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ABSTRACT
Zoos are interested in assessing the well‐being of the animals in their care, including potential impacts from environ-

mental and anthropogenic factors which could alter welfare. Zoos also provide a unique environment whereby visitors

can get within proximity to wild animals, which can have positive, neutral, or negative impact for the exhibited animal's

welfare. Within zoo settings, there has been little research published on these welfare impacts for reptiles, specifically

snakes. Additionally, there is limited knowledge on their behavior in relation to captive welfare. Three snakes were

selected, and conditions were implemented outside of their habitats to alter visitor proximity. The three conditions

experimentally altered the proximity of people near the snake habitats and included Visitor‐Natural (regular visitor

proximity), Visitor‐Control (no visitors within a 210 cm radius), and Visitor‐Experimenter (an experimenter within close

proximity throughout the observation time). An ethogram was developed and measured across a within‐subject reversal
design for all three conditions. Results indicated that overall, there was a neutral to positive impact of the Visitor‐Natural

condition. However, the highest negative impacts were observed during the Visitor‐Experimenter condition, including

increased abnormal behaviors. This study suggests that snakes will habituate to people but may be affected by short‐term,

unpredictable behavior from visitors. The results are discussed in terms of visitor impacts on exhibited snakes, as well as

implications for assessing overall snake welfare.

1 | Introduction

Empirically assessing the welfare of animals under human care is
becoming increasingly important for zoos (J. D. Altmann 1998;
Moss and Esson 2010; Skibins and Powell 2013). Zoological orga-
nizations such as the Association of Zoos and Aquariums (AZA),
European Association of Zoos and Aquaria (EAZA), and Zoo and
Aquarium Association (ZAA) typically outline four general guide-
lines, including: (1) high standards of care, husbandry, and welfare,
(2) educating visitors, (3) animal conservation, and (4) academic
research (Fernandez et al. 2009; Bacon 2018; Zoo and Aquarium
Association Australasia 2022; Association of Zoos and Aqua-
riums 2024; European Association of Zoos and Aquaria 2024).

Many zoos also rely on revenue generated from visitor attendance
and purchasing of merchandise, therefore it is in their best interest
to attract as many visitors as possible and to ensure that visitors are
having an enjoyable experience, not only to generate income but to
fulfill the second key role: educating the public (Carr and
Cohen 2015; D'Cruze et al. 2019; Godinez and Fernandez 2019).
Zoos also provide a unique experience whereby visitors can closely
view and possibly interact with exotic animals, which has the
potential for visitors to be perceived as a stressor to the animals.
Therefore, initiatives and experiences that allow guests to interact
with zoo animals can conflict with other key roles of zoos, such as
ensuring high standards of care, husbandry, and welfare
(Hosey 2005; D'Cruze et al. 2019).
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Animal–Visitor Interactions (AVIs) research explores the re-
lationships between animals housed in zoological institutions
and visitors. Research in this field primarily splits into two
distinct aspects: (1) the visitor effect, where the impacts of the
visitor to the animal are the focus, and (2) the visitor experi-
ence, where the impact of exhibited animals on visitors is
analyzed (D'Cruze et al. 2019; Fernandez and Chiew 2021;
Learmonth et al. 2021; Fernandez and Sherwen 2024).

With respect to visitor effects, zoo visitors can have three pos-
sible impacts on zoo‐housed animals: (1) a neutral response—
where no or little difference is observed when visitors are
present, (2) positive—where animals view visitors as a potential
enriching presence, and (3) negative—where visitors are viewed
as a stressor, which could lead to avoidance, defensive, or dis-
placement behaviors (Hosey 2000; Davey 2007; Fernandez and
Sherwen 2024). By understanding the impacts of visitors on
zoo‐housed animals, zoos can make informed decisions around
their husbandry and adjust experiences that zoos offer to the
public that do not compromise the welfare of the animal.

Earlier AVI research has investigated a range of taxa and has
largely utilized methods that focus on observational, correla-
tional information as opposed to experimental, causal re-
lationships (Sherwen and Hemsworth 2019; Fernandez and
Chiew 2021). However, there is a need for alternative meth-
odologies that can indicate causation rather than correlation
between visitor presence and changes in animal behavior. By
understanding more about the direct causal impacts of various
aspects of the captive environment, we can identify areas for
improvement and implement new strategies to mitigate these
potential stressors. Thus, aiming to improve the welfare of the
animals housed in captive conditions through experimental
examination.

