [16,17].

There is no universal definition of animal welfare because it is not only a scientific
concept, but also reflects ethical standpoints and different practical views [2,4,18]. Animal
well-being implies physical, behavioural and psychological aspects, as well as their com-
plex interactions. A good state of welfare means being healthy, well nourished, feeling
comfortable, having a sense of security, being able to express a range of innate/normal
behaviours and the absence of suffering, fear, pain or persistent distress. Welfare is a
long-term state that comprises the sum of experiences of an animal and its derived af-
fective state [3,4,19,20]. For these states to be realised, coping abilities—physiological,
behavioural, or cognitive—are important factors, too, such as being allowed to choose
and the ability/self-efficacy to reach desirable outcomes [2,21–26] under conditions of
their substitute habitat in the terrarium. In other words, “[...] an animal’s behaviour is
interpreted in terms of what it is intending to achieve, its active and positive engagement
in goal-directed behaviours, the rewards it may experience when goals are achieved, and
frustration when thwarted, and the wide range of pleasurable experiences that animal may
have. These experiences may now be suggested to include feelings of satiety, appetitive
and consumatory satisfaction, reward, goal-directed engagement, curiosity, vitality, [. . .],
calmness, contentment, [. . .], and feelings of security” [18].

The concept of “behavioural preferences” [27,28] or “highly motivated behaviour” [29]
plays an important role in assessing the welfare state of an animal. These behaviours
show what the animal wants or does not want to do, from which it can be deduced
that positive motivations to act are associated with positive mental states and welfare,
and avoidance behaviour or frustration are associated with negative mental states and
negative welfare. The subjective, affective state of an animal is therefore at the centre of the
consideration [19,20,27–31]. Consequently, behavioural indicators can also be derived from
this, which can be used to assess the welfare state [30].

A fundamental problem in animal husbandry in general, as well as in terrarium
husbandry in particular, is the lack of stimuli and the resulting lack of behavioural and
cognitive opportunities, which has a negative impact on animal welfare [7,20,22,26,30,32].
Depending on the needs and abilities of an animal [33,34], stimuli can be offered that
specifically create behavioural opportunities to promote behavioural preferences and thus
well-being [20,22,30,32,35], which is referred to as environmental enrichment. It is a means
to reach a higher degree of animal welfare as well as an essential element of good husbandry,
cf., [3,7,10,36,37]. It offers the animal the opportunity to use and train its behavioural and
cognitive skills and abilities, while, at the same time, exercising control, i.e., changing an
immediate environment according to its needs [21,22,24–26]. Enrichment interventions
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should always include two timelines: a short-term one, where the focus is on whether the
stimulus provided is attractive to the animal and is accepted, and a long-term one, within
which the set goals are to be achieved, e.g., increasing activity or reducing conditions that
are associated with reduced well-being such as boredom [5,12,22–25,37–40].

Although the majority of enrichment studies have been conducted with mammals,
there are some that clearly show that this approach works equally well with reptiles. For
example, it has been shown that corn snakes (Pantherophis guttatus) that received greater
structural diversity in their housing conditions as enrichment compared to the control group
performed more exploratory behaviour, showed more sophisticated cognitive performance
and were more interested in new stimuli [41]. The study by Almli et al. [42] points in the
same direction, showing that black rat snakes (Pantherophis obsoletus), which also received a
significantly more diversified enrichment in their terrarium compared to the control group,
showed superior abilities and shorter latencies in problem solving tasks and habituated
more quickly to new situations or stimulus objects. Another study with Pantherophis
guttatus showed that an increase in environmental complexity increased the behavioural
intensity and welfare of these animals [43]. For aquatic turtles (Pseudemys sp. and Trachemys
sp.), it was shown that the provision of coloured stimuli triggered significant interest and
exploration of these objects, thereby significantly reducing behaviours of low well-being
(escape behaviour) [44,45]. In green turtles (Chelonia mydas), it was shown that animals
that received plastic objects as enrichment items for exploration bit each other less [46].
Bryant et al. [47] offered fly river turtles (Carettochelys insculpta) a plastic object filled with
food as a food enrichment item. As a result, the turtles spent about 40 min acquiring food
as opposed to 5–6 min under standard feeding conditions. When North American box
turtles’ (Terrapene carolina) housing was enriched by providing them with natural bottom
substrate and hiding places, they showed significantly less escape behaviours and thus
higher welfare [48]. Londoño et al. [49] demonstrated that chemosensory enrichment for
Catalonian wall lizards (Podarcis liolepis) resulted in a significant decrease in abnormal
behaviours and an increase in normal behaviour and well-being. Leopard geckos showed
increased activity, cognitive performance and well-being under conditions of increased
housing complexity [50,51].

While enrichment for reptiles is used in some European zoos, Bartolomé et al. [11]
highlight in their recent study both the need to consider a wider array of enrichment
types, as well as to increase the number of reptile species studied, and to validate different
methods of welfare assessment. The factors that led zoos to enrich a specific reptile species
were increased activity and food intake (i.e., ease of enrichment), a large body size, an
advanced age and charisma as a zoo animal. From these statements, the necessity of the
present study can be derived both directly and indirectly, in that leopard geckos neither
play roles as zoo animals nor are they particularly charismatic, but due to their enormous
worldwide popularity, they receive a great deal of attention in private husbandry.

Food enrichment plays an important role in reptile husbandry [11] because these
animals show comparatively little social behaviours and only very rarely show play be-
haviours. Food satisfies a strong basic need and generates a wide variety of behaviours
because it appeals to different senses [38,52–55]. Through the necessary additional effort of
food acquisition, the time budget is shifted more in the direction of natural living condi-
tions, boredom caused by a lack of stimuli is reduced and physical and cognitive challenges
are created, which increases welfare [56,57]. Besides mere foraging, the stimulation of
exploratory behaviour is of particular importance for all captive animals, especially for
foragers and predators adapted to natural habitats characterised by the high unpredictabil-
ity of their food organisms in time and space, because investigative exploration provides
important information on various environmental aspects such as predator avoidance and
knowledge about the occurrence of food or water or the locations of shelters [22,39,57,58].

Leopard geckos (Eublepharis macularius) are probably the most common lizard species
that are kept in terrariums worldwide [59,60]. The first geckos probably arrived in Europe
as early as the late 1950s [61]. They are kept as pets and are also used as a model organism
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in a wide variety of scientific research, e.g., [62–69]. They are considered easy to keep and
breed. This is due to their wide ecological amplitude, meaning they forgive the keepers
who persistently provide sub-optimal husbandry. But surviving is not thriving.

Eublepharis macularius (Eublepharidae) is distributed from south-east Iran [70], over
Pakistan, north-west India [71] and southern Nepal [72] from the plains up to an elevation
of 3200 m [73], which includes a variety of different climatic zones [74]. They prefer stony
or rocky areas as well as mudflats with little vegetation, and in some regions, they also
prefer open dry forests. They are nocturnal, and in the terrarium, they are also crepuscular.
Their preferred hiding places are under stones, in holes in the ground and sometimes under
loose bark or in rock walls. They often live in loose aggregations, probably depending on
resource availability [71,75]. Under ordinary (small) terrarium conditions, males do not
get along with each other and should therefore be kept individually [76,77]. Their diets
consist of beetles, crickets, spiders, scorpions and other arthropods, which are not evenly
distributed throughout the year. In some areas of its habitats, the leopard gecko hibernates
from October/November to February [71,75]. Agrawal et al. [69], by means of genetic
samples, estimated that all captive-bred leopard geckos originated from Pakistan. Leopard
geckos can reach an astonishingly high age in captivity under good husbandry conditions:
the oldest documented animal died at the age of 46 in 2022 (E. Laue pers. comm.).

All animals in human care must have all their needs met and their welfare max-
imised [3,36,78–84]. This should be a basic requirement in any animal husbandry prac-
tice. However, in order to meet this requirement, it is necessary to evaluate husbandry
practices in order to assess the resulting impact on welfare [7,10–12,21,27]. Such data
would make it easier for both private reptile keepers and official veterinarians to assess
husbandry conditions.

The focus of this study was the creation of evidence-based reptile husbandry regimes,
cf., [5,12,19,43,55,85], to improve the living conditions and welfare of leopard geckos in
both private and scientific contexts [8,43,86,87]. Therefore, this study tested the hypothesis
of whether increasing the stimulus density in the terrarium can increase the expression of
behavioural preferences and thus well-being. For this purpose, 18 leopard geckos were fed
insects ≤1 cm in size, and both the quantity and quality of behaviour was documented and
analysed in the pre-intervention, intervention and post-intervention stages. In addition, it
was of interest whether behavioural indicators could be identified that indicate a state of
positive well-being.

2. Materials and Methods
2.1. Experimental Design

In order to be able to determine whether increasing the stimulus density with the
help of small insects causes a change in behaviour in leopard geckos, three data sets were
collected: pre-intervention (10 May 2021 to 24 June 2021), intervention (21 July 2021 to 9
September 2021) and post-intervention (9 April 2022 to 10 June 2022). see Figure 1.

