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l. EXECUTIVE SUMMARY

Research analyzing wild populations of southern pig-tailed macaques “paints a concerning outlook
for the long-term survival of this species.” Data evidencing a population decline of at least fifty
percent over the past thirty-three years (or three generations) led the International Union for
Conservation of Nature (IUCN) to elevate the species’ status from “vulnerable” to “endangered”
on the IUCN Red List of Threatened Species in 2022. Primatologists expect that the population
will continue to decline if threats to the species are not addressed.

The Endangered Species Act (ESA) requires the U.S. Fish and Wildlife Service (FWS or
“Service”) to list southern pig-tailed macaques as “endangered” or “threatened” if, throughout all
or a significant part of their range, the species is in danger of extinction or is likely to become
endangered within the foreseeable future. A single threatening factor can be sufficient to trigger
listing status. But, here, the southern pig-tailed macaque is seriously threatened by multiple factors:
(1) declining native habitats; (2) overutilization for scientific, commercial, and recreational
purposes; (3) predation; and (4) inadequate regulatory mechanisms.

Records revealing high mean infant mortality dislodge the once-held perception that the southern
pig-tailed macaque is adaptable to anthropogenic landscapes and less impacted by severe habitat
disturbance and clear-cutting. As a species sensitive to these environmental transformations, as
well as the threats posed by rampant trading (both legal and illegal), the outlook for the long-term
survival of southern pig-tailed macaques is ominous.? Based on the petition herein, which
summarizes, supplements, and incorporates by reference the [IUCN’s detailed 2022 Assessment,
the petitioners urge the Service to list the southern pig-tailed macaque as an endangered or
threatened species under the ESA.

1. INTRODUCTION
A. Petitioners

People for the Ethical Treatment of Animals (PETA) is a non-profit organization dedicated to
protecting animals from abuse, neglect, and cruelty, and undertakes these efforts through public
education, cruelty investigations, research, animal rescue, legislation, special events, celebrity
involvement, protest campaigns, and lawsuits to enforce laws enacted to protect animals.
Beginning in 1981 with an investigation that uncovered primates suffering in a Maryland research
facility, PETA has spent decades exposing abusive and deadly experiments on primates and
persistently champions ending the use of animals in experiments. For example, to further its work
to end the importation of primates into the United States for experiments, PETA launched a
campaign that persuaded major airlines to stop transporting primates, including southern pig-tailed
macaques, into the United States for use in experiments. And, when the biomedical research
community petitioned the Department of Transportation to take enforcement action against the
airlines, PETA submitted extensive comments in opposition. In 2022, PETA’s investigation of the
Thai coconut industry’s abusive use of captive primates—particularly southern pig-tailed

I N. Ruppert et al., Macaca nemestrina, THE IUCN RED LIST OF THREATENED SPECIES 1 (2022), https://dx.doi.org/
10.2305/IUCN.UK.2022-1.RLTS.T12555A215350982.en [hereinafter “IUCN 2022 Assessment”] [Ex. 1].
21d. at 2.



macaques reportedly illegally abducted from their families and forced to pick coconuts—furthered
its ongoing campaign to stop companies from sourcing canned coconut milk products from
Thailand.®

Primatologist Lisa Jones-Engel, Ph.D. has studied the interface between humans and long-tailed
and pig-tailed macaques in Indonesia, Singapore, Cambodia, Thailand, Myanmar and Bangladesh
as well as in the primate biomedical facilities of the United States since the 1980s. Her scientific
career has included field studies, research in the laboratory setting (most recently, the Washington
National Primate Research Center), and teaching assignments. She has authored over 100 peer-
reviewed articles, covering the fields of primatology, virology, epidemiology, microbiology, and
conservation, and co-authored the IUCN 2022 Assessment. Dr. Jones-Engel currently serves as
senior science advisor on primate experimentation with PETA’s Laboratory Investigations
Department.

Primatologist Biruté Mary Galdikas, Ph.D. has committed five decades to the conservation and
study of primates in Indonesia. She is the world’s authority on orangutans. Her field site in
Indonesia is home to wild populations of long-tailed and pig-tailed macaques who share the
rainforest with the orangutans. The Orangutan Foundation International, founded by Dr. Galdikas,
takes a holistic and comprehensive approach with multiple complementary strategies to combat
the complex challenges of conserving and protecting the animals and forests.

Dr. Jane Goodall, DBE, founder of the Jane Goodall Institute and UN Messenger of Peace, has
for decades been a global champion for animal welfare and conservation. She travels the world
asking each of us to take action on behalf of all living things and the planet we share.

Action for Primates is a UK-based project that advocates globally on behalf of non-human
primates. Action for Primates recognizes that all animals, not just non-human primates, deserve
respect and protection from harm by people.

Born Free USA is a leading wildlife charity, working for decades to end the exploitation of
macaques and to enhance the survival of threatened species in the wild and protect natural
habitats while respecting the needs and safeguarding the welfare of individual animals. They
seek to have a positive impact on animals in the wild and protect their ecosystems in perpetuity,
for their own intrinsic value and for the critical roles they play within the natural world.

Sarah Kite is co-founder of Action for Primates. She has spent decades working to bring
awareness of the international trade and use of non-human primates, in particular macaques, for
the global research and toxicity testing industries.

Dr Nedim Buyukmihci is Emeritus Professor of Veterinary Medicine at the School of
Veterinary Medicine, University of California-Davis and co-founder of Action for Primates. His
decades of non-human animal advocacy have included working on behalf of a wide range of

3 See, e.g., Rebecca Ratcliffe, HelloFresh Drops Thai Coconut Milk After PETA Monkey Labour Campaign, THE
GUARDIAN (Mar. 7, 2023), https://www.theguardian.com/us-news/2023/mar/07/hellofresh-drops-thai-coconut-milk-
after-peta-monkey-labour-campaign [Ex. 2].



species, in particular macaques and other non-human primates. He has many years of experience
co-managing sanctuaries, including for farmed animals and non-human primates, and a wildlife
refuge.

Angela Grimes is Chief Executive Officer of Born Free USA, a wildlife conservation and
animal welfare organization. For the past decade Angela has campaigned to ensure that long-
tailed and pig-tailed macaques caught up in the wildlife, pet or laboratory trade are provided with
sanctuary.

Dr. Liz Tyler-Griffin has worked in animal protection and conservation, with a particular focus
on primates, for twenty years. She currently works as Programs Director for Born Free USA and
runs one of the largest long-tailed and pig-tailed macaque sanctuaries in the United States.

The Macaque Coalition (MACC) was initiated in 2020 and is a working group of the Asia for
Animals Coalition. MACC aims to collate and share information on the many welfare issues
faced by macaques, and to facilitate networking and collaboration geared towards promoting
respectful coexistence, alleviating their suffering, and protecting them at both the individual level
and the species level. MACC produced the 2022 Macaque Report: Indonesia’s Unprotected
Macaques.

Ecoflix is a not-for-profit media group that educates, inspires and supports meaningful actions
which will deliver a tangible, measurable difference in saving animals and restoring the

planet. Dr. lan Redmond, Head of Conservation for Ecoflix has spent decades raising
awareness, through advocacy and research, about the trade in wildlife, including long-tailed and
pig-tailed macaques.

Wildlife biologist and conservationist, Dr. lan Redmond has devoted decades to protecting and
advocating for conservation. He is the founder and chairman of the Ape Alliance, a coalition of
organizations and individuals dedicated to the conservation and welfare of apes and other
primates. The Ape Alliance Primate Trade Working Group publicize cases of illegal trade, and
support efforts to repatriate confiscated live animals to the nearest suitable sanctuary to the point
of origin.

Since 1973, under the leadership of our founder, Dr. Shirley McGreal, International Primate
Protection League has spent decades fighting to protect and save macaques around the world.
These significant efforts included fighting smugglers, exposing the fate of long-tailed and pig-
tailed macaques in research labs, establishing a gibbon sanctuary and much more.

For decades, Wildlife Alliance has worked with stakeholders around the globe to combat the
illegal wildlife trade in long-tailed macaques and other species.

Through lobbying, publishing research, training scientists, and attending and conducting scientific
meetings, the Physicians Committee for Responsible Medicine is dedicated to the goal of
eliminating the exploitation and use of macaques in testing across the globe.



Dr. Michael Schillaci is a Professor of Anthropology, University of Toronto Scarborough. Dr.
Schillaci has spent two decades studying macaque morphology, growth, hybridization and
evolution, including Macaca fascicularis, in addition to other macaque species. He has also been
involved in research examining the consequences of human macaque interactions in Southeast
Asia.

One Voice has been involved in the fight against animal experiments since its foundation about
30 years ago. With regard to macaques in particular, OneVoice fights against the fact that they
are still being captured in the wild and bred, transported, and experimented. One Voice
investigates, petitions, goes to court, analyses data and advocates on their behalf. The
organization is also a member of the macaque coalition at an international level, in Asia for
Animals.

Abolicidn Viviseccion is a Spanish NGO born in 2021. Their activities started exposing the
terrible conditions of the macaques imported and held in Camarney (Spain), the largest macaque
farm for experimentation in Europe. Currently, their work focuses on raising awareness about the
trafficking of macaques, the suffering of animals, and the futility of vivisection as a valid
scientific method.

Dr. Sam Shanee is a conservation biologist/conservationist who has worked in Asia and South
America for over 20 years. Much of his work is centered on the illegal wildlife trade and human-
wildlife conflict resolution, and as such he has observed first-hand the multiple threats faced by
both long-tailed and pig-tailed macaques.

Gemunu de Silva is the co-founder of Tracks Investigations, an ethical investigations agency
providing investigative content to the animal protection sector world-wide. He has been an
advocate for animals for over 35 years and has worked on a variety of global projects and
campaigns, most notably his work investigating the international trade of primates for research in
Vietnam, Cambodia and Mauritius for which he was awarded the special investigation prize by
the RSPCA.

Northwest Animal Rights Network (NARN) is an animal rights organization based in the
Pacific Northwest (PNW). NARN monitors the use of macaques in the PNW, and campaigns for
those used in research in facilities around the PNW.

Pam Mendosa has worked with many primate species in the US and Africa, specializing in
research protocols and wildlife rehabilitation. She is active in campaigning and activism

and heads the current board of International Primate Protection League, supporting work to end
the illegal pet trade and conserve primates in their native habitat.

Phoenix Zones Initiative (PZI) advocates for global and local policy changes that safeguard
people, animals, and the environment against exploitation. PZI continues to promote dialogue
about the importance of moving away from the use of long-tailed and pig-tailed macaques in
biomedical research.



Dr. Hope Ferdowsian is a double-board certified internal medicine, preventive medicine, and
public health physician, and co-founder and president of Phoenix Zones Initiative, a global
nonprofit organization that advances the interdependent rights, health, and wellbeing of people,
animals, and the planet through education, research, and advocacy. Over two decades, she has
worked across six continents on policy to address human, animal, and environmental
exploitation.

Dr. Nikhil Kulkarni is a board certified anesthesiologist and cofounder of Phoenix Zones
Initiative, a global nonprofit organization that advances the interdependent rights, health, and
wellbeing of people, animals, and the planet through education, research, and advocacy. Over the
years, Dr. Kulkarni has worked with a number of organizations focused on the promotion of
animal and environmental protection.

Neotropical Primate Conservation has been using primates as “flagship species” for
community conservation projects for decades ensuring long term habitat protection for our
flagship species and all wildlife that shares their habitats. Through this work they help local
communities strengthen their stewardship of nature as well as protect their traditional and
cultural identities, benefiting both humans and the environment.

The EMS Foundation is a not for profit organization based in South Africa, we believe that
there is a need to conserve and protect non-human primate populations that are living in the wild
because of land transformation and persecution by humans and the resultant fragmentation of
populations and decline in numbers. The existential crisis non-human primates find themselves
in, whether they are taken from the wild or bred in captivity, is closely tied to the insatiable and
ever-proliferating demand to own and kill rare and exotic wild animals.

Tim Ajax, Executive Director of the Oklahoma Primate Sanctuary, has spent the last three
decades working with captive non-human primates including many species of macaques such as
long-tailed and pig-tailed macaques. Whether retired from research or rehomed from the exotic
pet trade, Tim has worked tirelessly to provide a high-quality level of care with a focus on large
enclosures where these intelligent primates can engage in normal behaviors.

Rise for Animals is a national animal rights organization on a mission to end animal
experimentation. Their efforts to expose cruelty in labs, rescue animals, mobilize support, get
laws passed, and advocate for innovative, humane, and effective research will end an outdated
industry and free animals from cruelty. Founded as New England Anti-Vivisection Society, Rise
for Animals has been working to free macaques and other non-human primates from biomedical
research for decades. Ed Butler is the Executive Director at Rise for Animals. For more than
twenty years he has worked on campaigns to save animals—including macaques.

Wildlife Friends Foundation Thailand is a registered foundation under Thai law. They campaign
against all forms of animal abuse and exploitation in Thailand. WFFT actively seeks to combat the
illegal wildlife trade in macaques and to rescue animals from poor conditions or exploitation from
human entertainment.



The Douc Langur Foundation, headed by Dr. Lois Lippold, focuses on exposing and mitigating
the poaching, trapping and illegal trade of primates from the forests of Southeast Asia.

Fundacion Entropika works closely with local stakeholders in South America, in community-led
projects, educational and social programs, capacity building and empowerment of civil society,
enforcing environmental and primate welfare laws and cooperative research.

Dr. Angela Maldonado, Project Director of Fundacion Entropika, is a primatologist, ecologist
and conservationist working for over 20 years in the Colombian Amazon. Her work focuses on
fighting the illegal wildlife trade and in helping local communities. She has been the recipient of
multiple awards in recognition of her dedication to conservation.

Animal Defenders International, headed by Jan Creamer, has worked for decades to expose the
violence and death that is associated with the capture, transport and use of long-tailed and pigtailed
macaques destined for use in experiments.

World Animal Protection and Lindsay Oliver, World Animal Protection’s Executive Director,
fights to keep animals in the wild, where they belong.

Paula Pebsworth works in the area of human-primate coexistence and is currently the Head
Scientist on a project run by the National Center for Wildlife in the Kingdom of Saudi Arabia to
reduce human-baboon conflict. She has worked in India on projects to reduce human-macaque
conflict.

Yuichi Hasegawa is the Executive Director of the Japan Anti-Vivisection Association (JAVA)
which has been working for many years to eliminate the use of macaque monkeys, especially
Japanese macaques, for animal experiments, entertainment, and culling.

The petitioners submit this petition with an interest in ensuring the protection of southern pig-
tailed macaques under the ESA.

B. Endangered Species Act

Congress enacted the ESA of 1973, 16 U.S.C. 88 1531-1544, “to provide a means whereby the
ecosystems upon which endangered species and threatened species depend may be conserved [and]
to provide a program for the conservation of such endangered species and threatened species.” 16
U.S.C. § 1531(b). An “endangered species” means “any species which is in danger of extinction
throughout all or a significant portion of its range.” Id. 8 1532(6). A “threatened species” is one
“which is likely to become an endangered species within the foreseeable future throughout all of
or a significant portion of its range.” Id. § 1532(20). Only those species listed as endangered or
threatened receive the ESA’s protection. The FWS, through the authority delegated to it by the
Secretary of the Interior (“Secretary”), must list a species if the species qualifies as endangered or
threatened because of any one of the following factors:

(A)the present or threatened destruction, modification, or curtailment of its habitat or
range;
(B) overutilization for commercial, recreational, scientific, or educational purposes;



(C) disease or predation;
(D) the inadequacy of existing regulatory mechanisms; or
(E) other natural or manmade factors affecting its continued existence.

50 C.F.R. § 424.11(c); see 16 U.S.C. § 1533(a)(1); 50 C.F.R. § 402.01(b).

To prevent the Secretary from implementing the ESA haphazardly (i.e., “on the basis of
speculation or surmise”), Bennett v. Spear, 520 U.S. 154, 176 (1997), the statute requires the listing
determination to be made “solely on the basis of the best available scientific and commercial
information regarding the species’ status.” 16 U.S.C. § 1533(b)(1)(A); 50 C.F.R. § 424.11(Db).

Within ninety days after receiving a petition to list a species, the Secretary must determine
“whether the petition presents substantial scientific or commercial information indicating that the
petitioned action may be warranted.” 16 U.S.C. § 1533(b)(3)(A). In other words, there must be
“credible scientific or commercial information in support of the petition’s claims such that a
reasonable person conducting an impartial scientific review would conclude that the action
proposed in the petition may be warranted.” 50 C.F.R. 8 424.14(h)(i).