A range of taxa have been investigated within zoos in relation to
AVIs, however, this study has predominantly focused on
mammals, particularly primates and carnivores (Edes and
Hall 2023; E. Williams et al. 2023). The skew toward mammals
for welfare research has resulted in many taxa that are com-
monly housed in zoological organizations being understudied,
thus, informed decisions around their welfare cannot be made.
One such taxa are reptiles, which encompassed 11% of all ani-
mals in the International Species Information System in 2011
(ISIS; a database of zoo captive animals kept within 586 insti-
tutions across 72 countries; Conde et al. 2013). However, rep-
tiles were disproportionally represented in welfare research,

where they were the focus of 3% of all zoo welfare publications
between 2008 and 2017 (Binding et al. 2020).

The underrepresentation of reptiles in research impacts our
ability to understand the visitor effect, as there are many
unfounded misconceptions around aspects of their husbandry
needs, behavior, and cognitive capabilities (Melfi 2009;
Burghardt 2013; Azevedo et al. 2021). This also impacts on the
ability to empirically assess their welfare. Furthermore, reptiles
are often associated with negative stereotypes and beliefs which
could indicate to the lack of interest in terms of research (Benn
et al. 2019; Ogle and Devlin 2022). Snakes, in particular, are
often the subject of negative perceptions. For example, a survey
carried out at Durrell Wildlife Park found that snakes were
voted the least favorable animal by zoo visitors (Carr 2016).

Considering our current limited knowledge of captive snake
welfare, the subject of AVIs with snakes has also been severely
understudied. To date, there have only been two AVI publica-
tions that have investigated the effects that zoo visitors have on
snakes (Carter et al. 2021; Hamilton et al. 2022). It is therefore
imperative that research focuses on this understudied taxon, but
specifically focusing attention on environments that many spe-
cies are in and have to be in potentially unnatural conditions.

This study aims to fill some of the gaps in AVI snake research
by examining the effects of visitors on three species of snakes.
The aims of this study were to: (1) investigate the effect that
visitors have on snakes, specifically by manipulating visitor
proximity and (2) establish positive and negative welfare met-
rics for the snakes studied. By doing so, two hypotheses were
proposed: (a) that there would be an increase in the occurrence
of Abnormal behaviors during the Visitor‐Experimenter con-
dition (the highest visitor presence and closest proximity con-
dition), and (b) that the highest within‐session variability of
area usage would be observed when zoo visitor presence and
proximity was highest.

2 | Materials and Methods

2.1 | Subjects and Habitats

Method procedures were created in accordance with the Aus-
tralian code for the care and use of animals for scientific pur-
poses, 8th edition (National Health and Medical Research
Council: Canberra 2021). Prior to its implementation, this project
was approved by the Animal Ethics Committee at the University
of Adelaide on Wednesday, May 22, 2024 (S – 2024‐034).

Three snakes of different species were utilized for this study and
consisted of a red‐bellied black snake (Pseudechis porphyriacus;
RBBS), an inland taipan (Oxyuranus microlepidotus; taipan),
and a rough‐scaled python (Morelia carinata; RSP), all of which
are outlined in Table 1. A fourth snake, a woma python (As-
pidites ramsayi), was originally included in the study, however,
they were removed from any continued study or analyses due to
multiple shedding events.

All snakes were housed in the reptile house at Adelaide Zoo,
Australia and were cared for by the Adelaide Zoo Reptile Team.

Summary

• Snakes are a common occurrence in zoos, yet little is
known how the presence of visitors could impact them.

• Three snakes were observed in three different conditions
which experimentally manipulated the intensity of
visitors.

• Snakes appeared to habituate to normal visitor traffic
but less so when conditions were altered.

• Future research should focus on using species‐specific
welfare assessments for snake species.

2 Zoo Biology, 2025



They were housed individually and specifications for their
habitats are outlined in Table 2. All snakes had artificial light-
ing and heating, as well as access to hides, furnishings, and
water throughout the study. All habitats consisted of walled
sides with the front side being glass to allow visitors to see into
the habitat. Each habitat had an entrance to the rear to allow
staff access. The RBBS and taipan had an additional loft box at
the back of the habitat as a safety measure for keeper access.
The RBBS and RSP habitats had substrate which consisted of
wood chippings and leaves, while the taipan's consisted of a
sand substrate. Heating and lighting were controlled through-
out the experiment and the temperatures of the habitats were
recorded weekly with average temperatures outlined in Table 2.