The design of the focal sampling was as follows: in each set, each gecko was observed
in its own terrarium for 30 min a day for 14 days during its evening peak activity time
between 6 pm and 11 pm. The daily observation time was divided into 6 × 5 min. Since
it was not possible to observe all 18 geckos on the same evening, they were clumped into
three observational sets of 6 animals. For each group, there were 36 observation units
per evening, which were randomly distributed over three hours of observation time. In
total, there were 84 observation units/set/animal, resulting in 1512 observation units/all
animals, or 126 h of observation time/all geckos/set.

The pre-intervention set was the baseline survey and served as a control, since we
recorded what kind of behaviours occurred and how often the animals showed the be-
haviours without any stimulus. This approach seems justified because “When two groups
of animals of the same species are to be compared—for example in relation to their activity
budgets with and without the presence of an enrichment feeder—the only way to ensure
that the groups have identical characteristics is to use the same subjects in each group. As



Animals 2023, 13, 3595 5 of 29

each individual is in both groups, subject variables will balance out equally, so this is the
most effective method of control” ([88], p. 30).
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Figure 1. Timeline observation and feeding scheme.

During the intervention survey, an amount of approximately 1 g of insects was added
to each terrarium each evening before the first observation. As the terrariums were naturally
furnished, the insects had a variety of hiding places, which they immediately sought out and
subsequently repeatedly left for short periods. This created unpredictable odours, acoustics
and visual stimuli on the entire surface of the terrarium. No feeding was carried out during
the post-intervention survey, but outside of the fortnightly observation period, small insect
feeding was maintained since its introduction. For the whole study, 4536 observation units
were conducted, which means there was 378 h of data collection. All observations and
recordings were conducted by the lead author (FK).

2.2. Behavioural Observations

The behaviour of leopard geckos is not very complex, and it is characterised by slow
movements interrupted by numerous pauses. Therefore, recording their behaviour with
pen and paper was suitable. The observations took place in front of the closed terrariums,
after the lighting had been switched off by a timer at about 6 pm, at a distance of about
1 m. Every predefined behaviour documented in the ethogram was recorded. Only the
occurrence of a behaviour within the observation interval was counted, and not its length.
If behaviour A was replaced by behaviour B and then behaviour A was shown again, then
behaviour A was counted twice, and so on. After each observation unit, the terrarium was
opened, and the geckos’ body temperatures were measured in the middle of the back with
an infrared thermometer. Since all geckos were used to living under terrarium conditions
and people handling them, they did not seem disturbed by this observational setting.

2.3. Ethogram

In a preliminary investigation, the leopard geckos were observed in their terrariums
over a period of about three weeks (=approx. 40 h) during their main activity time, and all
behavioural elements that appeared relevant were recorded and described. Only when no
more new behaviours were shown was the preliminary investigation terminated. At the
same time, we tested how far away the observer had to be from the terrarium so that the
animals did not react to him, how indirect lighting was optimally designed or how long
the activity span of the animals lasted in the evening. In the course of the study, it became
apparent that various behavioural elements were regularly related. These were grouped
into different superordinate categories in the course of the data evaluation (see Table 1).
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Table 1. Ethogram of the leopard gecko.

Ethogram of the Leopard Gecko

Abbreviation Behavioural
Categories Definition

resting behaviour I

1. hp hiding place resting within a hiding place, not active, complete body or for at least 2/3 of it not visible, head
always hidden, no observation of the outside possible

2. ruc rest under cover animal is partly visible, cover is open at least at one side, observation of the outside is possible

sense of security

3. ro rest outside resting outside any hiding place or cover, not physically active, lasting at least 3 s, not the
ordinary break between all behavioural units

4. rep rest elevated place rest most of the time outside cover at elevated structures like stones, roots, cork tubes

5. rec rest eyes closed resting with or without cover, with one or both eyes closed, indicating a sense of security

walking around (large movements)

6. wa walk around walk of at least one body length, mostly in connection with explorations

7. wasm walk around slow
motion

walking with a strongly reduced speed, mostly in context of prey capture, exploration or social
contacts

8. clim climbing explorative or targeted action, both directions: up and down on a stone, root, etc.

sensory exploration

9. pa position alteration mostly isolated head movements but also position movements of the body without going a step,
includes sensory perceptions like smelling or looking, which are sometimes difficult to detect

10. look looking sensory perception/exploration during any activity; head often follows a stimulus

11. sme smelling sensory perception/exploration during any activity; head often follows a stimulus and nose
touches or becomes very close to the object of interest

12. tf tongue flicking

consolidated category sensory perception/exploration during any activity, head often follows a
stimulus and tongue touches the object of interest; also, after drinking or eating, sometimes
tongue flicks into the air, and sometimes the mouth is opened and the tongue does not transcend
the jawbone

interest

13. coo change of body
orientation

change of body orientation, with at least one leg moved, and body moves less than a whole body
length, often a realignment of the body axis

14. rhp rest in high position

at least the forelegs, and in some situations, also the hind legs, are strung out, often in
combination with hu; if all 4 legs are strung out, it is not the classic fright reaction, which is
directed to a threat
it could last a few seconds to several minutes, probably an expression of interest and sensory
perception/exploration directed toward a stimulus; sometimes with closed eyes

15. hu head up
head is directed upward between 45 and 90◦, often together with rhp, probably sensory
perception/exploration directed toward a stimulus, e.g., tearflys walking on the ceiling of the
terrarium

foraging behaviour

16. ttv tail (tip) vibrations all types of tail movements, mostly in context with prey or social contact

17. snap snap snap a prey, not a synonym with eat, because a snap can be unsuccessful

18. bj bag jump jump towards a prey in order to bag it

19. eat eating eat a prey

basic needs

20. drink drinking drink water

21. def defecate defecate

22. gape gape single wide opening of mouth, mostly at the beginning of activity period

23. cl cloaca licking cloaca licking

ambivalent behaviour

24. dig digging mostly near the front pane; single movements to construction of holes that can harbour the gecko

25. pw pane walking walking along the front pane; in some situations, this is a sign of low well-being
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Table 1. Cont.

Ethogram of the Leopard Gecko

Abbreviation Behavioural
Categories Definition

26. lop look out pane mostly front pane, probably an expression of interest and sensory perception/exploration, often
together with pa, rhp, pw

Indication of distressed behaviour

27. ps pane scratching scratching at front pane or
ventilation grid; clear sign of low well-being

28. vps vertical pane standing standing on hind legs at front pane, often together with scratching movements of forelegs, clear
sign of low well-being, motivation to escape

29. rhp fp resp high position at
front pane

head is directed toward front pane or in angle of 90◦ to fp; in some situations, this is a sign of
sensory perception/exploration, and in others, it is a sign of low well-being or motivation to
escape if ps or vps are also shown in a temporal context

indication of low well-being

30. mpr mouth at pane rubbing often in combination with tf, sme, pa and coo, very short duration, rare, sensory
perception/exploration, or sign of low well-being, with motivation to escape

31. wmp wriggling movements
at pane

always in combination with coo or pa, short in duration, rare, clear, discrete repetitive behaviour
and sign of low well-being, acute stress and motivation to escape, exclusively in connection with
front pane

resting behaviour II

resting, no behaviour
(not counted)

little breaks (less than three seconds) in a behavioural sequence, respectively, the “stops“
between single behavioural elements

2.4. Study Animals

Eighteen adult leopard geckos (see Table 2) were studied in this study, including ten
females and eight males. The weights of the females were between 38 and 72 g, and those of
the males were between 40.5 and 87 g. No information can be given about the exact age. All
leopard geckos had hatched and grown up under terrarium conditions and were therefore
used to contact with humans as well as the specific environmental conditions (light and
temperature). Only the animals that had high to excellent physical and behavioural health
were included in this study. Health assessment was conducted via an external assessment
by a specialist veterinarian for reptiles. Furthermore, several faecal samples/animal were
examined for parasites, and most geckos were treated with medication against intestinal
parasites before the start of the study. In the subsequent pre-study, the animals were
assessed for behavioural anomalies.

Table 2. Husbandry type.

