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Abstract

Zoos and aquaria are paying increasing attention to environmental enrichment, which has
proven an effective tool for the improvement of animal welfare. However, several ongoing issues
have hampered progress in environmental enrichment research. Foremost among these is the
taxonomic bias, which hinders our understanding of the value of enrichment for neglected
groups, such as reptiles. In this study, we evaluated the status of environmental enrichment for
reptiles in European zoos using a survey approach. A total of 121 zoos (32% response rate)
completed our main survey, focusing on the use of different enrichment types for reptiles. We
found significant differences in the use and/or type of enrichment between reptile groups.
Tortoises (family Testudinidae) and monitor lizards (genus Varanus) were the most enriched
taxa while venomous snakes were the least. The enrichment types most used across taxa were
structural/habitat design and dietary. A second, more detailed, questionnaire followed, where
participants were questioned about specific enrichment techniques. A total of 42 enrichment
methods were reported, with two being represented across all taxa: increasing structural/thermal
complexity and enrichment objects. Finally, we present information from participating zoos on
enrichment goals, assessment methods, sources of information for enrichment ideas, and
whether enrichment for reptiles is considered essential and/or implemented routinely. Results
suggest that, although usage is widespread across European zoos, our understanding of enrich-
ment for reptiles needs to be re-evaluated, sincemany of the techniques reported tread a fine line
between basic husbandry and actual enrichment.

Introduction

Most definitions of environmental enrichment centre on the idea of implementing changes in a
captive animal’s environment to improve its welfare. As such, environmental enrichment has the
potential to be an effective welfare tool, widely and increasingly used in the management of
captive animals in a variety of contexts, from private ownership/collections to zoos. For zoos and
aquaria especially, increased public demand, and stricter legal and industry regulations are
ensuring standards are sought to be improved (Whitham & Wielebnowski 2013; Kagan et al.
2015). This has occurred in conjunctionwith an intensification of zoo-based welfare research and
an increased use of evidence-based welfare methods (Mellor et al. 2015; Ward et al. 2018; Rose
et al. 2019; Whittaker et al. 2021). Furthermore, since its popularisation in the 1990s
(Shepherdson 2003), the theoretical framework for environmental enrichment has developed
considerably (Newberry 1995; Mellen & MacPhee 2001; Shepherdson 2003; Tarou & Bashaw
2007; Watters 2009; Alligood & Leighty 2015), leading to a steady increase in research studies
(Hoy et al. 2010). However, in spite of these advances, the use of enrichment as a welfare tool has
been impeded by various persistent gaps in knowledge, particularly regarding zoo animal welfare
(Melfi 2009).

First, animal welfare science has traditionally focused on avoiding poor welfare (e.g. pain,
fear), hence the prevalence of negative indicators and the relative lack of knowledge regarding
positive measurements (Yeates & Main 2008; Melfi 2009; Maple & Perdue 2013). In addition,
animal welfare in zoos has mostly been assessed using resource-based measurements, namely
what resources are provided to the animals (e.g. enclosure dimensions, shelter, nutrition), instead
of directly measuring the animals’ physical, physiological, psychological, and behavioural state
(i.e. animal-based; European Food Safety Authority [EFSA] 2012). Nevertheless, a shift in
perspective is taking place on both fronts (Butterworth et al. 2011; Whitham & Wielebnowski
2013). There is increased awareness of the need to use more positive measures of welfare
(e.g. Boissy et al. 2007; Mellor 2016; Yeates 2016; Williams et al. 2018; Yon et al. 2019), and to
move progressively towards the use of animal-based welfare measures to complement and
validate resource-based measurements (e.g. Hewitt & Small 2021; Whittaker et al. 2021; August-
ine et al. 2022; Howard & Freeman 2022).

A second, long-standing issue is the use of tradition, myths, or anecdotal evidence as a staple
source of information for husbandry practices (Melfi et al. 2005; Melfi 2009; Mendyk 2018; Riley
& Rose 2020; Mendyk & Warwick 2023), rather than systematic empirical studies that evaluate
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the effectiveness of specific welfare tools. Arbuckle (2010, 2013)
introduced the term ‘folklore husbandry’ in the context of exotic
animal husbandry (particularly herpetofauna) to refer to estab-
lished methods in husbandry that lack empirical evaluation. Many
such methods are shared through dubious or non-peer reviewed
literature, such as reports, internet articles, care-sheets and other
grey literature (Melfi 2009; Riley & Rose 2020; Tuite et al. 2022;
Mendyk & Warwick 2023).

Third, environmental enrichment pursues the improvement of
an animal’s well-being, so its effectiveness needs to be evaluated
empirically. This necessary step is frequently overlooked due to a
lack of welfare assessment tools and/or resources and information
(Therrien et al. 2007; Rosier & Langkilde 2011;Warwick et al. 2013;
Alligood & Leighty 2015; Alligood et al. 2017; Benn et al. 2019). In
addition, enrichment strategies involve environmental modifica-
tion, the design of which needs to be carefully tailored to each
species’ normal behavioural repertoire and life history (Newberry
1995; Mellen & MacPhee 2001; Shepherdson 2003; Kuppert 2013;
Greenberg 2023), which is lacking or limited for many captive
species (Mellor et al. 2015).

Finally, zoo animal welfare research has traditionally shown a
marked taxonomic bias towards mammals, with studies involving
other taxa (e.g. reptiles) lagging behind (Burghardt et al. 1996;
Burghardt 2013, 2020; Kuppert 2013; Mehrkam & Dorey 2014;
Rose et al. 2019). For instance, Rose et al. (2019) conducted a
systematic review of zoo and aquarium welfare research from
2009 to 2018 and found that 69% of research papers focused on
mammals, similar to that reported in other studies (Melfi 2009;
Binding et al. 2020). In the case of environmental enrichment, de
Azevedo et al. (2007) analysed 744 peer-reviewed enrichment
papers (from 1985 to 2004) and reported that 90.2% (n = 635)
focused on mammals, with reptiles representing a mere 0.57%
(n = 4). Similarly, Alligood and Leighty (2015) found that only
7% (n = 7) of articles pertained to reptiles and amphibians in the
period from 2002 to 2014 compared to 90% (n = 86) devoted to
mammals; as a case-in-point, primate studies quintupled those with
reptiles and amphibians. This taxonomic bias persists, despite
ample evidence that reptiles can benefit from properly designed
enrichment protocols (e.g. Case et al. 2005; Burghardt 2013;
Londoño et al. 2018; Hoehfurtner et al. 2021).