All snakes had the same feeding schedule of two mice provided
fortnightly on Tuesdays. Daily maintenance of habitats was carried
out every morning before opening to the public. Snakes were not
removed or handled when the observer was present; furthermore,
snakes did not receive enrichment devices during the study. Snakes
were not observed on feed days, 1 day postfeeding, on monthly
weigh days, or during periods of shedding. All snakes permanently
lived in their habitats, which were viewable to the public from
10:00 a.m. until 4:30 p.m. daily. A fixed barrier was in place to stop
visitors standing within 135 cm from the habitat glass.

2.2 | Materials

Materials included a handheld tablet with the ZooMonitor
(version 4.1) app (Lincoln Park Zoo 2022) to record observa-
tional data. Additionally, three Syneco 250 cm Expandable
Safety Barriers were used to implement the experimental con-
ditions. Signs were created and positioned onto the barriers
during observation periods to inform zoo visitors of the study.

2.3 | Data Collection

A mutually exclusive and exhaustive ethogram (see Table 3)
was developed prior to data collection. The ethogram was
adapted from Spain et al. (2020), M. L. Williams et al. (2022),
Warwick (2023), and Zdenek et al. (2023). Behaviors were split
into “Active,” “Inactive,” “Abnormal,” “Out of Sight,” and
“Other” classes. The “Other” class of behaviors allowed our
ethogram to be exhaustive, but only two instances of “Other”
behavior occurred across the three snakes utilized for inferen-
tial statistics, and therefore excluded from all further analyses.

Snakes were observed one snake in their individual habitat at a
time (three exhibits total), from ~10 a.m. until 12 p.m. in 30min
sessions and repeated in the afternoon, between approximately
2 p.m. and 4 p.m. The order that snakes were observed changed

daily; this order was semirandomized to ensure that snakes
were not observed at the same time on consecutive days. Zoo-
Monitor was utilized on an iPad to record data. Pinpoint
(instantaneous time) focal sampling (J. Altmann 1974; Brereton
and Fernandez 2022) of 30‐s intervals was employed for each
session (60 intervals/30 min). At each interval, the behavior of
the snake (Table 3), location in the habitat (Figure 1a–c), and
number of visitors were recorded.

To measure area usage, all three habitats were split into
quadrants: “front top,” “back top,” “front bottom,” and “back
bottom.” The location in the habitat recorded was determined
by the location of the snakes' head. If the head was not viewable
then the body part that was visible determined the location.
Throughout the study, the snakes were always viewable even if
utilizing hides. To determine the four quadrants, specific
landmarks were used within the habitat. Figure 1a–c illustrates
the three species' habitats for both the taipan and the RSP, the
main climbing branch in the center of the habitat was utilized
as the landmark to separate front and back. To differentiate
between top and bottom, the first main branching of that tree
was used. Due to differences in furnishings, the RBBS' habitat
used different landmarks, the rock line that ran along the whole
habitat was utilized as the landmark to determine front and
back. The top of this rock line determined top and bottom.

Visitor number was counted during the Visitor‐Natural condition
(see Section 2.4), with both adults and children included, unless
the child was carried by an adult or in a pushchair. Zoo volun-
teers were also included in the count, but zookeepers were not.

Observations were taken from Tuesdays through to Sundays,
starting on Wednesday June 12, 2024 until Thursday September
12, 2024. Days immediately around feed days were not observed.
Furthermore, if snakes were undergoing shedding or medical
checks, they were also not observed during that time. Any days
missed during a condition were repeated at a later date.

2.4 | Procedure

The presence and proximity of people, largely dependent on
visitors, was experimentally manipulated to ascribe any differ-
ences in the behavior of the snakes to the examined variables.
The following three conditions were presented to test different
visitor intensities:

• Visitor‐Natural (V‐N)—No change to barriers at Adelaide
Zoo (i.e., normal visitor attendance). There was a perma-
nent barrier set up 135 cm away from the habitat glass. Both
visitors and the observers were at least 135 cm away from
the habitat. Observers would typically situate themselves on
the far sides of the area (~210 cm from the habitat glass)

TABLE 1 | Details of the individual snakes utilized for this study.