ID Sex Housing Usable Space cm2

1 m single 2500
2 m single 2500
3 m single 2500

4, 5 f, f pair 5000
6 m single 2500
7 m single 4000

8, 9 f, f pair 3200
10 m single 3300

11, 12 f, m pair 3300
13, 14 f, m pair 7000

15, 16, 17, 18 f, f, f, f quartet 21,000
m = male, f = female.
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2.5. Housing and Husbandry

The leopard geckos were housed in the same terrarium during the whole study. The
floor space for individually housed geckos was between 2500 and 4000 square centimetres
each, and for group-housed geckos, the floor space was between 4000 and 21,000 square
centimetres (see Table 2). Every terrarium was provided with a 10 cm layer of loamy sand,
several stones or stone flags, roots or branches and several small cork tubes and a water
bowl. Thus, every individual had at least three different hiding places available. Some
terrariums additionally had rear and side walls constructed with artificial clefts to increase
the useable space, create additional hiding places and to facilitate thermoregulation (see
Figures 2–4). All geckos were previously fed mainly with adult insects (house crickets and
locusts). Every terrarium had a heat lamp. The surface temperatures within each terrarium
were kept between approximately 25 and 45 ◦C (temperature gradient) during daytime. The
air temperature at night was kept between 17 and 26 ◦C (depending on the season). Every
terrarium room, except for one, had at least one window and access to daylight. Every other
day, the terrariums were sprayed with water in order to raise the humidity and to keep
some parts of the substrate humid, faeces was removed and the water bowl was cleaned
and refilled. From mid-October to early November, all leopard geckos became sluggish,
and the study was interrupted from 15 November 2021 to 28 February 2022, as all animals
were hibernating. The hibernation temperatures ranged from 10 to 16 ◦C. On 15 March 2022,
feeding was resumed. Feeding took place 2–3 x/week; alternately, house crickets, field
crickets, desert locust or flightless houseflies were fed to the geckos. All three observation
groups received the different types of feeding insects in the same frequency. Within a
group, only one type of insect was offered per feeding. Overall, all insect species were
offered equally often. The same insect species was offered on a maximum of two evenings
in a row. Each leopard gecko was offered approx. 5 g of insects per week, dusted with a
calcium vitamin preparation (Korvimin for reptiles and birds). If there was more than one
animal in the terrarium, this amount was multiplied by the respective number of animals.
The insects were always put into the terrarium alive and immediately dispersed and hid.
Feeding was carried out during the whole observation period, excluding the hibernation
period. Only during the intervention study were the geckos fed immediately before data
collection, and in all other cases, the geckos were fed outside the observation period. In
this way, it was possible to elicit a strong behavioural amplitude that could be used as a
benchmark for a high level of well-being (hunting behaviour, feeding and exploration), and
this was particularly useful for assessing the long-term effect of small insect feeding, see
Figures 5 and 6. As the observation times per leopard gecko (6 × 5 min) were randomly
distributed over the total observation time per evening, there should not have been bias in
the data.

2.6. Sex

As shown in Table 2, males were mostly kept individually, whereas females were
always kept in groups of two or, in a big terrarium (21,000 square centimetres with several
“floors”), in a group of four. They did not interact much with each other, but often shared
the same hiding place. Sometimes, they were attracted by the prey that another gecko
had just caught. From time to time, one walked over another. Reactions to this behaviour
included stoically ignoring it, avoiding the other or, in some rare cases, snapping at the other
animal. These interactions were not counted as behavioural units to maintain comparability
between individually kept and group-kept animals, as well as same-sex and opposite-sex
groups. Some leopard geckos were kept in male–female couples, which had known each
other for several years and were in tune with each other. A male never walked over a
female, and if the female walked over a male, the male always ignored it. Behaviour related
to these interactions was likewise not counted.
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2.7. Feeding Insects

Four insect species with different behavioural characteristics were offered as stimuli
to the leopard geckos:

House crickets, Acheta domesticus; field crickets, Gryllus assimilis They quickly seek a hiding
place, move quickly in intervals, congregate in warm places, spend more time under a
cover than in open space, move mostly on the ground and are active during the day and in
darkness; field crickets were less active than the house crickets.
Desert locust, Schistocerca gregaria During the day, they often stay out of the cover, and
they hide at dusk and during the night; they move slowly or jump, climb on all kinds of
elevated points and gather in warm places.
Housefly, Musca domestica They are incapable of flying, they do not seek out hiding places,
they distribute themselves over all surfaces, are active above all during the day and gather
in warm places. Their inability to fly is due to a defect mutation and it is common in the
reptile feed market.

2.8. Forceps Feeding

In order to have a time comparison of different feeding methods, in a preliminary
study, it was measured how long it took a leopard gecko to eat three adult house crickets
offered to it with tweezers. This corresponds to about half of the weekly feeding ration. A
total of 30 timings took place with the 18 leopard geckos. The starting point was the visual
fixation of the insect, and the end point was the swallowing process.

2.9. Intrinsic Rhythms

The observation time followed the intrinsic schedule of the animals that became
active immediately before or after the terrarium lights switched off at around 6 p.m.
Since crepuscular reptiles have an activity maximum in the first half of the night due to
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dropping temperatures [89], there was no necessity to conduct observations after midnight.
This prediction was confirmed by the observational and statistical data, which showed
decreasing activity as the time progressed.

Another intrinsic schedule was the decreasing activity of most leopard geckos
around mid-October, although neither the temperature nor quality or quantity of the
terrarium lightning changed. Two things appeared interesting: 1. Only 14 of 18 geckos
became less active; all of these animals had big windows in their terrarium rooms. The
enclosures of the remaining four geckos were windowless rooms, and these animals
showed no decrease in activity. These observations were in accordance with the descrip-
tions from the literature [90]. 2. About half of the animals were used to a hibernation
period of about three months, and the other half were not used to this. Regardless,
the decrease in activity was about the same in both groups. This study was therefore
interrupted, and all of the leopard geckos had 14 weeks of hibernation, followed by
about four weeks of re-acclimatisation.

2.10. Technical Equipment

To measure the body temperature, a Testo 831 (Testo SE & Co. KGaA, Lenzkirch,
Germany) infrared thermometer with a two-point laser was used. Two 5-Watt LED lamps
were used to create an indirect light in the terrarium room, just bright enough to see the
details of the body movements.

2.11. Statistical Analysis

In order to compare the behaviours of the individual animals over the study, all
observed behavioural units were summed up for each animal, survey and behavioural
category. That enabled us to create one variable for each animal and behavioural category,
indicating the observed number of behavioural units for the baseline, intervention and
post-intervention stages. Those numbers of behavioural units were first descriptively
examined for each study stage. After data preparation, a paired t-test was performed to
determine whether there was a significant change in the behaviours between the three
individual data collection stages. To investigate the differences in behaviours between the
three different food insects, one-way ANOVA was used. In addition, for the examination
of the differences between male and female animals, an unpaired t-test was performed. In
general, all tests were performed with significance level = 0.05.

Apart from the number of observed behavioural units, we wanted to assess the
diversity of the behavioural categories since behavioural diversity is considered a potential
indicator for animal welfare. We therefore calculated the share of performed behavioural
categories out of a total of 31 possible ones (see Table 1: Ethogram). For this share, it was
only relevant whether the category was observed at least once in each data collection point.
The frequency of the observed category is not considered here since we are only interested in
the variety of different categories realized. The overall frequency of behavioural categories
is presented in Figure 7. All analyses were performed using R (Version 4.1.0).

2.12. Qualitative Data

There were observations that appeared to be important but occurred outside the
defined observation timeslots. In some cases, this was a rare behaviour that occurred
in a different context than the study and therefore was not quantified, but it remains an
important cue to assess a certain situation.
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3. Results
3.1. Sensory Stimulation as a Means of Sustained Enhancement of Well-Being

A comparison of the baseline and intervention data sets showed significant increases
in the mean number of behavioural units from 696 to 1409 (p-value = 0.001) and be-
tween the baseline and post-intervention from 696 to 1293 (p-value = 0.001). In total,
12,519 behavioural units were counted in the baseline survey of all 18 leopard geckos,
25,366 behavioural units were counted in the intervention survey and 23,267 behavioural
units were counted in the post-intervention survey, 11 months after the start of the inter-
vention (see Figures 7 and 8). The proportion of foraging during the intervention survey
was minimal; 4.1% of foraging was related to all activities within this survey.

The effect on behavioural diversity, measured in behavioural categories, was less
strong. Considering the absolute numbers of counts of behavioural categories, between the
baseline and the intervention sets, there was an increase from 5507 to 6451, and 11 months
later, in the post-intervention, there were 6079 behavioural categories realised by all
18 leopard geckos (see Figures 7 and 8). From the baseline to the intervention set, the
mean number of behavioural categories/animal increased significantly from 306 to 358
(p-value = 0.043). The increase from the baseline to post-intervention was 338 and was not
significant (p-value = 0.142).

If the number of realised behavioural categories out of the 31 possible categories
(ethogram) is considered, only a significant increase in behavioural categories between
the intervention (0.670) and post-intervention sets (0.578, p-value = 0.005) can be observed
(see Table 3). The total activity differentiated according to the behavioural elements is
visualized in Figure 9. The total sum of behavioural elements of all animals for higher-
ranking categories is presented in Figure 10.
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3.2. Details Related to Co-Variables
3.2.1. Sex

Eight males showed 26,049 behavioural units, whereas ten females realised a total
of 35,103 behavioural units; as such, the activity level of the female leopard geckos was
higher by a factor of 1.08. With regard to the behavioural categories, the males showed a
total of 7941 behavioural categories, and the females showed 10,096 behavioural categories,
which is higher by a factor of 1.02. No significant difference between the females and males
was observed for both behavioural units; the average number of behavioural elements per
animal in the males = 1085, and the average number of behavioural elements per animal in
the females = 1170 (p-value = 0.648), and the number of behavioural categories in males
was 331, and in females, it was 337 (p-value = 0.843).

Animals 2023, 13, x FOR PEER REVIEW 14 of 29 
 

 

Figure 8. Total sum of behavioural elements per animal. 

The effect on behavioural diversity, measured in behavioural categories, was less 

strong. Considering the absolute numbers of counts of behavioural categories, between the 

baseline and the intervention sets, there was an increase from 5507 to 6451, and 11 months 

later, in the post-intervention, there were 6079 behavioural categories realised by all 18 leop-

ard geckos (see Figures 7 and 8). From the baseline to the intervention set, the mean number 

of behavioural categories/animal increased significantly from 306 to 358 (p-value = 0.043). 

