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Preface to “"Fundamental Knowledge on Forgotten
Species: An Exploration of Data from Rarely Studied
Captive Animals”

Dear Colleagues,

Zoological institutions contribute a large amount of fundamental and applied knowledge on a
diverse array of animal species. Despite this significant contribution, research conducted within zoos
or other captive wildlife facilities has historically been skewed toward charismatic mammals, which
comprise only a small proportion of the species that are held in captive collections. Modern zoos
play an important role in animal welfare, conservation, and environmental education; therefore, this
shortfall in knowledge may have large, unseen, and negative impacts on these “forgotten species”.
Hypothesis-driven, experimental research plays a key role in filling these knowledge gaps; however,
other avenues of data collection exist which may be equally important. These include observational
data (collected without experimental interventions), operational data (data collected within the
general management activities of a facility), and incidental data (data collected for one purpose which
may reveal further important information when explored in more detail). These unpublished datasets
may provide fundamental information on species for which comparatively little is known.

The aim of this Special Issue is to encourage the reporting and publication of data on
rarely studied species within captive facilities including zoos, aquaria, and wildlife rescue centres.
Manuscripts may focus on fundamental or applied animal data including, but not limited to,
information on biology, development, health, behaviour, anatomy, enrichment, and reproduction.
Manuscripts describing data on non-mammalian species including birds, non-avian reptiles,

amphibians, fish, and insects are particularly encouraged.

Kris Descovich, Caralyn Kemp, and Jessica Rendle
Editors
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Zoological institutions contribute a large amount of fundamental and applied knowl-
edge on a diverse array of animal species. Despite this significant contribution, published
research conducted within zoos or other captive wildlife facilities has historically been
skewed toward charismatic mammals [1], which comprise only a small proportion of the
species that are maintained in zoological collections, and are not reflective of taxonomic
group sizing. Modern zoos play an important role in developing effective animal welfare,
conservation, and environmental education; therefore, this shortfall in knowledge on “for-
gotten species” may have large, unseen, and negative impacts. The aim of this special issue
was to encourage the reporting and publication of data on rarely studied species within
captive facilities. This collection of 14 papers brings to light new information on a diverse
range of taxonomic groups, from reptiles and birds, to amphibians and sharks.

1. Non-Avian Reptiles

Reptiles are a broad taxonomic group that are well-represented in zoo collections but
for which there is limited experimental evidence for conditions that support good welfare.
Enrichment is considered an essential component of appropriate captive husbandry for
mammals, yet research on this aspect of welfare has been largely overlooked for reptiles,
including the monitor lizards (Varanidae). To provide a base of knowledge for informing
enrichment design, Howard and Freeman [2] undertook a scoping review of the physio-
logical, cognitive, and behavioral abilities of Varanidae to suggest enrichment methods
that may be appropriate and effective. They stressed the need for greater publishing and
sharing of findings to promote positive quality of life for these species in captivity. Addi-
tionally, also with a focus on Varanidae, Waterman et al. [3] monitored the effect of food-
and scent-based enrichment on three monitor lizard species, including Komodo dragons
(Varanus komodoensis), reporting an increase in exploratory behaviour, with scent-based
enrichment being as effective for encouraging natural behaviours as food. The effect of
enrichment and environmental change was also explored by Turner et al. [4], who moni-
tored the behaviour of three tortoise species after an enclosure size increase, the addition of
floor substrate, or handling protocol adjustments. These changes primarily altered social
interactions, but larger, more positive, environmental changes are proposed to improve
behavioural diversity. Reptile social behaviour was also studied by Walsh et al. [5], who
compared differences in sociality and congregation behaviour between captive and wild
American alligators (Alligator mississippiensis). Social behaviours were much more frequent
and diverse in the wild population, while captive activity budgets were dominated by a
small number of non-social behaviours. The results of these studies show that there is more
work zoos can do to improve the welfare of reptiles in their collection and promote full
behavioural repertoires, as is encouraged in mammals.
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2. Birds

Birds such as the southern ground hornbill (Bucorvus leadbeateri) are intelligent and
long-lived, which can present challenges for maintaining welfare in captivity. Brereton
et al. [6] examined the effect of enrichment on the behaviour of two captive hornbills.
Carcass provision resulted in long periods of food manipulation and plastic mirrors en-
couraged stalking and mirror pecking, similar to behaviours observed in wild hornbills,
suggesting a positive effect of these enrichment types. In the paper by Bryant et al. [7], en-
closure use by two blue-throated macaws (Ara glaucogularis) was explored, specifically the
effect of UVA- and UVB-rich lighting on indoor area use. Macaws significantly increased
the time they spent near the enriched lighting, suggesting indoor areas can be enhanced
through lighting choice. Lastly, Thomas et al. [8] detailed the veterinary treatment provided
to a zoo-housed Verreaux’s eagle owl (Bubo lacteus) after toe constriction caused by plastic
litter. While positive health outcomes were achieved, this case study highlights the dangers
of macroplastic pollution to wildlife, even to those housed in a captive setting.

3. Amphibians

Two amphibian papers were represented in this Special Issue, both focused on be-
havioural indicators of stress and welfare. Dias et al. [9] developed the first ethogram for
Xenopus longipes frogs through observation of a group of 24 individuals from this criti-
cally endangered species. This ethogram was then used to measure activity budgets and
behavioural response to restraint during a routine health check. Many behaviours were
significantly impacted in the period post restraint, suggesting health assessments should be
non-invasive whenever possible. Similarly, Carter et al. [10] used food intake as a measure
of stress in the terrestrial amphibian, Herpele squalostoma, after environmental disturbance
imposed by floor substrate change for routine cleaning. Regardless of the food prey offered,
substrate disturbance had a significant suppressive effect on feeding, and this behavioural
indicator may be useful for future studies on the welfare of this caecilian species.

4. Sharks

The final paper in this special issue examined activity levels and three-dimensional
space use in five captive sharks, all of different species. Hart et al. [11] found that area usage
in the ‘xy plane’ was fairly consistent; however, time spent at different depths was uneven.
Although space use and activity largely reflected the natural behavioural biology of each
species, the behaviour of the smooth dogfish (Mustelus canis) was found to be abnormal,
demonstrating the importance of monitoring behavioural patterns in captive sharks.

5. Mammals

Although mammals are a popular research focus of captive collections, there has been
a bias towards primates, ungulates, and large carnivores. Several understudied mammalian
species were represented by papers within this special issue. Free et al. [12] assessed the
welfare of common cusimanse (Crossarchus obscurus) with an adapted ‘Animal Welfare
Assessment Grid’. Using resource- and animal-based measures, 21 factors were identified,
and the final template was validated by retrospectively scoring the welfare of four zoo-
housed individuals. With a focus on behaviour, Spiezio et al. [13] monitored two pairs of
zoo-housed red pandas (Ailurus fulgens) using the ‘Behavioural Variety Index’. Observed
individuals performed approximately three quarters of all behaviours reported previously
for this species and no abnormal behaviour was found. Behavioural activity, as well as
space use, was also examined by Finch and Humphreys [14] for two Goodfellow’s tree
kangaroos (Dendrolagus goodfellowi), an endangered, arboreal macropod. High arboreal
spaces were found to be of key importance, with more time spent at the top height by the
tree kangaroos than at any other height. Lastly, the work of Truax et al. [15] focused on
cognition in African crested porcupines (Hystrix cristata). This study used the ‘loose-string
task’ to determine if porcupines, a cooperative breeder, can work with their partner to
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receive a reward. Although the porcupines were successful in the task, they did not clearly
demonstrate understanding of their partner’s role in task success.

The collection of research in this special issue opens the door to future studies on
these species, as well as the multitude of others in need of systematic observation and
empirical assessment. We thank the authors for their contributions to this issue and for
their commitment to the management of their respective study species. We hope their
work encourages future and on-going programs of research that shed light on optimal
management of these “forgotten species”.

Author Contributions: Conceptualization, K.D., C.K. and J.R.; writing—original draft preparation,
K.D.,CK. and J.R,; writing—review and editing: K.D., C.K. and J.R. All authors have read and agreed
to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Reptile behaviour and welfare are understudied in comparison with mammals. In this study,
behavioural data on three species (Astrochelys radiata, Stigmochelys pardalis, Aldabrachelys gigantea)
of tortoises were recorded before and after an environmental change which was anticipated to be
positive in nature. The environmental changes differed for each population, but included a substantial
increase in enclosure size, the addition of substrate material, and a change in handling procedure. A
tortoise-specific ethogram was created to standardise data collection. Focal behaviour sampling was
used to collect behavioural data. Changes in the duration of performance of co-occupant interaction
and object interaction in the leopard (Stigmochelys pardalis) and Aldabra (Aldabrachelys gigantea)
tortoises were observed following the environmental changes. The Shannon-Weiner diversity index
did not yield a significant increase after the changes but had a numerical increase which was relatively
greater for the leopard tortoise group, which had experienced the greatest environmental change.
The leopard tortoises also demonstrated changes in a greater number of behaviours compared to the
other species, and this was sustained over the study period. However, this included a behaviour
indicative of negative affect: aggression. Whilst we are unable to conclude that welfare was improved
by the management changes, there are suggestions that behavioural diversity increased, and some
promotion of positive social behaviours occurred.

Keywords: reptile; tortoise; welfare; diversity index; behaviour; enrichment; ethogram

1. Introduction

In recent times, zoos have shown a strong commitment to optimising the welfare of
the animals in their care [1-4], and utilising accreditation scheme membership to showcase
this commitment. Many zoos conduct their own welfare research and strive to implement
the findings within their premises [5]. Likewise, most zoo accreditation programs, e.g., The
Australian Zoo and Aquarium Association, require members to regularly conduct animal
welfare assessments [5,6]. Simultaneously there has been a shift in public attitudes towards
animals, with increasing expectations of high welfare standards [1-3,5].

The welfare of an animal, as described by Webster, can be considered to be “its capacity
to avoid suffering and sustain fitness’ [7]. An affective state is defined as a feeling, emo-
tion, or mood such as fear, that motivates an animal to avoid a particular environmental
stimulus that is potentially detrimental to its fitness. Affective states can be positive (ex-
citement/joy) or negative (fear/sadness) in valence. Furthermore, these states also vary
in motivational intensity or arousal based on the urge to move towards or away from the
eliciting stimulus [8]. Determination of welfare state includes considering the number
of positive versus negative affective experiences, where ‘good” welfare is determined by
having more positive experiences, ‘poor’ welfare determined by having a greater number
of negative experiences, and ‘neutral” welfare assigned when there are an equal number
of positive and negative experiences [9,10]. In practice, welfare is commonly assessed by
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looking at animal-based or resource-based measures (water, shelter, etc.) [7,11]. However,
the former is likely superior, being a direct measure of welfare resulting (partially) from the
resource inputs provided [11,12]. There are a number of ways that welfare can be assessed,
including physiological, immunological, or behaviour-based techniques [9,13,14]. It is com-
mon to use multiple modalities in welfare assessment [9,13,14]. In a zoo environment there
is a need for methods to be non-invasive, simple, and undemanding on resources [9,13].
As a result, behaviour-based methods are likely to be the most practical and have received
the most research focus [13].

There are various models or frameworks which have been used as the basis of welfare
assessment tools, including the Five Domains Model [15], the Five Freedoms [16], and the
Welfare Quality® protocol [17]. A number of these have been trialled at zoos. However,
the Five Domains Model is perhaps the most employed as part of zoological accreditation
programs [5,18]. These welfare assessment protocols utilise behavioural observations
to infer affective state, but this requires a good understanding of which species-specific
behaviours are indicative of differently-valenced affective states [11].

To date, there has been a research taxa-bias towards mammals in studies of biology
and welfare of animals in zoos [5,11,12,19,20]. Reptiles have been comparatively under-
studied. A reduced research focus on reptiles may be due to a combination of factors,
including difficulties observing wild reptile behaviour, challenges intuitively recognising
and interpreting reptile behaviours such as signs of distress, or that reptiles are perceived
as less important or less intelligent [1,11,20,21]. Furthermore, a misconception that reptiles
are highly tolerant of, and easily adaptable to, suboptimal captive conditions (which is not
supported by the literature) may result in the provision of only the most basic husbandry
requirements for captive management being considered by some [19,20].

Recently, there has been increased research focus on identifying behaviours that may
be indicative of welfare state in reptiles [21-30]. However, there remains a dearth of primary
studies exploring reptile behaviours, their relation to affective state, and how husbandry
practices may modify expression of these behaviours. A key challenge is in identifying
indicators that infer positive, as opposed to negative, affective states [13]. Given the lack of
validated methods to assess reptile welfare, it is important that potential tools are explored.

There has been recent interest in using behavioural diversity measures, calculated
from behavioural data, to provide an objective insight into the welfare of both individual
and groups of animals by determining how much variation is shown in their behavioural
repertoire [31-35]. Greater behavioural diversity is generally accepted as a positive indica-
tor of welfare [31,34,35]. This is based on the assumption that animals displaying varied
behavioural repertories are having their behavioural needs met. Alternately, when diversity
is low an animal may show reduced overall behaviours due to lethargy or the performance
of stereotypies [31,35].

This study opportunistically investigated changes in the activity budget and be-
havioural diversity of land tortoises following a change to their captive environment.
Testudines were selected as 56% of species in this order are threatened, making the study of
captive conditions of high importance to conservation efforts and breeding programs [23].
The environmental changes were different for each species, but included a substantial
increase in enclosure size, added substrates, and a change in handling procedure. It is sug-
gested that an animal’s motivation to interact with environmental enrichment, is positively
correlated with welfare [1]. More complex environments allow animals to choose how
to interact with their environment, allowing greater control and agency, thus improving
welfare [11,19]. Given this, it was hypothesised that the environmental changes would
result in a change in behavioural expression, indicative of improved welfare.
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2. Materials and Methods
2.1. Ethics Statement

Ethics approval was granted for this research by the Animal Ethics Committee of
The University of Adelaide (protocol code S-2021-036), and the research was conducted
in accordance with the Australian Code for the Care and Use of Animals for Scientific
Purposes [36].

2.2. Population

This study investigated three established groups of tortoises housed at two locations
in South Australia: Adelaide Zoo and Monarto Safari Park. Radiated tortoises (Astrochelys
radiata; n = 5, adult 3 males, 2 females) housed and displayed at Adelaide Zoo, leopard
tortoises (Stigmochelys pardalis; n = 4, adult, all male) not on display and housed at Monarto
Safari Park, and sub-adult Aldabra tortoises (Aldabrachelys gigantea; n = 5, unknown sex),
housed and displayed at Adelaide Zoo. Land tortoises were selected as this provided the
greatest number of individuals within the same species. The radiated tortoises arrived in
the collection in 2018 and had been in their current enclosure since 2020. It is presumed that
these individuals were wild caught as they were part of a group of confiscated tortoises.
The leopard tortoises arrived in 2009, and had been in their first enclosure, as described in
this study, since 2018. These individuals were captive-bred and transported from Auckland
Zoo, New Zealand. The Aldabra tortoises arrived in 2017 and had always been housed in
the same enclosure. These individuals were captive bred and transported from La Vanille
Nature Park, Mauritius. The total number of animals (n = 14) and species were determined
by the availability within the zoo collection.

2.3. Husbandry

Diet for all groups across the study consisted of ad libitum grass hay and defined
portions, fed twice a day, of hard vegetables (e.g., pumpkin, sweet potato, carrot, broccoli,
cauliflower), leafy greens (lettuces and endives), Wombaroo herbivorous kangaroo pel-
lets (Wombaroo Food Products, Glen Osmund, South Australia), and a calcium-vitamin
D supplement. A minimum of two feeding zones were provided in each enclosure to
accommodate all individuals and reduce competition.

All enclosures (Figure 1) were temperature-controlled and were fitted with basking
lights and UV lamps. Temperature and humidity were monitored and kept at species-
appropriate levels by zookeepers (unbranded generic thermometer/hygrometer, product
code: IC7312: accuracy of temperature £1 °C, accuracy of humidity +3%). Enclosures
were cleaned and misted daily by keepers.

Prior to the management changes, the radiated tortoise enclosure had substrates of
sand and straw. The leopard tortoise enclosure had straw substrate over concrete. The
original Aldabra tortoise enclosure had a dirt substrate and a mock rock pool. For diagrams
of each enclosure before and after the environmental change see Appendix A.
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Figure 1. Photographs of enclosures 1 (the original leopard tortoises enclosure), 1A the indoor
component of the new leopard tortoise enclosure, 2 radiated tortoise enclosure, and 3 Aldabra
tortoise enclosure.

2.4. Study Design

This study utilised the opportunity of planned changes to the captive management of
the three groups by animal management teams at each zoo (Adelaide Zoo and Monarto
Safari Park) during the period of this study. These changes were uninfluenced by the
research team. The leopard tortoises were moved to a new enclosure that provided a
substantial increase in enclosure size and diversity (original 7 m?), comprising a climate
controlled indoor area (13 mz), a roofed open-air area (30 mz), and a large uncovered
naturally vegetated outdoor area (230 m?). Depending on weather conditions, the tortoises
had access to all areas.

The radiated tortoises received dried leaves as an additional substrate and a marked
reduction in the frequency of manual handling. The leaves were plane tree and various
species of ficus, selected due to their non-toxicity to tortoises and general unpalatability. It
had been common for the keepers to pick up the tortoises and move them to the feeding
locations when food was offered; this practice was ceased, allowing tortoises to move
around the enclosure with greater choice and control.

The environmental changes for the Aldabra tortoises were the addition of an enrich-
ment crate filled with straw, and sand added as a substrate to two areas of the enclosure.

2.5. Behavioural Data Collection

Data collection was split into three time points (Figure 2), pre-environmental change
(1), post-change (between 10-21 days after change) (2), and approximately seven months
(230-250 days) after the environmental change (3). After the environmental change, no
behavioural observations were made for at least a week to allow tortoises to habituate to
the new environment and reduce the likelihood of confounding results due to an acute
stress response, or reaction to novelty. Data for the third time point were only collected
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for the leopard and Aldabra tortoises; it was considered that additional management
changes subsequent to the second time point for radiated tortoises would have confounded
interpretation.

Data Collection Time Evironmental

Point 1
3 Days

Modification No Action 1 Week

Data Collection Time Data Collection Time

Point 3

3 Days

No action 7 months :
Point 2

3 Days

Figure 2. Timeline of data collection for the evaluation of tortoise behaviour in response to a change
in environment.

Video recordings were taken of animals in all housing locations using camcorders
(HC-V180, Panasonic Corporation, Kadoma, Osaka, Japan). In the larger outdoor leopard
tortoise enclosure, there were occasions when manual data recording was required since
the camera’s field of view did not capture the full area.

Focal behavioural sampling was performed on every animal in each group using the
video footage or direct in-person observation. Each tortoise was viewed for two minutes,
and behaviour was continuously sampled. This occurred once every hour between 8 a.m.
and 5 p.m. (9 data collection points), over a consecutive three-day period (54 min of
observation per animal, per time point). For data analysis, sampling time points were
grouped by time of day: morning (8-10 a.m.), midday (10 a.m.-2 p.m.), and afternoon
between 2 p.m. and 5 p.m. Behaviour was catalogued using the Zoo Monitor App [37]. The
frequency and total duration of each behaviour were recorded for every individual. Only
one behaviour could be selected at a time for each individual. The data were compiled by
one observer to exclude potential inter-observer variations, following an ethogram with set
behavioural descriptions, outlined in Table 1, which was a modified version of an ethogram
that has been used in previous studies [8,38,39]. Inter-rater reliability between the observer
in the current study and another observer was conducted in an unpublished parallel study
on the same tortoise groups. The observers reached 80% consensus on identification of the
behaviours on a subset of the data.

2.6. Data Analysis

In order to explore the effects of the covariates of temperature, species, time of day,
and timepoint, a multivariate General Linear Model (GLM) in the program SPSS was used
with the duration of each behaviour of interest being taken as the dependant variable [40].
A Bonferroni correction was applied to account for multiple comparisons. p < 0.05 was
taken as the significance level.
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Table 1. Ethogram used for behavioural analysis modified from [8,38,39].

Behaviour Description

Includes basking, sleeping, or resting on ground with no weight on
Resting limbs, for 3 s or more. No other activities being performed. All
instances of resting are included whether awake or asleep.

Two or more steps in one direction. One foot removed from ground

Walking at a time.
. One or more limbs (front or hind legs) moving substrate. Motion
Digging . ..
must be repeated twice or more to be counted as digging.
Standing still Tortoise must be bearing its weight on 1 or more legs for 2 s or more
Bathing Includes submerging whole or part of body for more than 3 s
Touching or playing with any object provided for play and or
enrichment. This includes interaction with food dispensers (ball or
similar, NOT a stationary food bowl and NOT the act of eating),
Enrichment and object using or touching tunnels/hides/ramps/logs/etc. If tortoise is
interaction inside a tunnel when set observation period starts and they cannot
be reasonably seen, this is counted as individual not observed.
However, if the tortoise moves into tunnel during the observation
period and remains in there, this is counted as use of tunnel.
Eating/Drinking Any eating or drinking activity where food /water is consumed, or
food is chewed.
. Any audible noises made by the tortoises by nose or throat. This
Vocalisations : . . .
excludes defaecation and/or digestion noises.
A positive or neutral interaction with another tortoise. This
Co-occupant interaction includes climbing, leaning, touching, non-aggressive approach,

head bobbing, etc.

Any negative aggressive action, or attempted action, towards
Co-occupant aggression  another occupant including shell ramming, charging, displacement,
hooking, aggressive social posturing, scratching, biting.

Includes pacing and other repetitive behaviour and interaction with
transparent boundaries. Behaviour must be completed three times
consecutively.

Stereotypies/Abnormal
behaviour

Not Observable For use only when focal animal is not visible.

Data were then split by species to investigate the applied management change. Given
the small sample size for each species, and that the behavioural data were often non-
normally distributed data, non-parametric tests were applied (Mann-Whitney or Kruskal-
Wallis tests in SPSS).

Shannon-Wiener’s Diversity Index was used to calculate behavioural diversity before
and after the environmental change. The formula for Shannon-Weiner’s diversity index
is [32]:

H=—) (pi x In(py)) 1

Hpuyration and Hgate [33] were calculated using Excel (Microsoft Corporation, 2021),
where p; is the duration or frequency, respectively, of ith behaviour. A higher H value
represents greater behavioural diversity [41]. Instructions from Snapshot Wisconsin’s
tutorial [42] were followed to create the spreadsheet. A Kruskal-Wallis test was conducted
to determine any statistical significance. p < 0.05 was taken as the significance level. Due
to the limited data points for the radiated species, a Wilcoxon test was conducted instead.
p < 0.05 was taken as the significance level.
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3. Results
3.1. Activity Budget Analysis Results

The model shows multiple significant behaviours (Table 2).

Table 2. GLM significant main effects.

Factor Behaviour Df (df1, df2) F-Value Significance
Aggression 1,107 8.300 0.01
Object 1,107 11.704 0.01
Species Interaction
P Eating/Drinking 1,107 5.649 0.02
Standing 1,107 11.136 0.01
Co-occupant 1,107 18.758 <0.001
interaction
Abnormal 1,107 5.024 0.03
Behaviours
Aggression 2,107 4.703 0.01
Object 2,107 4.868 0.01
Ti Point Interaction
e Resting 2,107 4.486 0.01
Standing 2,107 4.655 0.01
Co-occupant 2,107 20.696 <0.001
interaction
Walking 2,107 6.169 0.003
T Resting 1,75 8.223 0.005
emperature Co-occupant
P 1,75 21.700 <0.001
Interaction
Aggression 2,75 31.000 <0.001
Eating/Drinking 2,75 6.410 0.003
Time of Day Resting 2,75 6.808 0.002
Co-occupant 2,75 6.522 0.002
Interaction
Walking 2,75 4.390 0.02

3.1.1. Temperature and Time of Day Interactions

During the study the median temperature for the radiated tortoises was 25.75 °C,
range of 25-26 °C. For the leopard tortoises the median temperature was 23.05 °C, range of
20.1-27.15 °C. The median temperature for the Aldabra tortoises was 28 °C, with range
of 25-29 °C. When the group data were combined, temperature had a significant interac-
tion with co-occupant interaction and resting with the former increasing as temperature
increased, and vice versa for resting behaviour. The behaviours aggression, co-occupant
interaction, eating and drinking, resting, and walking were influenced by time of day.
Specific differences for the combined groups are illustrated in Figure 3.

11
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Figure 3. Bar Chart of all significant behaviours separated by time of day at three time points.
Pairwise comparisons are indicated with a letter, i.e., the letter ‘A’ over two bars indicates no
difference between those time points. Letters ‘A” and ‘B’ over two bars indicates that these are
different from each other within the same time of day comparison, i.e., morning data compared.
“Interaction” refers to co-occupant interaction. Displaying mean and standard error.

3.1.2. Species and Time Point Interactions

In the radiated tortoises there were no changes in duration of the observed behaviours
following the applied management change. There were differences in aggression, co-
occupant interaction, eating and drinking, object interaction, resting and walking in the
leopard tortoises. The Aldabra tortoises showed decreased co-occupant interaction and
increased object interaction following the change. See Figure 4 for details of direction of
effect and pairwise comparisons calculated using the Mann-Whitney / Kruskal-Wallis test.

3.2. Diversity Index Results

Combined data for the species H values are detailed in Figure 5. The environmental
modifications did not elicit a change in Hpyration (Wilcoxon signed rank: Z = —1.2136,
p = 0.55) or HRate (Wilcoxon signed rank: Z = —0.6742, p = 0.5476) in the radiated tortoise
population. Similarly, there were no differences in Hpyration Or HRrate between the time
points for the leopard tortoise population (Kruskal-Wallis: x2(2) = 0.7, p = 0.705 and
Xx2(2) = 0.81, p = 0.668, respectively) or Aldabra population (Kruskal-Wallis: x2(2) = 0.51,
p =0.775 and x2(2) = 0.039, p = 0.981) (Figure 6).
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Figure 4. Box Plot of Behaviours Separated by Species at Three Time points: (1) Before Environmental
Change, (2) 10-21 days Post Change, (3) 6 months Post Change. ‘Interaction’ refers to ‘co-occupant
interaction” and ‘object’ refers to ‘object interaction’. Pairwise comparisons are indicated with a letter
i.e., the letter “A” over two timepoints indicates no difference between those time points for the same
behaviour. Different letters indicate a difference between time points. Due to additional husbandry
changes subsequent to the second time point, there is no third time point for radiated tortoises.
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4. Discussion

In this study, we report on the impact of environmental changes in three species of
testudines based on behavioural data. The management changes did not lead to an overt
improvement in welfare but did elicit some changes in individual behaviours that were
scored as part of the ethogram. The behaviours where differences were seen included some
indicative of positive affect. However, there was also an increase in behaviours that are
likely to bring about negative welfare consequences, for example aggression.

A potentially negative behaviour, co-occupant aggression, increased in the leopard
group. Additionally, object interaction increased, while co-occupant interaction decreased
following the management changes in the leopard and Aldabra groups, and these changes
were maintained at the longer follow up time point. It could be that the resources intro-
duced gave the tortoises something to compete over, or potentially upset the established
social hierarchy. A recent study on tortoise aggression was able to identify a social hierar-
chical structure which was influenced by tortoise height and aggression levels [29]. There
are many factors that have the potential to affect tortoise behaviour. Light and temperature
affect the activity levels of tortoises. In summer they experience two daily peaks of activity,
in the morning and afternoon [43-45]. In cooler winter conditions they have unimodal
activity patterns and long periods of basking is required [45]. Tortoises thermoregulate
behaviourally by moving through areas with different temperature gradients and will
restrict movement, seek water, and/or seek shade to prevent heat stress [44,46,47]. Temper-
ature may also affect other, non-thermoregulatory, behaviours as a trend of higher social
behaviour and lower aggressive behaviour has been linked with higher body temperatures
in radiated tortoises [48]. In the current study, aggression levels for the leopard species
sustained an increase over time, which was not associated with enclosure temperature. This
suggests another factor may be influencing this behaviour, or that enclosure temperature
may not be an accurate analogue of body temperature. Co-occupant interaction and resting
were the only behaviours linked to temperature in the current study, with the latter most
likely being a thermoregulatory behaviour. This suggests that during data collection the
enclosure temperature remained stable enough to minimally impact behaviour outside of
thermoregulatory behaviours. This is unsurprising, as the temperatures were controlled at
the zoological facility. The impact of the changed management strategy was most strongly
seen at midday, with the most significant changes to behaviour seen in Figure 4. Whilst it
could be assumed that this is due to temperature differences, this link was not supported.

Increased duration of walking with a decrease in resting in the leopard group could
be interpreted as increased exploratory behaviour as a result of the increased space in
the new enclosure. However, it would require spatial mapping to determine if this has
arisen due to an increase in range traversed, or the making of more frequent smaller trips.
Decreases in the behaviour eating and drinking in the leopard group suggest an adverse
impact but should be interpreted with care. This may have arisen due to slight variability
in management regimes. Whilst tortoises were fed at approximately the same time each
day, this could vary depending on the schedule of the keepers. Compounding this further,
the tortoises generally ate all their food within a 10 min period. Unfortunately, this period
did not always align with the two-minute data collection window for that hour due to the
above reasons.
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To date, the most common method of assessing the behavioural impacts of enrichment
items or enclosure changes in reptiles has been ethogram use, to assist in recording changes
in behaviour and to create an activity budget [21-23,26,33]. Additionally, there are no
studies assessing the welfare implications of reduced space for tortoises and, conversely,
the welfare improvements to be gained by increasing space for tortoises. This was a novel
aspect to the present study. Studies of other reptiles have shown that an increase in space
increases both locomotive behaviour and space use [32,49], resulting in increased welfare.
In a study on captive adult corn snakes, lower space allocations were found to negatively
impact reptile welfare [50]. The snakes housed in larger enclosures were more active and
spent 19% of their time fully elongated. Other than spontaneous behavioural observations,
a series of evoked behavioural tests were also performed to gauge welfare including the
novel environment test, novel object test, reverse emergence test, and preference test, the
results of which corroborated this finding [50].

In mammals, various diversity indexes have been calculated. Generally, these have
shown a reduction of behavioural diversity in less complex environments [51] and increased
behavioural diversity with greater group size [31]. Time of day has also been shown to
impact behavioural diversity [31].

There has been less study of diversity indexes in reptiles and consequently
there is no established threshold for adequate behavioural diversity for reptiles in captiv-
ity [32,33], although a study on geckos yielded mean index values between 1 and 3 and
were interpreted as adequate scores [33]. In the current study there were no differences in
the diversity index across time points for any of the species. There was, however, a numeri-
cal increase in the score which was comparable with the scoring in the gecko study [33].
This may indicate a positive impact of management changes which perhaps would have
attained statistical significance with a greater sample size, or a longer data collection period.
Notwithstanding, as discussed by Miller et al., 2020, behavioural diversity indexes are
influenced by the complexity of the ethogram used and have been argued to only be com-
parable when the same ethogram has been used [35]. In the current study, it is noteworthy
that the absolute value for diversity index was remarkably similar across the species after
the changes were made, despite the difference in environments across the three groups. Yet,
the relative change in index from before to after the management change was greatest in
the leopard tortoises where the most extensive management change occurred.

Whilst our results for the diversity index are inconclusive, there has been substantial
recent discussion about the value of behavioural diversity as an indicator of welfare
state [34,35,52,53]. Importantly, it may offer a method of gauging positive welfare states in
captive reptile populations—a much sought-after goal in welfare science. Usefully it can
be calculated using activity budget data as seen in the current study. A caveat attached
to use of diversity indexes is that the score does not discriminate between positive and
maladaptive behaviours. Hence, the monitoring and knowledge of the types of behaviours
being expressed is still required, although an increase in stereotypic behaviours typically
results in lower diversity [34]. For example, in the current study an increase in aggressive
behaviours was seen and this would normally be regarded as a behaviour likely to cause
negative affect but may have contributed to an increased index score. Recording an activity
budget simultaneously would allow the behavioural type (positive or maladaptive) and
diversity to be tracked. Another important consideration is the choice of method used for
calculating the index. In the current study, there were differences in the index calculated for
rate and duration of behaviours. This may be of little concern where a change is imposed
and the outcome of interest is the difference in scores but will be more critical if the absolute
number is used in decision-making around animal welfare.

Limitations of this study include the small sample size due to animal availability. This
may have resulted in non-significance of some of the behaviours due to inadequate power.
Further, this study cannot be generalised to all reptiles due to variation in species-specific
behaviour between taxa [20]. Given the behavioural biology of these species and their
relatively ambling demeanour, future studies should consider increasing the length of
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behavioural sampling, perhaps to 5-10 min per animal. Many of the behaviours of interest,
such as digging (an exploratory behaviour), occur relatively infrequently and it is possible
that they were missed during the relatively small sampling window. Modification to
the definition of ‘interaction with transparent boundaries’ (Table 1, abnormal behaviour)
behaviour is also suggested to ‘interaction with boundaries’, as the tortoises often repeated
the same motions on glass as they did on other walls (vertical digging action interspersed
with walking). Due to the widely accepted definition of ITB that was included in this
study, this repetitive behaviour was not included in the abnormal behaviour category of
the ethogram when observed. This means that the instances of walking could have been
over-reported.

The optimal method for assessing animal welfare in zoological contexts is elusive,
although it is envisaged that it will incorporate behavioural observations due to their
non-invasive and non-resource-intensive nature [54]. Behaviours associated with negative
welfare states, such as self-harm and abnormal behaviours, can be easily observed. How-
ever, the more recent shift towards identifying indicators of positive welfare states creates
many challenges. The challenge with the most potential for harm is incorrectly interpreting
behaviours used to assess welfare, since incorrect interpretations allow us to perpetuate
the same husbandry and management which is detrimental to welfare [54]. If behavioural
diversity is the way forward for assessing reptile welfare, then further research is required.
There is a need to establish species baselines, maladaptive behaviour monitoring, and
standardise the methodology. Despite these issues, the diversity index shows promise
as an indicator of welfare, at least when data are available before and after a change, in
conjunction with ethogram data, to provide an objective measure of management change
impact.
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Appendix A. Enclosure Diagrams

< 2.4m >
' I l I Legend
~ W i scrubber
‘ Water
% Large Half-Pipe Tunnel

| m-
I Pvcrive Filled with Straw
‘ Pellet Bowl!
N\ Cinder Block
N
I Small Ceramic Half Pipe
—d | L

1.7m - 9

Figure A1. Original enclosure for the leopard tortoises.
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Figure A2. A, the new enclosure for the leopard tortoises post change. Top is view of full enclosure.

Bottom is a detailed diagram of the indoor only section with camera placement.
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Figure A3. Diagram of Enclosure 2 & 2A. Enclosure 2 top is the unchanged enclosure for the radiated
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Abstract: Comparative researchers have heavily focused their studies of social cognition on species
that live in large social groups, while neglecting other potential predictors of social cognition. African
crested porcupines (Hystrix cristata) are relatively rare among mammals in that they are cooperative
breeders that pair for life. Little is known about their social cognition, but they are good candidates for
exploring cooperative behavior due to the need to coordinate behavior to cooperatively raise young.
Cooperation, as defined in this study, is the process by which two or more participants perform
independent actions on an object to obtain a reward for all parties. Humans are thought to outperform
all other species in the frequency and magnitude of cooperative behaviors. Yet, only by studying a
variety of species can researchers fully understand the likely selection pressures for cooperation, such
as cooperative breeding. Here, we pilot tested the feasibility of the popular loose-string task with a
mated pair of African crested porcupines, a task that required the porcupines to cooperatively pull
ropes to access an out of reach platform baited with food rewards. Other species presented with this
task were able to work together to receive rewards but did not always demonstrate understanding
of the role of their partner. The porcupines achieved success but did not appear to coordinate their
actions or solicit behavior from their partner. Thus, similar to other species, they may achieve success
in this task without taking their partner’s role into account. This study demonstrates that the loose
string task can be used to assess cooperation in porcupines. However, further experiments are needed
to assess the porcupine’s understanding of their partner’s role under this paradigm.

Keywords: cooperation; loose-string task; rodents; synchronized actions; cooperative breeding;
pair bonds

1. Introduction

Cooperation is of particular interest to comparative psychologists because individ-
uals are expected to be self-interested; yet, cooperative behaviors have been observed in
countless species in the wild (e.g., African wild dogs, Lycaon pictus: [1]; carrion crow, Corvus
corone: [2]; chimpanzees, Pan troglodytes: [3]; Florida scrub-jays, Aphelocoma coerulescens: [4];
lions, Panthera leo: [5]). The definition of cooperation has varied (e.g., [3,6,7]), but we define
it as the process by which two or more participants perform independent but coordinated
actions to obtain a reward for all parties. Cooperation benefits an individual when there is a
greater chance of success, in terms of short-term consequences and in lifetime reproductive
success, working with another individual compared to when working alone. Cooperation
is expected in species that engage in repeated interactions with the same individuals and
can remember and track the outcomes of those interactions. Thus, cooperation is seen as
particularly beneficial in social species as groups can be comprised of related individuals [8]
or long-lasting reciprocating partners [9], and it has been extensively studied in nonhuman
primates, notably chimpanzees (e.g., [10-16]. Tests of less social species and non-primates
can help to establish the evolutionary timeline for the emergence of precursors to coopera-
tion, and to identify factors that may predict the presence of these capabilities [12,17,18].
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When assessing the capacity for cooperation in other species, it is critical that partners
can learn to coordinate their actions [19]. Here, we present a pilot test of the capacity to
cooperate in the previously unstudied African crested porcupine (Hystrix cristata).

Despite the increasing breadth of species studied by comparative psychologists, the
cognitive abilities of many species remain unexplored. A strong emphasis on studying
group-living species, such as primates, canids, cetaceans and corvids (e.g., [10,11,20-24]
has led to the neglect of other aspects of sociality as predictors of social cognition, such as
pair bonds and cooperative breeding [18]. Although cooperative breeding has emerged
as a possible predictor of social cognitive abilities in primates [25,26], and birds [27-29],
other groups present important opportunities for study. For example, within rodents,
there exists a wide range of social structures (e.g., [30,31], including the monogamous pair
bonds of African crested porcupines—a large species of rodent, ranging from 10-15 kg,
that inhabits Central and North Africa, as well as Central Italy [32,33]. These porcupines
are good candidates for research on cooperative behavior due to their tendency to pair-
bond and cohabitate in dens with other mated pairs [33]. Furthermore, partners share in
parental duties, such that they alternate cub guarding in the den for the first two months of
life [34]. The few existing studies of these species have been restricted to assessments of
temporal activity patterns [32,35], observations of home site selection and fidelity to those
locations [33,35], and scavenging behavior [36]. A single study of their cognitive abilities
found that African crested porcupines could be successfully trained to touch and hold to a
target for 30 s using a shaping procedure [37]. Thus, very little is currently known of their
cognitive capacities, particularly in regard to social cognition. Our ultimate goal was to test
their capacity to engage in cooperation in an experimental task, but, because porcupines
have relatively poor vision [38], and little is known about their capacity to coordinate their
actions, we needed to first test the feasibility of presenting them with an experimental task
requiring behavioral coordination. To do so, we piloted the popular loose string paradigm
(e.g., [12,39] with a single mated pair of African crested porcupines.

Various paradigms have been employed to reveal a species’ capacity to cooperate and
the underlying cognitive mechanisms (e.g., simultaneous handle pulling: [40]; synchro-
nized button pressing: [22]). Individuals can learn to engage in cooperation by learning
associations between their own behaviors within the presence of a partner without under-
standing the essential role of the partner; thus, experimental studies are necessary to probe
the mechanisms underlying their performance. One method for doing so, the loose-string
task, a popular cooperation paradigm, involves two individuals pulling two ends of a rope
attached to an out of reach platform baited with food. The rope is typically looped through
a hole attached to the platform that allows the rope to come loose if only one individual
pulls. Thus, two individuals must pull to access the platform, or it becomes inaccessible.
Some previously tested species have excelled at this task (e.g., capuchins, Cebus apella: [41];
elephants, Elephas maximus: [42]; domestic dogs, [43]; wolves, Canis lupus: [44,45]), although
others have shown difficulty in understanding the role of the partner (e.g., African gray
parrots, Psittacus erithacus: [46]; keas, Nestor notabilis: [47]; rooks: [17]; domestic dogs, [44];
chimpanzees, [12]). Although the ecological relevance of the task for many tested species
may be questioned, it is important to test the capacity for animals to learn to perform
behaviors that have not been extensively shaped by natural selection to test their capacity
for behavioral flexibility and the generalization of behavior to novel contexts. Typically,
subjects are first trained to pull the ropes independently to achieve reward, either by allow-
ing them access to both ropes for animals that use their hands or tying the ropes together
for animals that pull using their mouths, beaks or one foot. Often, shaping procedures are
implemented to ensure that subjects acquire proficiency with independent pulling before
partners are introduced (e.g., [44,48]). When partners are introduced, the two may solve
the task by both pulling backwards at the same time, although each individual may differ
in the speed and force of their pulls. For instance, one of the elephants assessed by [42]
solved the task by stepping on its side of the rope while its partner pulled the platform
within reach. Subsequent phases introduce a partner with only one end of the rope being
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available to each partner, thus necessitating that both partners pull simultaneously or
pull for short distances alternately. In this phase, researchers assess whether the subjects
look to each other to coordinate their actions or solicit pulling behavior from the partner.
This allows researchers to determine whether subjects appreciate the role of their partner.
Additional tests can be constructed in such a way that one partner’s access to the rope is
delayed, allowing researchers to assess whether the actor waits to pull until the partner
is in position. Thus, this unique paradigm allows a test of the capacity of the subject to
understand essential components of cooperation.

Tolerance (i.e., expressed as the ability to eat from the same food source within proxim-
ity of one another) has also been identified as directly impacting the results of these studies.
The level of tolerance in a dyad predicts chimpanzee spontaneous cooperation and highly
tolerant bonobos (Pan paniscus) cooperate more successfully than chimpanzees on highly
monopolizable rewards [49,50]. Testing a familiar mated pair of porcupines maximized our
likelihood of observing cooperative behavior.