Common name Species Sex Origin Weight (g)

Red‐bellied black snake (RBBS) Pseudechis porphyriacus Female Wild caught (2015) 1025 (05/27/2024)

Inland taipan (taipan) Oxyuranus microlepidotus Male Captive bred (2006) 1080 (05/27/2024)

Rough‐scaled python (RSP) Morelia carinata Male Wild caught (2010) 1120 (05/16/2024)
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and would not walk in front of the habitat, unless visibility
to the animal was restricted.

• Visitor‐Control (V‐C)—An additional temporary barrier
created by three Syneco 250 cm Expandable Safety Barriers.
This separated visitors and the observers a further 75 cm
away from the habitat (a total of 210 cm). A distance of
210 cm was selected as this was the furthest distance
available that still allowed for visitor accessibility past the
habitat. As in the V‐N condition, observers would situate
themselves to the far sides of the area ~210 cm from the
habitat glass and would not walk in front of the habitat,
unless visibility to the animal was restricted.

• Visitor‐Experimenter (V‐E)—In order to increase the presence
and proximity of people, we ran the Visitor‐Experimenter
condition, which presented the experimenter continuously
within close distance of the habitat. The temporary barrier was
installed to keep zoo visitors distanced; however, the observer
was directly in front of the habitat (within the barriers) for the
entire observation session. The observer stood 65 cm away (a
small permanent wall blocked the observer from standing
directly in front of the habitat) from the habitat but would lean
their hand on the glass and behave in more conspicuous ways
(e.g., waving arms around and sudden movements). The
observer would remain centrally situated in front of the habitat
throughout the observation time. The hand on the glass activity
of the experimenter occurred for the majority of a session,
while the conspicuous behaviors of the experimenter were
semirandomized and typically only occurred several times a
session.

During the Visitor‐Natural condition, crowd size was calcu-
lated to produce an average visitor per interval within a
210 cm radius of the habitat front. As described in the V‐N
condition description, observers were typically not within the
210 cm visitor radius, and therefore were not included when
visitor numbers were counted. For every observation interval
(30 s), the habitats averaged 0.595 ± 0.044 visitors (RBBS
0.508 ± 0.086; taipan 0.554 ± 0.079; RSP 0.583 ± 0.079). The
crowd size ranged per interval from 0 to 18. During the
Visitor‐Control condition, 0 visitors per interval were present
within 210 cm radius of a habitat, and during the Visitor‐
Experimenter condition, 1 visitor per interval (the observer)
was present at the habitat.

The temporary barriers used during experimental conditions
V‐C and V‐E were set up for the observation time only
(30 min in the morning and 30 min in the afternoon) and
were taken down as soon as observations concluded. Each
condition was observed for 6 days (12 sessions) and repeated
with a counterbalanced reversal design (see Figure 2). For
each snake, a total of 72 sessions were recorded, with 24
sessions for each of the three conditions. A total of 144 h of
data were collected.

2.5 | Interobserver Agreement (IOA)

To examine the reliability (agreement) of our data collection, a
secondary observer collected data for 30.5% of all observations.
This was conducted in person and for all data collected byT
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the second observer, who like the primary observer typically
stood at least 210 cm away from the habitat glass across all
conditions. As before, a conscious effort was made to situate
the second observer to the far side of the habitat to reduce their
impact on any results. Interobserver agreement (IOA) was cal-
culated based on total agreement of the behaviors observed
([smaller count/larger count]*100; Cooper et al. 2020). A per-
centage was determined for each class of behavior. Classes had
over 89% agreement with an average of 92% agreement across
all behavioral categories (Active—93.83%; Inactive—94.31%;
Abnormal—89.09%; Out of Sight—90.89%).

2.6 | Statistical Analysis

Data were downloaded from ZooMonitor and entered into Mi-
crosoft Excel where descriptive statistics were calculated (mean
and standard error of the mean, SEM) for all three snakes
combined. Snakes were combined for statistical purposes, as
well as because similar patterns of behavior were observed for
each class across all three snakes. Individual snakes were

compared for the few differences observed between snakes,
namely, individual habitat area usage (see later Section 3).
Behavior classes for each of the sessions were converted from a
count into a percentage.