The increase from the baseline to post-intervention was 338 and was not significant (p-value 

= 0.142). 

If the number of realised behavioural categories out of the 31 possible categories 

(ethogram) is considered, only a significant increase in behavioural categories between 

the intervention (0.670) and post-intervention sets (0.578, p-value = 0.005) can be observed 

(see Table 3). The total activity differentiated according to the behavioural elements is 

visualized in Figure 9. The total sum of behavioural elements of all animals for higher-

ranking categories is presented in Figure 10. 

Figure 8. Total sum of behavioural elements per animal.

Table 3. Significance level of behavioural diversity (behavioural categories) referring to 31 possible
behaviours (ethogram) and data sets.

p-Values Baseline_1_2 Intervention_1_3 Post-Intervention_2_3

behavioural diversity 0.070 0.116 0.005

Baseline 1 Intervention 2 Post-intervention 3

average behaviours performed 19.7 21.4 18.5

range of variation 11 12 11

minimum 14 15 14

maximum 25 27 25

median 19.5 21 18

Baseline = data set 1. Intervention = data set 2.



Animals 2023, 13, 3595 15 of 29Animals 2023, 13, x FOR PEER REVIEW 15 of 29 
 

 

Figure 9. Total activity differentiated according to behavioural elements. 

 

Figure 10. Total sum of behavioural elements of all animals for higher-ranking categories. 

  

Figure 9. Total activity differentiated according to behavioural elements.

Animals 2023, 13, x FOR PEER REVIEW 15 of 29 
 

 

Figure 9. Total activity differentiated according to behavioural elements. 

 

Figure 10. Total sum of behavioural elements of all animals for higher-ranking categories. 

  

Figure 10. Total sum of behavioural elements of all animals for higher-ranking categories.



Animals 2023, 13, 3595 16 of 29

3.2.2. Food Insects

Regarding the acceptance of the feed animals, only the intervention set can be taken
into account, as feeding only took place during this data collection stage. The highest
average number of behavioural units was realised when the geckos were fed with desert
locust (Schistocerca gregaria) (19.95), followed by housefly (Musca domestica) (17.73) and
house crickets (Acheta domesticus) (13.45). The same ranking was found concerning the
behavioural categories: desert locust (Schistocerca gregaria) (4.61), followed by housefly
(Musca domestica) (4.26) and house crickets (Acheta domesticus) (3.94). There was a significant
change between the three different food insects for both behavioural units (p-value = 0.001)
and behavioural categories (p-value = 0.003).

3.2.3. Forceps Feeding

The shortest time span was 41 s, and the longest time span was 4 min and 2 s.

3.2.4. Terrarium Size

There was no significant correlation between the terrarium size and activity or
behavioural diversity (number of behavioural units) (p-value = 0.926) and diversity
(p-value = 0.506).

3.2.5. Body Temperature

There was no significant correlation between the activity level or behavioural di-
versity and body temperature (number of behavioural units, p-value = 0.322; diversity,
p-value = 0.079).

3.2.6. Qualitative Data

Leopard geckos are very well able to distinguish relevant stimuli from non-relevant
stimuli, even at a distance to their enclosure. Since works in the literature about the
behaviours of leopard geckos are very rare, three examples of our own observations from
contexts other than the study were interesting. A terrarium with a front pane as wide as
the table, inhabited by a couple of leopard geckos, stood for several years at a big kitchen
table. Almost nothing that happened there, including the humans eating, talking, playing
and listening to music, a big curious dog or a light in the evening, seemed to trigger a
behavioural reaction from the geckos. Every evening, they came out of their hiding place
and spent their time on a heat stone, their favourite resting place. But when a translucent
box with crickets or locusts were put at the table, at a distance of about 80 cm from the
front pane, the geckos became immediately active, staring at the insects and trying to go to
them. In another situation in the same terrarium, at a distance of about 150 cm, another
male leopard gecko walked over the table. Again, immediately, the male in the terrarium
became very interested and active. In a third situation, three glass terrariums were placed
side by side. In each terrarium, one male was housed. The panes were a little opaque due
to limescale spots from spraying with water. The males were aware that their neighbours
were males, too. On rare occasions, they showed the typical high position in order to
threaten the others. Most of the time, they ignored each other, and sometimes they laid next
to another, separated by the panes (all observations were made by the main author FK).

3.2.7. Activity Time

Overall, there was a significant correlation between the activity level and time. The
highest behavioural intensity was observed between 6 and 7 pm, roughly evenly decreasing
with time. The individual data collection points show that the change in the behavioural
intensity over time is significant for the intervention (p-value 0.001) and post-intervention
(p-value = 0.001).

Which kind of behaviours are the most often realised ones, and which ones changed
between the baseline, intervention and post-intervention?
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The behavioural categories realised by the leopard geckos are presented in detail
in the ethogram in Table 1 and Figure 10. For the purpose of analysis, it was useful to
aggregate them to higher-ranking categories according to their behavioural meanings.
There were four aggregate categories, which represent the majority of behavioural units:
“sensory exploration” (33,114 observations), “walking around” (10,450 observations), “in-
terest” (8598 observations), and “all resting behaviour” (5375 observations). The four main
behavioural categories mentioned above all indicate well-being. As shown in Table 4,
the quantity of behavioural units increased in three of four categories from the baseline
to the intervention, and in two of the four categories, the quantity of behavioural units
increased from the baseline to post-intervention. The “all resting behaviour” category
showed a slight decrease from the baseline to the intervention and remained on a plateau.
In order to further differentiate the meaning of this behavioural category, it was divided
into two parts: “sense of security” (rest with eyes closed outside hiding place; rest outside
hiding place; rest on elevated place) and “resting” (hiding place; rest under cover). The
“sense of security” category shows a slight, non-significant decrease from the baseline to
the intervention. Regarding the total change from the baseline to post-intervention, there
was a significant increase in the number of observed behavioural units (p-value < 0.002).
The “interest” category showed almost a doubling in the number of observations from the
baseline to the intervention, and a further increase was observed from the intervention to
the post-intervention. Compared to the baseline, the changes to the intervention and the
post-intervention were significant (p-value < 0.020)

Table 4. Changes in behavioural quantity.

Table: Changes in
Behavioural Quantity

Data Set

Sensory
Exploration

Walking
Around Interest All Resting

Behaviour

Factor Factor Factor

baseline 5723 - 2431 - 1936 - 1848

intervention 13,477 2.35 5696 2.34 2914 1.51 1734

post-intervention 13,914 2.43 2323 0.96 3748 1.94 1793

Factors are related to baseline data set.

4. Discussion

The behaviours of a group of 18 adult leopard geckos of both sexes were recorded in
their terrariums during their peak activity period between 6 pm and 11 pm in baseline,
intervention and post-intervention data collection stages. The hypothesis to be tested was
whether it is possible to increase the realisation of behavioural preferences by increasing
the density of the stimuli through feeding the geckos with small insects, thereby increasing
their well-being. The results showed that this type of enrichment led to a quantitative
doubling in the activity levels from the baseline (total of 12,519 behavioural elements)
to the intervention (total of 25,366 behavioural elements). And even 11 months after the
introduction of small insect feeding (post-intervention total of 23,267 behavioural elements),
the activity level was still significantly increased. The behavioural diversity, as the absolute
number of behavioural categories for all 18 leopard geckos, also increased, although less
than the behavioural intensity, between the baseline (5507 behavioural categories) and
intervention (6451 behavioural categories) and between the baseline and post-intervention
(6079 behavioural categories).

The focus of this study was the creation of evidence-based reptile husbandry regimes,
cf., [5,12,19,43,55,85], to improve the living conditions and welfare of leopard geckos in
both private and scientific contexts [8,43,86,87]. Welfare research on farm, laboratory and
zoo animals is of increasing interest [1], but not private reptile husbandry [1,83]. The results
showed that it was possible to sustainably activate leopard geckos in the terrarium by
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offering them behavioural opportunities through small insects in the form of acoustic,
olfactory and visual stimuli. Such enrichment has already been shown several times to
be an efficient means against boredom and a lack of stimulation and to increase well-
being [22,24,30,56,87,91,92].

4.1. Differences Compared to Other Leopard Gecko Studies

All animals spent the entire study in their terrariums, which were much larger and
more structured than what is usual in an ordinary scientific setup, e.g., [50,62,93,94], offering
more hiding places, natural substrates, branches or roots and stones. This specific setup
had four goals:

1. There is no justification for why animals used in science should be kept under poor
husbandry conditions [6,24,92].

2. The quality and quantity of enclosures have significant impacts on the behaviours and
welfare of the animals [87,88]. A change in the behavioural diversity or time budgets
may be due to changes in the environment (e.g., a new terrarium) and need not have
any impact on its welfare [31] but may nevertheless influence future behavioural
expressions. It was shown, for example, in trouts (Oncorhychus mykiss), that enriched
tanks promoted a better recovery from stress [95]. For corn snake (Pantherophis
guttatus) and rat snake (Pantherophis obsoletus), it could be shown in different studies
that a more structured terrarium leads to the animals having more interest in new
objects, being better at problem solving and showing more explorative behaviour,
greater behavioural intensity and well-being [41–43].

