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In the current ‘sixth mass extinction event in the history of 
life’, biological diversity (biodiversity, i.e., genetic diversity, 
species diversity and ecosystem diversity) is decreasing at 
100–1000 times the pre-human rates (Chapin et al., 2000; 
Sachs et al., 2009). Because of the exceptional species 
richness of tropical rainforests, their destruction causes the 
highest biodiversity losses (Brooks et al., 2002).

The islands of South-east Asia are global biodiversity 
hotspots (Myers et al., 2000), hosting about 13% of all 
known mammal species on only about 1% of the world’s 
land area (Meijaard, 2009). The mammals of South-east 
Asia are of high global conservation priority (Schipper et al., 
2008; Sodhi et al., 2010). Within South-east Asia, Borneo 
has been identified as an evolutionary hotspot hosting the 
highest levels of mammalian species richness (de Bruyn et 
al., 2014). But this biodiversity hotspot is under sustained 
pressure from anthropogenic habitat conversion: between 
1973 and 2010 over 30% of Borneo’s forests were cleared 
(Gaveau et al., 2014). Of the remaining forest, a large 
proportion is earmarked for the conversion to non-forest 
use (Gaveau et al., 2013). In addition to habitat conversion, 
there are major pressures from habitat degradation and 
fragmentation; furthermore, hunting is a serious threat to 
many mammals on Borneo (e.g., Bennett et al., 1995, 2000; 
Brodie et al., 2015).

Borneo harbours altogether 25 species of carnivores (Table 
1), including more endemic carnivores than any other island 
except Madagascar (Shepherd et al., 2011); some of these 
are remarkably distinct from all other global forms, such as 
Hose’s civet Diplogale hosei (Thomas). Presently, about half 

of the carnivore species whose geographic ranges include 
Borneo have been classified by The IUCN Red List of 
Threatened Species as globally threatened (IUCN, 2015). 
Alarmingly, between the IUCN Red List assessments of 2002 
and 2008, three species were moved from Near Threatened 
or Least Concern to Vulnerable, and two from Data Deficient 
or Vulnerable to Endangered (Shepherd et al., 2011), whilst 
two Bornean carnivores were categorised as Data Deficient in 
2008. In response to these threats and paucity of knowledge, 
three IUCN SSC specialist groups (the Cat Specialist Group, 
the Otter Specialist Group and the Small Carnivore Specialist 
Group), in collaboration with the Sabah Wildlife Department 
and the Leibniz Institute for Zoo and Wildlife Research 
(IZW) organised the ‘1st Borneo Carnivore Symposium 
(BCS): Road Towards Conservation Action Plans’ (18–24 
June 2011 in Kota Kinabalu, Sabah, Malaysia) in order to 
determine the most urgent needs in developing strategies 
for the conservation of Bornean carnivores.

A key focus of the BCS was to enhance the dialogue between 
scientists, conservationists and governmental authorities of 
these countries. The BCS presented the unique opportunity 
for closer connections between scientists and practitioners 
and was the first time that researchers and governmental 
authorities in Borneo sat down to (i) discuss the future of 
carnivores, a group of species often side-lined in Borneo in 
favour of more charismatic species such as Bornean orang-
utan Pongo pygmaeus (Linnaeus) and Asian elephant Elephas 
maximus Linnaeus; (ii) identify key conservation areas within 
their respective regions; and (iii) discuss the main threats 
and necessary actions to mitigate these threats, in addition 
to possibilities of transboundary cooperation. The BCS was 
attended by about 200 people from almost 20 countries, 
with strong representation from the range states of Brunei 
Darussalam, Malaysia and Indonesia, the three countries 
comprising Borneo. The BCS had two parts: Part I entitled 
‘Science for conservation of Bornean carnivores’ and Part II 
‘Developing conservation strategies for Bornean carnivores’.

A key objective of the BCS was to build a knowledge 
base of Bornean carnivores. To this end, staff at the IZW 
collated occurrence records of all Bornean carnivores except 
sun bear Helarctos malayanus (Raffles) in advance of the 
BCS, and established the Borneo Carnivore Database (see 
Kramer-Schadt et al., 2016). Many national and international 
scientists, conservationists and/or naturalists responded to 
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Table 2 The Borneo Carnivore Consortium (Authors listed in alphabetical order)

Name Affiliation

Raymond Alfred Borneo Conservation Trust, Kota Kinabalu, Sabah, MALAYSIA

Laurentius N. Ambu Sabah Wildlife Department, Kota Kinabalu, Sabah, MALAYSIA

Marc Ancrenaz HUTAN, Kinabatangan Orang-utan Conservation Programme, Kota Kinabalu, Sabah, MALAYSIA

Mohd-Azlan Jayasilan Azad Department of Zoology, Faculty of Resource Science and Technology, Universiti Malaysia Sarawak, 
94300 Kota Samarahan, Sarawak, MALAYSIA

Dave M. Augeri College of Natural Resources, Colorado State University, U.S.A.; 2Biodiversity Unlimited LLC, 
Jackson, WY, U.S.A.; 3Craighead Institute, U.S.A.