Data were then compiled and transferred to GraphPad
Prism, version 10, where graphs were generated using the
average percentage of occurrence for each of the behavioral
classes and Entropy (enclosure use variability; see below) for
each condition. Inferential statistics were also calculated. To
ascertain significant behavioral differences between the
conditions, snakes were combined and tested for normality
using a Shapiro–Wilk test. As all failed normality, Friedman
tests (nonparametric, repeated measures, one‐way ANO-
VAs) were utilized to compare behavioral class differences
between conditions. A p value of 0.0125 was calculated using
a Bonferroni correction according to the four behavior
classes (0.05/4). When significant (p < 0.0125) or near‐
significant (p < 0.05) differences were demonstrated post
hoc pairwise comparisons (Dunn tests) were carried out to
determine differences between conditions.

TABLE 3 | Ethogram describing snake behavior, adapted from Spain et al. (2020), M. L. Williams et al. (2022), Warwick (2023), and Zdenek

et al. (2023).

Behavior class and
behaviors Description

Active

Locomotion in view More than 25% of the body is in view and moving in any direction to a new location.

Locomotion out of view Less than 25% of the body is in view and moving in any direction to a new location.

Climbing Animal is using branches and other furnishings in the enclosure to change elevation up
or down.

Investigative Head and neck moving about in a relaxed pace exploring immediate surroundings, with or
without tongue flicking.

Inactive

Coiled view Nonmovement, with more than 25% of the body is in view and more than 75% of body
assumes a spiral position.

Stretched out Nonmovement with more than 25% of the body is in view, stationary and not in coiled
position.

Abnormal

Freezing Head and neck are elevated, body and head are stationary, no tongue flicking is occurring.

Window strike Mock strikes toward observer, head is elevates off the ground, recoils into an “S”/“Z” shape
then lunges forward, quick movement and hitting the glass of the enclosure. Snake begins

more than 10 cm away from the glass and connects with glass in < 2 s.

Boundary contact Head is pushing, “surfing,” climbing, or digging at the walls/windows of the enclosure.

Rapid body movement Abnormal movement that appears “jerky.” Can include the whole body or just the head
and neck.

Tail flicking Tail is moving from side to side. The rest of the body is stationary.

Out of Sight

Obstructed view Animal is viewable with difficulty or using objects within the enclosure to reduce visibility,
not enough is viewable to ascribe any other behavior.

In hide/loft box Animal is in their purpose‐built hide or in their loft box (RBBS and Taipan).

Other

Other Animal is displaying behavior not described.
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Area usage was converted into a measure of Entropy for each
session (Brereton and Fernandez 2022). The proportion of time
spent in each area resulted in a percentage= p(I). The following
formula was then used to calculate the value of Entropy for each
session:

H p I p I= −Σ ( ) log ( ).

This resulted in a value from 0 to 1, with 1 indicating a higher
variability in area usage for one 30‐min session. The three
snakes were combined and the mean and SEM for each
condition was calculated. A test for normality was conducted
(Shapiro–Wilk test). Again, this failed normality and there-
fore, a Friedman's test was used to examine Entropy
differences.

3 | Results

Below are the inferential statistics and graphs for the combined
results of the three snakes.

3.1 | Behavior and Entropy for All Snakes

Figure 3 illustrates the combined average percentage of occur-
rence of behavioral class observed over the three conditions. A
statistically significant difference was observed for Abnormal
behaviors (χ22 = 21.27, p=< 0.0001). Post hoc tests revealed
that abnormal behaviors occurred significantly more in the
Visitor‐Experimenter condition (M= 8.50% ± 1.64) compared to
the Visitor‐Natural condition (M= 1.41% ± 0.36, p= 0.0046),
and the Visitor‐Control condition (M= 2.32% ± 0.77,
p= 0.0138). Active behaviors showed a difference that
approached significance (i.e., not significant with the correc-
tion; χ22 = 7.57, p= 0.0227). Post hoc tests revealed a greater
occurrence in the Visitor‐Experimenter condition
(M= 18.03% ± 2.54) compared to the Visitor‐Natural condition
(M= 10.07% ± 1.91, p= 0.0419). No significant differences were
observed in Inactive behaviors (χ22 = 2.770, p= 0.2503) or Out
of Sight behaviors (χ22 = 0.5253, p= 0.7690). The descriptive
statistics for those classes of behavior were as follows: (Inactive:
V‐N: M= 39.61% ± 5.20; V‐C: M= 36.20% ± 4.95; V‐E:
M= 26.55% ± 4.17; Out of Sight: V‐N: M= 48.82% ± 5.54; V‐C:
M= 44.03% ± 5.36; V‐E: M= 46.85% ± 5.22).