We presented two African crested porcupines with the standard loose string task. We
were unable to provide them additional planned opportunities to learn about the role of
the partner similar to [46], who tested African gray parrots. However, our results serve
as a pilot test of the capacity of porcupines to participate in a task requiring coordination
and tolerance. The first phase ensured the individuals would pull a rope and that they
associated pulling with a reward. In this phase, we assessed how quickly the porcupines
interacted with the apparatus, pulled on the apparatus, and completed the task. In the
second phase, the subjects were required to pull the rope simultaneously to move the
apparatus within reach. In this phase, we assessed their ability to complete the task
successfully, the speed at which they did so, and any soliciting behaviors that might have
occurred. To probe their understanding, we evaluated whether the likelihood of pulling
became more closely synchronized with the partner’s initiation of pulling over sessions.
This pilot test serves to improve our limited understanding of the social cognition of the
African crested porcupine, but future testing is needed to assess their ability to learn to
understand the role of their partner.

2. Materials and Methods
2.1. Participants

Two adult African crested porcupines, one female, Lady Gaga, and one male, Bedhead,
were tested. These porcupines were housed at The Creature Conservancy, a nonprofit
educational sanctuary in Ann Arbor, Michigan in the United States. This pair had been
bonded for the duration of their time at this sanctuary. The porcupines had participated
in some husbandry training prior to this study, including target training. They previously
participated in a study investigating behavioral flexibility through presentation of a multi-
access box and in a study investigating their ability to track the number of responses
required in a particular spatial location (Vonk, unpublished). They were housed together
in an indoor enclosure with intermediate access to an outdoor habitat depending on the
weather (see Figure 1). The porcupines could choose not to participate in the study at
any time.

2.2. Materials

The loose string paradigm [12] requires an out of reach tray baited with food. For this
study, the tray was built out of a square piece of wood covered by metal sheets and was
similar to the apparatus used by Heaney et al. [51]. In the first phase, the rope, made out
of non-toxic manila and sisal, was fed around the back of the tray and kept in place by a
U-shaped metal ridge attached to the back. The bait used for the porcupines depended
on the food available to the researchers at The Creature Conservancy, but it was typically
either sweet potatoes or apples. These foods were typical to the diet of the porcupines, but
the specific items utilized in research were provided in addition to their daily diet. The
food was placed in front of a metal barrier at the very front of the tray to prevent it from
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sliding backward when the porcupines attempted to grasp it with their mouths (Figure 2).
This design was modified after four sessions of the second phase to include extending arms
that contained the food, which would protrude into the porcupines” habitat to allow them
to retrieve the food more easily. A metal loop was also attached in the center of the tray to
feed the rope through to ensure the tray would move in a straight trajectory and the rope
would easily come loose (Figure 3).

[

L

w N L

Figure 1. Porcupine indoor habitat including testing area.

Figure 2. Apparatus used in Phase 1 and first 4 sessions of Phase 2.
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Figure 3. Apparatus used in the last 8 sessions of Phase 2.

2.3. Procedure
2.3.1. Phase 1: Individual Pulling

To ensure the subjects were able to pull a rope to gain access to a reward, a training
phase was implemented. Sessions consisted of 10 trials each, and subjects were given
a maximum time limit of five minutes for each trial before the apparatus was removed
(Some sessions consisted of fewer trials if the porcupines stopped participating (1 session
for Bedhead, 1 session for Lady Gaga), or more than 10 trials if there was extra food (no
more than 13 trials per session, this occurred in 5 sessions for Lady Gaga). Note that
trials ranged from 5-10 within sessions in the original [12] study. If there were fewer than
10 trials, the session was not counted toward the criteria for changing training or phases.
If there were more than 10 trials, only the first 10 trials were counted toward the criteria
for changing training or phases.). Typically, one session per subject occurred per day. The
porcupines were separated to test each subject individually through luring one individual
into the outer portion of the enclosure with the food available to the experimenters at the
Creature Conservancy (e.g., almonds, corn, sweet potatoes, bananas), while distracting
the target subject with the same food in the inside portion of their enclosure similar to the
procedure of [12]. Once one individual was successfully lured outside, the experimenter
closed off the opening to the outer enclosure by sliding a metal door into place. This
door was secured to ensure the other porcupine could not access this indoor room during
testing. Once separated, training with the desired subject began. Previous studies have
also trained subjects to pull the rope individually before interacting with a partner. In the
original version of the task with chimpanzees, the chimpanzees were trained to pull both
ends of the rope at the same time, or the rope would be pulled out of the apparatus and
the trial would be a failure [12]. This is feasible with primates that use their hands with
human-like dexterity. However, with other species that pull ropes with their mouths, beaks
or one foot (e.g., domestic dogs, [44]; rooks, [48]), it is not feasible to have the subjects
pull two ropes simultaneously. Porcupines use their mouths to manipulate objects, which
we had witnessed in other studies (Vonk, unpublished). Thus, here, the two ends of the
rope attached to the apparatus were tied together so that one animal alone could pull the
apparatus forward (as in [44,51]. When training started, this rope was attached to the
inaccessible apparatus so that only the rope was accessible to the porcupine through the
gates in front of the enclosure.

At the start of the trial, the experimenter positioned the apparatus approximately
20 cm from the bars separating the test area from the porcupine’s habitat and extended
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the rope through the bars into the habitat. The trial lasted for five minutes or until the
porcupine obtained the reward, whichever occurred first. If five minutes passed with no
interaction with the rope, the trial was considered unsuccessful, and the apparatus was
reset for the next trial. If the porcupine could not be lured back for the next trial, the session
was ended. Once the porcupine obtained the reward, the apparatus was pulled back to the
starting position and rebaited and the rope was placed back within the porcupine’s habitat
for the next trial without additional delay. The experimenter remained behind the bars on
the outside of the enclosure on either side of the apparatus. The subject was required to
pull the apparatus until it reached the front bars of their enclosure to access the reward. If
the porcupine successfully pulled the apparatus to within reach but did not immediately
take the reward, their attention was directed to the food or the experimenter handed them
the food. This occurred more often with the female than the male, due to her being slower
to find and retrieve the reward. Handing the food directly to the porcupines was necessary
to ensure they received a reward soon following a correct response to reinforce the desired
behavior and motivate continued participation. As these are program animals, it was
essential to reduce frustration by ensuring they received rewards for performing desired
actions. Once the porcupine pulled the apparatus flush, the experimenter would say “Yes!”,
the cue used by trainers at this facility to indicate the animal had reached criteria, and then
the experimenter would pull the ropes outside of the enclosure.

This phase continued until both individuals reached criterion. The criterion required
that the subjects responded correctly on 8/10 trials for two consecutive sessions on two
different testing days without any prompting from the experimenter. If one individual
reached criterion before the other, that individual received individual refresher sessions
before moving on to simultaneous pulling to maintain criterion level performance up until
Phase 2 could be implemented.

If the subject responded correctly on fewer than 5/10 trials within a session, shaping
was introduced in the next session. For shaping, the experimenter rewarded the porcupine
with small pieces of the desired food as soon as the porcupine engaged in the desired
behavior (biting the rope and pulling, even if the rope did not move the desired distance).
Once the porcupine had done so, and been rewarded three times (i.e., on three consecutive
trials), the experimenter did not offer a reward until the porcupine pulled the apparatus to
the desired distance on the fourth trial. If the porcupine needed to be lured back to the rope,
a less desirable food was placed near it (e.g., corn). If the porcupine reached a criterion
of five out of ten correct trials, that subject was presented with a regular training session
without shaping procedures for the next session. If the porcupine exhibited less than five
out of ten correct trials in that session, it continued to receive shaping on the subsequent
session. Once both porcupines reached the final training criterion without shaping, both
porcupines were moved on to Phase 2

Immediately before starting Phase 2, both porcupines received a reminder session of
Phase 1 in which they were required to achieve success on 8/10 trials without prompting.

2.3.2. Phase 2: Simultaneous Pulling

This phase included 12 sessions of approximately 10 trials each. Three sessions in
Phase 2 consisted of 11 trials, 1 session consisted of 9 trials, and 1 session consisted of 7 trials.
The same method as Phase 1 was utilized in this phase to determine which trials would
have been considered toward the criterion. Two experimenters were present in this phase,
each positioned on opposite sides of the apparatus. The apparatus was baited and made
inaccessible to the porcupines. The tips of the extending arms were approximately 2 cm
from the back of the bars. This meant that the apparatus had to be pulled approximately
20 cm to become flush with the bars. The rope was attached to the apparatus and untied so
that there were two accessible ends. During this phase, both porcupines were required to be
within 9 m of the front of their enclosure, within 30 cm of each other positioned side to side,
and facing the apparatus to ensure they reached the rope at similar times before the rope
was made accessible on each trial. Corn was used to lure them nearer to the dividing bars,
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if necessary. When the porcupines were in position, each experimenter placed one of the
rope ends into the enclosure simultaneously so that each rope end was an approximately
equal distance from its respective porcupine on each side of the apparatus. Once the ropes
were placed in the habitat, the porcupines had five minutes to obtain the rewards.

If only one subject pulled and the rope became fully detached from the apparatus so
that the other end of the rope became inaccessible to the other porcupine, the rope was
removed, and the apparatus was returned to its starting position and rebaited, and the trial
was scored as unsuccessful. The experimenters did not provide any guidance or cueing
and remained in position looking straight ahead at each other in profile to the porcupines
during the trial. A trial was also considered unsuccessful when there was no response
after five minutes, meaning neither porcupine had interacted with the rope via touching or
biting. If the porcupines were successful, meaning that they had pulled the tray forward
far enough that the baited cups on the extending arms were accessible to them through
the bars of the enclosure, they received their reward. If one porcupine had not found its
reward by the time the other porcupine was finishing its reward, the researchers would
attempt to direct the porcupine to their reward or move the reward to the porcupine, if
necessary to prevent stealing.

The apparatus was modified as described above after the first four sessions. Two
extendable arms with cups for food were attached to the front of the apparatus, and a
metal loop was attached near the front of the tray to thread the rope through (see Figure 3).
The modifications were made for two reasons. First, the male could sometimes pull the
apparatus close enough to receive rewards without the rope being detached even though
the female was not pulling her end of the rope in synchrony. Second, the female porcupine
continued to have difficulty obtaining food in this phase, which led to the male having an
opportunity to consume her food. The modifications ensured the rope would come loose
when pulled by only one individual and improved the female’s ability to find the food.
Once both subjects had consumed their rewards on successful trials, the apparatus was
returned to its starting position and rebaited and the ropes were placed in the habitat to
commence the next trial. The Supplementary Material Video S1 depicts a portion of a trial
in this phase.

If the porcupines had reached the criterion of eight out of ten successful trials on
four sessions across four testing days, they would have progressed to a planned delayed
arrival phase.

2.3.3. Video Coding

One coder coded all trials from video for the following behaviors: success, latency to
pull, latency for each to receive a reward (i.e., pulling apparatus flush with enclosure), first
to pull the rope, and (in Phase 2 only), soliciting behaviors of one porcupine toward the
other. For soliciting behaviors, we asked coders to identify any behaviors that a porcupine
engages in that could be soliciting towards the other (i.e., behavior to elicit cooperation).
We avoided specifying behaviors as we found no previous literature relevant to this species
of porcupine, and we did not want to introduce bias in the coder’s decisions. For the trial
to be counted as a success in Phase 1, the porcupines were required to engage in the desired
pulling behavior (i.e., biting the rope and pulling backward) without engaging in any other
undesired behavior first (e.g., biting on the rope and pulling upwards while holding the
rope with the front paws, scratching front paws on top of the rope more than once). In
Phase 2, a trial was considered a success if both porcupines pulled the apparatus flush with
the bars and accessed their reward. A second coder coded a randomly determined 20% of
trials in each phase.

3. Results
3.1. Reliability

In Phase 1, reliability for success was represented by Cohen’s Kappas; (x = 1.000).
Pearson correlations were conducted for the reliability between coders for latencies; (latency
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to pull: » = 0.998, p < 0.001; latency to reward: r = 0.998, p < 0.001). In Phase 2, reliability
for the following behaviors was represented by Cohen’s Kappas; (first to pull: x = 0.344;
Lady Gaga soliciting behaviors towards Bedhead: x = 1.000; Bedhead soliciting behaviors
towards Lady Gaga: x = 1.000). Pearson correlations were conducted for the reliability
between coders for latencies; (Bedhead latency to pull: » = 0.475, p = 0.007; Lady Gaga
latency to pull: » = 0.816, p < 0.001; latency to reward: r = 0.938, p < 0.001). The data of the
primary coder were used for analyses, although we acknowledge a low level of agreement
between the two coders for first to pull and Bedhead’s latency to pull in Phase 2. This is
likely due to Bedhead’s more animated behaviors surrounding the rope, which made it
difficult to determine precisely when he was pulling as defined in our coding instructions
(e.g., pulling backward rather than upward).

3.2. Phase 1: Individual Pulling

The purpose of this phase was to ensure that the porcupines were capable of con-
sistently performing the basic action required to cooperate in the later phases. Bedhead
required 63 trials of individual training to reach criterion and Lady Gaga required 144 trials
of individual training. Both subjects pulled on the rope in 100% of trials. For Bedhead,
the average latency to interact with the apparatus was 7.42 s, the average latency to pull
the rope was 10.03 s, and the average latency to receive the reward was 18.38 s. For Lady
Gaga, the average latency to interact with the apparatus was 14.32 s, the average latency
to pull the rope was 18.23 s, and the average latency to receive the reward was 26.31 s.
Overall, Lady Gaga’s response time was slower than Bedhead'’s response time. There was
no evidence that they learned to pull more quickly over time (Figure 4).
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Figure 4. Average latency until first pull for each porcupine across sessions in Phase 1. Error bars
depict standard deviations.

3.3. Phase 2: Simultaneous Pulling

This phase consisted of 12 sessions, the first 4 sessions (41 trials) with the first version
of the apparatus, and the last 8 sessions (78 trials) with the updated version of the apparatus.
However, the first 4 sessions were not included in analyses as those sessions allowed for
success without cooperation. Thus, these initial sessions provided additional experience
for the porcupines but did not contribute toward demonstration of cooperative behavior.
In this phase, Bedhead pulled on the rope in 98.72% of trials and Lady Gaga pulled on
the rope in 93.59% of trials. The average latency before Bedhead pulled on the rope was
2.40 s, and the average latency before Lady Gaga pulled on the rope was 2.62 s. Across
all trials where at least one porcupine pulled, Bedhead was the first to pull in 39.74% of
trials, Lady Gaga was the first to pull on the rope in 21.79% of trials, and they pulled on
the rope simultaneously in 38.46% of trials. The average latency until the first pull for each
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porcupine across all sessions is shown in Figure 5. There is no evidence of learning in that
the porcupines did not become quicker at pulling the rope over time or increasingly likely
to pull simultaneously. The average latency until success was achieved was 7.54 s.

7 =—Bedhead Pull Time
=6 . ——LadyGaga Pull Time
@
24
= L
o) —
)
% 4 L
g ]
« 1 | L

0

1 2 3 4 5 6 7 8
Session

Figure 5. Average latency until first pull for each porcupine across sessions in Phase 2. Error bars
depict standard deviations.

A Chi-square goodness of fit test was conducted to compare the frequency of the por-
cupines pulling simultaneously versus pulling separately across all sessions. All categories
were expected to be equal. Overall, the porcupines were significantly more likely to pull
individually (N = 48) than in a coordinated fashion (N = 30), x2(1) = 4.15, p = 0.04. The
latency until successful completion of the task is shown in Figure 6. Again, there is no
evidence of learning across the sessions. As another indicator of what the porcupines might
have understood about the need to coordinate their pulling, we examined the average
latency for each porcupine to pull after the other porcupine pulled first. These data appear
in Figure 7. Values of zero indicate that the porcupines pulled at the same time. There does
not appear to be an increased likelihood to pull simultaneously with increased sessions.
Figure 8 demonstrates the percentage of successful trials across Phase 2, which indicates
that the porcupines did not become more likely to succeed over time. We also examined
the possibility of soliciting behaviors between the porcupines. However, there were no
recorded instances of such behavior.
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Figure 6. Time until success across sessions in Phase 2. Error bars depict standard deviations.
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Figure 8. Percentage of Successful Trials across Phase 2.

4. Discussion

Other species widely considered good candidates for cooperative behavior, such as
domestic dogs [44], chimpanzees [12] and keas [47,52] have struggled to succeed in the
loose string task, although other members of the same species have succeeded [43,50,51].
The successful chimpanzees may have succeeded because the rope was longer in [50], which
meant that they did not have to completely synchronize their behavior to succeed, which
was also the case in the current study although it was necessary for both partners to pull in
both studies. Even successful rooks [48] appeared to synchronize their pulling to external
cues, rather than to their partner’s behavior. Hirata and Fuwa’s [12] chimpanzees also failed
to look at their partner in the first 30 trials of the task or to engage in soliciting behaviors
with their conspecific, although they did show soliciting behavior when paired with human
partners. Although the porcupines tested here did not show soliciting behaviors to engage
their partner, they did pull the ropes together often enough to succeed on 111 of the
119 trials presented in Phase 2. Whereas chimpanzees appeared to learn to be successful
over time, the porcupines’ behavior did not appear to change across sessions.
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As Hirata and Fuwa [12] noted, cross species comparisons are fundamental to de-
termining the evolutionary roots of cooperative behavior. Here, we used this popular
cooperative task for the first time with African crested porcupines—a species overlooked in
studies of cooperation to date. Our findings confirm that the cooperative capabilities of the
African crested porcupines can be assessed utilizing the loose string task. The porcupines
were very likely to engage with the task, as both porcupines pulled on 100% of trials in the
first phase and over 95% of trials in the second phase. There were individual differences in
learning, as Bedhead reached the criteria for the second phase much more quickly than did
Lady Gaga. Bedhead was also quicker to interact with the rope, pull on the rope, and to
receive the reward compared to Lady Gaga, on average. This trend continued in Phase 2, as
Bedhead was the first to pull on the rope in 46.28% of trials. No conclusions can be drawn
regarding sex differences given the very small sample size. What can be confirmed is that
the porcupines did learn to pull two ends of a rope to access separate rewards in most trials
in the second phase, and the average time to complete the task decreased in the second
phase by over 9 s for Bedhead and over 17 s for Lady Gaga compared to the average time
of completion of each porcupine in the first phase. This increased speed in completing the
task might be taken as a sign that the porcupines approached the task intentionally with
the understanding that they could receive the rewards if the partner was in place.

As with previous implementations of the loose string task, we were able to show
that porcupines could succeed in the task, and we assessed the extent to which they
adjusted their own behavior to account for the behavior of their partner. Although the
porcupines achieved some level of success, indicating that this task was appropriate for
testing cooperation in porcupines, it did not appear that the porcupines improved their
coordination on the task over time by monitoring their partner’s actions. Specifically, the
latency until the first pull for each porcupine, the latency until success, and the latency
to pull after the first porcupine pulled did not decrease across sessions in Phase 2. We
would have expected the porcupines to solve the task more quickly as they learned to
intentionally coordinate their pulling as soon as the partner was in position. The conclusion
that the porcupines were not attending to their partner is supported by the lack of soliciting
behaviors from either porcupine toward the other and that the porcupines were significantly
more likely to pull individually rather than together. Later phases were originally planned
to provide porcupines the opportunity to learn to coordinate their behavior with their
partner, but testing was unfortunately terminated due to COVID-19. Other species tested
with delayed partner arrival conditions (i.e., when one partner has access to the rope
before the other partner has arrived), have demonstrated at least some understanding
of the necessity of a partner, for example, in kea [51], elephants [42], capuchins [41],
domestic dogs [43], and wolves [44]. Although we were unable to assess the porcupines’
understanding of the partner’s role under a delayed partner arrival condition, we did not
observe the signatures of this understanding in Phase 2, consistent with other researchers’
observations with chimpanzees (e.g., [12]). Thus, our data suggest that porcupines may not
spontaneously take the partner’s role into account in the loose string task. Future work is
needed to determine whether they can do so in other contexts.

Capuchins successfully cooperated more often when in visual contact with their
partner [41]. The limited eyesight of the porcupines may hinder their ability to monitor their
partner while completing this task, which may explain their lack of soliciting behaviors and
synchronized pulling. However, other cues (e.g., auditory cues) to the partner’s presence
were available and the partners were positioned at a distance where they would have
been visible to each other. The porcupines did not appear to decrease their time until the
first pull across Phase 1 or increasingly synchronize their pulling actions across Phase 2,
unlike wolves that improved their performance across sessions within every condition
tested [44]. Thus, the porcupines may not integrate the feedback necessary for improved
coordination across multiple trials. This may be due to the fact that porcupines do not forage
cooperatively as hunting species may do. These difficulties in coordination are interesting
given that previous research has pointed at the importance of strong social bonds for
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cooperation in species such as wolves and chimpanzees [13,44], and the porcupines were
a mated pair. Male-female dyads were found to perform better than same sex dyads in
ravens, Corvus corax (i.e., a pair bonding species; [53]). It would be interesting to test
different types of dyads in a larger sample of porcupines in future work.

Some challenges with this style of apparatus became apparent for this species. First,
the poor eyesight of the African crested porcupine proved to be problematic in ensuring
they were able to take the reward from the apparatus in a timely manner. The male was
generally able to find the bait relatively quickly, possibly due to his quick responding,
but this proved more difficult for the female. Thus, her understanding of the association
between pulling and access to the food via the movement of the apparatus may have been
hindered, as she may have understood the operant contingencies of the task (she received a
reward after pulling the rope), but not the causal contingencies (pulling caused the reward
to move closer to her) [3,54]. Allowing her extra time to find the reward would have given
the male enough time to then take the reward meant for the female, which might have
led to her not interacting with the apparatus in the future. Furthermore, these animals
frequently participate in training procedures at the Creature Conservancy. Thus, it may
be problematic for her future training if she learned that she does not receive a reward
for her efforts, or if the timing of the reward is so delayed that she does not associate it
with the task at hand. Thus, the reward was handed to her soon after she pulled, even
though doing so might interrupt her causal understanding of the task. This is similar to
the procedure used with dolphins (Tursiops truncatus) that were tossed a fish when they
simultaneously pushed two buttons that were not connected to the delivery of food [22].
Thus, researchers have considered coordination of causally arbitrary actions as evidence for
cooperation in previous research, mitigating against the concern that our methods could
not evoke cooperation. Handing the reward to the porcupines on only successful trials
would still allow the porcupines to learn the necessity of pulling synchronously for reward,
albeit via association rather than by functional understanding (see also [43,55]).

However, there are other limitations of the current study. With only one male and one
female porcupine, it is difficult to generalize to other captive members of the species, let
alone their wild counterparts who have additional agency in mate selection. In particular,
these porcupines were housed in a notably different environment from African crested
porcupines in the wild, and this pair did not select each other as mates even though they
were a mated pair. The Creature Conservancy also involves these porcupines in husbandry
training, like target training; thus, they are likely more experienced with training procedures
than other members of their species. However, any information that can enhance our
limited understanding of porcupine cognition is of value, given its scarcity.

This research demonstrates that African crested porcupines are a promising species
for the study of cooperative behaviors as they are capable of interacting with an apparatus
that requires pulling as well as being capable of pulling together when given simultaneous
access. They were also tolerant enough to receive rewards simultaneously and this did
not inhibit participation in the task. However, given that the male was able to pull the
apparatus mostly on his own in the first four sessions of Phase 2 and sometimes took the
female’s reward, it is possible that the female’s performance was impacted by motivation.
That is, a lack of motivation from sometimes not being rewarded for her effort, albeit this
did not occur often and was remedied by the apparatus change. It would have been ideal to
test her with other less forceful and dominant partners. Social tolerance has been cited as a
necessary precursor to developing cooperative behaviors [43,56] and important for success
on cooperative tasks in multiple species [17,49,50,53,57]. Future research is necessary to
test porcupines’ ability to learn about the role of their partner. However, given that this
was the first experimental test of cooperation in this taxon, the results contribute to the
ongoing understanding of the breadth of species exhibiting cooperation behaviors. This
new information improves our understanding of their cognition, as there is currently no
other research on their ability to problem solve.
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Future Directions

To understand whether African crested porcupines can understand the role of their
partner, future studies could implement a delayed partner arrival phase (e.g., [17,42,44,46,51]),
which would have made the apparatus immediately available to one partner, while the
other partner was just released from a distant location, requiring the individual closest to the
apparatus to wait until the partner had reached the apparatus. This phase would test whether
the individual understands that the partner is necessary to pull the apparatus forward and
receive the reward and can inhibit their own pulling behavior in their absence. Due to the
extended time until the partner arrives, it is possible that the animals may engage with the
apparatus due to frustration rather than a misunderstanding of the necessity of a partner. The
last phase of our experiment would have attempted to address this problem. In the planned
covered rope phase, a randomly selected piece of the rope, out of the two sides available to
the porcupines, would have been covered with a moveable blocker. This blocker would need
to be removed before the porcupine closest to this rope end could access the rope and pull.
This would allow the subject to facilitate the partner’s response through allowing access to
the rope.

Because porcupines burrow to den, it is possible that a method that would allow the
porcupines to dig may be a more intuitive paradigm for this species. In the first phase
especially, the porcupines were likely to attempt to scratch at the rope rather than pull
utilizing their mouth. In future studies, an apparatus that would provide a benefit only if
both porcupines dug together may be a better test of their cooperative abilities. We hope
that the current results will encourage other researchers to probe the origins of cooperative
behavior in other understudied species.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jzbg3030034/s1. Video S1: An example of a successful test trial.
Bedhead and Lady Gaga pull their ropes simultaneously and each receive rewards.
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Abstract: Plastic waste has become a hot topic in sustainability and conservation, helped in part by
popular documentaries which have highlighted the issue to the general public. Much of the current
literature focuses on the effect of microplastics in the marine environment, with very little information
on macroplastic interactions or the terrestrial environment. In this report, the management of digit
constriction due to macroplastic debris in a Verreaux’s eagle owl (Bubo lacteus) is presented, and
the role of zoos in decreasing littering behaviour both within the collection and in the wider global
context is discussed.
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1. Introduction

The issue of plastic waste and its impact on wildlife species has become one of the
most pressing environmental issues of recent times, in part due to popular documentaries
such as Blue Planet 1I which have highlighted the issue to the general public [1,2]. The
primary focus for both the public and policymakers has been marine microplastics, with
relatively little focus on terrestrial and macroplastic pollution [3,4].

The effects of plastic pollution on wildlife species have been widely reported in the lit-
erature, from invertebrates [5] to megavertebrates [6], on both land [7] and in the oceans [8].
While microplastics can have a combination of chemical and physical effects on organisms
which interact with them, macroplastics have primarily physical effects [7]. Birds appear
particularly at risk of negative interactions with macroplastic debris, with ingestion and
entrapment being the two most commonly reported negative interactions [4,9]. Accumula-
tion of litter, including macroplastic debris, in nests is also very common and may have
negative, positive or net neutral implications [4].

Although anecdotal interactions with litter are not uncommon in zoo-housed species,
there is little published information available [10]. Whilst wildlife species residing in
zoological collections are protected from most anthropogenic threats, for example, habitat
degradation and climate change, they are also brought into close contact with humans and
the risks associated therein, including exposure to anthropogenic litter. Furthermore, these
species frequently demonstrate cryptic behaviour which can make it difficult to assess the
need for intervention where an interaction has occurred.

This report describes the management of a case of digit entrapment due to macroplastic
debris in a zoo-housed Verreaux's eagle owl (Bubo lacteus) and discusses the wider issues of
littering and how zoos can influence this behaviour amongst visitors.

2. Case Description

A male 14-months-old Verreaux’s eagle owl was presented by keeping staff after blood
was noticed around one of his digits. On examination, a white plastic cable was found
embedded in the tissue around digit three on the left foot. Oral analgesia (meloxicam
0.2 mg/kg; Metacam, Boehringer Ingelheim, Berkshire, UK) and an antibiotic (enrofloxacin
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10 mg/kg; Baytril, Bayer, Reading, UK) was prescribed by the locum vet who was on
call and anaesthesia for further investigation and cable removal was scheduled for the
following day.

Anaesthesia was induced with 8% sevoflurane in oxygen via a facemask. The ani-
mal was intubated with a size 3.5 mm endotracheal tube and anaesthesia maintained on
4-6% sevoflurane via a T-piece circuit. On examination, the animal was found to be in good
body condition with no abnormalities other than the cable tie encircling digit three of the
left foot. The tissue underlying the cable tie was necrotic and the surrounding tissue was
inflamed and oedematous. Butorphanol was given by intramuscular injection at a dose of
1 mg/kg (Tobugesic, Zoetis UK, Surrey, UK) and radiographs were taken prior to removal
of the cable tie (Figure 1).

Figure 1. Verreaux’s eagle owl feet pretreatment. Lateral (a) and dorsoplantar (b) radiographs taken
prior to removal of the cable tie showing changes to phalanx 2 of digit three in the left foot. There is
narrowing of the bone (white arrow) compared with the bone of the contralateral foot and osteolysis
is present (white arrowhead). Osteophyte formation can be appreciated at both ends of the bone,
particularly the proximal end (white asterisk).

Lateral and dorsoplantar views of both feet showed no abnormalities of the right
foot; however, digit three of the left foot showed narrowing of the central part of phalanx
2 with some evidence of osteolysis and some osteophyte formation at the ends of phalanx 2,
particularly the proximal end.

A low-speed dental burr (Cocoon spray dental unit, Eickmeyer, Surrey, UK) was
used to carefully remove the embedded cable tie while flushing was performed with
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room temperature Hartmann’s solution (Aqupharm No.11, Animalcare UK, York, UK)
to avoid overheating and thermal necrosis of the surrounding tissue. Once the cable tie
was removed, the wound was flushed with 100 mL of additional fluid and laser treatment
was performed with a class 3B laser (Xp mobile, Omega laser systems, Essex, UK). Very
little tissue remained overlying P2 once the cable tie had been removed, so post-removal
radiographs were performed to ensure the bone had remained intact (Figure 2).

Figure 2. Verreaux's eagle owl feet immediately following removal of the cable tie. Lateral (a) and DP
(b) radiographs taken following removal of the cable tie to ensure no fractures had occurred during
the removal process.

Postoperatively, the animal was given oral meloxicam 0.5 mg/kg (Loxicom, Norbrook,
Corby, UK), tramadol 10 mg/kg (Tramadol oral drops, MercuryPharma, Croydon, UK),
marbofloxacin 12 mg/kg (Marbocare, Animalcare UK, York, UK), and prophylactic itracona-
zole 10 mg/kg (Itraconazole capsules, Glenmark Pharmaceuticals Europe Ltd., Watford, UK)
while receiving antibiotic treatment. Medication was administered in food to minimise
stress from handling; however, due to the feeding ecology of this species, this did mean
that the medication could be administered only once daily. For this reason, the antibiotic
was switched from enrofloxacin, which should be administered twice daily in most avian
species, to marbofloxacin, to reduce the risk of antimicrobial resistance with inappropriate
dosing intervals. He was kept separate from his mate to allow accurate monitoring of
medication intake.

The animal was monitored closely in the postoperative period to ensure the digit
swelling was reducing, primarily through the use of binoculars to allow visual assessment
of the wound without stressing him through regular capture events. Appetite was also
monitored closely, as stress from both capture events and foot injuries have the potential
to decrease food intake in owls (J. Mihr, personal communication). Food pieces were
counted in and out, with appetite remaining stable throughout the treatment period. Every
fourteen days, he was captured for physical examination of the affected digit. Six weeks
postoperatively, anaesthesia was repeated using the same protocol and repeat radiographs
were taken of both feet (Figure 3), as well as standard right lateral and ventrodorsal whole-
body views.

Radiographs revealed no abnormalities of the right foot. On the left foot, phalanx
2 of digit three had increased in width and now exceeded that seen on the same bone in
the right foot. The osteolysis which had been apparent six weeks previously appeared to
have resolved, and while osteophytes were still present at both ends of phalanx 2 and, in
particular, the proximal end, they appeared less obvious than previous. The tissue deficit
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was largely resolved by this point, and clinically there was no evidence of any further
infection, necrotic tissue or pain.

The osteolysis of phalanx 2 in digit three on the left foot had resolved. Osteophytes
were still appreciable, particularly at the proximal end of the bone, but the width of the
bone had increased to exceed that of the contralateral foot.

b

Figure 3. Verreaux’s eagle owl feet six weeks post-treatment. Lateral (a) and DP (b) follow-up
radiographs taken six weeks post-removal of the cable tie.

3. Discussion

Constriction injuries in captive birds are most commonly seen as a result of improperly
placed identification rings, which can cause significant trauma, and, in some cases, even
result in the loss of affected limbs [11]. Digit constriction in captive avian species is most
commonly reported as a result of fibres wrapping around the digit, low humidity leading
to annular ring formation and circumferential wounds leading to scab/fibrotic tissue
formation [12]. Entrapment and constriction injuries have previously been reported in free-
living wildlife species, for example, plastic strings incorporated into nests were reported
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to cause entrapment and degeneration of leg bones in juvenile white storks presented to
two wildlife rehabilitation centres in Poland [13]. However, to the author’s knowledge,
this is the first published report of a constriction injury in a zoo-housed wildlife species
due to anthrogenic litter.

The source of the cable tie was unknown in this case, as it did not match the type used
by collection staff and no cable ties were in use within the enclosure that the animal inhab-
ited. Possible sources include accidental inclusion in wood chip bedding material used in
the enclosure or littering by a member of the public. Other cases of interactions with athro-
pogenic litter have previously been observed in this collection. A metal coin was found in
the ventriculus on postmortem examination of a Humboldt penguin (Spheniscus humboldti)
but was not a contributing factor to mortality. The source of the coin was thought to be
visitors throwing money into the penguin pool, as this had been observed on multiple occa-
sions despite signage discouraging this behaviour. In another case, a De Brazza monkey
(Cercopithecus neglectus) was found to have a plastic bottle cap impacted into a cheek pouch.
The source of the bottle cap was, again, thought to be littering by members of the public.

Littering is a major global issue with widespread consequences for both human
and non-human health and welfare [14]. There are many published studies available
investigating a variety of factors which influence littering behaviour, including situational
factors, such as the presence of litter bins or the amount of pre-existing litter in an area, and
societal / psychological factors, such as the behaviour of other individuals or the presence
of signage discouraging littering behaviour [14].

Signs have been shown to be effective deterrents for antisocial behaviour such as
littering [14]; however, littering continues to be a problem within the collection despite
the presence of signage. Research has shown that including a brief explanation as to why
a behaviour is prohibited and the addition of ‘watching eyes’ images can increase the
efficacy of signage but will not completely eliminate the antisocial behaviour [15] and may
increase the incidence of other ‘displacement’ behaviours which may also be antisocial [16].
The presence of litter bins has been shown to decrease littering; however, the design and
positioning of the litter bin as well as associated signage may have a significant impact on
their use [17,18]. Review of current signage and litter bins may aid in decreasing incidences
of littering within the collection.

Anthropogenic litter can impact wildlife species via various routes. Senko et al.
(2020) reviewed studies published between 1969 and 2020 reporting the effects of plastic
pollution of marine megafauna and highlighted nine ‘pathways’ for interactions between
marine megafauna and plastic pollution, including entanglement, ingestion and increased
exposure to contaminants [19]. Bletter and Mitchell 2021 documented 90 individual cases
of encounters between macroplastic waste and freshwater and terrestrial species and noted
that plastic entanglement was the second most common encounter, the most common being
the use of plastic for nesting material [4]. Entanglements may have negative effects by
reducing mobility and, therefore, the ability to ingest food or escape predation, or, as in
this case, leading to physical injury via constriction [4].

In addition to decreasing on-site littering and, therefore, the potential negative effects
on collection animals, zoos can also play an important role in educating the public on the
wider issues of littering and plastic pollution. Mellish et. al. (2019) reported a positive
change in attitudes towards balloon litter and the use of balloons at outdoor events after
visitors viewed an exhibit, with or without an accompanying presentation, on this issue [20].
However, few other studies have specifically looked at the effect and outcome of targeted
pollution education programmes, despite studies suggesting that the majority of zoo
visitors are willing to engage with learning during their visit [21].

4. Conclusions

Zoos have an important role to play in highlighting the dangers of anthropogenic litter
and the effect this can have on wildlife species, both in captivity and in the wild. The cryptic
behaviour displayed by many wildlife species housed in zoos can make management of
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cases such as the one discussed here difficult, and so risk reduction by both decreasing
littering on an individual collection basis and by educating the public on the wider risks
associated with litter and plastic pollution is of paramount importance.
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Abstract: Objective welfare assessments play a fundamental role in ensuring that positive welfare is
achieved and maintained for animals in captivity. The Animal Welfare Assessment Grid (AWAG),
a welfare assessment tool, has been validated for use with a variety of both domestic and exotic
species. It combines both resource- and animal-based measures but relies heavily on knowledge of
the species to effectively assess welfare. Many zoo species are understudied in the wild due to their
cryptic nature or habitat choice; therefore, the published literature needs to be supported with captive
behavioural observations and zoo records. Here we adapted previously published AWAG templates
to assess the welfare of Crossarchus obscurus. A total of 21 factors were identified, and the final
template was used to retrospectively score the welfare of two male and two female C. obscurus at
Marwell Zoo, UK, validating the use of this process for preparing a welfare assessment for a species
where the published literature is scarce.

Keywords: cusimanse; Crossarchus obscurus; zoo; behaviour; welfare; AWAG; welfare assessment;
carnivore; evidence-based; understudied

1. Introduction

For most UK zoos, maintaining positive animal welfare is not only important from
a moral and ethical perspective but from a legislative perspective as well. It also underpins
the zoo’s ability to fulfil their education and conservation aims, as laid out in the Zoo
Licensing Act, 1981. Therefore, there is increasing pressure on animal caregivers to be able
to demonstrate that their animals are experiencing positive welfare. There is currently no
single definition for ‘animal welfare’; however, it is largely agreed within the scientific
community that it involves the reflection of physical and psychological health as perceived
by the animal itself—the state of the animal and what it then experiences as a result [1-3].
Probably the most well-known welfare concept, the Five Freedoms, developed by the UK
Farm Animal Welfare Committee in 1979 [4] to monitor and improve the welfare of livestock,
became the key checklist for assessing the welfare of animals, domestic or exotic, across all
industries, globally. However, tools used to monitor animal welfare have adapted as more
and more has been understood about the factors that feed into an animal’s welfare state.
The Five Freedoms focuses on resources (such as, food, water, shelter, and veterinary care)
with the implication that if these are provided, negative welfare states improve. It is now,
however, generally accepted that to understand an animal’s welfare state, it is necessary
to include animal-based measures (i.e., behaviour and physical/physiological factors)
within the assessment. As a result, there is no single method for assessing animal welfare,
but a variety, adapted for different species, contexts, and resource levels.

The Animal Welfare Assessment Grid (AWAG) is one such tool, combining both
resource- and animal-based measures, i.e., the effects of environment, physical and psycho-
logical well-being and procedural and management events, on welfare. Welfare is context
specific and is a subjective experience; therefore, although a group of animals may share
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an enclosure, receive the same nutrition and live in the same social group, they could
experience very different welfare states. The AWAG objectively examines the welfare of
the individual animal at key points throughout its life, taking into account the duration
as well as the intensity of any suffering and produces both a numeric and visual presen-
tation of the animal’s overall quality of life. By using a template to score four parameters
(Physical, Psychological, Environmental, Procedural), this system develops a matrix based
on data collected as an intrinsic part of husbandry records. Within each parameter vari-
ous factors are scored to assess the level contributing to welfare and the factors for each
parameter can be modified to suit different types of animal husbandry systems and so be
relevant for the specific context. Thus, it can identify key events which impact on welfare,
and by providing a whole-life assessment of an animal’s welfare with a temporal approach,
the AWAG allows those caring for animals to plan or intervene with targeted and timely
refinements that can improve, or prevent the deterioration of, an animal’s quality of life.
AWAG templates have already been produced and validated at Marwell Zoo (MZ), UK,
with a variety of exotic species, including various primates [5], giraffe Giraffa camelopardalis,
scimitar horned oryx Oryx dammah and cheetah Acinonyx jubatus [6], as well as various
bird species [5] and Western lowland gorillas Gorilla gorilla gorilla [7] at other organisations.
This study is the first to use the AWAG for a small, exotic carnivore species, and, where
previous studies have either focussed on broad taxonomic groups or species where plentiful
information is available, this study shows how the AWAG can be adapted for a species
where relatively little published information is available.

1.1. Crossarchus obscurus

Crossarchus obscurus, also known as the common cusimanse (or kusimanse), is a mon-
goose species native to equatorial western Africa [8-10]. Whilst the species is frequently
seen locally [8,9,11], due to its cryptic nature and habitat preference, detailed research of
the species in the wild has proved difficult, and with few individuals to study in captivity,
this species remains understudied. C. obscurus was classified as ‘Least Concern’ by the Inter-
national Union for Conservation of Nature (IUCN) in 2015, with an unknown population
trend [12]. Current population size is unknown.

Compared to other mongoose species, C. obscurus are stocky in appearance, seeming
unkempt due to a combination of fine, pale but dense underfur and dark, coarse outer fur
(Figure 1). They are opportunistic omnivores and will take advantage of whatever food
is available, although their diet consists primarily of invertebrate species and fruits and
berries, depending on the season [9,10,13,14]. They will occasionally eat small vertebrates
and bird or lizard eggs and have also been reported co-operatively hunting larger species
such as rats [9,11,15,16].

L e T

Figure 1. Crossarchus obscurus or common cusimanse. Marwell Zoo, UK.

C. obscurus is an obligate social carnivore and in the wild has been found living
in mixed-sex groups of adults and juveniles, ranging in number from four to 20 individu-
als [9,10,17]. It has been suggested that the larger groups may be formed of multiple family

46



J. Zool. Bot. Gard. 2022, 3

groups, which consist of a dominant breeding pair and their offspring from both current
and previous litters [9,14]. Although it is yet to be confirmed, it appears that these groups
generally remain stable: foraging, moving and resting together [13]. As seen exhibited by
other social mongoose species (e.g., slender-tailed meerkat Suricata suricatta), C. obscurus
communicate with one another using vocalisations such as “‘peeping’ contact calls and ‘shrill’
alarm calls (observed directed towards humans in the wild [13]), supporting the theory that
they live in stable, cooperative groups [13,17]. They also communicate via olfaction, with
both males and females using anal and cheek gland secretions to communicate [9,10,17,18].
These scents may be deposited by anal dragging, anal tapping, alternate cheek rubbing,
in a "handstand’ position, lifting a hind leg or in addition to kicking the hind legs and
urinating [13,17,18]. Scents will be deposited on objects in the environment, the ground, on
faeces and on conspecifics and are believed to advertise information on identity, status and
possibly ownership [13,17,18]. Similar to the meerkat, C. obscurus are a highly complex and
cooperative species [17].

