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Bears are a small taxonomic family (Ursidae),
composed of only eight species; yet these
species range from virtually the north pole to
the tropics, occupying a vast diversity of
habitats that include deserts, alpine
grasslands, scrub, boreal and hardwood
forests, and dense jungles. Despite their
success in adapting to such an array of
habitats, 75% of bear species are globally
threatened on the IUCN Red List. Among
mammalian families with eight or more
species, only four have a higher percentage
that are globally threatened (Schipper et al.
2008).

Exacerbating this growing threat to bears is a
gap in the knowledge needed to facilitate their
recovery and protection. Ironically, bears are
among the best-known families of Carnivora,
based on number of scientific publications per
species (Brooke et al. 2014). But this statistic is
deceiving, as publications are very lopsided:
>80% of papers focused on brown bears
(Ursus arctos), American black bears (U.
americanus) and polar bears (U. maritimus),
and in fact these three species are among the
20 most‒studied carnivores in the world
(Brooke et al. 2014). By sharp contrast, bears
in the tropics – the very place where threats
are greatest and most rapidly proliferating –
have been the subject of the fewest scientific
inquiries.

This was not always the case. During the
1800s, when science was in its infancy, natural
history aficionados and collectors joined
exploratory expeditions around the world,
often in tropical regions where biodiversity
was high. However, for a variety of reasons,
modern wildlife studies became tilted largely
to northern species, so that now, among
bears, the disparity between north and south
has become extreme in terms of effort,
funding, capacity of researchers, and
knowledge (Garshelis and Steinmetz 2015).

The sun bear (Helarctos malayanus), whose
range is almost wholly within the tropics, may
be the least studied bear species, as well as
one of the most threatened. Recognizing the

desperate need for conservation‒integrated
research on this species, the IUCN SSC Bear
Specialist Group helped develop a 10‒year
conservation action plan for sun bears (Crudge
et al. 2019). A remarkable highlight of this
plan is the value and role of ex situ
populations of sun bears in the conservation
of wild bears.

There are many hindrances to understanding
and thereby effectively conserving
populations of wild sun bears. Some basic field
techniques have not been worked out, and it
is often not fruitful to conduct experiments in
the field. Ex situ bears offer a solution,
enabling experimentation in a controlled
environment, with subjects that can be
repeatedly observed, examined, and tested.
Thus, results can be nearly field‒ready,
reducing the chance of failures when applied
in the forest and increasing the chance that
field results will be properly interpreted.

This prospectus of research concepts for ex
situ sun bears is a valuable compendium of
ideas that arose from a collaboration of
researchers from the ex situ and in situ
communities. It is a broad road map of
practical avenues of research for better
understanding sun bears. Given the greatly
limited resources available for sun bear
research, collaboration and coordination are
essential. This prospectus provides focus and
direction to ensure that sun bear research
activities are effectively and efficiently aimed
toward improved conservation of this species.
I encourage researchers and institutes
interested in sun bear conservation, as well as
facilities throughout the world that provide
care to sun bears, to carefully examine this
prospectus and collaborate on implementing
the research activities that could help reverse
the decline of this species

FOREWORD

David Garshelis, PhD
Co‒chair Bear Specialist Group

iv



This Research Prospectus provides practical
guidance on priority ex situ research projects
capable of benefitting in situ species
conservation. The prospectus is divided
according to the research themes: Field
Techniques; Behaviour; Physiology and
Metabolism; Nutrition; Veterinary Health and
Disease; Genetics; Forensics. A synopsis is
included for each priority research project,
describing the rationale, objective and
potential methods.

The prospectus seeks to improve the quality
and quantity of conservation directed
research conducted using ex situ sun bears, a
priority objective identified in the Sun Bear
Action Plan for the long‒term conservation of
the Malayan sun bear. While it is recognised
that priorities and feasibility will vary, the
prospectus is intended to guide ex situ
research efforts and establish new
collaborations between ex situ facilities,
universities and research institutes.

The following research questions are
addressed to anyone who would like to
contribute to sun bear conservation by ex situ
research and to build a formal network of
academic institutions and captive care
facilities collaborating on applied research
programmes to improve collaboration and
effectiveness, reduce unnecessary duplication
and address agreed priorities.

If you wish to contribute to this endeavour,
have any questions on specific research topics,
seek to get in touch with other researchers or
institutions, are conducting any research or
have any existing data on ex situ sun bears, or
need access to literature, please contact Dr.
Marion Schneider, Ex situ Management Focal
Point, Sun Bear Conservation Plan
Implementation Task Force:
mfschneider@gmx.de.

It is envisaged that this prospectus will be
updated on a regular basis as research
questions are addressed and new
methodologies emerge. As such, new research
suggestions are being accepted on an ongoing
basis and will be reviewed periodically. Topics
of interest include: ex situ research that may
benefit sun bear conservation; in situ research
that may benefit ex situ sun bear welfare; and
ex situ research with other species that may
benefit sun bear conservation or welfare. If
you have a research topic that you would like
to submit for inclusion in the next edition of
this prospectus, please complete the form in
Annex 1 and send it by email to
mfschneider@gmx.de.

EX SITU RESEARCH PROSPECTUS
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Background

The Sun Bear Conservation Action Plan, 2019–
2028 (Crudge et al. 2019), identifies as a
priority objective, improving the quality and
quantity of conservation directed research
conducted using ex situ sun bears. As the first
step in this process, an online survey was
developed, asking ex situ facilities with sun
bears, researchers, conservationists, in situ
and ex situ bear specialists, to provide
suggestions for possible research questions
that can be addressed with ex situ sun bears
for the benefit of species conservation. A
workshop was held with the objective to
identify, assess the feasibility of, and define
criteria with which to prioritize conservation
directed research needs for sun bear
conservation. The results of the survey, the
consultation workshop and the feedback of
the sun bear community, as well as a
literature review, were used to create this
prospectus of priority conservation related
research projects. Each project contains a
synopsis, describing the rationale, objective,
methods and potential conservation outcome.
The prospectus is addressed to individuals and
institutions interested in conducting
conservation related research on captive sun
bears.

Malayan sun bears

Malayan sun bears are threatened throughout
their range by habitat loss and hunting. They
are listed as Vulnerable on the IUCN Red List
(Scotson et al. 2017). Populations are
estimated to have declined by 30% over the
past 30 years and are predicted to continue to
decline unless abated by conservation
interventions. The long‒term survival of sun
bears in the wild is dependent upon
conservation interventions which have to be
based on sound science in order to be
effective. At present, sun bear conservation is,
by necessity, based on sparse data and
incomplete knowledge. Research of both in
situ and ex situ sun bears is required in order
to advance scientific knowledge and improve
conservation effectiveness.

Ex situ research

Sun bear populations are kept in ex situ
facilities such as zoos, recognised sanctuaries,
wildlife rescue centres or similar facilities in
their natural range states as well as in zoos
around the world. These animals make up a
significant population of at least 350
individuals, many of which are wild‒born. This
offers a valuable resource for ex situ research,
due to ease of access and controllable
environments, which is capable of benefitting
in situ conservation of sun bears. However, a
coordinated effort is required in order to fulfil
the potential conservation value of ex situ
research on this species.