FIGURE 1 | (a) Red‐bellied black snake habitat, the raised rock line spanning the length of the habitat determined front and back, while the top

of this line determined top and bottom. (b) Inland taipan habitat. The main climbing branch in the center of the habitat separated the front and back

of the habitat, while the main split in the climbing branch separated top and bottom. (c) Rough‐scaled python habitat, the main climbing branch in

the center of the habitat separated front and back of the habitat. While the main split of the branch separated top and bottom. [Color figure can be

viewed at wileyonlinelibrary.com]
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Figure 4 illustrates the combined Entropy scores for the three
snakes. A statistically significant difference was observed for the
combined Entropy scores (χ22 = 11.26, p= 0.0036). Post hoc
tests revealed a significantly greater Entropy score for the
Visitor‐Experimenter condition (M= 0.12 ± 0.02) compared to
the Visitor‐Natural condition (M= 0.06 ± 0.01, p= 0.029). Dif-
ferences between the combined Entropy scores for the Visitor‐
Control condition (M= 0.10 ± 0.02) and the other two condi-
tions were not significant.

3.2 | Area Usage Versus Entropy

Although inferential statistics were not calculated on an
individual level. Figure 5 illustrates the average time spent in
each section of the habitat for each snake. Variations between
species were observed, with the RBBS and taipan spending
more time in lower areas of the habitat (RBBS bottom front:
M= 71.44% ± 4.36; bottom back: M= 25.95% ± 4.14 and the
taipan bottom front: M= 18.22% ± 3.27; bottom back:
M= 78.56% ± 3.49), while the RSP spent more time in the top
portion of their exhibit and at least 5% of its time in all four
quadrants (bottom front: M= 46.76% ± 5.82; top front:
M= 34.61% ± 5.61; bottom back: M= 12.66% ± 3.84; top back:
M= 5.95% ± 2.72).

4 | Discussion

4.1 | Combined Snakes

Visitor proximity had a direct impact on the combined snake
results. Specifically, a significant increase in the occurrence of
abnormal behavior during the Visitor‐Experimenter condition
was observed. Previous reptile research utilized the presence of
abnormal behaviors as negative indices for welfare (Bashaw
et al. 2016; Benn et al. 2019; Spain et al. 2020; Hollandt
et al. 2021; M. L. Williams et al. 2022), which could indicate that
zoo visitors have the potential to negatively affect captive
snakes.

FIGURE 2 | Illustration of the repeated reversal design of A‐B‐C‐A‐
C‐B. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 | Graph showing the combined snake average occur-

rences across the three conditions. The mean and SEM are displayed in

the graph, with solid lines representing significant differences

(**p< 0.01; *p< 0.05). The dotted line indicates p value approaching

significance (p< 0.05, but not significant with the correction). [Color

figure can be viewed at wileyonlinelibrary.com]

FIGURE 4 | Graph showing average Entropy scores for the com-

bined three snakes. The mean and SEM are displayed in the graph, with

solid lines and an asterisk (*p< 0.05) indicating significance. [Color

figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 | Graph showing the breakdown of average area use for

each snake across all three conditions. [Color figure can be viewed at

wileyonlinelibrary.com]
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Nonetheless, in our study, it was not clear how proximity
compared to behavior impacted these responses, as other AVI
studies have found that altering visitor behavior impacted ani-
mal activity (Chamove et al. 1988; Mitchell et al. 1991).
Therefore, it is possible that the experimenter's activity (e.g.,
putting hand on viewing glass) impacted the increased display
of abnormal behaviors. In addition, Hamilton et al. (2022) re-
ported no obvious negative changes in behavior, such as
freezing, when visitors were present, like our low levels of
abnormal behaviors during the Visitor‐Natural condition.
Regardless, some increased aspect of the proximity of people,
whether continued proximity or activity, resulted in an increase
in the display of abnormal behaviors.

Although not significant, active behaviors increased, nearing
significance during the Visitor‐Experimenter condition. It has
been proposed that hyperactivity is a potential sign of stress in
reptiles, this behavior specifically was not included within the
“abnormal” category within the ethogram used and instead
would have been recorded as “active” behavior (Warwick
et al. 2013; Warwick 2023). This also highlights a need to
reevaluate the use of active behaviors as a positive welfare
indicator for reptiles. Other research has reported an increase in
activity and exploratory behaviors in snakes and concluded
these as positive measures of welfare (Bashaw et al. 2016; Spain
et al. 2020; Hoehfurtner et al. 2021). However, as noted above,
behaviors in our study that could have been associated with
stress may have been coded as an active behavior, as active
behavior was greatest during the highest visitor density (Visitor‐
Experimenter condition).