Unfortunately, many gaps in our knowledge exist regarding
successful enrichment practices for reptiles, and the current status
for reptiles in zoos is relatively unknown (e.g. Eagan 2019; Riley &
Rose 2020; Tuite et al. 2022). In this study, we evaluated reptile
enrichment practices in European zoos. Specifically, we used two
surveys to address the following questions: (1) To what extent is
enrichment being used for reptiles in European zoos? (2) What are
the sources of information, assessment methods, and goals of
enrichment for reptiles? (3) Which enrichment types are being
used more frequently and for which taxa in particular?

Materials and methods

Data collection

We used the survey platform Typeform© to create and distribute
two surveys to collect information on the use of enrichment for
reptiles in European zoos. The surveys were available in English,
French, Spanish, Czech, Italian, and German. We made a contact
list of 384 zoos, cross-referencing a list of zoos accredited by the
European Association of Zoos and Aquaria (EAZA), the list of zoos
and aquariums of the world (Fisken 2020), and internet searches for
zoos in all European countries. Zoos that stated clearly on their
webpage that they had no reptiles were not included in the contact
list.We used public contact information (email and website contact
forms) to reach the participants and of the 384 zoos we contacted
for the first survey (hereafter referred to as main survey), 60% were
EAZA-accredited while the remainder had either a different
accreditation status or none at all. We created a second survey
(hereafter referred to as follow-up survey) to gather information on
specific enrichment measures implemented by zoos that had pre-
viously responded to the main survey.

Both surveys were prefaced with short introductions stating the
rationale of the study and requesting that the survey be completed
by a staff member directly involved in the caring for reptiles, as well
as a confidentiality and anonymity statement. The survey platform
automatically assigned a random code to each participant for use in
data analysis. We also provided a definition of environmental
enrichment, as well as examples of the different enrichment types
established for this study (Table 1). To enable our results to be

Table 1. Categories and specific examples of environmental enrichment for captive reptiles in zoos (adapted from Eagan 2009)

Category Examples

Dietary Novel food presentations (fresh, frozen, live, different textures), use of puzzle-boxes, having food hidden or scattered
throughout the enclosure, etc

Sensory – Olfactory –e.g. application of conspecific, predator or prey scents, or novel scents (spices or perfumes)
– Visual –e.g. adding mirrors or pictures to the walls of the enclosure, playing videos
– Auditory –e.g. playing sounds to mimic the animal’s natural environment or playing music
– Tactile –e.g. adding devices that produce any type of tactile stimulation (for example, different textures)

Training / Behaviour Conditioning Training for standard husbandry and/or veterinary procedures (e.g. weighing, blood drawing), training for public
presentations, etc

Enrichment objects and devices Addition of branches, rocks, hay, man-made items or toys, etc into the animal’s enclosure

Social Members of the same species housed together to mimic natural social groupings or mixed species groupings that provide
complementary behaviours between species, etc

Structural / Habitat Design Variety of substrates, terrestrial and aquatic environments, elevated platforms, climbing structures, nesting areas, space
changes, etc

Other Any other practices conducted at this facility that are considered to be enrichment
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compared with a previous study of USA zoos (Eagan 2019), we used
the same categories for both reptile groups and enrichment types,
except for the merging of ‘natural enrichment devices’ and ‘man-
made enrichment devices’ into a single category of ‘enrichment
objects and devices.’We included olfactory enrichment in a broader
category entitled ‘sensory enrichment’ (Table 1). The following
reptile categories were used: (a) non-venomous snakes;
(b) venomous snakes; (c) turtles; (d) tortoises; (e) crocodilians;
(f) monitor lizards (genus Varanus); and (g) non-monitor lizards.

The main survey was endorsed by the Council of the Societas
Europaea Herpetologica (SEH), which provided a support letter to
be included with the initial contact email. We sent this first email in
October 2020. Two reminders were sent to zoos that did not
respond initially in December and January 2021. Data collection
for the main survey ended in late February 2021, when we started
sending out the follow-up survey to the zoos that had answered the
main one. Data collection for the follow-up survey lasted two
months.

Statistical methods

We performed G-tests to determine whether our sample was biased
by accreditation status (EAZA vs non-EAZA) relative to the popu-
lation of zoos that were contacted. We also performed G-tests to
determine if significant differences existed between (a) reptile
groups for each type of enrichment, and (b) enrichment type use
within each reptile group. All P-values were adjusted following the
Holm-Bonferroni correction for multiple testing (Holm 1979). To
control for the effect of zoo, we performed a binomial generalised
linear mixed model (GLMM) with ‘Provided to taxa’ as the
response variable, ‘Enrichment’, ‘Taxon’ and the interaction
between the two as fixed factors, and ‘Zoo’ as a random factor.
We coded the binary response variable ‘Provided to taxa’ (1, 0) for
each enrichment type if the zoo applied it to the taxa included in
their collection (1) or not (0). To explore the use of each enrichment
type within each taxon we fitted an additional binomial GLMM
with the same predictors for each reptile group. We used ANOVA
type III to compute P-values.

Most questions in the follow-up survey were open-ended, and
the answers were analysed using thematic analysis (Braun & Clarke
2006, 2012). After familiarisation with the data, we started coding
the responses using a deductive approach in a descriptive way,
generating initial codes for all the enrichment techniques described
by the respondents. Once these initial codes were identified, we
categorised them into different themes, looking for patterns that
matched the general categorisation of enrichment types. Finally, we
reviewed the themes and codes, searching for redundancy and
eliminating or merging codes and/or elevating them to theme
category when necessary. All remaining data were analysed using
descriptive statistics.