The “reasonable person” standard is a “lesser standard”; a petition does not need to contain
“conclusive evidence of a high probability of species extinction to warrant further consideration
of listing that species.” Ctr. for Biological Diversity v. Morgenwreck, 351 F. Supp. 2d 1137, 1141
(D. Colo. 2004). Rather, a petitioner must “simply show that the substantial information in the
Petition demonstrates that listing of the species may be warranted.” Id. (emphasis added). As
described in 50 C.F.R. section 424.14(d), whether a particular listing petition provides
“substantial” information depends on:

(1) Information on current population status and trends and
estimates of current population sizes and distributions, both in
captivity and the wild, if available;

(2) Identification of the factors under [16 U.S.C. § 1533(a)(1)] that
may affect the species and where these factors are acting upon
the species;

(3) Whether and to what extent any or all of the factors alone or in
combination identified in [16 U.S.C. § 1533(a)(1)] may cause
the species to be an endangered species or threatened
species . . . and, if so, how high in magnitude and how imminent
the threats to the species and its habitat are;

(4) Information on adequacy of regulatory protections and
effectiveness of conservation activities by States as well as other
parties, that have been initiated or that are ongoing, that may
protect the species or its habitat.

If the Secretary finds that substantial information exists then, within twelve months after receiving
the petition, the Secretary must review the species status and determine whether the species should
be listed. See 16 U.S.C. § 1533(b)(3)(B). If the finding demonstrates that the petition is not



warranted, the listing process ends but the negative finding may be judicially reviewed. See 16
U.S.C. § 1533(b)(3)(C)(ii).

1. NATURAL HISTORY*

A. Common Name
The common names for Macaca nemestrina are Southern Pig-tailed Macaque, Pig-tailed Macaque,
Sunda Pig-tailed Macaque, and Sundaland Pigtail Macaque.® Throughout this petition, the species

is referred to as “southern pig-tailed macaque.”

B. Taxonomy

Kingdom Animalia
Phylum Chordata
Class Mammalia
Order Primates
Family Cercopithecidae
Genus Macaca
Species | nemestrina

Table 1. Taxonomy of Macaca nemestrina.®
C. Description

With a tail that has a pig-like appearance—short (i.e., 5-10 inches in length) and held semi-erect—
southern pig-tailed macaques are light-brown in color but have darker hair on top of their heads
and back.” Females measure between 15-19 inches in length and 10-13 pounds in weight.® Males
measure between 20-23 inches in length, weigh between 12-26 pounds, and have mane-like hair
framing their faces.® Fruits, supplemented by leaves, buds, flowers, and invertebrates comprise the
majority of their diet.° The species is quadrupedal and generally remains on the ground except for
when foraging and sleeping in trees.!

4 Refer to the IUCN 2022 Assessment [Ex. 1], pages 1, 6-7, for detailed notes on the species’ natural history.

> JUCN Assessment, supra note 1, at 1; Macaca nemestrina, INTEGRATED TAXONOMIC INFO. SYS., https://www.
itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=573021#null (last visited Mar. 31, 2023)
[hereinafter “ITIS Report”] [Ex. 3].

8 ITIS Report, supra note 5.

" K. Clare Quinlan, Southern Pig-Tailed Macaque, NEw ENGLAND PRIMATE CONSERVANCY (July 2022),
https://neprimateconservancy.org/southern-pig-tailed-macaque/ [Ex. 4].

81d.

°1d.

101d.; IUCN 2022 Assessment, supra note 1, at 7.

1 Quinlan, supra note 7; see IUCN 2022 Assessment, supra note 1, at 7 (citing Ruppert et al. 2018 [Ex. 5]).

10



D. Habitat

Southern pig-tailed macaques live in Southeast Asia’s dense tropical rainforests and occupy
swamp, coastal, montane, and lowland forests.? Population densities are highest in primary
forests, but the species also lives in secondary forests and agricultural areas (e.g., oil palm
plantations).'® The species’ habitat-elevation threshold is 1,900 m. above sea level but they are
“best adapted to lowland and hill dipterocarp forests up to 900 m (Crockett and Wilson, 1980,
Yanuar ﬁt al. 2009) and prefer dry forested grounds on the foot of hills and slopes (Bersacola et al.
2019).”

IV. GEOGRAPHIC RANGE®

Southern pig-tailed macaques are native to Brunei Darussalam, Indonesia (Kalimantan, Sumatra),
Malaysia (Peninsular Malaysia, Sabah, Sarawak), and Thailand.!® Although the overall geographic
area with reported presence of the species is large, the area occupied by the species is small in
comparison.t’

For example, calculations for Peninsular Malaysia show that of the
131,600 km? available land area, only approximately half of it
constitutes potential Macaca nemestrina habitat, with ca 68,000 km?
lying in natural habitat sites such as primary and secondary forest
(of which some lies above the 1,900 m elevation threshold beyond
which the habitat is not suitable for this species), and ca 2,000 km?
lying in oil palm plantations adjacent to forest (i.e., area calculated
as a 500 m buffer zone from the forest edge into the plantation that
macaques can potentially use to forage; B. Galea and N. Ruppert,
unpublished data).*®

12 Quinlan, supra note 7; IUCN 2022 Assessment, supra note 1, at 6.

13 Quinlan, supra note 7.

14 JUCN 2022 Assessment, supra note 1, at 6 (citing Crockett and Wilson 1980, Yanuar et al. 2009 [Ex. 6],
Bersacola et al 2019).

15 Refer to the IUCN 2022 Assessment [Ex. 1], pages 3-4, for detailed notes on the species’ geographic range.
16 JUCN 2022 Assessment, supra note 1, at 3 (citing Groves 2001, Roos et al. 2014 [Ex. 7]).

17
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Figure 1. Southern pig-tailed macaque distribution map.*
V. POPULATION STATUS AND TRENDS?

The TUCN documents a decreasing population trend.?! Obtaining current, conclusive, population-
size estimates has been fraught with difficulty given the challenges of encountering and counting
wild macaques in the dense rainforest environment.?> However, it is estimated that, between 1957
and 1975, the species’ population in Peninsular Malaysia declined 43.7% (from 80,000 individuals
to 45,000).%* Further population decline has likely occurred given the magnitude and rate of forest
conversion to other land use forms since 1975.2* Across the broader distribution range, the ITUCN
suspects that the population decreased by at least fifty percent between 1989 and 2022 and that the
rate will not improve in the next three generations (from 2022 to 2055),% based on the following:

1) ongoing habitat degradation across [the species’| range from
2001 to 2020 (e.g., 29% of tree cover loss in Malaysia; 16% to 41%

19 Distribution Map, TUCN (2022), https://www.iucnredlist.org/api/v4/assessments/215350982/distribution_map/jpg
[Ex. 8].

20 Refer to the ITUCN 2022 Assessment [Ex. 1], pages 5-6, for detailed notes on the species’ population status and
trends.

21 TUCN 2022 Assessment, supra note 1, at 6; Southern Pig-Tailed Macaque, TUCN, https://www.iucnredlist.org/
species/12555/215350982 (last visited Mar. 31, 2023) [Ex. 9].

22 See TUCN 2022 Assessment, supra note 1, at 5 (citing Bernstein 1967) (stating that there are “no conclusive
reports about the current overall estimated population size of this species within their distribution range™).

2 Id. (citing TUCN SSC 1982 [Ex. 10]).

2.

B
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tree cover loss across its range in Indonesia; Global Forest Watch
2022) which will certainly continue into the future;

2) evidence of local extirpation in former habitat sites (Holzner et
al. 2021b);

3) evidence from the Pasoh Forest Reserve that highly degraded
areas had a 10% decline in macaque site occupancy [between 2013
and 2017] (Holzner et al. 2021b); and

[4]) a mean infant mortality rate of 66% (ranging from 30% to
100%) over an 8-year period (2014-2021) in/near oil palm
plantations which already constitute a not-insignificant portion of
the species’ potential habitat [(A. Holzner and N. Ruppert,
unpublished data)].?

These threats are in addition to other threats (discussed below), including trade, human-wildlife
conflicts, and potential hybridization.

VI. THREATS?

Although this species is common in some parts of its range, the population size has been severely
reduced in many other places due to habitat loss and degradation, capture for the increased demand
for use in biomedical research, the pet trade, and subsistence hunting.?® All of the statutory listing
factors described in 16 U.S.C. § 1533(a)(1) threaten the species. While many of the factors are
threats independent of other factors (e.g., overutilization), the severity is exacerbated when the
factors work in combination (e.g., overutilization and inadequate regulatory mechanisms).

A. Present or Threatened Destruction, Modification, or Curtailment of Habitat or
Range

Habitat loss and fragmentation in many parts of the southern pig-tailed macaque’s range presents
a serious threat. Natural forces (e.g., forest fires and droughts) and human activity (e.g., clear
felling conducted to “expand monocultures, such as oil palm plantations, durian and rubber, for
mining activities and urban and industrial expansion,” and selective logging for timber extraction)
threaten permanent loss to the species’ prime habitat in lowland tropical rainforest.?® Malaysia

% |d. at 5, 6 (citing Global Forest Watch 2022, Holzner et al. 2021b [Ex. 11], Zainol et al. 2018 [Ex. 12]; see also
Malaysia, GLOBAL FOREST WATCH, https://www.globalforestwatch.org/ (last visited Mar. 30, 2023) (click on
“Dashboard” and select Malaysia) (“From 2001 to 2021, Malaysia lost 8.67Mha of tree cover, equivalent to a 29%
decrease in tree cover since 2000.”); Indonesia, GLOBAL FOREST WATCH, https://www.globalforestwatch.org/ (last
visited Mar. 30, 2023) (click on “Dashboard” and select Indonesia (Kalimantan) and Indonesia (Sumatera)
(indicating 17% to 42% tree cover loss across these regions from 2001 to 2021).

27 Refer to the IUCN 2022 Assessment [Ex. 1], pages 1, 8-10, for detailed notes on threats to the species.

28 JUCN 2022 Assessment, supra note 1, at 5.

29 1d. at 8 (citing Global Forest Watch 2020, Global Forest Watch 2022, Meijaard et al. 2007, ASMC 2022).
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reported the following loss in primary forest and tree cover between 2009 and 2019; the breakdown
evidences a significant uptick in loss in more recent years.

Primary Forest Loss Tree Cover Loss
2002—-2009 | 2010-2019 20022009 | 2010-2019
M ha (%) M ha (%)
-98(-6.2%) | -1.65(-11.0%) 047 (-1.6%) |  -4.84(-16.9%)

Table 2. Primary forest and tree cover loss in Malaysia 2002—-2019.3°

Between 2013 and 2017, the species “experienced a 10% decline in local site occupancy in heavily
disturbed and clear-cut forest sites.”*!

The spread of African oil palm (Elaeis guinees) has been identified as the greatest threat to the
populations in Indonesia and Malaysia.

From 1967 to 2000, the area under oil palm cultivation [in Indonesia
and Malaysia] increased from less than 2000 km? to more than
30,000 km?. In 2011, 83,000 km> were planted with oil palm,
mncluding 20,000 km? in Peninsular Malaysia, 24,000 km? on
Borneo, and 39,000 km? in Sumatra (Koh et al. 2011). In 2013, this
number had grown to 116,000 km? (71,000 km? in Indonesia and
45,000 km? in Malaysia; Vijay et al. 2016), and the area planted with
oil palm continues to increase rapidly (Meijaard and Sheil 2013).
The establishment of oil palm monocultures does not only lead to
loss of biodiversity but also contributes to habitat fragmentation and
environmental pollution through chemical fertilizers or pesticide
runoffs (reviewed in Fitzherbert et al. 2008), which directly affects
M. nemestrina, who frequently uses plantations for short foraging
bouts (Holzner et al. 2019, 2021a), and may thus get in direct and
prolonged contact with dangerous chemicals, such as paraquat,
which is a reportedly harmful herbicide (CDC 2018) still commonly
used in Peninsular Malaysia (N. Ruppert, pers. obs.).>?

The southern pig-tailed macaque’s heavy dependence on intact forests “confirm[s] previous doubts
on their ability to permanently persist in highly disturbed habitats.”*? Southern pig-tailed macaques
frequently use oil palm plantations as a foraging ground but exclusively choose mature trees in the
forest as the place for sleeping and conducting most social behaviors (e.g., grooming).>* Notably,
“no populations are reported that thrive in oil palm plantations far from natural forests.””

30 Rhett A Butler, Rainforest Information, MONGABAY (Aug. 14, 2020), https://rainforests.mongabay.com/ [Ex. 13].
31 TUCN 2022 Assessment, supra note 1, at 8 (citing Holzner et al. 2021b [Ex. 11]).

32 Id. (citing Koh et al. 2011 [Ex. 14], Vijay et al. 2016 [Ex. 15]; Meijaard and Sheil 2013 [Ex. 16]. Fitzherbert et al.
2008 [Ex.17]; Holzner et al. 2019 [Ex. 18], Holzner et al. 2021a [Ex. 11]; CDC 2018 [Ex. 19]).

3 See id. at 7 (citing Caldecott 1986).

34 See id. 7 (citing Ruppert et al. 2018 [Ex. 5]).

3 See id. (citing A. Holzner and N. Ruppert, unpublished data).
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Furthermore, the infant mortality rate averages sixty-six percent in oil palm plantation habitats,
confirming the unsuitability of this habitat for the species.

B. Overutilization

Overutilization for scientific, commercial, and recreational purposes threatens the species.
Between 53 and 136 individual southern pig-tailed macaques were exported annually from 2013-
2018.%" In 2017 and 2018, Indonesia led exportation and the United States led importation.®
Southern pig-tailed macaques are bred (locally and internationally) in colonies for biomedical and
behavioral research.3® Specifically, they are sought for use in HIV/AIDS and other infectious
disease research.*

Commercially, farmers exploit the species for coconut harvesting. Juvenile southern pig-tailed
macaques begin “commerce training” at one or two years of age after farmers remove them from
the wild.*! While “extraction from the wild to meet the demand for coconut harvesting is perhaps
the least documented,” primatologists estimate that farmers in southern Thailand alone keep
several thousand pig-tailed macaques (southern and northern pig-tailed macaques) for coconut
harvesting.*? The use of southern pig-tailed macaques in the coconut-plucking industry occurs in
all range countries.*?

Domestic trade for pets and entertainment and the influence of social media platforms further
threaten the species.* As examples, in venues in Thailand, southern pig-tailed macaques perform
“circus-like tricks” (e.g., ride bicycles, shoot basketballs, and perform push-ups), for paying
customers.* In Indonesia, “1,274 individuals were offered for sale on Facebook in 2020/21
alone.”*® Malaysia has been a hot spot for illegal online pet trading.*” An online search conducted
in 2017/2018 of social media platforms in Malaysia showed consumer demand dictating a market

% See id. at 6-7 (citing A. Holzner and N. Ruppert, unpublished data).

37 CITES Trade Database, CITES (2022), https://trade.cites.org/ (last visited Apr. 3, 2023) (comparing gross imports
and gross exports of live Macaca nemestrina from 2013-2018 for “all countries”). The IUCN 2022 Assessment
cited to the CITES Trade Database (2022) as reporting “approximately 50—150 individuals exported per year
between 2013-2020.” TUCN 2022 Assessment, supra note 1, at 8.

38 See IUCN 2022 Assessment, supra note 1, at 8; CITES Trade Database, supra note 37. Data describing the
United States’ importing numbers after 2018 does not appear in the CITES Trade Database. See CITES Trade
Database, supra note 37.

39 JUCN 2022 Assessment, supra note 1, at 8 (citing Sari et al. 2013 [Ex. 20]); see also Primate Experimentation in
Australia, HUMAN RSCH. AUSTRALIA (Oct. 1, 2019), https://www.humaneresearch.org.au/primate-experimentation-
in-australia/ [Ex. 21]; Nonhuman Primate Resources, ORIP 2 (2023), https://orip nih.gov/sites/default/files/ORIP_
Nonhuman_Primate_Resources_Fact_Sheet.pdf [Ex. 22] (describing the breeding colonies maintained in the United
States).