Sun Bear Conservation 
Action Plan 2019‒2028

The Sun Bear Global Status Review &
Conservation Action Plan, which is the first
international action plan for a terrestrial bear
species, was launched in June 2019 in
collaboration between Free the Bears,
TRAFFIC Southeast Asia, the IUCN Species
Survival Commission (SSC) Bear Specialist
Group and the IUCN SSC Conservation
Planning Specialist Group. The plan originated
from the 1st International Symposium on Sun
Bear Conservation & Management held in
Kuala Lumpur, Malaysia, in September 2017. It
includes the most extensive status review of
the species and lays out conservation
priorities to be addressed over the next 10
years. Specific experts are listed as focal points
for range countries, and for various
conservation actions. The Action Plan
recommends that conservation directed
research needs should be identified and
prioritised in order to fulfil the objective of
improving the quality and quantity of research
efforts conducted using ex situ sun bears
(Crudge et al. 2019).
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INSTITUTION MALES FEMALES UNKNOWN TOTAL

EAZA 13 25 0 38

AZA 10 16 0 26

ZAA 5 5 0 10

JAZA 12 13 0 25

SEAZA zoos in ZIMS 27 25 1 53

Cat Tien Bear Sanctuary, Vietnam (Free the Bears) 4 6 0 10

Cambodian Bear Sanctuary, Phnom Tamao Wildlife
Rescue Centre, Cambodia (Free the Bears)

29 58 0 87

Vietnam Bear Rescue Centre, Vietnam (Animals Asia) 5 6 0 11

Bornean Sun Bear Conservation Centre, Malaysia No data No data No data 44

KWPLH, East Kalimantan, Indonesia 4 2 0 6

Wildlife Friends Foundation Wildlife Rescue Centre,
Petchaburi, Thailand

6 15 0 21

Samboja Lestari Sun Bear Sanctuary, East Kalimantan,
Indonesia

No data No data No data 45

TOTAL 374

Table 1. Demographics of the ex situ sun bear populations managed by regional zoo associations and 
organisations in range states (adapted from Crudge et al. 2019).
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Prioritisation process of 
conservation relevant 
research topics

In order to contribute towards this objective, a
systematic literature review has been
conducted to determine the scope and
outcomes of past and current sun bear
research projects to provide a baseline from
which to identify relevant research gaps.

The assessment and prioritisation of
conservation directed research needs have
been addressed through a collaborative
process. An online survey was created and
distributed throughout the sun bear
community, including the IUCN SSC Bear
Specialist Group, the sun bear population
managers of EAZA, AZA and ZAA, as well as
individual in situ and ex situ sun bear
researchers and institutions in order to collate
information on previous and ongoing research
that has not been published. In addition,
experts were asked to propose potential
conservation related research questions and
to define priority research activities for the
conservation of sun bears. The online survey
revealed approximately 80 potential research
questions from 50 survey participants. Topics
included behaviour, breeding and
reproduction, diet and nutrition, field
techniques, forensics, genetics, physiology and
metabolism, and veterinary health and
disease.

A consultation workshop was held in June
2019 at Burgers’ Zoo, Arnhem, Netherlands,
where a group of six key experts attended the
workshop in person, and nine experts joined
the workshop via skype sessions in order to
reduce the need for international travel and
thereby CO2 emissions. During this workshop,
all submitted research ideas were discussed
and processed with respect to urgency,
feasibility and conservation outcome. As a first
step, participants discussed and decided which
research questions shall be included for
further prioritisation, with the main focus on
ex situ research that benefits sun bear
conservation. Some overlapping topics have
been combined, others have been excluded
due to lack of feasibility or because they did
not fall within the scope of this project.

A total of 23 potential research questions have
been selected and a comprehensive
spreadsheet has been developed, providing
details on methods and study design for each
topic. Sun bears are the least studied bear
species and have been the focus of few field
studies. Evaluating the long-term impact of
conservation interventions on the status of
wild populations will require effective
monitoring of this rare and elusive species. It
is not surprising therefore that half of the
potential research questions are focused on
field techniques. Conversely, no topics were
suggested under the themes of conservation
education or visitor studies, although it is
recognised that these can be important roles
of ex situ populations.

In order to prioritise the research needs with
regards to urgency, feasibility and
conservation outcome, an overview of the
identified projects was presented to a wider
audience of in situ experts during the 2nd

International Symposium on Sun Bear
Conservation & Management in Kota Kinabalu,
Sabah, Malaysian Borneo, in September 2019.
Participants were asked to review the selected
research topics and provide their feedback.
The list of the selected projects was sent to in
situ experts who couldn’t attend the
symposium, and who selected five high
priority projects. The results of the review, the
consultation workshop and the feedback of
the sun bear community were used to create
this research prospectus of priority
conservation related research projects.
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Specific research question:
What is the sensitivity of eDNA methods
to detect wild sun bears?

Synopsis:
Methods to reliably monitor sun bear
population trends are essential to assess
the effects of threats, or of conservation
actions designed to reduce threats. At
present, monitoring of sun bear
populations is almost nonexistent. Thus
far, successfully applied methods to
survey sun bear populations are bear
sign transects, camera trapping and
villager interviews. Many field
techniques used for other bear species
have shown limited success with sun
bears because they are difficult to
radio‒collar, and no reliable technique
has yet been developed to trap their
short hair for DNA‒based population
estimates. Environmental DNA (eDNA)
barcoding is a new research field within
molecular ecology, which offers a
non‒invasive means to identify species
associated with the environment from
which the DNA was extracted, with
comparable success to conventional
methods. Unlike traditional assessment
methods, where captured or recorded
individuals are used to determine
presence or abundance, eDNA-based
biodiversity assessment relies on the
ability to capture the genetic signature
left behind by organisms through
shedding, excreting, or decaying. eDNA
extracted from water samples is
relatively short lived (days), compared to
soil or ice (years), which makes water
eDNA a reliable method to detect the
presence of a recently present species.
The transport range of eDNA is extensive
in rivers, with signals detectable over
several kilometers. By testing eDNA
samples at various distances
downstream from a naturalistic sun bear
enclosure and subsequent genetic
analysis, the sensitivity for detection of

sun bear presence can be determined.
These insights could subsequently be
applied to measurements obtained from
ponds and rivers in natural environments
to determine the probability and range
for species detection in their natural
habitat. eDNA barcoding could greatly
enhance monitoring of priority and
difficult to survey species such as sun
bears.

Impact:
Provided the method is effective, eDNA
barcoding provides an additional
non‒invasive tool for the detection of
wild sun bears.

Potential study sites:
Facilities with flowing water such as
creeks or rivers running through the
enclosures, e.g. Tat Kuang Si Bear Rescue
Centre, Free the Bears, Laos; KWPLH
Balikpapan, Kalimantan, Borneo.

Duration:
Over different seasons.

Further reading:
(Taberlet et al. 2012, Ishige et al. 2017,
Ushio et al. 2017, Harper et al. 2019,
Sales et al. 2019, Seymour 2019)

1. Test eDNA methods to detect wild bears
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Specific research question:
Which olfactory and auditory stimuli can
be used to attract or deter sun bears?

Synopsis:
Baits and scent lures are frequently
applied in the field in order to improve
detections of bears by camera trapping
or hair collection for genetic analysis.
Conversely, scents and sounds can be
effective stimuli to deter bears from
cropping areas and other human settings
and thus reduce human‒bear conflicts.
Smell is considered to be the
fundamental and most important sense
for ursids. Several scents and sounds are
reported to be effective in attracting or
repelling bears. However, reactions
might vary over time, depend on
species, sex, or age, and habituation
might occur quickly. The use of captive
animals provides an excellent
opportunity for identifying a number of
olfactory and auditory stimuli in a
relatively short time. In order to
determine the effectiveness of different
scents and sounds to attract or deter sun
bears, both adult and juvenile bears
from both sexes shall be observed by
behavioural sampling using a
standardised working ethogram. The
most effective methods shall be tested
for several consecutive weeks to assess
if and when habituation occurs.

Impact:
Attractants might improve the efficacy of
camera‒ or hair trapping surveys.
Deterrents offer inexpensive and easily
applicable methods to keep bears away
from crops and reduce retaliatory killing
due to human‒bear conflict which is
anticipated to increase due to rapid
human population growth, forest
conversion, destruction and
fragmentation.

Potential study sites:
Zoos and sanctuaries that provide the
opportunity to test several individuals
separately.

Duration:
Short term study, depending on the
number of substances and sounds
tested.

Notes:
Please see also Topic 3: Stimulation of
rubbing.

Further reading:
(Miller 1980, Ternent and Garshelis
1999, Smith et al. 2000, Fredriksson
2005, Liu et al. 2005, Brook 2010,
Homstol 2011, Tee et al. 2016, Anderson
et al. 2019, Lenz 2020)

2. Olfactory and auditory
attractants / deterrents
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Specific research question:
Which scents and materials on which
surfaces elicit rubbing behaviour in sun
bears, so that hairs are captured?