As with other members of the Herpestidae family, C. obscurus are a predominantly
diurnal species, active from sunrise to sunset, with this activity punctuated by periods of
rest. Research has shown that outside of these hours they are inactive, most likely sleeping,
within shelters [13]. Species-typical behaviour is also similar to that of other mongoose
species, including group foraging, various forms of locomotion (walking, running and
trotting), climbing, resting/sleeping, scent marking, digging, hunting, foraging, stalking
prey, sniffing, drinking and predator defence (for example, mobbing or head-darting
towards a predator, piloerection, alarm calling and hiding) [9,13,17,19]. Social behaviours
include allogrooming (grooming a conspecific, helping to maintain social bonds), mating,
aggression, bundling (huddling close to conspecifics to maintain warmth), scent marking
and play [9,13,17]. Self-directed and comfort behaviours include scratching, stretching,
yawning and autogrooming (grooming itself) [9].

Although C. obscurus will climb when foraging, they are more commonly seen active at
ground level [9]. During a 2001 study on wild C. obscurus in Sierra Leone, Olson [13] found
that groups showed a preference for resting overnight in trees and recorded them from
a height of 5 m up to 25 m. The only resting places that deviated from this were ~8 m high
tree stumps found in more open habitats. The groups changed resting site almost every
night, possibly to avoid predation. Other literature has suggested that they also take shelter
in underground burrows, either dug themselves or by another species, and hollow logs
or fallen trees [9]. There is little information on home range size for this species; however,
Olson [13] calculated it to vary from 20 ha to 30 ha based on the three groups that were
studied. Olson [13] also found that they will cover ~Y4=Y5 of their home range within a day;,
a minimum distance of 1036-1714 m travelled.

C. obscurus appears to be ecologically versatile, primarily inhabiting dense rainfor-
est habitats but also found living in riparian and logged forest, open grassland, fallow,
agricultural fields and plantations, up to an altitude of 1500 m above sea level [9,12,13,20].
It has been suggested that this tolerance of varied habitat may be a result of the changing
availability of food resources [11]. Temperatures across equatorial western Africa vary
from cool nights of 10 °C to hot day temperatures typically around the mid-20s °C but
up to low 30s °C with the region receiving a high level of rain annually, <2000 mm over
a >5-month rainy season. The rainforest habitats are usually cooler than savannah habitats
and are high in humidity [21].

1.2. Crossarchus obscurus in Captivity

The Association of Zoos and Aquariums (AZA) has produced the ‘Mongoose, Meerkat
and Fossa (Herpestidae/Eupleridae) Care Manual’ [22], which includes a compilation of ex-
pert knowledge on the management of C. obscurus in captivity. This manual identifies
the environmental parameters for captive C. obscurus. Basing their recommendations on
what is currently known about the species” wild environment, they suggest a temperature
of 20-25 °C, with an indoor area of 22-25 °C. Whilst C. obscurus can tolerate cooler temper-
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atures, something they would sometimes experience in the wild, the AZA recommend that
the temperature should not dip below 13 °C and stipulate that a heated indoor area must
be available if these low temperatures are expected. Humidity level is more difficult to
specify as there is a lack of information on levels in the C. obscurus’ wild habitat. Humidity
is also likely to fluctuate in the wild depending on environmental factors such as density of
vegetation and weather conditions [21]. The AZA do, however, suggest a humidity level
of ~55-60% as the minimum. They also recommend the provision of shade and shelter
from the elements, sunlight or heat sources for basking and a photoperiod resembling that
experienced in the wild habitat (12 h of daylight/12 h of dark) [22].

Enclosure complexity or ‘naturalness’ should be species-specific, enabling the animals
to exhibit an extensive array of behaviours from their natural repertoire with minimal
input from animal carers, so that behavioural needs can be met outside of staff working
hours, thus providing for the animal’s overall lifetime experience [23]. The enclosure
complexity should physically reflect C. obscurus” wild habitat with extensive vegetative
cover at varying heights. Living trees and/or dead branching and logs should be provided
to offer the opportunity to climb, forage in various environments and rest at height, as seen
in wild C. obscurus (the AZA recommends at least 1.22 m above the ground [22]). These will
also provide the opportunity for scent marking behaviour. The provision of visual barriers
that the animals can use to take themselves out of view of both conspecifics (particularly
important for subordinate individuals) and people (both familiar and unfamiliar) are vital
for improving welfare. Species that inhabit dense environments, such as C. obscurus, have
been noted to exhibit a greater negative response to the presence of people than species
that would inhabit more open environments [24]. Providing animals with the opportunity
in their environment to escape the view of visitors can reduce fear and stress, thus im-
proving welfare [25]. Provision of a variety of substrates is important for enabling digging
and foraging, two behaviours that are likely to play a key role in positive welfare for this
species. C. obscurus also have non-retractable claws whose length can be managed through
the provision of digging opportunities rather than requiring veterinary intervention [22].
The provision of resources required to fulfil the species” evolutionary and biological needs
will result in positive affects (Figure 2).

Figure 2. Outside habitat for C. obscurus, MZ. Environmental features include a stream, a variety of
planting, a mesh roof and branching/logs.

For a gregarious species such as C. obscurus, being able to maintain good social in-
teractions with conspecifics is key to the individual’s welfare state. There are records of
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C. obscurus that were housed in isolation experiencing stress, which was noted leading
to apathy and self-harm [13,22]. All veterinary procedures requiring general anaesthesia,
inevitably resulted in the isolation of an individual from the rest of the group. The pe-
riod of isolation varies depending on the length of the procedure and the recovery time
immediately after the procedure, which itself is affected by the length of the procedure
and the physiological health of the individual [26]. As C. obscurus are a highly sociable
species [17], periods of isolation may have a negative impact on the welfare of the isolated
individual and potentially the rest of the group, with the risk that the isolated individual
could be rejected on reintroduction. Duration of separation should be kept to a mini-
mum [22]. Captive C. obscurus, similar to other members of the Herpestidae family, are also
prone to developing hypercholesterolaemia [22]. As this condition is not reported in wild
individuals, it is hypothesised that it is linked to a captive diet and one dietary trial led to
improved blood cholesterol levels [27,28].

Crossarchus obscurus at Marwell Zoo

Two males and two females (a non-breeding sibling group, containing surgically
castrated males) are currently housed at MZ, where they arrived in July 2017, aged one
year. This group is of a similar size but differs in that it lacks the multigenerational
composition seen in wild social groups. Contrary to Goldman’s species’ description [9],
aggression between C. obscurus appears fairly common in captivity, possibly as a result
of inappropriate social groupings. Behavioural information gathered from MZ’s animal
records confirmed that it is frequently exhibited by this group where it seems to occur
predominantly around food, although it mostly comprises vocalisations and pushing,
rather than physical attacks [29].

Relevant behavioural knowledge from MZ’s C. obscurus was derived from data col-
lected during a behavioural study on the four individuals. This utilised an ethogram
developed from a literature search and confirmed that they exhibit a similar activity budget
to their wild counterparts, with, on average, 63% of daylight hours spent active (max. 66%,
min. 58%), 37% spent resting (max. 42%, min. 34%) and no sleeping behaviour seen.
Little difference in behaviour was seen between either the individuals or sexes (males ac-
tive 61.5%, resting 38.5%; females active 64.5%, resting 35.5%). At 5-6 years of age, with
a captive life expectancy, on average, of 8-10 years [14], activity levels would not yet be
expected to be affected by age. These observations also indicate a preference for resting at
height, particularly when sleeping, as would be expected from what is known of the species’
wild behaviour.

Common veterinary procedures historically performed in this group of animals,
as identified from medical records, include the administration of medication, manual
restraint for minor procedures or the application of topical treatmen, and general anaes-
thesia for blood samples and skin biopsies. The welfare impact of these procedures was
considered to be less if they did not require restraint or general anaesthesia. Whilst the gen-
eral anaesthesia of small mammals, induced using inhalation medication such as isoflurane,
is associated with a negative impact on animal welfare due to the need for pre-operation
starvation and the marked breath-holding behaviour that it can cause during induction [30]
and the recovery phase, it may have a lower impact on overall welfare compared with man-
ual restraint, depending on the duration of restraint and whether habituation to restraint
has occurred. However, in this case, manual restraint occurred infrequently in this group
and none of the individuals appeared to experience long-term negative effects when it did
occur; therefore, manual restraint was considered to have a lower impact on welfare than
general anaesthesia, an example of welfare being dependent on context.

Further clinically relevant information was gathered from the medical records of
the animals. This highlighted certain pathological conditions exhibited by all individuals of
this group, that appear to occur more frequently in captive C. obscurus, in particular, alopecia
and poor coat quality (outside of the natural seasonal shedding [9], linked also to behaviour)
and skin disease resulting in dry flaky skin and sores. After considerable veterinary
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investigation, the underlying cause remains inconclusive, although one individual was
identified as having skin allergies that led to more frequent and severe lesions compared
to the other three (Figure 3). This condition is now managed using a steroid medication.
There are no records of this affecting C. obscurus in the wild.
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Figure 3. Visual record of a sore on one C. obscurus at MZ. Photograph taken while the animal was
under general anaesthetic, MZ, 2019.

Abnormal behaviours, such as overgrooming (both auto- and allo-) and barbering,
self-mutilation, excessive scratching, repetitive pacing and circling behaviours have been
recorded for various mongoose species in captivity [13]. These behaviours can be used as
animal-based indicators of potentially compromised welfare [31-33]. Evidence gathered
via camera traps during a study in 2019 indicated that barbering, over-grooming and/or
excessive scratching were contributing to hair loss, possibly in response to pathological
issues. In addition to indicating an attempt to cope with an aversive situation, the hair
loss itself can have a negative impact on welfare, affecting communication with both con-
and contraspecifics (when threatened piloerection will occur along with an arched back
to appear larger [9]) and the animal’s ability to thermoregulate and protect the skin from
the sun and injuries. No other abnormal behaviours have, to date, been exhibited by this
group of individuals.

Since 2017 there have been changes in the group’s diet with the replacement of items
of a higher fat content (e.g., chicks and mice) with more invertebrates, plus the addition of
crayfish/crab and whitebait to determine whether this would impact coat condition, as was
found by Totten [27]. The reduction in large single item feeds for invertebrate feeds that
stimulate active foraging behaviours also led to reduced aggression among the group at
feed times. A higher-than-expected cholesterol level was found during a veterinary exam
on one individual in early 2019.

The indoor area of the C. obscurus enclosure at MZ is heated by a bar heater and
fluctuates in temperature from 13.5 to 30 °C (Figure 4), depending on the season, with heat
lamps provided during cooler weather. Data on enclosure usage by this group identified
that above the bar heater is the area most used by all individuals (on average, 32% of
their time). Behavioural data also showed a positive correlation between use of this area
and poor weather. This indicates that temperature is an important environmental factor
for these individuals and likely the species, considering the environment it evolved in,
and excessive use of this area in addition to an increase in bundling behaviour can indicate
a potential compromise to welfare. As a link between sub-optimal humidity and skin and
hair issues has been found in rodents [34], it was speculated that low humidity level, along
with the behaviour of sitting above the radiator, was a contributor to the skin issues in this
group. Humidity levels were therefore increased by changing the substrate from wood
shavings to bark mulch that could be dampened regularly.
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Figure 4. Image from the inside area of the C. obscurus enclosure. FLIR thermal image of bar heater
reading 27.2 °C (as indicated by the white crosshairs numbered 2) and floor temperature reading
18.1-19.4 °C (as indicated by the white crosshairs numbered 1 and 3).

This C. obscurus group typically show little behavioural response to unfamiliar people,
as supported by data on their enclosure use where they were found to spend 51% of
the observed time in areas of the enclosure that are adjacent to guest viewing windows.
It is probable that resources in these areas attract the C. obscurus, for example, one area was
particularly suitable for digging, one of the most common behaviours observed, and gave
the best view of familiar people approaching the enclosure, whilst the other area was on
top of a heater. Even so, the presence of unfamiliar people in proximity did not deter them
from using these areas. Individual and species-specific responses will lead to variation
in behaviour exhibited, as will habituation and previous positive or negative experiences
with people.

To assess and monitor the welfare of these individuals, previously published AWAG
templates were adapted utilising the limited species-specific knowledge that was available
from the literature supplemented with data from zoo records and direct observations to
better reflect this species, these individuals and their specific context. As this system relies
on knowledge of the species in order to effectively assess welfare, it is more difficult to put
together a template for species where there is relatively little information available. Hence,
this paper shows one possible approach to creating a template when information is scarce.

2. Parameters of the AWAG
2.1. Physical

Wolfensohn, et al. [35] published the following factors under this parameter: gen-
eral condition, clinical assessment, activity level/mobility, presence of injury, not eat-
ing/drinking. Justice, et al. [5] adapted the template to include ‘faecal consistency’, as it is
a commonly used indicator of gastrointestinal health and diet suitability in zoological insti-
tutions, and exclude “presence of injury’, instead including this under ‘clinical assessment’.
For this study, these animal-based measures were largely kept the same, using relevant
species knowledge available from the literature.

The factor ‘clinical assessment” was split to allow the scoring of skin condition sep-
arately from other clinical signs. ‘Body condition score” (BCS), where subjective visual
assessments of muscle and fat, typically scored on a 1-5 scale with 3 representing optimum
condition, are used to determine whether an animal is a healthy weight, replaced general
condition. Change in an animal’s BCS can indicate the presence of underlying health
conditions and can be used to monitor the progression of the disease and the success of
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veterinary intervention [36] and husbandry practices [37]. Extremes in body condition can
predispose an individual to disease [38,39]. This measurement is used because although
weight is important to monitor, it is not always easy to assess its relevance to health depend-
ing on the size and age of an individual. Whilst the coarse fur of this species may impede
a consistently reliable result, BCS is non-invasive and quick to carry out, both important
factors when considering the practicalities of assessing welfare in a zoo setting [40,41]. BCS
is also validated by hands-on physical examination and weighing when the opportunity
arises (i.e., during veterinary care). ‘Faecal consistency’ was retained in this template but as
C. obscurus is a midden utilising species, faecal consistency was scored for the group.
See Table 1 for the full list of factors and 1-10 criteria for the parameter: Physical.

2.2. Psychological

Psychological factors scored in a previous study by Wolfensohn, et al. [35] comprised
the following animal-based measures: stereotypy, self-harming, unusual grooming; re-
sponse to catching events; hierarchy upset/dispute, aggression/bullying; alopecia score;
use of enrichment; and aversion to ‘normal” events. These were revised by Justice, et al. [5]
for use in a zoo context to consist of: abnormal behaviours; response to catching event;
hierarchy upset/dispute, aggression/bullying; use of enrichment; aversion to ‘normal’
events and training. Although there are some similarities, for this study the factors scored
under this parameter were significantly adapted.

‘Abnormal behaviour” was retained, and the criteria adapted to include alopecia that
may be occurring as a result of barbering, over-grooming and/or excessive scratching.
Videos indicated that a proportion of these behaviours were occurring overnight; hence,
the criteria for this factor were adapted to allow scoring to be carried out on behaviour
seen as well as the extent of hair loss as a proxy for these behaviours occurring out of
sight. The ‘Rule of Nines’, as used by the emergency services to quickly assess the total
body surface area of burns victims [42], was adapted for C. obscurus (Figure 5), to help
zookeepers objectively quantify hair loss. Excessive scent-marking of conspecifics was also
considered as a possible cause of hair loss, with areas of ‘wet’ fur occurring in some of
the same locations. This was encapsulated in this factor as a possible result of an abnormal
frequency of the behaviour.

Dorsal Ventral

4.5% 4.5%

4.5%

") as%

Figure 5. The ‘Rule of Nines’ schematically depicted for C. obscurus. The ‘Rule of Nines’ can be used
to calculate a rough percentage of hair loss to support welfare assessment.
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The presence of humans in and around the animals’ enclosure is an inevitable conse-
quence of living in a captive environment. Research across various species has shown that
human presence can elicit a variety of responses, although most research to date has focussed
on the negative impacts on animal welfare [25,43]. It has also been evidenced that animals
are able to distinguish between familiar and unfamiliar people [44]. Therefore, the factor

‘response to unfamiliar people” was added to this parameter, with scoring criteria to reflect

the range of impacts on welfare and response to familiar people, i.e., zookeepers, encapsu-
lated under the factor ‘response to normal events’. The term ‘unfamiliar people’ was used
instead of visitor or guest as this was felt to be more encompassing of the array of people
that may have an impact on the animals (for example, contractors or service providers).

The factor “aversion to normal events” was changed to ‘response to normal events’ to
allow the inclusion of scores that would reflect a positive impact on welfare, in line with
contemporary welfare science [45]. The criteria for this factor were adapted to include
anticipatory behaviours (as was included by Brouwers and Duchateau [7]), such as in-
creased activity ahead of scheduled feed times, as these can indicate the level of importance
an animal attributes to a positive event, with those positive events that occur less frequently
potentially resulting in the greater duration or intensity of anticipatory behaviour. Whilst
anticipation is associated with dopamine production and thus in limited duration may
indicate positive welfare at the moment when it is occurring, the behaviour may be more
useful as an indicator that outside of that time, the animal’s overall welfare is suffering
due to a lack of something or the lack of ability to do something that the animal considers
important [46-48]. Affiliative behaviours, including play, grooming and bundling, are
positive social interactions, likely resulting in positive emotional states for the individuals
involved [49]; therefore, ‘hierarchy upset’ was changed to ‘social interaction’, to enable
these positive impacts on welfare to be taken into account. As food-related aggression is
commonly seen in mongoose species in captivity [22], it was important that this was also
captured in this factor’s criteria.

‘Response to catching event” was replaced with ‘response to restricted access to part of
the enclosure’ as catching occurs infrequently for these individuals. When it is required,
it is usually for veterinary care; therefore, it was incorporated in the procedural parameter
instead. Restricting the C. obscurus group to part of the enclosure occurs more often, for
example they would be shut into the house for landscaping of the outside area. This group
rarely shows any negative response to being shut out of the house, or being shut in the house
for short periods of time. However, they show signs of frustration if shut inside the house
for an extended period; therefore, it is important to assess each occurrence individually.

The term ‘enrichment’ in everyday animal care seems to have become synonymous
with the provision of resources, e.g., novel objects, which are aimed at reducing indicators
of poor welfare, such as abnormal behaviour, or to stimulate positive, but mostly short-
term, changes in behaviour, instead of focussing on enabling and encouraging species-
specific behavioural repertoires. As a non-invasive, accessible and thus practical tool,
assessing behaviour is the most used method for evaluating animal welfare [41,50]. Both
the specific behaviours exhibited, and overall behavioural diversity can be used as animal-
based indicators of welfare. Behavioural diversity is classically compared to the species-
typical wild behaviours. Several studies have found when the amount of abnormal or
stereotypical behaviour displayed is high, behavioural diversity is generally low and vice
versa (see Miller, et al. [51] for examples) and although stereotypes may develop as a coping
mechanism that helps to improve welfare, their presence can indicate a suboptimal situation
that the animal is attempting to cope with [33]. Although information on wild behaviour
and behavioural diversity is limited for this and numerous other captive species, what
is known can provide a benchmark that captive animal behaviour can be compared to.
For these reasons, the factor ‘use of enrichment” was adapted and renamed ‘species-typical
behaviours’ for this template. Finally, ‘training’ was removed from the template as the group
do not receive any training at present.

See Table 2 for the full list of factors and 1-10 criteria for the parameter: Psychological.
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2.3. Environmental

Wolfensohn, et al. [35] used housing, group size, provision of 3D enrichment, provi-
sion of manipulable enrichment and contingent events, under the environmental parameter.
These were refined by Justice, et al. [5] for the zoological environment where ‘furnish-
ing/enclosure design’ replaced ‘housing’, enrichment was moved to the psychological
parameter and ‘nutrition” and ‘access’ (to enclosure) were added. The factors under this
parameter were further adapted for this template.

The factors included in this parameter are predominantly resource-based, assessing
what has been provided/is available to the animals and thus what the animals could be
experiencing as a result. Nevertheless, this does not consider whether the animals are
utilising these resources oor the resulting affects. ‘Enclosure” and ‘enclosure complexity” are
scored separately under this factor to account for the suitability of the enclosure parameters
to provide physical comfort and fulfil biological functions, and complexity to provide for
the species’ behavioural needs that may not be captured under the factor ‘species-typical
behaviour” when not observed. The factors ‘group size/structure” and ‘contingent events’
were retained, whist the impact of reduced “access” was incorporated into the psychological
parameter, under the factor ‘response to restricted access to part of the enclosure’, to
change it from a resource- to an animal-based indicator. As it is not possible to regularly
test cholesterol level without an invasive veterinary procedure, this measure was not
included in the AWAG, so the only changes made to the criteria for ‘nutrition” were to
include the presence of a variety of tastes, textures and smells that increase the pleasurable
experience of eating, leading to positive welfare [52].

See Table 3 for the full list of factors and 1-10 criteria for the parameter: Environmental.

2.4. Procedural

In Wolfensohn, et al. [35], restraint, sedation, effect of intervention and change in daily
routine were included in the procedural parameter. Justice, et al. [5] adapted ‘effect of
intervention’ to focus on veterinary procedures specifically, and two factors were added for
birds: ‘time bird restrained before/during procedure’ and “visitor score’. Although they
may not occur frequently, veterinary procedures are likely to be some of the most stressful
events a zoo animal will experience during its lifetime; therefore, it is vital that the negative
impact on welfare caused by veterinary procedures is considered.

‘Isolation” was included as a separate factor in this study due to the greater welfare
impact it could have on this highly social species. ‘Vet procedure” and the ‘impact of vet
procedure’ were both included to cover the effect of the procedure itself on welfare as well
as the effect on welfare in the lead up to and following the procedure, including manual
restraint and changes in husbandry. The factor ‘changes in daily routine” was removed
as a factor as it was felt that changes to food intake and enclosure would be captured
elsewhere in the template. “Visitor score” was included under the psychological parameter
instead and the focus was placed on the animals’ response to unfamiliar people rather than
assuming increasing group size and noise level has a negative impact on the welfare of
these individuals [5].

See Table 4 for the full list of factors and 1-10 criteria for the parameter: Procedural.
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Procedural

3. Application of the Template to Real Data

The final template derived from the information above consisted of 21 animal- and
resource-based welfare indicators, each scored 1-10, with 1 being best possible welfare state
and 10 being the worst, based on incrementally defined criteria (Tables 1-4). To calculate
a welfare score, the individual factor scores for each parameter were averaged, result-
ing in four separate scores that were plotted on a two-dimensional grid then linked to
form a minimum convex polygon (Figure 6). The resulting area of the polygon provided
the cumulative welfare assessment score (CWAS) for that period.

Physical P_hysical
5 5
7 9th March 2022 A
3 3
2 2
Psychological Procedural Psychological
Environmental Environmental

Figure 6. Visual depiction of welfare scores for one individual on two separate days. Reduction
in the area of the polygon (from CWAS 9.39 on 16 March 2018 to 8.16 on 9 March 2022) indicates
the potential improvement to welfare resulting primarily from a change in habitat.

In order to validate this approach, the adapted template was used to retrospectively
assess welfare using the animal care team’s daily animal records, which are based on their
direct observations of the animals at least twice daily (see Justice, et al. [5] for further details
of methods). All assessments were undertaken by MZ’s experienced Animal Behaviourist
in conjunction with the veterinary team, to maintain consistency of scoring. The data were
analysed using dedicated cloud-based software (AWAG, Reuben Digital).

The impact of management decisions on welfare was assessed using the template
to score welfare for one individual on a single day in 16 March 2018 to compare with
a score for the same individual when living in a different habitat in 9 March 2022 (Figure 6).
The primary difference in score between these two periods related to the environmental
parameter, reflecting the improvement in suitability of the enclosure for the species (e.g., im-
proved substrate, ventilation, humidity and temperature) and its complexity (e.g., presence
of a waterbody, greater climbing/height opportunities).

The template was also used to retrospectively assess the welfare of all four individual
C. obscurus for the period 9 March 2022 to 24 March 2022. Over this period, the CWAS across
the group varied between 6 and 9 (the increase in score indicating reduced welfare), from
a total possible score of 200 (Figure 7). The peaks and troughs in scores can be linked to
specific incidences noted in the zoo records, as has been highlighted in Figure 7, providing
evidence that this tool is sensitive enough to pick up these nuances in welfare state even
where changes in score remain small. It also supports the addition of a separate factor for
‘skin condition’ in addition to ‘clinical assessment’. As shown, the main welfare determi-
nants over this period were skin condition, abnormal behaviour and social interaction, all
examples where welfare is context dependent.
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CWAS

10
9.5

8.5

7.5

6.5

Receiver  of
aggression

around food Open wound

e
/D
/w/\

Improvement in hair

Exhibited aggression
around food loss & skin condition

Figure 7. Cumulative welfare assessment scores (CWAS) for the four C. obscurus for the dates 9 March
to 24 March 2022. Changes in CWAS indicate a likely reduction or improvement in welfare and
have been highlighted alongside specific incidences that occurred on the day. Please note, the y-axis
was adjusted from a minimum of 0 and maximum of 200 to emphasise the changes in CWAS which
highlight discrete events that impact welfare.

4. Discussion

The aim of this study was to demonstrate how a welfare assessment can be created
for a species with scarce published information available. Using the specifically designed
AWAG template to retrospectively score daily animal records, this approach has been
validated. In addition, it has highlighted the benefits of using behavioural observations and
zoo records to provide context-dependent information to support the information gathered
from the literature.

Reviewing the available literature is a key step in the process of designing a welfare
assessment and will save the researcher both time and resources by removing the need to
gather this information first-hand. However, when dealing with cryptic species, as many
zoo-housed animals are, one of the limitations faced is the lack of published literature, result-
ing in welfare assessments based, sometimes, on only one or two wild observations. When
sources are limited, the information presented must be considered in the original context and
the relevance to captivity not exaggerated. For the purpose of welfare assessments, in some
cases it may be better to avoid comparison to the wild environment and instead focus on
how the captive environment provides for the needs of the species, placing more emphasis
on animal-based factors. Some behaviours relevant to welfare may not have been observed
in the wild, for example no evidence could be found of wild C. obscurus sunbathing, a be-
haviour commonly seen in other mongoose species [17], yet it is a behaviour seen exhibited
by captive C. obscurus [27,29] and provision of access to sunlight is recommended in the AZA
guidelines [22]. As evidenced here, direct observations of captive individuals can be used
to support information gathered from the literature. They provide the opportunity to site
individual health and behaviour within context, which is vital for an accurate understand-
ing of that individual animal’s welfare. However, care should be taken not to extrapolate
generalisations from observations based on small sample sizes.
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A limitation of this template in its current form is the inclusion of multiple resource-
based indicators to assess welfare. Whilst utilising both resource- and animal-based indi-
cators can provide a greater holistic understanding of welfare, good husbandry and care,
or ‘inputs’, do not necessarily result in good welfare. Although resource-based factors
can be used as a proxy for what the animal might be experiencing, only by assessing
animal-based factors is it possible to ascertain the animal’s likely mental state in response to
the provided resources. The list of validated welfare measures is long; therefore, to produce
a practical assessment, welfare measures need to be chosen depending on the context.
Resource-based factors are often quantifiable, non-invasive, quick to assess and easily
replicated, and having been used and validated with various species in different contexts
they remain popular. Animal-based factors are still being developed for welfare assessment
and there is currently a lack of information on affective states in many zoo-housed species.
At present, this multi-faceted approach is valuable in the absence of being able to obtain all
the evidence from animal-based factors.

Management decisions in captive environments should be based on scientifically
validated evidence, preferably collected over time. For this study, only 16 days of CWAS
were assessed to validate the methods; however, continuous monitoring over time is more
likely to accurately reflect the impact of life stage or seasonal change on welfare compared
with point-in-time audits [23]. One of the key advantages to using the AWAG is that welfare
can be rapidly and easily scored, recorded and reviewed at regular frequencies, enabling
continuous assessment over the animal’s lifetime. This permits prompt identification of
changes to specific contexts where welfare may be compromised, allowing the necessary
adjustments to be made and their impact to be monitored.

Whilst this template has been successfully validated with C. obscurus at MZ, it is
important to highlight that much of the data presented have been gathered from a small
sample of individuals of the same age, and care should be taken if extrapolating this infor-
mation to other individuals of a different age. Several suggested changes also resulted from
the trial. For this species there was no clear link between ‘faecal consistency’ and welfare,
so further evaluation of this factor as an indicator of welfare may be necessary. Similarly,
the previously discussed limitations relating to the use of the wild environment as a bench-
mark suggest the factor definition for environmental complexity should be re-evaluated.
The factor definitions for ‘nutrition” could also be adapted to incorporate a time component
as food items that may improve welfare short-term (consider the dopamine hit from eating
sugary foods) but lead to decreased welfare in the long-term need to be accounted for. Fi-
nally, future score definitions could place more focus on animal-based factors, for example,
preference testing, cognitive bias and Qualitative Behaviour Assessment.

5. Conclusions

Species-specific knowledge is a crucial part of developing the AWAG template’s
relevance for use with zoo species. This study demonstrated the development of the AWAG
for an understudied species, C. obscurus, for which there is little published literature, using
behavioural observations and zoo records to place that information within the specific
environmental, social and individual context. Limitations of the methods, such as utilising
resource-based factors, have been addressed, and future changes to this specific template
have been highlighted. However, retrospectively scoring the welfare of the C. obscurus
group at MZ validated the use of this tool for identifying factors that may have impacted
animal welfare (in this instance, aggression, possibly the result of unnatural social dynamics;
alopecia and skin lesions; and the environment). Consequently, using this methodology
the AWAG demonstrated how the environmental changes likely improved animal welfare
based on the features and complexity of the wild environment in which the species evolved
(e.g., improved substrate, ventilation, humidity and temperature, presence of a waterbody
and greater climbing/height opportunities). The AWAG is a flexible continuous welfare
monitoring tool using scoring templates that can, and should, be regularly reviewed and
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updated with the latest knowledge as it becomes available, supporting the development of
evidence-based management practices that promote the welfare of captive wild animals.
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Abstract: The space use of captive animals has been reliably used as a tool to measure animal welfare
in recent years. However, most analyses of space use focus primarily on terrestrial animals, with
very little emphasis placed on the space use of aquatic animals. By comparing the space use of these
animals to their natural histories and what would be expected of them physiologically, a general
assessment of their overall welfare can be obtained. Using the Zoomonitor program, this study investi-
gated the space use of five elasmobranch species housed in a captive aquatic environment: a blacktip
reef shark (Carcharhinus melanopterus), a nurse shark (Ginglymostoma cirratum), a smooth dogfish
(Mustelus canis), a bonnethead shark (Sphyrna tiburo), and a blacknose shark (Carcharhinus acronotus).
The exhibit was delineated into five different zones: three represented the animal locations along the
X/Y axis (‘Exhibit Use’), and two zones were related to the Z-axis (‘Depth Use’). The location of each
individual on both the X/Y and Z axes was recorded during each observation. Heat maps generated
from the Zoomonitor program were used in conjunction with the Spread of Participation Index (SPI)
to interpret the data. It was found that while all the individuals used their given space differently, the
Exhibit Use was relatively even overall (the SPI values ranged from 0.0378 to 0.367), while the Depth
Use was more uneven (the SPI ranged from 0.679 to 0.922). These results mostly reflected what would
be expected based on the species’ natural histories. However, for the smooth dogfish, the observed
Exhibit Use and activity patterns revealed a mismatch between the anticipated and the actual results,
leading to further interventions. As demonstrated here, space use results can be utilized to make
positive changes to husbandry routines and enclosure designs for aquatic individuals; they are thus
an important additional welfare measure to consider for aquatic species.

Keywords: elasmobranch; sharks; space use; ZooMonitor; spread of participation index; animal
welfare

1. Introduction

Although the space use of animals in captivity has been studied both formally and
informally for decades, it has only recently been introduced as an indicator of animal
welfare [1-3]. Even space use is typically anticipated for captive animals in a good welfare
state, as it suggests that the animals do not actively avoid any areas in their habitat and
willingly utilize their enclosure to its fullest potential [4,5]. However, it is also important to
note that species’ natural history or certain physiological elements can also influence activity
level and space use [6-8]. In particular, species’ natural history must be considered to ensure
that enclosures provide appropriate opportunities for species-typical behaviors [9,10]. Both
the specific behaviors of the focal subject(s) and the areas in which they display these
behaviors are essential to the evaluation of enclosures. Therefore, an indicator of good
enclosure design for an animal is whether the animal uses its enclosure in a way that would
be expected for its species.

While space-use evaluations have become more commonplace as metrics of welfare
in terrestrial animals, they are not yet widely applied to aquatic species, particularly

67



J. Zool. Bot. Gard. 2022, 3

teleosts and elasmobranchs [11]. Consistent considerations in both applications include
establishing a behavioral repertoire of species-specific behaviors and an understanding
of natural history. Factors that may uniquely affect aquatic animal space use include the
chemical parameters and flow of water, the vibration of pumps and other equipment, and
the depth of the environment [12,13]. The influence of many of these factors may not be
immediately apparent to caretakers, but may be reflected in the enclosure location choices
of aquatic animals. Therefore, the consistent documentation of enclosure use for aquatic
species could prove to be even more vital to welfare than its use for terrestrial species.

The reliable documentation and quantification of space use for both aquatic and
terrestrial animals can be performed quickly and efficiently when using the right tools. The
ZooMonitor program [14] is a web application that allows data to be collected on captive-
animal behavior and space use with ease. A project can be created based on research
needs, and any focal animals can be entered for behavioral data collection. An image of
an enclosure can then be uploaded onto the application, and animal location data can be
collected at preset intervals by selecting where the individual was in the enclosure image at
any given time [5]. Many enclosure-use studies have utilized the ZooMonitor program to
collect data on the space use of a variety of terrestrial zoo animals [14-17]; however, few
articles have been published about space use in aquatic environments [18].

The space-use data collected from ZooMontitor can be easily evaluated using a variety
of post-occupancy evaluations. Post-occupancy evaluations (POEs) were originally used to
determine how effectively space was used in occupied industrial buildings [19,20]. POEs
involve assessing the utilization of a given space, as well as interviewing individuals
who use the area being evaluated and gaining insight into their level of satisfaction with
the space. The insight gained from these evaluations would historically be used to steer
architectural changes in how buildings were designed [20]. However, in recent years, POEs
have found additional practical applications in studies of animal enclosure use [21]. All
POEs usually involve dividing a given space into zones, and then running analyses based
on how those zones are used in relation to the entire space [11]. Many different POEs
that can be used to interpret how an animal explores its enclosure and interacts with the
resources within it [11]. Brereton discusses four main methods that are used to evaluate
space use in captive animal species: zone occupancy, Dickens’ [22] Spread of Participation
Index (SPI), Plowman’s [23] Modified Spread of Participation Index, and Vanderploeg and
Scavia’s [24] Electivity Index. Each of these methods evaluates unique aspects of enclosure
use. For example, zone occupancy is used to report the percentage of time a specific zone
is in use, whereas SPI is used to determine how evenly a given space is used. Both the
Modified SPI and the Electivity Index can be used to determine how resources in space
are utilized. The evaluation method chosen ultimately depends on which variables are
examined in the study [25]. In addition, while all of these methods have their own merits,
very few of them have been used to assess aquatic populations [11].

The lack of quantifiable data on welfare outcomes in aquatic populations has driven
the formation of the Association of Zoo and Aquariums’ (AZA) Aquatic Collection Sus-
tainability Committee, with the expressed goal of encouraging the proper consideration,
documentation, and assessment of welfare indicators in aquatic collections [26]. With
that goal in mind, this study aims to raise awareness of the importance of documenting
space-use data on captive aquatic species, and of how this information can then be utilized
to improve welfare outcomes.

2. Materials and Methods
2.1. Subjects

There were five focal subjects in this study: a female bonnethead shark (Sphyrna tiburo),
a female blacknose shark (Carcharhinus acronotus), a male blacktip reef shark (Carcharhi-
nus melanopterus), a female smooth dogfish (Mustelus canis), and a female nurse shark
(Ginglymostoma cirratum). All individuals resided together with other animals in a mixed-
species exhibit.
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2.2. Exhibit

Data collection took place at the SEA LIFE Michigan Aquarium. The focal individu-
als resided in the Ocean Exhibit, which had a volume of 473,000 L and a depth of 7.3 m
(Figure 1). This exhibit is designed to mimic conditions of ocean ecosystems, with dissolved
oxygen concentration held at 98%, salinity held at 29-30 ppt, temperature held at 24-25 °C,
and a photoperiod of 14:10. In addition to the five focal individuals, the Ocean Exhibit is also
home to two green sea turtles (Chelonia mydas), roughly 250 teleost fish (including golden
trevallies (Gnathanodon speciosus), tangs (Naso sp.), a Goliath grouper (Epinephelus itajara),
among other assorted tropical marine species, and two dozen other elasmobranchs, includ-
ing cownose rays (Rhinoptera bonasus) and southern stingrays (Hypanus americanus). With
the exception of the blacktip reef shark, all individuals in this study were the only individu-
als of their species in this exhibit. The male blacktip reef shark was specifically chosen for
data collection, as he was the easiest to reliably differentiate from the other conspecifics.

T

AMOPULAL
J0MSIA

Ocean Exhibit

/ V_isitnr
Window

Figure 1. (A) The 2-D map of the Ocean Exhibit used to collect the Exhibit Use data. The thick
black lines represent the perimeter of the exhibit, whereas the blue shades represent vertical rock
formations within the tank. The ‘underwater visitor tunnel’ was a submerged glass tunnel for visitors
to walk through, over which the exhibit animals could swim. (B) Map with zones indicated, and the
50 x 50centimeter grid used to ensure the zones were of equal size. Zone ‘A’ is colored in yellow,
Zone ‘B’ is blue, and Zone ‘C’ is red.

2.3. Data Collection

Data were collected from 13 December 2018 to 18 June 2019, and data collection
sessions were conducted one to two times a week. To ensure well-represented data and
attempt to prevent selection biases, every week, a random number generator was used to
determine both the weekdays and the time of day that data would be collected. Data were
recorded using a tablet with the ZooMonitor program, which allows users to easily input the
location of an individual at predetermined intervals [14]. Two observers collected data: one
aquarist from SEA LIFE Michigan and one university student studying animal behavior.
Prior to data collection, the observers conducted several practice sessions where both
observers would record location of an individual simultaneously in order to determine
whether results were consistent. Following these practice sessions, an inter-observer
reliability test was conducted, which yielded nearly perfect similarity (>90%) in data
collection from both observers. Both observers continued to collect data throughout the
observation period.

69



J. Zool. Bot. Gard. 2022, 3

Observational sessions for each individual lasted ten minutes, and focal scan sampling
of location was performed at one-minute intervals [27]. If the focal individual was not
visible at the one-minute interval, no data were recorded. All focal individuals were
recorded once per observation day, and the order in which individuals were observed was
also randomized each day of data collection via a random number generator.

2.4. Data Analysis

The data collected from ZooMonitor were used to generate heat maps for all individu-
als using Microsoft Excel’s 3D Map feature. A 2-D map of the exhibit was uploaded into
the Zoomonitor program to allow documentation of animal location along the X/Y axis
during observations (hereafter referred to as Exhibit Use; Figure 1A). A 50 x 50-centimeter
grid was then placed over the exhibit map in order to divide the enclosure into three equal
sections of 245 cm? (Figure 1B). The area of each zone was calculated by hand using the
over-laid grid. The zones were designated as the front of the exhibit (zone ‘A’, colored in
yellow on the map), the back of the exhibit (zone ‘B’, colored in blue), and the perimeter of
the exhibit (zone ‘C’, colored in red) (Figure 1B). The exhibit was split into equal ‘zones’ in
order to determine whether space use was relatively even overall throughout the exhibit.
Even though the zones were equal in size, they were unique in composition. Notably, zone
‘A’ included the visitor tunnel, which is a large viewing area for guests to walk through.
Zone ‘B’ had far fewer views to offer guests and more open space. Zone ‘C’ included the
rock formations along the perimeter of the exhibit. In addition, the animal depth (Z-axis)
was also documented by recording whether the animal was located in the upper 50% or
lower 50% of the water column at the time of the observation.

The heat maps generated by Zoomonitor display individual data points as colored
dots, and the density of data points at a given location is determined by color [5,28]. Blues
and greens indicate a low density of data points, whereas yellows and reds indicate a
higher density. The number of data points in each of the three zones for all five individuals
was determined following data collection. As all zones chosen were of equal size, if the
focal animals used all exhibit space effectively, they were observed in each zone evenly.

The effectiveness of enclosure use for the animals in this study was measured using
Dickens’ Spread of Participation Index (SPI) [22]. This method of analysis was chosen
as it compares evenness of space use for individuals [11]. As our primary goal was to
simply determine how the animals in the Ocean Exhibit used their space, and because
all three zones chosen for this study were of the same size, this index was determined
to be the most appropriate. Moreover, even though space use in aquatic populations is
extremely understudied, this method has been used previously to evaluate space use in
aquatic habitats [11].

The equation for SPI is as follows:

M(nb — na) + (Fa — Fb)
2(N—M)

where M is the mean frequency of observations in all pre-determined zones, N is the
total number of observations, nb and na is the number of zones with observations less
than or greater than M, respectively, and Fb and Fa are the number of observations in
those zones [22]. A value of 0 indicated perfectly even space use, whereas a value of 1
indicated highly uneven space use. Two SPI values were calculated: one for the Exhibit
Use (XY-axis), and a separate value for Depth Use (Z-axis). The index values ascertained
from all individuals were then compared to each other and to what would be expected of
the species in its natural environment.
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3. Results

In total, 1214 observations were recorded in total for all the individuals, with an
average of 243 observations recorded for each individual. There were 30 days of data
collection in total, with observation times ranging anywhere from 8AM to 4:15PM. The
overall number of data points for each individual in each of the zones is displayed in
Table 1. These values were used to calculate the SPIs for all the individuals.