40 JUCN 2022 Assessment, supra note 1, at 9 (citing as examples, Ha et al. 2000 [Ex. 23], Lee et al. 2021 [Ex. 24],
Ritter et al 2013 [Ex. 25]).

41 Devan Schowe et al., Assessing the Welfare of Coconut-Harvesting Macaques in Thailand, 242 APPLIED ANIMAL
BEHAVIOR Scl. 2 (2021) https://www.sciencedirect.com/science/article/pii/S0168159121002021 [Ex. 26].

“2d.

43 JUCN 2022 Assessment, supra note 1, at 9 (citing as an example, Bangkok Post 2015 [Ex. 27]).

44 See IUCN 2022 Assessment, supra note 1, at 9.

4 Nanchanok Wongsamuth, Pay Coconuts, Get Monkeys, BANGKOK POST (Sept. 6, 2015), https://www.
bangkokpost.com/thailand/special-reports/681936/paycoconuts-get-monkeys [Ex. 27].

46 JUCN 2022 Assessment, supra note 1, at 9 (citing “Anonymous, unpublished results™).

47 See id. (citing Zainol et al. 2018 [Ex. 12]).
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price of $98 for a southern pig-tailed macaque—which was less than the range for the most
frequently traded species (i.e., the dusky leaf monkey price ranged from $129 to $195) but more
than the $61 price for the slow loris, another frequently traded species.*®

C. Disease or Predation

Humans hunt and kill southern pig-tailed macaques for research, medicinal purposes, and food.*°
Human-wildlife conflict and the negative public perception of the species as “crop pests” have
been described as “quite severe.”* For example, between 2015 and 2020, the southern pig-tailed
macaque repeatedly placed among the top five most complained about wildlife species to the
Department of Wildlife and National Parks (DWNP) Peninsular Malaysia.>*

D. Inadequacy of Existing Regulatory Mechanisms

This species is listed under Convention on International Trade in Endangered Species (CITES)
Appendix Il and thus is monitored and requires permits for international trade of live specimens
and parts.>® Only an export permit or re-export certificate is required; an import permit is not
needed unless required by national law.>® The IUCN 2022 Assessment acknowledges the
protections already conferred in the species’ geographic range.

Brunei. The species is not protected but export is not allowed pursuant to the Brunei
Wildlife Act 1978, updated 1984.>

Indonesia. Although Macaca nemestrina is not listed as a protected species, the species is
also not featured on the wildlife capture quota list.>® Thus, “its capture from the wild is not

48 Muhammad Zaki Zainol et al., Assessment of Illegal Online Primate Trade in Malaysia, SCH. OF BIOLOGICAL
Scis. (August 2018), https://www.researchgate.net/publication/327933004_Assessment_of illegal_online_primate
trade_in_Malaysia [Ex. 12].

49 Kayla Ayers & Candace Vanderpoel, Macaca nemestrina, ANIMAL DIVERSITY (2009), https://animaldiversity.org/
accounts/Macaca_nemestrina/ [Ex. 28].

50 JUCN 2022 Assessment, supra note 1, at 8.

51 See, e.g., 2015 Annual Report 2015, PERHILITAN 166 (2015), https://www.wildlife.gov my/images/stories/
penerbitan/laporan_tahunan/%5BSOFTCOPY %5DPERHILITAN-annual-report-2015.pdf [Ex. 29] (reporting 320
annual complaints); 2016 Annual Report, PERHILITAN (2016), at Appendix D, https://www.wildlife.gov.my/
images/document/penerbitan/laporantahunan/LP2016%20-%2020022018.pdf [Ex. 30] (reporting 330 annual
complaints); 2017 Annual Report, PERHILITAN 182 (2017), https://www.wildlife.gov.my/images/document/
penerbitan/laporantahunan/LT2017.pdf [Ex. 31] (reporting 320 annual complaints); 2020 Annual Report,
PERHILITAN 153 (2020), https://www.wildlife.gov my/images/document/penerbitan/laporantahunan/LT2020.pdf
[Ex. 32] (reporting 363 annual complaints).

52 Macaca nemestrina, CITES, https://cites.org/eng/taxonomy/term/1139 (last visited Mar. 22, 2023) [Ex. 33];
Appendices, CITES (Feb. 23, 2023), https://cites.org/eng/app/appendices.php [EX. 34] (explaining that, when a
species is included in Appendix II, “all parts and derivatives thereof are also included in the same Appendix); How
CITES Works, CITES, https://cites.org/eng/disc/how.php (last visited Mar. 22, 2023) [Ex. 35].

3 How CITES Works, supra note 52.

5 JUCN 2022 Assessment, supra note 1, at 9.

%5 1d. (citing MOEF 2018 [Ex. 36], KLHK 2021); see also Malene F. Hansen et al., Conservation of Long-Tailed
Macaques: Implications of the Updated IUCN Status and the CoVID-19 Pandemic, 35 PRIMATE CONSERVATION 5
(2021), https://www.researchgate.net/profile/Malene-Friis-Hansen-2/publication/349338354 Conservation_of
Long-tailed_Macaques_Implications_of the Updated IUCN_Status_and the CoVID-19_Pandemic/links/
602h825392851c4ed5752da6/Conservation-of-Long-tailed-Macaques-Implications-of-the-Updated-1UCN-Status-
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allowed.”*® Nonetheless, the rampant online pet trade of this species suggests that the zero
harvest quota lacks stringent enforcement.®’

Malaysia. The species receives “protected” status—meaning a license is required for
hunting, keeping, or trading—in Peninsular Malaysia under the Wildlife Conservation Act
of 2010 (Act 716), in Sabah under the Wildlife Conservation Enactment of 1997 (Act 6 of
1997), and in Sarawak under the Wildlife Protection Ordinance of 1998.%8 The Wildlife
Conservation Act of 2010 carves out subsistence hunting of the species by indigenous
Malaysians in Peninsular Malaysia from the requirement.>®

Thailand. The southern pig-tailed macaque is not specifically listed on the Wild Animal
Preservation and Protection Act, B.E. 2562 (2019), but the species “is given the general
protection of wildlife, which restricts hunting and capture in all protected areas and forest
lands.”®°

Yet, although Macaca nemestrina has been listed in CITES Appendix Il since 1977, the
population has declined and is now considered endangered by the IUCN based on the levels of
exploitation driven, in part, by trade. CITES’ regulations have not adequately controlled the
species trade.

E. Other Factors

Hybridization with other primates threatens the genetic integrity of the species. Hybridization with
Macaca fascicularis has been observed in Sepilok, Sabah, and other parts of Malaysia.®? And,
where the southern pig-tailed macaque’s range overlaps with Macaca leonine at the Surat Thani-
Krabi depression, hybridization is expected.5

VIl. CONCLUSION

The petitioners urge the Service to list the southern pig-tailed macaque (Macaca nemestrina) as
an “endangered” or “threatened” species under the ESA. The species has experienced catastrophic
population decline for decades, and primatologists expect this decline to continue without
mitigating action. Southern pig-tailed macaques continue to lose significant portions of their
habitat across their range, and this loss has been associated with “lower site occupancy, higher

and-the-CoVID-19-Pandemic.pdf [Ex. 37] (“Since 2016, the quota for wild-caught macaques in Indonesia has been
zero....”).

56 JUCN 2022 Assessment, supra note 1, at 9.

5" See id. at 8.

8 1d. at 9.

%9 1d. (referring to Schedule 6 of the Wildlife Conservation Act of 2010 and citing Lappan and Ruppert 2019 [EX.
38)).

80 1d.

61 Taxon: Macaca nemestrina (Animalia), CITES, https://cites.application.developpement-durable.gouv.fr/
viewtaxon.do?id=2570 [Ex. 39] (last visited Mar. 31, 2023).

62 JUCN 2022 Assessment, supra note 1, at 1 (citing Gilhooly et al. 2021 [Ex. 40], N. Ruppert (pers. 0bs.)).

83 1d. at 1, 5 (citing Malaivijitnond et al. 2012 [Ex. 41]).
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infant mortality, and local extirpation.”® Additional threats from the current levels of trade for
scientific, commercial, and recreational purposes, and a general lack of protection (despite the laws
in several habitat countries), are contributing to the species’ disappearance. As a major importer
of the species for experimentation, the United States adds pressure to the stressed population. The
FWS has the authority and obligation to act swiftly and add the southern pig-tailed macaque to the
list of animals protected under the ESA.

64 See id. at 5.
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Taxonomy

Kingdom Phylum Class Order Family

Animalia Chordata Mammalia Primates Cercopithecidae

Scientific Name: Macaca nemestrina (Linnaeus, 1766)

Synonym(s):
* Macaca brachyurus (Hamilton Smith, 1842)
* Macaca broca Miller, 1906
* Macaca carpolegus (Raffles, 1821)
* Macaca fusca (Shaw, 1800)
* Macaca libidinosus |. Geoffroy, 1826
® Macaca longicruris (Link, 1795)
® Macaca maimon (de Blainville, 1839)
* Macaca nucifera Sody, 1936
* Macaca platypygos (Schreber, 1774)

Common Name(s):

e English: Southern Pig-tailed Macaque, Pig-tailed Macaque, Pigtail Macaque, Sunda Pig-
tailed Macaque, Sundaland Pigtail Macaque

* French: Macaque A Queue De Cochon

¢ Spanish; Castilian: Macaca Cola De Cerdo

e German: Sudlicher Schweinsaffe

¢ Indonesian: beruk

Taxonomic Notes:

This taxon was formerly treated as a subspecies of the Macaca nemestrina group, which comprised M.
n. nemestrina, M. n. leonina, and M. n. pagensis (Fooden 1975, Rosenblum et al. 1997).

The boundary zone between M. leonina and M. nemestrina is not well defined and lies at the Surat
Thani-Krabi depression (8-9°30'N) where ranges overlap and hybridization is likely to occur
(Malaivijitnond et al. 2012). Formerly, there were reports of hybridization with M. leonina in a small
area in southern mainland Thailand and on the islands of Phuket and Yao Yai (Fooden 1975, in Groves
2001), however more recent reports do not provide conclusive evidence of presence of a M. nemestrina
population on Phuket (iNaturalist 2022, S. Malaivijitnond, pers. comm.). Hybridization of M. nemestrina
with M. fascicularis also occurs in Sepilok, Sabah (Gilhooly et al. 2021) and is occasionally observed in
other parts of Malaysia (N. Ruppert, pers. obs.).

Molecular clock analysis suggests that M. nemestrina arrived in the Malay Peninsula about 0.32 million
years ago; and the Bornean populations are suggested to be the first extant lineages to have separated
from the other examined lineages of M. nemestrina, M. leonina, M. pagensis, and M. siberu in
Southeast Asia (Abdul-Latiff and Md-Zain 2021).

The population from Perak (west Peninsular Malaysia) is reported to differ genetically from other extant
populations based on phylogenetic and population genetic analyses, indicating a possible subspecies
distributed in the state of Perak (Abdul-Latiff and Md-Zain 2021).
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Assessment Information

Red List Category & Criteria: Endangered A2cde+3cde ver 3.1
Year Published: 2022

Date Assessed: March 13, 2022

Justification:

This species is assessed as Endangered based on a suspected ongoing population reduction of at least
50% in the past three generations (approximately 33 years for this species), which is likely to continue
into the future if the threats are not addressed. This population reduction is suspected due to the
ongoing conversion of their prime habitat to other land use forms, leading to permanent habitat loss
and degradation. This includes conversion of lowland tropical rainforest to large-scale oil palm
monocultures and other crops (e.g., durian, rubber) and for mining activities through clear felling;
habitat degradation due to selective logging for timber extraction and the construction of roads and
linear infrastructure, and other large-scale urban and industrial development projects (e.g., the
establishment of Indonesia’s new capital city Nusantara in Kalimantan), draining of peat swamps, and
seasonal forest burning that will likely become more severe due to predicted extreme weather events in
the region. The incidences of road casualties have also steadily increased over the past years.

Although this species is reported to be able to make use of anthropogenically-impacted habitats such as
agricultural landscapes and urban areas, it is sensitive to severe habitat disturbance and clear-cutting,
leading to a local decline in site occupancy of 10% over four years from 2013 to 2017. A high recorded
mean infant mortality of 66% (range 30—-100% between 2014-2021) within the first year in disturbed
habitat indicates that this species is not as adaptable to anthropogenic landscapes as previously
thought.

Where the species persists, there is hunting and trapping for the illegal pet trade, for biomedical
research and export, and for human consumption. They are often persecuted as crop pests and during
other frequent human-macaque conflicts, leading to continued negative public perception of the
species. Together with the observed extremely high annual infant mortality rate in human-impacted
areas, possibly due to pollutants, and the inferred likely decrease in genetic diversity of populations in
highly fragmented landscapes, this paints a concerning outlook for the long-term survival of this species.

Previously Published Red List Assessments

2020 — Vulnerable (VU)
https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T12555A181324867.en

2020 — Endangered (EN)
https://dx.doi.org/10.2305/IUCN.UK.2020-2.RLTS.T12555A17950602.en

2008 — Vulnerable (VU)
https://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T12555A3356892.en

2000 — Vulnerable (VU)

1996 — Vulnerable (VU)
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1994 — Commercially Threatened (CT)

Geographic Range

Range Description:

This species is found in Brunei, Indonesia (Bangka, Kalimantan Borneo, and Sumatra), Malaysia
(Peninsular Malaysia; Sabah and Sarawak in Borneo), and southern Thailand (from Surat Thani-Krabi
depression N8-9° to the Malaysian border) (Groves 2001, Roos et al. 2014). It is apparently native to a
few offshore islands such as Pulau Tioman (east coast of Peninsular Malaysia) and Batam (Riau
Archipelago off the southern tip of the Malay peninsula) (Roos et al. 2014). There were small,
introduced populations in the Natuna Islands (Groves 2001) and a few released individuals in Pulau
Pinang and Singapore in the past that did not establish a viable population (N. Ruppert, A. Ang, pers.
obs.).

The precise geographic boundary between M. nemestrina and M. leonina is not well-defined. There
were previous reports of the two taxa found on either side of the assumed distribution limit in the
Isthmus of Kra, but many of these small populations may have been the result of release by humans and
the natural species boundary may lie further south at the Surat Thani—Krabi depression (N8-9°) as no
recent reports of M. nemestrina indicate their presence further north of this area (iNaturalist 2022).

While the extent of occurrence (EOO) for this species is quite large (the overall geographical area with
reported presence of this species sums up to ca 1.3 million km?) the actual area of occupancy (AOQO) is
likely much smaller and likely heavily fragmented. For example, calculations for Peninsular Malaysia
show that of the 131,600 km? available land area, only approximately half of it constitutes potential
Macaca nemestrina habitat, with ca 68,000 km? lying in natural habitat sites such as primary and
secondary forest (of which some lies above the 1,900 m elevation threshold beyond which the habitat is
not suitable for this species), and ca 2,000 km? lying in oil palm plantations adjacent to forest (i.e., area
calculated as a 500 m buffer zone from the forest edge into the plantation that macaques can
potentially use to forage; B. Galea and N. Ruppert, unpublished data).

The EOO, AOO, and habitat quality for this species continues to decline rapidly due to habitat
degradation and loss, which are happening in Thailand, Peninsular Malaysia, Sumatra, and all parts of
Borneo (Global Forest Watch 2020).

Country Occurrence:

Native, Extant (resident): Brunei Darussalam; Indonesia (Kalimantan, Sumatera); Malaysia (Peninsular
Malaysia, Sabah, Sarawak); Thailand

© The IUCN Red List of Threatened Species: Macaca nemestrina — published in 2022.
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Population

This species is common in some parts of its range, but numbers have been severely reduced in many
other places due to habitat loss and degradation (e.g., IUCN SSC 1982, Meijaard et al. 2007), capture for
the increased demand for use in biomedical research (e.g., Ha et al. 2000, Johnson et al. 2013, Ritter et
al. 2013, Lee et al. 2021), the illegal pet trade (Zainol et al. 2018), and subsistence hunting (Bernstein
1967, Lappan and Ruppert 2019).