Synopsis:
Bears mark trees by clawing, biting, and
by rubbing various parts of the body
against them. Non‒invasive approaches,
such as hair snaring to obtain DNA for
genetic analysis, are commonly used to
estimate bear population size and
density in other ursid species but have
not been successfully applied to detect
sun bears. Sun bears have shorter guard
hairs than other ursids and lack underfur,
which makes it difficult to capture their
hairs by non‒invasive hair sampling. As
in other bear species, which rub neck
and shoulders on trees, there are scents
which elicit rubbing behaviour, but very
little is known on the marking behaviour
of sun bears and, compared to brown
bears, American black bears, or Andean
bears (Tremarctos ornatus), rubbing has
rarely been observed in captive sun
bears. There are a few successful
attempts to attract sun bears to hair
traps, but so far there is no reliable
method to collect hairs for genetic
analysis. In addition, capture probability
varies with sex, age class, and season,
and rubbing behaviour might differ
considerably among populations, as is
the case for American black bears. By
applying different scents on various
materials and surfaces to stimulate
rubbing in sun bears of both sexes and
various age classes during different
seasons, their effectiveness can be
tested by behavioural observations
according to a standardised ethogram
and additional videotaping and
photographing for documentation. A
successful survey requires detailed
planning that also takes into account
tree characteristics such as species, tree
diameter, aromatic properties, bark

texture, and persistence of scents on the
bark. The effect of substances that
achieved the best results shall be tested
on several consecutive days in order to
determine if and when habituation
occurs.

Impact:
Provided that effective scents and
surfaces can be identified, the findings
might improve the effectiveness of
population monitoring through hair
sampling for genetic analyses.

Potential study sites:
Zoos and sanctuaries that offer
opportunities to test several animals
separately and provide well‒structured
enclosures in order to test different
surfaces.

Duration:
Dependent on pre‒studies, coordination,
and number of stimuli and surfaces
tested.

Notes:
Please see also: Topic 2 ‒ Olfactory and
auditory attractants / deterrents, since
there might be some overlapping
regarding testing of olfactory attractants;
Topic 4 ‒ Standardising a hair capture
protocol for genetic monitoring of sun
bears; and Topic 5 ‒ Hair morphology as
a tool for species identification.

Further reading:
(Green and Mattson 2003, Liu et al.
2005, Kendall and McKelvey 2008,
Karamanlidis et al. 2010, Nie et al. 2012,
Clapham et al. 2013;2014, Sato et al.
2014, Tee et al. 2016, Lenz 2020)

3. Stimulation of rubbing
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Specific research question:
Which device is most reliable to capture
sun bear hairs?

Synopsis:
Site‒specific information regarding sun
bear occurrence is scarce and there are
few reliable estimates of population
status or trends. Non‒invasive hair
sampling for genetic analyses and
population monitoring has successful
been applied in other ursids as they are
readily detected by hair collected from
rubbed trees. Rub stations, structures
saturated with scent lures, are reported
to exploit the natural tree rubbing
behaviour in many bear species.
However, despite a few successful
attempts to snag sun bear hairs from
rubbed trees, currently there is no
reliable method to capture their short
and sleek hair regularly and suitable for
genetic analyses. For the method to be
effective, the collection structure must
permit or promote use by the animal,
the sample device must snag the hair,
and the resulting hair samples must
contain useful DNA. Follicles are the best
source of DNA and it has to be taken into
account that DNA degradation may be
more rapid in warm, wet environments
such as sun bear habitat. The goal of this
project is to establish a standard hair
sampling protocol to obtain sun bear
hairs that provide good quality DNA,
through the development and testing of
various hair trapping devices (e.g. brush
like or wooden structures of different
types treated with scents which elicit
rubbing, barbed wires or adhesive tape)
over different seasons. Testing of various
hair capture devices in captivity and
subsequent genetic analyses will help
develop a standard technique that can
successfully be applied in the wild.

Impact:
A standard hair trapping protocol that
allows for reliable collection of suitable
genetic material to obtain insights into
the population status, distribution, and
genetics of sun bears in their natural
habitat will significantly improve wild
population monitoring and
management.

Potential study sites:
Zoos and sanctuaries that provide the
opportunity to test several animals
separately and provide well‒structured
enclosures in order to test different
apparatuses.

Duration:
Dependent on pre‒studies, coordination,
and number of apparatuses tested.

Notes:
Please see also: Topic 2 ‒ Olfactory and
auditory attractants / deterrents; and
Topic 3 ‒ Stimulation of rubbing.

Further reading:
(Taberlet et al. 1997, Green and Mattson
2003, Kendall and McKelvey 2008,
Clapham et al. 2013, Goossens and
Salgado-Lynn 2013, Clapham et al. 2014,
Sato et al. 2014, Lamb et al. 2016, Patkó
et al. 2016, Tee et al. 2016, Lenz 2020).
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Specific research question:
Is hair morphology diagnostic for
identification of sun bears / Asiatic black
bears?

Synopsis:
Asiatic black bears (Ursus thibetanus)
and sun bears co‒occur in northeast
India, Myanmar, Thailand, Laos,
Cambodia, Vietnam, and perhaps
Bangladesh and southern China.
Non‒invasive genetic sampling methods
are instrumental in providing robust
population abundance and density
estimates of bears. Species
identification, as well as population
characteristics such as abundance, can
be accomplished through DNA analysis
from hair samples but are expensive and
often require permissions to be
exported for analyses. Before the use of
hair traps for genetic analyses for
species identification was applied, keys
were used to identify species through
the microscopic analysis of hair shaft
morphology. Hairs differ between sun
bears and Asiatic black at least in length
and underwool, but hairs of closely
related species are often difficult to
distinguish. An identification key has
been provided on the basis of the
structure of dorsal guard hairs for the
four different Indian species of the
family Ursidae. However, besides
seasonal changes, hairs from different
parts of the body may differ regarding
their morphology. In order to test if
there are significant differences
regarding morphology in hairs taken
from different body parts, hairs from a
variety of individuals of both sexes and
different age classes shall be collected
from various body parts according to a
protocol.

Impact:
Provided the method will prove to be
conducted as easily and with
comparable reliability to genetic
analysis, using hair morphology could
provide another useful and inexpensive
tool for non‒invasive species
identification and population
monitoring.

Potential study sites:
Living collections, where hair samples
can be collected opportunistically or
where bears can eventually be trained
for hair collection.

Duration:
Long term study, including different
seasons, dependent on opportunities
such as training, immobilisation or death
of animals.

Notes:
Hairs can be shaved, or better collected
by using tweezers in case hairs with
roots are needed for other studies. This
study could be conducted together with
Topic 3 ‒ Stimulation of rubbing; and
Topic 4 ‒ Standardising a hair capture
protocol for genetic monitoring of sun
bears.

Further reading:
(Moore et al. 1974, De and Chakraborty
2006, Chattha et al. 2011, Knecht 2012)
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Specific research question:
Is it possible to detect sun bears by
auditory sensor?

Synopsis:
Methods frequently applied to survey
wild sun bears are sign surveys, camera
trapping and hair trapping for genetic
analyses. Bioacoustic approaches to
locate and identify animals can be used
in habitats where visual location is
difficult, such as dense vegetation in
tropical forests, and have been shown to
be useful to detect elusive animals. Since
almost all vocal species possess unique
acoustic patterns that differ significantly
following a common structure typical of
the species, by using acoustic analysis
methods, it is possible to identify species
emitting vocalisations such as insects,
frogs, birds and mammals. Acoustic
recording devices require special
features such as being wireless,
waterproof, easily transportable, with
large memory capacities and not easy to
be destroyed by wild animals, but
provide a simple and non‒invasive tool
for the detection of wildlife. The purpose
of this project is to test whether it is
possible to detect wild sun bears using
automatic acoustic survey systems and
to validate if species‒specific
vocalisations are sufficiently distinctive

to classify detected sounds and assign
them to species or intraspecific age
classes. By opportunistically audiotaping
sympatric Asian bear species, e.g. sun
bears and Asiatic black bears, of
different sexes and age classes during
periods, when vocalisations are probable
(e.g. when searching for food, when
cubs are nursed or bottle fed, when
social encounters are to be expected),
and recording the context within which
the sound has been recorded, a
database shall be established that can be
used to test the efficacy of auditory
sensors and recorded sounds.
The method can then be applied to
detect bear presence by acoustically
monitoring sun bears in the wild.