Results

Participants

Themain survey had a 32% response rate (n= 121).Among the zoos
we contacted initially (n = 384), 229 were accredited by EAZAwhile
155 were not. Of those zoos that responded to the survey, 73% were
accredited by EAZA, 12% had a different accreditation status
(e.g. BIAZA, AIZA, SAZA, EPP), and 15% had none. The response
rate was higher from EAZA-accredited zoos, with 88 participants
(40% of the 229 initially contacted) being accredited by EAZA.

In contrast, the response rate for non-EAZA-accredited zoos was
20% (33 out of 155 initially contacted). We found a significant
difference in response rates based on accreditation status (G-test:
G = 8.58, df = 1; P = 0.0034).

Almost all respondents (98%; 118) reported using some form of
enrichment for at least some of their animals; out of these 118 zoos,
14% (16) did not use any enrichment for their reptiles. Of the zoos
that reported not using enrichment with their reptiles, 14 were
EAZA-accredited, one had another accreditation status, and one
had no accreditation.

Regarding the person completing the survey on behalf of the
zoo, 36% (44) were zookeepers, 31% (37) listed ‘management’ as
their occupation, 12% (15) were veterinarians, and 21% (25) listed
‘other’ as their job. Twenty of the participants that chose the latter
option (17% of the total) listed ‘curator’ as their occupation using
the space provided. The remaining five participants that chose
‘other’ (4% of the total) did not specify their occupation. As
‘curator’ was not listed in the available options, we note that
responses under the option ‘management’ may include curatorial
roles. Almost half of respondents (45%; 55) had received formal
training in environmental enrichment, while 54% (65) had not.

The most common taxa in the respondents’ institutions were
tortoises (88%), non-monitor lizards (84%), and non-venomous
snakes (83%), followed by turtles (75%) and crocodilians (60%).
Monitor lizards were kept in 40% of participants’ zoos and only
22% had venomous snakes.

The remaining demographic information regarding institution
type, number of species and number of reptile specimens in the
institution, and country where the institution is located can be
found in the Supplementary material (Tables S2–S5).

The follow-up survey was sent to the 102 zoos that answered the
main survey and provided their reptiles with enrichment. This had
a 42% response rate (n = 43).

Main survey results

We found significant differences in the type of enrichment across
and within reptile groups (Table 2). Additionally, we found a
significant interaction between enrichment type and taxon
(GLMM [binomial]: χ2 = 169.19, df = 30; P < 0.001), evidencing
that the use of different enrichment types varied depending on the
taxa. Overall, monitor lizards and tortoises were the most enriched,
followed by non-monitor lizards and turtles. Crocodilians, non-
venomous snakes and venomous snakes were the least enriched
groups (Figure 1). ‘Structural/habitat design’ and ‘dietary’ enrich-
ment stood out as the most commonly used enrichment types
(Figure 1). When broken down by reptile group, these two enrich-
ment types remained the most frequently used except for snakes,
for whom ‘dietary’ enrichment was provided in a relative lower
proportion than for other taxa (Figure 2). ‘Training/behavioural
conditioning’ was used the least except for crocodilians and moni-
tor lizards, for whom it was the third most frequent enrichment
type (Figure 2). Frequency for all enrichment types was very similar
for both groups of snakes but, overall, non-venomous snakes were
more likely to be provided with enrichment than venomous ones
(Figure 2). Turtles and particularly tortoises stood out in the use of
‘social’ enrichment in comparison with other taxa (Figure 2). Use of
enrichment for these taxa in USA zoos (Eagan 2019) follows a
similar trend as in Europe (Figure 3).

Participants were questioned about whether they kept track of
enrichment provision frequency and type of enrichment used, with
79% declaring that they did not follow any kind of schedule,
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compared to 21% who did. Of those using a schedule, 90% kept
track of how often enrichment was provided and 88% kept track of
the type of enrichment provided.

Most respondents (92%) considered that promoting natural/
species-specific behaviours was the main reason for enrichment,
followed by the facilitation of husbandry/veterinary procedures
(50%). Almost half of the participants also chose the reduction of
abnormal/stereotyped behaviour as a reason, but it was only con-
sidered a primary reason in 1% of cases (Table 3). Responses for
‘other reasons’ included increase of activity levels of reptiles for
public viewing, and mental stimulation.

Zoos that reported not using enrichment were directed to a set of
questions asking the reasons why (Table 4). The main reason was

‘not knowing what to use’ (37%) followed by lack of time (26%) and
staff (16%). Lack of money was also a primary reason (11%). Of the
19 zoos that did not provide enrichment to any of their animals, ten
had not considered it, according to the respondents.

Regarding how enrichment for reptiles was assessed for effect-
iveness, most participants reported using behavioural measures
(i.e. 70%measured whether there was an increase in normal behav-
iour, while 54% measured use of enrichment by the animals)
followed by biological measurements such as growth, weight and
shedding (42%). Nineteen percent of respondents did not use any
assessment (Table 5).

Most participants relied on word-of-mouth information from
other zookeepers for enrichment ideas for reptiles; along with the

Table 2. Provision of different types of environmental enrichment for reptiles in study zoos (%) and G-test results1

Dietary Sensory
Training / behaviour

conditioning
Enrichment objects

and devices Social
Structural /

habitat design

G-test results:
Differences within

reptile groups

Non-venomous snakes (89) 44% (39) 42 % (37) 15% (13) 46% (41) 28% (25) 91% (81) G: 83.06
P < 0.001

Venomous snakes (27) 48% (13) 33% (9) 19% (5) 33% (9) 26% (7) 74% (20) G: 17.82
P = 0.003

Turtles (82) 76% (62) 27% (22) 16% (13) 35% (29) 48% (39) 84% (69) G: 84.38
P < 0.001

Tortoises (96) 85% (82) 41% (39) 28% (27) 57% (55) 67% (64) 87% (84) G: 76.15
P < 0.001