It is suspected that there has been at least a 50% reduction in population of the species in the last three
generations (ca 33 years from 1989 to date) and that there will continue to be a 50% reduction in the
population in the next three generations (ca 33 years from present day to 2055) if business-as-usual
continues. This is suspected based on a range of data including: 1) ongoing habitat degradation across
its range from 2001 to 2020 (e.g., 29% of tree cover loss in Malaysia; 16% to 41% tree cover loss across
its range in Indonesia; Global Forest Watch 2022) which will certainly continue into the future; 2)
evidence of local extirpation in former habitat sites (Holzner et al. 2021b); 3) evidence from the Pasoh
Forest Reserve that highly degraded areas had a 10% decline in macaque site occupancy over a four-
year period (Holzner et al. 2021b); and 3) a mean infant mortality rate of 66% (ranging from 30% to
100%) over an 8-year period (2014-2021) in/near oil palm plantations which already constitute a not-
insignificant portion of the species' potential habitat. In summary, it is known that the species is losing
(and has lost) significant portions of its habitat across its range and that where this has occurred, we
have seen lower site occupancy, higher infant mortality, and local extirpation. There are additional
threats to consider as well, including human-wildlife conflict, the ongoing live trade of the species (it is
one of the top five primate species illegally traded online in Malaysia, Zainol et al. 2018), and potential
hybridization (at the boundary zone between M. leonina and M. nemestrina; with M. leonina in a small
area in southern mainland Thailand; and with M. fascicularis in Sepilok, Sabah and is occasionally
observed in other parts of Malaysia; please see 'taxonomy' section for more information).

Additional supporting information is provided, below:

There are no conclusive reports about the current overall estimated population size of this species
within their distribution range, as wild macaques are extremely elusive and difficult to encounter and
count in a dense rainforest environment (Bernstein 1967). In Peninsular Malaysia, M. nemestrina is
reported to have already experienced an estimated 43.7% population decline from 80,000 individuals in
1957 to 45,000 in 1975 (IUCN SSC 1982). Given the magnitude and rate of forest conversion to other
land use forms since 1975, we suspect a substantial further population decline to have happened.

The species can persist in selectively-logged forests but is sensitive to severe habitat disturbance and
clear-cutting, leading to a decline in site occupancy of 10% between 2013-2017 and local extirpation in
former habitat sites (Holzner et al. 2021b).

A former census in west-central Sumatra (1996-1999) yielded density estimates of 1.7 groups/km? in
lowland forest, 1.5 groups/km? in hill dipterocarp forest, 0.7 groups/km? in montane forest and 0.8
groups/km? in sub-montane forest (Yanuar et al. 2009). An assessment of habituated study groups in a
mixed lowland dipterocarp forest-oil palm landscape in Perak, Peninsular Malaysia indicated
approximately 1.5 groups/km? with group home range sizes of ca. 1 km? that partially overlap (Holzner
et al. 2021a).
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Group sizes appear to starkly vary between habitat types and study sites. In West Sumatra, the average
group size of wild, unprovisioned M. nemestrina was assessed at 1011 individuals (range 1-20) in hill
dipterocarp forest, seven individuals (range 6—8) in montane forest, 9-10 individuals in sub-montane
forest, and 8—9 individuals (range 1-13) in lowland forest (Yanuar et al. 2009), and ranged between
16-21 individuals (mean 18.3) for a Sumatran-wide survey (Crockett and Wilson 1980). However, Oi
(1990) reported larger group sizes between 21 and 81 individuals in Sumatra, where animals were
provisioned and observed at baiting sites. Numbers from wild, unprovisioned macaques reported from
Peninsular Malaysia range between 15-50 individuals with mean group sizes estimated to fluctuate
around 30 individuals of all sex-age classes (Caldecott 1986, Bernstein 1967, Ruppert et al. 2018,
Holzner et al. 2021a). Temporary encounters of neighbouring groups may suggest the existence of large
groups of over 80 individuals, but these aggregations are rare and usually only last for a few hours, as
most inter-groups encounters are agonistic (N. Ruppert, pers. obs.). This may have also led to higher
reported group sizes from baiting sites in Sumatra (Oi 1990).

It is estimated that in Peninsular Malaysia alone, oil palm plantations now constitute ca 3% of M.
nemestrina’s potential habitat (B. Galea and N. Ruppert, unpublished data) that they enter from nearby
forests for short foraging bouts (Ruppert et al. 2018). The conversion of their natural forest habitat into
oil palm monocultures leads to changes in the activity budgets of M. nemestrina, with reduced
sociality/affiliative social interactions and prolonged infant care in oil palm plantation habitat (compared
to the forest). Ultimately, this may induce long-term changes in survival and fitness of these populations
(Holzner et al. 2021a). The mean annual infant mortality rate (2014-2021) in this habitat type was
estimated to be ca 66% within the first year of infant life, fluctuating from 30% in 2014 to 100% in 2019
(A. Holzner and N. Ruppert, unpublished data). This indicates a very low recruitment in
anthropogenically-shaped landscapes, possibly due to the exposure to anthropogenic stressors, such as
the presence of humans and agricultural pollution through large-scale pesticide and fertilizer use (N.
Ruppert, pers. obs.). This high infant mortality is similar to wild macaques that are heavily exposed to
tourism (e.g., M. thibetana: Berman et al. 2007), but much higher than in other wild species (e.g., ca.
17% in M. maura: Okamoto et al. 2000; ca 8% in M. mulatta: Southwick et al. 1980); and much higher
than for this and other macaque species in captivity (e.g., ca 15% for captive M. nemestrina: Dazey and
Erwin 1976; ca 13% for captive M. fascicularis: Erwin, 1977). An infant mortality rate of 66% is not
assumed to be sustainable for this species.

Current Population Trend: Decreasing

Habitat and Ecology (see Appendix for additional information)

Macaca nemestrina occupies lowland primary and secondary forest, as well as coastal, swamp and
montane forest. Although this species is known to occur from sea level up to ca. 1,900 m above sea
level, they are best adapted to lowland and hill dipterocarp forests up to 900 m (Crockett and Wilson,
1980, Yanuar et al. 2009) and prefer dry forested grounds on the foot of hills and slopes (Bersacola et al.
2019). In Peninsular Malaysia, M. nemestrina occasionally visits lowland alluvial freshwater swamps
(Ruppert et al. 2018) in search of fruits, such as Salacca and rattan (G. Villa and N. Ruppert, unpublished
data).

This species is also frequently found around agricultural areas, hillside farms, and fringes of urban
environments. Moreover, it has been reported in oil palm plantations (especially in Peninsular Malaysia
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and Borneo), both near to the forest edge and further inside the plantations (up to ca 500 m from the
forest edge, Ruppert et al. 2018, Holzner et al. 2019, 2021a).

Macaca nemestrina lives in multi-male multi female groups and is often seen in association with long-
tailed macaques (M. fascicularis). Interspecies interactions are common (N. Ruppert, pers. obs.) and
hybridization can occur (Gilhooly et al. 2020). The species is diurnal and uses both terrestrial and
arboreal habitat to travel and forage during the day. Adult males and females of a wild, habituated
group of macaques spend most of their activity time (>50%; Ruppert et al. 2018) on the ground, but all
individuals readily climb and forage in the trees. Previously, Caldecott (1986) reported M. nemestrina to
spend only 8-10% of their activity time on the ground and 58—-64% in the middle and upper canopy. The
discrepancy from the above study may be explained by the lower habituation level of the animals
observed by Caldecott (1986).

Although this species frequently uses oil palm plantations as a foraging ground, they exclusively choose
mature trees in the forest as their sleeping sites (Ruppert et al. 2018). Similarly, resting and most social
behaviours (e.g., grooming) are conducted mostly in the forest, even when their home ranges span over
forest and oil palm plantation habitat, indicating that M. nemestrina heavily depends on intact nearby
forest (Holzner et al. 2021a) and confirming previous doubts on their ability to permanently persist in
highly disturbed habitats (Caldecott 1986). In this mixed habitat type, habituated groups exhibit
different activity budgets in forest and oil palm plantation, spending most of their activity time in
plantations on feeding and foraging (ca 70%) but most of their activity time in the forest on resting (ca
40%) (Holzner et al. 2021a). An adjusted overall activity budget assessed locomotion (ca 35%), feeding
(ca 30%), resting (ca 15%) and foraging (ca 12%), social behaviour (ca 7%) and other behaviours during
an 18-month study of this species in forest and oil palm plantation (Ruppert et al. 2018).

Macaca nemestrina is omnivorous. In Peninsular Malaysia, its diet in the forest consists of ripe and
unripe fruits (32%), arthropods and invertebrates (32%), plant shoots and stems (15%), leaves (11%),
and other items including small vertebrates, flowers, fungi and tree bark (Ruppert et al. 2018).
Swarming termites, grasshoppers, other insects, spiders, fruits, seeds, young leaves, leaf stems, and
fungi were also consumed elsewhere in the same region (Bernstein 1967). The macaques were found to
act as key seed dispersers for non-climbing rattan species in a lowland dipterocarp forest in Malaysia
(Ruppert et al. 2014).

In agricultural lands, they are known to feed on crops of oil palm (Holzner et al. 2019), corn, eggplants,
chili pepper, and tapioca, reportedly able to forage on crops until a favourite crop such as corn is
completely consumed (Crockett and Wilson 1980). They are also reported to crop forage on rice, papaya
and banana crops, causing more damage compared to other crop-foraging species in Sumatra (Linkie et
al. 2007). In Peninsular Malaysia, M. nemestrina was found to regularly feed on rats that they actively
hunt in oil palm plantations, indicating a potential role as a biological pest control agent (as one group of
macaques kills ca 3,000 rats per year, Holzner et al. 2019). However, this does not necessarily indicate
healthy populations in monocultural landscapes as the very high infant mortality in this habitat type
does not deem it suitable for the species and no populations are reported that thrive in oil palm
plantations far from natural forests (A. Holzner and N. Ruppert, unpublished data).

Systems: Terrestrial
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Use and Trade

The species is trapped for use in biomedical research (e.g., Ha et al. 2000, Ritter et al. 2013, Lee et al.
2021), hunted for food (Lappan and Ruppert 2019) and the illegal pet trade (Zainol et al. 2018), and as
working animals in the coconut-plucking industry (e.g., Bernstein 1976, Choong 2019). Pet trade occurs
in local markets and has also moved online to social media platforms such as Facebook. For example, in
Indonesia, 1,274 individuals were offered for online sale from 2020 to 2021 alone (Anonymous,
unpublished data). The legality of this is questionable, as the species is not protected in Indonesia
(MOEF, 2018), however, the wild harvest quota for the species is zero and therefore capture from the
wild is illegal (KLHK, 2021). In Malaysia, this species belongs to the Top-5 primate species illegally traded
as pets on online platforms, reaching a trading value of ca 100 USD per infant (Zainol et al. 2018).

Locally and internationally, this species is bred in colonies for biomedical and behavioural research, for
example in Bogor, Indonesia (Sari et al. 2013), Australia (HRA 2022) and the USA (e.g., ORIP 2021). It is
traded with approximately 50-150 individuals exported per year between 2013-2020 (CITES Trade
Database 2022). Indonesia used to be a main exporter, but there is currently no trade quota on the
species.

Threats (see Appendix for additional information)

This species is threatened by habitat loss, which is very serious in many parts of its range. There has
been extensive loss and degradation of lowland forest in Malaysia and Indonesia through clear felling to
expand monocultures such as oil palm plantations, durian and rubber, for mining activities and urban
and industrial expansion (Global Forest Watch 2020, 2022), as well as habitat loss/degradation through
selective logging for timber extraction and forest fires/drought (Meijaard et al. 2007, ASMC 2022).

Habitat loss and fragmentation through the spread of African oil palm (Elaeis guineens) seems the
greatest threat to its populations, both in Indonesia and Malaysia. From 1967 to 2000, the area under oil
palm cultivation here increased from less than 2000 km? to more than 30,000 km?. In 2011, 83,000 km?
were planted with oil palm, including 20,000 km? in Peninsular Malaysia, 24,000 km? on Borneo, and
39,000 km? in Sumatra (Koh et al. 2011). In 2013, this number had grown to 116,000 km? (71,000 km? in
Indonesia and 45,000 km? in Malaysia; Vijay et al. 2016), and the area planted with oil palm continues to
increase rapidly (Meijaard and Sheil 2013). The establishment of oil palm monocultures does not only
lead to loss of biodiversity but also contributes to habitat fragmentation and environmental pollution
through chemical fertilizers or pesticide runoffs (reviewed in Fitzherbert et al. 2008), which directly
affects M. nemestrina, who frequently uses plantations for short foraging bouts (Holzner et al. 2019,
2021a), and may thus get in direct and prolonged contact with dangerous chemicals, such as paraquat,
which is a reportedly harmful herbicide (CDC 2018) still commonly used in Peninsular Malaysia (N.
Ruppert, pers. obs.).

During the past decade, Malaysia alone has lost 11.3% of its primary forest and 16.8% of tree cover
(Mongabay, 2021) and Macaca nemestrina is reported to be sensitive to timber harvest (Meijaard et al.
2007), and has experienced a 10% decline in local site occupancy in heavily disturbed and clear-cut
forest sites over a period of only four years, recently (2013-2017; Holzner et al. 2021b).

Human-wildlife conflict and a generally negative public perception of this species is quite severe.

Macaca nemestrina has consistently been in the Top-5 list of public complaints about wildlife filed to the
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Department of Wildlife and National Parks Peninsular Malaysia (mean 298 annual complaints between
2013-2018 for Peninsular Malaysia alone; DWNP 2018). Negative public perceptions also occur due to
crop foraging, which results in the macaques being perceived as pests. A study on crop foraging by
Linkie et al. (2007) in Sumatra found that M. nemestrina was one of the most frequently reported crop
foragers for rice, banana and papaya here. However, in Peninsular Malaysia, it was shown that M.
nemestrina frequently forages in oil palm plantations but causes little damage to ripe oil palm fruits
(<0.6%); it instead contributes to increasing oil palm yield by foraging on pest rodents in plantations
(Holzner et al. 2019). However, due to the high infant mortality, palm oil plantations are not suitable
habitats for the species, and it needs healthy forest adjacent to the plantations. Also, the publication by
Holzner et al. (2019) led to a misunderstanding regarding the role of the species in oil palm plantations
and its habitat needs, with the public assuming the species would thrive in oil palm plantations alone,
which is not the case (N. Ruppert, pers. obs.).

In all range countries, the species along with M. leonina is used in the coconut plucking industry and the
entertainment industry, which further threatens its survival (e.g., Bangkok Post 2015).

There is ongoing and active trade of the species, especially in Indonesia, where the species is still
offered for sale in markets, and 1,274 individuals were offered for sale on Facebook in 2020/21 alone
(Anonymous, unpublished results). The illegal online pet trade of this species is also rampant in Malaysia
(zainol et al. 2018). Macaca nemestrina is increasingly sought for use in biomedical science studies for
HIV/AIDS and other infectious disease research (e.g., Ha et al. 2000, Lee et al. 2021, Ritter et al. 2013),
and hunted for food (Bernstein 1967, Lappan and Ruppert 2019).

Conservation Actions (see Appendix for additional information)

This species is listed under CITES Appendix Il. It is not listed as a protected species in Indonesia (MOEF,
2018), but as it does not currently feature on the wildlife capture quota list, its capture from the wild is
not allowed (KLHK 2021).

Protected status of Macaca nemestrina is warranted in Peninsular Malaysia under the Wildlife
Conservation Act of 2010 (Act 716), in Sabah under the Wildlife Conservation Enactment of 1997 (Act 6
of 1997), and in Sarawak under the Wildlife Protection Ordinance of 1998. “Protected” indicates that no
hunting, keeping, or trade is permitted without a licence, which can be obtained from the relevant
wildlife authority in each jurisdiction. Hunting for food is a traditional practice among indigenous
hunter-gatherers in Malaysia and Schedule 6 of the Wildlife Conservation Act of 2010 provides for an
exception for subsistence hunting of M. nemestrina by indigenous Malaysians in Peninsular Malaysia
(Lappan and Ruppert, 2019).

In Thailand, it is not specifically listed on the Wild Animal Preservation and Protection Act, B.E. 2562
(2019), but it is given the general protection of wildlife, which restricts hunting and capture in all
protected areas and forest lands.

The species is not protected in Brunei, however no export is allowed (Brunei Wildlife Act 1978, updated
1984).

Finally, the effectiveness of protected areas should be assessed for this species, as these areas seem to
be strongholds for M. nemestrina. The majority land-use classification for remnant habitat is logging
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concession, and the selective extraction of mature trees may further negatively impact their
persistence, given their reliance on trees as foraging and sleeping sites in the forest.

