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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.
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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 A1).

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) × 0.93 m (Depth) × 4.43 m (Height), giving a
total indoor volume of 15.04 m3. The open air outdoor enclosure dimensions were 247 m2,
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

Indoor

Ground level 0 Coir substrate.

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.

Outdoor

Ground level 0 Bark chipping substrate.

Level One 0.01–1.32 Flexible branching and ferns.

Level Two 1.33–2.32 Fixed and flexible branching.

Level Three 2.33–4.00 (approx) Access to indoor facility, fixed and flexible branching.
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:
2.8 h, 21/02: 3.3 h, 2/03: 1 h, 3/03: 1 h, 5/03: 2 h, 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
Category Behaviour Description Supplementary

Video File Reference

Vigilance Vigilance
Sp. is actively observing and aware of

surroundings. Eyes are open and individual is alert.
If face not visible then head is visibly moving.

S1.1 and S1.2

Feeding Feeding

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.

Grooming Grooming
Sp. is scratching with fore limb or hind limb at a

specific area of the body. Includes sp. rubbing
oneself against items within the enclosure.

Travel Travel

Sp. is moving from one area of the enclosure to
another, in a forward or backward direction.

Includes horizontal and vertical climbing, leaping
to the ground, descending branches or objects,

quadrupedal walking or bipedal hopping.

S1.3 and S1.4

Rest Rest—awake
Sp. is relaxed with eyes open. Body posture is

slightly curled, with tail hanging down in a
relaxed manner.

S1.5

Rest Rest—asleep Sp. is relaxed with eyes shut. Body curled with
face pointing downwards and forelimbs tucked in. S1.6

Other Excretion Sp. is urinating or defecating.

Other Yawning Sp. is opening mouth widely with a deep
inhalation of breath seen in diaphragm.

Other Sniffing
Sp. nose is extended towards an area or object.

Inhalation of air can be seen through flaring
of nostrils.

S1.7

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.

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.
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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).

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 humans, 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. lumholtzi, 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 A1). 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.

Overall, 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/s1, Video: S1.1–S1.7: Full descriptions of behaviour.
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Appendix A

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

Figure A3. Image outlining pre-determined height levels used throughout data collection within the
outdoor habitat.
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