Crocodilians (66) 70% (46) 32% (21) 58% (38) 26% (17) 29% (19) 65% (43) G: 43.54
P < 0.001

Monitor lizards (47) 90% (42) 51% (24) 70% (33) 55% (26) 30% (14) 89% (42) G: 36.09
P < 0.001

Non-monitor lizards (92) 84% (77) 40% (37) 33% (30) 50% (46) 49% (45) 84% (77) G: 63.90
P < 0.001

G-test results: Differences
between reptile groups

G: 89.82
P < 0.001

G: 37.96
P < 0.001

G: 52.06
P < 0.001

G: 63.45
P < 0.001

G: 88.32
P < 0.001

G: 85.06
P < 0.001

1Numbers in parentheses next to each reptile group represent the total number of zoos that are providing reptiles with enrichment and have that particular reptile group in their installations. The
total number of zoos that provided reptiles with enrichmentwas n = 102. Numbers in parentheses under each formof enrichment are the rawnumber of respondents. P-values reported remained
significant after applying Holm’s (1979) sequential Bonferroni correction for experiment-wise error rate due to multiple testing. Percentages >50 are in bold.

Figure 1. Frequency of general enrichment use for (a) each reptile taxon and (b) each enrichment category utilisation. Letters represent a compact letter display (cld) of every
post hoc pair-wise comparison. Means not sharing any letter are significantly different by the Tukey-test at the 5% level of significance.
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internet, thismade up for 57% of primary enrichment sources. Other
primary sources such as peer-reviewed journal articles and books on
environmental enrichment, although reported to be commonly used,
were not part of the most used primary sources (Table 6).

Follow-up survey results

Most of the follow-up survey questions were open-ended, allowing
participants to answer freely what they considered to be enrichment
in each of the previously established categories and for each reptile

Figure 2. Frequency of each type of enrichment for each reptile taxon. Letters represent a compact letter display (cld) of every post hoc pair-wise comparison. Means not sharing any
letter are significantly different by the Tukey-test at the 5% level of significance.

Figure 3. Percentage usage of each type of enrichment for all reptile taxa in European zoos (pink) and USA zoos (blue; Eagan 2019). Numbers in parentheses below each reptile
group name represent the total number of zoos providing reptileswith any type of enrichment and having that particular group in their installations. The numbers on top of each bar
indicate the total number of zoos providing that specific type of enrichment for the corresponding reptile group. In our study, we used the category of ‘enrichment objects and
devices’ as the sole category, unlike the two categories used in the USA study to refer to object enrichment. To enable comparison between both locations, we calculated themean
percentage and number of respondents for the categories ‘natural enrichment devices’ and ‘man-made enrichment devices’ in the USA. As each zoo hosting any reptile group may
use different types of enrichment simultaneously, the percentages for a single taxon may exceed 100.
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group. All answers are presented in Table 7, resulting in 42 codes and
15 themes. Frequencies were calculated using the codified answers
within each taxon (see Table S1 in Supplementary material). Due to
the large amount of data, Table S1 only reflects the most frequent
themes/codes, amounting to ≥ 65% of the total frequency of enrich-
ment techniques for each reptile group.

Two of themost commonenrichment techniques for all taxawere
‘structural/thermal complexity’ and ‘enrichment objects’, followed
by ‘cohabitation’ and ‘varying feeding presentations/patterns’ (the
latter were present in all taxa but monitor lizards and crocodilians,
respectively). ‘Varying feeding presentations/patterns’ included hid-
ing and hanging food around the enclosure, among other techniques
of which ‘food chase’ stood out for non-venomous snakes. Another
nutritional enrichment used by most zoos is ‘different food items’,
present in all taxa except snakes. ‘Varying furniture’ was an enrich-
ment technique only used for turtles and non-venomous snakes,
while ‘olfactory enrichment’ made up an important percentage of
enrichment for both groups of snakes and non-monitor lizards.
Finally, ‘associative learning’ was only prevalent for crocodilians
and monitor lizards, and it encompassed ‘target training’, ‘behav-
ioural conditioning for medical procedures’ and ‘behavioural condi-
tioning for eating/cleaning’ (Table S1).

When asked whether enrichment for reptiles was considered an
essential practice or something tackled as a luxury, more than half
(60%; 26) reported it to be essential. A smaller percentage (14%; 6)
expressed the opinion that for them enrichment was a luxury for
reptiles while the rest (26%; 11) considered it to be dependent upon
the taxon. Those who chose the latter option were asked for which
of their reptiles was enrichment considered essential. All partici-
pants that checked this option and had monitor lizards in their
collection (9) considered it essential for them. The opposite was
seenwith venomous snakes: no zooswith venomous snakes (2) con-
sidered enrichment essential for them. Regarding the rest of the

Table 3. Reasons given by study zoos for providing reptiles with enrichment1

Reasons Percentage Primary reason Percentage

Promote natural/species-specific behaviours 92.2% Promote natural/species specific behaviours 74.5%

To facilitate husbandry/veterinary procedures 50% To facilitate husbandry/veterinary procedures 17.6%

Reduce abnormal/stereotyped behaviour 48% Public education programme 2.9%

Public education programme 35.3% Aesthetics 2.9%

Aesthetics 33.3% Reduce abnormal/stereotyped behaviour 1%

Other 2.9% Other 1%

1Percentages calculatedout of total of zoos that provide enrichment to reptiles (n = 102). Thequestion for ‘reasons’wasmultiple choicebut for ‘primary reason’participants could select only one answer.