Impact:
Provided the method is successful, it
offers another non‒invasive tool to
improve the detectability of sun bears in
the wild.

Potential study sites:
Facilities in range countries with many
bears, preferably at least sun bears and
Asiatic black bears, which provide
adequate background sound and low
traffic noise.

Duration:
Short‒term study, dependent on the
number of individuals in the facility.

Notes:
The project requires a highly sensitive
taping and sonographic equipment;
taped bear vocalisations from the
Tembrock sound archive, Humboldt
University, Berlin, Germany might be
requested for sound identification.

Further reading:
(Huetz and Aubin 2002, Hartwig 2005,
Peters et al. 2007)
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Specific research question:
Which signs left by sympatric species are
sufficiently different to allow for species
identification?

Synopsis:
Sign surveys are a commonly used tool
for monitoring Asian bears. Sun bears
leave abundant signs that can be used to
confirm bear presence, particularly
insect feeding sites such as opened
termite mounts, dug holes, torn‒open
rotten logs, broken bees’ nests, and claw
marks on climbed trees. However, much
of the sun bear range overlaps with that
of Asiatic black bears and often the signs
of these two species cannot be reliably
distinguished. Although it is possible to
differentiate between both species by
measuring the widths of fresh claw
marks on climbed trees, signs from
Asiatic black bear cubs and adult sun
bears are often confounded. Using scats
for species identification in the tropics is
also problematic due to the quick
degradation of faeces by insects and
erosion by rain. To better distinguish
signs of the two species, all signs
deposited by bears of different sex and
age classes from both species, like claw
marks at trees, scratch marks at holes or
feeding sites, hair, nests, and faeces shall
be sampled and their decay rates over
time shall be monitored. In addition,
description of signs, photos, as well as
individual differences of the bears in
terms of size and weight shall be
recorded and assigned to differences in
bear sign characteristics.

Impact:
A method to reliably distinguish bear
signs left from sympatric species would
considerably improve wild population
monitoring.

Potential study sites:
Zoos and sanctuaries in range countries
keeping the required species at best in
naturalistic enclosures, which offer the
possibility to shift and lock in animals in
order to inspect signs.

Duration:
The planned project is a long‒term study
which requires cooperation and
coordination between different facilities
in range countries.

Notes:
The project requires clear and detailed
sampling protocols for each different
type of sign.

Further reading:
(De and Chakraborty 2006, Fredriksson
and Steinmetz 2007, Steinmetz et al.
2007, Heinemeyer et al. 2008, Steinmetz
and Garshelis 2008, Ngoprasert et al.
2011, Steinmetz 2011, Steinmetz et al.
2011, Fredriksson 2013)
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7. Identifying signs of different species and
their decay rates
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Specific research question:
Development and calibration of a proper
tracking unit design for sun bears.

Synopsis:
Patterns of landscape use and habitat
selection in sun bears are poorly known
which hinders the development of
conservation actions within the
landscape. Radio telemetry, which is
frequently used for other bear species,
has shown limited success with sun
bears since they are difficult to radio
collar. Ear transmitters, which have been
applied in male polar bears and male
grizzly bears, which cannot be fitted with
radio collars due to the width of their
neck in relation to their skull, are not
appropriate for sun bears due to their
thick and small ears, and have been
shown to lead to severe infections. The
aim of this project is to develop
prototypes of collars or attachments
with a programmed breakaway
mechanism, which are more suited to
sun bear morphology, in partnership
with tracking unit engineers, and to test
the efficacy of these devices prior to
using them on wild bears. Based on the
assumption that different locomotory
patterns such as digging, climbing,
walking, and running result in different
radio signals, it is required to calibrate
those devices by assigning different
behaviours to activity sensor readings of
radio collars. It is recommended to
conduct direct observations by
continuous behavioural recording in two
collared individuals (adult and subadult).
Collars that contain both activity sensors
and camera would be ideal to assign
signals to certain behavioural categories.

Impact:
Radio collars designed for sun bears
would enable tracking of individuals to
gain insight into their habitat use and
ecology.

Potential study sites:
Zoos and Rescue centres, e.g. Free the
Bears, Ouwehand Dierenpark Rhenen,
Netherlands.

Duration:
A few weeks once a collar is fitted during
immobilisation; in case prior training for
radio collaring is required, more time
shall be arranged.

Notes:
Only solitary housed animals shall be
included in the study; collars can be
attached when bears are immobilised for
health checks; eventually animals can be
trained to fit the radio collar.

Further reading:
(Gervasi et al. 2006, Kays et al. 2011,
Schmidt-Burbach and Officer 2014, Ware
et al. 2015, Cattet 2018)
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8. Test tracking units / Validation of radio
signals for collars
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Specific research question:
Do size and shape of faeces differ
significantly between species (sun bears
and Asiatic black bears) fed with the
same diet?

Synopsis:
Sun bears are among the most difficult
species to study in the wild due to their
large individual ranges, low population
densities, and their elusive behaviour.
Commonly used tools for monitoring sun
bears are sign surveys. However, signs
from sun bears and Asiatic black bears,
which live sympatrically in a great
proportion of their range in mainland
Southeast Asia, are often
indistinguishable. It has been shown that
scats can be assigned to sun bears and
Asiatic black bears respectively, if
sufficiently different food items are
consumed, i.e. predominately insects in
the sun bear diet and mostly fruits in the
diet of Asiatic black bears, leading to the
question whether identification of
species‒specific scats in overlapping
areas where the food composition is
more similar, is still possible based on
the size and shape of the scat. In
addition, the use of species
identification of sympatric bear species
through scats samples might be limited
in the tropics, due to the rapid
degradation of faeces by insects and
decay rates that vary with season. Based
on the assumption that faecal samples
differ in size and shape between species
and individuals of varying size and during
different seasons, the study aims at
determining if it is possible to
differentiate sympatric living species
using diameter and shape of scat
samples, by using captive bears under
controlled and comparable conditions

regarding diet composition. It is
recommended to feed the same diet to
at least six adults and six juveniles of
each species housed in the same
institution in a range country, to take
photos and measurements to record
scat diameter and shape and analyse the
measured data for significant
differences. In addition, scats shall be
placed on natural ground during various
climate conditions to monitor decay
rates of faeces during different seasons.

Impact:
Provided that scats from both species
can be reliably differentiated, the
method would provide another useful
tool to distinguish signs of sympatric
species.

Potential study sites:
Free the Bears, in case decay rates are
included, because it is the only facility in
range states with sufficient numbers of
both species; otherwise any facility
keeping sufficient numbers of both
species.

Duration:
The study should cover at least dry and
wet season.

Notes:
A pre‒test could be conducted in a zoo
keeping both species and if the
assignment of scats to species is
successful, the study can be extended.

Further reading:
(Augeri 2005, Ngoprasert et al. 2011,
Powell 2011, Steinmetz et al. 2011,
Fredriksson 2012, Islam et al. 2013,
Steinmetz et al. 2013, Teo 2013, Sethy

and Chauhan 2018)
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9. Identification of species sharing the
habitat by their scats; eventually
monitoring of decay rates
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Specific research question:
Is the analysis of iDNA a reliable method
for detecting wild bear populations?

Synopsis:
DNA analyses from invertebrate‒derived
DNA (iDNA) has recently been promoted
as a powerful tool for cost‒ and time
efficient monitoring of wildlife. While
originally applied to identify any
mammalian species present in an area,
it should also allow for targeted
detection of species. In order to test the
utility of using invertebrate‒derived DNA
to detect sun bears, an experimental
set‒up shall be designed, testing various
invertebrate species (e.g. leeches,
mosquitos, carrion flies) and various trap
designs. It is recommended to test the
various trap designs at different
distances from the source DNA (i.e. bear
or bear faeces) to determine the
potential sample area size and to use
invertebrates with known contact to
source DNA to test detectability since
contact with source over time.