Table 1. Total number of data points in each zone and calculated SPI values for all five focal
individuals. The ‘Exhibit Use” section compares evenness for the front, back, and perimeter zones
(i.e., XY-axis), whereas the ‘Depth Use’ section compares evenness for the upper and lower water
columns (i.e., Z-axis). The 4 symbol indicates the species with the most even space use, whereas the
44 symbol indicates the species with the most uneven space use.

Exhibit Use Depth Use
Number of Data Points in Each Zone Number of Data Points in Each Zone
Individual A B C Total  SPI Upper Water  Lower Water .} gpy
Column Column
Blacktip reef shark 85 (35.9%)  78(32.9%)  74(312%) 237  0.0378 ¢ 199 (84.0%) 38 (16.0%) 237 0.679¢
Bonnethead shark 104 (42.6%) 94 (38.5%) 46 (18.9%) 244 0.217 234 (95.9%) 10 (4.1%) 244 0922¢¢
Blacknose shark 54 (204%) 73 (27.7%) 137 (51.9%) 264 0.278 242 (91.7%) 22 (8.3%) 264 0.833
Smo‘;t}}:a‘jlfgmh 72(312%) 33 (14.3%) 126 (545%) 231 0.318 221 (95.7%) 10 (4.3%) 231 0913
Nurse shark 110 (46.2%) 107 (45.0%) 21 (8.8%) 238 0367 % 30 (12.6%) 208 (87.4%) 238 0.761

A range of Exhibit Use SPIs was determined for all five individuals, which varied from
0.0378 (indicating very even space use) to 0.367 (indicating less even space use). The nurse
shark had the most uneven space use (SPI = 0.367), followed by the smooth dogfish and
the blacknose shark. The individuals with the most even Exhibit Use were the bonnethead
shark and the blacktip reef shark (SPI = 0.0378; Table 1).

For the Depth Use, the SPI values ranged between 0.679 and 0.922. The individuals
that had the most even relative space use for these zones were the blacktip reef shark and
the nurse shark. The individuals with the most uneven space use were the blacknose shark,
the smooth dogfish, and the bonnethead shark (Table 1).

4. Discussion

Overall, these results display a relatively expected level of space use for all five focal
individuals, given their unique natural histories. The non-quantitative view of the heat
maps showed that each animal uses their given space uniquely, with some sharks preferring
certain areas over others. All five individuals in the study were observed in all three of
the aforementioned zones, although the degree to which a zone was utilized varied by
individual. For example, while the blacktip reef shark appeared to prefer certain areas of
the exhibit (such as the cluster between zones A and C of the exhibit; Figure 2C), the overall
Exhibit Use was extremely even (SPI = 0.0378; Table 1).
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Figure 2. Heat maps generated for the Exhibit Use of all five individuals. The heat maps are labeled
as follows: (A) bonnethead shark; (B) blacknose shark; (C) blacktip reef shark; (D) smooth dogfish;
and (E) nurse shark. Zone ‘A’ is colored in yellow, zone ‘B’ is blue, and zone ‘C’ is red. Blue and
green dots represent 1-2 data points, whereas reds and yellows represent large clusters of data points
(3 or more).

As previously stated, when examining Exhibit Use, it is important to consider the
physiology and natural history of an animal. The individual who had the most uneven
Exhibit Use, the nurse shark, had an SPI of 0.367 (Table 1). The heat map for this individual
(Figure 2E) shows that the nurse shark was indeed observed in all three zones, but preferred
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very distinct areas within the exhibit (shown by the clusters of red in the figure). Notably,
the areas with the greatest concentration of observations of the nurse shark were above
the viewing tunnel. Following the data collection, it was discovered that this preferred
location was also near a high-flow pump. While several factors could have influenced
her preferences, a possible explanation could also lie within the natural history of her
species. Importantly, unlike the other shark species in this study (with the exception of
the smooth dogfish), nurse sharks are not obligate ram ventilators, meaning they do not
have to continually move in order to supply their body with oxygen [29-32]. Nurse sharks
instead use a specialized organ, called a buccal pump, to move water over their gills while
remaining motionless [31,33]. Thus, nurse sharks are typically considered to be highly
sedentary because they have a higher cost for metabolic activity compared to other shark
species [8]. With this in mind, it is possible that by positioning herself near the high-flow
pump, the nurse shark in this study achieved even greater oxygen exchange with minimal
effort. In addition, it was unsurprising that the nurse shark had a high SPI value for depth
and was most often found in the lower water column (Table 1), because nurse sharks are
primarily a benthic species [33,34] and characteristically spend most of their time resting on
the seafloor [29]. These results reinforce the importance of taking natural history elements
into account when evaluating space-use results, as uneven space use may not necessarily
be a cause for welfare concern in some species.

While both nurse sharks and smooth dogfish are known to be primarily seden-
tary [8,35], blacktip reef sharks, bonnethead sharks, and blacknose sharks are considered
obligate ram ventilators, who must therefore must move continuously in order to receive
oxygen [31,36,37]. These three species are therefore typically considered highly exploratory
(compared to the smooth dogfish and nurse shark), and, indeed, the SPIs and the heat
maps of these species reflected this: all three individuals utilized their exhibits relatively
evenly (Table 1). In addition, these three species are generally pelagic, and tend to appear
in the open water [34]. It is therefore unsurprising that the data for depth show that these
individuals tended to prefer the upper water column.

The notable exception to the species-appropriate Exhibit Use results was the smooth
dogfish. Although smooth dogfish are buccal-pumping sharks and can frequently be found
at rest [35,38], the smooth dogfish in our experiment appeared to be continuously moving
throughout the exhibit and was never observed to be motionless throughout the data
collection period. This is uncharacteristic of what would be expected physiologically [30].
In addition, she also had the second-most uneven Exhibit Use. The Depth Use SPI revealed
even more startling information: the dogfish again had the second-most uneven space use,
but the vast majority of the observations recorded her as being in the upper water column.
As smooth dogfish are primarily benthic [39], these results were particularly troubling.
Taken together, this information drove the creation of an additional study focused solely
on the dogfish, whose space-use and behavior were more thoroughly examined [18]. Inter-
estingly, it was noted that the perimeter of the exhibit (where she spent a disproportionate
amount of time) seemed to encourage her to display stereotypical swimming behaviors.
This drove a the implementation of a combination of interventions by animal husbandry
staff, which ultimately resulted in more even space use, a reduction in stereotypical behav-
iors, and an increase in species-appropriate behaviors for this dogfish [18]. Without the
initial data collection on the dogfish’s basic space use, however, this welfare concern, and
the resulting improvement in the animal’s well-being, would not have been addressed.

Given that the space use of aquatic animals is an understudied aspect of zoo and
aquarium welfare, future studies could be performed in many directions. The use of
the Dickens’ SPI index was appropriate to address the goals of the current study, but
its utility is relatively limited, as it only provides an indication of the evenness of space
use [25]. Our results indicated that specific areas of the exhibit were in fact preferred by
certain individuals. Therefore, one important avenue for future analysis could involve the
determination of the biologically relevant aspects of an exhibit (such as pump locations,
viewing windows, hiding spaces, etc.) based on species’ natural history, and the relation

73



J. Zool. Bot. Gard. 2022, 3

of those variables to individual space use using Plowman’s Modified SPI or Vanderploeg
and Scavia’s Electivity index [23,24]. These indices are useful, as they provide information
about whether specific locations (in both the X/Y and Z axes) within an exhibit are over- or
under-utilized by animals [25]. Unfortunately, due to limited prior knowledge regarding
the exact composition of the exhibit at the time of the data collection, these more inclusive
analyses were not run for this dataset. It is also worth noting that since the current study
observed five different species, a ‘one-size-fits-all” analysis of resource utilization would
not have been appropriate. All five species in this study have a unique natural history,
and therefore have different biological preferences. These preferences likely result in
different resource utilization by each species, which would have impacted how the zones
were defined and what the expected values for the time spent in those zones would have
been. For researchers interested in incorporating these indices in the future, it may be most
effective to focus on a single species at a time for analysis, and to relate the space use to what
would be biologically expected for that species based on its natural history. Nonetheless, we
encourage researchers to consider utilizing these indices in the future, as they can provide
even more detailed information relating to animal preferences and welfare.

This study initially aimed to simply determine whether all the focal individuals
properly utilized the exhibit space provided. Even though these results are somewhat
limited in their application, they highlight the fact that elasmobranchs do utilize their
space differently based on their biological context, which was previously only anecdotally
noted. By utilizing ZooMonitor software to collect data on the space use of captive animals,
caretakers can therefore gain an understanding of the preferences of and potential causes
of stress for animals that may not immediately be apparent. As space-use studies in aquatic
species are relatively rare in comparison to equivalent studies of their land-dwelling
counterparts [11], studies such as these can give important insight into the movement
patterns and habitat choices of elasmobranchs and other fishes in captivity. By conducting
comprehensive space-use analyses on aquatic populations, animal husbandry professionals
can gain insight into changes in activity for individuals, the effects of visitors on space use,
areas of the exhibit that show indications of being preferable or uninviting for resident
animals, how individuals may alter their space use in relation to one another or seasonally,
and many other applications. This information could be particularly useful for species
involved in a Species Survival Plan (SSP) [40]. The IUCN states that, currently, 37% of
all shark and ray species are endangered to some extent [41], which makes successful
captive breeding programs even more essential to the continuation of these species. By
learning how elasmobranchs are inclined to use space, animal caretakers can optimize
exhibit design and overall welfare for individuals whose genetic diversity is of utmost
importance, ultimately supporting conservation interests.

Continued space-use studies on captive aquatic populations can not only positively
affect the focal individuals (as in the smooth dogfish in this study), but can also help to
respond to the AZA Aquatic Collections Sustainability Committee’s call to document,
address, and improve the welfare and wellbeing of aquatic populations [26]. We therefore
encourage other facilities to take an increased interest in the space use of their aquatic
species, and suggest utilizing the ZooMonitor program as an important tool for enhanced
aquatic animal management.
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Abstract: The red panda is listed as “endangered” in the IUCN Red List of Threatened Species, due
to the rapid population decline. Improving our knowledge on the red panda biology and ethology
is necessary to enhance its husbandry and breeding in zoos. Behavioural variety, intended as the
presence of a wide array of species-specific behaviour, has been considered a positive welfare index
in zoo-housed animals. The aim of this study was to describe the behaviour of two pairs of zoo-
housed red pandas, one of them with an offspring, and to investigate the behavioural variability
using the Behavioural Variety Index (BVI). Behavioural data from two zoo-living male—female pairs
were collected. A continuous focal animal sampling method was used to collect individual and
social behaviours of the two pairs. Forty-eight 30 min sessions per subject were carried out. For
the BVI, a list of species-specific behaviours previously reported in the red panda was prepared
and compared with the behavioural repertoire of the subjects of the study. First, species-specific
behaviours were recorded, and no abnormal behaviour was reported. The percentages of time spent
on different activities (e.g., routine behaviours, exploratory/territorial behaviours, consumption
behaviours, locomotive behaviours, social behaviours, maternal behaviours) were similar to time
budgets reported in the red panda, with routine behaviours (resting, comfort and vigilance) being
the most performed in both pairs. Moreover, the BVI suggested that each red panda performed
on average 73% of the behaviours described in previous literature on this species. In conclusion,
studying the behavioural variety of red pandas in zoos can be a useful tool for assessing their welfare
as well as improving our knowledge on the behavioural repertoire of a species that is difficult to
observe in the wild.

Keywords: red panda; animal welfare; maternal behaviour

1. Introduction

The red panda (Ailurus fulgens) is listed as “Endangered” in the IUCN Red List of
Threatened Species, due to the rapid population decline [1]. Given the situation of red
pandas in the wild, breeding of this species under human care has become increasingly
important to create insurance populations [2]. Improving our knowledge on red panda
biology and ethology is necessary to enhance the husbandry standards and breeding success
of this species in captivity, as well as for in situ conservation efforts [1]. Past research on
red pandas housed in zoological collections has led to improve the husbandry (e.g., diet,
housing conditions, group composition) of this species in Europe and to an increase in the
total number of births [1]. Moreover, ex situ populations of red panda may allow research
opportunities that support wild populations and in situ conservation efforts [1].

Observation of animal behaviour allows us to obtain important information on the
psychological and physical health of animals and has become an important non-invasive
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tool to measure animal welfare [3]. The assessment of positive as well as negative welfare
states has become increasingly important in animal welfare science, with the development
of indicators to assess and promote positive welfare of each individual, as well as at
the species level. Recent studies on animals in zoos focus on the presence of species-
specific, natural and normal behaviours, and the absence of abnormal behaviours, such
as stereotypes, as an indicator of welfare [3-7]. For example, affiliative social interactions
in solitary species such as bears have been found to reduce the performance abnormal
behaviours (reviewed in [4]). Behavioural variety in general has been used to assess the
welfare of Northern bald ibises in zoos [7].

Behavioural diversity is intended as richness of behaviours, and it would be linked to
a positive welfare state because a high behavioural diversity indicates that we are meeting
several behavioural needs of the animal [8]. On the contrary, when behavioural diversity
is low, and animals have no opportunities to perform their behavioural repertoire, they
can become lethargic and develop abnormal behaviours [9]. Thus, behavioural variety
could be lost during challenging situations that could characterize controlled environments
and human management, and the presence of different normal and natural behaviours
performed by each subject could indicate a positive welfare state [3-7]. In particular,
behaviours related to positive welfare can be luxury behaviours, such as play, exploration,
and allo-grooming, which are the first ones to be lost during challenging situations and
require a sufficient welfare level to be performed by the animals [6,10]. In the red panda, a
recent study highlighted that personality could impact the welfare of subjects under human
care, with behaviours such as locomotion, exploration, and marking, underlining an active
and explorative temperament [11].

In the wild, the red panda is a solitary species, with males and females interacting
with each other only during the mating season [12,13]. However, in some cases, individuals
can move in pairs or small family groups, with males being more territorial than females,
protecting and patrolling their home range to a greater extent [13]. This species can be diur-
nal, crepuscular, or nocturnal, and activity patterns vary across seasons and between sexes,
ranging from 45 to 60% of the day depending on temperature and food availability [14,15].
In particular, red pandas are more active in summer, spring, and autumn, whereas in winter,
resting periods increase [14,15]. Red pandas are arboreal and are agile climbers, sleeping
and resting in trees [14]. Scent-marking is a relevant behaviour in this species, as pandas
mark their trails by secretions from foot glands and mark frequently using ano-genital
glands, urine, and faeces [14,16]. Females have a gestation of 114-145 days, with births hap-
pening in summer, mainly in June and July in the northern hemisphere [16]. Data collected
in zoological gardens suggest that cubs stay in the den for 34 months and are completely
dependent on their mothers [16]. Indeed, the cubs are altricial and nursing is taxing for
female survival, requiring high-energy intake and an increased amount of food [16,17].
Before leaving the mother, juveniles show high levels of exploratory behaviour, practice of
locomotory and feeding behaviour, and development of social behaviours through play
and interactions with conspecifics [18]. In zoos, the bonds between mother and offspring
may continue beyond one year of age of the cub, whereas the length is unknown in the
wild [16]. In zoos, male red pandas tend to avoid females after parturition and during the
denning period. However, after cubs leave the den, male pandas start to gradually interact
with them and may become involved in play sessions [16]. In zoological institutions, red
pandas are mostly kept in pairs. On some occasions, red pandas are kept in same-sex
pairs or small groups [13]. Given that the red panda is solitary, assessing whether group
structures and size meet the welfare needs of all individuals, and allowing the performance
of species-specific behaviours are of great importance [1,13]. Moreover, first-year mortality
of zoo-housed red pandas is high (36% in countries with warm and humid climates during
the species breeding season), probably because mothers leave their cubs unattended due to
heat stress [19].
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Therefore, it is important to monitor the behaviour of red panda mothers, identifying
signals and developing strategies to prevent or reduce infant mortality that can help to
enhance breeding success of this species under human care.

The aim of this study was to investigate and describe individual and social behaviour
of two pairs of zoo-housed red pandas, focusing on the variety of species-specific normal
behaviours performed by the subjects. One of the pairs had offspring and special attention
was given to maternal behaviour. To describe the behavioural variety of our subjects,
we used the Behavioural Variety Index (BVI) developed and described in our previous
research [7]. This index provides a measure of behavioural richness of each individual,
quantifying the presence of species-specific natural behaviours described for a species in
both wild and captive contexts [7]. Discussing behavioural time budgets of zoo-housed
individuals based on data collected on the species as well as analysing the BVI of the
subjects could be a useful tool that provides some quantitative and qualitative insights into
the welfare of the two red panda pairs [7,18-21].

2. Materials and Methods
2.1. Subjects and Area

The study involved two pairs of red pandas housed in two different enclosures at Parco
Natura Viva-Garda Zoological Park, an Italian zoological garden, in October and November
2015. The first pair consisted of one female and one male, llosha and Ny'ma. The female
of this pair, Ilosha, gave birth to two cubs in July 2015. The second pair consisted of one
female and one male, Lin and Maituc. At the time of the study, this pair had no offspring,
and the female Lin was contracepted with a Suprelorin implant to prevent pregnancy. The
two red panda pairs were housed in two different enclosures. The enclosure of Ilosha and
Ny’ma consisted of a 260 m? outdoor area and a 34 m? indoor area; the enclosure of Lin
and Maituc consisted of a 358 m? outdoor area and a 34 m? indoor area. Both outdoor
areas contained tall and leafy trees, bushes, rocks, horizontal branches linking different
trees together, a water pool, small wooden houses, and artificial nests in large tree trunks.
Red pandas were fed with fresh bamboo and fruits once a day. Once a week, the diet
was supplemented with fresh meat (quail). In both enclosures, fruit was chopped and
provided in bowls (two bowls per enclosure, in feeding points placed on trees, at a height
of approximately two meters). Feeding time was at 1 PM, whereas bamboo was provided
in the late afternoon (5 PM). Both pairs were involved in an environmental enrichment
program and were provided with different kinds of stimulation daily (e.g., food-related
enrichments such as hanging fruits, sensory enrichment such as cloth with spices or scents).
Water was always available. No human-animal interactions were permitted.

2.2. Procedure and Data Collection

A continuous focal animal sampling method was used to collect durations of indi-
vidual and social behaviour [22]. We collected data only on adult red pandas of the pairs;
llosha’s cubs were not considered to be focal subjects as they were three months old at the
time of the study. To minimize human disturbance to the pandas, the observer collected
the data on animal behaviour from the visitor path, after a habituation period of ten days.
From the visitors’ path, the observer could see the enclosure of both pairs from above and
was able to follow the focal animal in almost the whole area. Before the beginning of the
study, we planned a preliminary period in which the observer learnt to identify the red
pandas through features such as the face mask, body size, hair, and tail characteristics.
Red pandas were out of sight only when they were in their dens or in the indoor areas or
when they were deeply inside the trees’ canopy. Information on enclosure use was also
recorded, focusing on whether the red pandas were on the ground, or if they were using
elevated areas of the enclosure, such as trees and branches. The ethogram of the study is
reported in Tables 1 and 2 (maternal behaviours) and was prepared based on preliminary
observation of the subjects and on previous studies of the red panda [14-16,23-27]. For
each subject, forty-eight 30 min sessions were carried out, for a total of 1440 min per subject
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(96 sessions, 2880 min per pair). Per subject, two sessions per day were done, one in the
morning (9.30 AM-12.00 PM) and one in the afternoon (2.00 PM—4.30 PM). Data on all
subjects were collected by the same observer (M.A.) over a period of approximately two
months. The observer started to collect data in a different enclosure every day, so that
subjects of each enclosure were observed uniformly over the study period. Moreover, the
order in which each subject was observed was counterbalanced over sessions to ensure that
observation of each individual was uniformly distributed over the whole observation time.

Table 1. Ethogram of red pandas of the study. Behaviours of the red pandas have been grouped
based on their function in five different classes (Behavioural classes) [14,16,23-27].

Behavioural Class Behavioural Category Definition

Exploratory teroral Digging Digging in ground.

Observing visitors, zookeepers or

Human-directed b. other humans, following them with
attention.

Olfactory investigation by licking any
object (e.g., branches, leaves,
enclosure furnishing) or substrate in
the enclosure.

Tactile investigation of objects in the
enclosure, biting or chewing objects,
interaction with environmental
enrichment devices, carrying objects
while moving or rolling on the back.
Watching non-conspecifics, following
Interspecific b. them with attention (e.g., muntjac,
bird).

Rubbing genitals on ground, objects,
or enclosure furnishing.
Sniffing any object (e.g., branches,
Sniffing leaves, enclosure furnishing) or

substrate in the enclosure.

Licking

Individual-
play/Manipulation

Scent-marking

Climbing on trees, walking, or

Locomotive b. Arboreal locomotion running on tree branches or in the
canopy.
Ground locomotion Walking or running on the ground.
Standing Standing on back two paws.

Hunting, harassing, following a
non-conspecific (e.g., birds).
Lying sleeping, curled in ball, or flat
out.

Self-cleaning of the fur, scratching,

Routine b. Hunt/stalk

Individual resting

Comfort and stretching.
Being watchful, alert, while observing
Vigilance the surroundings. Lying, sitting, or

standing with head up and eyes open,
head or ears moving.

Eating food from the bowls (fruit and
Consumption b. Eating vegetables) or eating bamboo from
the bamboo feeding point.
Looking for food in the enclosure,
Foraging searching in the grass, digging on the
ground, or eating when browsing.
Drinking at the water pool of the

Maintenance o .
enclosure; urinating or defecating.
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Table 1. Cont.

Behavioural Class

Behavioural Category

Definition

Social b.

Aggression

Chasing/display

Grooming

Observing conspecific

Sexual behaviour

Sniffing conspecific

Social play

Social resting

Hitting a conspecific with paws,
biting a conspecific. Initiating or
receiving an aggression.
Agonistic behaviours without
physical contact: chase, threat
(arching the back and the tail, moving
the head up and down) or displacing
a conspecific. Receiving an agonistic
behaviour without physical contact.
Cleaning the fur by licking a
conspecific. Grooming could be
mutual, received, or done actively.
Watching a conspecific or being
watched by a conspecific.
Courtship (the female moves,
marking heavily while the male
follows her, marking over her marks)
and mating behaviour.
Sniffing a conspecific or being sniffed
by a conspecific.

Playing with another individual by
lunging, wrestling, biting softly.
Resting in contact with a conspecific.

Out of sight

Not observed

The individual is not visible.

Behaviours such as purposeless
locomotion, repetitive route in the
enclosure, excessive mouth
movements (e.g., tongue flicking).

Abnormal b. Abnormal b.

Table 2. Ethogram of maternal behaviours performed by the female Ilosha [Adapted from 16].

Behavioural Category Definition
Antagonistic b. The mother displaces, hits, or bites the cub.
Den The mother and the cubs are not visible, hiding in the

artificial nest.
Grooming of the cubs.
Building a nest with twigs and grass.
The mother observes and monitor the cubs.
The mother plays with the cubs by lunging, wrestling,
biting softly.
Lying, sleeping with the cubs.
The mother carries the cubs in the mouth while
moving in the enclosure.

Grooming cubs
Nest building
Observing cubs

Play with cubs
Rest and sleep with cubs

Transport

2.3. The Behavioural Variety Index (BVI)

To investigate the behavioural variety in the red pandas of the study, we used the
method described by Spiezio and colleagues (2018) [7]. After having examined the existing
literature, we prepared a list of species-specific natural behaviours (belonging to the wild
behavioural repertoire of the species) collected by previous researchers on the red pandas
that included exhaustive ethograms of the species [14-16,23-27]. The list prepared for
the current study included 24 behaviours that were grouped into 5 classes according to
behavioural function (Table 3). Five specific indices were assigned to the resulting classes:
consumption (CO; score: 0-3), exploratory/territorial (EXPL/TERR; score: 0-5), locomotive
(LOC; score: 0-3), routine (R; score: 0—4), and social (S; score: 0-8). To investigate the
presence of species-specific behaviours related to parental care toward the offspring, a
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separate class for maternal behaviour (MAT) was prepared. All the indices mentioned
above were used to create the Behavioural Variety Index (BVI). When calculating the indices
for the red pandas, firstly, each item in Table 3 was scored as 0 or 1, with 1 representing the
presence of the behaviour. Then, each index was calculated as the sum of the behavioural
items performed by each subject and the indices’ score ranged from 0 to the total number
of behavioural items found for each class. Each index was calculated for each individual. A
BVI was calculated for each subject and resulted from the sum of the five indices. The BVI
is calculated based on behaviours recorded in the whole study period, over all sessions.

Table 3. Behaviours of the red panda described in previous research. Behaviours have been grouped
in five main groups and the number of behaviours per group were used to develop indices of the red
panda behavioural variety. The possible score for each group is calculated starting from the number
of behaviours that have been previously collected in the red panda [14,16,23-27].

Consumption Exploratory/Territorial Locomotive . . Maternal b.
(CO) (EXPL/TERR) (LOC) Routine b. (R) Socal (9 (MAT)
Eating Digging lcéz)klfgt?c}n Hunting/stalking Aggression Antagonistic b.
Foraging Licking Groun'd Resting Chasmg/dlsplac— Den
locomotion ing
Maintenance Ir}leld'ual . Standing bipedal Comfort Grooming Grooming cubs
play/manipulation/carrying
Scent-marking Vigilance Observe consp Nest building
Sniffing Sexual b. Observe cubs
Interspecific b. Sniffing consp Play with cubs
Social pla Rest and sleep
pay with cubs
Social resting Transport
Score 0-3 0-6 0-3 04 0-8 0-8

2.4. Data Analysis

In the current study, for each red panda, we collected durations (minutes) of different
behavioural categories to obtain time budgets, expressed as percentage of time that an
animal spends performing different behaviours [28]. As the sample of the study was
small, we used descriptive statistics [29], with a single-case research approach [30,31]. For
each session, we calculated the total duration of time spent by each subject performing
each behavioural class and category. We grouped data collected for each individual per
session to obtain the duration of behaviours per pair per session. Both enclosure use
(ground vs. arboreal space) and behavioural time budgets were considered to obtain
quantitative information on the time spent performing different activities. We used non-
parametric statistical tests (Wilcoxon signed-rank tests) to compare behavioural classes
between morning and afternoon sessions for each red panda. In the case of the BVI, we
collected occurrences (presence or absence) of different behavioural items and used them to
assess behavioural variety, a qualitative measure of the behavioural repertoire (the higher
the score, the higher the behavioural variety).

3. Results
3.1. Lin and Maituc Pair

On average, the pair without offspring, Lin and Maituc, spent 81.2% of the observation
time on elevated areas of the enclosure and 4.2% of the time on the ground, whereas subjects
were not visible to the observer (it was not possible to know whether the pandas were
hiding in the canopy or in shelters/dens on the ground) for the remaining time.

Regarding activity levels, Lin and Maituc spent, on average, 42.1% of the observa-
tion time being inactive (individual and social resting), 40.3% being active, and 17.6%
being not visible to the observer. The most performed class of behaviours was routine
behaviours (total duration: 1462.4 min), followed by “not observed” (506.3 min), social be-
haviours (462.4 min), locomotive behaviours (273.9 min), exploratory/territorial behaviours
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(112.9 min), and consumption behaviours (62.1 min) (Figure 1). Median (IQR) durations of
each behavioural category performed by each red panda are reported in Table 4.

100
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B Social b.
w
g 60 O Routine b.
Q
a O Not observed
c 50
2 W Maternal b.
©
.\§ 40 @ Locomotive b.
° @ Expl/Territorial b.
30 m Consumption b.
? 77777
10
0

Lin-Maituc llosha-Nima

Figure 1. Percentage time spent by the two red pandas’ pairs performing different classes of behaviour.
For definition of abbreviations and classes see Tables 1 and 2.

Table 4. Median (IQR) duration of behaviours performed by each red panda. Per subject, the table
reports the median (interquartile range—IQR) duration of different behavioural categories calculated
across session.

Ilosha Ny’'ma Lin Maituc
CONSUMPTION Eating 568.5 (1161.3) 0(411.3) 0(278.5) 0(7.5)
Foraging 0 (86.5) 0(0) 0(0) 0(0)
Maintenance 0(13) 0(16.3) 0(0) 0(0)
EXPL/TERR Human-dir behav. 18 (44.3) 49 (117.3) 40.5 (103.8) 32(91)
Ind play/manip 0(0) 0 (0) 0(0) 0(0)
Interspecific b. 0(0) 0(2.3) 11.5 (37.3) 0(13)
Scent-marking 0(8.3) 1.5 (38.3) 0(11.5) 15.5 (76.8)
Sniff/dig/lick 34.5(232.5) 0(14.8) 0 (43.8) 0(14)
LOCOMOTIVE Arboreal loc 115 (216.5) 320 (684.8) 184.5 (330) 278.5 (442.3)
Ground loc 95 (109.5) 81 (525.5) 0(13.8) 0(278.8)
Standing 0(0) 0(0) 0(0) 0(0)
ROUTINE B. Comfort 21.5(226.3) 136.5 (490) 359 (789.8) 253 (717.8)
Resting ind 811.5 (1783) 1755 (1508.8) 258.5 (1637.3) 1222.5 (2071.5)
Vigilance 96.5 (270) 191 (253) 197.5 (292.3) 242.5 (440.3)
SOCIAL B. Aggression 0(0) 0(0) 0(0) 0(0)
Chase/displace 0(0) 0(0) 0(0) 0(0)
Grooming 0(0) 0(0) 0(0) 0(0)
Obs consp 0(2.3) 19.5 (64.8) 0(33) 7.5 (35)
Sexual b. 0(0) 0 (0) 0(0) 0(0)
Sniffing consp 0(0) 0(0) 0(0) 0(10.8)
Social resting 0(0) 0(0) 0 (1643.5) 0(89.3)
OoS Not observed 73 (350.5) 0(19) 130.5 (616.5) 36 (631.5)
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3.2. llosha and Ny ma Pair

On average, the pair with offspring, Ilosha and Ny'ma, spent 81.7% of the observation
time on trees and 15.5% of the time on the ground, whereas they were not visible to the
observer (it was not possible to know whether the pandas were hiding in the canopy on in
shelters/dens on the ground) for the remaining time.

Regarding activity levels, Illosha and Ny’ma spent on average 41.2% of the observa-
tion time being inactive (individual resting and resting with cubs), 53.4% being active,
and 5.4% being not visible to the observer (not observed). The most performed class of
behaviours was routine behaviours (total duration: 1516.7 min), followed by locomotive
behaviours (434.8 min), consumption behaviours (433.2 min), exploratory /territorial be-
haviours (162 min), “not observed” (155.6 min), maternal behaviours (155.3 min), and
social behaviours (22.4 min) (Figure 1). Median (IQR) durations across sessions of each
behavioural category performed by each red panda are reported in Table 4.

3.3. Morning vs. Afternoon Sessions

For Ilosha and Ny'ma, we found no significant differences in duration of behavioural
categories performed in the morning and in the afternoon (see Table 5 for median, IQR,
and statistical values of Wilcoxon test).

Table 5. Median (IQR) duration of behavioural classes performed by each red panda in the morning
and in the afternoon. Per subject, the table reports median and interquartile range (IQR) duration
of different behavioural classes (OOS: Out of Sight), calculated across morning (AM) and afternoon
sessions (PM) in each study subject. Below, medians and IQR in the table report V and p values of the
Wilcoxon tests between morning and afternoon sessions.

co EXPL/TERR LOC 00S R S MAT
Ilosha AM 100.5 (705) 1(83.8) 68.5 (255.8) 0 (46.3) 158 (1442.3) 0 (10.5) 24 (498.8)
PM 176 (1053.8) 31 (113) 104 (232.8) 45 (152.5) 676.5 (1557) 0 (10) 0(19.5)
V =96; V=87 V =84; V =64.5; V =88; V =40; V =102;
p=0.322 p =0.948 p=0274 p=0.570 p=0.339 p=0.937 p=0.079
Ny'ma AM 0 (195.3) 36 (144.5) 191.5 (1131) 0 (0) 1301.5 (1579.5) 0 (21.5)
PM 0 (139.5) 40.5 (85.8) 75 (285) 0 (0) 1471.5 (819.5) 5.5 (27)
V =55; V =126; V =1835; V =135; V =83; V =66.5;
p=0.776 p=0.715 p =0.064 p=0.933 p=0.158 p =0.636
Lin AM 0 (0) 8.5 (106) 9 (194.8) 0 (351.8) 524.5 (1433.3) 28.5 (1652)
PM 0 (258.3) 30 (146.8) 22.5 (236) 0 (192.8) 767.5 (1232.8) 0 (388.8)
V=12; V =88.5; V =103; V =38; V =8§; V =80;
p =0.062 p=0.538 p =0.940 p =0.657 p=0211 p =0.084
Maituc AM 0 (0) 13.5 (241) 6 (581.8) 27.5 (412) 437.5 (1170) 10.5 (226.8)
PM 0 (0) 0 (41.8) 0 (219.5) 0 (0) 1662 (1085.5) 0 (43.3)
vV =10; V =136; V =107; V =59; V =30; V=92;
p=0.499 p=0.028* p=0.044* p=0.117 p =0.005* p =0.069

* Significant difference between morning and afternoon.

For Lin and Maituc, we found no significant differences for the female Lin. The male
Maituc performed significantly more exploratory /territorial and locomotory behaviours
in the morning than in the afternoon, whereas the opposite pattern was found for routine
behaviours (see Table 5 for median, IQR, and statistical values of Wilcoxon test).

3.4. Behavioural Variety

The distribution of the behavioural items reported in red pandas of the study and
the five corresponding indices are presented in Figure 2. For consumption behaviours
(C = 3) and exploratory/territorial behaviours (EXPL/TERR = 6), all items were performed
by the subjects, with 25 and 75% of the pandas having a score of 3 and 4, respectively.
For locomotive behaviours, 50% of the subjects had a score of 2 (L = 2) and 50% had a
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score of 3, performing all the behavioural items of the class (L = 3) (Figure 2). For routine
behaviours (R = 5), all behavioural items apart from hunting/stalking were found. All
subjects performed four items and had a score of 4. For social behaviours, all behavioural
items apart from social play were performed by the red pandas, with 50% of the subjects
performing 5 behavioural items and 50% performing 6 of them. In summary, the BVI scores
revealed that all pandas had a score > 17 and the mean BVI was 17.5 & 0.6. In particular,
two subjects (the females, Lin and Ilosha) had a BVI of 17 and two subjects (the males,
Ny’ma and Maituc) had a BVI of 18.
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Figure 2. Distribution of scores for the five behavioural indices. Different bar boxes report the number
of behavioural items that have been performed per class of behaviours (consumption behaviours,
expl/terr: exploratory/territorial behaviours, locomotive behaviours, routine behaviours, social
behaviours). Below each bar is reported the name of the class and the score (number of items per
class). The y-axis indicates the percentage of subjects that performed the number of behavioural
items reported within boxes (and thus had the same BVI score).

3.5. Maternal Behaviour

We investigated the interaction of the female Ilosha with her offspring, describing the
average time spent performing different parental care behaviours (Figure 3). The most
performed category was “den”, meaning that the female was in the nest box with the cubs
(91.2 min, 3.2% of the observation time, median [IQR]: 0 [175.3]). “Den” was followed by
rest and sleep with the cubs (26.3 min, 0.9%, median [IQR]: 0 [0]), grooming (23 min, 0.8%,
median [IQR]: 0 [33.8]), observe cubs (8.8 min, 0.3%, median [IQR]: 12.5 [38.5]), antagonistic
behaviours (3.7 min, 0.1%, median [IQR]: 0 [0]), transport (1.8 min, 0.1%, median [IQR]: 0
[0]), and social play (0.5 min, ~0%, median [IQR]: 0 [0]). Based on the BVI analysis, all the
behavioural items described for maternal behaviours (Table 2, Table 3) have been reported
in the female except for nest building (MAT = 7).
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Figure 3. Percentage duration of time spent by Ilosha performing different maternal behaviours.

4. Discussion

First, we observed no abnormal behaviour in any of the pandas of this study. On
average, the red pandas’ activity time ranged from 40.3% (Lin and Maituc) to 53.4%
(Ilosha and Ny’'ma) of the total observation time. On the other hand, inactivity was
approximately 40% in both pairs (41.2 and 42.1%). These findings agree with previous
studies focusing on time budgets of red pandas in zoos, with inactivity ranging between
approximately 40 and 50% [26], suggesting that zoo-housed red pandas show daily activity
patterns [32]. In the wild, red pandas have been found to be active for 45 to 60% of the day,
depending on temperature and food availability, with conspicuous periods of inactivity
and long rests, especially in winter. As data collection took place in the late autumn when
temperature started to become low, these results seem to agree with data collected in wild
red pandas [14,15], suggesting good activity levels of the subjects, together with factors
such as temperature and climate, daily husbandry, enclosure design, and environmental
enrichment program which appeared to also have influenced the activity level of red
pandas of this study.

Red pandas in the wild are arboreal, and in a controlled environment, they have
been found to prefer the vertical space, off the ground [14,16,23,33]. The red pandas of
this study spent, on average, approximately 80% of the time on elevated areas of the
enclosure, specifically on trees, as reported for their wild counterparts. However, llosha
and Ny’ma spent more time on the ground than Lin and Maituc (approximately 15 and 4%,
respectively). This could be due to the presence of the offspring, leading to an increased
use of the ground to look for food and to control the territory, especially in the female
Ilosha. Indeed, energetic costs of lactation have been found to be particularly high in red
pandas: during the lactation period, females might increase food consumption up to 200%
above the rate observed during non-lactation [25,34]. This could also partially explain
the higher amount of time spent by the pair with Ilosha on consumption behaviour (15%
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vs. 2% reported for Lin and Maituc), exploratory/territorial behaviours (6% vs. 4%), and
locomotive behaviour (15% vs. 9%), especially ground locomotion and use of the enclosure
ground. In particular, the pair with offspring performed more “eating” and “foraging”
than the other pair, and these behaviours were frequently performed on the ground rather
than on trees.

In both pairs of the study, the most performed behavioural category was routine
behaviour (more than 50% of the observation time), including resting, comfort behaviours
(grooming, scratching, and stretching), and vigilance, intended as watchful observation
of surroundings. This finding is in line with previous study of this species in zoos [11]
and in the wild, as the red panda spends several hours resting, as mentioned above, and
comfort behaviours are well-represented and may take up to 16% of daily activity [16]. Self-
grooming is particularly relevant in this species and takes place mainly after awakening or
eating [16,25,35]. When grooming themselves, red pandas spend a lot of time licking their
body and limbs, washing their muzzles, stretching, or rubbing their back [16,25,35]. The
second most performed behavioural classes were “not observed” and social behaviours for
Lin and Maituc (the pair without offspring); consumption and locomotive behaviour for
Ilosha and Ny’ma. In the latter pair, these behaviours might be common due to offspring
presence, as previously described. In the case of Lin and Maituc, they spent more time in the
canopy and in the nest boxes, and were not visible, presumably due to the enclosure design
and to different needs in the absence of offspring. The behavioural class “not observed” is
particularly relevant in zoos as animals in zoological institutions must have the opportunity
to hide or escape from stressors or negative stimuli, such as the presence of visitors [5].
Moreover, they performed more social behaviour, as Lin and Maituc spent time observing
each other as well as interacting (grooming, sniffing) and sleeping (social resting) together.

We compared activity budgets of each red panda between morning and afternoon
sessions. Overall, we found no significant differences in durations of behavioural classes in
different parts of the day, even if the male Maituc performed more exploratory/territorial
behaviours and locomotion in the morning than in the afternoon, whereas routine be-
haviours such as resting and comfort were shown more in the afternoon. This finding
agrees with previous literature on wild red pandas, with peaks of activity in the morning
(700-1000h) and in the evening (1700-1800h) [27].

To assess the welfare of red pandas, we investigated behavioural variety of the two
pairs using the BVI. This tool allows to compare the behavioural repertoire of our subjects
with that reported in the species, both in in the wild and in controlled environment. Based
on our results, the mean BVI was 17.5, meaning that red pandas performed 73% of the
behavioural items described in the species. In particular, males of the two pairs performed
71% of the behavioural items whereas females performed 67% of all items. Based on
previous literature on red pandas, males scent-mark and patrol their territory more than
females [12,13].

In general, subjects of the study performed all behavioural items described in previous
literature except for hunt/stalk (routine behaviour) and social play (social behaviour).
Regarding hunt/stalk, red pandas are housed in a naturalistic enclosure, and they would
have the possibility to prey on small reptiles or even small vertebrates. Yet, red pandas
of the study are fed daily with bamboo and fruits and are also regularly provided with
meat (quails). Therefore, it is possible that Ilosha, Ny’ma, Lin, and Maituc did not perform
hunting and stalking in the data collection period as they did not need to rely on preda-
tion. However, red pandas of this study watched carefully and showed interest for birds
(e.g., parakeets, corvids) and individuals of other species in their enclosure (interspecific
behaviour) and were not indifferent to their presence as well as to the presence of humans,
specifically zookeepers (human-directed behaviour). Regarding social play, even in the
wild, this behaviour is common among cubs and juvenile subjects or between mothers and
offspring, whereas in adults, it can be performed by males and females during courtship
and mating seasons [16]. This may be the reason for failing to report this behaviour in
our study. However, Lin and Maituc, the pair without offspring, performed some sexual
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behaviour, consisting in the male following the female and marking over her scent tracks
as well as other social behaviours such as allo-grooming, social resting, and sniffing each
other [16]. The percentage of social behaviours showed by Lin and Maituc seems to suggest
that housing solitary species in pairs or small groups might promote the performance of a
wider array of behaviours, such as affiliative behaviours of Lin and Maituc [5,36]. Positive
effects of social housing on solitary species were reported in snow leopards, tigers, and
lowland tapirs, showing that housing these animals in pairs or small groups might promote
exploratory behaviour and/or reduce the performance of abnormal behaviour [36-40].

Red pandas of the study performed almost all behavioural items in the class ex-
ploratory /territorial behaviour, especially scent-marking. These behaviours are typical of
the species and represent important indicators of behavioural variability as well as appro-
priate intraspecific and interspecific communication [12,41]. In addition, these behaviours
have been considered as positive welfare indicators in different species, including the red
panda, as their presence highlights good health and imply that several needs of the animals
are met [10,11]. Measures of variability such as behavioural diversity [42] can be useful
to assess overall welfare through the analysis of behavioural changes, allowing to imple-
ment positive welfare changes deriving from training, enrichment, or other husbandry
practice [28,42,43].