Table 4. Reasons given by study zoos to explain a lack of provision of enrichment1

Primary reason Percentage Secondary reason Percentage

Not knowingwhat to
use

37% Not knowingwhat to
use

47%

Time 26% Time 32%

Staff 16% Staff 16%

Money 11% Money 0%

Other 11% Other 0%

1Percentages calculated out of total of zoos that did not provide enrichment to reptiles or to
any of their animals (n = 19)

Table 5. Assessment methods utilised by study zoos to ascertain effectiveness
of reptile enrichment1

Assessment method Percentage

Increase in normal and/or natural behaviour(s) 70%

Use of enrichment provided 54%

Other biological measurements (e.g. growth, weight,
shedding)

42%

Reduction of abnormal and/or unnatural behaviour(s) 40%

Not assessed 19%

Corticosterone levels are analysed 5%

Other physiological stress indicators are analysed (e.g.
catecholamine levels, blood glucose levels, heart and
blood pressure)

2%

Other 0%

1Percentages calculated out of total of zoos that provide enrichment to reptiles (n = 102)

Table 6. Sources of information for study zoos as regards ideas for reptile enrichment1

Source Percentage Primary Source Percentage

Zookeeper information (word-of-mouth) 90% Zookeeper information (word-of-mouth) 36%

Internet articles 78% Internet articles 21%

Peer-reviewed journal articles 64% Zoo accreditation supplied networking 12%

Books on environmental enrichment 58% Herpetological magazines 10%

Herpetological magazines 54% Peer-reviewed journal articles 9%

Zoo accreditation supplied networking 40% Books on environmental enrichment 4%

Other 2% Other 8%

N/A 1% N/A 1%

1Percentages calculated out of total of zoos that provide enrichment to reptiles (n = 102)
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Table 7. General codes (themes) and specific codes for the thematic analysis of the follow-up study’s open-ended questions regarding specific enrichment
techniques

General code Code Description

Associative learning Behavioural conditioning for eating/
cleaning

Use of vocal and visual cues to feed the animals in a specific part of the
enclosure or to move them while cleaning. Name calling
(crocodilians and monitor lizards)

Behavioural conditioning for medical
procedures

Training the animal to step on a scale, to draw blood, to enter a
box/crate. Use of visual cues to approach veterinarians

Clicker training Use of sound (usually a clicking sound) as a conditioned stimulus for
training. Positive reinforcement

Target training Use of target training for medical reasons and feeding. Positive
reinforcement

Cohabit Cohabit Unspecified cohabitation of animals

Heterospecific cohabit Cohabitation of individuals of different species

Conspecific cohabit Cohabitation of individuals of the same species

Varying feeding presentation/patterns Varying food presentation Use of tweezers or other unspecified ways to feed the animals

Varying feeding patterns Changes in frequency and feeding time

Frozen food Providing the animals with frozen food or food inside frozen containers

Hanging food Hanging food around the enclosure

Hiding food Hiding food around the enclosure

Food chase Attaching the prey/food to a stick and moving it around the enclosure
to encourage animals to move and chase

Scatter-feeding Spreading food around the enclosure

Structural/Thermal complexity Structural complexity Floating surfaces, different depths in pool, different zones/habitats,
hiding places, elevated platforms

Climbing structures Trunks, branches or other structures that are specifically destined for
the animal to climb

Different substrates Deep substrate, various types of substrates, changing type of substrate
and textures

Nesting area Nesting area/providing substrates deep enough to allow the
construction of nest (for crocodiles)

Terrestrial and aquatic environments Availability of both land and water in the same enclosure

Mimicking natural conditions Changes in temperature and light following the natural cycle, inducing
brumation

Thermal gradient Availability of different temperatures along the terrarium, including a
hot spot

Mimicking natural habitat Natural enclosure design (species-specific)

Enrichment objects Man-made objects Boxes, tubes/pipes, paper nozzles, household items, peg boards,
tunnels, plastic plants

Novel items Unspecified novel objects

Shell-rubbing object Brushes for tortoises to rub their shells

Toys Coloured balls, ‘kongs’, floating objects (balls, melons…), ‘boomer
balls’, mesh balls

Natural objects Branches, rocks, leaves, trunks, floating logs, live plants

Olfactory enrichment Scents from other individuals Sheds from other species, objects taken from other animals’
enclosures, skin, feathers, faeces

Smell of prey/food Objects impregnated with the smell of prey or food

Fragrant substances Herbs, spices, essential oils, pungent smells (orange peel, coffee, mint,
etc)

Scent trails Leaving a trail of some type of smell or blood around the enclosure for
the animals to explore

Unknown scents Unspecified smells

(Continued)
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groups, 56% of zoos deemed enrichment essential for crocodiles (9),
38% for tortoises (8), 33% for turtles (9), 25% for non-monitor
lizards (8), and 11% for non-venomous snakes (9).

Open-ended questions were formulated to explore why enrich-
ment was considered essential, a luxury, or group dependent. For
those who considered it essential, the reasons were as follows:
general well-being (38%), promotion of natural behaviour (31%),
mental health (27%), physical health (15%), basic husbandry meas-
ure (12%), better management (8%), promotion of reproduction
(4%), ethical reasons (4%), avoidance of boredom (4%), decreased
stress (4%), and improved quality of life (4%). When asked why
enrichment was considered a luxury for reptiles in their installa-
tions, the reasons listed, in equal proportion, were: lack of time
(33.3%), lack of staff (33.3%), and enrichment considered less
important for reptiles than for other groups (33.3%). Responses
from participants that answered that the need for enrichment
varied according to taxon included: difficulty in implementing,
financial restrictions, lack of validation for enrichment in some
groups, and insufficient resources to enable enrichment for all
species or individuals. To this question, several respondents added
information, particularly referring to monitor lizards and crocodil-
ians: “Large, charismatic species and enrichment form part of
public engagement” (referring to Komodo dragons [Varanus
komodoensis]); “I think that monitor lizards and crocodilians are
more intelligent than other reptiles”; “There are more studies being
made on this group” (referring to monitor lizards); “They have
different necessities than the rest” (referring to monitor lizards).
We also questioned participants whether enrichment for reptiles
was used routinely, or reactive to arising issues (e.g. behavioural,
medical problems). More than half of respondents answered that
enrichment in their facility was used routinely (56%; 24), while 12%
(5) used it to deal with problems (reactive). Thirty-three percent
(14) used it routinely for some reptiles but reactively for others.
Regarding this last option, 100% of zoos with monitor lizards in
their collection used it routinely for them (8), followed by 89% for
crocodilians (10), 50% for non-monitor lizards (13), 29% for tor-
toises (14), 21% for non-venomous snakes (14), 20% for turtles
(10) and 0% for venomous snakes.