3. Since three data collection stages were conducted, and the whole study lasted one
year, good housing conditions were necessary from a scientific point of view (true
results) and also for ethical reasons (high degree of well-being of study animals),
e.g., [6,33,55,79,82,96].

4. Small, minimalistic terrariums inherently limit the opportunities for action as they
offer little choice to act out behavioural preferences and often act as severe stressors on
the animals [9,22,26,33,55,81,91,93]. A study with laboratory rats (Rattus norvegicus)
has shown that animals that were exposed to an increase in stimulus diversity through
enrichment were better habituated and performed better in cognitive tests, had better
spatial memory and object recognition and explored more. In other words, they
were better off than the controls, and had a better welfare level. Furthermore, the
release of some neurochemical parameters, like acetylcholine, was also reduced, which
indicates reduced perceived distress [97]. A study with zebrafish [33] has shown
that animals that were kept under typical laboratory conditions (small barren tanks)
regularly exhibited abnormal behaviours, increased sensitivity to stress-inducing
factors, lethargy, restriction of normal behavioural repertoire and other negative
effects. Conversely, zebrafish that were kept under more complex and stimulating
conditions were shown to have a higher rate of brain cell proliferation, faster learning
or higher stress tolerance. Thus, animals in complex and stimulating environments
provide more realistic, valid and valuable models for scientific interventions [98].

4.2. Resource and Animal Based Factors

Two complementary approaches are often proposed to assess well-being, e.g., [9,20,35,99]:
resource-based aspects and animal-based aspects. Regarding the former, as described above,
all geckos were in good health and were housed under better conditions than the norm in
scientific setups, but not all geckos were housed under the perfect conditions of an ideal
world. All leopard geckos had access to different gradations of brightness, humidity and
warmth and thus always had choices to stay in a preferred place. The lighting duration
more or less followed natural conditions, and the temperatures followed the seasonal cycle.
The animals were allowed to hibernate for 3.5 months. Their diets consisted exclusively
of insects, of which they received about 5 g/week/animal, as well as calcium vitamin
supplementation. The health statuses of all participating animals were found to be good
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according to a reptile veterinarian. In cases where several leopard geckos were housed
together, these animals had known each other and lived together for at least a year. No
disharmony could be detected. Warwick et al. [100] matched a list of behavioural signs
of quiescence and comfort as a tool to assess reptile welfare, including normal alertness,
calmly smelling objects or air, subtle changes in body posture and orientation, unhurried
body movements, a moderate to relaxed grasp on the handler and relaxed drinking, feeding,
breathing and physical quiescence. All of these behavioural signs were regularly observed
in the geckos that were part of the study. Some animals showed occasional signs of distress,
which was analysed and discussed elsewhere [101]. A consideration of these resource-
based factors showed that the animals were living in good housing conditions. There
were no obvious reasons for pain, fear, suffering or permanent distress, and they had
choices/control over diverse stimuli to express innate behaviours, which should have
resulted in a reasonable degree of well-being [3,4,21,22,26,31].

However, this approach only covers part of the conditions that are necessary for
an assessment of well-being. The other part is animal-based factors, or behaviour.
Current evidence suggests that the evaluation of inputs valued by an animal via pos-
itive outcomes is the best method to assess positive welfare [9,55]. One key function
of environmental enrichment is providing the animal with opportunities to express
behaviour patterns for which it is highly motivated [19,22,24,29,30,55] and which are
rewarding [19,30,102]. The conditions in a terrarium are often characterised by high
predictability, a lack of stimuli and highly confined spatial conditions, which is the oppo-
site of the conditions in the natural habitat in several ways. Accordingly, cognitive and
behavioural skills are not or infrequently challenged, and the expression of behavioural
preferences is limited by the restricted behavioural options [7,22,26,32,103], which cause
boredom and compromise welfare.

As feeding with small insects satisfies a basic need, it does not wear out like other
enrichments. In addition, the gecko necessarily has to move more to satisfy its appetite. As
more individual insects/unit of weight are offered, the insects are distributed over a larger
surface area and provide a higher encounter rate, which increases the stimulus density in
the terrarium. The insects are perceived visually, olfactorily and acoustically, which further
increases the stimulus diversity and probably also corresponds more to the conditions in the
natural habitat. The geckos are motivated, physically and cognitively challenged and find
it self-rewarding to respond to these stimuli [19,22,26,30,56,58], and it also initiates other
behaviours in addition to foraging, for example, exploratory behaviour. Implementing
such enrichment is also a preventive measure that helps to prevent atypical behaviour or
unwellness. Providing a stimulus-rich environment is an essential method to create states
of positive welfare [3,19,30]. For example, Maple et al. [87] reported about a successful
target training with Mississippi Alligators (Alligator mississipiensis) in which two obese
and lethargic Crocodylians were fed with a special diet to reward compliance. Feeding
small insects that are free to roam can be understood as the antithesis of a widespread
practice, forceps feeding, which a priori deprives the animal of a variety of behavioural
opportunities, cf., [22,87]. During the preliminary study, the time it took for a leopard
gecko to eat three adult house crickets (which is about the equivalent of 5 g of food) was
measured. The time range was between 41 s and 4 min. Thus, it could be shown that this
(common) feeding method reduces the time span in which a leopard gecko can act out its
food-related behavioural preferences (hunting, eating and food-related exploration) to this
extremely short weekly time span. In contrast, feeding with small free-roaming insects
provides much more behavioural opportunities, which is associated with an increase in
welfare. Similar results, but without a later evaluation, were shown in studies with fly river
turtles (Carettochelys insculpta) in which these reptiles also spent significantly more time
acquiring food through the presentation of appropriate behavioural opportunities than
under standard conditions where food was simply thrown onto the water’s surface [47].
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4.3. What Types of Behaviour Did the Leopard Geckos Display, and Can Indicators Regarding Their
Well-Being Be Derived from This?

In the ethogram, 31 behavioural and 10 superordinate categories were differentiated.
The higher-ranking category with the highest amount of behavioural intensity was “sensory
exploration” (Figure 10), though this category had some methodological challenges. There
were many clear observations of sensory perception, i.e., the gecko tilted its head and
nostrils towards the ventilation grid as an expression of olfactory perceptions. In other
cases, it turned its head following the movements of a desert locust, which could be
interpreted as vision. Cases of tongue flicking indicated that the gecko had either perceived
or was seeking olfactory stimuli [104–106]. But had the gecko also taken in olfactory stimuli
while walking through the terrarium? If it moved its head a little bit and then stayed in that
position for minutes, had it been looking the whole time? Had it continuously perceived its
environment, in which nothing changed externally, with all its senses? And to what extent
were these perceptions relevant to its well-being? Since these questions were not the subject
of the present study, a conservative count of the behavioural elements was made, i.e., only
the unambiguous elements (looking, smelling and tongue flicking) were recorded, from
which it could be deduced that the figures significantly underestimate the actual extent of
sensory perception. Chemical communication is a characteristic feature of different aspects
of reptile biology [22,106,107], for example, prey detection and exploration. Tongue flicking
serves as an important means to obtain chemical cues from the environment [104]. The
vomeronasal organ is essential for detecting prey in many squamates [108].

The behavioural element of “position alteration” was also added to the superordinate
“sensory exploration” category. This expresses small body movements, i.e., less than one
step with one foot. The majority were head movements. It seems plausible that every head
movement was connected with a sensory perception, e.g., looking. In other words, this
category summarises all situations of sensory perception that cannot be differentiated into
a single one. Here, too, it can be assumed that the actual number of sensory perceptions is
underestimated. Furthermore, it seems plausible that a few head movements were also
not primarily associated with a perception. Due to the above-mentioned problems, no
simultaneously occurring sensory perceptions were recorded, and the recording of acoustic
perceptions was omitted, although the latter clearly plays a role in the localisation of prey
by leopard geckos (F. Krönke unpublished data).

The outstanding frequency of behavioural elements from this super category and their
significant increase between the baseline and the intervention or post-intervention indicate
that sensory exploration represents a central behavioural preference for leopard geckos
under terrarium conditions. This conclusion is consistent with the approach of “asking
animals what they want” [27,31,54,92,108,109]. It could thus also be stated that a wealth of
sensory perception in leopard geckos, without forms of atypical behaviour, a state of good
health, high-level housing and husbandry and the absence of lasting distress might be an
indicator of well-being as it is a self-rewarding behaviour and therefore evokes a positive
mental state, which is closely associated with good welfare and correlated with the leopard
geckos’ health [4,9,13,19,25,27,30,35,110,111].

The second most frequent category was “walking around” (Figure 10). This category
summarised different kinds of larger movements (at least one snout to vent length). It
played a role in exploratory behaviour but appeared to be less important than sensory
exploration. There was a significant increase from the baseline to the intervention and also
from the intervention to post-intervention. It is a space-using behaviour.