Despite the proximity of visitors, the Visitor‐Natural condition
reflected what may be considered the most positive welfare
indicators. There was an absence of abnormal behaviors, the
lowest occurrences of active behaviors and the highest occur-
rences of inactivity, all of which could be signs of positive
welfare for snakes. It is important to note that inactivity is when
snakes chose to rest in view rather than seek hides or out of
sight spaces. This could indicate that habituation to visitors had
occurred and that visitors were not perceived as a threat (Carter
et al. 2021; Hamilton et al. 2022). In addition, the presence of
some abnormal behaviors during the Visitor‐Control condition,
when visitors were not within 210 cm, further supports the
potential for at least some habituation to visitors to have oc-
curred during the Visitor‐Natural condition. Nonetheless, the
impact of all visitor activity, including factors such as potential
noise, is difficult to assess for snakes, as there is still conflicting
evidence regarding snakes and their hearing capabilities
(Christensen et al. 2012; Zdenek et al. 2023).

The greatest Entropy score, which is typically associated with
positive welfare, occurred during Visitor‐Experimenter condi-
tions, which had the highest average visitor presence and pro-
duced the highest abnormal behavior scores. Similarly,
Hamilton et al. (2022) observed a higher variability in habitat
usage for rattlesnakes when the zoo was open to the public.
Evaluation of area use has been utilized to assess welfare
impacts in a range of zoological species. As noted above, for
mammals and birds, greater variability in habitat usage is often
correlated with better welfare (Rose et al. 2018; Brereton 2020;
Fernandez and Harvey 2021; Zacchi et al. 2024). However, it

appears that for short observation times, a higher Entropy score
could be a negative indicator of welfare for snakes
(Warwick 1990). Regardless, the snakes did use multiple areas
of their habitats throughout the study, as observed in the
individual area use graph (Figure 5). These differences between
both behavioral and enclosure assessments, as well as in the
type of enclosure use assessment used, highlight the need to
have multiple measures to adequately assess welfare, particu-
larly for understudied species. This includes greater use of field‐
based observations in assisting welfare assessments for taxa
such as reptiles, where “normal” activity patterns may be less
known (Warwick et al. 2013).

4.2 | Significance

There is a lack of experimental approaches toward current
published AVI studies, which has led to many authors
incorrectly inferring causal relationships from correlational
data between zoo‐housed animals and visitors. By applying an
experimental approach, we are more likely to assess whether
visitors have a direct impact on zoo animals (Goodenough
et al. 2019; E. Williams et al. 2023).

Reptiles, particularly snakes, are severely understudied within
animal behavior and welfare research (Burghardt 2013; Binding
et al. 2020). Despite the limited time frame of this project,
behavioral data have been provided for individuals within the
suborder Serpentes. Most welfare knowledge around captive
snakes have involved investigating specific areas of husbandry and
its impacts on behavior. However, there is still debate over which
metrics can be utilized to assess reptile welfare, with some authors
reporting an increase in activity and, in particular, exploration as a
potential positive indicator of welfare (Mellor 2013; Bashaw
et al. 2016; Spain et al. 2020; Hoehfurtner et al. 2021). In contrast,
other authors have questioned whether greater activity is a posi-
tive welfare index and suggests an understanding of baseline
behaviors needs to be considered, which may include lower levels
of activity compared to other taxa (Hill and Broom 2009; Carter
et al. 2021). In addition, the absence of abnormal behaviors has
been used as an indication of positive welfare (Bashaw et al. 2016;
Benn et al. 2019; Manteca et al. 2016). It appears from the results
of this project that the monitoring of abnormal behaviors is a
crucial component of assessing snake welfare.

Variation of habitat usage has been utilized for other taxa to
assist in assessing welfare (Rose et al. 2018; Fernandez and
Harvey 2021; Zacchi et al. 2024). Evidence from this study
supports this, however, unlike mammals and birds, a higher
variation of area use in a session may not equate to better
welfare, and for short durations of observations it may be a
negative welfare indicator. It is still important for proper wel-
fare assessments to observe overall area use separately, as all
areas of each habitat were still utilized by each snake despite
entropy scores indicating lower variability in a 30‐min session
associated with positive welfare.