Finally, we asked participants to rate, on a scale from 1 to 10, how
important they considered enrichment for several groups of animals.
Mean scores calculated out of the total of respondents (n = 41) were:

9.3 (± 1.4) for mammals, 8.6 (± 1.4) for birds, 7.2 (± 1.9) for reptiles,
5.1 (± 2.8) for fishes, and 4.4 (± 2.6) for invertebrates.

Discussion

Using a survey approach, we have examined the current status of
environmental enrichment for reptiles in European zoos. Our
results allow us to gain a picture of the current practices for reptiles
in Europe and to compare the situation to that in the USA. Use of
environmental enrichment seems widespread in European zoos,
particularly dietary and structural enrichment. Our surveys pro-
vided data on enrichment type, and specific enrichment techniques
used within each category of enrichment. These data are relevant to
help in understanding how reptile enrichment is perceived by
practitioners. Additionally, in both surveys, we asked an array of
complementary questions that provide valuable insight into the
limitations affecting enrichment implementation. Despite being
generally considered as important, enrichment implementation
presents greater challenges in reptiles in terms of understanding
and application compared to various other animal groups, possibly
as a result of scarcity of information and a number of other
limitations. Foremost among these is the taxonomic bias (‘taxo-
nomic chauvinism’; e.g. Bonnet et al. 2002; Pawar 2003) that affects
reptiles and other neglected groups.

Importance of environmental enrichment for reptiles
and general use

Our results would suggest that the use of environmental enrich-
ment for reptiles in zoos and aquaria is widespread in Europe,
however only 121 zoos out of the 384 originally contacted (32%
response rate) responded. Also, a greater representation of EAZA-
accredited zoos among survey respondents was noted, with a
response rate double that of non-accredited zoos or zoos with
different accreditation status. It is possible therefore that sampling
bias has overestimated the proportion of zoos conducting environ-
mental enrichment with reptiles. Almost all our respondents (118;
98%) used environmental enrichment in their facilities but 14%
(16) used it for other animals but not for reptiles. Similarly, all zoos
(76) in the USA study (Eagan 2019) reported using enrichment for

Table 7. (Continued)

General code Code Description

Live prey/plants Live plants to eat Plants planted on the soil of the enclosure

Live prey Feeding live prey

Nutritional device Nutritional device Feeder ball, ‘kongs’, placing food in boxes or tubes, puzzle box/feeder

Visual enrichment Visual enrichment Visual access to conspecifics, mirror

Tactile enrichment Tactile stimulation Unspecified tactile stimulation

Human contact Human contact Desensitisation to human contact/handling, hand feeding, interaction
with the public

Different food items Different food items Feeding the animals different types of food/prey

Exploring out of enclosure Exploring out of enclosure Allowing the animals to roam out of their enclosures

Varying furniture Varying furniture Changes in the enclosure’s furniture, rearrangement of furniture,
addition of new furniture

Auditory enrichment Auditory enrichment Unspecified auditory enrichment
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their animals, but only 5% (4) provided enrichment to some of their
animals but not to reptiles. The latter may only provide enrichment
for certain token species or to most animals in their care except
reptiles (and all the possibilities in-between).When asked about the
rationale for allocation of environmental enrichment, zoos that did
not enrich their animals reported time, staff and budget constraints,
echoing the limitations already detected in other studies (Hoy et al.
2010; Riley & Rose 2020; Tuite et al. 2022). However, the main
reason for the absence of enrichment reported in our study was a
lack of knowledge regarding what is appropriate to use.

The taxonomic bias affecting research on environmental enrich-
ment plays amajor role in this lack of information (deAzevedo et al.
2007; Melfi 2009; Rose et al. 2019; Riley & Rose 2020). The EAZA
issues Best Practice Guidelines for species or groups of closely
related species kept in zoos (EAZA2022). Only six of theGuidelines
available (as per January 2023) concern reptile species, while mam-
mals garner 32 documents (the rest include one report for fish, four
for invertebrates, seven for amphibians, and ten for birds). This
example illustrates how taxonomic bias affects the amount of
information readily available for zoos. Also, most enrichment
practices in non-mammalian species are modelled on enrichment
practices designed for mammals, which can be problematic when
applied without proper modification and/or evaluation (Mendyk &
Augustine 2023). At its inception, environmental enrichment was
designed as a means of promoting activity and countering behav-
ioural or welfare problems (a reactive, rather than proactive,
approach) in mammals, mainly primates (Young 2003). Later, its
study progressed to a behavioural engineering approach in which
the primary stimulus utilised was food (Young 2003; Fernandez &
Martin 2021). Exercise and increased activity levels also became
important focal points of research (mostly in primates and felines),
which shaped the subsequent development of environmental
enrichment science and its application. When translated to ecto-
therms, this inertia is inadequate given that they do not need such
frequent feeding, have lower metabolic rates, and their activity is
more dependent on ambient temperature.

Zoo professionals also report other barriers to enrichment. For
instance, there is a perceived lack of institutional support
(i.e. limited interest from zoo management, scarcity of resources,
money, or staff) and lack of interest from the wider community in
the use of enrichment (Riley & Rose 2020), and a prioritisation of
health and physical well-being over psychological or mental well-
being (Tuite et al. 2022). These barriers hamper the widespread use
of enrichment; therefore, it is worth considering how enrichment is
prioritised for different taxa.