Regarding maternal behaviour, we focused on the interaction of Ilosha with her cubs.
Based on our results, the most performed behavioural category was “den” (59% of the
observation time), intended as the mother being in the nest box with cubs. Even in the
wild, early maternal care takes place mainly in the den and cubs start to leave the den
around two months of age. At this stage, they spend approximately four hours a day
in the den, although this period can vary based on weather, external temperature, and
predator/human disturbance [16]. The second most performed behavioural category
was “resting and sleeping” (17%). The mother with her cubs has been found to sleep
together in contact, until new-born red pandas are eleven months old [16]. The third most
performed behaviour was grooming, intended as the mother licking her cubs. This is one
of the most common maternal care behaviours during denning period as the female cleans
cubs’ fur and stimulates urination and defecation by licking the ano-genital region of her
offspring [16]. The female Ilosha paid particular attention to her offspring, observing cubs
for 6% of the observation time, and intervening in the case of threats or cubs vocalizing
to ask for consideration. Other behavioural categories such as antagonistic behaviours,
cub transport, and social play were performed less frequently (<2% of the observation
time), presumably due the age of cubs. Indeed, in the current study, the three-month-old
cubs left the den, moved autonomously in the enclosure, and played with each other, with
decreased need to be transported, and reduced direct interaction with their mother [16].
Regarding the behavioural variety in maternal behaviour, llosha performed all behavioural
items described previously as maternal behaviours of red pandas except for nest building.
Usually, female red pandas start building the nest several weeks before parturition and
continue through the denning period [16]. However, cubs of Ilosha were autonomous
and started to spend more time out of the nest, therefore, it needed less or no upkeeping,
explaining the lack of nest-building activity reported in the current study. Based on our
results, the female Ilosha showed almost all maternal behaviours typical of the species,
suggesting good reproductive skills and competent parental care behaviour, which need to
be preserved in the ex-situ population. Ilosha successfully raised other offspring in years
preceding the current study. Thus, behavioural variety and competence reported in llosha
seems to suggest a positive welfare of that female, leading to good reproductive success
and cubs’ survival.

We acknowledge that the current study has limitations since we only observed four red
pandas during daytime and in only one season of the year. However, our study provides
further information on the behaviour of red pandas in zoos, especially maternal behaviour,
and tests the validity of the BVI to measure behavioural variety in animals under human
care. Variability measures such as behavioural diversity and enclosure use variability [42]
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can be useful to assess welfare as they allow within-subject comparisons of behavioural
changes. Thus, future studies could use the BVI as a measure of behavioural variation aside
from traditional ethograms, allowing to implement positive welfare changes deriving from
training, enrichment, or other husbandry practice [28,42,43].

5. Conclusions

In conclusion, findings of this study highlighted that the red pandas showed no abnor-
mal behaviours, whereas we found different positive behaviours that have been described
both in zoological gardens and in the wild. These behaviours need to be maintained in ex
situ contexts, to obtain physically and psychologically healthy subjects as well as viable
populations. Studies like this are important to improve the knowledge on endangered
species biology and needs, enhancing their husbandry standards (e.g., keeping pairs or
single animals/stopping reproduction) and breeding success as well as the in-situ conser-
vation efforts. Finally, monitoring the behaviours of pairs housed in different conditions
(e.g., female with offspring vs. female with contraceptive implant) might be a valuable tool
to make informed decisions about husbandry and management of animals under human
care, such as breeding control and social housing of solitary species.
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Abstract: Animal behavior and welfare science can form the basis of zoo animal management.
However, even basic behavioral data are lacking for the majority of amphibian species, and species-
specific research is required to inform management. Our goal was to develop the first ethogram for
the critically endangered frog Xenopus longipes through observation of a captive population of 24 frogs.
The ethogram was applied to produce a diurnal activity budget and to measure the behavioral impact
of a routine health check where frogs were restrained. In the activity budget, frogs spent the vast
majority of time swimming, resting in small amounts of time devoted to feeding, foraging, breathing,
and (in males) amplexus. Using linear mixed models, we found no effect of time of day or sex on
baseline behavior, other than for breathing, which had a greater duration in females. Linear mixed
models indicated significant effects of the health check on duration of swimming, resting, foraging,
feeding, and breathing behaviors for all frogs. This indicates a welfare trade-off associated with
veterinary monitoring and highlights the importance of non-invasive monitoring where possible,
as well as providing candidates for behavioral monitoring of acute stress. This investigation has
provided the first behavioral data for this species which can be applied to future research regarding
husbandry and management practices.

Keywords: amphibian; behavior; welfare; zoo research

1. Introduction

Animal welfare is a central component of the management of animals in captivity,
yet the basic tools to properly assess it are absent for many species [1]. A holistic un-
derstanding of behavior [2,3] alongside a scientific framework [4] can facilitate welfare
management, but this requires species-specific data. Although welfare may be partly
measured through the use of stress hormone analyses [5], behavior correlates of welfare
are important non-invasive tools for routine management of captive animals, such as the
use of quantitative observations of the spatial distribution of animals and of behavioral
‘indicators’ [3]. Behavior is the result of numerous extrinsic and intrinsic processes, both
physical and mental, and so is sensitive to welfare state [6,7]. Additionally, behavior can be
readily and non-invasively monitored and measured, often in real time, by husbandry staff
with minimal resource requirements. Validated behavioral measures are powerful tools for
managing and improving welfare, but one reliant on an understanding of activity patterns
in a focal species and of which behaviors are effective indicators of welfare.

Amphibians are highly threatened as a group [8]. They are widely maintained in
captivity for the purposes of research [9], conservation [10-12], education [13], and as
pets [14], and yet suffer from negative bias in welfare science [15]. Moreover, amphibians are
a diverse group with high degrees of species-level specialization [16], making it important to
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understand behavioral repertoires, activity budgets, and measures of welfare for individual
species [17,18]. In the handful of species where these data have been collected under captive
conditions, welfare impacts of basic husbandry conditions have been identified through
behavioral measures [19-24], highlighting the importance of the development of such tools.
Furthermore, for animals involved in ex situ conservation, welfare may have impacts on
conservation success [25].

The Lake Oku clawed frog (Xenopus longipes) is a small, fully aquatic anuran species
occurring in Lake Oku, Mount Oku, North West Region Cameroon [26]. The species
was assessed as critically endangered on the IUCN Red List of Threatened Species [27]
and was subject to a mass mortality event between 2006 and 2010, the cause of which
remains unknown [28,29]. A population is maintained for captive husbandry research at
ZSL London Zoo [30]. This population, one of only two populations in zoos globally, has
been used to develop husbandry guidelines for the species [31], to document reproductive
and life history data [30,32], and for research into foraging behavior [33] and individual
identification systems for the species [34]. However, basic behavioral data, including an
ethogram and activity budget and identification of behavioral indicators of welfare, are
still lacking for the species.

In this study, we developed an ethogram for X. longipes, and used this to document
the diurnal activity budget for the species and to identify behavioral correlates of welfare
through validation in association with handling events.

2. Materials and Methods
2.1. Study Subjects

The study sample included 24 adult wild-caught adult X. longipes, consisting of seven
males and seventeen females, housed at ZSL London Zoo since collection from the wild in
2008. The subjects were housed in a large unit [30] containing five occupied tanks. Tank
dimensions are 45 x 45 x 45 cm, with water depth 35 cm. Each tank contains several
terracotta tubes, some large stones, two plants (Microsorium pteropus), and 5 cm aperture
plastic mesh for animals to rest on. Subjects were distributed across the five tanks in mixed
sex groups with at least one male per tank. There were three tanks of five individuals, one
tank of six, and one tank of three. The legal acquisition, provenance, and husbandry of the
animals is provided by Michaels et al. [30].

2.2. Ethical Approval

Ethical approval of these methods was provided by the Faculty Research and Ethics
Committee at the University of Chester (1708/20/JD/BS) and full ethical review was
deemed unnecessary by the Ethics Committee at ZSL as all methods fell within normal
husbandry practice (ZDR435).

2.3. Ethogram

Observations to establish an ethogram for the study species lasted a total of three
hours and were conducted live between 1030 h and 1530 h on 22 February 2021. During the
continuous observation period, the observer noted all behaviors witnessed ad-lib across
the subject group including males and females, and frogs in different tanks. Descriptions
were provided for each behavior. All event and state behaviors were noted and adapted
from previous work with closely related species, such as Xenopus laevis [35].

2.4. Baseline Behavioral Data

In order to generate an activity budget for the species, each occupied tank was recorded
for a total of three hours in February 2021 using Samsung S10 HMX-H200BP, Canon Legria
HFR706, and SONY DCR-5X30 camcorders. Data were collected at three times per day: a
morning session (10:30 to 11:30 a.m..), a noon session (12:30 to 13:30 p.m..), and an afternoon
session (14:30 to 15:30 p.m.), hereafter Time of Day, on the 22 and 26 February 2021.
Nocturnal observations were not possible due to coronavirus-related limitations on staffing

94



J. Zool. Bot. Gard. 2022, 3

and protocol, and consequential concerns regarding health and safety, despite evidence of
circadian rhythms and nocturnal activity in captivity in the close relative X. laevis [36] and in
the wild for X. longipes [37]. Importantly, all fundamental behaviors including reproduction
are routinely observed in X. longipes during the day [30,31]. Cameras were positioned
directly in front of the tank to be recorded to ensure maximum visibility and that the whole
of each aquarium was visible. Any husbandry, including cleaning and feeding animals, was
conducted after the final recording in order to avoid affecting behavior. However, small
invertebrate organisms on which frogs preyed were resident in the aquarium throughout
the study.

Following the completion of this filming, the BORIS software was used to record
durations of swimming, resting, foraging, feeding, breathing, and amplexus behavior using
the ethogram (Table 1). The use of this software allowed for continuous recording and focal
sampling, as the video was repeated with the observer watching and only scoring for a
different focal frog each time. This method allowed for the computation of durations of
behaviors, as well as for matching of experimental data for individual frogs. Individuals
were identified using belly markings and by following individuals manually through
footage. An activity budget was produced to illustrate the proportion of time spent by each
individual performing each behavior.

Table 1. Ethogram of state behaviors for captive X. longipes, adapted from work on X. laevis [35].

Behavior Definition

Subject is moving from one location to another through the water,
Swimming exercising front limbs, back limbs or both to travel. This may be
horizontally or vertically.

Subject is stationary. None of the subject’s limbs are being
Resting exercised to actively travel in any direction. This may be in the
water or resting on a substrate.

Subject is actively searching for food through a substrate using
Foraging the forelimbs. This may be followed by feeding, for which a
separate event is recorded.

Subject is consuming a food item, rapidly wafting the item
Feeding towards the face and mouth with forelimbs and often tilting body
forwards following.

Subject is breathing at the surface of the water with the nares

Breathing breaching the surface.

Subject forces out limbs in order to removed shed skin.
Sloughing Swimming will likely become rapid and uncontrolled. The slough
is often consumed.

A male frog grips a female around her inguinal region as part of

Amplex reproductive behaviour.

The data were collected by only one observer who was trained in the software by a
member of staff at the University of Chester. At the time of study, the observer was an
MRes Biological Sciences student (graduated October 2022 with Merit); the observer has
experience of behavioral study in a range of taxon, gained through a BSc Animal Behav-
ior and Welfare and experience in the zoological industry. The observer has experience
recording the behavior of other Xenopus species and was trained in doing so by members
of the Amphibian Behaviour and Endocrinology Group at the University of Chester. The
observer received additional training relevant to X. longipes on section prior to the study
with staff who work with the species professionally.

95



J. Zool. Bot. Gard. 2022, 3

Statistical Analysis

Total durations of behaviors were calculated separately for each frog for each time of
day (AM, noon, PM). These data were analyzed using linear mixed models via the Lmer
and Ime4 packages [38,39] in R version 4.1.1 using RStudio Version 1.4.17. Model choice
was informed by the Akaike Information Criterion (AIC); interactions were not included as
these models resulted in an increased AIC value. Models used each behavior as a response
variable, with sex, individual ID, tank number, and time of day being explanatory variables.
Individual ID, nested within Tank, was a random factor to control for repeated measures
and nested aspects of the design. The anova (model) function was used to test for effects of
explanatory variables, and the emmeans package [40] was used for pairwise comparison
when a significant effect of session (the only explanatory variable of interest with more
than two levels) was detected. Swimming, Resting, Foraging, Feeding, and Breathing
were included in analysis. No Other or Sloughing behavior were recorded and too few
observations of male-only behavior Amplexus were recorded for meaningful analysis,
so these categories were not analyzed. We confirmed that model assumptions were met
through visual inspection of residuals via the ggResidpanel function in R [41].

2.5. Behavioral Response to Stressor

The frogs underwent a routine health check, with one tank, chosen at random, being
subject to the routine procedure each day for a five-day period, until each tank had been
subjected to the health check once. These health checks involved removing all of the frogs in
a tank at once from the water by hand, placing them in a separate container of approximately
2.5 L of water taken from their aquarium, selecting a frog at random, catching it in a gloved
hand, and visually inspecting it for 30 s. Frogs were also handled on their backs in order to
be swabbed on the underbelly for routine chytrid fungus surveillance using a sterile swab.
Frogs were then placed in a second identical container until all individuals in the group
had been checked and the group could be returned at once to the main tank simultaneously.
Health checks commenced at 10:15 a.m. so that frogs were returned to the home tank and
observed at a similar time to the behavioral observation sessions (time of day (AM)). All
frogs were returned to the tank at the same time. Observations began immediately upon
return to the tank. Observations lasted an hour, and the video cameras were set up in the
same manner as for experiment two. Humans were not present for the duration of the
recording sessions.

The footage was analyzed in the same way using the BORIS software, ethogram, and
individual IDs to allow for pairing of data in the control and in the health check. The use of
this software facilitated continuous recording and focal sampling. The data was collected
by the same observer.

Statistical Analysis

Behavioral data matched for time of day (i.e., time of day (AM) data) were used to test
for effects of health check on behavior. Data were analyzed for baseline data using linear
mixed models via the Imer and Ime4 packages in R [38,39]. Model choice was informed by
the Akaike Information Criterion (AIC); interactions were not included as these models
resulted in an increased AIC value. Models used each behavior as a response variable,
with health check status (yes or no), sex, and individual ID nested within a tank number
being explanatory variables. Individual ID, nested within a tank, was a random factor to
control for repeated measures and nested aspects of the design. The anova(model) function
was used to test for effects of explanatory variables, and the emmeans package [40] was
used for pairwise comparison when a significant effect of session (the only explanatory
variable of interest with more than two levels) was detected. Swimming, Resting, Foraging,
Feeding, and Breathing were included in analysis, but No Other or Sloughing behavior
were recorded and too few observations of male-only behavior Amplexus were recorded
for meaningful analysis, so these categories were not analyzed. We confirmed that model
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assumptions were met through visual inspection of residuals via the ggResidpanel function
in R [41] for baseline data.

3. Results
3.1. Ethogram

An ethogram was produced to identify the state behaviors exhibited by X. longipes in
captivity (Table 1).

3.2. Baseline Behavioral Data

Sloughing was so rarely observed that although it was recorded once during the
ethogram construction, it was not observed at all during subsequent observations. Linear
mixed models, with sex, individual ID, tank number, and time of day being explanatory
variables, showed that there was no effect of frog sex or time of observation on any behavior
other than an effect of sex on duration of breathing (Table 2). An activity budget pooled
across all sessions and both sexes is presented in Figure 1. Parameter estimates of the
models are presented in Table 4. Sloughing and Amplexus behavior were almost never
recorded, and data were not analyzed. Amplexus accounted for 1.3% of total budget and
was only observed three times across all frogs and all observations; it could also only be
exhibited by males.

80
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Figure 1. Diurnal activity budget of male and female X. longipes; data are expressed as percentages
of total behavior duration pre-disturbance across AM, noon, and PM observations. Sloughing is
not shown as it was not recorded during the observation periods. The lower pane shows the three
behaviors that are not visible in the top pane at a different scale for clarity. The range of percentages
has been displayed for each behavior by subtracting the smallest percentage of total behavior pre-
disturbance from the greatest percentage of total behavior pre-disturbance.
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Table 2. Results of linear mixed models with sex and time of observation as explanatory variables.

Significant p values are in bold.

Behavior Effect of Sex Effect of Session
Swimming F100=254,p=0.13 Fp 46 =3.14,p = 0.053
Resting F12,=0.16, p = 0.69 Fr46=073,p=0.49
Foraging F120=4.0,p=0.06 F46 =0.02,p=0.98
Feeding F12 =0.79,p=0.38 Fp 46 =1.5,p=0.2286
Breathing F1,22.003 =5.36, p = 0.03 F> 46.003 = 0.53, p = 0.59

3.3. Behavioral Response to Stressor

All behaviors measured were significantly affected by the health check (Table 3;
Figure 2), but no effect of sex was detected (Table 3). The proportion of time spent exhibit-
ing Swimming and Feeding behaviors increased, whilst Resting, Foraging, and Breathing
behaviors decreased. Parameter estimates of the models are presented in Table 3. Sloughing
and Amplexus behavior data were not analyzed as the former was not recorded in main ob-
servation sessions and the latter was too rarely detected to yield data for meaningful analysis.

Table 3. Results of linear mixed models with health check and sex as explanatory variables. Significant

p values are in bold.

Behavior Effect of Health Check Effect of Sex
Swimming F12258 =171.5, p < 0.001 F1343=1.755,p=0.19
Resting F1,2058 =171.5, p < 0.001 F1343=1.756,p=0.19
Foraging F145=6.2,p=0.016 F145=2.38,p=0.13
Feeding F145 =7.46, p = 0.009 F145=1.40,p=024
Breathing F1,209 =12.62, p = 0.002 F1083 =3.06 p=0.09

Table 4. Effect parameters from linear mixed models of baseline behaviors, as a factor of sex and time

of day, and of behaviors as a factor of sex and health check.

Model Ii;ipi’:tr:lie Parameter }i{s:inrgzt:l (Esf]f)ei(t))r S];:;(ia:? t Value Lové“lerozs . Upg‘ln;)is .
Estimate Estimate Estimate
Intercept 656.43 159.51 4.115 348.306 964.553
Sex (M) —399.70 250.75 —1.594 —889.705 90.303
Time (noon) 174.00 145.98 1.192 —111.794 459.794
Swimming Time (pm) 365.70 145.98 2.505 79.906 651.494
R? Marginal 0.104 - - - -
Behavior = sex + R? Conditional 0.525 - - - -
time of day + Random effect 4759 - - - -
frog (tank) Intercept 2781.37 200.78 13.853 2392.367 3170.374
Sex (M) 136.04 335.39 0.406 —519.360 791.448
Time (noon) —99.15 150.05 —0.661 —392.906 194.606
Resting Time (pm) —180.75 150.05 —1.205 —474.506 113.006
R? Marginal 0.013 - - - -
R? Conditional 0.638 - - - -
Random effect 683.9 - - - -
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Table 4. Cont.

Model Iif:rls:];llie Parameter I;Z{s;inlgzt; (E,f]f)ei(t))r Z];:;if? t Value Lové;rozs . UPS‘I’—I;)? .
stimate Estimate Estimate
Intercept 39.59 10.96 3.611 18.463 60.725
Sex (M) —26.72 13.36 —2.000 —52.830 0.6149
Time (noon) 3.00 14.30 0.210 —24.934 30.934
Foraging Time (pm) 2.10 14.30 0.147 —25.834 30.034
R? Marginal 0.057 - - - -
R? Conditional 0.082 - - - -
Random effect 8.188 - - - -
Intercept 23.609 5.718 4129 12.592 34.625
Sex (M) —6.373 7.184 —0.887 —20.412 7.666
Time (noon) —8.400 7.275 —1.155 —22.642 5.842
Feeding Time (pm) —12.450 7.275 —1.711 —26.692 1.792
R? Marginal 0.050 - - - -
R? Conditional 0.112 - - - -
Random effect 6.649 - - - -
Intercept 1.930 x e 4.205 4.589 11.186 27.408
Sex (M) —1.165 x €% 5.031 —2.315 —21.308 1.986
Time (noon) —4.174 x e 14 5.558 0.00 —10.757 10.757
Breathing Time (pm) —4.950 5.558 —0.891 15.707 5.807
R? Marginal 0.083 - - - -
R? Conditional 0.088 - - - -
Random effect 1.395 - - - -
Intercept 608.284 114.36 5.319 384.294 829.647
Healthcheck (yes) 1397.250 106.70 13.095 1184.948 1609.553
Swimming Sex (M) —234.632 177.11 —1.325 —578.974 119.898
R? Marginal 0.671 - - - -
R? Conditional 0.820 - - - -
Random effect 336.5 - - - -
Intercept 608.284 160.25 17.547 384.294 829.647
Behavior = Health check (yes) 1397.250 183.11 —6.839 1184.948 1609.553
Sl;z;lltsh +cls1§§k+ Resting Sex (M) —234.632 239.44 0.132 —578.974 119.898
frog (tank) R? Marginal 0.671 - - - -
R? Conditional 0.820 - - - -
Random effect 336.5 - - - -
Intercept 37.187 8.444 4.404 20.836 53.537
Health check (yes) —27.150 10.875 —2.497 —48.206 —6.093
Foraging Sex (M) —18.469 11.962 —1.544 —41.632 4.694
R? Marginal 0.155 - - - -
R? Conditional 0.155 - - - -
Random effect 0.00 - - - -
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0, 0,
Response Estimate (SD for Standard Lower 95% Upper 95%
Model 3 Parameter Error of t Value CI of CI of
Variable Random Effect) R . .
Estimate Estimate Estimate
Intercept 30.251 17.36 1.743 —3.589 63.861
Health check (yes) 61.050 22.35 2.731 17.765 104.334
Sex (M) —29.148 24.59 —1.185 —76.762 18.467
Feeding
R2 Marginal 0.159 - - - -
R? Conditional 0.159 - - - -
Random effect 0.00 - - - -
Intercept 18.164 3.025 6.004 12.307 24.024
Health check (yes) —12.900 4.630 —3.553 —20.137 —5.663
Sex (M) —7.762 4.439 —1.749 —16.541 0.826
Breathing
R? Marginal 0.235 - - - -
R? Conditional 0.326 - - - -
Random effect 4.612 - - - -
N
30004 ®
"
3000 , 200
-»
' A
L ]
L ] 04
_ 20007 LY & ” e
c ot 2000 A g2
= ¥ 4 = A o
= @« 'y E
& > e T ‘i' % 100
1000 e - A — 4 @
' 50 ¢
& [ ]
X .
& P L]
y
o] , & o o e SETY
NO YES NO YES NO YES
Health Check Health.Check Health.Check
4004 *
Frog
507 602195 # G02320
G02306 & G023
2004 Y ¥ G02207 @ G02337
& 02308 @ (02338
& G02310 302339
4041 & G02313 3023240
2 » £ L ® co231a & GO2341
EZUU ai % *  G02315 G02342
& s . ® Go2315 602343
- L *® G02317 G02344
st A ® Go2318 G02345
100 & s * G02319 G02346
:ﬂ
. )‘O ': Sex
1 s :‘ Pyt
0 e & 01 A 4 R Ao
NO YES NO YES
Health Check Health Check

Figure 2. Mean durations of behaviors under baseline and post-health check conditions in X. longipes.
There was a significant effect of health check on each behavior (see Table 3). Sloughing and Amplexus
behavior data were not analyzed as the former was not recorded in main observation sessions and
the latter was too rarely detected to yield enough data for analysis.
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4. Discussion

We created the first ethogram for X. longipes, describing swimming, resting, foraging,
feeding, breathing, amplexus, and sloughing behaviors observed by captive X. longipes.
Although the behavioral repertoire seen in the ethogram is limited in comparison to that
of X. laevis [35], it is more comprehensive than ethograms available for other amphibian
species [42].

Behaviors which have been previously identified as potential stress indicators in other
Xenopus species were not observed in X. longipes. For instance, walling behavior in X. laevis
was previously described [21] as “Fast swimming back and forwards along a tank wall;
rapid rear limb kicks; scrabbling at tank walls with forelimbs; snout against tank wall”.
Whilst swimming behaviors were detected in this species, the threshold for walling behavior
could not be met as “rapid rear limb kicks”, “scrabbling at tank walls with forelimbs”, and
“snout against tank wall” was not present during the observation period (JED, personal
observation). Furthermore, although the speed of swimming may have increased in some
instances in this study, it was not quantified to identify as “fast swimming”.

Little is known about the biology of X. longipes [30,43]. The analogue species concept
is widely used in the development of amphibian conservation breeding programs [16,44]
whereby common relatives of a threatened species are used as models to develop husbandry
protocols prior to working with target species [45]. Previously published studies have
demonstrated the limitations of the analogue species concept with regard to assumptions
made regarding reproductive biology and larval development [30,46]. This study could
indicate further limitations of this concept when comparing behaviors of congeneric species.
The production of this ethogram highlights the importance of species-specific behavior and
welfare research and the caution which should be taken when comparing the behavior of
species, even within the same genus. Therefore, husbandry and care practices should be
reflective of species-specific natural behavioral biology.

There was no significant difference in any behavior across the sessions at three different
times of the day. However, there is evidence of increased nocturnal locomotor activity
in X. laevis [36], which could also be the case for X. longipes. Therefore, a comparison of
diurnal and nocturnal behavior may yield significant differences; this was outside the scope
of this study. As a result, future applications of this work may not have to control for the
time of day. Although nocturnal observation would be useful to inform baseline activity
budgets in this study, this was impossible within resource constraints as similar video
cameras equipped with infrared night-vision simply created a glare from the glass that
prevent ed observation. X. longipes is relatively diurnal compared with X. laevis; although
greater shoreline activity is noted at night in the field [37], captive animals routinely exhibit
all fundamental behaviors including locomotion, feeding, and reproduction during the
day [30,31], and the data presented here demonstrate that a range of behaviors was detected.
From the perspective of practical application, husbandry interventions causing stress, and
keeper observations to quantify welfare, all take place during the day, so diurnal behavioral
patterns are most relevant. Future work should include nocturnal data collection.

A significant difference exists in breathing duration between the sexes in X. longipes
where females spend more time breathing than males. Given the much smaller size of
males than females [43], this may be the result of differing volume:surface area ratios
and implications thereof on the proportion of gas exchange requirements that can be met
through cutaneous routes. However, our data do not allow for a clear reason to be identified
and other mechanisms may exist. Consequently, differences in behavior between the sexes
should still be considered in future work regarding this species.

Our data show that these frogs spend the vast majority of their time swimming and
resting, with little of their activity budget allocated to other behaviors. The proportion
of time spent swimming was broadly similar (between 10 and 20% of total time) to that
reported for X. laevis previously [20 (under the condition where refuge was present in
this experiment), 21]. Comparisons for other behaviors are not available in the literature.
This species does engage in complex feeding behavior when food is present [33], and it
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is important to note that the present behavioral budget is specifically for frogs outside
of when food is delivered to systems; a predominance of foraging and feeding behavior
would be expected at these points. Although the breeding season for this species has
not yet been identified and in captivity it appears to be sporadic and linked to favorable
environmental parameters [31], Amplexus was relatively rarely observed, both in terms
of duration (Figure 1), but especially in terms of number of bouts (only three across all
observations). We recognize that during breeding periods this may increase substantially.
Additionally, our data derive from groups of frogs, which will inevitably perturb individual
behavior through interactions between conspecifics. However, given that this species is
routinely kept in groups in captivity [30] and observed in groups in close proximity to one
another in the field [44], we believe that our data are a good representation of the norm for
this species.

The models used for the baseline data have relatively low marginal and (other than
for Swimming and Resting) conditional R? values and relatively broad confidence intervals
around parameter estimates, indicating a large amount of variation in behavior durations,
and supportive of sex and time of day explaining little variation. For Swimming, Resting,
and Feeding, the conditional R? is much higher than the marginal, and for the former two
in this list, these values are close to one. Standard deviations of the random effect are also
reasonably high. This suggests that in these models, frog identity (nested within tank)
explained a substantial amount of variation, and that there may be consistency between
individuals in the durations of these behaviors that is not linked to their sex.

Swimming, resting, foraging, feeding, and breathing behaviors were all significantly
affected by the health check (Figure 2). A change in behavior was seen in X. laevis when
subjected to unnatural environmental conditions and was linked with an increase in
corticosterone [21]. One explanation for the increase in swimming following the health
check in X. longipes could be the presence of an escape response which likely mirrors the
increase in walling behavior in X. laevis during the stress response. Although we did not
identify ‘walling’ behavior [21] as a qualitatively separate behavior from Swimming in our
study, increased Swimming could be compared to the increase in walling seen in stressed
X. laevis; the relatively small physical size of X. longipes individuals relative to tank size
may have reduced boundary interaction, which is part of the definition of walling. Whilst
walling may have been observed over a longer observation period, the 1 h period after
a health check was selected as previous work on X. laevis has recorded walling behavior
within half an hour of experiencing a stressor [21]. Furthermore, anecdotally, walling has
not been reported by keeping staff in this species. It seems likely that Swimming behavior
induced by stress in X. laevis becomes walling once animals interact with a transparent
barrier, while X. longipes follows the barrier but does not react by swimming up the barrier.

The increase seen in Feeding behavior is likely the result of frogs encountering potential
food items in the aquarium more frequently due to the increase in Swimming behavior.
The models used for the health check data have moderate to high marginal and conditional
R? values, indicating that these models are a good fit, and that there is a relatively strong
effect of health check despite substantial variation in the data (Figure 2. For two behaviors
(Foraging and Feeding), the random effect standard deviation is zero (the Ime4 package
reports outcomes of zero when the value is very close to zero), indicating that differences
between individuals that cannot be explained by the rest of the model are negligible in
this case.

One notable difference in the experimental design of this study and investigations
applying welfare assessment tools to X. lacvis [21,47,48] is that frogs in previous works
have been separated into individual tanks for the observation periods. As the subjects are
usually kept in groups [31], separation was deemed to be an unnecessary cause of stress
in this study. Nonetheless, although data analysis controlled for tank, it is possible that
behavior was influenced by interactions between individuals within a tank. This interaction
is relevant to the practical application of the data, however, as this species is usually kept
in a group.
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Although the behavioral changes we detected, given the context, are strongly sug-
gestive of a stress response and align with research in congeners [20,21], validation of
this would require that behavior be correlated with corticosterone levels [43]. However,
the methods used to quantify corticosterone release rates for X. laevis have not yet been
validated for use in X. longipes. In order to do so, rigorous validation experiments would
be required to undergo technical validation, to confirm the sensitivity, specificity, accuracy,
and precision of the assay, and biological validation before application to this species [44];
this was outside the scope of this study. In the interim, we suggest that behavioral changes
shown here may be used as an indicator of probable stress response to at least short-term
disturbance, which may be used to inform husbandry practices. Our results indicate a
behavioral impact of the capture of frogs for veterinary monitoring, consistent with a
stress response in this genus [20,21], with respect to duration of swimming behavior and
repetitive swim patterns. These data highlight the importance of tempering the need to
monitor the health of captive animals with the impact of doing so on their welfare and
emphasize the need to use non-invasive methods to monitor animals where possible.

There are minimal studies regarding the impact of health checks on amphibian species.
Capture, restraint, and handling has been used in the biological validation of corticosterone
detection methods for Ambystoma andersoni [49] which elicited an increase in corticosterone
release, inactivity and gill beat rates following a health check. The contrasting increase in
inactivity in A. andersoni and increase in activity in X. longipes further highlights the need
for species-specific research in this area.

This study provides a strong foundation for further research on X. longipes, following
models used for other pipid taxa to optimize husbandry [20,21,50]. Using the behaviors
identified in the ethogram and as potential indicators of stress, investigations can begin
assessing husbandry and housing conditions for the species in captivity in order to enhance
conservation goals. Investigations into husbandry practices, and other welfare related
questions, could be confirmed with the use of corticosterone analysis. If the methods used
to quantify corticosterone release rates available for X. laevis can be validated for X. longipes,
further investigation could confirm the potential for increased swimming as an indicator
of stress. If a significant rise in the behavior correlates with greater corticosterone release
rates, the potential for this behavior as a non-invasive welfare assessment tool can be
established [21].

5. Conclusions

This investigation has produced a detailed ethogram for X. longipes, establishing six
recognizable and observable behaviors. These behaviors can now be applied to further
research into husbandry and management practices for the species. Application of these
findings may enhance conservation and animal welfare goals by providing evidence needed
to better evaluate captive husbandry protocols.

Comparison of behavior in the control and following the health check revealed a
significant difference in many behaviors, including increases in Swimming and Feeding
alongside decreases in Resting, Foraging, and Breathing. An increase in swimming was
linked to walling behavior, although not all aspects of walling were observed. Swimming
also became more repetitive, which was illustrated by the decrease in Breathing and Forag-
ing. Increased swimming duration and repetitiveness could be a potential stress-indicator
behavior for the species, although this should be confirmed with corticosterone analysis.

Corticosterone analysis could be used to further investigate the duration of the stress
response if methods used to quantify corticosterone release rates in X. laevis can be ap-
plied to X. longipes. This would confirm the potential for these behaviors as non-invasive
indicators of welfare for this species in captivity.
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Abstract: Many birds, including macaws, are highly visual animals able to detect a wide band of
light wavelengths ranging into ultraviolet A, but in captivity, full-spectrum lighting is not universally
employed. Where purpose-made bird lighting is used, this is typically made with the provision of
ultraviolet B radiation and vitamin D3 synthesis in mind. Limited research in this field suggests
behavioural and physiological benefits of broad-spectrum lighting provision, but more work is
needed to broaden the taxonomic scope and to investigate its impacts on understudied areas of
husbandry, including behavioural management. We compared the duration of time a bonded pair
of blue-throated macaws at ZSL London Zoo opted to remain in an inside den after being recalled
from an outdoors flight aviary, with and without the presence of artificial lighting in the form of High
Output T5 Fluorescent lamps, which are rich in UVA and UVB wavelengths as well as those visible to
humans. We hypothesized that the birds would remain inside for longer when T5 lighting was on, as
they would be more visually comfortable. Using randomization analyses, we show that, over 54 trials
split between winter and spring, the mean duration spent inside after recall increased from 81.04 to
515.13 s with the presence of the lighting unit, which was highly statistically significant. Our results
are likely to be explained by much higher visibility of indoor surroundings creating a more hospitable
indoor environment for the birds and will have implications for captive macaw management.

Keywords: Psitaccidae; husbandry; ultraviolet light; artificial lighting; T5 lamps; vision; behaviour

1. Introduction

The Blue-throated macaw Ara glaucogularis (Dabbene 1921) is endemic to the Beni
savanna in north central Bolivia [1] and is assessed as Critically Endangered by the IUCN [2],
with the remaining wild population size said to be fewer than 500 individuals [3]. Threats
include illegal poaching, habitat loss, and a lack of breeding sites [2,3]. The species is 85 cm
in length with a wingspan of 90 cm, and the feather colouration of adult birds is turquoise
on the back, crown, and dorsal sides, with yellow on the chest and a turquoise feather patch
on the throat, which gives them their name. They have yellow eyes, a black to greyish beak,
turquoise tail feathers, a white-feathered face with dark blue feather stripes, and a bare
cere [1,4,5]. Their habitat is hot and humid, with average diurnal ambient temperatures
ranging from 24 to 32 °C across the year [6].

Like most birds, macaws possess excellent eyesight, with proportionately large eyes
on the sides of the head providing a wide field of vision but a small field of stereovision.
The lenses are held in place by the ciliary body that contains striated muscles, and these
muscles allow birds to have conscious control over their iris and pupil size; macaws use
this to rapidly dilate and constrict pupils in a behaviour termed ‘pinning’ [7]. Macaws
have a thinner cornea and a larger posterior chamber when compared with mammals, as
well as a disc-like flat posterior chamber which enables their retinas to have broad visual
acuity. Avian retinas are avascular and thick, and the larger number of cones ensures
they have good eyesight clarity. Birds also have four types of single cones, which act as
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photoreceptor cells in their retinas, and these give them their tetrachromatic colour vision,
allowing them to discern around 100 million colours, including longer wavelengths in the
ultraviolet spectrum (UVA radiation). Macaws rely on this heightened primary sensory
system to inform them about their environment and conspecifics, and the function of
ultraviolet vision in birds is also thought to be related to orientation, foraging, as well as
signalling [8,9]. Like reptiles (see [10]), in addition to wavelengths of light important for
vision, birds are also reliant on UVB wavelengths for cutaneous synthesis of vitamin D3 and,
therefore, for calcium homeostasis [11,12]. However, unlike in the case of captive reptiles,
where artificial lighting provision is relatively advanced [9], broad-spectrum lighting is
not universally used for indoors-housed captive birds, and there is a need for research
to underpin changes in practice in this area. Limited published research, which does not
focus on psitaccids, showed that the absence of UVA light created the suboptimal condition
for birds in general [13] and proposed that environments where UVA is provided are
enriching for birds as their environmental perception is enhanced [14]. Ross et al. [15]
investigated lighting preferences between supplemental UVA and standard artificial light
in 18 non-psittacine bird species housed at the Lincoln Park Zoo, finding that they spent
more time in the area of their exhibit that was lit by the UVA light with birds from high
light native ecological niches showing increased preference. The more comprehensive work
on the broiler and laying hens (see [16] for a review) demonstrates the importance of UVA
and UVB lighting for the welfare and health of this species. In addition to the need to
broaden and deepen research in this field generally, the impact of broad-spectrum lighting
on behavioural management success has not been previously evaluated, and psittacids
have also been poorly studied in this field in general.

Macaws must have access to an indoor area when kept in captivity in regions with
temperate climates, as they dislike wind and are susceptible to frostbite [17]. Behavioural
management in the form of recall training should ideally be implemented with captive
macaws, particularly with those housed in exhibits with an indoor and outdoor area.
The ability to recall birds is important not only for day-to-day husbandry but also to
ensure effective non-invasive health management of the birds. The success of behavioural
management, such as recall training, is partly dependent on the environment in which it
occurs, as negative stimuli from the environment will cancel out some or all of the impact
of positive reinforcement for behaviour [18]. It is therefore important for birds to feel
comfortable when called indoors to remove any negative stimuli that could hinder the
effectiveness of training. Moreover, enclosure usage is at least partly determined by the
suitability of enclosure zones to the species in question, and areas of lower suitability may
result in animals not fully using available space and resources [19].

Given the sensitivity of the avian eye to light, we hypothesized that light levels in the
indoor part of an aviary might impact the willingness of blue-throated macaws to remain
in this part of their environment. We tested the impact of full-spectrum lighting installed in
the indoor part of a macaw aviary on the latency to leave this area after being recalled in
order to inform enclosure design and bird management moving forward.

2. Materials and Methods

We collected data on one bonded pair of blue-throated macaws, Zoological Infor-
mation Management System Global Accession Numbers PYR12-00063 and ZRS15-08246,
housed in our ‘"MAC 1’ enclosure. This comprised of an indoor den area measuring approx-
imately 327 cm length x 315 cm width x 243 cm height and an outdoor area measuring
approximately 530 cm length x 320 cm width x 530 cm height—both with appropriate
perching, food, and water provisions and linked with a remotely operated door and shutter.
Prior to this study, the indoor light provision for these animals was comprised of one
circular wall light approximately 35 cm in diameter containing one GE 2D butterfly CFL
square double D 4 pin 16-watt lamp behind frosted glass, and a glass-panelled window
measuring 78 cm width x 154 cm length, with glass approximately 9 cm thick, allowing
some natural ambient daylight to penetrate the den. None of these light sources emitted
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any UVB or UVA light. Birds were recall trained through positive reinforcement prior to
the study, such that they would enter the indoor den from outside in response to a bell,
after which they were rewarded with food. Birds always had access to both in and outdoor
parts of their aviary.

On the MAC1 indoor den ceiling, we installed a hydroponic light housing unit (Light
Wave 4-tube 54W, Growth Technology, Taunton, UK) fitted with two High Output (HO)
T5 fluorescent hydroponic lamps (Blue Growth Lights, Growth Technology, UK) and two
54W HOTS fluorescent UVB-emitting lamps (D3+ 12% HOT%, Arcadia Reptile, UK). The
lighting unit was meshed in with a cage of galvanized steel welded mesh with 2.5 cm
apertures to prevent birds from tampering with the lighting. The lighting was calibrated
to provide an ultraviolet index (UVI; Baines et al., 2016) of a maximum 2.0 at bird head
height on the perch closest to the lamps. UVI was measured with a Solarmeter 6.5 UVI
meter (Solartech, Greensboro, NC, USA). The lighting unit was installed but not used for
several weeks prior to the beginning of the study, so it was present throughout.

We then conducted two series of experimental recall sessions, one in winter (November
2020) and one in the subsequent spring (March 2021). Both series consisted of twelve
consecutive sessions with T5 lamps off and fifteen consecutive sessions with T5 lamps on,
for a total of 54 sessions. Each treatment series was preceded by one week of unmonitored
exposure to allow birds to habituate.

All sessions took place between 14:00 and 14:30 when the birds were not already
inside the den. At each session, one keeper took a UVI reading using a Model 6.5 UV
Index Solarmeter at the perching located directly under where the broad-spectrum light
unit was mounted on the ceiling, at macaw head height, and a lux intensity reading at
perch level using a RoHs Digital LUX meter MT30 model as well as a perching surface
temperature using an infrared thermometer (Ketotek, Fujian, China). We also took a UVI
and temperature reading on one of their outdoor perches (the same one each time) as well
as an outdoor LUX reading immediately before or after the indoor reading.

After these parameters were collected, the keeper would conduct necessary husbandry
indoors so that the birds were not disturbed after their recall. Both animals were then
recalled into the den by the keeper. After the training concluded at each session, the keeper
left their indoor enclosure via the keeper access door, and using two stopwatches, one for
each animal, we viewed the birds through a gap in the keeper access door where we were
hidden from view of the birds and recorded the time it took each individual bird to leave
their indoor den to go back outside. The timing was capped at 900 s; if a bird had not left
the den at this point, 900 was recorded as the duration.

Data were analysed using RStudio (Version 4.1.1). Data from both seasons were
combined. To confirm the environmental effects of the lighting on the environment in the
enclosure, Mann-Whitney tests (using the stats package in RStudio) were used to compare
the effects of treatments on indoor and outside lux, UVi, and temperature. In order to
determine whether the two birds could be treated as separate entities in analysis, we
tested for autocorrelation between the birds using a Spearman’s Rank (again using the stats
package in RStudio); this showed strong autocorrelation (Rss3 = 0.87, p (2-tailed) < 0.001).
We, therefore, used mean data from the two animals in the analysis (i.e., for each trial, the
mean duration spent inside by the birds was used).