Jerrold L. Belant Forest and Wildlife Research Center, Mississippi State University, U.S.A.

Henry Bernard Institute for Tropical Biology and Conservation, Universiti Malaysia Sabah (UMS), Kota Kinabalu, 
Sabah, MALAYSIA

Mark Bezuijen Asian Development Bank, Mandaluyong, PHILIPPINES

Ramesh Boonratana Mahidol University International College, Nakhon Pathom, THAILAND

Tjalle Boorsma Naturalis Biodiversity Center, Leiden, NETHERLANDS

Miriam Brandt Leibniz Institute for Zoo and Wildlife Research (IZW), Berlin, GERMANY

Christine Breitenmoser-Würsten International Union for Conservation of Nature (IUCN), Bern, SWITZERLAND

Jedediah Brodie Departments of Zoology & Botany, Biodiversity Research Centre, University of British Columbia, 
Vancouver, CANADA

Susan M. Cheyne Orangutan Tropical Peatland Project (OUTROP), Palangkaraya, INDONESIA

J.W. Duckworth IUCN SSC Small Carnivore Specialist Group, Salford, U.K.

Nicole Duplaix Department of Fisheries and Wildlife, Oregon State University, Corvallis, U.S.A.

James Eaton Birdtour Asia, Derby, UK

Gabriella Fredriksson Sumatran Orangutan Conservation Programme, PanEco/YEL, Jl. Wahid Hasyim 51/74, 20154 Medan, 
North Sumatra, INDONESIA

Anthony Giordano Department of Natural Resource Management, Texas Tech University, Lubbock, U.S.A. 

Jon Hall Not affiliated

Andrew J. Hearn Wildlife Conservation Research Unit, Department of Zoology, Oxford University, U.K.

Ilja Heckmann Leibniz Institute for Zoo and Wildlife Research (IZW), Berlin, GERMANY

Matt Heydon Natural England, Mail Hub Block B, Whittington Road, Worcester, WR5 2LQ, U.K.

Heribert Hofer Leibniz Institute for Zoo and Wildlife Research (IZW), Berlin, GERMANY

Jason Hon WWF-Malaysia, Kuching, Sarawak, MALAYSIA; formerly Graduate School of Global Environmental 
Studies, Kyoto University, JAPAN

Stephanie Kramer-Schadt Leibniz Institute for Zoo and Wildlife Research (IZW), Berlin, GERMANY

Luke TB Hunter Panthera, New York, NY 10018, U.S.A.

Danielle Kreb Conservation Foundation for Rare Aquatic Species of Indonesia (RASI), Samarinda, INDONESIA

Martjan Lammertink Cornell Lab of Ornithology, Cornell university, Ithaca, U.S.A.; 2CICyTTP-CONICET, Entre Rios, 
ARGENTINA

Lim Boo Liat Not affiliated

Norman T-L. Lim National Institute of Education, Nanyang Technological University, SINGAPORE

Jana Lindenborn Leibniz Institute for Zoo and Wildlife Research (IZW), Berlin, GERMANY

Brent Loken School of Resource Management, Simon Fraser University, Burnaby, CANADA

David W. Macdonald Wildlife Conservation Research Unit, Department of Zoology, Oxford University, U.K.
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Name Affiliation

Andrew J. Marshall Department of Anthropology, Program in the Environment, & School of Natural Resources and 
Environment, University of Michigan, U.S.A..

John Mathai Leibniz Institute for Zoo and Wildlife Research (IZW), Berlin, GERMANY; formerly Institute 
of Biodiversity and Environmental Conservation, Universiti Malaysia Sarawak, Kota Samarahan, 
MALAYSIA; Wildlife Conservation Society (WCS) Malaysia Program, 7 Jalan Ridgeway, 93200 
Kuching, Sarawak, MALAYSIA.

William J. McShea Smithsonian Conservation Biology Institute, Front Royal, U.S.A.

Erik Meijaard Borneo Futures, Jakarta, INDONESIA; 2School of Archaeology and Anthropology, Australian 
National University, Canberra, AUSTRALIA

Azlan Mohamed Leibniz Institute for Zoo and Wildlife Research (IZW), Berlin, GERMANY

Miyabi Nakabayashi Wildlife Research Center, Kyoto University, JAPAN

Yoshihiro Nakashima College of Bioresource Science, Nihon University, Fujisawa City, Kanagawa 252-0880, JAPAN

Jürgen Niedballa Leibniz Institute for Zoo and Wildlife Research (IZW), Berlin, GERMANY

Sophie Persey Formerly R.E.A. Holdings, Balikpapan, INDONESIA

Amanda Peter Formerly Wildlife Conservation Society (WCS) Malaysia Program, Kuching, Sarawak, MALAYSIA

Sander Pieterse Naturalis Biodiversity Center, Leiden, NETHERLANDS

John D. Pilgrim Not affiliated

Edward Pollard Not affiliated
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the query and contributed their records and knowledge 
from Borneo. This collaborative work of the Borneo 
Carnivore Consortium (see Table 2) sets the foundation for 
the successful BCS and for this Supplement of the Raffles 
Bulletin of Zoology.