The third overarching category was “interest” (Figure 10). Observations in this cat-
egory almost doubled from the baseline to intervention and further increased from the
intervention to post-intervention. This category includes the “high position”, where at
least the front legs, and sometimes also the hind legs, are stretched. This was neither the
classic fright reaction, nor was it sexually motivated. The second type of behaviour in
this category was “head up”, where the head is stretched upwards at an angle of 45–90◦.
Sometimes, this position was adopted when, for example, flies were running along the deck.
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As this position also elevates the eyes compared to the normal head position, it is likely
that the gecko is increasing its field of vision and gaining additional olfactory stimuli. In
such situations, attention or interest appeared to be indicated. In other situations, no optic
stimuli were visible, and the gecko remained in this position for minutes, sometimes with
its eyes closed. Another behaviour of this group is a “change of body orientation”, i.e., at
least one step with one leg and less than one snout-to-vent length of locomotion. Mostly
the position of the head and the orientation of the body axis were changed. The behaviour
of this category was not primarily motivated by sensory perception, nor was its purpose
locomotion. Changes in the body orientation often followed position alterations, i.e., very
small movements of the head. This behaviour seems most plausible as a kind of attention
behaviour. After a sensory perception, the motivation to (re)act was present, but not strong
enough as to be followed by an action, or the situation was evaluated in such a way that a
reaction did not seem necessary. This could be an expression of differentiated behaviour,
like adapting attention and behaviour to (new) environmental stimuli, as described by
Szabo et al. [112,113].

The fourth category was “resting behaviour”. The resting levels of all geckos dropped
non-significantly from the baseline to the intervention, as well as from the intervention to
the post-intervention, and dropped significantly from the baseline to the post-intervention.
The results primarily indicate two things: the variation between the data sets is low, leading
to the explanation that the resting behaviour is an intrinsic component of the normal
behaviour of leopard geckos. Furthermore, it can be concluded that a stimulus-poor
environment (baseline conditions) does not necessarily generate lethargy at the population
level. Periods of sleep and rest are indicative of good welfare [9]. Furthermore, due to
their ectothermic metabolisms, reptiles are often less active than endotherms [7,114], which
means frequent and long resting periods are part of normal behaviour in many species.
Since the time budget for rest was about the same in all three data sets, it might be seen as
an indication of a certain degree of welfare even before the intervention began.

To further differentiate the meaning of resting behaviour, these behaviours were
divided into two categories: a “sense of security” (rest with eyes closed outside hiding
place; rest outside hiding place; rest in an elevated place) and “resting” (hiding place;
rest under cover) (Figure 10). While the second category (“resting”) was characterised
by the head and/or body being under a cover, which might relate to a need for security,
the first category might express a feeling of security, which is why the second category
is called “sense of security”. The head and/or body were mostly out of cover and the
eyes were often closed, implying an awareness of the extent and structure of the terrarium,
daily routines and that no acute threats were assumed. Leopard geckos can afford to be
vulnerable. This assumption is aligned with that of Mohanty et al. [115], who states that
the sleeping behaviour in reptiles is always closely connected to predator avoidance and
with the qualitative observation that leopard geckos are capable of assessing or evaluating
their environment, including the immediate surroundings outside the terrarium, very
accurately. Regarding the total change from the baseline to the post-intervention and from
the intervention to the post-intervention, a significant increase in the number of behavioural
units was observed. These changes illustrated that behaviour associated with perceived
security increased along with activity. As such, it might be seen as a second line of evidence
that feeding enrichment improves the welfare of leopard geckos, cf., [13,35,110]. Therefore,
there is a case for conceptualising the sense of security behaviours as an indicator of feelings
of safety and thus well-being.

In summary, the increase in the behavioural intensity as a result of the increase in
the stimulus density through small insect feeding suggests that under baseline conditions,
leopard geckos lacked the opportunity to engage in appetitive behaviours and the reali-
sation of apparent goals, which was associated with a reduction in well-being. However,
it is difficult to make a clear statement on how large the measurable effect (e.g., increase
in behavioural intensity) must be in order to speak of a substantial improvement in the
situation, and how large the range of a behavioural change may/should/must be or how a
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target value can/should be defined. The classical answer is to use behavioural data from
the natural habitat as a basis for comparison, e.g., [28,29,116]. However, as the design of
the natural habitat, the behavioural profile, population-related or individual differences
and many other factors differ significantly between the natural habitat and captivity, it is
questionable to what extent the behavioural data or time budgets from the natural habitat
can be transferred in a 1:1 ratio.

4.4. Other Correlations
4.4.1. Housing

For reasons of practical necessity, the 18 leopard geckos were kept in seven different
terrariums and in varying group sizes. With regard to the above-mentioned behavioural
categories, no statistically significant correlation with the terrarium size could be demon-
strated. Leopard geckos are very adaptable in terms of their living conditions in a terrarium.
Part of the objective of the study was to answer the question of how the selected leopard
geckos behave and feel under the given circumstances, i.e., within their terrarium, which
has been familiar to them for several months, and whether they change their behaviours
within this environment. This is a common approach in zoo animal research, where it
is implicitly or explicitly assumed that husbandry conditions in different zoos are never
identical and that the data are nevertheless comparable, e.g., [3,4,35,88,116–118].

The group housing of leopard geckos in the study was driven by the aim to create
more stimulus-rich husbandry conditions. Keeping males separate is the consequence of the
fact that male leopard geckos do not tolerate each other in ordinary small terrariums and
will attack and injure each other. However, this is the second best option from a welfare
perspective, cf., [119]. Providing enrichment, as in this study, was effective, as the husbandry
system did not have an effect on the increased activity and behavioural variability and thus
improved welfare. There was no statistical significant difference in behaviour between the
male and female animals. And likewise, no significant correlation could be found between
the body temperature and behavioural intensity or behavioural diversity.

4.4.2. Behavioural Diversity and Well-Being

According to the natural living concept, which states that an animal that is able to
perform natural behaviours is in a state of positive welfare [31,120], high behavioural
diversity is thought to be an indicator for well-being and, vice versa, low diversity is
indicative of poor well-being and lethargy, though there are differing views about be-
havioural diversity as well. Animals in captivity always have a restricted behavioural
repertoire compared to wild counterparts; therefore, the question also arises as to whether
behavioural diversity is an absolute or a relative measure for animals under captive con-
ditions [20,28,35,103,116,121]. This may be particularly true for ectotherms, who show
a restricted diversity because they have everything they want, do not need to search or
explore and may instead be motivated to save energy. They may experience a high de-
gree of well-being yet exhibit few but positively valenced behaviours that may indicate
welfare [25,27,31,122].

In these data sets, there was a significant increase in the behavioural diversity (be-
havioural categories) from the baseline to the intervention, but there was no significant
increase between the baseline and post-intervention. Since feeding insects were offered
to the leopard geckos during the intervention but not in the post-intervention, it seemed
obvious that the increase in the behavioural categories was due to actual stimuli. From
this—according to theory—it might be deduced that well-being decreased in the post-
intervention data set. This interpretation might not be correct for several reasons:

1. Even without actual stimuli, the increase in the behavioural intensity (behavioural
units) was still significant 11 months after the enrichment, exhibiting twice the level
of activity compared to the baseline.

2. As cited in Materials and Methods, there were neither behavioural signs of reduced
well-being nor any changes made to the high housing and husbandry quality.
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3. As highlighted by Burghardt [7] and Warwick et al. [92], due to their ectothermic
metabolisms, the activity levels of reptiles are different to those of mammals or
birds [114]; however, the model of broad behavioural diversity as an indicator of good
welfare was built on research on endotherms [5–8].

4. The long observation time of this study indicates the high reliability of the data.

It might be assumed that the leopard geckos of this study, who realised an average
of 19.7 behavioural categories out of 31 possible categories at the baseline (see Table 3),
already showed an acceptable degree of well-being, even at the baseline. It therefore seems
plausible that an additional increase in the behavioural diversity was not a necessary
condition for an increase in well-being, cf., [110]. This is in line with some authors who do
not exclusively understand behavioural diversity as the number of different behavioural
categories, but also as the frequency of behaviour, e.g., [120], and that behavioural diversity
without context has only limited significance [27]. The context is that the behavioural
intensity increased significantly between the baseline and intervention as well as between
the baseline and post-intervention. This is, as discussed above, a strong indication that the
leopard geckos felt well because they significantly increased the frequency of behaviours
that they were highly motivated to perform, which were self-rewarding, and at the same
time, they did not show any behaviours that indicated discomfort, even if their behavioural
diversity was less than expected. It therefore might be worthwhile to conduct further
studies with other reptile species to test the diversity model.

4.5. Was It Trivial to Conduct This Study?

Critics might say yes, because it is a compelling necessity for a leopard gecko to move
more for its food when it is smaller to obtain the same amount of food. However, the
results clearly showed that only a minimal proportion of the activity budget was spent on
foraging, and that even after 11 months, the total activity was still about twice as high as
before, showing that conducting this study was not trivial. Binding et al. [1] demonstrated
in a meta-analysis that enrichment is one of the most effective strategies for promoting
psychological well-being in animals, and how an animal feels is seen as what counts the
most [55,99]. The longitudinal nature of this study with multiple timelines is a substantial
advantage.