Further studies are needed into the distribution, abundance, ecology and threats to this species.
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Appendix

Habitats

(http://www.iucnredlist.org/technical-documents/classification-schemes)

Habitat Season  Suitability ma;g:tance?
1. Forest -> 1.6. Forest - Subtropical/Tropical Moist Lowland - Suitable Yes
1. Forest -> 1.7. Forest - Subtropical/Tropical Mangrove Vegetation Above - Suitable No
High Tide Level
1. Forest -> 1.8. Forest - Subtropical/Tropical Swamp - Suitable No
1. Forest -> 1.9. Forest - Subtropical/Tropical Moist Montane - Suitable Yes
3. Shrubland -> 3.6. Shrubland - Subtropical/Tropical Moist - Marginal -
14. Artificial/Terrestrial -> 14.1. Artificial/Terrestrial - Arable Land - Marginal -
14. Artificial/Terrestrial -> 14.3. Artificial/Terrestrial - Plantations - Marginal -
14. Artificial/Terrestrial -> 14.4. Artificial/Terrestrial - Rural Gardens - Marginal -
14. Artificial/Terrestrial -> 14.5. Artificial/Terrestrial - Urban Areas - Marginal -
14. Artificial/Terrestrial -> 14.6. Artificial/Terrestrial - Subtropical/Tropical - Marginal -
Heavily Degraded Former Forest
Use and Trade
(http://www.iucnredlist.org/technical-documents/classification-schemes)
End Use Local National International
1. Food - human Yes Yes No
13. Pets/display animals, horticulture Yes Yes No
14. Research Yes No Yes
17. Other (free text) Yes Yes No
Threats
(http://www.iucnredlist.org/technical-documents/classification-schemes)
Threat Timing Scope Severity Impact Score
1. Residential & commercial development -> 1.1. Ongoing Majority (50-  Causing/could Medium
Housing & urban areas 90%) cause fluctuations  impact: 6
Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion

1. Ecosystem stresses -> 1.2. Ecosystem degradation
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1. Residential & commercial development ->1.2. Ongoing Majority (50-  Causing/could Medium
Commercial & industrial areas 90%) cause fluctuations  impact: 6
1. Residential & commercial development -> 1.3. Ongoing Majority (50- Causing/could Medium
Tourism & recreation areas 90%) cause fluctuations  impact: 6
2. Agriculture & aquaculture -> 2.1. Annual & Ongoing Majority (50- Slow, significant Medium
perennial non-timber crops -> 2.1.1. Shifting 90%) declines impact: 6
agriculture
Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion
1. Ecosystem stresses -> 1.2. Ecosystem degradation
2. Agriculture & aquaculture -> 2.1. Annual & Ongoing Majority (50- Slow, significant Medium
perennial non-timber crops -> 2.1.2. Small-holder 90%) declines impact: 6
farming
Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion
1. Ecosystem stresses -> 1.2. Ecosystem degradation
2. Agriculture & aquaculture ->2.1. Annual & Ongoing Majority (50- Very rapid High impact: 8
perennial non-timber crops -> 2.1.3. Agro-industry 90%) declines
farming
Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion
1. Ecosystem stresses -> 1.2. Ecosystem degradation
2. Agriculture & aquaculture -> 2.2. Wood & pulp Ongoing Majority (50- Very rapid High impact: 8
plantations -> 2.2.2. Agro-industry plantations 90%) declines
2. Agriculture & aquaculture -> 2.3. Livestock farming Ongoing Majority (50- Causing/could Medium
& ranching -> 2.3.3. Agro-industry grazing, ranching 90%) cause fluctuations  impact: 6
or farming
3. Energy production & mining -> 3.1. Oil & gas Ongoing Minority (50%)  Rapid declines Medium
drilling impact: 6
4. Transportation & service corridors -> 4.1. Roads &  Ongoing Minority (50%)  Rapid declines Medium
railroads impact: 6
5. Biological resource use -> 5.1. Hunting & trapping ~ Ongoing Majority (50-  Causing/could Medium
terrestrial animals -> 5.1.1. Intentional use (species is 90%) cause fluctuations  impact: 6
the target)
Stresses: 2. Species Stresses -> 2.1. Species mortality
5. Biological resource use ->5.1. Hunting & trapping  Ongoing Minority (50%)  Slow, significant Low impact: 5
terrestrial animals -> 5.1.3. Persecution/control declines
Stresses: 2. Species Stresses -> 2.1. Species mortality
6. Human intrusions & disturbance -> 6.1. Ongoing Majority (50-  Slow, significant Medium
Recreational activities 90%) declines impact: 6
7. Natural system modifications -> 7.1. Fire & fire Ongoing Minority (50%)  Causing/could Low impact: 5
suppression -> 7.1.1. Increase in fire cause fluctuations
frequency/intensity
7. Natural system modifications -> 7.3. Other Ongoing Minority (50%)  Causing/could Low impact: 5
ecosystem modifications cause fluctuations
9. Pollution -> 9.3. Agricultural & forestry effluents ->  Ongoing Majority (50- Slow, significant Medium
90%) declines impact: 6

9.3.3. Herbicides and pesticides
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10. Geological events -> 10.2. Earthquakes/tsunamis  Ongoing Minority (50%)  Causing/could Low impact: 5
cause fluctuations

11. Climate change & severe weather -> 11.2. Ongoing Majority (50- Slow, significant Medium
Droughts 90%) declines impact: 6
11. Climate change & severe weather -> 11.4. Storms  Ongoing Majority (50- Slow, significant Medium
& flooding 90%) declines impact: 6

Conservation Actions in Place
(http://www.iucnredlist.org/technical-documents/classification-schemes)

Conservation Action in Place

In-place research and monitoring

Action Recovery Plan: No

Systematic monitoring scheme: No

In-place land/water protection

Conservation sites identified: No

Area based regional management plan: No

Occurs in at least one protected area: Yes

Invasive species control or prevention: Not Applicable

In-place species management

Harvest management plan: No

Successfully reintroduced or introduced benignly: No

Subject to ex-situ conservation: No

In-place education

Subject to recent education and awareness programmes: Yes

Included in international legislation: Yes

Subject to any international management / trade controls: Yes

Conservation Actions Needed

(http://www.iucnredlist.org/technical-documents/classification-schemes)

Conservation Action Needed

1. Land/water protection -> 1.1. Site/area protection

1. Land/water protection -> 1.2. Resource & habitat protection

2. Land/water management -> 2.1. Site/area management
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Conservation Action Needed

2. Land/water management -> 2.3. Habitat & natural process restoration

3. Species management -> 3.1. Species management -> 3.1.2. Trade management

5. Law & policy -> 5.1. Legislation -> 5.1.2. National level

5. Law & policy -> 5.4. Compliance and enforcement -> 5.4.2. National level

Research Needed
(http://www.iucnredlist.org/technical-documents/classification-schemes)

Research Needed

1. Research -> 1.2. Population size, distribution & trends

1. Research -> 1.3. Life history & ecology

1. Research -> 1.4. Harvest, use & livelihoods

1. Research -> 1.5. Threats

1. Research -> 1.6. Actions

3. Monitoring -> 3.1. Population trends

3. Monitoring -> 3.3. Trade trends

3. Monitoring -> 3.4. Habitat trends

Additional Data Fields

Distribution

Continuing decline in area of occupancy (AOQ): Yes

Continuing decline in extent of occurrence (EOO): Yes

Upper elevation limit (m): 1,900

Population

Continuing decline of mature individuals: Yes

Extreme fluctuations: Unknown

Population severely fragmented: Yes

Habitats and Ecology

Continuing decline in area, extent and/or quality of habitat: Yes

Generation Length (years): 11

© The IUCN Red List of Threatened Species: Macaca nemestrina — published in 2022.
https://dx.doi.org/10.2305/IUCN.UK.2022-1.RLTS.T12555A215350982.en



The IUCN Red List Partnership

pecies Survival Commission

-~
(IUcN 7+ SSC

ZoL 2

e —
FOR WILDLIFE BirdLife

INTERNATIONAL

A5
=2 ¢ ¥

ABQ BIOPARK

MISSOURI
BOTANICAL
GARDEN

CENTER FOR

BIODIVERSITY
OUTCOMES

(S NATURESERVE

SAPIENZA

UNIVERSITA DI ROMA

CONSERVATION O
° INTERNATIONAL
wild

,Tg, ‘ TEXAS A&M

UNIVERSIT Yo

The IUCN Red List of Threatened Species™ is produced and managed by the |UCN Global Species
Programme, the |[UCN Species Survival Commission (SSC) and The IUCN Red List Partnership.

The IUCN Red List Partners are: ABQ_BioPark; Arizona State University; BirdLife International; Botanic
Gardens __Conservation _International; Conservation _International; Missouri _Botanical _Garden;

NatureServe; Re:wild; Royal Botanic Gardens, Kew; Sapienza University of Rome; Texas A&M University;
and Zoological Society of London.

THE IUCN RED LIST OF THREATENED SPECIES™



Exhibit 2



3/28/23, 4:34 PM HelloFresh drops Thai coconut milk after Peta monkey labour campaign | Peta | The Guardian

Peta
HelloFresh drops Thai coconut milk after Peta monkey labour campaign

Thai government rejects Peta’s claims, saying the practice of using
monkeys to harvest is rarely used in industry

Rebecca Ratcliffe in Bangkok

Tue 7 Mar 2023 12.36 EST

The meal kit provider HelloFresh has said it will no longer sell coconut milk sourced from Thailand, after campaigning by an animal
rights group that accused coconut farms in the country of using monkey labour.

The company confirmed to Axios that it does not tolerate “any form of animal abuse in our supply chain” and “out of an abundance
of caution” will not be placing orders for coconut milk from Thailand. HelloFresh has not yet responded to the Guardian’s request for
comment.

Several companies have stopped selling some Thai coconut products over recent years after campaigning by Peta, which said that it
had investigated Thai coconut farms and found chained monkeys that were forced to spend long hours climbing trees and picking
coconut. Abuse of primates was “rampant”, the group has said.

The Thai government has rejected the Peta’s claims of widespread abuse, saying the traditional practice of using monkeys to harvest
coconuts is almost nonexistent in industry, which, due to its scale, instead depends upon human labour and machinery.

In 2021, Thailand exported 236,323 metric tonnes of coconut milk, worth 12,800 million baht, according to the
department of agriculture. It has begun issuing certificates to farms to verify that they are monkey-free to address concerns over
animal cruelty.

Vincent Nijman, anthropology professor and head of the Oxford Wildlife Trade Research Group at Oxford Brookes University, who
has researched the welfare of coconut-harvesting macaques in Thailand, said the practice is largely confined to the southernmost
part of Thailand and involves the northern and southern pig-tailed macaques. The former is listed as vulnerable on the International
Union for Conservation of Nature red list, while the latter is endangered.

https://www.theguardian.com/us-news/2023/mar/07/hellofresh-drops-thai-coconut-milk-after-peta-monkey-labour-campaign 1/8
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A recent study co-authored by Nijman found that the needs of the pig-tailed macaques kept for coconut-harvesting - such as the
ability to move freely and unrestrained, and to hide from stressors - were largely not met in such contexts.

It is probably the case that such monkeys are based on small farms catering to local consumption, he said, rather than farms that
produce coconuts for exports.

L

O A training session at a monkey school for coconut harvesting in Thailand. Photograph: Athit Perawongmetha/Reuters

“The total volume that potentially could be picked by macaques is small, certainly in light of the total number of coconuts that are
being picked,” said Nijman. “The vast majority of coconut and coconut products do not come from farms where pig-tailed macaques
are employed.”

N -
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Estimates regarding the numbers of macaques picking coconuts on farms vary, with some suggesting up to 3,000 pig-tailed
macaques are involved, said Nijman. “Given that you cannot use animals that are too young, and once [they], especially the males,
become fully grown they become more difficult to work with, there is only a few years’ window during which you can work with the
macaques,” he said, adding that, because of this turnover, it is estimated that the number of pig-tailed macaques that need to be
extracted from the wild is in the low hundreds each year.

The main export market for Thai coconuts is China, he added.

Responding to HelloFresh’s decision to stop sourcing from Thailand, Peta’s senior vice-president, Jason Baker, said: “HelloFresh’s
decision will help protect monkeys from being kidnapped, chained, and whipped in the coconut trade. HelloFresh is helping Peta
push the Thai coconut industry and government away from using and abusing monkeys.”

https://www.theguardian.com/us-news/2023/mar/07/hellofresh-drops-thai-coconut-milk-after-peta-monkey-labour-campaign 2/8
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I hope you appreciated this article. Before you move on, I was hoping you would consider taking the step of supporting the
Guardian’s journalism.

From Elon Musk to Rupert Murdoch, a small number of billionaire owners have a powerful hold on so much of the information that
reaches the public about what’s happening in the world. The Guardian is different. We have no billionaire owner or shareholders to
consider. Our journalism is produced to serve the public interest - not profit motives.

And we avoid the trap that befalls much US media - the tendency, born of a desire to please all sides, to engage in false equivalence
in the name of neutrality. While fairness guides everything we do, we know there is a right and a wrong position in the fight against
racism and for reproductive justice. When we report on issues like the climate crisis, we’re not afraid to name who is responsible.
And as a global news organization, we’re able to provide a fresh, outsider perspective on US politics - one so often missing from the
insular American media bubble.

Around the world, readers can access the Guardian’s paywall-free journalism because of our unique reader-supported model.
That’s because of people like you. Our readers keep us independent, beholden to no outside influence and accessible to everyone -
whether they can afford to pay for news, or not.

If you can, please consider supporting the Guardian today. Thank you.

Betsy Reed
Editor, Guardian US
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ITIS

Integrated Taxonomic Information System - Report
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Go to Print Version

Macaca nemestrina (Linnaeus, 1766)

Taxonomic Serial No.

1573021

IDownload TWBI lDownIoad DWC-AI (Download Help) Macaca nemestrina TSN 573021

Taxonomy and Nomenclature

Kingdom:
Taxonomic Rank:
Synonym(s):

Common Name(s)

Current Standing:

Record Credibility

Animalia
Species
Macacus brachyurus (Hamilton Smith, 1842)
Macaca broca Miller, 1906
Simia carpolegus Raffles, 1821
Simia fusca Shaw, 1800
Macaca libidinosus |. Geoffroy Saint-Hilaire, 1826
Simia longicruris Link, 1795
Pithecus maimon de Blainville, 1839
Simia platypygos Schreber, 1774
Macaca nemestrina nucifera Sody, 1936
: Sunda Pig-tailed Macaque [English]
Southern Pig-tailed Macaque [English]

Taxonomic Status:

valid

Data Quality Indicators:

Rating: verified - standards met

Taxonomic Hierarchy

Kingdom Animalia — Animal, animaux, animals
Subkingdom Bilateria
Infrakingdom Deuterostomia
Phylum Chordata — cordés, cordado, chordates
Subphylum Vertebrata — vertebrado, vertébrés, vertebrates
Infraphylum Gnathostomata
Superclass Tetrapoda
Class Mammalia Linnaeus, 1758 — mammiféres, mamifero, mammals
Subclass Theria Parker and Haswell, 1897
Infraclass Eutheria Gill, 1872
Order Primates Linnaeus, 1758 — homem, macaco, primata, sagui, primates, primates
Suborder Haplorrhini Pocock, 1918
Infraorder Simiiformes Haeckel, 1866
Superfamily Cercopithecoidea Gray, 1821
Family Cercopithecidae Gray, 1821 — Old World monkeys
Subfamily  Cercopithecinae Gray, 1821 — cercopithecines
Tribe Papionini — papionins

Genus Macaca Lacépede, 1799 — macaques

SpeciesMacaca nemestrina (Linnaeus, 1766) — Sunda Pig-tailed Macaque, Southern Pig-tailed

Macaque

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=573021#null

13



3/31/23, 3:43 PM

ITIS - Report: Macaca nemestrina

References

Expert(s):
Expert:
Notes:

Reference for:

Expert:
Notes:

Reference for:

Other Source(s):
Source:
Acquired:

Notes:

Reference for:

Publication(s):
Author(s)/Editor(s):
Publication Date:
Article/Chapter Title:
Journal/Book Name, Vol. No.:
Page(s):

Publisher:
Publication Place:
ISBN/ISSN:

Notes:

Reference for:

Author(s)/Editor(s):
Publication Date:
Article/Chapter Title:
Journal/Book Name, Vol. No.:
Page(s):

Publisher:

Publication Place:
ISBN/ISSN:

Notes:

Reference for:

Author(s)/Editor(s):
Publication Date:
Article/Chapter Title:
Journal/Book Name, Vol. No.:
Page(s):

Publisher:

Publication Place:
ISBN/ISSN:

Notes:

Reference for:

Author(s)/Editor(s):
Publication Date:
Article/Chapter Title:
Journal/Book Name, Vol. No.:
Page(s):

Publisher:

Publication Place:
ISBN/ISSN:

Notes:

Reference for:

Anthony B. Rylands

Deputy Chair, IUCN SSC Primate Specialist Group, Office of the Executive Vice Chair,
Conservation International, 2011 Crystal Drive, Arlington, Virginia 22202, USA
Macaca nemestrina

Colin P. Groves

Department of Archaeology and Anthropology, The Australian National University, GPO Box 4,
Canberra ACT 0200, Australia

Macaca nemestrina

Mittermeier, Rusell A., Anthony B. Rylands, and Don E. Wilson, eds.
2013

Handbook of the Mammals of the World. Volume 3. Primates
951

Lynx Edicions

Barcelona, Spain

9788496553897

Macaca nemestrina, Sunda Pig-tailed Macaque [English]

Wilson, Don E., and DeeAnn M. Reeder, eds.
1993

Mammal Species of the World: A Taxonomic and Geographic Reference, 2nd ed., 3rd printing
xviii + 1207

Smithsonian Institution Press

Washington, DC, USA

1-56098-217-9

Corrections were made to text at 3rd printing

Macaca nemestrina

Wilson, Don E., and DeeAnn M. Reeder, eds.
2005

Mammal Species of the World: A Taxonomic and Geographic Reference, 3rd ed., vol. 1
XXXV + 743

Johns Hopkins University Press

Baltimore, Maryland, USA

0-8018-8221-4

Macaca nemestrina, Southern Pig-tailed Macaque [English]

Wilson, Don E., and F. Russell Cole
2000

Common Names of Mammals of the World

xiv + 204

Smithsonian Institution Press

Washington, DC, USA

1-56098-383-3

With contributions by Bernadette N. Graham, Adam P. Potter, and Mariana M. Upmeyer
Macaca nemestrina

Geographic Information

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=573021#null

2/3



3/31/23, 3:43 PM ITIS - Report: Macaca nemestrina

Geographic Division: Southern Asia

Jurisdiction/Origin:

Comments

Comment: Status: CITES - Appendix II; IUCN - Vulnerable
Comments: M. nemestrina species group. Includes pagensis according to Fooden (1975:67,
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a distinct species, and this was followed by Groves (2001c)
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SOUTHERN PIG-TAILED MACAQUE

Macaca nemestrina



SOUTHERN PIG TAILED MACAQUE
Macaca nemestrina

CONSERVATION STATUS: ENDANGERED
Also called Sunda or Sundaland pig-tailed macaques

Native to Brunei, Indonesia, Malaysia, and Thailand, with introduced
populations in Singapore and the Natuna Islands

They are at home in a variety of habitats from dense tropical forests to
agricultural sites

Threatened by on-going habitat loss due to conversion of their forests t
other land-use forms, as well as hunting, collection for the pet trade (@
and biomedical research, and they are persecuted as pests

Geographic Distribution and Habitat

Southern pig-tailed macaques (Macaca nemestring), also known as Sunda or Sundaland
pig-tailed macaques, are native to Brunei, Indonesia, Malaysia, and Thailand, and have
also been introduced to areas of Singapore and the Natuna Islands. They are well at
home in the dense tropical rainforests of southeast Asia, usually occupying lowland,

coastal, swamp, and montane forests. While they are found in the highest population



densities in primary forests, they can also live in secondary forests, and are even found
living in agricultural areas, such as oil palm plantations. While they are found from sea
level to 6,200 feet (1,900 m) in elevation, they tend to prefer the higher elevations and

dry grounds of hills and slopes.

TAXONOMIC NOTES

The closely related northern pig-tailed macaque species, M. leonina
(https://www.neprimateconservancy.org/northern-pig-tailed-macaque/), used to be
considered a subspecies of the southern pig-tailed macaque, M. nemestrina, but they
were only recently widely considered to be two distinct species. Much research prior
to this taxonomic change refers only to “pig-tailed macaques,” without specifying
southern or northern populations, so the differences between the two species’
ecology and behavior are not well understood. There is also no well-defined, precise
geographic boundary between the two species, and they are in fact known to

hybridize in a small area of southern Thailand and several nearby islands.

GEOGRAPHIC RANGE
[ EXTANT (RESIDENT)
[_] EXTANT &INTRODUCED (RESIDENT)

Esri | Esri, HERE. Ga.n'mn. FAQ, NOAA, USGS

IUCN (International Union for Conservation of Nature) 2022 Macaca nemestrina. The IUCN Red List of Threatened Species. Version 2022-1

Southern pig-tailed macaque range, IUCN 2022

Size, Weight, and Lifespan

Males are larger than females, about 20-23 inches (50-58 cm) in length compared to
the females’ 15-19 inches (38-48 cm). The tail adds another 5-10 inches (13-25 cm) in

length, which is quite short compared to most primates. Males weigh between 12 and



26 Ibs (5-12 kg), and females weigh 10-13 Ibs (4.5-6 kg). They can live upwards of 26

years in the wild and 35 in captivity.

Appearance

Southern pig-tailed macaques are buff-brown in color, with a darker back and crown.
Their eyes are a light amber. A red streak of hair extends from the corner of each eye,
appearing almost like eyeliner. Males have mane-like hair framing their faces that the
females lack. Males also have larger canine teeth, usually almost twice as long as
females’. Their face and belly are a light cream color, and they often have a yellow-ish
tinge. They have short, hairless or nearly-hairless tails that they carry half-erect, giving

them a pig-like appearance, hence their name. Infants are born with a solid black coat

but begin to develop their adult coloring when they are about three months of age.




Southern pig-tailed macaques are frugivorous, with fruits making up about 74% of their
diet. They supplement their diet with leaves and buds (11%), flowers (1%), invertebrates
(12%), and other items. Some favorite foods of the macaques are figs, tapioca roots,
corn, durian fruit, and papaya. Their diet can sometimes render them agricultural pests,
as they have been known to raid farms until a favorite crop, such as corn, is completely
consumed and the crop ruined. They have been observed cooperatively raiding gardens
and fields, with one monkey acting as “lookout,” raising an alarm call if 3 human is

seen.

Behavior and Lifestyle

Southern pig-tailed macaques are quadrupedal (walking on all fours) and mostly
terrestrial, tending to stick to the ground and even fleeing on the ground instead of in
the trees. The main exception is foraging, as they tend to do this in the trees. Unlike
most primates, they love water and swim readily. They spend most of their waking time
moving (61%, based on one study), followed by resting (19%), foraging (16%), and social
behavior (4%). Southern pig-tailed macaques like to sleep in tall trees (more than 66
feet, or 20 meters, tall on average), as a way to evade predators. They usually sleep in
trees close to their last feeding site, so as to minimize the risk of predation while

traveling from feeding to sleeping sites.

The southern pig-tailed macaque’s Latin name, nemestringa, is based

on the Latin Nemestrinus: “the god of groves.”

Daily Life and Group Dynamics

Southern pig-tailed macaques have a home range size of 250-740 acres (100-300
hectares), although they don’t use all parts of their range equally. In fact, their home
range can overlap by as much as 50% with other group’s, indicating that the entire area

is not constantly defended. However, if two groups are in the same place at the same



time, they attempt to drive the other group out. Daily movement ranges from about
half 3 mile to two miles (0.8-3 km) per day, depending on weather and fruit

availability.

They live in multi-male multi-female groups, with the male to female sex ratio varying
from about 1:3 to 1:8. Total group size can vary wildly, with observed groups having
varied from 15 to 81 individuals in size, although they tend to have between 15 and 40
individuals on average. Group size seems to be correlated with habitat, with hill forests
groups having the largest sizes and lowland forest groups having the smallest. However,
data about group sizes are based on a limited number of populations. Large groups
sometimes split up into small sub-groups of about two to six individuals while foraging,
to reduce competition. The subgroups stay relatively close to one another, and stay in

contact through vocalizations.

Southern pig-tailed macaque groups have a dominance hierarchy, with male
hierarchies being determined by strength and female hierarchies by genetic lineage.
When a new male joins the group, he enters it as the lowest-ranking male, and has to
improve his rank through competition. Generally speaking, the alpha female leads the
group, while the alpha male manages conflict in the group and defends it. Males are
socially dominant over females. This dominance hierarchy results in a fair amount of
aggression within a group. Higher-ranking males often display aggression to lower-
ranking males, and to new males seeking to join their groups. Females sometimes band

together to attack lower-ranking males.

Communication

Southern pig-tailed macaques communicate through a huge variety of vocal calls, body
postures, facial gestures, chemical cues, and touches. Interestingly, while very much

capable of vocalizations and using them extensively, they are often silent in situations



when other primates would usually be vocalizing, such as when fleeing. When they do
vocalize, they can be heard at distances of up to 260 feet (80 m), and their

vocalizations come in forms such as coos, squeals, barks, and growls.

Two individuals can display their tolerance of each other by grooming each other,
kissing, and feeding together, behavior that is commonly displayed between high-
ranking females, who are usually sisters. Southern pig-tailed macaques also have a
unique set of social cues used to reconcile after an aggressive encounter. Dominant
females mount subordinate ones, and in males, the subordinate male mounts the

dominant one. Dominant females also reconcile by kissing subordinate females.
Reproduction and Family

Estrus is very apparent in female southern pig-tailed macaques, because their
anogenital region swells and turns bright pink when they are receptive to breeding.
When she is ready, a receptive female presents her backside to a male, who responds
by pushing his lips out and flattening his ears before mounting her. The highest-ranking
males tend to monopolize receptive females, acting aggressively to lower ranking males
who attempt to breed. If there are multiple females in estrus at the same time,
however, the highest-ranking males cannot effectively control all copulation, and

lower-ranking males get their chance to breed.

Interestingly, despite this dynamic, studies show that higher-ranking males do not tend
to produce more offspring than lower-ranking males, and female rank is actually the
more important predictor of reproductive success. Female rank also tends to determine
the sex of the offspring: higher-ranking females produce more female offspring and
lower-ranking females tend to produce male offspring. Because females inherit their
rank and males fight for it, it is more beneficial for a low-ranking female to produce a
son who has a chance of improving his rank, rather than a daughter who will inherit her
mother’s low rank. Conversely, high-ranking females are more likely to produce a
daughter who will inherit her mother’s high rank, rather than a son who will become

low-rank when he joins a new group.



Breeding happens year-round, although prime breeding time seems to be between
January and May. Gestation averages 172 days long, or almost six months. Females
give birth every year or two, and continue to nurse their offspring for four or five
months. Females become sexually mature around age three while males become
mature at about 4-5 years of age. Males leave the group upon reaching maturity, while

females stay with their natal groups. Their generation length is about 10-12 years.

In their first month, offspring are virtually attached to their mothers. After a month,
they begin to explore their surroundings. It is at this time when they are most at risk:
they may die of starvation or dehydration if separated for too long, or they may be
kidnapped by other adult females. If they survive their first month, their mothers
continue to provide most of their care by nursing, carrying, and protecting them
through their first year of life. After that, their mothers continue to provide care as
needed, such as through grooming and social support, either for their whole lives for

female offspring, or until they leave the group for males.



Photo credit: Hectonichus/Creative Commons

Ecological Role

Southern pig-tailed macaques live in the same forests as gibbons and siamangs
(https://www.neprimateconservancy.org/siamang/), and white-handed gibbons
(Hylobates lar) (https://www.neprimateconservancy.org/white-handed-gibbon/) in
particular compete with southern pig-tailed macaques for food and seem to be a
nuisance to them. Natural predators are not documented but likely include large cats
and snakes. While exact figures are not known, it is likely that, as frugivores, southern

pig-tailed macaques are important seed dispersers for the plants they consume.




Conservation Status and Threats

The International Union for Conservation of Nature (IUCN) assesses the southern pig-
tailed macaque as Endangered (IUCN 2022) based on an ongoing population reduction
of at least 50% in the past 33 years, which is likely to continue into the future if threats
are not addressed. This population reduction is due to the ongoing conversion of their
prime habitat to other land use forms, leading to permanent habitat loss and
degradation. This includes conversion of lowland tropical rainforest to large-scale oil
palm monocultures and other crops (e.qg., durian, rubber), and for mining activities
through clear felling; habitat degradation due to selective logging for timber extraction
and the construction of roads and linear infrastructure, and other large-scale urban and
industrial development projects, draining of peat swamps, and seasonal forest burning
that will likely become more severe due to predicted extreme weather events in the
region. The incidences of road casualties have also steadily increased over the past

years.

Although the species is able to adapt to agricultural landscapes and urban areas, it is
sensitive to severe habitat disturbance and clear-cutting. Where the species persists, so
too does hunting and trapping for the illegal pet trade, for biomedical research and
export, and for human consumption. Southern pig-tailed macaques are often
persecuted as crop pests and other frequent human-macaque conflicts, leading to
continued negative public perception of the species. Together with the observed

extremely high annual infant mortality rate in human-impacted areas, possibly due to



pollutants, and the inferred likely decrease in genetic diversity of populations in highly
fragmented landscapes, this paints a concerning outlook for the long-term survival of

this species.

Conservation Efforts

Southern pig-tailed macaques are listed under Appendix Il of the Convention on
International Trade in Endangered Species (CITES), limiting their international trade.
One promising 2006 study involved leading workshops in villages in southeast Asia,
educating local people about endangered species, including pig-tailed macaques. The
communities involved in the study made changes that resulted in reduced human-
wildlife conflict, and thus less killing of the macaques. It is clear that in addition to
widespread habitat protection, it is imperative that local people receive support in
dealing with the sometimes nuisance southern pig-tailed macaques, improving the lives

of both the humans and monkeys.
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Abstract Conversion of primary rainforest to agricultural land causes habitat loss and
fragmentation and is a major threat to wild primates worldwide. Conversion of forest to
oil palm plantations (Elaeis guineensis) is a particular problem, so it is important to
understand whether and how primates use such plantations. Populations of southern
pig-tailed macaques (Macaca nemestrina) are declining in Peninsular Malaysia due, in
large part, to conversion of primary forests to oil palm plantations. Researchers have
observed macaques foraging in plantations but little information is available about how
macaques cope with the expansion of plantations into their habitat. We collected GPS
data on the home range of a group of wild pig-tailed macaques that foraged in both
habitat types in May 2013—May 2015, and compared their use of oil palm plantation
and primary rainforest by recording their activity budgets and analyzing their habitat
use and diet in both habitat types 4—6 days per week in October 2014—December 2015.
The group visited the plantations daily. In 2013-2014, 17% of the group’s overall home
range core area (0.6 km?®) was in oil palm plantations and in 2014-2015, this increased
to 28%. However, the macaques spent most of the day time in the forest and always
used a sleeping tree in the forest. Macaque activity budgets in the plantation were
significantly different from those in the forest. Feeding and foraging comprised a
significantly larger proportion of their activity budget in the plantation, while
locomotion, resting, and social behaviors occurred significantly more often in the
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forest. In both habitats, macaques spent most of their time on the ground and foraged
primarily on the ground in the plantation. Of food items eaten in the plantation 85%
were oil palm parts, including attached and fallen oil palm fruits and seeds, and flowers.
Oil palm plantations serve as additional foraging ground for these macaques, but our
results also show that the forest is essential, providing a greater dietary diversity and
sleeping sites and allowing resting and social activities. It is not clear to what degree
pig-tailed macaque populations can adapt to human-altered environments in the long
term. Although our study group used oil palm plantations as regular foraging and
feeding ground, pig-tailed macaques are also closely associated with the rainforest
habitat, and the protection of natural forest is essential for their conservation.