Impact:
Provided that iDNA can reliably be used
to detect sun bears, this provides
another method to detect sun bear
presence.

Potential study sites:
Zoos and sanctuaries with bear species
in countries that have invertebrates that
occur naturally in sun bear range states
(or representative species), ideally with
surrounding habitat that allows the
movement of invertebrates; facilities
with no other wild or captive bears in
the immediate vicinity (5 km) which
might affect the distance experiments.

Duration:
The study shall include dry and wet
season.

Notes:
The project can be conducted as a
number of studies over different
seasons, with different invertebrate
species, trap designs, etc.

Further reading:
(Calvignac‐Spencer et al. 2013, Schnell
et al. 2015, Schubert et al. 2015, Lee et
al. 2016, Bagnall 2017, Abrams et al.
2019, Drinkwater et al. 2019)
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10. Test iDNA methods to detect wild sun
bears
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Specific research question:
Do fresh bear claw marks on trees
contain detectible bear DNA?

Synopsis:
Sun bears are among the most difficult
species to study in the wild due to their
large individual ranges, low population
densities, and their elusive behaviour.
Sun bears leave abundant signs that can
be used to confirm bear presence and
commonly used tools for monitoring sun
bears are sign surveys. However, signs
from sun bears and Asiatic black bears,
which live sympatrically in a great
proportion of their range in mainland
Southeast Asia, are often
indistinguishable. Although it is possible
to differentiate between both species by
measuring the widths of fresh claw
marks on climbed trees, signs from
Asiatic black bear cubs and adult sun
bears are often confounded. Claw marks
are the most common type of sign in sun
bear sign surveys. The signs they leave
on climbed trees might be possible
sources of DNA. This project aims at
examining if sun bear DNA can be
derived from fresh claw mark scratches
on trees by analysing samples taken
from claw marks on various tree types
during different seasons. Provided that
very fresh samples provide suitable DNA,
subsequent tests shall be made in order
to evaluate the success rate of DNA
detection over time.

Impact:
If effective, this provides a useful
method to distinguish between claw
marks of sun bears and Asiatic black
bears.

Potential study sites:
Institutions in range states under natural
climate conditions which provide the
opportunity to climb trees. Tat Kuang Si,
Laos, Free the Bears; BSBCC, Sabah,
Malaysian Borneo.

Duration:
The study should cover different
seasons.

Notes:
Potential to observe deposition of fresh
bear sign during Topic 14 - Under which
conditions do sun bears climb?
The reliability and expense of this
method should be evaluated against the
claw mark measurement method
developed by Steinmetz and Garshelis
(2008).

Further reading:
(Steinmetz and Garshelis 2008;2010)

FI
EL

D
 T

EC
H

N
IQ

U
ES

11. Test fresh bear claw marks for 
detectable DNA
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Specific research question:
To which degree do stable isotope
signatures differ between diets?

Synopsis:
Stable isotope analysis has proven to be
a useful tool in reconstructing diets,
characterizing trophic relationships,
elucidating patterns of resource
allocation, and constructing food webs.
Diets, and thus alterations in food
consumption, can be differentiated from
faeces (e.g. herbivorous versus
insectivorous food) since they are
reflected in the stable isotope signal of a
species. The method can therefore be
used to understand diet‒ and
habitat‒related changes in animals as
well as to distinguish between scats from
different species. The purpose of this
project is to test the potential of
stable‒isotope analysis to estimate sun
bear diet composition and to determine
whether and to which degree small
dietary differences are reflected in the
isotope patterns of sympatric tropical
bear species, such as Asiatic black bears
and sun bears, by analysing stable
isotopes from faecal and food samples
of the different species. The study shall
include 2‒3 individuals per species.
Feeding trials shall consist of defined
types of diets, which differ between
species e.g. in the amount of meat and
insects, for at least six days and scat
samples shall be collected on day six.
Likewise, food samples shall be collected
for isotope analyses. Provided that
dietary differences are sufficiently
reflected in scats, this might represent a
method to relatively quickly obtain
information on feeding ecology, niche
overlap and segregation from different
regions which is important to predict

survival chances and to help planning
corridors between fragment patches to
extend the available habitat for the less
dominant species where ranges overlap.

Impact:
Stable isotope analysis might provide a
relatively quick method to identify
feeding ecology in different habitats and
niches of sympatric species.

Potential study sites:
European zoos with the possibility to
shift and lock animals indoors to collect
faecal samples, e.g. Burgers’ Zoo
Arnhem, Netherlands; Cologne Zoo,
Germany; Berlin Tierpark, Germany.

Duration:
A few weeks of data collection and
subsequent testing.

Notes:
Provided that sufficient hairs can be
obtained, the stable isotope method
could also be tested for hair samples,
which requires knowledge on the
previous diets. Stable isotope analyses
can be conducted at various institutions
such as the University Göttingen,
Germany. Include tests on differences in
size, shape and appearance of scats
between the species (Topic 9); inclusion
of microbiome analyses or at least
include sampling for such a study.

Further reading:
(Darimont and Reimchen 2002, Boecklen
et al. 2011, Blumenthal et al. 2012, Lam
et al. 2013b, Han et al. 2019)
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12. Validation of usefulness of stable
isotopes in faeces to determine the feeding
niche of sympatric species
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Specific research question:
At which age do sensitive periods for
different behaviours occur and how long
do they persist?

Synopsis:
Conservation breeding and
reintroduction programmes provide an
important resource for conservation
through the management of populations
of threatened species in zoos and, where
appropriate, to re‒establish populations
in the wild. The success of
reintroductions is highly dependent on
the survival skills of an animal obtained
during ontogeny, such as foraging and
selection of food, climbing, avoidance
from predators, dominant conspecifics,
and humans. Provided that the release
of young confiscated or captive bred
bears for conservation purposes will be
considered in the future, research on
behavioural ontogeny is required to
determine sensitive periods during
which important survival skills are
learned. Little is known about the
behavioural development of sun bear
cubs. A study on a sun bear cub in a zoo
environment over the first three months
of development revealed that first
explorative behaviours occurred around
the age of two months. A recent report
on two captive sun bear cubs showed
that between 4-6 months the distance to
the mother increased but no indications
of the development of neophobia could
be found. Thus, research on behavioural
ontogeny, which is relevant for the
development of survival skills, during the
cubs’ first year of age is essential in
order to determine limited distinct time
frames during which important survival

skills are acquired. In order to achieve
that goal, both video recordings and
direct behavioural observations of
captive born cubs from different
mothers as well as very young rescued
bears shall be conducted based on an
ethogram focussing on: explorative
behaviours; foraging and food selection;
following and avoidance behaviour;
awareness towards new objects and
humans; and shall also include well
designed novel objects tests.

Impact:
The findings might help to inform
management and provide husbandry
recommendations on key periods and
keeping requirements relevant for
success of potential future releases, if
reintroduction of captive sun bears is
considered an option for conservation.

Potential study sites:
Zoos breeding sun bears; rehabilitation
centres, which receive cubs at a very
young age.

Duration:
Long‒term opportunistic study for an
adequate sample size since both births
in zoos and hand raising in rescue
centres at a very young age are rare.

Notes:
The former rearing history of mothers
should be known.

Further reading:
(Fredriksson 1998, Gilbert 1999,
Pazhetnov and Pazhetnov 2005, Peters
et al. 2007, Hall and Swaisgood 2009,

Skripova 2013, Spiero 2019)
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13. Identification of distinct sensitive
periods for learning experiences during
behavioural ontogeny, which are relevant
for the development of survival skills
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Specific research question:
What is the underlying motivation for
sun bears to climb trees in differing
contexts?