We used the shuffle function within the Mosaic package [20] to run a randomization
analysis with 10,000 iterations in order to test for the effect of lighting on the duration spent
inside after recall. Randomization is a valid strategy for analysing small- and single-n
samples and is useful when working with small sample sizes in zoo contexts [21,22]. The
residual between the means of each treatment is used as a test statistic, and the data are then
shuffled randomly 10,000 times and a new test statistic calculated; the p value is derived
from the overlap of simulated test statistics with the observed test statistic.
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3. Results
3.1. Statistical Analyses

No effects were found on outside temperature (Z = 0.57, p = 0.57), indoors temperature
(Z=0.74, p = 0.61), outside lux (Z = 0.91, p = 0.36) or outside UVi (Z = 0.31, p = 0.76). The
lighting unit significantly increased indoors lux (Z = 6.26, p < 0.0001) and Uvi (Z = 6.27,
p < 0.0001). Environmental parameters are given in Table 1. Indoor temperature was
significantly higher than outdoor temperature (Z = —6.4056, p < 0.0001), while outdoors lux
was significantly higher than indoor lux, even with the T5 lighting turned on (Z = 3.52871,
p = 0.00042).

Table 1. Environmental parameter means and associated standard deviations in and outdoors, under
T5 on and off treatments, along with Z scores and p values from Mann-Whitney U Tests comparing
treatments for each parameter. Significant p values are in bold.

Parameter Treatment Mean (s) SD V4 P (T5 Array on vs. off)
On 595.67 112.75
Lux—inside 6.26 <0.0001
Off 50.65 18.98
On 816.23 264.79
Lux—outside 091 0.36
Off 846.08 505.28
On 19 0.06
UVi—inside 6.27 <0.0001
Off 0 0
On 1.12 141
UVi—outside 0.31 0.76
Off 0.63 0.77
L On 17.96 1.98
Temperature—inside (°C) 0.74 0.61
Off 16.90 1.88
On 10.32 6.95
Temperature—outside (°C) 0.57 0.57
Off 9.33 5.13

Mean (SD) time spent inside with T5 lighting off was 81.04 (45.57) s, with a range
18-215 s, and with T5 lighting on, it was 515.13 (278.38) s with a range 33-900 s (900 being
the cut-off maximum). Fourteen of thirty observations with T5 lighting exceeded the 900 s
cut-off. There was a highly significant effect of lighting on time spent inside after recall
(p < 0.0001; Figure 1).
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Figure 1. Latency for both individual macaws, ZRS15-08246 and PYR12-00063, to leave the den after
recall under different T5 lighting statuses—on or off. Mean data between individuals were used
for analysis.

3.2. Qualitative Observations

Behaviour changes were observed immediately after the UV lights were installed. The
birds were perceived by keepers to move around in the inside den more confidently and use
more space than before. As well as the measured increased time spent inside, birds were
perceived to respond to recall more quickly. The male, ZRS15-08246, was especially affected,
having been particularly reluctant to enter the dens before the installation of lighting and
refusing to enter without the presence of the female, PYR12-00063, but afterwards becoming
very confident and routinely entered the den on his own. Additionally, since the lighting
was installed, keepers observed that the birds spent time inside even when not recalled and
remained inside to feed, whereas previous observation showed that although the birds went
inside for food, they only collected the items they wanted and consumed them outside.

4. Discussion

Our data show that the presence of the broad-spectrum lighting increased the time
both animals spent in their inside den following each recall session. Improved vision due
to the presence of UVA and overall higher colour rendering index (CRI) and lux with
the additional lighting (all other measured environmental factors did not differ between
treatments) may allow the birds to feel more secure or more visually comfortable in their
environment, and therefore, more willing to remain inside after their training concluded.
It is important to note that these birds are both parent-reared and a bonded pair and,
therefore, exhibit less attachment to keepers compared with hand-reared birds.

These data are congruent with findings in other taxa [13-16] and could have wide
applicability to other psittacid birds. The provision of broad-spectrum lighting in the
captive environment could increase enclosure usage and improve behavioural management,
as indoor training is more likely to be a success if the animals can see their environment
more clearly and feel more confident navigating their indoor spaces. The birds’ overall
welfare is likely improved with the additional broad-spectrum lighting inside because
there is no longer a trade-off for the birds using the indoor space [19]. Anecdotally, the
macaws historically avoided spending time inside, even during cold weather, but after the
installation of the broad-spectrum T5 lamps, this is no longer the case. The small overlap
(Figure 1) in latency to leave the den between with and without broad-spectrum lighting
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conditions reinforces the fact that birds did sometimes still choose to leave the den quickly
in order to use outside resources and indicates that the birds were able to express a wider
range of behavioural choice.

We do not know which parts of the UV spectrum were specifically important to the
birds, so other types of lamps may prove to be just as effective. We had planned to conduct
a UVB and UVA blocking study as part of our data gathering, which would have helped to
inform us of this; however, all data collection had to cease as the birds started nesting and
consequently reared three chicks. Further work could investigate this, as well as expand
the data collection to other bird species, and include measures of enclosure and resource
use. The inclusion of blood sampling or radiography could also indicate the impact of UV
lighting on calcium metabolism and health [11,12]. However, based on the present small
dataset and existing literature, we suggest that broad-spectrum lighting can facilitate the
use of behavioural management in macaws, as well as impact other areas of health and
welfare, which supports its use in indoor space for captive birds.
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Abstract: Understanding how the behavior of captive American alligator (Alligator mississippiensis)
congregations compares to wild congregations is essential to assessing the welfare of alligators in
captivity. Wild alligator congregations perform complex social behaviors, but it is unknown if such
behaviors occur in captive congregations as frequently. We observed the behaviors of a captive and
wild congregation of American alligators in Florida, USA in January 2021. Social behaviors were, on
average, 827% more frequent in the wild congregation than the captive, and the wild congregation
had a richer repertoire of social behaviors, with growling and HOTA (head oblique tail arched)
behaviors being particularly common. High walking, a nonsocial behavior, dominated the behavioral
repertoire of the captive congregation (94% of behaviors, excluding feeding) and may be a stereotypy
that can be used as an indicator of welfare. Both congregations experienced human disturbance
and displayed flushing as a species-specific defense reaction. Captive environments differ from
the wild with respect to size, structure, stocking density, resource availability, and human presence.
These differences translate into behavioral differences between wild and captive congregations. We
identified important behavioral differences between wild and captive alligator congregations that
can serve as a platform for more detailed investigations of alligator welfare in captivity.

Keywords: alligator; animal welfare; behavioral observation; comparative; social behavior

1. Introduction

The American alligator (Alligator mississippiensis) is a predatory species found through-
out the Southeastern region of the United States [1]. Within Southern Florida, American
alligators are both a keystone predator and an ecosystem engineer [2]. As of 2019, the
International Union for Conservation of Nature lists the American alligator as a species
“of least concern” [3]. Nonetheless, American alligators are categorized as a threatened
species under the Endangered Species Act [4] due to their similarity in appearance to
the threatened American crocodile (Crocodylus acutus). Thus, regulations in place for the
protection of American alligators (hereafter referred to as alligators) also serve to protect
American crocodiles [5].

Alligators perform complex social behaviors within congregate settings, both in the
wild and in captivity. However, their social behavior between settings has not been com-
pared in a singular study. Alligators can be successfully kept in a captive environment [6],
but the behaviors of animals can differ in types and frequency performed when in captivity
versus a natural environment [7].

Although there is a lack of published comparative studies in captive and wild al-
ligators, there are extensive comparative behavioral studies that have been previously
conducted on mammalian species. For example, chimpanzee (Pan troglodyte) groups in
captivity increase their time spent grooming, but decrease their time spent foraging relative
to wild groups [8]. Additionally, enclosure design and the number of human visitors that
captive cotton-top tamarins (Saguinus oedipus oedipus) receive correlate with significant
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differences in social interactions within the group [9]. These findings demonstrate that
social behavioral discrepancies can occur between captive and wild animal congregations.
As wild alligators commonly display social behavior, it is prudent to evaluate differences
in social behavior between captive and wild alligator congregations [10].

While alligator social behavior has not been compared between captivity and natural
settings, nesting behaviors have been compared between these settings. Rates of hatching
and nesting successes in wild and captive individuals were closely correlated, denoting
an insignificant difference between these groups [6]. However, congregation density and
stocking rates were significantly different [6].

Interest in reptile welfare in captive settings has been growing and the similarity
in reproductive success between captive and wild settings is positive but is only one
dimension of welfare. Behavioral expression, both general and social, is also an indicator
of animal health and wellbeing [7]. Alligator behaviors have been studied in a captive
environment, but they have not been directly compared between wild and captive settings
in a singular comprehensive study [6,10,11].

The objective of the current study was to assess social and general behavioral differ-
ences between alligator congregations in a captive and wild environment.

2. Materials and Methods
2.1. Wild Observation Site and Congregation

A congregation of wild alligators was observed at Myakka River State Park, Sarasota,
Florida. The study site, known as the Deep Hole, is an area containing a large freshwater
sinkhole located within the Park’s protected Wilderness Preserve [12]. Human visitation
is limited in the Wilderness Preserve to 30 permits per day to minimize interference. The
area is open and free from tree cover, with the exception of a small cluster of trees on the
Western basking area of the sinkhole (Figure 1). It provides alligators with a large prey
supply and many suitable basking areas around the sinkhole [12]. The sinkhole connects
the lower Myakka Lake and lower Myakka River [12]. During the dry season, when the
alligators were observed, the sinkhole was approximately 41 m deep and approximately
90 m in diameter [12].

Figure 1. (a) The Deep Hole site in the Myakka Wilderness Preserve where wild alligators were
observed. The body of water pictured is the sinkhole. (b) The captive enclosure at Croc Encounters, a
wildlife sanctuary, where captive alligators were observed. The land area is utilized as basking space.

The Deep Hole site is occupied by a large congregation of alligators [12]. We estimated
the congregation density by dividing the average number of individuals observed with
binoculars each hour by the estimated area of the sinkhole (6362 m?). On average, 0.0150
alligators/m? are found within the sinkhole. However, the alligators were not evenly
distributed throughout the space, rather they were often clustered on or near the banks.
Additionally, the number of alligators varied over time during our study, averaging 95 +
4 individuals.
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2.2. Captive Observation Site and Congregation

A congregation of captive alligators was observed at Croc Encounters, a wildlife
sanctuary located in Tampa, Florida. This facility accepts and maintains various reptilian
species which have been surrendered to the institution or taken in after being deemed
nuisance wildlife. The alligator congregation was fed a dry crocodilian diet mix by passing
groups on guided tours and Croc Encounters employees. Guided tours typically occur one
to four times per day. The diameter of the captive enclosure was approximately 15.2 m,
providing an estimated 182.4 m? area.

The captive congregation was composed of 84 adult alligators that varied in size, sex,
and age; despite these differences, all were considered adults. The congregation density of
0.461 alligators/m? was higher at this site.

2.3. Behavioral and Environmental Data Collection

Two ethograms were created and used to quantify behavior of both the wild and cap-
tive alligator congregations. Both ethograms include behaviors previously described in the
literature and some behaviors observed during pilot observations. The first ethogram con-
sisted of “social” behaviors including bellowing, bellowing with water dancing, chumpfing,
fighting, food theft, growling, hissing, head colliding, headslapping, raised posture, raised
snout, roaring, HOTA (head oblique tail arched), and tail wagging (detailed descriptions of
the behaviors and associated sources can be found in Table S1) [10,11]. HOTA posturing
was included in the social behaviors ethogram due to its known function as a precursor to
other social behaviors in a congregation and performance in conjunction with other social
displays [11]. In a social context, this behavior can serve as a signifier of alertness [11].
The second ethogram consisted of “general” behaviors, including basking, death rolling,
group feeding, group basking, high walking, individual feeding, and low walking (detailed
descriptions of the behaviors and associated sources can be found in Table S2) [10,11].
Behavioral data were collected at each site for 5.5 h a day between 9:00 and 14:30 for seven
continuous days at each site (38.5 total hours per site). The wild alligators were observed
5-11 January 2021 and the captive alligators 14-20 January 2021. During behavioral ob-
servations, the occurrence of behaviors from both the general and social ethogram were
recorded with a time and date stamp. When the same behavioral event occurred multiple
times in succession, the time interval was recorded and the number of times this behavior
was performed. The identification of individual members of each congregation was not
feasible. Therefore, behavioral states and events were recorded without the identification
of the performing individual or individuals. However, the number of alligators performing
these behaviors was recorded.

Additionally, at the wild site, human presence and activity were documented throughout
the observational period. Human presences included the presence of park visitors in the vicinity,
activities performed by the visitors, and any observed reaction by the alligators. At the captive
site, we recorded every time a caretaker entered the interior area of the enclosure, any time
a tour group approached the exterior area of the enclosure, and any observed reaction by
the alligators. There was constant anthropogenic noise at this site that originated outside the
sanctuary, particularly from a nearby interstate with heavy vehicle traffic.

Ambient air temperature and humidity were recorded every hour during the obser-
vation periods using a digital thermometer. At no time during the study was any contact
made with an alligator in either congregation. Precautions were taken to minimize distur-
bance, including maintaining a minimum of approximately 30 m from all wild alligators,
maintaining a non-disruptive tone when speaking, and minimizing speaking when possi-
ble [13]. At the captive location, there was glass separating the enclosure and viewing area.
The observers were within 2 m of the glass and remained as still and quiet as possible. As
alligators moved around the enclosure, their proximity to the observers varied.
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2.4. Data Analysis

The mean £ SE number of social behaviors performed per individual per hour for
each congregation was calculated. Data from the 14:00-14:30 period were not included
in this analysis because it was not a full hour. We then calculated the difference between
the two means and conducted a permutation test using the statistical software R with the
perm package [14,15]. The test shuffles the data between conditions (“Captive” and “Wild”)
and calculates the difference in means for a set number of permutations (n = 100,000).
The p-value, then, is the proportion of those 100,000 values that are greater than our
observed value.

The difference in the frequency of the three most commonly observed social (growls,
HOTA, and fighting) and general (high walk, flushing, and feeding) behaviors between con-
gregations was compared using Wilcoxon Rank Sum tests. Because multiple comparisons
were performed, a Bonferroni correction was used to adjust the alpha level to 0.0083.

To determine the influence of air temperature and human interactions on alligator be-
havior, all behavior types (social and general) were combined, and behavior/alligator /hour
rates were calculated for each congregation. Data from the 14:00-14:30 period were not
included in these analyses because it was not a full hour. Linear models were fitted to
evaluate hourly trends in the frequency of alligator behaviors relative to air temperature
and human interactions. Human interactions at the wild site included the occurrence of
humans near the water and humans kayaking on the water. Human interactions at the
captive site were quantified as the number of tour groups (there were no human visitors
outside tour groups). Analyses and visualizations were performed in MATLAB unless
otherwise stated [16].

3. Results
3.1. Social Behaviors

The mean number of social behaviors performed per individual per hour was 0.0942
=+ 0.0245 (mean =+ SE) for the wild site and 0.0112 £ 0.0027 for the captive site. Of the
100,000 differences in means calculated by the permutation test, none were equal to or
greater than the difference in means observed in the current study (0.083). Therefore, the
mean number of social behaviors was significantly higher for the wild congregation than
the captive congregation (p < 0.001) (Figure 2).
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Figure 2. Frequency histogram of the 100,000 permutations of difference in mean social behav-
ior/alligator /hour. This parameter was calculated by subtracting the mean number of social behaviors
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Total behaviors/hour

per alligator per hour in the captive congregation from the same value in the wild congregation.
The permutations are created by randomly resampling the observed data to create hypothetical
mean social behavior/alligator /hour for each congregation and the difference in means between
congregations is calculated. All 100,000 permutations were higher than the observed difference in
means (red vertical line at 0.083).

In total, 320 social behaviors were observed at the wild site and 42 at the captive site.
The mean number of social behaviors performed by each congregation per hour was higher
at the wild site (8.71 & 2.41 social behaviors/hour) than at the captive site (0.94 £ 0.23
social behaviors/hour). This increase in behaviors performed across sites indicates that,
on average, the wild alligators performed 827% more social behaviors than the captive
alligators during the observational periods of this study (Figure 3).
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Figure 3. Total number of specific social behaviors (color-coded) during each hour of the day summed
across days. The social behavior of the wild congregation is represented on the left and the social
behavior of the captive congregation on the right. The y-axis limits are the same for both plots to
facilitate comparison of the frequency of social behaviors between the wild and captive congregations.
Proportions of general behaviors performed within the wild and captive congregations can be found
in Table 1.

The most frequently observed social behavior performed within the wild congregation
was growls (46.6% of social behaviors; n = 149) and the second most frequently observed
social behavior was HOTA posturing (30.0% of social behaviors; n = 95) (Table 1). Growls (Z
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=3.54, p < 0.0001) and HOTA (Z = 5.32, p < 0.0001) were observed significantly more often
in the wild congregation compared to the captive congregation (Figure 4). Growl choruses,
in which multiple individuals growl in close succession, occurred in the wild congregation
but not the captive. Within the captive congregation, fighting (50% of social behaviors; n
= 21) was the most frequently observed social behavior followed by chumpfing (21.4% of
social behaviors; n = 9) (Table 1). Fighting was the only social behavior observed more
often at the captive site than the wild site (n = 21 at the captive site and n = 10 at the wild
site), however the difference was not statistically significant. Roar and water dance were
the only social behaviors not observed at either site.

Table 1. The proportion of each social behavior at each site, presented as the percentage of each
type of social behavior divided by the total number of social behaviors performed at that site with
behavior counts in parentheses (n = 320 for the wild site and n = 42 for the captive site; data collected
09:00-14:30).

Behavior Performed Wild Site Captive Site

Bellow 0.94% (n =3) 0.00% (n = 0)
Chumpf 5.31% (n =17) 21.43% (n =9)
Fighting 3.13% (n = 10) 50.00% (n = 21)

Food theft 1.25% (n=4) 0.00% (n =0)

Growl 46.56% (n = 149) 2.38% n=1)

Head colliding 3.75% (n = 12) 2.38% (n=1)

Headslapping 2.81% (n=9) 0.00% (n =0)
HOTA 29.69% (n =95) 19.05% (n = 8)

Raised posture 1.88% (n = 6) 0.00% (n =0)

Raised snout 344 % (n=11) 4.76% (n =2)

Roar 0.00% (n = 0) 0.00% (n=0)

Tail wagging 1.25% (n = 4) 0.00% (n = 0)

Water dance 0.00% (n = 0) 0.00% (n =0)
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Figure 4. The frequency of the three most commonly observed social behaviors compared between
the captive and wild congregations.
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3.2. General Behaviors

At the wild site, a total of 422 general behaviors were recorded. The most frequently
observed general behavior within the wild congregation was flushing (72.27% of general
behaviors; n = 305 at the wild site and 2.70% of general behaviors; n = 74 at the captive site),
which most often occurred at the same time as human visitor presence at the Deep Hole site.
The death roll behavior was recorded at the wild site while no instances were observed at
the captive site (n = 3 at the wild site and n = 0 at the captive site). At the captive site, 2736
general behaviors were recorded. The most frequently observed general behavior within
the captive congregation were individuals performing high walks (Figure 5; Table 2). In
total, 1973 individual instances were observed of high walking (72.11% of general behaviors;

n=1973).
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Figure 5. The total number of specific general behaviors (color-coded) during each hour of the day
summed across days. The general behavior of the wild congregation is represented in the left plot
and the general behavior of the captive congregation in the right plot. Note that the y-axis limits
are different between the wild and captive congregation plots. Feeding is excluded because food
offerings only occur between 11:30 and 13:27 in the captive congregation, whereas in the wild feeding

may occur at any time.
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Table 2. The proportion of each general behavior at each site, presented as the percentage of each
type of general behavior divided by the total number of general behaviors performed at that site
with behavior counts in parentheses (n = 422 for the wild site and n = 2736 for the captive site; data
collected 09:00-14:30).

Behavior Performed Wild Site Captive Site
Deathroll 0.71% (n = 3) 0.00% (n = 0)
Feeding 2.61% (n =11) 25.07% (n = 686)
Flushing 72.27% (n = 305) 2.70% (n = 74)
High walk 18.01% (n = 76) 72.11% (n = 1973)
Low walk 6.40% (n = 27) 0.11% (n = 3)

High walking (Z = —4.21, p < 0.0001) was observed significantly more often in the
captive congregation compared to the wild congregation (Figure 6). Flushing (Z = 4.55, p <
0.0001) was observed significantly more often in the wild congregation compared to the cap-
tive congregation (Figure 6). The frequency of feeding events was not statistically compared
between congregations, because feeding is regulated by caretakers in the captive setting.

I
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Figure 6. The frequency of the three most commonly observed general behaviors compared between
the captive and wild congregations. Feeding opportunities in the captive congregation are regulated
by caretakers.

3.3. Environmental and Human Impacts on Behavior

The frequency of behavioral events, including both social and general behaviors, gen-
erally increased from 9:00 to 12:00 and then decreased in the wild congregation (Figure 7A).
In the captive congregation, the frequency of behavioral events increased from 9:00 to 14:00
(Figure 8A).
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Figure 7. A comparison of trends in behavior, human interactions, and temperature by hour in the
wild congregation. (A) The mean (+SE) number of behaviors (including social and general) divided
by group size per hour by hour of day. (B) The mean (+SE) number of human events (including
humans walking near the water or kayaking) per hour by hour of day. (C) The mean (£SE) hourly
temperature (°C) by hour of day. (D) Relationship between the frequency of alligator behavior
compared to the frequency of human events. The solid line represents a fitted linear model with the
dashed lines representing the 95% confidence interval. (E) Relationship between the frequency of
alligator behavior compared to the air temperature. The solid line represents a fitted linear model
with the dashed lines representing the 95% confidence interval.

Human presence at the wild site (from land or water) generally decreased from the
morning to the afternoon (Figure 7B). Aggressive social behaviors were not observed in
association with human presence at the wild site. Instead, the wild alligators were often
recorded flushing due to human presence. Flushing bouts, that involved more than one
alligator, in response to human interaction occurred an average of 9.9 times per day at
the wild site. A mean of 43.9 individual alligators flushed per day in response to human
activity at this location.

At the captive site, tour groups only occurred between 11:00 and 14:00 (Figure 8B). At
the captive site there was an increase in aggressive social behaviors between the alligators,
such as fighting, when a human caretaker had entered and exited the enclosure. While
the caretaker was present inside the enclosure, the alligators showed defensive behavior
that included but was not limited to hissing, posturing, and flushing. The mean period
of time between the caretaker exiting the enclosure and the first sign of aggressive social
interactions between the alligators was 10 min.

The mean hourly temperature at the wild site was 20.3 £ 0.6 °C and the mean hourly
humidity level was 46.6%. The mean hourly temperature at the captive site was 17.3 &= 0.5
°C and the mean hourly humidity level was 52.5%. Temperature generally increased from
9:00 to 14:00 at both sites (Figures 7C and 8C).

At the captive site, there was a positive correlation between human presence and the
frequency of alligator behavioral events, but no statistically significant correlation at the
wild site (Figures 7D and 8D). There was also a positive correlation between the frequency
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of alligator behavioral events and air temperature at the captive site, but no statistically
significant correlation at the wild site (Figures 7E and 8E).
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Figure 8. A comparison of trends in behavior, human interactions, and temperature by hour in
the captive congregation. (A) The mean (+SE) number of behaviors (including social and general)
divided by group size per hour by hour of day. (B) The mean (£SE) number of tour groups per
hour by hour of day. (C) The mean (£SE) hourly temperature (°C) by hour of day. (D) Relationship
between the frequency of alligator behavior compared to the frequency of tour groups. The solid line
represents a fitted linear model with the dashed lines representing the 95% confidence interval. (E)
Relationship between the frequency of alligator behavior compared to the air temperature. The solid
line represents a fitted linear model, with the dashed lines representing the 95% confidence interval.

4. Discussion

Social behaviors were consistently observed more often at the wild site than the
captive site (Figures 2 and 3; Table 1). In particular, growls and HOTA were observed more
often in the wild congregation than the captive (Figure 4). The wild congregation also
exhibited a more diverse social behavior repertoire compared to the captive congregation
(Figure 3; Table 1). More general behaviors were observed in the captive congregation,
but the increase in the performance of general behaviors resulted from the prevalence of a
single behavior, high walking, which dominated the behavioral repertoire of the captive
congregation (Figures 5 and 6; Table 2). Contrary to high walking, flushing occurred
more often in the wild congregation. The frequency of behavioral events of the captive
congregation was influenced by human presence (Figure 8).

The difference in population size between congregations is unlikely to account for the
observed differences in social behavior. Although there were typically more alligators at
the wild site, the average difference in the number of individual alligators (n = 11 which
is 12.3%) is small relative to the difference in the frequency of observed social behaviors
(7.8/hour which is 827% more social behaviors in the wild congregation). Additionally,
the differences in behavior extended far beyond frequency. In the wild congregation, 11
types of social behaviors were observed, while 6 types of social behaviors were observed
within the captive congregation. Of particular interest is the prevalence of growling in
the wild congregation, but not the captive (Figure 4). Growling is hypothesized to be
used for multiple social purposes and may occur in conjunction with or as a component of
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another social behavior [10,11]. Growling can be used by female individuals as a response
to courtship attempts or aggression, although mating behaviors may not have been as
prevalent in the mid-January season in which this study was conducted [11]. However,
this behavior has been recorded by other researchers as most often being performed by
males as a courtship or defensive behavior [10,11]. Growling can also moderate more
aggressive behavior like fighting. While the increased fighting in the captive congregation
was not statistically significant, it is important to consider the occurrence of growling
relative to fighting. In the wild congregation, growling was markedly more prevalent
than fighting (14.9 growls:fighting) than in the captive congregation (0.05 growls:fighting)
(Table 1). Joanen and McNease (1971) observed three out of five large adult male alligators
experienced an increase in the occurrence of aggressive behaviors over the time that they
were living in a captive environment. That observed increase in aggressive behavior, along
with our findings that fighting was the most commonly performed social behavior by indi-
viduals in the captive congregation, suggests that some aspect of the captive environment
is influencing the alligators’ aggression levels [6]. In the current study, the differences in
congregation density, habitat structure, and agitation by the entrance of caretakers into
captive enclosures may be the cause of increased aggression in the captive congregation.

The most striking difference in general behavior was the prevalence of high walking in
the captive congregation (n = 1973 at the captive site and n = 76 at the wild site). Considering
both general and social behaviors (excluding feeding), high walking represents 94% of
the observed behaviors in the captive congregation. The elevated high walking behavior
at the captive site may be related to overcrowding and space limitation in the captive
congregation (the wild site is approximately 35 times the size of the captive site). High
walking was observed in the captive congregation on the land area of the enclosure and
typically occurred during basking hours. It was necessary for individual alligators to
perform the high walking behavior during basking hours in order to maneuver over
other alligators on land, though high walking also occurred when not maneuvering over
other alligators. The large difference in congregation density for each site (0.0150/m?
for the wild site and 0.461/m? for the captive site) resulted in less area available for
basking at the captive site than the wild site (Figure 9). High walking in the captive
congregation was akin to wandering; this opposes the wild congregation, where alligators
typically walked directly from the water to a specific spot for basking. The performance
of stereotypic behaviors, like the excessive high walking in the captive congregation, is
typically attributed to environmental stress and a lack of adaptation in individual captive
animals [17]. Stereotypic behaviors, such as high walking without a clear destination can
have negative metabolic consequences beyond the energetic cost of the movement itself, as
such activities result in excess post-exercise oxygen consumption (energy continues to be
consumed after initial locomotive activities) [18].

Figure 9. (a) The basking area of the wild site. (b) The basking area of the captive enclosure, showing
the typical spacing of individual alligators during basking hours.
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The space limitations of the captive enclosure also affected spatial organization of
the alligators. At the wild site, alligators commonly arranged themselves based on a size
hierarchy, with the largest alligators in the Western and Southern basking areas surrounding
the sinkhole whereas the smaller individuals would often be observed basking on the
Eastern shoreline. Alternatively, at the captive site, the basking arrangement was in a
large pile and there did not appear to be a noticeable size hierarchy or organization in the
basking spots. Additionally, direct contact between alligators was commonly observed at
the captive site, but not in the wild. Forms of direct contact included alligators forming
tightly packed basking piles rather than spaced out groups. Movement is also impacted by
the limited area such that alligators commonly crawled over each other, both in basking
areas and in the shallow pond (approximately 2 m deep compared to 41 m depth at the
wild site) [12]. Stress, as measured through differences in plasma corticosterone levels, has
been observed to increase in individual alligators with higher stocking densities in captive
environments and decrease in individual alligators in wild environments [19]. Increased
stress levels as a result of higher stocking density in the captive site could be a contributing
factor to a decrease in social behaviors observed within the captive congregation when
compared to the wild congregation.

Differences in the level of confinement may also contribute to behavioral differences
observed between congregations. Alligators in an estuary environment exhibit high in-
dividual variation in daily movement distance, but travel on average 0.7 to 3.2 km per
day [20]. The observed wild site has a larger area than the captive enclosure and has
connections with the greater Myakka watershed. The connected open space within the wild
site permitted the wild congregation unrestricted movement and migratory opportunities
not available to the captive congregation.

While human presence and interactions are generally considered confounding vari-
ables in behavioral studies, human presence and interactions with captive animals is
commonly intrinsic to housing animals in a captive setting. As such, maintaining a typical
pattern of human presence during the study period is important for evaluating behavioral
differences between alligators living in wild versus captive conditions. Human presence
influenced alligator behavior in both congregations, but the type of influence and magni-
tude differed. Territorial interactions, which were observed as fighting behaviors between
individual alligators within the captive congregation, were observed most often after a
caretaker entered the enclosure. A caretaker’s entrance always elicited multiple hisses from
the alligators, as well as flushing behaviors. Human-induced behavioral changes have
been observed in other captive reptiles, such as disruption in social hierarchical perching
behaviors of black spiny-tailed iguanas (Ctenosaura similis) when humans are close and
make eye contact with the iguanas [21]. In the wild congregation, hissing was not observed
in response to human presence. The typical response in the wild congregation was flushing
and could occur in response to indirect human presence, such as loud speaking voices, hu-
mans walking in basking spots, aircrafts traveling overhead, and kayaks traveling through
the sinkhole. Conversely, indirect human presence outside of the enclosure was not an
observable agitator in the captive site. When humans entered the enclosure there was
a more pronounced disturbance to the captive congregation’s behavior compared to the
wild congregation’s reaction to humans. The differences in response to humans could in
part be related to proximity between humans and alligators. At the wild site, the distance
between human observers and individual alligators was more variable than the captive
site. In rare instances, visitors were observed violating park rules to get in close proximity
to the wild alligator congregation, at times standing or kneeling within one or two meters
of an alligator. In contrast, the captive site had a large barrier that kept tour groups at least
three meters from the alligators, maintaining a predictable distance between the guests and
the alligators. Both the wild and captive congregations responded to human disturbance
when basking by flushing. Alligators are more vulnerable on land, therefore flushing into
the water is prudent when disturbed [22]. The consistent presentation of flushing across
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context when disturbed suggests flushing may be a flight-based species-specific defense
reaction to disturbance [23].

Flushing in response to anthropogenic disturbance interrupts basking, which is es-
sential for an alligator to maintain proper homeostatic internal body temperature and
the elevated body temperature common to reptiles [24,25]. The maintenance of elevated
body temperature during basking hours in reptiles has multiple benefits for the health of
individuals, including the performance of typical behaviors and the continuation of normal
species-specific growth patterns [22]. The performance of a flushing behavior displaces
an individual for a period of time and can therefore negatively impact the individual’s
energy budget, placing limitations on the performance of other activities [22]. Interruptions
to basking behaviors also cause interruptions to the non-rapid eye movement stages of
sleep in alligators, [24]. Behaviors like basking are commonly influenced by temperature
in crocodilians and indeed we observed a positive correlation between the frequency of
behavioral events and temperature at the captive site (Figure 8) [25,26]. Human presence
had a more pronounced effect on the frequency of behaviors performed within the captive
congregation (Figure 8).

Measuring behavioral differences between wild and captive congregations is only one
potential measure of captive animal welfare and should be interpreted with caution [7].
We identified differences between behavior of captive and wild alligators, but welfare
requires multiple indices to build a robust picture [27-29]. Ideally, both physiological and
behavioral measures should be used, such as cortisol levels, autonomic response, circadian
patterns, changes in behavioral repertoire, and stereotypies [30]. We suggest the diminished
frequency of social behaviors, impoverished social behavior repertoire, and pronounced
occurrence of stereotypies in the captive congregation likely represents compromised
welfare. Further study of alligator welfare in captivity is warranted and should consider,
in particular, incorporating physiological measurements, non-winter seasons, different
congregation densities, and tracking individual differences in behavior.

Concern for reptile welfare in zoos has been growing and includes developing methods
to improve welfare [31-33]. One avenue for improving animal welfare is enrichment, such
as changes to habitat structure, adding olfactory cues, active food searches, and behavioral
training for cognitive stimulation [33-36]. Enrichment methods can decrease stereotypies
in captive animals and should be evaluated for improving captive alligator welfare [37,38].
In a study regarding the behavior of captive green sea turtles, researchers discovered that
general behaviors impact social behaviors [39]. Food enrichment decreased aggressive
behavior displayed and significantly reduced the number of bite wounds inflicted by tank
mates [39]. The findings of that study indicate that a change in the general behaviors
performed, such as artificially simulated food foraging behavior, by captive reptiles can
have a connective relationship with social behaviors performed towards one another [39].

Animal welfare is an important consideration when keeping animals in captivity and
care should be taken to assess their welfare and develop species-specific solutions to address
deficits [29,36,40]. For example, in the case of American alligators, which display patterns
of travel in a natural environment, it is essential to maximize space for the performance of
natural locomotive behavior [20].

Despite concerns regarding the welfare of alligators in certain captive environments,
there are numerous benefits of captive care of alligators. First, captive environments
provide an alternative to euthanizing or relocating nuisance alligators that have come in
conflict with humans [41]. Relocation of the alligators is not always successful at resolving
the conflict because of the tendency of relocated alligators to travel back to original capture
sites [42]. Captive alligators which are kept by private owners and surrendered can also be
provided with a living environment if they are unable to be released when habituated to
or raised in a captive environment [41]. Second, alligators in captivity provide unique op-
portunities for scientific research that are not feasible with wild populations. For example,
captive research of alligators led to the discovery of a new species of mycoplasma bacteria
that causes high mortality rates, and an antibacterial treatment was developed [43]. Third,
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alligators in captivity offer excellent educational opportunities. Education on wildlife
conservation is very commonly taught to the public in zoos and aquariums, with particular
programs increasing awareness, avoidance of harmful behaviors towards animal species
conservation, and supportive behaviors towards species conservation [44]. Hands-on edu-
cational intervention in conservation-related education within zoos and related institutions
have been found to retain information learned after an initial educational experience [45,46].
Frequent visitation to zoos increases visitor attitudes, perceptions, and subsequent actions
towards the conservation of animal species [47]. Learning experiences from educational
intervention on species conservation continue to influence some individuals after the initial
lesson [46].

5. Conclusions

Captive alligators, at our study site, displayed fewer social behaviors than wild alli-
gators and wild alligators displayed more variety in social behaviors. These differences
may occur because of a range of factors, such as differences in stocking density, enclosure
structure and size, human proximity and variation in human behavior, and behavioral
variation in individual alligators. Captive alligators also exhibit high-walking stereotypy
behaviors that may indicate compromised welfare and warrant consideration of enrich-
ment methods to improve welfare. Building on our behavioral findings in the future by
incorporating physiological measures will provide a more complete picture of alligator
welfare in captivity.
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Abstract: Goodfellow’s tree kangaroos (Dendrolagus goodfellowi) are an endangered, arboreal macro-
pod native to the lower, mid-montane rainforests of Papua New Guinea. Despite a number of holders
keeping D. goodfellowi in zoos across the world, there is a lack of recent published work on this
species. Here, we present daytime activity budgets, document height use and provide husbandry
information for two Goodfellow’s tree kangaroos (Dendrolagus goodfellowi buergersi) housed at Chester
Zoo, UK. Throughout the observation period, both individuals spent the majority of their time resting
within the environment but also spent time engaging in vigilance, travel and feeding behaviour.
Additionally, despite the age and sex differences of the study individuals, both animals used the
highest height level in the indoor habitat most frequently. We aim to share our information and
encourage knowledge transfer with other holders, to both increase understanding and promote
evidence-based management of this species.

Keywords: tree kangaroo; zoos; behaviour; activity budget; enclosure use; Dendrolagus; understudied

1. Introduction

Tree kangaroos (Genus: Dendrolagus) are a unique and fascinating member of the
Macropodidae family, which inhabit rainforests across Irian Jaya, Papua New Guinea
and Northern Queensland, Australia [1]. As the name suggests, most species of tree
kangaroo live an arboreal lifestyle, using trees to rest, forage and travel between different
areas [2]. Physiological adaptations such as long claws, rubber-like foot soles, a long tail and
specialized limb morphology allow some species, including D. goodfellowi and D. matschiei,
to be specialists in the forest canopy [3,4].

Behavioural research has revealed that many species of tree kangaroo have low activity
levels, with studies observing individual engagement in long periods of rest followed by
bouts of locomotion [5]. When not resting, tree kangaroos spend time feeding, foraging [6]
and performing vigilance behaviour [7]. Patterns of activity are noted to differ across wild
Dendrolagus species, ranging from crepuscular [8] to nocturnal [9]. However, quantifying
activity patterns and time budgets of tree kangaroos has proved challenging, due to the
difficulty in tracking wild individuals through the dense forest canopy [10]. As such, the
development and evaluation of new non-invasive techniques to monitor tree kangaroos
has become increasingly popular [5]. Some low disturbance methods that are currently
being trailed include faecal and scratch mark monitoring, utilizing remote cameras and
implementing facial recognition software [10].

Identifying new techniques to monitor and observe tree kangaroos has never been
more important as wild populations have plummeted in recent decades, leading to 12 of the
14 species of tree kangaroo being listed as threatened by the IUCN [11,12]. Factors which
are attributed to this decline include habitat fragmentation [13,14], conflict with human
communities and climate change [12]. Dabek and Valentine [12] highlight that the survival
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of tree kangaroos is most strongly linked to the human communities in their native habitat.
However, research suggests that contributions from government, NGO’s and zoos are all
significant and should not be overlooked [12].

Tree kangaroos have been held in zoos for over a century [15] due to their conservation
status and their unique appearance. Extensive population management strategies have
been implemented in the form of international studbooks to ensure ex-situ populations
of tree kangaroos are as genetically diverse and demographically stable as possible [16].
In addition to this, husbandry practices have been evaluated and vastly improved, with
the aim of enhancing the welfare state of zoo-housed individuals [17]. D. goodfellowi has
received an increasing level of attention from the World Association of Zoos and Aquaria
(WAZA), who endorsed a Global Species Management Plan (GSMP) in 2013 for this species.
With an ex-situ population of just 55 individuals, low genetic diversity and low number of
holders, international cooperation has been suggested to be vital for the maintenance of
a healthy, sustainable population of D. goodfellowi in zoos [18]. In addition to facilitating
ex-situ breeding opportunities for threatened tree kangaroo species, zoos provide an
opportunity to study this elusive family of macropods in more detail than would be
possible in the wild. As such, they are well placed to contribute to the knowledge base for
this understudied species.

Data collection on individual-level behaviour is suggested to be of great importance
to the success of keeping tree kangaroos ex-situ [17]. An individual evidence-based man-
agement approach has been paramount in providing optimum care [17], allowing keepers
to adapt husbandry techniques and resource provision based on the needs of each animal.
Throughout the study, we aim to provide husbandry information, outline day-time activity
budgets and document height use of two Goodfellow’s tree kangaroos housed at Chester
Zoo, UK. The aim of this study is two-fold; to provide some information on this under-
studied species and to use the publication of these data to encourage knowledge transfer
between holders of tree kangaroos.

2. Materials and Methods
2.1. Study Subjects

Study subjects were two Goodfellow’s tree kangaroo (1M, 1F) (Dendorolagus goodfellowi
buergersi) housed at Chester Zoo, UK. Goodfellow’s tree kangaroo are an endangered
species of tree kangaroo native to the mid-montane forests of Papua New Guinea [19].
D. goodfellowi are easily distinguishable from other species of tree kangaroo, due to their
warm red coloured pelage, golden yellow limbs and long golden and brown non-prehensile
tail [20]. Sexual dimorphism is limited in this species, with male specimens only slightly
larger than females [3]. D. goodfellowi has a life expectancy of approximately 8 years in the
wild [21] and over 14 years in captivity [15].

At the time of data collection for this study, the male subject was 2 years of age (date
of birth (DOB): 15 May 2017) and the female subject was approximately 18 years of age
(DOB: ~16 December 2001) [22]. Due to the age of the female study subject and the species’
solitary nature within the wild [19] individuals were housed separately for the duration
of the study with alternating access between off-show and on-show facilities. Data were
collected when individuals were housed in the ‘on-show’ facility, so the animals had equal
opportunity to utilize the same space, with the same habitat resources but at different data
collection periods. Individuals were fed on a species-appropriate diet throughout the data
collection period (Appendix A, Figure Al).

2.2. Enclosure Information

Behavioural data collection took place whilst individuals were housed in a custom
tree kangaroo exhibit in the ‘Islands’ expansion of Chester Zoo that opened in 2018. Indoor
enclosure dimensions were 3.65 m (Width) x 0.93 m (Depth) x 4.43 m (Height), giving a
total indoor volume of 15.04 m3. The open air outdoor enclosure dimensions were 247 m?,
with planting and branching available for individuals to climb to a maximum height of
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approximately 4 m. All enclosure dimensions were obtained from architectural drawings
and not measured by the authors.