The intervention survey was able to show that an increase in the environmental
stimulus density was successfully established in the leopard geckos by introducing small
insects as active, free-roaming prey. Many studies end at this point and only show that the
respective animal responded to the stimulus [22], e.g., [50,51,123,124]. What is essential to
sustainable enrichment is the achievement of the goal, i.e., the promotion of well-being
through the creation of specific behavioural opportunities [22,87].

5. Conclusions

“In using animals for our purposes we exercise varying degrees of control over the
quality and duration of their lives. That control gives us the opportunity to manage them
humanely. Moreover, using them for our own purposes, not theirs, requires us to do so.
Accordingly, we have an ethical ‘duty of care’ towards the animal in our control and this
translates into a practical obligation to keep their welfare [...]” [55] at high levels. And in
the same sense, Boissy et al. [25] states the following: “If we want to maximize welfare,
then the aim must be to give the animals as good quality of life as possible all the time”.
Whitham et al. [13] urge that all zoo animals should be offered challenges that induce
positive affective states throughout life, and not only when abnormal behaviours occur. It
should be added that this premise should apply equally to all privately kept reptiles.

The leopard gecko is probably the most widely distributed pet lizard in private
husbandry [60] and has become a model for some types of research questions, even in
science, e.g., [64,67,68]. This is due to its characteristic as an ecological generalist, because
it is easy to keep and breed and it is considered a good “starter reptile” for beginners as it
“condones” husbandry mistakes, even for extended periods. However, being a mass species
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is not a second-class classification. They, too, have an equal claim to good well-being as all
animals in human care. “As many now recognise, environmental ‘enrichment’ is not an
extra benefit that we may choose to provide as a luxury if the time budget permits; it may
be essential for proper management, even for reptiles!” [7].

Feeding enrichment with small insects is a step in this direction that can be realised
by any leopard gecko keeper without extra effort or higher costs. The triumphant success
of the internet has resulted in both a myriad of information on reptile husbandry and an
enormous increase in the accessibility of most species. Unfortunately, the past decade has
also seen the spread of a trend towards a medium to low husbandry quality in reptiles
(cf., various leopard gecko internet platforms). This makes it obvious that the quality of
husbandry is not only related to the available information, but also to the attitude of the
reptile owner [37]. During the decades of the emergence of terraristics, e.g., in Germany
more than 140 years ago, the prevailing idea was to provide the animals in the terrariums
with a “copy” of their natural habitat to ensure their well-being, e.g., [125–129]. For those
who feel responsible for their reptiles, this approach still applies [9,90,92]. Unfortunately,
a “convenience minimalism” has spread today that follows certain maxims: spend as
little money as possible; do not leave home when home delivery is an option; do not
buy books because the internet is free; and do not make commitments—sell it when you
become bored.

We hope to have shown that it is possible to increase the well-being of leopard geckos
with minimal effort.

Author Contributions: F.K. is the main author who is responsible for the whole study and has
conducted all of the work excluding the statistics. L.X. is responsible for the statistical analysis. All
authors have read and agreed to the published version of the manuscript.

Funding: This study was financed exclusively through the main author’s salary payments for a
50% position at the Munich Rescue Center for Reptiles and received no external funding. The time
required was considerably higher and was carried out exclusively in the free time of the main author
(FK). No other costs were incurred or borne privately by the main author.

Institutional Review Board Statement: The Faculty of Veterinary Medicine at the Ludwig Maxim-
ilian University in Munich assessed this project as consistent with the German Animal Protection
Act. Tierärztliche Fakultät der Ludwig-Maximilians-Universität München, Veterinärstr. 13/B, Raum
B 128, 80,539 München/Germany, Tel.: +49-89-2180-2512, http://www.vetmed.uni-muenchen.de/,
accessed on 17 November 2023.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: We thank Bugs International for kindly supplying the feeding insects to the
Munich Rescue Center for Reptiles.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Binding, S.; Farmer, H.; Krusin, L.; Cronin, K. Status of Animal Welfare Research in Zoos and Aquariums: Where Are We, Where

to Go Next? JZAR 2020, 8, 166–174.
2. Barber, J.C.E. Programmatic Approaches to Assessing and Improving Animal Welfare in Zoos and Aquariums. Zoo Biol. 2009, 28,

519–530. [CrossRef] [PubMed]
3. Blackett, T.A.; McKenna, C.; Kavanagh, L.; Morgan, D.R. The Welfare of Wild Animals in Zoological Institutions: Are We Meeting

Our Duty of Care? Int. Zoo Yearb. 2017, 51, 187–202. [CrossRef]
4. Jones, N.; Sherwen, S.L.; Robbins, R.; McLelland, D.J.; Whittaker, A.L. Welfare Assessment Tools in Zoos: From Theory to Practice.

Vet. Sci. 2022, 9, 170. [CrossRef] [PubMed]
5. Melfi, V.A. There Are Big Gaps in Our Knowledge, and Thus Approach, to Zoo Animal Welfare: A Case for Evidence-Based Zoo

Animal Management. Zoo Biol. 2009, 28, 574–588. [CrossRef] [PubMed]
6. Rosier, R.L.; Langkilde, T. Does Environmental Enrichment Really Matter? A Case Study Using the Eastern Fence Lizard,

Sceloporus Undulatus. Appl. Anim. Behav. Sci. 2011, 131, 71–76. [CrossRef]

http://www.vetmed.uni-muenchen.de/
https://doi.org/10.1002/zoo.20260
https://www.ncbi.nlm.nih.gov/pubmed/19593774
https://doi.org/10.1111/izy.12143
https://doi.org/10.3390/vetsci9040170
https://www.ncbi.nlm.nih.gov/pubmed/35448668
https://doi.org/10.1002/zoo.20288
https://www.ncbi.nlm.nih.gov/pubmed/19876912
https://doi.org/10.1016/j.applanim.2011.01.008


Animals 2023, 13, 3595 25 of 29

7. Burghardt, G.M. Environmental Enrichment and Cognitive Complexity in Reptiles and Amphibians: Concepts, Review, and
Implications for Captive Populations. Appl. Anim. Behav. Sci. 2013, 147, 286–298. [CrossRef]

8. Moszuti, S.A.; Wilkinson, A.; Burman, O.H.P. Response to Novelty as an Indicator of Reptile Welfare. Appl. Anim. Behav. Sci. 2017,
193, 98–103. [CrossRef]

9. Benn, A.L. A Review of Welfare Assessment Methods in Reptiles, and Preliminary Application of the Welfare Quality Protocol to
the Pygmy Blue-Tongue Skink, Tiliqua Adelaidensis, Using Animal-Based Measures. Animals 2019, 9, 27. [CrossRef]

10. Eagan, T. Evaluation of Enrichment for Reptiles in Zoos. J. Appl. Anim. Welf. Sci. 2019, 22, 69–77. [CrossRef]
11. Bartolomé, A.; Carazo, P.; Font, E. Environmental Enrichment for Reptiles in European Zoos: Current Status and Perspectives.

Anim. Welf. 2023, 32, e48. [CrossRef]
12. Arbuckle, K. Folklore Husbandry and a Philosophical Model for the Design of Captive Management Regimes. Herpetol. Rev. 2013,

44, 448–452.
13. Whitham, J.C.; Wielebnowski, N. New Directions for Zoo Animal Welfare Science. Appl. Anim. Behav. Sci. 2013, 147, 247–260.

[CrossRef]
14. Herrel, A.; van der Meijden, A. An Analysis of the Live Reptile and Amphibian Trade in the USA Compared to the Global Trade

in Endangered Species. Herpetol. J. 2014, 24, 103–110.
15. Schuppli, C.; Fraser, D.; Bacon, H. Welfare of Non-Traditional Pets. In Wild and Exotic Animals as Pets Collection; WellBeing

International: Potomac, MD, USA, 2014.
16. Warwick, C. The Morality of the Reptile Pet Trade. J. Anim. Ethics 2014, 4, 74–94. [CrossRef]
17. Warwick, C. Reptilian Ethology in Captivity: Observations of Some Problems and an Evaluation of Their Aethology. Part II:

Findings and Discussion. Appl. Anim. Behav. Sci. 1990, 26, 1–13. [CrossRef]
18. Mellor, D. Setting the Scene: When Coping Is Not Enough: Promoting Positive Welfare States in Animals. In Proceedings of

the RSPCA Australia: Scientific Seminar 2013, Proceedings, When Coping Is Not Enough. Promoting Positive Welfare States in
Animals, Canberra, Australia, 26 February 2013.

19. Mellor, D. Positive Animal Welfare States and Encouraging Environment-Focused and Animal-to-Animal Interactive Behaviours.
N. Z. Vet. J. 2015, 63, 9–16. [CrossRef]

20. Veasey, J.S. In Pursuit of Peak Animal Welfare; the Need to Prioritize the Meaningful over the Measurable. Zoo Biol. 2017, 36,
413–425. [CrossRef]

21. Rose, P.E.; Nash, S.M.; Riley, L.M. To Pace or Not to Pace? A Review of What Abnormal Repetitive Behavior Tells Us about Zoo
Animal Management. J. Vet. Behav. 2017, 20, 11–21. [CrossRef]

22. Mendyk, R.W.; Augustine, L. Controlled Deprivation and Enrichment. In Health and Welfare of Captive Reptiles; Springer: Dordrecht,
The Netherlands, 2023; pp. 323–355.