Synopsis:
Sign based surveys provide a potentially
powerful method to detect habitat use
of elusive animals that occur at low
densities, such as sun bears. Density of
bear signs on climbing trees, such as
nests and claw marks, can potentially be
used as an index of abundance. Sun
bears are semi‒arboreal animals, well
adapted to climb trees and leave
abundant signs that can be used to
confirm bear presence, including claw
marks on trees climbed to feed on fruits
and invertebrates, to rest on, for
behavioural thermoregulation, and
avoidance from predators, more
dominant conspecifics and humans. It
has been reported that sun bears use a
wide variety of tree species from various
families to climb and to feed on.
However, there are no quantitative data
focussing on the underlying motivations
of climbing in different contexts. Since
climbing represents an appetitive
behaviour which can lead to various end
acts, such as feeding, resting, or
protection, the strength of their
underlying motivation partly determines
its frequency. This project aims at better
understanding what trees sun bears
select for climbing and whether the
motivation for climbing varies with forest

type, season, food availability, fruiting
tree density, altitude, latitude etc., in
order to improve interpretation of bear
sign observation data and how they are
related to abundance and habitat use.
Through the conduction of a literature
review, collection of keeper information,
preliminary ad libitum behavioural
observations, and subsequent dedicated
experiments, conditions and stimuli that
elicit climbing in sun bears can be
elucidated. The study should include
adult and subadult animals of both sexes
in several facilities during different
seasons.

Impact:
The results might lead to a better
understanding and interpretation of bear
sign observation data and how they
relate to abundance and habitat use.

Potential study sites:
Facilities housing sun bears of the
required age classes that provide
sufficient climbing opportunities.

Duration:
Depends on the knowledge gaps
identified and the number of subsequent
experimental studies. At least one wet
and one dry season shall be included.

Notes:
There might be some overlap with Topic
11 - Test fresh bear claw marks for
detectable DNA, from which further
information could be derived.

Further reading:
(Steffen 1996, Wong 2002a, Steinmetz
and Garshelis 2008;2010, Steinmetz et
al. 2011, Fredriksson 2012, Cheah 2013a,
Steinmetz et al. 2013, Barber 2018, Lee
et al. 2019)
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14. Under which conditions do sun bears
climb?
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Specific research question:
Is it possible that an oil palm
fruit‒dominated diet can cause
nutritional imbalances and shifts of
blood values in wild sun bears?

Synopsis:
Sun bears are opportunistic omnivores
consuming a wide variety of food items
including fruits and insects. During
multi‒annually periodic mast fruiting
events, fruits make up most of their diet,
providing the opportunity to build up or
recover fat and energy reserves for the
prolonged inter‒mast intervals.
Commercial hunting and habitat
degradation through logging and
conversion into oil palm plantations are
the main threats to sun bears. Recent
studies have found that sun bears living
adjacent to oil palm plantations use
them to consume oil palm fruits. Camera
trap photos of sun bears living near oil
palm plantations and actual weights
reveal that some individuals are indeed
fatter than bears with no access to oil
palm fruits. However, oil palm fruits do
not provide the full range of nutrients
that meet the requirements of sun
bears, which could lead to nutritional
imbalances, in particular with respect to
macro‒ and microelements which might
have an effect on health and
reproduction. In order to examine if the
intake of diets dominated by one fruit –
in particular oil palm fruits – cause
nutritional imbalances and shifts of
blood values, digestibility trials with
increasing proportions of oil palm fruits,
weight recordings, and ideally blood
samplings after each trial shall be
conducted. In addition, feeding trials to
determine nutrient digestibility of
different fruits generally consumed by
sun bears (including identification of
those parts which are consumed to

make sure that only these are analysed)
shall be implemented, accompanied by
recordings of body weights and blood
sampling prior and after each tested
fruit.

Impact:
Given the diversity of fruits and insects
in the diet of sun bears in forests that
have not been disturbed by humans, it is
expected that the extensive loss,
degradation, and fragmentation of
lowland forests, including loss of many
fruit producing trees, will negatively
impact this species. The study will help
asses potential health risks for sun bears
feeding on an unbalanced diet rich in
carbohydrates. Understanding how sun
bears cope in close vicinity to
agricultural plantations is required to
fully understand their impact on the
species in order to develop conservation
strategies and to assess future
population viability.

Potential study sites:
Zoos and sanctuaries in countries where
ripe whole oil palm fruits are available
and which have the possibility to keep
animals separated; trained animals are
obligatory for blood sampling.

Duration:
Per diet 5 days of adaptation to the test
diet, followed by 5 sampling days; total
time depends on the number of steps
and the proportion of oil palm fruits in
the diet considered maximum.
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15. Digestive efficiency and effects of an oil
palm fruit‒dominated diet
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Notes:
The project needs thorough ethical
considerations weighing the benefits of
results against potential health risks for
bears in the trials, though wild bears
feeding mainly on palm fruits apparently
thrive. This study could also be used to
test whether the stable isotope method
provides reliable information on the food
components (Topic 12) and whether the
scats differ between the species in size,
shape and appearance (Topic 9),
although the latter requires the inclusion
of other species.

Further reading:
(Hoffmann et al. , McConkey and Galetti
1999, Wong 2002b, Normua et al. 2004,
Fredriksson 2005, Wong et al. 2005,
Fredriksson et al. 2006, Steinmetz 2011,
Steinmetz et al. 2011, Fredriksson 2012,
Cheah 2013b, Steinmetz et al. 2013)
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15. Digestive efficiency and effects of an oil
palm fruit‒dominated diet (continued)
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Specific research question:
What is the digestive efficiency of a diet
with increasing amounts of insects and
lowered amounts of fruits?

Synopsis:
The aseasonal rainforest in Malaysia,
Sumatra and Borneo experience
synchronised masting events, followed
by inter‒mast periods with little fruiting.
During these inter‒mast periods, sun
bears rely largely on insects. However,
they seem unable to maintain body mass
for extended periods on a diet of insects,
and some die of starvation. In certain
regions, insects might be the main
source of proteins for sun bears which
are relevant for reproduction, specifically
for lactation and growth, during which
protein requirements are highest.
Nutrient composition of insects
consumed by sun bears and digestibility
tests of diets with increasing amounts of
insects are necessary to assess the
relevance of insects in sun bear diet. At
least six adult, non‒breeding individuals
housed in facilities in range countries
(and if possible also not yet fully grown
animals) shall be included. The analyses
of insects should include their fat
composition, as it differs from that of
endotherms and is thought to have
positive effects on digestion in
vertebrates.

Impact:
The findings provide the basis for
predicting dietary requirements of wild
sun bears and lead to a better
understanding of their ecological niche,
habitat suitability, coping strategies and
their limitations in times of low fruit
availability.

Potential study sites:
Zoos or sanctuaries which provide the
opportunity to keep animals separated
and provide adequate storage capacity
for food and scat samples. Scales are
necessary to record body weights. If
blood samples are considered, trained
animals and safe training cages are
required.

Duration:
Per diet five days of adaptation, followed
by five sampling days; the total duration
depends on the number of steps: e.g. 5%
insects; 10% insects; 20% of insects on a
dry matter basis; the availability of
insects will set the upper limit.

Notes:
Bears will lose weight on a diet
dominated by insects and reduced
amount of fruits. The threshold of
accepted weight loss needs to be
determined a priori or very fat bears
shall be used for the trials.
This study could also be used to test
whether the stable isotope method
provides reliable information on the food
components (Topic 12) and whether the
scats differ between the species in size,
shape and appearance (Topic 9),
although the latter requires the inclusion
of other species.

Further reading:
(Riese 2001, Wong 2002a, Normua et al.
2004, Wong et al. 2005, Fredriksson et
al. 2006, Fredriksson et al. 2007,
Steinmetz et al. 2013, Sethy and
Chauhan 2018)
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16. Digestive efficiency of an
insect‒dominated diet
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Specific research question:
Assessment of sun bear infectious
disease susceptibility.