The outdoor facility was a mixed-species area, with the study subjects sharing the out-
door environment with dusky pademelons (Thylogale brunii). Thylogale brunii are a species
of forest-dwelling terrestrial macropod endemic to Papua New Guinea, currently listed
as “Vulnerable’ to extinction by the IUCN [23]. No interactions between the species were
recorded throughout the observation period. To travel between the indoor and outdoor
facilities, individuals were provided with branching, allowing access to the indoor facility
at a height of 2.6 m. The branching provided differed in texture and width for grip and to
encourage a wider range of movement and utilisation of the facility. To quantify height
use, both the indoor and outdoor habitats were divided into height ‘levels’. Recognis-
able features were used to distinguish between height levels to ensure accuracy of data
collection. Additionally, height levels were divided to include relevant habitat resources
(Table 1). Once height levels had been established, each level was measured (by KF) to
provide additional information for the reader. The substrate of the indoor environment was
coir and the substrate of the outdoor environment was bark chippings. Internal enclosure
temperature was kept between 18-22 °C throughout data collection as recommended in
the species husbandry guidelines [17]. Food was mainly presented in an elevated bowl
(height approximately 1.3 m from the ground), with browse presented at varying heights
within the facility to encourage locomotor behaviours.

Table 1. Indoor and outdoor facility height levels were used to quantify height utilisation. Outlined
are the name of the height level, height in meters of each level and relevant habitat resources within

each area.
Facility = Height Level Height (m) Habitat Resources
Ground level 0 Coir substrate.
Indoor Level One 0.01-1.22 Fixed wooden structure, fixed and flexible branching.
Level Two 1.23-2.56 Food bowl, tree stump, fixed and flexible branching.
Level Three 2.57-4.43 Access to outdoor facility, fixed and flexible branching.
Ground level 0 Bark chipping substrate.
Level One 0.01-1.32 Flexible branching and ferns.
Outdoor Level Two 1.33-2.32 Fixed and flexible branching.

Access to indoor facility, fixed and flexible branching.

Level Three 2.33-4.00 (approx) Includes higher branches of live trees.

2.3. Husbandry Routine

Throughout data collection, both individuals were managed within the same hus-
bandry routine. Daily keeper routine included the following; provision of fresh food as per
species-specific individual diet sheet, cleaning away old food items, removing any soiled
substrate, scrubbing and re-filling water drinkers, watering plants, visual health checks of
individuals and checking security fencing around the exhibit. If required, the following
tasks would also be completed; cleaning of indoor and outdoor windows, replacement of
existing furnishings with new ones, e.g., logs and branching, raking substrate and remov-
ing old debris such as branches, twigs and stones, trimming back foliage within exhibit,
cleaning signage, top-up of substrate within exhibit and public area maintenance.

Procedures and checks are also conducted as part of routine health monitoring. These
include but are not limited to; regular weight measurements, nail inspection for nail trims,
and the collection of faecal samples for the evaluation of female cyclicity and endo-parasite
load. On-site veterinary, endocrinology and specialist animal care staff work holistically to
ensure monitoring is timely and with animal well-being as the highest priority.
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2.4. Behavioural Data Collection

Behavioural data were collected via live continuous focal sampling, for 60 min obser-
vation sessions [24] between the hours of 09:00-17:00 using a pre-determined ethogram
(Table 2, Supplementary Materials) at public viewing areas. Data collection schedule was
designed to ensure each hour period was observed throughout the study period for each
individual. Height utilization data were collected simultaneously using pre-defined enclo-
sure height levels (Table 1, Appendix A, Figures A2 and A3). Behaviour data were recorded
using a Microsoft Surface Go (Model 1.824) tablets programmed with an Excel time stamp
formula (programmed by KF). Behavioural observations were conducted by trained mem-
bers of the Behaviour and Welfare team at Chester Zoo. Although inter-observer reliability
for this study was not calculated, inter-observer reliability scores [24] were calculated for
previous projects with the same observers, with a matched sample score of 85%. The
sampling period for each individual was as follows Male: 20/02/2020-12/03 /2020 (20/02:
2.8h,21/02:3.3h,2/03: 1h,3/03: 1h,5/03: 2h,9/03: 1 h,10/03: 1 h, 12/03: 1 h). Female:
11/11/2019-15/11/2019 (11/11: 1 h, 12/11: 3 h, 13/11: 2.2 h, 14/11: 1 h, 15/11: 2.1 h).
Total observation time was 13.1 h for the male subject and 9.3 h for the female subject.
Average dawn and dusk times for the sampling periods were as follows; Male: Dawn 07:04,
Dusk 17:31, Female: Dawn 07:31, Dusk 16:18 [25].

Table 2. Ethogram of behaviours, allocated behavioural category used for data visualisation, full de-
scription of behaviour and reference for reader to access supplementary files of behaviour. Ethogram
adapted from Dabek [26].

Behaviour . s Supplementary
Category Behaviour Description Video File Reference

Sp. is actively observing and aware of
Vigilance Vigilance surroundings. Eyes are open and individual is alert. S1.1and S1.2
If face not visible then head is visibly moving.

Sp. is actively chewing or consuming food items or
browse. Includes sp. reaching over to retrieve or
manipulate browse or food item. Includes
drinking behaviour.

Feeding Feeding

Sp. is scratching with fore limb or hind limb at a
Grooming Grooming specific area of the body. Includes sp. rubbing
oneself against items within the enclosure.

Sp. is moving from one area of the enclosure to
another, in a forward or backward direction.
Travel Travel Includes horizontal and vertical climbing, leaping S1.3and S1.4
to the ground, descending branches or objects,
quadrupedal walking or bipedal hopping.

Sp. is relaxed with eyes open. Body posture is
Rest Rest—awake slightly curled, with tail hanging down in a S1.5
relaxed manner.

Sp. is relaxed with eyes shut. Body curled with
Rest Rest—asleep face pointing downwards and forelimbs tucked in. S1.6
Other Excretion Sp. is urinating or defecating.
. Sp. is opening mouth widely with a deep
Other Yawning inhalation of breath seen in diaphragm.
Sp. nose is extended towards an area or object.
Other Sniffing Inhalation of air can be seen through flaring S1.7

of nostrils.

The observational data collected here formed part of routine, internal behaviour
monitoring, which was commissioned by the collections staff at Chester Zoo and facilitated
by Chester Zoo’s in-house behaviour and welfare science team to allow for an evidence-
based approach to management of individuals of different age and sex classes.
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2.5. Statistical Analysis

Due to the small sample size of this study, descriptive statistics were conducted in R
(v1.3.2) [27] and presented throughout, with superficial comparisons made between study
subjects using raw data. In line with other zoo-based studies, each day of observation was
treated as an experimental unit; when more than one observation period occurred each day;,
an average of these observation sessions were taken [28]. Shapiro-Wilks tests for normality
revealed the data to be non-normally distributed, as such the results are presented in the
text using median (Mdn) and interquartile ranges (IQR). For results in graphical form,
results are presented using Mdn, first quartile (Q1), third quartile (Q3) and range values of
the data. For additional information, mean values were also presented graphically. ggplot2
R package [27] was used to construct jitter plot graphs.

3. Results
3.1. Activity Budget

Both study subjects spent the majority of the observation period resting (Male; Mdn:
52.57, IQR: 22.06, Female; Mdn: 79.64, IQR: 16.790, Figure 1), followed by vigilance be-
haviour (Male; Mdn: 28.70, IQR: 20.76, Female; Mdn 11.06, IQR: 2.29, Figure 1). ‘Other’
behaviours includes excretion, yawning and sniffing (Table 2). The male spent 5.33% more
time feeding and 1.98% more time travelling than the female during the observation period
for each individual.

[
rtion of time

Proportion

Figure 1. Proportion of time (%) the (a) male study subject and (b) female study subject engaged
in each behavioural category throughout the data collection period. Time budget displayed using
boxplots outlining the first quartile, median, third quartile and range of the data. Jitter plots used to
visualize each collected data point represented by black circles. Red star denotes the mean value of
time spent engaging in each behavioural category.

3.2. Height Utilisation

As the size of the height levels were not consistent between the indoor and outdoor
environment, results for individual height utilization during the study period were inves-
tigated separately. Average proportion of time spent in the outdoor habitat was low for
each individual, with the male and female study subject spending 9.64% and 0.85% of total
observation time outdoors, respectively. In consequence, height use data from the outdoor
environment were not presented in a graphical format.

135



J. Zool. Bot. Gard. 2022, 3

(%)

Proportion of time

When using the indoor habitat, the male subject spent most of his time at height level 3
(Mdn: 63.04, IQR: £ 10.98, Figure 2), followed by height level 2 (Mdn: 34.84, IQR: £+ 17.15),
ground level (Mdn: 3.91, IQR: &+ 4.72) and the least amount of time at height level 1 (Mdn:
3.51, IQR: £ 7.99). When using the indoor habitat, the female study subject also utilised
height level 3 most frequently (Mdn: 41.05, IQR: £ 50.19, Figure 2), followed by height level
1 (Mdn: 15.50, IQR: £ 27.24) then height level 2 (Mdn: 12.79, IQR: &£ 55.18). The female
study subject spent no time at ground level throughout the study period (Mdn: 0, IQR: =+ 0).

()

Proportion of time (%)

Level 2 Level 3 Ground Level 1 Level 2 Level 3

Height level Height level

Figure 2. Proportion of time (%) the (a) male study subject and (b) female study subject spent at
different height levels whilst in the indoor habitat. Height use data displayed using boxplots outlining
the first quartile, median, third quartile and range of the data. Jitter plots used to visualize each
collected data point represented by black circles. Red star denotes the mean value of time spent
utilizing each height.

4. Discussion
4.1. Activity Budget

Tree kangaroos are notoriously elusive [29]. Therefore, the observation of these in-
dividuals in a zoo environment provides a unique opportunity to add to the knowledge
base of this understudied species. Research has highlighted the low activity levels of this
species, reporting long periods of resting behaviour interspersed with locomotion and
feeding behaviour [5]. A similar trend was found within this study with both individuals
spending the majority of their time resting (Figure 1a,b). Additionally, both individuals
spent a proportion of time engaging in ‘vigilance” behaviour. Although Goodfellow’s tree
kangaroos do not encounter many predators of a similar body size in their native Papua
New Guinea, both arboreal and terrestrial predators, including humanes, still pose a risk [7].
Studies on Lumholtz’s tree kanagroos (D. lumholtzi) highlighted an increase in vigilance
behaviour when exposed to odour cues from predatory species [7]. This suggests that as a
species vulnerable to predation, vigilance behaviour can form an important part of a tree
kangaroos’ activity budget. Furthermore, as this data collection took place whilst the zoo
was open to the public, there could be the potential for human disturbance to be causing
the study animals to display increased vigilance behaviour. Zoo visitors have been known
to cause behavioural change in zoo-housed individuals [30], however the visitor effect has
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yet to be evaluated on this species. Further data collection, over a 24 h period or when
individuals are housed off-show, may be useful to consider whether visitor presence may
be affecting the activity budget of the study subjects.

When investigating time spent travelling, the female study subject spent 1.98% less
time engaging in travel behaviour than the younger male subject. Most species of tree
kangaroo are exceptionally well adapted climbers, allowing for individuals to navigate with
ease through their native habitat of rainforest canopy [19]. However, to ensure optimum
welfare experience, captive facilities may necessarily modify habitat resources to facilitate
individual requirements [17]. Additionally, it is important to note that the behaviour data
collection only occurred between the hours of 09:00-17:00, thus is not representative of a full
24 h activity budget for these individuals. Tree kangaroo activity budgets have been found
to differ amongst species, ranging from crepuscular to nocturnal [8,9]. Thus, natural activity
patterns may also be a factor to take into consideration alongside seasonal climate differences,
individual differences in behaviour, ‘observer error” or the subtle influence of having another
species in the outdoor-environment, when interpreting results or using these data as a
comparison. Although only descriptive statistical comparisons were made throughout
this study, sexual dimorphism should be another factor to consider when interpreting and
comparing results between male and female study subjects in other institutions.

4.2. Height Utilization

As a species known to spend a vast majority of their time at height [3], zoos housing
tree kangaroos are advised to build environments which both encourage and facilitate an
arboreal lifestyle [17]. Despite the differences in age and sex class between the individuals
studied, both study subjects utilized the highest height level within the indoor habitat most
frequently (Figure 2a,b). During the study, the female did not spend any time at ground
level. This is not uncommon for tree kangaroos as it has been observed that some species,
including D. lumbholtzi, are much more vulnerable to predation when on the ground [31].
Further work has stated that Lumholtz’s tree kangaroos may come to the ground only as a
flight response when startled, but then swiftly return to the forest canopy [32]. These works
highlight the importance of understanding wild-type baseline behaviour in order to make
accurate and species-appropriate interpretations of data collected in a zoo environment [33].
As such, for an arboreal animal such as a tree kangaroo, no utilization of the ground level
of the indoor habitat should not be an area of great concern. However, the suggestion
could be made to review the branching and structures within these under-utilised height
levels to assess whether this area could be modified to facilitate easier access for the
geriatric female, ensuring this individual can exercise a level of choice and control over
their environment [34]. Anecdotally, towards the end of the study, observers noted the
female subject utilizing a solid box within the exhibit, particularly as an area to rest.
Thus, with collections housing older individuals, the implementation of wider more solid
structures such as platforms may be of use to provide additional resting opportunities.

4.3. Husbandry Routine

Modern zoos aim to achieve more than simply exhibiting an animal to visitors [35].
Habitats and husbandry routines are continually enhanced to ensure animal welfare is
the top priority. In order to create suitable environments and provide optimum care for
individuals, a knowledge of the species’ natural history is paramount [17]. As discussed,
tree kangaroos are arboreal, forest dwelling species [19]. Thus, the habitat at Chester
Zoo aims to facilitate an arboreal lifestyle by including a network of branching, plants
and structures. Husbandry routines and the facility size allows individuals to be kept
separately to replicate their solitary nature in the wild. Provision of a species appropriate
diet of vegetables, leafy greens and browse meets the nutritional requirements for a folivore
such as the tree kangaroo (Figure Al). The results of this behavioural study highlight
that individuals at our facility do not engage in abnormal repetitive behaviour and have
a mainly arboreal lifestyle. The provision of this information allows keepers to have an
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evidence-base from which to make management decisions and highlights areas for further
improvement, such as the inclusion of additional structures for resting opportunities.

Opverall, we hope the publication of this information will be useful to animal care staff
and researchers, promoting individual-based monitoring and evidence-based management
of this arboreal macropod. Additionally, the authors hope this work will contribute to
the knowledge base surrounding zoo-housed tree kangaroos and will be of particular
use to holders housing D. goodfellowi, a sub-species of tree kangaroo for which published
information on zoo-housed individual behaviour is especially limited.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10
.3390/jzbg3010009/5s1, Video: S1.1-51.7: Full descriptions of behaviour.
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Appendix A

| Kayjo (€19128) Sangria (C1782) |

D RED

QUANTITY TEMPORARY QUANTITY

Primate Leafeater pellets - Mazuri ~ 50

[Macropod pellets - Mazuri s0g

Luceme pellets - Dengie 50g

[Vegetable mix - select 2 from: 350g

uiergive. buttermut squash, raceo,care,

e —

Leafy greens - alternate between: 350g

cicory. sak-cro. spirach.estuce

Browse Min. 1 branch

Egg, hard-boiled 0.5 item

Any changes to these quantities must be noted on the daily report |
D D
M T w T G s s | other

Primate Leafeater pellets - Mazuri Daily

[Macropod pellets - Mazuri Daily

Lucerne pellets - Dengie | | x| | | [ x

[Vegetable mix Daily

Leafy greens Daily

Browse Daily

Egg, hard-boiled T | | | | x | |

PREPARATION NOTES PRESENTATION NOTES

[Most produce items should be cut to long “stick™-
shapes to make them easier to grab, however some
[should be cut to be more difficult to grab to increase
feeding activity

Leafy greens can be offered whole or lightly chopped

OTHER NOTES
Fruit (apple, pear or banana, max 50g in total per day) can be used as training rewards

Figure A1. Diet sheet of Dendrolagus goodfellowii provided to study subjects throughout the observa-
tion period. Diet quantities displayed were those provided per individual.
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Level Two

Figure A2. Image outlining pre-determined height levels used throughout data collection within the
indoor habitat.

Ground level

A3

b

Figure A3. Image outlining pre-determined height levels used throughout data collection within the
outdoor habitat.
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Abstract: Enrichment has become a key aspect of captive husbandry practices as a means of improv-
ing animal welfare by increasing environmental stimuli. However, the enrichment methods that are
most effective varies both between and within species, and thus evaluation underpins successful
enrichment programs. Enrichment methods are typically based upon previously reported successes
and those primarily with mammals, with one of the main goals of enrichment research being to
facilitate predictions about which methods may be most effective for a particular species. Yet, despite
growing evidence that enrichment is beneficial for reptiles, there is limited research on enrichment for
Varanidae, a group of lizards known as monitor lizards. As a result, it can be difficult for keepers to
implement effective enrichment programs as time is a large limiting factor. In order for appropriate
and novel enrichment methods to be created, it is necessary to understand a species’ natural ecology,
abilities, and how they perceive the world around them. This is more difficult for non-mammalian
species as the human-centered lens can be a hinderance, and thus reptile enrichment research is slow
and lagging behind that of higher vertebrates. This review discusses the physiological, cognitive, and
behavioral abilities of Varanidae to suggest enrichment methods that may be most effective.

Keywords: captive; reptile; welfare; cognition; play

1. Introduction

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

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

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

2.2. Do Reptiles Benefit?

Despite the attention bias, this is a developing field (Figure 1), and the studies that
have been published in peer-reviewed journals support the notion that reptiles benefit
from enrichment [21,26-31] and that it is in fact essential [32]. Evidence for enrichment as a
beneficial practice with reptiles is documented through an increase in natural behaviors
and relaxed postures under structural enriched environments [33,34]. Additionally, the use
of chemosensory enrichment (scent of conspecifics, based upon the species natural ecology)
significantly (p < 0.001) reduced the occurrence of abnormal behavior (escape attempts)
in wild-caught brown wall lizards (Podarcis liolepis) by 38% [27]. Similarly, the use of fish-
scented enrichment cups resulted in a reduction in escape behaviors of aquarium-housed,
freshwater turtles (Trachemys scripta and Pseudemys concinna), although there was an increase
in aggression, which demonstrates the need to assess the efficacy of any new techniques
before implementation [35]. When offered multiple forms of enrichment, leopard geckos
(Eublepharis macularius) interacted with all forms and, in particular, to a feeding puzzle and
to structural enrichment placed under a heat source [31]. The alternative forms, sensory
(mirror and olfactory) and novel object enrichment, elicited less engagement; however, this
highlights that the enrichment should be species-specific and biologically or ecologically
relevant. In addition to simply documenting a difference in behavior, when given choice
(and thus some level of control), corn snakes (Pantherophis guttatus) displayed more time
occupying structurally enriched enclosures over standard housing [34]. Clearly, reptiles
respond to, and benefit from, the provision of enrichment.
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Figure 1. Number of publications using the terms ‘reptile enrichment’” from Web of Science over the
past 30 years, as of October 2021.

Many enrichment studies have been carried out with relatively small sample sizes,
often representing case studies of a few individuals. While large sample sizes are important
for generalizability to the wider population as a means of predicting the most effective
enrichment methods [36], there is also value in studies with small sample sizes [37,38], typ-
ically true of zoos [18]. While different complexities in enclosure design [39], confounding
factors of sex, age [27], and individuality and the measures used to evaluate the enrich-
ment [40] can lead to issues in generalization of the design, enrichment studies, in many
cases, require an individual approach [41,42]. Differing past experiences, temperament,
genetics, and coping mechanisms may lead to different preferences, while some individ-
uals may, for example, choose tactile stimulation, others may choose food rewards [43].
The individual approach can also aid enrichment designs for individuals with additional
needs [29]. However, for wider application, well designed studies with robust samples
sizes are still needed to improve internal validity and ensure any changes are due to the
design and not simply chance or impacted by keeper interactions and/or social learning
from other individuals when housed together [44]. Thus, both small and large sample sizes
are valuable and necessary in advancing reptile enrichment practices.

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

2.3. The Necessity of Evaluation

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

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

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

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

3.2. Cognitive Abilities

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

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

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

3.3. Play Behaviour

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

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

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

5. Conclusions

It has been over 25 years since Bennett [56] stated that monitor lizards have not been
given the attention they deserve, and from the current review, this statement appears to
hold true. There is growing evidence that enrichment is beneficial to reptiles and that
this should be integral to their care and not just an additional luxury. Their cognition and
behavioral flexibility are arguably comparative to that of mammals. Given the impressive
cognitive abilities of varanids, as well as their propensity for play, it is likely that they
are susceptible to boredom as a result of an unstimulating environment. Research that
documents training programs with such species is needed to help inform evidence-based
practice and this should include training for reintroductions and translocations. More
cognitive studies are needed on varanids to continue to explore the extent of their abilities,
including social learning and the extent that social enrichment is needed and to investigate
cognitive enrichment that challenges and provides an opportunity to learn new skills that
help them cope with the environment. Furthermore, future research is needed to investigate
whether the affective states of varanids can be accurately measured in order to provide
an additional means of assessing welfare, thus aiding in enrichment evaluation. If these
lizards are to be provided with a high quality of life, then they should be provided with
appropriate enrichment. This starts with the empirical evaluation of anecdotal methods
that have been reported to be successful by varanid keepers. However, it is essential
that any subsequent behaviors that are elicited are recognized as those generated within
conditions of captivity, and these should never undermine any thorough investigation of
species-specific varanid behavior in the wild [72].
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Abstract: Maintaining Gymnophiona in captivity provides opportunities to study the behaviour
and life-history of this poorly known Order, and to investigate and provide species-appropriate
welfare guidelines, which are currently lacking. This study focuses on the terrestrial caecilian Herpele
squalostoma to investigate its sensitivity to disturbances associated with routine husbandry needed for
monitoring and maintaining adequate wellbeing in captivity. Fossorial caecilians gradually pollute
their environment in captivity with waste products, and substrate must be replaced at intervals;
doing so disturbs the animals directly and via destruction of burrow networks. As inappetence
is frequently associated with stress in amphibians, the percentage consumption of offered food
types, river shrimp (Palaemon varians) and brown crickets (Gryllus assimilis), was measured as an
indicator of putative stress following three routine substrate changes up to 297 days post-substrate
change. Mean daily variation in substrate temperatures were also recorded in order to account for
environmental influences on food consumption, along with nitrogenous waste in tank substrate
prior to a substrate change and fresh top soil in order to understand the trade-off between dealing
with waste accumulation and disturbing animals. We found a significant negative effect of substrate
disturbance on food intake, but no significant effect of prey type. Variations in daily soil temperatures
did not have a significant effect on food intake, but mean substrate temperature did. Additionally,
substrate nitrogenous waste testing indicated little difference between fresh and tank substrate. In
conclusion, this study provides a basis from which to develop further welfare assessment for this
and other rarely kept and rarely observed terrestrial caecilian species.

Keywords: amphibian; behaviour; diet; nitrogenous waste; welfare; zoo research

1. Introduction

Within zoos and other industries maintaining wild animals in captivity, there is a
necessary balance to be struck between providing husbandry needs for captive animals and
reducing negative effects that such provision may elicit [1]. Zoo licencing for the United
Kingdom (UK), for example, outlines that animals should be checked twice daily while
avoiding unnecessary stress or disturbance [2]. For some species, a frequency of twice daily
checks is not feasible either due to the species’ natural history making them difficult to visu-
ally monitor e.g., fossorial, or because such checks are intrusive and cause significant stress
to the animals. Most disturbances such as enclosure changes, handling and restraining, and
transportation are temporary and create a short-term change in behavioural responses and
glucocorticoid hormone production [3,4]. However, frequent negative events can cause
chronic stress, which in turn causes negative morphological and behavioural responses.
Chronic stress may be visible in amphibians through reduced feeding, behavioural inhibi-
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tion or decreased activity, hiding, fearfulness, frequency of startle responses, stereotypies,
raised or changed posture and/or displacement behaviours [5-8].

However, behavioural responses can often be difficult to interpret and a good under-
standing of what is deemed an appropriate response and what are abnormal or deleterious
responses for both the individual and the species is needed [3,9]. Changes in activity
or arousal can equally be caused by positive or negative stimuli, and these should be
interpreted in the context of what might be typical for that species and for the situation.
The frequency of arousing events is also expected to impact activity and behavioural re-
sponses. A good knowledge of the species’ natural history as well as individual animal
history is needed to fully understand their husbandry needs [3], but for many rarely seen
and understudied species this dearth of knowledge can create challenges for quantifying
optimum requirements within captive settings.

One such group of little studied and poorly known animals are the elongated, limb-
less amphibians, caecilians (Order: Gymnophiona). There are about approximately
215 currently recognised species within the Order [10] with only six species currently
being kept in zoos [11]. Many terrestrial caecilian species spend most of their lives in
soil, making these animals difficult to monitor [12,13]. Alongside invertebrates, fossorial
(burrowing) caecilian species may play an important part in engineering and maintaining
ecosystems by influencing the structure of the soil and the distribution and cycling of
organic matter [14-17]. However, caecilians are generally understudied, with most studies
on fossorial vertebrate species focussing on burrowing mammals [15] in conjunction with a
general overall bias away from studying amphibians [18]. Additionally, within amphibian
research, caecilians, in general, are one of the least studied groups. As well as potentially
providing direct benefits to species conservation, maintaining caecilians in captivity pro-
vides an opportunity to study various aspects of their biology, and develop and validate
methods that can be used to understand and conserve them [13,19-25].

In this work, we studied the Congo caecilian (Herpele squalostoma), a fossorial caecilian
from lowland forests and agricultural habitats across Nigeria, Cameroon, Central African
Republic, mainland Equatorial Guinea and Bioko Island, Gabon, Congo, and the western
Democratic Republic of Congo, with possible records in Angola [26]. Herpele squalostoma is
reported to be locally abundant and sporadically traded (in large numbers on occasion) in
the commercial international pet trade [12,20,27]. Despite this reported abundance, little is
known about the ecology of this species [28]. Listed as Least Concern [26], H. squalostoma
is not threatened, however this species can act as an analogue model to develop caecilian
husbandry techniques to apply to more threatened taxa [29]. Currently this species is
poorly represented in zoological collections that may aid in natural history research, with
only 13 animals maintained between two institutions [11]. Due to the fossorial nature of
this, and most, caecilian species it is difficult to monitor and assess behavioural responses
that could inform welfare provisions within captive settings [13]. Prey consumption where
food items are placed on the surface is one of the few visual and external measures of
wellbeing for this study species.

This study evaluates the effects of disturbance from three substrate change events on
the food consumption in H. squalostoma. We propose the proportion of prey consumption is
a suitable, non-invasive, measure of putative stress in that species. Through this work, we
aim to better understand the susceptibility of H. squalostoma to environmental disturbance
and provide evidence to inform best husbandry practices that reduce negative welfare
impacts and ensure that these needs are met.

2. Materials and Methods
2.1. Animal Models, Experimental Design, and Data-Collection

Four H. squalostoma of unknown sex and age were maintained at the Zoological Society
of London (ZSL) London Zoo, on loan as part of a collaborative project with the Natural
History Museum’s Herpetology Research Group. Animal lengths ranged from 51.5-56.9 cm
(as of February 2021) indicating that all animals were of adult age, though the exact ages
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are unknown. The enclosure was designed to mimic descriptions and photographs of wild
habitat [9,28,29]. They were housed as a groupina 135cm L x 71 cm H x 60.5 cm W glass
enclosure (Custom Aquaria, Rushden, UK) with a substrate depth of 30 cm at the front of
the tank, sloping upwards to a depth of 43 cm at the rear which was intended to improve
the visitors view and the aesthetic of the enclosure. The enclosure had a small open column
of water in the back right corner at a depth of 16-21 cm, permeable via a cork barrier to the
substrate layer and planted with Radican Sword (Echinodorus muricatus). This allowed for a
permanent layer of water in the base of the enclosure, ensuring the substrate layer retained
moisture. Grasses (Carex morrowii and C. m. variegata) were planted in the terrestrial areas
to provide surface cover, substrate structure and root structures for egg clutches to be laid
around [30-32]. The substrate consisted of topsoil with buried masses of dried leaves of
mixed tree species, cork tubes lined with clay and branches to provide potential nest sites.

Substrate minimal and maximal daily temperatures were recorded with a digital
probe thermometer (ETI Ltd., Worthing, UK) at approximately 20 cm substrate depth from
the surface, enabling us to approximate daily mean substrate temperatures as (Tmin +
Tmax)/2 (thereafter referred to as “average temperature”), and the daily range of substrate
temperature variation (Tmax-Tmin) on feeding days. Readings of maximum and min-
imum temperatures were taken only once per day. The room climate control provided
ambient temperatures aligning with climate data for Yaounde, Cameroon based on field
study sites [30]. Outdoor temperatures and sunlight influenced the substrate tempera-
tures somewhat because the public-facing side of the tank is within 2 cm of the room
show window.

The caecilians were fed a diet consisting of defrosted river shrimp (Palaemon varians)
kept whole or halved if >2 cm total length; defrosted, gut-loaded, killed adult brown
crickets (Gryllus assimilis); and small live worms (Dendrobaena sp.). Weights of whole
shrimp were c. 0.3 g and brown crickets c. 0.5 g. This was designed to replicate the wild
diet within the confines of what we can reasonably source [33,34]. Each prey type was given
independently on a set schedule alternating between food types, and the animals were fed
three times per week (Monday, Wednesday, and Friday) between 8:30 a.m.-5 p.m., most
often before 12 p.m. Shrimp or crickets (Shrimp, Max = 54, Min = 12, Median = 27; Cricket,
Max = 45, Min = 12, Median = 25) were offered on feed days, placed near burrow entrances
to increase accessibility for the animals. The remaining number of prey items were counted
the following day before being discarded. Live Dendrobaena worms were offered once per
week on a set feed day but were excluded from this study as they could not be counted and
removed without substantial disturbance to the animals. The number of prey items offered
were relatively the same quantity irrespective of the number of tunnel entrances available,
which greatly reduced post-substrate change. Because the quantity and size of the prey
items offered varied between feed days, the proportionate consumption was calculated.
Food intake was recorded after every non-worm feed, with a total of 147 observations
over the course of our study, which lasted a total of 598 days (from 7 February 2020 to 27
September 2021).

Substrate changes for the study caecilians are typically performed every six to eight
months to minimise frequent disturbance to animals and burrow structures while providing
adequate environmental needs, for example by preventing the build-up of nitrogenous
waste to detrimental levels. Due to an interruption from the 2020 COVID-19 pandemic,
which created staff shortages and increased pressure on staff workload, a substrate change
was postponed and occurred approximately ten months (297 days) after the previous
change. During substrate changes the animals are caught, placed into separate plastic 9 L
Really Useful Boxes (Really Useful Products Ltd., Castleford, UK) filled nearly full with
tank substrate, to allow the animals to burrow, before being visually checked, weighed, and
photographed for subsequent morphological measurements via Image]J (https://imagej.
nih.gov/ij, accessed on 21 September 2021) [35]. The enclosure was then stripped with
all old substrate discarded and replaced with fresh 25 L bags of topsoil (B&Q, London,
UK) that was pre-warmed to the same temperature as the enclosure substrate. Plants and
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furnishings were retained and replaced in the enclosure with the new substrate. Caecilians
were then reintroduced to the enclosure by placing them on the surface of the new substrate.
Substrate change duration were between four to five hours and animals were not fed while
contained in the Really Useful Boxes. A subsequent change occurred within the usual time
frame at around seven months (218 days) from the last change. Substrate changes were
carried out on 26 November 2019, 21 April 2020 and 16 February 2021.

Substrate samples were taken from the tank during the removal of the substrate on
the day of the most recent substrate change, and of fresh substrate taken directly from the
bags of topsoil, provided by the supplier. Samples were taken from three locations within
the tank, and from three different randomly selected bags of fresh substrate. Samples were
only taken once, during this most recent change, and results did not include previous
substrate changes. Samples of 10 g substrate were suspended in 100 mL reverse osmosis
(RO) water before being filtered through coffee filter paper (Filtropa Unbleached Coffee
Filter Papers, Size 4) overnight at a temperature of 0.3-0.5 °C. The sample water was
removed with a pipette so as not to disturb the final sediment layer. This was tested
with Salifert profitest (Duiven, Netherlands) nitrate water tests and Palintest (Gateshead,
UK) ammonia and nitrite water tests using a Palintest Interface photometer 7500. The
concentration of ammonia, nitrite and nitrate was recorded to assess waste build up in the
substrate and the mean test results were calculated per condition. These variables were
also measured against the RO water to control for any nitrogenous waste contamination.

2.2. Statistical Analysis

A full generalized linear mixed model (GLMM) was built with a binomial error distri-
bution and a logit link function [36] for the proportion of food items eaten as the response
variable, to test for the effect of temperatures on amount consumed. Days since the last
substrate change, the food type (crickets or shrimps), the daily mean temperature, and the
daily range of temperature variation were tested as covariates, and the substrate change
number was implemented as a random effect to control for differences in intercepts due to
repeated measures on the same group of individuals [37]. Using a frequentist hypothesis
testing approach, the significance of each covariate was tested using Walt z-tests to deter-
mine the best structure for our final model. Our final model’s assumptions were verified
graphically (Appendix A, Figure Al) and its fit was assessed using Bolker’s dispersion
estimate and marginal and conditional R? metrics [38]. Parameter estimates were all cal-
culated using Laplace approximation [39]. Analyses were conducted using the packages
Ime4 [40] and MuMIn [41] in the software R version 4.1.0 [42] and is available in open-
access at https:/ /github.com/LeaFieschiMeric/substrate_change_in_herpele (accessed on
28 October 2021).

3. Results

The daily variation in temperature and the type of food provided did not have a
significant difference on the proportion of food items consumed (respectively, z = 0.031,
p-value = 0.975; z = 0.851, p-value = 0.394). However, average temperature has a signif-
icantly negative effect on the food intake (z = —3.424, p-value < 0.05, Figure 1A). The
proportion of food eaten significantly increases with time since last substrate change
(z =7.624, p-value < 0.05, Figure 1B).

Average substrate temperatures ranged from 23.3 °C to 30.4 °C with a daily substrate
temperature variation of 0.1-5.8 °C on feeding days. The room climate control provided
ambient temperatures between 25.7-33.3 °C day-time maximum and 20.9-30.5 °C night-
time minimum. Outdoor temperatures and sunlight influenced the substrate temperatures
somewhat as the public-facing side of the tank is within 2 cm of the room show window.
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Figure 1. Scatterplots of the proportion of food items eaten by captive Herpele squalostoma depending on the significant

regression parameters: (A) the average substrate temperature and (B) the time since the substrate was last changed.

Our final model includes the time since last substrate change and the average temper-
ature as covariates, and the substrate change number as a random effect. The graphical
assessment of the residuals (Appendix A, Figure A1) and the conditional R? (Table 1) in

our final model suggest an acceptable fit.

Table 1. Regression parameters estimates on the log-odds scale, with their standard errors and z-values, for all covariates

used in our final model, along with odds-ratios (OR) and confidence intervals given on the scale of the linear predictor.

Model fit is acceptable according to the estimated measures of variance and dispersion.

Final Model Estimate Std. Error z-Value OR 2.5% CI 97.5% CI
Parameter estimates
Intercept 2.580 0.848 3.041 2.506 69.789
Days since substrate change 0.004 0.0005 7.678 1.004 1.003 1.005
Average substrate temperature —0.11 0.032 —3.524 0.896 0.838 0.951
Model fit
R? marginal 0.453
R? conditional 0.453
Dispersion estimate (Chi?) 5.49

Every subsequent day after a substrate change, the proportion of food intake increases
by 1.004, showing a cumulative increase of the proportion of food eaten over time after
a substrate change. Conversely, for every 1 °C increase in the substrate temperature the

caecilians consume 1.11 times less food.

Tests for ammonia, nitrite, and nitrate (mg/L) were carried out for tank substrate
at 218 days after a substrate change and for fresh substrate from three random bags of
commercially bought topsoil (Table 2). Water tests for the RO water used to suspend the
substrate samples showed a mean ammonia of 0 mg/L (N = 1), nitrite of 0.01 mg/L (N =1)
and mean nitrate of 0 mg/L (N = 1).
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Table 2. Concentrations of ammonia, nitrite and nitrate (mg/L) for tank substrate (at 218 days after
the previous substrate change) and fresh substrate. Mean, median, range and N values are recorded.

Tank Substrate Fresh Substrate
Ammonia Nitrite Nitrate Ammonia Nitrite Nitrate
mg/L mg/L mg/L mg/L mg/L mg/L
Mean 0.03 0.03 0 0.04 0.06 2.00
Median 0.02 0.03 0 0 0.05 2.00
Range 0-0.07 0.02-0.04 0 0-0.12 0.05-0.07 2.00
N 3 3 3 3 3 3

Following the previous substrate change delayed by COVID mitigations and staff
work demands, when removed from the enclosure all caecilians were considered healthy
and increased in length and weight. Therefore, it is unlikely this prolonged period of an
additional 2 months between changes had any visual detrimental effects.

4. Discussion

The complete destruction of the burrow systems of captive Herpele squalostoma in this
study after a substrate change created an expected reduction in consumption due to the
lack of accessibility to the surface and prey items left on the surface of the substrate (i.e.,
shrimp and crickets but not worms). However, this study shows that after the animals
had re-built new burrow exits, consumption of the river shrimp and crickets remained
reduced for an extended period. The exact timescale of the re-formation of burrow exits
was not measured but anecdotally 1-2 exits were formed within a week and several
exits ranging across at least half of the tank we made around 4-6 weeks after a substrate
change occurred. This suggests that the disturbance from substrate changes did not only
create short-term physical barriers to consumption but also longer-term psychological or
behavioural barriers.

This species’ natural history and the quantity of prey they typically consume in the
wild is unknown. Therefore, low consumption is a relative term. In our study, we observe
a large range of variation in the proportion of food eaten (we record values from 0 to 100%
of offered items consumed) with a mean of 50% of offered items consumed. Indeed, these
proportions are directly influenced by the total number of items offered, which varied
greatly. There seems to be a plateau in the number of items eaten (maximum number
of items eaten = 38, although maximum number of items offered = 54), corresponding
to a mean of 9.4 items per individual. On average, 13.5 items were eaten in total, which
corresponds to slightly more than 3 food items per individual. There was no trend in the
number of items offered over time indicating that trends in consumption were not related
to food increasing or decreasing over time. Future studies should use a fixed total number
of food items proposed every day and try to determine typical food consumption per
individual instead of in a group. Statistical tests confirm a significant effect of the length
of time after a substrate change with percentage consumption with a cumulative increase
over time post-disturbance. Daily variations in temperature did not significantly affect
percentage of consumption. The average substrate temperatures did have a significant
effect, with these individuals feeding less at higher temperatures.

The build-up of nitrogenous wastes in the substrate is one of the main concerns when
providing adequate captive welfare and when determining the length between substrate
changes in this species, because high levels of nitrogenous waste can have detrimental
health effects for amphibians [43,44], such as increased mucous production, change in skin
pigmentation as well as immunosuppression and increased vulnerability to disease [45].
Recommended nitrogenous waste concentrations for amphibians are <0.2 mg/L ammonia,
<1.0 mg/L nitrites and <50 mg/L nitrates (both tank soil and fresh substrate in this study
fall within these acceptable parameters) [46].

The nitrogenous substrate tests indicate that there is a small difference between values
between substrate 218 days after the previous change and fresh substrate. Therefore, to
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reduce the disruptive effects of substrate changes, the frequency of substrate changes
could be reduced in this captive group. Further experimentation needs to be carried
out to determine the maximum time between changes before substrate quality becomes
detrimental, but routine substrate tests could be used to inform substrate change frequency
in the same way as is used as standard to inform aquarium water changes. In addition, the
levels of nutrients in fresh, commercially bought topsoil is on average, slightly higher in all
nitrogenous waste value concentrations. However, the concentration is also more variable
between bags provided by suppliers, and the plants in this enclosure most likely reduced
the build-up of nitrogenous waste and/or reduced the higher ammonia values from the
fresh substrate [44]. Further experiments could be done to compare sparsely and heavily
planted enclosures and the speed at which nitrogenous wastes build up over the same time
periods. It is noted that some caecilians may favour and thrive in nutrient-rich substrates.
For example, Siphonops annulatus is highly associated with organically rich, fertile, and
humid soils in cabruca cacao plantations [17]. However, this preference for nutrient-rich
microhabitats may be explained by humidity, temperature, or abundance of prey rather
than nutrient richness, though cannot be confirmed. However, as the detrimental levels of
nitrogenous waste for specifically caecilians are unknown and preference of soil richness
varies between species, the natural history and wild habitat of each species should be
considered when determining disturbance from substrate change frequency.

Some caecilian species might have (semi-) permanent burrow structures; therefore, the
removal and disturbance of substrate could potentially be more detrimental to these species
than those that do not have such permanent burrow structures [15,47,48]. Boulengerula
boulengeri, for example, are more abundantly encountered during digging than during other
sampling methods such as pitfall traps and visual surveys on the forest floor surface [49],
possibly suggesting the use of permanent burrows in a particular soil depth range [50].
However, the movement of this species between burrows and the frequency and duration
of use is unknown to confirm whether these are permanently used. Some species may show
large home areas such as Gegeneophis ramaswamii which have been shown to have large
movements in and out of a sampled study area of 100 m? [15]. Other species are epigeic for
at least some part of the time, for example ichthyophiids or scolecomorphids [48,51]. Some
caecilians may tolerate disturbed habitats; population densities of B. faitanus were greater
in agricultural land than in forest [49]. The particular species” natural history is important
to consider because disturbances in captivity to tunnels systems may have stronger welfare
implications to some species over others.

Another variable that may also impact the determination of substrate change fre-
quency is the preferred compression and hardness of the substrate [22]. Additionally,
burrow permanence is likely dictated by soil type. The substrate is a basic factor in ter-
restrial caecilian husbandry; however, there is little data on preferences in the wild or in
captivity [22]. For some species, it may be beneficial to have relatively frequent substrate
changes if they prefer softer, less compacted substrate. Additionally, the composition of
some softer substrates, such as wood pulp-based substrates like Megazorb Animal Bedding
(Northern Crop Driers, Melbourne, York, UK) which has been used to house terrestrial
caecilians [22,25], will decompose faster or allow for a faster build-up of nitrogenous wastes.
Artificial paper-based substrates do not support live plant growth and accumulate bacte-
rial growth much more rapidly [52]. The more rapid decomposition of some substrates
again raises the dilemma of balancing the minimisation of disturbance and destruction of
burrows against providing preferred substrate hardness or types and substrate chemical
parameters. It has been noted that both Geotrypetes seraphini and Microcaecilia unicolor
favoured Megazorb over coir in choice chambers [22,25].