In our follow-up survey we asked participants to rate, on a scale
from one to ten, the importance of enrichment for different taxa:
reptiles scored third after mammals and birds, which again reflects
the taxonomic bias affecting animal welfare and enrichment sci-
ence. Many reasons contribute to reptiles lagging behind in any
prioritisation enrichment plan. Underlying those reasons is the
perception that reptiles are perceptually/cognitively limited ani-
mals whose requirements in captivity are modest compared to
other groups, and are capable of tolerating even the most impov-
erished captive conditions (Burghardt 2013;Maple &Perdue 2013).
These misconceptions, which often stem from inadequate or mis-
leading information, have been sternly criticised (e.g. Burghardt
1977; Warwick et al. 1994; Burghardt 1997; Young 2003; Font et al.
2023;Mendyk&Warwick 2023), but these have had limited success
in correcting such widespreadmisconceptions about reptile biology
and behaviour. Recently, public interest in animal welfare has
prompted a perspective shift in how reptiles are perceived and

treated. Studies on reptile sentience (e.g. for reviews, see Lambert
et al. 2019; Learmonth 2020), cognition (e.g. Cooper et al. 2019;
Font 2019, 2020; Burghardt 2020; LaDage et al. 2012; Szabo et al.
2021), play (e.g. Burghardt 2005, 2013, 2015; Dinets 2015; Kane
et al. 2019), and complex sociality (e.g. Doody et al. 2013, 2021;
Gardner et al. 2016; Dinets 2017; Skinner &Miller 2020; Baker et al.
2023) have accumulated in recent years. Although this shift in
perception is positive, the lack of scientific validation for reptile
husbandry practices is a persistent problem, particularly important
given the large number and diversity of reptiles being traded into
captivity (e.g. Warwick 2014; Draper & Jones 2017; Warwick et al.
2018; Altherr & Lameter 2020).

Foundations of enrichment for reptiles in European zoos

The use of reliable, validated welfare tools is of utmost importance
in the pursuit of successful husbandry practices (Alligood&Leighty
2015; Benn et al. 2019). This process requires a solid basis, from the
conception of any husbandry idea to the evaluation of its effective-
ness; therefore, participants were questioned on the foundations of
current zoo enrichment practices for reptiles. In both Eagan’s
(2019) and the present study, the primary source of enrichment
ideas was word-of-mouth, i.e. information from other zookeepers
and professionals. Peer-reviewed articles are used as a primary
source behind internet articles and information provided by zoos’
accreditation institutions. Riley andRose (2020) reported lowuse of
journal articles by zoo practitioners, and their perception was that
literature availability was limitedwhenmaking decisions on enrich-
ment. It is possible that the scientific advances on reptile welfare
and enrichment go unnoticed either because they are published
outside the direct scope of zoological publishing (Mendyk 2022), or
because accessibility to peer-reviewed literature is limited (Riley &
Rose 2020), so zoo professionals rely onmore proximate or familiar
sources. Some of those alternative sources fall into the realm of grey
literature, and this can be problematic due to a lack of validation.
Although easily disseminated and more accessible, information
distributed through non-reviewed sources, such as internet articles
or word-of-mouth, has a higher probability of containing misin-
formation (Warwick et al. 2013; Warwick 2014; Draper & Jones
2017; D’Cruze et al. 2020; Mendyk & Warwick 2023). Thus, these
types of sources are not only unreliable (Loughman 2020), but can
become fertile ground for the perpetuation of folklore husbandry.
To move towards evidence-based husbandry, a key distinction has
to be made between husbandry practices that are backed by empir-
ical evidence vs ones that are accepted only because of tradition
(Arbuckle 2013).Otherwise, there is a risk of perpetuating collective
knowledge that is at best ineffective and at worse harmful for
reptiles in captivity. For instance, one of the most patent examples
of folklore husbandry relates to snakes and the size of their enclos-
ures. The use of racks for snake-keeping is commonplace
(Loughman 2020), and typically feature small boxes that prevent
snakes fully stretching (Warwick et al. 2019). Some of the reasons
why snake enclosures are often small and simple derive from
folklore (e.g. snakes are sedentary animals that dislike open or large
spaces; seeWarwick et al. 2019), and sources that recommend their
use are based on outdated practices no longer supported by scien-
tific evidence (Warwick et al. 2021).

In the present study, the most frequently used assessment
methods for effectiveness were an increase in normal behaviour
and use of the enrichment provided, similar to Eagan’s study
(2019). In both studies, a similar percentage of zoos reported a lack
of formal assessment of their enrichment techniques (14 and 19% in
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USA and Europe, respectively). Animal-based measurements,
although of increasing importance in reptile welfare, lag behind
resource-welfare measurements (Benn et al. 2019). For example,
physiological welfare indicators (e.g. corticosterone levels) have
barely been studied in reptiles and need to be validated in a wider
range of species (Benn et al. 2019; Gangloff & Greenberg 2023). In
our study, we only asked about the use of animal-based measure-
ments, so we cannot knowwhether there is a preference for animal-
based measurements in European zoos, or if the use of resource-
based measurements is still dominant for reptile species, as has
traditionally been the case (Benn et al. 2019; Jones et al. 2022).
Regardless, behavioural methods seem to be of importance
for zoos, probably because they are easier to implement than
invasive or resource-intensive methods (Whittaker et al. 2021;
Jones et al. 2022).

When using behavioural indicators of welfare, it is essential they
are applied within a species-specific context that will allow proper
interpretation (Bacon 2018; Benn et al. 2019; Spain et al. 2020). For
reptiles especially, this comes into direct conflict with the relative
scarcity of behavioural observations in the wild (Warwick et al.
2013), making it difficult to establish what qualifies as abnormal
behaviour in captivity. A key but frequently overlooked issue is that
reptiles are a highly diverse group, with close to 12,000 currently
recognised species. This adds to the challenge of identifying and
validating behavioural welfare indicators (Burghardt & Layne-
Colon 2023). Finally, interpreting reptile behaviour poses a special
challenge due to its characteristics and to our own anthropo-
morphic tendencies (e.g. Burghardt 1991; Rivas & Burghardt
2002; Batt 2009; Wilkins et al. 2015; Mather 2019). For example,
reptilian ectothermic physiology and lack of facial expressions have
been proposed as two main factors that may inhibit or complicate
assessment of aversive states such as fear or pain (Warwick et al.
2017; Whitehead 2018; Williams & Beck 2021), which in many
cases can go unnoticed (Malik 2018). Also, there is ample evidence
that a species’ likeability decreases with phylogenetic distance and
dissimilarity to our species (e.g. Batt 2009; Miralles et al. 2019). In
general, reptiles tend to be disliked by humans and, particularly in
the case of snakes, are target of a myriad of negative cultural beliefs
(Ceríaco 2012; Whitehead 2018; Janovcová et al., 2019; Da Silva
et al. 2021). Yet, not every reptile group is perceived in the same
manner.