Synopsis:
A range of infectious diseases have been
described in bear species. Most reports
arise from captive individuals, and often
involve bears as aberrant hosts due to
captivity bringing them into contact with
other species. Examples of viral,
bacterial, fungal and parasitic disease
can be found in the literature. Studies
involving wild bear populations are
dominated by serological surveys,
indicating exposure to pathogens rather
than documenting clinical disease.
Relatively little is known about infectious
disease threats to sun bears, with a small
number of published case reports (e.g.
ursid herpesvirus, infectious canine
hepatitis, dermatophytosis,
gastrointestinal parasitism). Outbreaks
of disease in ex situ populations have
shown sun bears are susceptible to a
number of pathogens for which they are
unlikely to be natural hosts (e.g.
tuberculosis, avian influenza,
foot‒and‒mouth disease). Currently,
there is no published information on
infectious disease susceptibility in wild
sun bears. Infectious disease can be a
conservation risk, particularly when
coupled with the well‒recognised drivers
of population decline. Shrinking habitats
and increased encroachment by humans
and other species amplify disease
threats, which can in turn contribute to
species decline. There are also important
conservation considerations related to
the risk of re‒releasing potentially
infectious individuals from captivity to
the wild. Given the lack of information
on naturally occurring diseases in wild
sun bears, and the challenges around
sample collection and disease
monitoring in wild sun bear populations,
baseline data collection and disease

surveillance using ex situ populations are
useful for understanding pathogen
diversity and disease‒related risks in sun
bears. To prevent or mitigate future
population declines, research efforts
should be aimed at identifying both the
diseases of potential importance to large
carnivores and the ecological conditions
associated with their spread and
severity. Disease investigation efforts in
ex situ populations, as well as
considerations for potential
cross‒species transmission, can help
serve this purpose, and inform disease
surveillance efforts in wild populations
where possible.

Impact:
Understanding of the risks to wild
populations (naturally occurring and
potentially introduced) and thus improve
conservation strategies and inform
re‒release risk assessments.

Potential study sites:
Wildlife rescue centres and zoos housing
sun bears (and other species) with (or
with potential to develop) capacity for
disease investigation.

Duration:
Long term study.

Notes:
Collaboration is needed between
veterinarians, managers, researchers and
laboratories on diagnostic and
surveillance methods.

Further reading:
(Groves 1969, Williams and Thorne
1996, Murray et al. 1999, Blake and
Collins 2002, Smith et al. 2006,
McNamara 2007, Pedersen et al. 2007,
Bourne et al. 2010, Goodnight and
Emanuelson 2012, Lam et al. 2013a,
MacPhee and Greenwood 2013,

Officer et al. 2014)
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17. Sun bear infectious disease susceptibility
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Specific research question:
What factors trigger or prevent
reproduction in sun bears?

Synopsis:
Zoos can contribute to species
conservation through coordinated
breeding programmes for endangered
species to form viable populations that
can benefit in situ conservation efforts
by supporting demographic and genetic
backup to wild populations. However,
reproductive success of the ex situ
population of sun bears has been very
low and the global zoo population is not
self‒sustaining, and contributing factors
have not been systematically identified.
Husbandry and keeping conditions, such
as group size and composition, might
affect breeding success. While sun bears
are solitary in the wild, they are often
kept in breeding pairs or groups
consisting of unrelated females and
reproductive success has been very low.
It has been reported that in groups with
two unrelated females, just one had
regular cycles, whereas the other female
did not cycle and showed elevated faecal
glucocorticosteroids metabolites (GCM),
indicating that there is an impact of
social stress on reproduction. However,
several other females in zoos obviously
resumed normal cycling as they
produced offspring. The question is
whether there are additional factors
which affect cycling and under which
conditions females might resume
cycling. Hormone monitoring is a
well‒established tool for evaluating
endocrine activity of wildlife, and has
substantially enhanced captive
management and propagation of a
number of endangered species as it
allows more effective determination of
how social and environmental aspects
affect reproductive success. In order to

identify key factors for successful
reproduction in captive sun bears,
non‒invasive hormonal monitoring of
faecal sexual and stress hormones of
both females and males in different
social settings shall be implemented,
accompanied by comparisons of
behaviour and husbandry conditions of
breeding and non‒breeding pairs in
zoos. It is also recommended to conduct
veterinary exams of the reproductive
tracts of non‒breeding animals. By
identifying relevant factors, ex situ
breeding can be improved and better
planned by population managers.
Furthermore, the findings allow for the
assessment of the reproductive status
and stress levels of in situ populations.
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Impact:
Maintenance of reserve populations;
opportunity to increase information on
the variability of the sexual cycle;
monitoring reproduction status of wild
populations.

Also important for adjusting group size
and composition and eventually
temporary separation of sexes, if
breeding for release in range countries
becomes a conservation option in the
future.

Potential study sites:
As many institutions keeping both sexes
as possible. Appropriate facilities to
separate / join sexes for prolonged
periods, with vet facilities. Freezer for
faeces storage is required.

Duration:
Long term study.

Notes:
Some aspects, like regular faecal
sampling, might be limited to facilities
with sufficient storage capacity and
personnel for regular sampling.
Introduction of new breeding partners
should be conducted by experienced
keepers according to introduction
protocols.

Further reading:
(Müller 1998, Schwarzenberger et al.
2004, Hesterman et al. 2005, Anton
2006, Goeritz et al. 2006, Knauf 2006,
Frederick et al. 2010, Frederick et al.
2013, Schwarzenberger and Brown 2013)
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Specific research question:
Autonomic and behavioural
thermoregulation in different climate
zones and its energetic costs.

Synopsis:
Forest loss and conversion to croplands
and palm oil plantations are major
threats to sun bears which are a forest
dependent species. Trees are not only
necessary to forage but also for
behavioural thermoregulation as they
provide both shade and a cooler
microclimate through transpiration of
plants. Little is known about
thermoregulation in sun bears and their
associated energetic costs. A study
conducted in sun bears in European zoos
using a combination of infrared
thermography and behavioural
observations revealed that above the
upper critical temperature of 28 °C, sun
bears reduce exploration and avoid
direct solar radiation. In their main
natural habitat, where daily
temperatures can raise above 28 °C,
shade is of utmost importance to avoid
overheating while foraging, whereas in
less dense plantations, where
temperatures raise up to 35 °C, the
available shade might be insufficient, as
sun bears avoid open palm oil
plantations during the day, independent
of the presence of humans. The
objective of this project is to evaluate
whether the reported critical
temperature thresholds are comparable
to those in tropical climate conditions,
using a combination of infrared
thermography and simultaneous
behavioural observations in climatically
differing regions and during all seasons
based on the methods used in the study
described above. Quantifying energetic
costs under the threats sun bears are
facing in the wild, like habitat
destruction, fragmentation and
conversion, is important for population

management and conservation.

Impact:
The results might provide information
necessary on the thermal requirements
of sun bears with respect to the species
potential to cope with the effects of
global warming and habitat degradation
and conversion into oil palm plantations
which are occurring in their natural
habitat and conclusions can be derived
regarding the relevance of forests for in
situ conservation. Knowledge of critical
temperature thresholds in their natural
habitat helps to predict the effect of
habitat changes on sun bear presence /
absence and to plan e.g. corridors and
habitat improvements.

Potential study sites:
Zoos and rescue centres in range
countries with diverse and structured
enclosures that provide sufficient
options for behavioural
thermoregulation; e.g. Free the Bears
Cambodia.

Duration:
At least one year.

Notes:
Thermographic measurements have to
be made without fences or glass
between the animal and the infrared
camera.

Further reading:
(Normua et al. 2004, Cheah 2013b,
Schneider 2015, Schneider et al. in press) P
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Specific research question:
What are the average glucocorticoid
metabolites and hair cortisol levels
under stressing conditions?