Our results suggest that the Visitor‐Natural condition produced
the best welfare results, which could have been either because
it was (a) least stressful, or (b) potentially enriching. Other
researchers have found enriching impacts of zoo visitors
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(Nimon and Dalziel 1992; Cook and Hosey 1995; Eltorai and
Sussman 2010; Fernandez et al. 2021). With respect to stress,
this could be due to habituation to normal zoo traffic and that
the implementation of a regular barrier keeps zoo visitors far
enough away that they are not perceived by the snakes as a
potential stressful stimulus (Bloomfield et al. 2015).

4.3 | Limitations

Zoo welfare research is often limited to small sample sizes (Goulart
et al. 2009). Although our research combined three species of
snakes for our analyzed results, they were still based on one indi-
vidual from each species (n=3). Therefore, the external validity of
our results is limited, which could additionally be hampered by
individual bias from the snakes (e.g., rearing history). Additionally,
the differences between species should not be understated, there
were differing natural histories as well as differing sensory ecolo-
gies. For example, one species was nocturnal and uses heat pits,
while the other two species were diurnal. These factors could have
influenced their responses to differing conditions.

This study was limited by two behaviorally based measures
(ethograms and area use variability). Utilizing additional mea-
sures, including physiological indices, can greater benefit our
welfare understanding (Bacon 2018; Benn et al. 2019). It should
not be ignored that potential welfare impacts on snakes may not
always be behavioral (Cannon et al 2002).

Additionally, observations were limited to daytime and on‐exhibit
activity. In total, 24‐h observations would be helpful to further
assess welfare (Brando and Buchanan‐Smith 2018; Queiroz and
Young 2018; Hamilton et al. 2022). Particularly for species that
are active at night, such as some of the snakes in our study.

Despite animals being housed in environments where the
conditions are artificially controlled, there could be variations
in temperature which may have impacted results. Furthermore,
data collection occurred during winter (albeit with artificially
controlled indoor conditions), which may have altered results.
External conditions such as temperature changes have been
suggested as more influential on behavior than visitors in rep-
tiles (Riley et al. 2021; Gray et al. 2024).

4.4 | Future Research

This study highlights a greater need for captive snake welfare
research. There are limited indices to assess welfare for snakes,
with most current welfare assessments being mammal and bird
focused (de Azevedo et al. 2007; Melfi 2009; Binding et al. 2020).
Snake welfare research has gained some focus in recent years,
with evidence highlighting the importance of providing space to
allow for rectilinear posture (Warwick et al. 2019, 2021) and
providing environmental enrichment (Burghardt 2013;
Nagabaskaran et al. 2022). However, welfare assessments for
snakes often relate to an absence of negative‐based measures
rather than exploring animal‐based positive indices. Therefore,
further research is required to devise welfare assessments for
snakes as assessments for mammals and birds may not be
appropriate (Benn et al. 2019).

Assessments of reptile husbandry practices have often been
found to be based on nonevidence‐based “folklore” husbandry
(Arbuckle 2013; D'Cruze et al. 2020; Jessop et al. 2023), there-
fore, there is a need to reevaluate these regimes and investigate
them empirically. Burghardt (2013) termed captive husbandry
for reptiles as “depauperate” and “controlled deprivation”;
consequently, there is a need to investigate various aspects of
husbandry and question how we keep snakes in captivity.

5 | Conclusion

Modifications to visitor presence and proximity appear to impact
snake behavior and, therefore, their welfare. The results indicate
that snakes appear to either habituate to or find “normal” visitor
presence and/or proximity enriching. However, high visitor
activity can adversely impact their welfare. Furthermore, this
study highlights the need for (a) better experimental control in
applied settings to investigate visitor effects, and (b) snake‐
sensitive metrics when evaluating snake welfare. By experimen-
tally manipulating the proximity of visitors, the clear functional
impact of zoo visitors can be illustrated. The results support both
hypotheses predicted. This project has identified that short‐term
stress can be caused by changes in visitor proximity which has not
been evident in previous AVI studies with snakes. However, it is
unclear whether changes in proximity or visitor behavior were the
cause of increased negative indicators of welfare. Furthermore, the
use of behavioral observations was vital to draw these conclusions,
and therefore, behavioral indices are crucial for future welfare‐
related research with snakes. Additionally, measurements utilized
for mammal and bird welfare studies may not be suitable for
snakes or other reptile species. Future research should investigate
reptile‐specific indices for welfare.
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