There are several limitations to this study due to the lack of available knowledge on this
species’ natural history, the concealment of the usual behavioural indicators for assessing
welfare due to their fossorial nature. Additionally, this study provides an indicator of
group behaviour rather than individual behaviour; therefore, individual welfare cannot be
assessed, and changes may not benefit all individuals equally [1]. Results may have skewed
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if one individual behaved largely different than its counterparts. However, as the study
animals have been housed as a group for a long period and because no known recorded
measure of welfare is currently available for this species, or any other caecilian in captivity,
tracking food consumption changes in relation to disturbance does provide a basis to assess
welfare on a group level. Furthermore, the overdispersion and the moderate conditional R?
of our model indicate that it does not capture all the variation observed in the data. Other
untested factors could explain some of the variability in the proportion of food eaten in
H. squalostoma, and the feeding response cannot be used alone to predict putative welfare
state. Indeed, the total amount of food items given (which ranged from 12-54) and their
changing distribution within the enclosure could have introduced variation into the data.
Food was positioned near tunnel entrances/exits, but consumption may have been affected
by the proximity of the caecilians to these positions and their activity under the surface.
Additionally, other covariates that may have impacted percentage consumption, such as
ambient air humidity, were not tested here.

Zoo legislation in the UK calls for the daily check of all animals under a zoo’s care,
without causing unnecessary stress or disturbance [2]. Due to the fossorial nature of
H. squalostoma, there are limitations on how frequently the animals can be checked and
in how activity and stress can be monitored and assessed remotely to aid in welfare
assessment tools. More research is needed to learn about this rarely maintained species,
but this study demonstrates that simple captive experiments can provide opportunities
for evidence-based husbandry and to improve the knowledge and welfare provision in
captive caecilians.
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Figure A1. Graphical check of the final model” assumptions using Pearson’s residuals against (A) fitted values and against
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Abstract: Environmental enrichment has been shown to enhance the behavioural repertoire and
reduce the occurrence of abnormal behaviours, particularly in zoo-housed mammals. However,
evidence of its effectiveness in reptiles is lacking. Previously, it was believed that reptiles lacked
the cognitive sophistication to benefit from enrichment provision, but studies have demonstrated
instances of improved longevity, physical condition and problem-solving behaviour as a result of
enhancing husbandry routines. In this study, we evaluate the effectiveness of food- and scent-based
enrichment for three varanid species (Komodo dragon, emerald tree monitor lizard and crocodile
monitor). Scent piles, scent trails and hanging feeders resulted in a significant increase in exploratory
behaviour, with engagement diminishing <330 min post provision. The provision of food- versus
scent-based enrichment did not result in differences in enrichment engagement across the three
species, suggesting that scent is just as effective in increasing natural behaviours. Enhancing the
environment in which zoo animals reside is important for their health and wellbeing and also
provides visitors with the opportunity to observe naturalistic behaviours. For little known and
understudied species such as varanids, evidence of successful (and even unsuccessful) husbandry
and management practice is vital for advancing best practice in the zoo industry.

Keywords: behavior; environmental enrichment; evidence-based; husbandry; reptile; lizard;
welfare; zoo

1. Introduction

Environmental enrichment (referred to as enrichment hereafter) is used to improve
the health and welfare of species managed ex situ, one desired outcome of which is the
broadening of an individual’s behavioural repertoire [1]. Reptile enrichment methods
have historically been based on the anecdotal evidence of caregivers, often drawn from
experience with a limited group of individuals [2,3]. As such, there is limited information
describing the impacts (positive and negative) of these methods [4-7], including the ex-
tent to which different types of enrichment affect behaviour, and the longevity of these
effects [8-10]. However responsible, modern collections require robust, quantitative ev-
idence on which to base husbandry decisions; despite an increasing focus on herptile
enrichment, this is still lacking for reptiles [1,3,6].

Two key points may account for this gap in our knowledge: (1) evaluating the welfare
of reptiles is challenging [6] and /or (2) the cognitive sophistication of non-avian reptiles
is often under-estimated (particularly compared to that of mammals and birds [8,11,12]).
However, there is clear evidence that many captive squamates provided with enrichment
display unexpected problem-solving skills, enhanced behavioural development and plas-
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ticity, and reduced stereotypies, as well as greater longevity, increased breeding success,
and improved body condition [8,13-17].

Here, we examine the behavioural responses (exploratory behavior and engagement
with enrichment objects) to enrichment of three Southeast Asian varanid species held at
Chester Zoo, UK: Komodo dragons (Varanus komodoensis), emerald tree monitors (V. pras-
inus) and crocodile monitors (V. salvadorii). Varanid (monitor) lizards (Varanus; Merrem,
1820) are endemic to a variety of habitats in Afro-Eurasia [5] and common within zoological
collections. Komodo dragons are largely terrestrial, inhabiting woodland and dry savannah
habitats of the Eastern Indonesian islands. Emerald tree monitors and crocodile moni-
tors are largely arboreal, inhabiting rainforests and mangroves on Papua [18]. All three
species are predominantly carnivorous, intelligent, occupy large territories and have a high
metabolic rate compared to other reptiles [16,18-20].

There are five main ways in which environmental enrichment may be provided: by
(1) creating and managing a dynamic habitat, (2) encouraging social interactions between
individuals, (3) encouraging foraging, (4) introducing novel objects and (5) training [21].
These methods aim to increase behavioural diversity, reduce abnormal behaviours, increase
the range of natural behaviours demonstrated, increase the positive use of the environment,
and increase the animal’s ability to cope with challenges in a more natural way [22].
We focus here on whether, and to what extent, the provision of a variety of enrichment
items encourages exploratory foraging behaviour and/or direct item engagement (see
Table 1 for descriptions of enrichment items and Table 2 for behavioural definitions). The
study individuals are routinely provided with (predominantly food-based) enrichment,
but no long-term monitoring of its efficacy has been carried out. Additionally, because
olfactory stimuli play an important role in foraging, mating and social interactions in
these species [18], a mixture of food- and scent-based enrichment items was used for
this investigation.

Table 1. Description of enrichment conditions and the species to which they were presented.

Enrichment Description Species
Condition P Sampled

V. komodoensis

Control Keeper entered enclosure as per normal husbandry routine for two minutes. V. prasinus

V. salvadorii

Bedding and enclosure furniture from four mammalian exhibits: Congo buffalo (Syncerus V. komodoensis

Furnishings caffer nanus) bedding; red river hog (Potamochoerus porcus) browse logs; white-faced saki -
monkey (Pithecia pithecia) enclosure logs; mixed bedding from Bovidae species. V. salvadorii
Food (ground) Hollowed log feeders filled with black crickets (Gryllus sp.) on enclosure floor. V. prasinus

Hollowed log feeders filled with black crickets (Gryllus sp.) suspended on

Food (suspended) enclosure furniture.

V. prasinus

Blended food items (quail eggs, quail feathers, chicken eggs) spread throughout
Scent (trail—food) the enclosure. V. salvadorii
Food items (quail meat, day-old chickens) were also placed along the scent trail.

V. komodoensis

Liquids spread throughout the enclosure (blood-water solution, fish defrosting water,

v .
blended pinkie mice, blended quail eggs and feathers). Prasims

Scent (trail)

V. salvadorii

A blood-water solution spread throughout the exhibit (within leaf/litter, on logs, buried

. . V. komodoensis
in substrate surface, as a frozen solution on ground).

Scent (pile)
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Table 2. Varanid lizard ethogram.

Behaviour Description
Bask Individual stationary underneath a heat/UV lamp for a minimum of five seconds.
Rest Individual stationary (not under a heat/UV lamp) for a minimum of five seconds.
Relaxed interest/awareness in proximate or novel objects, relaxed visual explorations. Calm chemical
Explore sampling of surrounding, e.g., smelling or tasting objects or air (tongue-flicking). Individual moves
more than half a body length from its starting position.
Consumption of food items, including holding food in mouth, chewing and swallowing. Feeding was
Feed . - .
considered finished after swallowing had stopped.
Social Touching, vocalising and/or signalling to a conspecific.

Enrichment engagement
(interest)

Rapid chemical sampling of surrounding, e.g., smelling or tasting objects or air (tongue-flicking).
Individual moves (more than half a body length from its starting position) directly towards and/or
stares directly at enrichment item.

Enrichment engagement
(use)

Direct manipulation of enrichment item, including attempts to reach the item and/or active following
of scent trails. Where live food was presented, included chasing food items.

We predicted (P.1) that the provision of enrichment would increase exploratory be-
haviour, compared to control trials and (P.2) that the magnitude of any changes in ex-
ploratory behaviour would differ by enrichment type. We also predicted (P.3) that en-
gagement with enrichment would differ by item type and (P.4) that engagement would
diminish over time as the stimulating effect of novelty wore off. Finally, we predicted (P.5)
that individuals would engage with food-based enrichment items for longer than with
scent-based items. We made no predictions about species-specific responses to enrichment
or enrichment type, because the data were too sparse (see Section 2.3) to support the
inclusion of meaningful three-way interactions. However, we include raw data plots to
highlight species-specific responses to enrichment provision and/or type.

2. Materials and Methods
2.1. Study Individuals and Housing

Five individuals from three species were studied: V. komodoensis (one male and one
female, both 4 years old). During the enrichment trials, the male was housed in an on-
show mixed-species exhibit (8.0 x 14.0 x 11.5 m) with Java sparrows (Lonchura oryzivora)
with an average ambient temperature of 2628 °C. The female was housed singly in an
off-show exhibit (4.0 x 3.3 x 2.5 m) with an ambient temperature range of 22-28 °C
and infra-red heaters providing basking spots with a temperature range of 2744 °C;
V. prasinus (one male and one female, 15 and 8 years old, respectively) was housed in a
single-species enclosure (2.0 x 1.5 x 2.5m) with an ambient temperature range of 20-28 °C,
a radiant panel heater and 160 w solar raptor spot lamps to provide basking spots with
a temperature range of 30-35 °C; V. salvadorii (a single female, 11 years old) was housed
in a single-species enclosure (5.5 x 2.0 x 4.0 m) with an ambient temperature range of
21-27 °C, a ceramic panel and infra-red heaters providing basking spots with a temperature
range of 33-35 °C. All individuals were assessed to be in good clinical health prior to and
throughout sampling.

2.2. Testing Protocol

Following a three-week pilot study in December 2014, the study individuals were
presented with a randomized series of six enrichment conditions (Table 1), plus a control,
over the course of 16 weeks (8 January 2015 through 6 May 2015). Different enrichment
conditions were only presented once to each species, but not all species were presented
with all possible enrichment types (see Table 1); the control was presented four times to
each species. Once a week, each species was observed on one day, for a total of 80 min, split
into four 20 min blocks: (1) pre-enrichment, (2) during-enrichment, (3) post-enrichment
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1, and (4) post-enrichment 2. Blocks one and two were contiguous, spanning the 40 min
prior to and following the introduction of the enrichment/control item (at approximately
1100 h). To examine the longevity of the enrichment effect, blocks 3 and 4 began at
random times, 30-150 min and 151-330 min, respectively, after the introduction of the
enrichment/control. Control trials were time-matched with enrichment trials to control
for potential diel effects. Because captive animals often respond to known keepers and/or
their distinctive uniformed appearance, the observer (N = 1) wore ‘normal’ clothing and
carried out observations from the public viewing windows.

2.3. Data Collection

Following an adapted ethogram [23,24] (Table 2), behavioural data were collected
(with pen and paper) using continuous all-occurrences focal animal sampling [25]. This
yielded a total of 94 h and 24 min of data over 47 observation days and 71 observation sessions.

2.4. Data Preparation

To prepare our data for analysis, we removed any (20 min) observation blocks in
which the study individuals were out of sight for the entire duration (N = 24). In order
to compare the effect of food- and scent-based enrichment, we collapsed enrichment
conditions into food-based (Food (ground), Food (suspended), Scent (trail-food)) and scent-
based (Furnishings, Scent (trail), Scent (pile)). For our response variables, we calculated
the proportion (expressed as a percentage throughout) of observation time individuals
spent in exploratory and enrichment engagement behaviour (see Table 2). Beta regression
is the most appropriate way to model proportion data (described in Section 2.5), but these
models cannot handle values of exactly zero or one. Therefore, we compressed the range
of the data according to the following equation: p° = (p(n — 1) +1/2)/n, where p is the
original proportion, and # is the sample size [26].

2.5. Statistical Analysis

All analyses were carried out using the software R, version 4.1.0 [27]. We used the
package ‘glmmTMB’ [28] to fit three Beta GLMMSs (Generalized Linear Mixed Models) with
logit links. The Beta distribution is typically used to model continuous proportion data, and
the logit link function ensures positive fitted values that range from 0 to 1 [29]. Proportion
data are by definition limited to numerical values between, and including, 0 and 1, and
their variance is rarely constant across the range of the predictor(s). As such, they typically
violate two important assumptions of standard statistical techniques (normality of errors
and constant variance) [30]. This makes analysis using familiar techniques (such as linear
regression and ANOVA and their extensions) inappropriate. Transformations are often
applied to proportion data, so that linear models can be used [31], but these result in biased
estimates and difficulties in interpretation. However, after the appropriate adjustment
(detailed above), beta regression provides a robust and easily interpretable approach to
modelling proportion data.

We used a full model approach throughout, and model fit and assumptions were
verified by plotting residuals versus fitted values with the package 'DHARMa’ [32]. We
determined the significance of the fixed effects using likelihood ratio tests. We fitted full
and restricted models (models in which the parameter of interest, the fixed effect, are
withheld, i.e., fixed to 0) and based test statistics on comparisons of the full model with the
restricted models. The significance of the likelihood ratio test statistic is calculated using
a chi-squared distribution with the appropriate degrees of freedom. Post-hoc tests were
carried out using Tukey’s HSD (honestly significant difference) tests, with the package
‘emmeans’ [33]. All statistical tests were two-tailed with « set to 0.05.

All models included the same control variables: sex (factor with two levels: female,
male) and days since last feed (continuous numeric variable: range 0-31). Days since
last feed was scaled and centred prior to analysis. To incorporate the dependency among
observations of the same individuals, of the same species, across the four observation
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blocks, all models included the same random effects structure; trial nested in individual,
nested in species was used as a random intercept.

2.5.1. Model 1: Effect of Enrichment on Exploratory Behaviour

To model the proportion of time that individuals spent in exploratory behaviour as a
function of enrichment provision (P.1) and type (P.2), we included the interaction between
the fixed-covariates observation block (factor with two levels: pre-enrichment, during
enrichment) and enrichment type (factor with 7 levels: control, furnishings, food (ground),
food (suspended), scent (trail-food), scent (trail), scent (pile)).

2.5.2. Model 2: Effect of Enrichment Type on Engagement Time and Longevity

To model the proportion of time that individuals spent engaging with enrichment
items as a function of enrichment type (P.3) and to examine the longevity of this effect (P.5),
we included the interaction between the fixed covariates observation block (factor with
three levels: during enrichment, post-enrichment 1, post-enrichment 2) and enrichment
type (this time excluding the control condition).

2.5.3. Model 3: Effect of Food- vs. Scent-Based Enrichment on Engagement Longevity

To model the effect of food- vs. scent-based enrichment over time (i.e., to compare the
longevity of each) we included the interaction between the fixed-covariates observation
block (factor with three levels: during enrichment, post-enrichment 1, post-enrichment 2)
and enrichment type (factor with two levels: food, scent).

3. Results
3.1. Effect of Enrichment on Exploratory Behaviour

As predicted (P.1 and P.2), the provision of enrichment increased the exploratory
behaviour, and the magnitude of this increase differed significantly by enrichment type
(likelihood ratio test (LRT); x?(6) = 16.844, p = 0.001: Figure 1a). Post-hoc testing revealed
that the food (hanging) (Tukey HSD; P = 0.008), scent (pile) (Tukey HSD; p < 0.001), and
scent (trail) (Tukey HSD; p < 0.0001) conditions were all associated with significant increases
in exploratory behaviour (Figure 1a). However, no significant differences in exploratory
time were observed between the pre- and during-enrichment blocks in response to the
control (Tukey HSD; p = 0.877), furnish (Tukey HSD; p = 0.110), food (ground) (Tukey HSD;
p = 0.211), or scent (trail-food) (Tukey HSD; p = 0.666) conditions. Furthermore, throughout
the during-enrichment block, the food (hanging), scent (pile), and scent (trail) conditions
were all associated with significant increases in exploratory behaviour compared to the
control conditions (Tukey HSD; p = 0.008, p = 0.004, p = 0.001, respectively: Figure 1a).
Species-specific responses are shown in Figure 1b.

3.2. Effect of Enrichment Type on Engagement Time and Longevity

As predicted (P4), engagement with enrichment items diminished over time (LRT;
x%(2) = 32.667, p < 0.0001: Figure 2a). Engagement with enrichment was significantly
lower in the post-enrichment 2 block than the during- and post-enrichment 1 blocks (Tukey
HSD; p < 0.001, p = 0.049, respectively: Figure 2a). However, contrary to P.3, we found no
significant effect of enrichment type on engagement longevity during or after enrichment
provision (i.e., engagement with enrichment diminished more or less equally over time,
regardless of enrichment type (LRT; x?(10) = 8.719, p = 0.559: Figure 2). Species-specific
responses are shown in Figure 2b.

3.3. Effect of Food- vs. Scent-Based Enrichment on Engagement Longevity

Contrary to P.5, we found no significant difference in the longevity of engagement
associated with food- vs. scent-based enrichment items (LRT; x?(2) = 1.599, p = 0.452:
Figure 3a). Engagement with both enrichment types diminished, as described in Section 3.2
above. Species-specific responses are shown in Figure 3b.
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Figure 1. (a) Effect of enrichment provision on exploratory behaviour in three varanid lizard species.
Large points and error bars represent predicted means + standard error from a Beta GLMM. Small
points represent individual trials (raw data). (b) Species-specific effect of enrichment provision on
exploratory behaviour in three varanid lizard species. Large points and error bars represent raw
data means and 95% non-parametric bootstrap (10,000 samples) confidence intervals. Small points

represent individual trials (raw data).
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Figure 2. (a) Engagement with enrichment items over time in three varanid lizard species. Large
points and error bars represent predicted means + standard error from a Beta GLMM. Small points
represent individual trials (raw data). Line of best fit through raw data to indicate trend. (b) Species-
specific engagement with enrichment items in three varanid lizard species. Large points and error
bars represent raw data means and 95% non-parametric bootstrap (10,000 samples) confidence
intervals. Small points represent individual trials (raw data).
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Figure 3. (a) Engagement with food- and scent-based enrichment items over time in three varanid
lizard species. Error bars represent the standard error of the mean. Raw data plotted as small circles
behind the main plot. (b) Species-specific engagement with food- and scent-based enrichment items
in three varanid lizard species. Large points and error bars represent raw data means and 95%
non-parametric bootstrap (10,000 samples) confidence intervals. Small points represent individual
trials (raw data).
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4. Discussion

This study examined the responses of three captive varanid lizard species to the provi-
sion of enrichment by comparing their exploratory behaviour and engagement with six
different types of enrichment items and a control. Lizards exhibited significant increases in
exploratory behaviour in response to hanging feeders, scent piles and scent trails. Contrary
to our predictions, we found that engagement with these different enrichment types dimin-
ished more or less equally over time, returning to baseline levels by the post-enrichment
2 block (151-330 min after introduction). This finding held true when enrichment types
were binned into food- and scent-based categories, i.e., no significant differences in the
longevity of the enrichment effect were observed. Considered together, these results con-
firm that the provision of enrichment can be effective in promoting explorative behaviour
and engagement in captive varanids. Specifically, our findings indicate that (a) not all en-
richment types elicit similar behavioural changes, (b) that scent-based enrichment appears
to provide the most effective cross-species stimulus and (c) that these effects can persist for
up to 2.5 h.

With a few exceptions [13,14], there are still very few published studies about the
effects of enrichment on non-avian reptiles. However, our findings contribute to, and
are largely consistent with, those that exist: for example, food-based (problem tube) and
scent-based (conspecific male scent) enrichment resulted in significant increases in tongue
licking and exploratory activity in juvenile black-throated monitor lizards (V. albigularis
albigularis) [16] and male brown wall lizards (Podarcis liolepis), [34] respectively. Similarly,
a combination of sensory and physical enrichment increased the exploratory, focused
swimming behaviour in sea turtles (Caretta caretta and Chelonia mydas), whilst reducing
the occurrence of stereotypical behaviours [35]. The introduction of novel enrichment
items was also shown to elicit play behaviour in Komodo dragons [36,37] and to facilitate
training in crocodile monitors [38]; although we did not examine these behaviours in our
study, our findings similarly support the provision of a complex captive environment to
physically and cognitively stimulate reptiles [13].

More specifically, our results confirm that the most effective enrichment types may be
those that mimic natural challenges routinely faced by lizards in the wild. Many reptiles
rely primarily on chemical/olfactory senses to communicate and explore the environ-
ment [39,40], and this is particularly true of varanids [41,42]. Varanids vary enormously in
body size (length, including tail: <300 mm to 3 m) and occupy a wide range of habitats
and ecological niches including terrestrial predator/scavenger (V. gigantius, komodoensis),
arboreal (V. prasinus, gilleni, timorensis, tristis), aquatic (V. mertensi, salvator, niloticus) and
small insectivore (V. brevicauda) [43,44]. However, they are the only group of lizards that
use the tongue exclusively for sensory function: unlike for all other lizards, it plays no part
in food ingestion [42]. Indeed, although some debate exists, comparative studies suggest
that the morphological specializations of varanid tongues (long, narrow, forked and deeply
incised) relate to protrusability and sensory function [42]. Hence, the general agreement
(yet to be rigorously tested) that the chemical/olfactory senses of varanids exceed those
of other lizards. Komodo dragons can detect carrion from nearly 8 km away by virtue of
airborne chemosensory signals and are reported to climb ridgelines to sniff/sample the
wind for carrion odours over a large area [41]. Similarly, emerald tree monitors can detect
the scent of prey hidden entirely inside tree branches [45].

Clearly, the varanid olfactory system is important in a wide range of feeding, social,
territorial and courtship behaviours [39,41-43,46]. This may explain why the scent-based
enrichment items in this study were consistently the most successful in promoting ex-
ploration and engagement, across the three varanid species: the provision of scent-based
enrichment stimulates what is likely the most important, sensitive and evolutionarily
conserved sensory system in this taxa [39,47]. With respect to food-based enrichment, it is
harder to draw meaningful conclusions from this study. This is largely because V. prasinus
was the only species to be presented with actual food-based enrichment: V. salvadorii was
presented with a food-based scent trail, and V. komodoensis with only scent-based enrich-
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ment (Figure 2b). This highlights an important (solvable) shortcoming of this, and many
other, captive enrichment studies, i.e., the use of unbalanced experimental designs. For
example, it is important to note that our (between-species) raw data indicate a delayed
response to scent-based enrichment in V. salvadorii, in contrast to the immediate responses
of V. komodoensis and V. prasinus (Figures 2b and 3b). This (potential) discrepancy may be
explained by the fact that we only sampled one individual of this species and that she was
11 years old, technically considered geriatric [7]. The delayed exploratory response may
simply be a result of this individual struggling/declining to move at the same speed as
other younger study individuals.

Small sample sizes, low replication and unbalanced designs are common problems
in zoo-based studies, including enrichment work [8,48]. Our study clearly suffers from
these issues, and while the results should therefore be interpreted with caution, we have
compensated (as far as possible) by using the appropriate statistical methods. This has
allowed us to analyse the pooled responses of three similar species to an unbalanced
enrichment design, whilst still accounting for the similarities and differences between
individuals and species (i.e., mixed models with random effect terms). The inclusion of
more individuals is rarely a simple matter in zoo-based studies; however, future studies
should (and can) insist on pre-determined balanced enrichment protocols, especially if we
intend to extrapolate any findings to other collections and/or species.

Here, we have shown that enrichment in the form of hanging feeders, scent piles and
scent trails effectively stimulate exploratory and engagement behaviours in three captive
varanid species: V. komodoensis, V. prasinus and V. salvadorii. We also present preliminary
evidence that scent-based enrichment may be particularly effective in promoting these
behaviours, alongside an ecologically valid explanation of why this may be so. Varanids are
clearly complex and intelligent animals, and enrichment should be designed to physically
and cognitively stimulate them in ways that mimic the natural challenges they would
otherwise face in the wild. This is particularly important for the efficacy of ex situ rein-
troduction of threatened species, especially as more lesser-known taxa are brought into
captivity as assurance populations [3]. It is also important for the wellbeing of long-term
captive individuals. Finally, effective enrichment can have positively influence on visitor
perception, which may in turn promote in situ projects [21]. In sum, it is essential that
further enrichment studies implement robust, well-balanced protocols that monitor and
evaluate the impact of a range of randomly presented enrichment items over time. In doing
so, we can gather a comparable, testable body of data that will allow us to improve the
wellbeing of the wide variety of reptiles in captivity.
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Abstract: Enrichment is essential for the welfare of many zoo-housed animals, yet the value of
enrichment is not well understood for all taxa. As an intelligent, long-lived species, the southern
ground hornbill (Bucorvus leadbeateri) is a good model for enrichment research. A pair of southern
ground hornbills, housed at Beale Wildlife Park and Gardens, were observed during study periods
in 2014, 2018, and 2019. Three types of enrichment were provided for the birds; these enrichment
types were developed based on information on the habits of the species as found in natural history
papers. The enrichment types consisted of a pile of twigs, small animal carcasses, and plastic mirrors.
Overall, the carcass feeds and the mirrors resulted in the greatest changes in behavior, with hornbills
engaging in long periods of food manipulation with carcasses. For the mirror condition, hornbills
spent time stalking around and pecking at mirrors, similar to the ‘window smashing’ behavior
seen in wild hornbills. Overall, the research suggests that not only can enrichment modify the
behavior of southern ground hornbills, but non-nutritional enrichment may be equally valuable to
the animals. Natural history papers may have some value in inspiring novel enrichment items for
zoo-housed animals.

Keywords: Bucovus leadbeateri; Bucerotidae; mirror; carcass feeding; spread of participation index

1. Introduction

Enrichment is fundamentally important for the welfare of many animals in zoos,
yet there remain gaps in the knowledge of provision of enrichment for some taxa [1].
Many enrichment studies have been conducted for some taxonomic groups, such as the
mammalian families, Felidae and Elephantidae [2]. The availability of studies allows
researchers to evaluate and compare enrichment strategies, and therefore put in place the
most effective plans. For some taxonomic groups, however, information on enrichment is
more limited. This reduces the information available to practitioners to help improve the
welfare of their animals.

Enrichment is particularly important for highly cognitive species that may otherwise
become bored with a predictable or unstimulating environment. Many avian families are
particularly susceptible, expressing unnatural behaviors, such as stereotypy, if enrichment
is insufficient. Parrots (family Psittacidae) are a good example; birds in this family are
typically intelligent, capable problem-solvers who live long lives. Where enrichment or
social groups are not provided, feather-plucking and stereotyped behavior commonly
occur [3]. Fortunately, enrichment has been well studied for the Psittacidae, and as a
result, animal keepers have several effective strategies available to reduce the prevalence
of stereotypy [1-3].

However, other intelligent, long-lived bird taxa are kept in zoos, some of which have
received less focus in terms of enrichment research. One example is the hornbills (Order
Bucerotiformes). Hornbills can be found throughout Africa and Asia, and are well-known
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for their unusual nesting habits, in which females often seal themselves into a tree cavity to
incubate their chicks. Hornbills have been shown to be capable problem-solvers [4] and are
also sensitive to both visitors and keepers when housed in zoos [5]. With a diverse range
of hornbill species held in captivity, each representing different habitats, dietary niches
and breeding strategies, there is a need to further investigate enrichment for this group
of species.

The southern ground hornbill (Bucorvus leadbeateri) is one of the two largest extant
hornbill species, reaching weights of up to 4 kg [6]. In recent years, the species has
received some conservation attention in the wild, on account of decreasing population
numbers [7-11]. In many parts of its historic range, the species has been persecuted because
it is viewed as a bad omen [12]. The southern ground hornbill has a cooperative breeding
strategy and a slow reproductive rate, leaving it vulnerable to extinction. As a result, zoo
populations for this species are important, potentially providing a ‘safety net’. A July 2021
search of Species360’s [13] database revealed that at least 151 institutions globally keep this
species, with an overall population size of over 390 birds. While these numbers are not
excessively high in comparison to other zoo-housed birds [14-17], there is a need to further
develop enrichment strategies for this species.

In the wild, southern ground hornbills typically forage on the ground, walking across
the savannah [10]. The birds are entirely carnivorous, and feed on a range of foods
including carrion, and invertebrates, reptiles, birds, and small mammals that are captured
and killed [6]. The birds are particularly intelligent and social communication is advanced
for this species, with small groups or ‘mobs’ developing, that work cooperatively to support
female birds during incubation.

The purpose of this study was twofold. First, we aimed to develop an activity budget
for zoo-housed southern ground hornbills. Second, we aimed to identify which enrichment
types were most effective in encouraging exploratory behavior for the pair of birds.

2. Materials and Methods
2.1. Study Site and Subjects

The study was conducted according to the guidelines of the Association for the
Study of Animal Behaviour and approved by the ethics committee of Beale Wildlife Park
(A17, 19 January 2014). Following ethical approval from Beale Wildlife Park, the study
commenced at Beale Wildlife Park and Gardens in Reading, United Kingdom. Three
periods of data collection were undertaken: these were from 27 March 2014 to 30 June
2014, 15 January 2018 to 16 July 2018, and 1 November 2019 to 23 December 2019. Animals
were observed during three observation periods: these were 08:00-10:00, 10:30-12:30,
13:00-15:00, and 15:30-17:30. Birds were observed based on the availability of the authors.

The study focused on two (1.1) parent-reared southern ground hornbills who were
kept in a large single-species aviary in the ‘Owl Walk’ (Table 1, Figure 1). The exhibit
consisted of several elevated perches, and one large barrel (for breeding purposes). The
exhibit substrate was a mixture of leaf litter and soil. The birds were not flight restrained,
but the exhibit was covered with nylon mesh to prevent escapes.

Table 1. Study subjects.

Sex Date of Birth Studbook Number GAN Movement into Collection
Male 20 May 2000 EAZA/73 MIG12-28772165 12 November 2010
Female 11 May 2001 EAZA/74 MIG12-28772164 12 November 2010

180



J. Zool. Bot. Gard. 2021, 2

!
|

4

a

/|
)|
Y
1/
[/
LY
/)
478
7
s
A

Figure 1. Hornbill enclosure, with male hornbill resting on log.

2.2. Enrichment Types

Enrichment was provided on a randomized schedule. Three enrichment types were
provided for the animals; the enrichment types were inspired by the natural history
documentation for the species. The first enrichment type consisted of a large pile of twigs
and branches, into which several morio worms (Zophobas morio) were presented; this
enrichment style was developed to encourage hornbills to forage using their talons and
beak. The second enrichment type consisted of an entire rabbit carcass, as the species
regularly feeds on large carcasses, and can hunt large prey in the wild [6,18,19]. The final
enrichment style consisted of two large, non-shatter mirrors. Mirrors were used because
they are frequently applied in bird husbandry to mimic the presence of conspecifics. There
is also some evidence to suggest that wild hornbills interact with reflective surfaces such as
on water, or in windows, in their native range.

The behavior of the birds was also observed during ‘control” periods, when food was
not present, and during normal feeding hours. Control periods were matched for time
of day to the experimental treatments. The normal feed for the hornbills was provided
at 16:00 and consisted of either day-old chicks or chunks of rabbit or quail, chopped into
small pieces. When enrichment feeds were provided, they were deducted from the normal
dietary provision.
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2.3. Behavioral Recording

Behavior was recorded using instantaneous focal sampling of both birds simultane-
ously. One-hour observations were conducted, with the observer recording state behaviors
at one-minute intervals. An ethogram was developed, containing behaviors which were
adapted from Kemp & Kemp [6] (Table 2).

Table 2. Hornbill ethogram. Inspired by Kemp & Kemp [6].

Behavior

Description

Allopreening

The bird engages in preening of a conspecific.

Enrichment interaction

The bird uses its beak or feet to poke at or scratch an enrichment item.

Feeding The bird takes food items from the exhibit and swallows them.
Flying The bird lifts off the ground by raising and lowering its wings rapidly.
Object in beak The bird is standing or walking with an item (e.g., food or nest material) in its beak.
Preening The bird wipes its bill across its feathers in a repeated fashion.
Resting The bird is motionless. The eyes may be either open or closed. Includes both standing and perching.
Sunbathing The bird extends its wings in a fan and angles them toward the sun. The bird remains motionless.
Walking The bird moves around the exhibit using its feet.
During observations, the observers partially concealed themselves behind a large
oak tree at the front of the exhibit. Data were compiled onto paper observation sheets.
In addition to behavioral data, observers also recorded the temperature and humidity
(using BBC weather information for Pangbourne), weather conditions (e.g., rain, cloud),
and the number of visitors that walked past the exhibit during the hour observation period.
2.4. Enclosure Use
In addition to hornbill behavior, the enclosure use of the two birds was recorded.
The location of each bird was recorded using instantaneous focal sampling at one-minute
intervals. The enclosure was separated into seven different zones, based on their biological
value to the animals. The size of each useable surface per zone was measured using a tape
measure (Table 3).
Table 3. Enclosure zones for the Southern ground hornbills.
Zone Description Size (m?)
Elevated perches (left) Large logs for perching, 2-2.5 m from ground. 12.5
Elevated perches (right) Logs for perching, roughly 1.8-2.4 m from ground. 14.1
Lo ek exendingvee f nd i
Water Small water pool and surrounding concrete. 3.5
Barrel Barrel used by female during nesting. 21
Tree stump Large tree Stu;?,};iﬁll;?:?o?gseiii icil(;vn, with roots 738
Ground Substrate of enclosure, consisting of soil and leaf litter. 151.2
Total 206.8
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Overall hornbill enclosure use was assessed for each bird using a modified spread of
participation index (mSPI) [15]. The equation for mSPI is:

Z|fo — fe|
2(N — femin)

Here, N refers to the number of observations; fo and fe refer to the number of observed
and expected observations in a given zone, respectively; femin refers to the expected
observation in the smallest zone [15]. For mSPI, the maximum value of 1 indicates uneven
enclosure use (the animal is using only the smallest zone and avoiding all other zones)
whereas the minimum value of 0 indicates that animals are using all zones equally (in
proportion to their size) [15].

2.5. Data Analysis

Data were compiled onto a Microsoft Excel™ 2010, Albuquerque, USA spreadsheet
and then uploaded to Minitab version 21 for analysis. Analysis was conducted on the effect
of the three enrichment types and the control condition on hornbill behavior. For analysis,
behavioral data were tested for normality. Where data were normally distributed, one-way
ANOVAs with Tukey post hoc tests were used to investigate the impact of enrichment. For
non-normally distributed data, Friedman’s ANOVAs with pairwise Wilcoxon tests were
used [20].

3. Results
3.1. Behavior

A comparative activity budget was developed to demonstrate the effects of enrichment
for the male and female hornbills (Figure 2). As data were non-parametric, Friedman's
ANOVAs were run to determine the effect of enrichment on behavior (Table 4). Two behav-
iors, enrichment interaction and feeding, were significantly affected by enrichment type.

Table 4. Output of Friedman’s ANOVAs on the effect of enrichment on hornbill behavior.

Behaviour Test Statistic p Significant Post Hoc Tests
Allopreening X2(3) =231 0.412
Enrichment interaction X2(3) =99.62 <0.001 * Mirror-None, Mirror-Carcass, Mirror-Twigs

Feeding X2(3) =75.16 <0.001 * Carcass-Mirror, Carcass-Twigs, Carcass-None
Flying X23=6.26 0.096
Object in beak X?3=0.68 0.718
Preening X?(3=6.99 0.099
Resting X2 (3 =22.14 0.127
Sunbathing X2 =4.16 0.180
Walking X2 = 1141 0.416

* indicates significant values.

3.2. Enclosure Use

mSPI values were generated for all observations. A bar chart was developed to
demonstrate the effect of enrichment on the mSPI values for the male and female hornbill
(Figure 3). Whilst average mSPI scores differed slightly between enrichment types, the
difference was not significant (X%, = 6.06, p = 0.195).
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Figure 2. Activity budget for (a) female and (b) male hornbill.
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4. Discussion

Overall, the introduction of enrichment into the hornbill enclosures resulted in signifi-
cant changes in feeding and enrichment interaction. Carcass provision resulted in hornbills
spending much longer periods of time engaged in feeding and food manipulation, and mir-
rors were highly effective at engaging hornbills. No other significant changes in behavior
occurred. While hornbills did appear to use their enclosure more evenly when enrichment
was provided, this was not significant.

4.1. Carcass Enrichment

Significant differences in levels of food manipulation were noted when carcass enrich-
ment was provided. Hornbills engaged in movements including stabbing and shaking
of the carcass in order to remove pieces of meat. In the normal feed, typically consisting
of chopped meat or day-old chicks, little food manipulation was observed. In the wild,
southern ground hornbills may feed on large carcasses, and are also known to hunt animals
such as hares and medium-sized snakes [6,9,20]. Occasional carcass feeds may therefore
allow the birds to express a greater range of feeding-related behaviors. This could be used
in tandem with small food items such as live invertebrates, which could be used to simulate
hunting. Providing birds with the opportunity to express more natural behaviors is part of
the five welfare domains [16].

Whilst some visitors may support this more natural feeding experience, there may
also be a negative response from the public to these feeding techniques [17]. Carcass feeds
may sometimes be met with disapproval from key visitor demographics, such as families
with small children [17]. Whilst there is an educational value to the provision of carcass
feeds, visitors may need to be made aware that carcass feeding is taking place.

Feeding whole foods could also reduce aggression between subjects [18] provided all
animals are given access to food items simultaneously. In the current study, no aggression
was observed between individuals, though this may pose a challenge if hornbills are kept
in groups that simulate their wild social grouping [6,7,20]. Providing whole carcasses can
save keepers food preparation time, but larger diet items may require significantly more
storage, which could be more difficult for smaller collections. Consideration should also be
given to exhibit cleaning once a large food item has been offered.

4.2. Mirror Enrichment

It is sometimes challenging to find non-food-related enrichment types for zoo-housed
animals. Food-related enrichment may have drawbacks in that it must be deducted
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from the animal’s normal rations [21]. Non-food-related enrichment, by contrast, can be
used for long periods of time without reducing an animal’s appetite or resulting in an
imbalanced diet.

Mirrors are a common strategy employed by bird keepers for use as enrichment.
The hornbill pair spent significantly longer interacting with mirrors than with any other
enrichment type. This significant increase in interactions with mirrors could be considered
beneficial, as levels of resting decreased while activity levels increased. The two birds in
the study were typically inactive during visitor open hours, so an increase in activity may
have a positive impact on physical fitness.

In the wild, hornbills have been noted to interact with reflective objects such as mirrors
and windows, and even parts of cars [10]. The hornbill has been persecuted as a result of
this behavior. The underlying purpose of the behavior is still not fully understood; the
behavior may be related to curiosity or interaction with another hornbill [10]. Whilst the
hornbills could in fact be aware that their reflection is harmless, this behavior could also be
based around territorial displays, with the hornbills assuming they have another hornbill
to defend against or compete with. This could indicate that the birds consider the mirror
reflection to be a rival. While this condition could therefore be considered stressful to
the birds, it does allow the birds to demonstrate natural behavior and potentially could
improve pair bonding. Therefore, mirrors could play a similar role to the playback calls
used in zoos for primate species, such as gibbons [21].

4.3. Enclosure Use

There was no significant difference in enclosure use for the southern ground hornbills
as a result of enrichment type. Whilst the mSPI scores appeared lower for the enrichment
and carcass feeds, this was not significant. This may be due to variability in mSPI scores
as a result of other extraneous variables. For example, it is possible that visitor presence
influenced the enclosure use of the birds. Other zoo-housed hornbills have been shown
to respond to visitor presence [5]. Anecdotally, the southern ground hornbills appeared
to favor elevated perches during time periods when visitor numbers were higher. Future
studies could consider visitor presence and its influence on behavior.

Enrichment items encouraged the hornbills to use more of the ground substrate, walk-
ing around the exhibit. In the wild, southern ground hornbills spend much of their time
walking, rather than flying, around grassland and savannah in search of prey [6,11,22,23].
The use of a greater range of zones, rather than primarily the elevated perches, could be
beneficial in terms of physical movement for these birds.

4.4. Future Directions

Generally, birds seem to be a neglected taxa for enrichment, despite their prevalence
in zoological collections [14]. Finding any objects that have significant impacts on activity
is positive for keepers. Many enrichment items create animal interaction, but not for
significant periods of time. Hornbills were observed interacting with mirrors for over
40 min, which is an extended period of activity for the animals. The public perception
of birds in captivity can often be more negative than other taxa, as many captive birds
lack the large amounts of space the public, with little knowledge of husbandry guidelines,
believe they need for optimum health. Enrichment can improve public perception of
welfare, especially considering birds are viewed much less emotively than other taxa, such
as primates.

Future studies should consider use of tests that reduce issues with seudoreplication,
such as G-tests. These studies could also utilize the extensive historical records of natural
history, in order to identify novel enrichment practices. For example, early records of
sightings of animals in their natural habitats, or interactions with other species, may help
practitioners to identify novel husbandry practices to trial. In turn, the use of natural
history documents may help zoos to provide more informed, evidence-based management
for the animals that they keep.
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5. Conclusions

Overall, provision of enrichment influenced some, but not all aspects of captive
hornbill behavior. Interaction with enrichment varied between items, with the twigs
pile receiving little attention and the carcasses resulting in considerable feeding activity.
Mirrors were very well utilized by the birds, linking to the behavior of wild southern
ground hornbills and their interest in reflective windows. Information on natural history
may be useful in developing novel enrichment devices, especially enrichment types that
do not involve food. Further inspiration for enrichment practices may be found in natural
history books or papers that could, with controlled testing, be used to advance the state of
current enrichment practice.
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