Keywords Cercopithecidae - Elaeis guineensis - Home range - Human—primate interface
- Peninsular Malaysia

Introduction

Anthropogenic habitat loss and fragmentation are the main threats to wild primates
worldwide (Benchimol and Peres 2013; Chapman and Peres 2001; Estrada 2013; Johns
and Skorupa 1987; Laurance et al. 2013; Schwitzer et al. 2011), threatening 60% of
species (Estrada ef al. 2017). Conversion of primary rainforest to agricultural land has
occurred at a particularly rapid rate in Southeast Asia, one of the world’s most
biodiverse regions (Myers et al. 2000; Sodhi ef al. 2010; Vijay et al. 2016) and an
important region for primate endemism, leading to what some have called a
“biodiversity crisis” (Bradshaw et al. 2008). In Indonesia and Malaysia, the world
leaders in palm oil production (FAO 2007), the establishment of new oil palm (Elaeis
guineensis) plantations has been the major cause of deforestation in the past few
decades (Koh and Wilcove 2008; Vijay et al. 2016). In 2011, 8.3 million ha were
planted with oil palm, including 2 million ha in Peninsular Malaysia, 2.4 million ha on
Borneo, and 3.9 million ha on Sumatra (Koh et al. 2011). In 2013, this number had
grown to 11.6 million ha (7.1 million ha in Indonesia and 4.5 million ha in Malaysia;
Vijay et al. 2016), and the area planted with oil palm continues to increase rapidly
(Meijaard and Sheil 2013). As these major palm oil producing countries are also
important world biodiversity hotspots, the associated loss of tropical lowland forests
represents a major threat to global biodiversity.

Animal biodiversity in oil plam plantations is considerably reduced compared to that
in natural forests (Donald 2004), with an almost complete loss of most vertebrate taxa
(Danielsen and Heegaard 1995; Fitzherbert ef al. 2008). Only 27% of mammal species
sampled in the primary forests of Malaysia have also been observed in oil palm
plantations (Palm Oil Research Institute Malaysia 1994). Some larger mammal species
may occasionally use oil palm plantations as corridors between habitats (e.g., elephants
[Elephas maximus]) or to hunt for livestock cattle roaming in the plantations (e.g.,
tigers [Panthera tigris]: Azlan and Sharma 2006). However, few species (e.g., wild
boar [Sus scrofa]) can adapt permanently to living in this monocultural landscape
(Meijaard and Sheil 2013), and oil palm is a very poor habitat for most larger mammals
(Maddox et al. 2007). In general, mammalian species assessments in oil palm
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plantations are scarce (reviewed in Harich and Treydte 2016) and there are no studies of
the temporal or spatial use of oil palm plantations by mammals.

Rats of the genus Rattus are the main predators of oil palm fruits (Wood 2001), but
primates such as orangutans (Pongo spp.: Meijaard and Sheil 2013) and macaques
(Macaca fascicularis, M. Nemestrina: Linkie et al. 2007) also forage on oil palm.
Macaques commonly feed on crops (Lee and Priston 2005; Linkie et al. 2007) but there
are almost no quantitative data on the use of oil palm plantations by wild primates in
Southeast Asia. Visiting oil palm plantations exposes primates to increased risk from
predators, human hunting pressure, disease exposure, and road accidents, which can
negatively affect their populations (Azhar et al. 2012; Estrada ef al. 2012).

Southern pig-tailed macaques (Macaca nemestrina) are found on Borneo, Sumatra,
and the Malay Peninsula, including southern Thailand (Choudhury 2003; Richardson
et al. 2008). They inhabit lowland and hilly primary rainforests, and are also occasion-
ally found in swamp and secondary forests (Crockett and Wilson 1980). The highest
macaque densities are found in unfragmented rainforest landscapes (Lang 2005).
Southern pig-tailed macaques are classified as Vulnerable (IUCN Red List;
Richardson et al. 2008) because of recent substantial declines in their populations in
some parts of their range due to conversion of lowland forest to oil palm plantations
(Richardson et al. 2008). Several species of macaques, including southern pig-tailed
macaques, enter oil palm plantations, presumably to feed on crops (Caldecott 1986a, b;
Lee and Priston 2005; Linkie et al. 2007). Southern pig-tailed macaques are frequently
shot as crop “pests” and hunted for food (Richardson et al. 2008). Moreover, pig-tailed
macaques are the only primates in the region that are regularly captured to use for work
(Bertrand 1967). They are caught in all range countries and trained to do chores such as
picking coconuts and other crops that grow high in the trees (e.g., bitter beans [Parkia
speciosa)) or kept as pets. Southern pig-tailed macaques live in multimale multifemale
groups of ca. 80 individuals (Caldecott 1986a). Groups often split into smaller sub-
groups while foraging and then fuse again in the evening when they reach the sleeping
site (Albert et al. 2013b; Bernstein 1967; Caldecott 1986a; Oi 1990a). These diurnal
primates are semiterrestrial (Caldecott 1986a) and spend most of their day on the
ground in search of food (Bernstein 1967; Malaivijitnond et al. 2012), such as fallen
fruits, invertebrates, ground vegetation, and fungi (Caldecott ef al. 1996).

Considering the extreme environmental pressures southern pig-tailed macaques now
face, it is important to understand their behavior and adaptability to human-modified
habitats, and especially oil palm, to facilitate long-term conservation actions. Although
most cercopithecine species are characterized by high ecological flexibility and can
persist in disturbed habitats (Albert et al. 2014), detailed information about this species,
especially about its current distribution, abundance, and responses to human activities,
is not yet available (Richardson et al. 2008).

We assessed the activity budgets of a group of southern pig-tailed macaques in a
forest—oil palm habitat matrix and compared their spatial (proportion of home range
and stratum use in each habitat type) and temporal (frequency and duration of visits)
use of plantations to their use of adjacent forested habitat. Based on the observation that
macaques enter oil palm plantations and the hypothesis that they are ecologically
flexible crop feeders, we predicted that the macaques would use the oil palm plantations
near the forest as an integral component of their home range. We tested this prediction
by mapping the group’s home range and core area throughout an annual cycle. Because
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oil palm plantation is structurally very different from intact forest, we also predicted
that the macaques would use the plantations primarily as a source of supplementary
food and accordingly that the macaques’ main activities differ between habitat types,
with a greater proportion of time allocated to feeding and foraging and less time
allocated to resting and social behavior in the plantation than in the forest. We tested
that prediction by comparing macaque time budgets in forest and plantation habitats.

Methods
Study Site

We conducted this study in Segari Melintang Forest Reserve, Perak, Peninsular Ma-
laysia and in the oil palm plantations bordering the southwestern part of the forest
reserve near Hutan Lipur Pasir Panjang, Segari (4°19-20'N, 100°34-36'E). The 2720-
ha permanent forest reserve consists mainly of dipterocarp forest and freshwater swamp
forest (Ruppert et al. 2014). The oil palm plantations near Pasir Panjang are managed
by a federal authority. The forest is home to five other primate species: long-tailed
macaques (Macaca fascicularis), dusky leaf monkeys (Trachypithecus obscurus),
banded leaf monkeys (Presbytis femoralis), agile gibbons (Hylobates agilis), and Sunda
slow lorises (Nycticebus coucang). The mean annual temperature at the study site is
27.2 °C and mean annual rainfall is 1941 mm, with the highest rainfall (>200 mm/mo)
usually occurring in October and November (Malaysian Meteorological Department
2016).

Study Group

We collected data on one group of wild southern pig-tailed macaques from June 2014
to October 2015. We recorded group composition several times on each sampling day.
The study group comprised 53 + SD 4 individuals (N =897 group counts). We defined
infants as small individuals nursed by females; juveniles as small individuals that were
weaned, but still ranged in frequent proximity to a female; subadults of both sexes as
individuals of almost adult size but that did not exhibit secondary sexual characters; and
adults as fully grown with adult morphology (e.g., anogenital swelling or elongated
nipples in females, pink scrotum and prominent testes in males). The mean monthly
number of adult males was 8.8 + SD 1.4 individuals (17%), the number of adult females
was 19.6+SD 0.7 (37%), the number of infants was 9.2+SD 2.7 (17%), and the
number of juveniles and subadults was 15.2+SD 0.4 (29%). Some adult males
emigrated and new males immigrated into the group during the study. In addition,
some females and infants died, and some individuals transitioned between age classes
(e.g., juveniles reached subadulthood and subadults reached adulthood) during the
study.

Group Scan Sampling

We conducted the research reported here during the habituation of the study group. In
the pilot phase of this project, we located and followed the group by tracking one
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collared adult female (MOD-315, Telonics Inc., Mesa, AZ, USA). We (two observers at
a time) tracked the group daily 11:00-15:00 h using a TR-4 receiver and H-antenna
(Telonics Inc., Mesa, AZ, USA) but made prolonged and frequent visual contacts only
in May 2013. From then on, the habituation process continued very slowly, and most
individuals fled the observers on sight for another 6 mo. While we could follow the
group without technical aid and take scan data during the study, the group was not yet
completely habituated to human observers (we could approach individuals, but not to
<10 m). At the end of the study, a few individuals allowed us to approach them to
within 5 m, while the rest kept a horizontal distance of >10 m, and we could identify the
adult males and females, but not all the subadults and juveniles.

We used scan sampling to collect behavioral data (08:00-19:00 h, 4-6 days per
week). We used a standardized protocol and ethogram (adapted from Kaufman and
Rosenblum 1966; Thierry et al. 2000). We scanned the group every hour to record its
main activities in either forest or oil palm plantations (Table 1), and recorded the
behavior of the first three adult males, first three adult females, and the first three
juveniles or subadults we encountered during a 10-min observation period. If we did
not observe nine target individuals within 10 min, we included the data in analysis and
stopped recording data until the next scan.

During the early stages of the project, when habituation levels were low, it was often
hard to recognize specific food items because the macaques would not allow observers
to approach them. Therefore, we conducted additional feeding scans in both forest and
oil palm plantation from January 2016 until April 2016 to complement our behavioral
data set. We conducted 15-min feeding scans one day per week, every 30 min, 09:00—
18:00 h. During each feeding scan, we recorded all food items handled by the first three
feeding adult males, the first three feeding adult females and the first three feeding
juveniles or subadults.

Table I Activities recorded during group scan sampling of southern pig tailed macaques (Macaca
nemestrina) at Segari, Malaysia, October 2014 to December 2015

Activity Definition
Feeding Eating, i.e., chewing and swallowing food items
Food processing  Manipulating food, e.g. opening a fruit, rubbing and cleaning fruits, cracking seeds with
teeth
Foraging Searching for food, i.e., locomotion or standing while looking around and/or handling
leaves/ branches/ soil and other material with the hands to obtain food
Cheek pouch Eating food previously stored in cheek pouches
feeding
Drinking Bringing water to the mouth, swallowing water, licking water from leaves
Locomotion Walking, running, jumping, or climbing without any other behavior
Resting Sitting, standing, or lying down without any other behavior
Allogrooming One individual cleans the fur of another
Affiliative All positive social interactions except for grooming and mating, e.g., touch, play, mount
behaviors
Mating Male mounts a female with intromission of penis
Aggression All agonistic behaviors, including chase, attack, teeth display
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Use of Habitat Types

We collected location data with a Garmin GPSMAP62s from May 2013, when we
started habituating the study group, and used these data to determine the annual home
ranges for 2 yr. (May 2013 to April 2014 and May 2014 to April 2015). We used point
kernel density estimation (Silverman 1986) using the Home Range Analysis and
Estimation (HoRAE) toolbox for the free GIS software OpenJUMP (Steiniger and
Hunter 2013). We conducted an asymptote analysis in steps of 10 points with a fixed h-
reference layer before the calculation to test whether the number of locations collected
was sufficient for home range calculation (Steiniger and Hunter 2012). For the kernel
density estimation (KDE), we set the cell size to 25, and used the bandwidth h-
reference method, which delivers the optimal bandwidth value assuming a normal
distributed point cloud within the data and a unimodal probability distribution. We
obtained the smallest h-reference value when we applied the Normal Gaussian kernel
function (Steiniger and Hunter 2013). We estimated the probability of use of the core
area with a contour-based method, by generating areas for different probability values
(Harris et al. 1990). We chose the probability p-core to determine the probability at
which the calculated area sizes of the random space use and of the given point data set
differed most (Seaman and Powell 1990). We determined the size of the plantation area
used by the macaques by calculating the overlay of the home range area polygon with
the plantation polygon. We chose the home range polygon of the reference KDE
method with 95% probability.

During scans, we recorded the stratum used by the scanned individuals in forest and
plantation to examine habitat use and level of terrestriality. The plantation does not
have the complex stratification and height of the forest. Palm trees in the home range
ranged 5-15 m in height, while the mean canopy height in the forest was 30 m. The
spaces between the palms were empty without undergrowth or any vegetation other
than short grass. Thus, we assessed the space use during the scans in the plantation by
counting individuals on the ground, on the lower parts of a palm (i.e., trunk or lower
fronds), on the higher growing fronds of a palm but not near the fruits, and in the palm
crown at the fruit bunches. In the forest, we classified space use as forest stratum
heights: on the ground (0—1 m), above ground (1-5 m), lower stratum (5-15 m), and
high stratum (>15 m and in canopy).

Statistical Analysis

We tested data sets for normality using Kolmogorov—Smirnoff test. We used a two-step
process to determine whether activity budgets differed in forest vs. plantation habitats.
First, we conducted a chi-squared test using all observations for each habitat type to
determine whether the observed frequencies of behaviors differed across habitat types.
Then, we calculated mean monthly proportions of time that the macaques spent
engaging in each behavior in each habitat type, and used paired #-tests (significance
level P <0.05, two tailed) to make more detailed comparisons for the specific behaviors
in forest and plantation. We used GraphPad Software© for all statistical analyses
(GraphPad 2017).
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Ethical Note

We adhered to institutional and national guidelines. For collar application, we
captured an adult female macaque with inflated anogenital swelling (indicating
that she was neither pregnant nor nursing). We set a wire mesh cage (dimen-
sions: 80 cm x50 cm x50 cm) with a mixed-fruit bait (banana, jackfruit, and
oil palm). We set the trap inside the forest near the forest edge where the group
was previously recorded on our camera traps. A licensed veterinarian (registra-
tion number: 10847) applied the collar under anesthesia (Ketamine 0.5 mg/kg)
at the site and carefully monitored the macaque until she had fully recovered
from anesthesia (ca. 4 h); after she had recovered we immediately released her
at the capture site. She joined the group the next day. The research and
handling permit was issued by the Department of Wildlife and National Parks
Peninsular Malysia; permit number: JPHL&TN(IP): 80—4/2 J1d19(2).

Data Availability The data sets analyzed in this study are available from the corre-
sponding author on reasonable request.

Results
Annual Home Range

The mean daily group travel distance during the study was 1880+ SD 583.5 m,
with a mean speed of 0.34 +SD 0.13 km/h. The annual home range of the group
was 1.49 km? in 20132014 (KDE 95%, core 85.7%: 0.58 km?). In 2014-2015 the
group’s home range expanded into the oil palm plantation, with a home range of
1.81 km?, KDE 95%) and core area of 0.72 km? (Fig. 1). In 2013-2014, 17.3% of
the overall core area was in palm plantations and in 2014-2015, this portion
increased to 27.8%.

May 2013 - April 2014 "E A May 2014 - April 2015
S . 3 =
|

no data

Forest

Plantation %‘7\%2 1¥m

Fig. 1 Home ranges of southern pig tailed macaques (Macaca nemestrina) at Segari, Malaysia, based on GPS
data taken from May 2013 to April 2015. (Left) May 2013 to April 2014; light shade: 95% KDE, dark shade:
core area. (Right) May 2014 to April 2015; light shade: 95% KDE, dark shade: core area. White indicates no
data (cleared private land with restricted access).
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Activity Budgets in the Forest and Plantation

In the forest, the group spent almost three quarters of the observation time moving and
one fifth of the observation time resting (Fig. 2). The macaques spent another fifth of
the observation time in the forest feeding, and almost a tenth of their time foraging. In
plantations, the macaques spent half as much time resting (—55.1%). Locomotion
(=20.9%), affiliative interactions including allogrooming (—73.8%), and aggressive
behaviors (—60.0%) were also reduced and the macaques spent twice as much time
feeding (+48.3%) and foraging (+41.8%) as in the forest (Fig. 2). Macaque time
budgets were significantly different in plantation and forest habitats (chi-squared test:
x> =1574.19, df=6, P<0.001). The group spent significantly more time feeding
(paired t-test: t=10.21, SE=0.018, P<0.001; df=14 for all tests) and foraging (¢=
4.78, SE=0.013 P<0.001) and significantly less time resting (r=9.33, SE=0.012,
P<0.001), locomoting (1=4.45, SE=0.019, P<0.001), and in affiliative (#=7.09,
SE =0.009, P<0.001) and aggressive (¢=2.40, SE=0.001, P<0.05) behaviors in the
plantation than in the forest (Fig. 2).