23. Baer, J. A Veterinary Perspective of Potential Risk Factors in Environmental Enrichment. In Second Nature. Environmental
Enrichment for Captive Animals; Shepherdson, D.J., Mellen, J.D., Hutchins, M., Eds.; Smithsonian Institution Press: Washington,
DC, USA; London, UK, 1998; pp. 277–301.

24. Young, R.J. Environmental Enrichment for Captive Animals; Universities Federation for Animal Welfare (UFAW); Blackwell Publish-
ing: Oxford, UK, 2003.

25. Boissy, A.; Manteuffel, G.; Jensen, M.B.; Moe, R.O.; Spruijt, B.; Keeling, L.J.; Winckler, C.; Forkman, B.; Dimitrov, I.; Langbein, J.;
et al. Assessment of Positive Emotions in Animals to Improve Their Welfare. Physiol. Behav. 2007, 92, 375–397. [CrossRef]

26. Clark, F. Cognitive Enrichment and Welfare: Current Approaches and Future Directions. Anim. Behav. Cogn 2017, 4, 52–71.
[CrossRef]

27. Dawkins, M.S. The Science of Animal Welfare: Understanding What Animals Want; Oxford University Press: Oxford, UK, 2021; ISBN
978-0-19-884898-1.

28. Browning, H. The Natural Behavior Debate: Two Conceptions of Animal Welfare. J. Appl. Anim. Welf. Sci. 2020, 23, 325–337.
[CrossRef] [PubMed]

29. Learmonth, M.J. Dilemmas for Natural Living Concepts of Zoo Animal Welfare. Animals 2019, 9, 318. [CrossRef] [PubMed]
30. Mellor, D. Enhancing Animal Welfare by Creating Opportunities for Positive Affective Engagement. N. Z. Vet. J. 2015, 63, 3–8.

[CrossRef] [PubMed]
31. Watters, J.V.; Krebs, B.L.; Eschmann, C.L. Assessing Animal Welfare with Behavior: Onward with Caution. J. Zool. Bot. Gard. 2021,

2, 75–87. [CrossRef]
32. Wells, D.L. Sensory Stimulation as Environmental Enrichment for Captive Animals: A Review. Appl. Anim. Behav. Sci. 2009, 118,

1–11. [CrossRef]
33. Graham, C.; von Keyserlingk, M.A.G.; Franks, B. Zebrafish Welfare: Natural History, Social Motivation and Behaviour. Appl.

Anim. Behav. Sci. 2018, 200, 13–22. [CrossRef]
34. Lawrence, K.; Sherwen, S.L.; Larsen, H. Natural Habitat Design for Zoo-Housed Elasmobranch and Teleost Fish Species Improves

Behavioural Repertoire and Space Use in a Visitor Facing Exhibit. Animals 2021, 11, 2979. [CrossRef] [PubMed]
35. Wolfensohn, S.; Shotton, J.; Bowley, H.; Davies, S.; Thompson, S.; Justice, W.S.M. Assessment of Welfare in Zoo Animals: Towards

Optimum Quality of Life. Animals 2018, 8, 110. [CrossRef]
36. Krönke, F. Beispiel Für Enrichment-Strategien Bei Reptilien. Reptilia 2021, 151, 32–40.

https://doi.org/10.1016/j.applanim.2013.04.013
https://doi.org/10.1016/j.applanim.2017.03.018
https://doi.org/10.3390/ani9010027
https://doi.org/10.1080/10888705.2018.1490182
https://doi.org/10.1017/awf.2023.43
https://doi.org/10.1016/j.applanim.2013.02.004
https://doi.org/10.5406/janimalethics.4.1.0074
https://doi.org/10.1016/0168-1591(90)90082-O
https://doi.org/10.1080/00480169.2014.926800
https://doi.org/10.1002/zoo.21390
https://doi.org/10.1016/j.jveb.2017.02.007
https://doi.org/10.1016/j.physbeh.2007.02.003
https://doi.org/10.12966/abc.05.02.2017
https://doi.org/10.1080/10888705.2019.1672552
https://www.ncbi.nlm.nih.gov/pubmed/31559855
https://doi.org/10.3390/ani9060318
https://www.ncbi.nlm.nih.gov/pubmed/31195690
https://doi.org/10.1080/00480169.2014.926799
https://www.ncbi.nlm.nih.gov/pubmed/24875268
https://doi.org/10.3390/jzbg2010006
https://doi.org/10.1016/j.applanim.2009.01.002
https://doi.org/10.1016/j.applanim.2017.11.005
https://doi.org/10.3390/ani11102979
https://www.ncbi.nlm.nih.gov/pubmed/34679998
https://doi.org/10.3390/ani8070110


Animals 2023, 13, 3595 26 of 29

37. Shepherdson, D.J. Tracing the Path of Environmental Enrichment in Zoos. In Second Nature. Environmental Enrichment for Captive
Animals; Shepherdson, D.J., Mellen, J.D., Hutchins, M., Eds.; Smithsonian Institution Press: Washington, DC, USA; London, UK,
1998; pp. 1–12.

38. Lindburg, D.G. Enrichment of Captive Mammals through Provisioning. In Second Nature. Environmental Enrichment for Captive
Animals; Shepherdson, D.J., Mellen, J.D., Hutchins, M., Eds.; Smithsonian Institution Press: Washington, DC, USA; London, UK,
1998; pp. 262–276.

39. Mench, J.A. Environmental Enrichment and the Importance of Exploratory Behaviour. In Second Nature. Environmental Enrichment
for Captive Animals; Shepherdson, D.J., Mellen, J.D., Hutchins, M., Eds.; Smithsonian Institution Press: Washington, DC, USA;
London, UK, 1998; pp. 30–46.

40. Morgan, K.N.; Line, S.W.; Markowitz, H. Zoos, Enrichment, and the Sceptical Observer: The Practical Value of Assessment. In
Second Nature. Environmental Enrichment for Captive Animals; Shepherdson, D.J., Mellen, J.D., Hutchins, M., Eds.; Smithsonian
Institution Press: Washington, DC, USA; London, UK, 1998; pp. 153–171.

41. Nagabaskaran, G.; Burman, O.H.P.; Hoehfurtner, T.; Wilkinson, A. Environmental Enrichment Impacts Discrimination between
Familiar and Unfamiliar Human Odours in Snakes (Pantherophis guttatus). Appl. Anim. Behav. Sci. 2021, 237, 105278. [CrossRef]

42. Almli, L.M.; Burghardt, G.M. Environmental Enrichment Alters the Behaviour Profile of Ratsnakes (Elaphe). J. Appl. Anim. Welf.
Sci. 2006, 9, 85–109. [CrossRef] [PubMed]

43. Hoehfurtner, T.; Wilkinson, A.; Nagabaskaran, G.; Burman, O.H.P. Does the Provision of Environmental Enrichment Affect the
Behaviour and Welfare of Captive Snakes? Appl. Anim. Behav. Sci. 2021, 239, 105324. [CrossRef]

44. Bannister, C.C.; Thomson, A.J.C.; Cuculescu-Santana, M. Can Colored Object Enrichment Reduce the Escape Behavior of Captive
Freshwater Turtles? Zoo Biol. 2020, 40, 160–168. [CrossRef] [PubMed]

45. Thomson, A.J.C.; Bannister, C.C.; Marshall, R.T.; McNeil, N.; Mear, D.M.; Lovick-Earle, S.; Cuculescu-Santana, M. Interest
in Coloured Objects and Behavioural Budgets of Individual Captive Freshwater Turtles. J. Zoo Aquar. Res. 2021, 9, 218–227.
[CrossRef]

46. Kanghae, H.; Thongprajukaew, K.; Inphrom, S.; Malawa, S.; Sandos, P.; Sotong, P.; Boonsuk, K. Enrichment Devices for Green
Turtles (Chelonia Mydas) Reared in Captivity Programs. Zoo Biol. 2021, 40, 407–416. [CrossRef] [PubMed]

47. Bryant, Z.; Kother, G. Environmental Enrichment with Simple Puzzle Feeders Increases Feeding Time in Fly River Turtles
(Carettochelys insculpta). Herpetol. Bull. 2015, 130, 3–5.

48. Case, B.C.; Lewbart, G.A.; Doerr, P.D. The Physiological and Behavioural Impacts of and Preference for an Enriched Environment
in the Eastern Box Turtle (Terrapene carolina carolina). Appl. Anim. Behav. Sci. 2005, 92, 353–365. [CrossRef]

49. Londoño, C.; Bartolomé, A.; Carazo, P.; Font, E. Chemosensory Enrichment as a Simple and Effective Way to Improve the Welfare
of Captive Lizards. Ethology 2018, 124, 674–683. [CrossRef]

50. Bashaw, M.J.; Gibson, M.D.; Schowe, D.M.; Kucher, A.S. Does Enrichment Improve Reptile Welfare? Leopard Geckos (Eublepharis
Macularius) Respond to Five Types of Environmental Enrichment. Appl. Anim. Behav. Sci. 2016, 184, 150–160. [CrossRef]
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