Differences in enrichment use for each reptile group and specific
enrichment techniques

Several studies indicate that some reptiles, such as turtles and
tortoises, are perceived in a positive light in contrast to, for instance,
snakes (Czech et al. 1998; Janovcová et al. 2019;Da Silva et al. 2021).
This taxonomic bias is also reflected in our results. Tortoises and
monitor lizards received the most enrichment amongst all reptile
groups, and all respondents that had monitor lizards in their
installations considered it essential for them. The number of
respondents for these questions was small, but the narrative in
open-ended questions provides insight into why enrichment is
perceived differently across taxonomic groups. Some specified that
the animals that most likely benefit from enrichment are those that
are more active and show more appetite, which mirrors the afore-
mentioned historical inertia for mammal environmental enrich-
ment. One of the respondents wrote that “[Enrichment] may
benefit other groups just as much, but it is difficult to tell, when
no behaviours are displayed as a reaction to the enrichment.”
Particularly with monitor lizards, participants invoked their ‘high

intelligence’ and ‘high interaction with environment.’ Size and
longevity also seem to be important factors when prioritising the
use of enrichment within reptiles, particularly in favour of large,
long-lived species such as giant tortoises or crocodiles. It should be
noted, however, that the use of enrichment for different reptiles
may be affected by how easily its application is perceived
(i.e. certain types of enrichment may be thought to bemore difficult
to implement in reptiles that are potentially dangerous for their
caretakers, such as crocodiles or venomous snakes). In any case, as
noted by previous studies, research and husbandry efforts focus on
large, charismatic species that appeal to the public (e.g. Melfi 2009;
Carr 2016; Albert et al. 2018; Hosey et al. 2020) and for whichmore
studies are available. Moreover, scientists and zoo professionals
may devote greater efforts to studyingmore familiar species as there
is more information available for them (Rose et al. 2019). Lack of
understanding as to what constitutes environmental enrichment
was an issue for some of our respondents. For instance, one
participant commented that “the problem is that enrichment is
not anything definite in reptile-keeping”, while another pointed out
that “[…] we are just beginning to understand the importance of
reptile enrichment in husbandry.”

Enrichment refers to a change in the environment that fulfils
some welfare goals and results in an improvement for the animal. It
does not refer to any change ormodification for which the outcome
is unknown, even though that is how the term is sometimes used
(Newberry 1995). In this sense, the present study collected a lot of
information on what zoo professionals consider enriching for
reptiles. In our follow-up survey we focused on retrieving informa-
tion on specific enrichment techniques. This resulted in a wide
diversity of responses and raises the question as to whether some of
these reported enriching techniques should indeed be considered
enrichment (Mendyk & Augustine 2023). For example, one of the
most commonly reported enrichment techniques in five out of
seven reptile groups in our study was the use of different food
items: can feeding reptiles withmultiple types of food/different prey
be considered enrichment or is it simply a matter of basic hus-
bandry? Discrepancies in what qualifies as enrichment for reptiles
may be another contributing factor to the taxonomic bias (Riley &
Rose 2020), particularly when approaching enrichment from a
mammalian perspective (Mendyk & Augustine 2023). Perhaps,
what some consider enrichment is just controlled deprivation
(Burghardt 1996, 2013).

Animal welfare implications and conclusion

The need for enrichment has long been recognised as an integral
part of husbandry; its use seems widespread in European zoos, but
there are also many limitations that prevent its full and consistent
implementation. All the gaps affecting animal welfare mentioned
above (see Introduction) likely have a greater impact on taxa that
have traditionally been neglected. Although reptile welfare is sub-
ject to increasing attention, further research is needed on their
ecology, behaviour, husbandry, validation of welfare methods,
etc. Our study highlights some of the main barriers limiting the
use of environmental enrichment for reptiles (such as a scarcity of
validated assessmentmethods, limited access to literature, or lack of
well-grounded ideas), underscoring the urgent need for a shift in
perspective in reptile environmental enrichment. For instance,
zookeepers acknowledge the absence of a clear understanding of
enrichment, which can result in mistaking fundamental basic hus-
bandry for enrichment protocols. Hence, reptile enrichment
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researchwould benefit from adopting a broader perspective, such as
considering a wider array of enrichment types, increasing the
number of species studied, and validating different welfare assess-
ment methods. Consider, for example, the use of chemosensory
enrichment, which seems to lag behind other types of enrichment
despite the critical importance of chemoreception for reptiles
(e.g. Chiszar et al. 1995; Bashaw et al. 2016; Londoño et al. 2018).

Furthermore, our study adds to the growing body of literature
that evaluates the relationship between captive reptiles and their
human carers with regards to different aspects of reptile welfare.
This type of approach allows scientists and professionals fromother
areas to weave different paths of communication that should con-
tribute to mitigate the disconnect between practice and science
(Loughman 2020; Riley & Rose 2020; Mendyk 2022). Our results
also reveal a wide set of specific enrichment techniques that are
currently being used for reptiles in zoos. In order to clarify the
boundary between basic husbandry and enrichment, further
research should inquire about what is considered enriching for
each species according to zoo professionals.

To conclude, our study highlights the importance of basing
species-specific environmental enrichment protocols on currently
available information, and to empirically assess them for effective-
ness. Zoos are appropriate venues to focus on traditionally disre-
garded groups such as reptiles, which are also likely to benefit the
most from this research.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/awf.2023.43.
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