Synopsis:
Evaluation of physiological stress by
measuring glucocorticoids, particularly
levels of glucocorticoid metabolites in
faeces, and hair cortisol, is a common
and often used method. There is a
relationship between glucocorticoid
concentrations and disturbance such as
changes in habitat, food abundance,
exposure to humans, chronic stress in
bile farms, or other substandard captive
conditions. Whereas the release of
glucocorticosteroids from the adrenal
glands as a fast response to acute stress
is an essential physiological process that
helps the animal to respond
appropriately to the situation,
permanent exposure to stress may
induce associated prolonged periods of
high cortisol concentrations and can
negatively affect physical health, growth,
reproduction and immune system.
Persistently elevated glucocorticoid
levels are therefore indicative of chronic
stress and disturbed welfare. The
measurement of hair cortisol is
increasingly used to understand the
effect of natural and anthropogenic
stressors on wild animals in the long
term, but it is potentially confounded by
individual, seasonal and sex‒dependent
variations in baseline cortisol levels. The
purpose of the project is to assess
baseline cortisol levels in sun bears by
faecal glucocorticoid metabolites and
hair cortisol concentration
measurements. Transfer of an animal in
a new situation is generally considered
as a reliable stressor and is associated
with elevated stress levels. Analysing
samples taken during and after rescue of

bears might help assess baseline cortisol
levels in sun bears in order to be able to
define which cortisol levels are indicative
for stress. Collection of faeces and hair
at suitable opportunities during health
checks or before and after transport,
from as many individuals as possible
from different age classes, sex and
reproductive status is required. In order
to determine these baseline patterns,
and to validate hair cortisol
concentration analysis, hair samples
from sun bears shall be collected
opportunistically for several months and
correlated with occurring stressful
events such as transfers. Faecal samples
should be taken regularly at least several
days prior and several weeks after a
stressing event, preferably fresh samples
taken at the same time of the day. Data
can be supported by behavioural
observations and detailed information
on individual animals.

Impact:
Improved ability to understand stress
indicators, measured in faeces and hair,
and understanding the impact of
environmental changes and
anthropogenic disturbance on bears is
critical to conservation.

Potential study sites:
Rescue centres with a vet lab, e.g. Free
the Bears.

Duration:
Unpredictable; depends on number of
occasions for taking samples.
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Notes:
A freezer to store faeces and dry storage
of hairs in aluminium foil and paper
envelope is required.

Further reading:
(Millspaugh and Washburn 2004, Owen
et al. 2005, Bechshøft et al. 2012,
Frederick et al. 2013, Malcolm et al.
2013, Cattet et al. 2014, Narayan et al.
2018, Dalerum et al. 2020, Hein et al.
2020)
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Specific research question:
Are there species‒specific signature
curves which identify bear parts or
derivatives in TCM?

Synopsis:
Beside habitat destruction and
fragmentation, trade in bear parts and
derivatives is a major threat to sun
bears. There is consumer demand for
many kinds of wild bear products
including, but not limited to, bear bile,
sold as raw bile stored in vials,
gallbladder, powdered bear bile, flakes,
and ointments. Trade data on bear parts
from Southeast Asia are mainly an
undefinable mixture of Asiatic black
bears and sun bears, unless it is known
for certain that they originate from
regions where only sun bears occur.
Gallbladders and bile from different bear
species cannot be differentiated, except
through genetic analysis. According to
literature, there are species‒specific
signatures in the bile composition. Using
DNA analysis, it is possible to identify the
species and geographical origin (i.e.
population) of a forensic sample, and to
also individualise the sample with high
levels of probability. The aim of this
project is to test if there are specific
signature curves, which can be detected
even in processed material of
confiscated illicit bear products by
forensic analysis of sun bear DNA and to
subject them to different methods of
chemical analyses, e.g. Gas
Chromatography Mass Spectrometry
(GC/MS) for detection of bear
derivatives. Samples of bile or
gallbladder and other tissues from ursids
shall be obtained whenever the
opportunity arises e.g. post mortem or
from specific surgery.

Impact:
The method might greatly improve law
enforcement regarding illegal trade of
bear derivatives.

Potential study sites:
Living collections / dead animals / law
enforcement agencies. Feasible in zoos
and sanctuaries with autopsy rooms, e.g.
Animals Asia, Free the Bears, U.S. Fish
and Wildlife Service, Zoos.

Duration:
Unpredictable; depends on number of
opportunistically obtained samples.

Notes:
Tissue samples or bile could be used for
other projects; e.g. Topic 22 -
Components of sun bear bile in
comparison to bile of other ursids.
Protocol for sampling and storing tissues
and gall bladders is urgently needed.

Further reading:
(Hagey et al. 1993, Lin et al. 1997,
Peppin et al. 2008a, Peppin et al. 2008b,
Yeh et al. 2008, Shepherd and Shepherd
2010, Calderon 2012)
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Specific research question:
Does the sun bear bile contain
substantial amounts of medicinally
effective components?

Synopsis:
The illegal trade of bears and bear parts
and derivatives is a major threat to sun
bears. Whereas the use of Asiatic black
bear bile in Traditional Medicine traces
back over 2000 years, widespread use
and trade in sun bear bile as a medicinal
product is much more recent. Though
sun bears are less present in bear bile
farming operations than Asiatic black
bears, they are commonly poached from
the wild to obtain gallbladder. Unlike
Asiatic black bears, where the medicinal
effects of bile are proven, there is no
evidence confirming the medicinal
effectiveness of sun bear bile. According
to literature, sun bears seem to produce
much lower levels of the effective
components UDCA (ursodeoxycholic
acid) than Asiatic black bears. Due to the
small sample size used in an earlier study
(n=2), it seems reasonable to quantify
bile composition in sun bears and
compare it to other ursid species to
provide evidence for a lack of medicinal
efficacy in sun bear bile. In order to
achieve this goal, samples of gallbladder
and bile of different bear species shall be
collected opportunistically, recording
data of origin where possible for future
analysis.

Impact:
The findings might provide arguments
against the medicinal use of sun bear
bile which can be implemented in both
law enforcement and conservation
education.

Potential study sites:
Feasible in zoos and sanctuaries with
autopsy rooms, e.g. Animals Asia, Free
the Bears, U.S. Fish and Wildlife Service.

Duration:
Unpredictable; depends on the number
of samples obtained.

Notes:
Use samples of bile for Topic 21 -
Validation of techniques to analyse TCM.
Sampling and storage protocols are
needed.

Further reading:
(Hagey et al. 1993, Solá et al. 2006,
Wang et al. 2011, Livingstone and
Shepherd 2014, Crudge et al. 2018,
Livingstone et al. 2018, Davis et al. 2020)
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Specific research question:
What is the population structure and
landscape genetics of sun bears across
their range?

Synopsis:
At present, only one species of sun bear
is recognised, under the name Helarctos
malayanus, with the Bornean form
considered a subspecies (Helarctos
malayanus euryspilus), having some
distinct morphological characteristics. In
a first study of sun bears using nuclear
microsatellites, two genetically and
geographically distinct populations could
be identified in Cambodia. The two
populations have, at best, moderate
genetic diversity and show signs of
inbreeding. It appears that, at least until
the recent past, there has been genetic
exchange between these populations.
Thus, it is necessary to obtain a better
understanding of the barriers to gene
flow, and to what extent these can be
reduced if necessary. Recent mtDNA
analysis suggests a phylogeographic split
between a mainland Southeast Asian
and Sunda clade at the Isthmus of Kra, in
Thailand. To put these findings in the
context of the entire sun bear meta
population, the development of a
reference database of the sun bear
populations across its distribution range
is required (e.g. to gain knowledge
regarding the genetic exchange with sun
bear populations in Vietnam, Laos and
Thailand; and potentially better
understand trade routes). Therefore,
further microsatellite‒based research on
sun bears is recommended to develop
such a reference database. In order to
detect genetic differences between
populations, opportunistic sampling of
hairs, blood and other tissues for DNA
analyses from captive sun bears of
known origin from the complete sun
bear range is required. In addition to
identifying evolutionary significant units,

with the addition of geo‒referenced
data, this reference database could also
serve as a forensic tool to combat the
illegal wildlife trade that is a significant
threat to this species.

Impact:
Identifying evolutionary significant units.

Potential study sites:
Zoos and sanctuaries in range countries
with animals of known geographic
origin, e.g. Free the Bears / BSBCC,
Sabah, Malaysian Borneo / KWPLH
Balikpapan, Kalimantan, Indonesian
Borneo.

Duration:
Unpredictable, depends on sampling
opportunities.

Notes:
Storage requirements vary depending on
type of sample, e.g. dry storage of hair in
aluminium foil and paper envelopes;
freezer for faeces; Longmire’s solution
for ambient storage.

Further reading:
(Zhang 1996, Meijaard 2004, Onuma et
al. 2006, Kunde 2017, Kunde et al. 2019)
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APPENDIX: Research topic submission form
Notes:
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