These collated records were used to model the potential 
current distribution of all Bornean small carnivores (this 
term used here in correspondence with IUCN SSC specialist 
group arrangement, i.e., in Bornean terms to signify all 
carnivores except otters, cats and Sun Bear), otters and 
cats. The spatial predictions were presented by local and 
international scientists to the other participants of the BCS. 
For each species, scientists, conservationists and other 
stakeholders discussed afterwards the model’s outcomes 
and suggested conservation priorities. In regional working 
groups these conservation priorities were specified further 
and participants of the BCS proposed key areas for protection 
or sustainable management to safeguard the most threatened 
Bornean carnivores. These discussions recognised the need 
to publish the BCS findings for each species, and the Raffles 
Bulletin of Zoology provided us the opportunity to do so 
in this Supplement.

After the BCS the species distribution models were refined 
using the input and recommendations of the participants. 
A particular requirement was a more rigorous approach to 
account for the uneven search effort across the island, because 
until today most research, surveys, and leisure natural history 
observations have been conducted in the Malaysian state 
of Sabah, whilst very limited work has been conducted in 
the provinces of South Kalimantan and West Kalimantan, 
Indonesia. Although there is no possibility to avoid erroneous 
predictions because of uneven search effort, the risks were 
reduced by the approaches developed in Kramer-Schadt et 
al. (2013) and described also in Kramer-Schadt et al. (2016). 
Most importantly, the methodological outline and the species 
papers all highlight the approach’s limitations.

This thorough revision revealed that any modelling approach 
for the Bornean otters would be unlikely to produce 
scientifically sound results, because of the paucity of then-
available occurrence records. All four Bornean otters are 
likely to be highly threatened on the island. Indeed, until 
recent photographs were taken taken from Danum Valley 
(N.D. pers. communication) it was unknown if the Eurasian 
otter Lutra lutra (Linnaeus) persisted on Borneo at all. 
Although the other three otter species, the hairy-nosed otter 
Lutra sumatrana (Gray), the Asian small-clawed otter Aonyx 
cinereus (Illiger) and the smooth-coated otter Lutrogale 
perspicillata (Geoffroy Saint-Hilaire) are somewhat more 
commonly recorded, the number of confirmed records with 
precise spatial information even for each of these remained 
too low for credible modelling. Although it is unfortunate 
that the otters could not be covered in comparable fashion in 
this Supplement, that so little is known about them highlights 
the urgent need for further information to be gathered and, 
almost certainly, for conservation actions on Borneo. In 
South-east Asia and East Asia, otters are heavily hunted 

and traded, particularly for their skins; and their primary 
habitat, the wetlands, most of which are in the lowlands, 
are the most threatened habitats in South-east Asia (Posa 
et al., 2011; Miettinen et al., 2011). In the overall Bornean 
carnivore community paper, Mathai et al. (2016) used the 
otter civet Cynogale bennettii Gray and the flat-headed cat 
Prionailurus planiceps (Vigors & Horsfield), two other 
Bornean carnivores highly dependent upon surface water 
sources and which are almost confined to wetlands and/or 
lowland forest, to highlight the conservation need to protect 
these threatened areas. It is likely that also all four Bornean 
otter species would benefit from such conservation activities.

This supplement starts with an overview from Earl of 
Cranbrook (2016) about the biogeographical influences 
on and the zooarchaeology of Bornean carnivores. He 
summarised the fossil records of carnivores and showed 
how these remains can provide intriguing biogeographical, 
environmental and cultural information.

The methodological approach from data collection to the 
predictions of the habitat suitability index model is presented 
by Kramer-Schadt et al. (2016). This paper serves not only 
as a ‘Material and Methods’ section for all subsequent papers 
but by highlighting the approach’s limitations it is essential 
context for the presented findings. This paper is followed by 
15 small carnivore and five cat papers, each presenting the 
records traced, the predicted distribution and the proposed 
conservation needs for the species in question.

The supplementary issue concludes with an overarching 
paper by Mathai et al. (2016), which puts the findings of 
each species into a broader Borneo carnivore conservation 
context. This paper highlights the most urgent conservation 
and research needs for the Bornean carnivore community 
as a whole.

We are thrilled that in the five years since the BCS many more 
research activities on Borneo have generated new information, 
of which not all could be incorporated in this Supplement. 
Nevertheless we trust that this issue will serve as a foundation 
for more concentrated research and conservation activities, 
both at the species-level, but also at the biodiversity level, 
as carnivores – being on top of the food chain – are known 
to play important roles in the ecosystem functioning. Thus, 
many findings presented here, specifically in the concluding 
paper of Mathai et al. (2016), are representative of broader 
conservation issues on Borneo. We hope that the joint effort 
of the Borneo Carnivore Consortium will serve as a catalyst 
for future collaborative initiatives. 
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