Spatial and Temporal Use of Forest and Oil Palm Plantation and Diet

The group used different forest strata at different times of day: in the morning (08:00—
10:00 h) the macaques descended from their sleeping sites in the forest canopy near the
forest edge (<1 km away from the plantation), and used the lower strata in the forest
and plantation, mainly the ground, during the late morning, midday, and afternoon
(10:00-16:00 h) before ascending into the forest canopy again for the night. We never
observed the group sleeping in the plantation.

m Forest Oil palm plantation
50 1

% %k
40 4 I
30 - I
%k k 3 %k 3k
20 -
* kK *k
10 1 "
' 'x : * "
0 A . . . . — - o :

Locomotion  Resting Feeding Foraging  Affiliative Others  Aggressive  Mating
Behaviors Behaviors

Percentage of records

Activity

Fig. 2 Comparison of time budgets (mean + SE) of southern pig tailed macaques (Macaca nemestrina) in
forest and oil palm plantation at Segari, Malaysia, October 2014 to December 2015. ***P <0.001; *P <0.05;
n.s. not significant based on paired two sample ¢ tests.
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In both forest and plantation, we recorded individuals on the ground more often
(56.3% of forest stratum scans, N =16,668; 50.3% of plantation stratum scans, N =
6711) than in higher strata. Adult males and females, but not juveniles, spent more time
on the ground than in the trees in both habitat types. Adult males were on the ground
during 66.9% of forest scans and 73.2% of plantation scans, and adult females were on
the ground during 52.7% of forest scans and 56.5% of plantation scans. However,
juveniles were on the ground in only 35.3% of forest scans and 41.2% of plantation
scans. The group entered the oil palm plantations on all observation days and stayed in
the plantation for a mean of 2.5+SD 1.4 h per day, usually between 12:00 h and
16:00 h (Fig. 3). They obtained most food items (52.1%; N =102) from the ground in
the plantation. Only about 10% of scanned individuals were in the palm crowns and
within reach of attached oil palm fruit (Fig. 3).

Macaque diets varied with habitat type. In the forest (N =1521), the largest compo-
nents of macaque diets were ripe and unripe fruits (32% of feeding scans), followed by
arthropods not including ants (24%); nonflowering/fruiting plant parts, i.e., shoots and
stems (15%); and leaves (11%). The rest of their diets consisted of ants (8§%) (especially
Camponotus spp.), fungi (6%), flowers (2%), and tree bark (2%). In the plantation (N =
196), the macaques ate mainly oil palm parts (85%), such as ripe attached fruits (30%),
fallen fruits and seeds (29%), unripe attached fruits (18%), and oil palm flowers in
anthesis (8%), which were heavily colonized by pollinating African oil palm weevils
(Elaeidobius kamerunicus). Other food items in the plantation included fresh shoots
(5%), ants (4%), palm bark (4%), and vertebrates (2%), including rats of the genus
Rattus that the macaques chased out of the cavities of the palm bark.
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Fig. 3 Spatial and temporal use of oil palm plantations by southern pig tailed macaques (Macaca nemestrina)
at Segari, Malaysia, October 2014 to December 2015: time budgets in each stratum of the plantation; and
cumulative number of group scans during the study period according to day time (N 6711), representing
macaque foraging times in the plantation.
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Discussion

Oil palm plantations and activities in the plantations contributed considerably to the
group’s home range area and time budget. Macaques spent about one fifth of their daily
activity time in the oil palm plantation and visited it on every observation day. Similar
to observations from a forest patch surrounded by agricultural land at Lima Belas in
Peninsular Malaysia (Caldecott 1986a), oil palm plantations were a substantial com-
ponent of the study group’s home range. A group of macaques at Pasoh in Peninsular
Malaysia, however, had a substantially larger home range (8.3 km?), and never visited
oil palm plantations (Caldecott 1986a). Large (3.9-5.5 km?) home ranges and medium-
sized (0.8-1.3 km?) home ranges have been reported for pig-tailed macaques at other
sites (Albert ef al. 2013a; Bernstein 1967; José-Dominguez et al. 2015a, b; Oi 1990b;
Rodman 1978; Southwick and Cadigan 1972). Variation in home range size may arise
from differences in food distribution and availability. In a fruit-rich habitat, pig-tailed
macaques can survive in smaller areas, but in dipterocarp forests they need a much
larger area (Caldecott 1986a; Caldecott et al. 1996). Our study site is a dipterocarp
forest, so macaques should need a larger area than we observed. However, the
plantation provided a year-round supply of accessible food.

Food items consumed in the plantation consisted mainly of oil palm parts. Oil palm
produces fruits continuously, and the macaques consumed both ripe and unripe fruits,
although we cracked open several unripe oil palm fruits and found that they contain
water between the pulp and kernel and may thus serve for hydration rather than
nutrition. Macaques also consumed overripe fallen palm fruits, seeds, and flowers,
indicating the high value of oil palm plants as a source of food. Wild northern pig-tailed
macaques (Macaca leonina) that were artifically provisioned reduced their monthly
home range size while consuming human food (Albert et al. 2013a). Oil palm
plantations may have had a similar effect on our study group. As the abundant and
reliable food supply from oil palm plantations probably serves the same role as artificial
food provisioning, our group probably needed a smaller foraging area than
nonprovisioned pig-tailed groups in previous studies (Albert et al. 2013a; Bernstein
1967; José-Dominguez et al. 2015a; Oi 1990b; Rodman 1978; Southwick and Cadigan
1972). Other factors potentially affecting macaque home range sizes include troop size,
degree of terrestriality, and study methodology (José-Dominguez et al. 2015b).

Macaques spent more time on the ground than in the trees in both the oil palm
plantation and forest. Like northern pig-tailed macaques and other macaque species
(Albert et al. 2011), our study group occupied the highest stratum of the forest canopy
in the morning when they woke up. Whereas adults spent most of their time on the
ground, juveniles spent more time in the trees throughout the day, perhaps to reduce
their exposure to ground predators. Common predators of younger pig-tailed macaques
in the area include feral dogs, reticulated pythons, monitor lizards, and raptors. We
observed adult males in lower mean strata than females and juveniles throughout the
day, in both the forest and the plantation, mostly at ground level. Southern pig-tailed
macaques are semiterrestrial, unlike the other primarily arboreal primates in Malaysian
forests (Bernstein 1967; Caldecott 1986a; Smith 1973). By foraging predominantly on
the ground, pig-tailed macaques may reduce the costs of interspecific competition for
arboreal food sources (Caldecott 1986a; José-Dominguez et al. 2015b) and the risk of
arboreal predators (e.g., raptors). Movement on the ground is also less conspicuous
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than movement in the trees, although this is not true for the open habitat of plantations.
The macaque’s predominant use of the ground in plantations can be explained by the
concentration of preferred food items, such as fallen oil palm fruits and seeds, and
arthropods on the ground.

Macaques spent a greater proportion of their time feeding and foraging in the
plantation than in the forest. We seldom observed the macaques resting or showing
social behaviors in the plantation. Instead, they mostly foraged and fed and then left,
usually after ca. 2.5 h. Oil palm plantations have a year-round production of accessible
fruits and contain abundant high-quality food (Sha and Hanya 2013). Caldecott (1986a)
suggested that an adult pig-tailed macaque consuming ripe oil palm fruits could access
>10% of its daily energy requirements. However, only one third of food items recorded
in the plantation were ripe oil palm fruits in our study. Future studies should assess the
quantity of oil palm fruits consumed by macaques in oil palm plantations and their
nutritional qualities.

We observed rest and social behaviors more frequently in the forest, where the group
may be less exposed to predators than in plantations. As the plantations are more open
and offer less cover, macaques may face higher exposure to predators, especially larger
raptors, packs of feral dogs, and plantation workers or poachers. We observed several
incidents in which villagers tried to capture infants from neighboring groups of
macaques (both Macaca nemestrina and M. fascicularis) while they were foraging in
the plantations, and sometimes macaques are chased, threatened, trapped, or killed by
smallholder farmers in the area who fear for their crops (Ruppert, N. pers. obs.).
Macaques (M. nemestrina and M. fascicularis) prefer non—oil palm habitats in Sumatra,
where they generally exhibited a limited tolerance to the oil palm landscape (Maddox
et al. 2007).

Many primate species feed on crops. Farmers in Sumatra believe long-tailed ma-
caques (Macaca fascicularis), Thomas’ leaf monkeys (Presbytis thomasi), and orang-
utans (Pongo abelii) to be the most destructive crop feeding species (Campbell-Smith
et al. 2010; Machall and Hill 2009). Southern pig-tailed macaques are also considered
as pests in oil palm plantations (Campbell-Smith et al. 2010; Linkie ef al. 2007; Luskin
et al. 2013; Richardson ef al. 2008; Yanuar et al. 2009). However, very few data on
primate foraging in oil palm plantations or oil palm fruit consumption by wild primates
in Southeast Asia support this assumption. Although we found that one third of the
macaque diet in the plantation consisted of ripe oil palm fruits, we do not know the
effect of fruit consumption by pig-tailed macaques on the monthly harvest. The role of
macaques in oil palm plantations should be investigated more thoroughly to assess their
effect on oil palm harvest, mitigate human—-macaque conflicts, and understand the
effects of habitat fragmentation on their social behavior, population genetics, and
dynamics.

Conservation Implications

Oil palm plantations seem to offer valuable and accessible food sources with
year-round availability for our study group. As oil palm plantations are monocultures,
they do not possess the complexity of the forest ecosystem. It is important that the

primary forest, which provides more diverse foods, shelter that permits a full range of
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social activities, and appropriate sleeping sites, still exists nearby. It is not yet clear to
what degree pig-tailed macaque populations can adapt to human-altered environments
in the long term and how much intact forest they require within their home range to
maintain a viable population. Furthermore, primates in plantations are more exposed to
predators and poachers (Azhar et al. 2012; Estrada et al. 2012) and macaques feeding on
plantation crops leads to human—macaque conflict (Linkie et al. 2007). Pressures on
macaque populations will increase with further forest loss. The plantations in this study
were unattended by humans most of the time and the company running the plantation
employs mainly foreign workers who are paid daily wages. As their salaries are not
affected by the harvest volume, the workers do not hunt or chase the macaques. The
situation elsewhere, especially at small holder plantations or larger plantations run by
other companies might be very different, with macaques being chased or killed
(Ruppert, N. pers. obs.). Malaysian companies reported problems with pig-tailed
macaque groups threatening plantation workers at their sites to us. As the pressure on
this vulnerable species is already high, stricter enforcement of existing legal protections
should be implemented to prevent the killing and capture of pig-tailed macaques. Based
on our findings, there is reason to doubt the common belief that macaques are destruc-
tive crop pests in oil palm. The role of macaques in oil palm plantations should be
investigated more thoroughly to assess their effect on oil palm plantations and to
understand the effects of forest fragmentation by oil palm plantations on their social
behavior, population genetics, and dynamics. Pig-tailed macaques are closely
interlinked with the rainforest habitat, where they act as seed dispersers (Macaca
leonina: Albert et al. 2013b; M. nemestrina: Ruppert et al. 2014); thus, conservation
plans to protect primates and their natural habitats by minimizing the expansion of new
oil palm plantations, enhancing the connectivity between forest patches, and applying
best-management practices in existing oil palm plantations should be properly enforced.
Only better protection for vulnerable species, coupled with increased awareness of the
importance of these primates in their ecosystems, and stricter enforcement of existing
laws on illegal land clearing and poaching can ensure their ability to coexist with
humans in the future.
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ABSTRACT

Two macaque species, the Pig-tailed Macaque (Macaca nemestrina) and Long-tailed Macaque (Macaca
fascicularis), occur sympatrically in and around the lowland and mountainous forests of the Barisan Range in the
Kerinci-Seblat National Park in west-central Sumatra. We present and discuss line-transect data on the density,
distribution and group size of the two macaques. M. fascicularis was the scarcer,found only in hill dipterocarp and

lowland forests.

Keywords: Macaca nemestrina, Macaca fascicularis, population distribution, density, group size.

INTRODUCTION

The continuous and extensive conversion of
tropical rainforests, home to the world’s highest
species diversity, is widely believed to be a key
threat to the survival of wild populations of
terrestrial and arboreal animals, including
arboreal non-human primates (Eudey, 1987;
Weisenseel et al., 1993; Laurance et al., 2002). It
is also now believed that the local numbers of
wild Pig-tailed Macaques (Macaca nemestrina)
and Long-tailed Macaques (Macaca fascicularis)
in Southeast Asia are continuing to decline due
to habitat alteration and loss (MacKinnon, 1986).
According to IUCN Red List of Threatened
Species, M. nemestrina and M. fascicularis are
respectively listed as Vulnerable and Least
Concern (IUCN, 2008).

Both M. nemestrina and M. fascicularis have
recently become seriously threatened and
fragmented by human encroachment and
habitat loss (from illegal and legal logging,
traditional and modern crop plantations, land
clearance for agriculture and new settlements/
transmigration, forest fires and droughts), as
well as hunting for the illegal pet trade. Trading
for export by quota for both macaque species
still occurs and Sumatra is the main supply
source for biomedical research (MacKinnon,
1986; Bowden & Smith, 1992). Presently, there
are many cases of land conflict use between
macaques and humans and, as a result, both
macaque species are regarded as crop pests

by farmers. Furthermore, in Sumatra, primary
tropical rainforest, especially in the lowlands,
have disappeared rapidly (Achard et al., 2002;
Kinnaird et al., 2003; Linkie et al., 2004), with
most of the land being converted to commercial
timber concessions, or cultivated lands and
human settlements (FAO, 1981; Holmes, 2001;
Jepson et al., 2001).

To protect and manage macaque populations
and their habitats effectively, the status of
macaque populations in protected and unprotected
areas must be evaluated continuously
(Struhsaker et al., 1975; Wilson & Wilson, 1975a
& 1975b; MacKinnon, 1986). Unfortunately, in
Sumatra, there has been little effort to date to
survey or census primate species, which include
gibbons, langurs, macaques, slow lorises, and
western tarsiers, either inside or outside of
protected areas.

The Kerinci-Seblat National Park (TNKS), in
the extreme west central region of Sumatra
(Figure 1), is one of the Indonesian “treasure
houses” of faunal and floral diversity (MacKinnon
& Suwelo, 1984). It covers about 1.3 million
hectares (Mha) and is the largest national park
on Sumatra, and among the largest protected
areas in Southeast Asia (MacKinnon, 1986). The
park spans four administrative provinces: Jambi,
West Sumatra, Bengkulu, and South Sumatra.
Primary and secondary rainforests in the national
park are occupied by M. nemestrina and M.
fascicularis and five other arboreal primate
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Figure 1. Map of Kerinci-Seblat National Park / Taman Nasional Kerinci-Seblat (TNKS) showing surveyed habitat types.

species (Siamang, Symphalangus syndactylus;
Agile Gibbon, Hylobates agilis; Banded Langur,
Presbytis melalophos; Silvered Langur,
Trachypithecus cristatus; Slow Loris,
Nycticebus coucang), in addition to being an
important habitat for many other endangered
species.

We examined the population status and
distribution of macaques in TNKS by direct
observation and line transect methods in four
different habitat types (lowland, hill dipterocarp,
sub-montane and montane forests), at varying
elevations.

STUDY SITES AND METHODS
1. Study Sites

Survey routes were designed to cover a
variety of habitat types inside and outside of
TNKS. A total of 25 sites were surveyed (Figure
2, Table 1), of which most have never been
visited by other researchers. Only 20% of the
total area of TNKS is lowland forest <600 m
above mean sea level (amsl). Nonetheless, most
survey sites were within TNKS and in lowland
evergreen forests, because lowland forest is
currently believed to be the habitat type most
seriously threatened by a variety of human
activities. Several sites close to areas recently

cleared for traditional and modern crop
plantation as well as sites in selectively-logged
forests within or near TNKS were also chosen as
survey priorities.

2. Methods

We employed the line-transect method to
estimate the density and population status of
both macaque species through direct observation.
We conducted these censuses from 1996 to
1999, while simultaneously surveying for other
nonhuman primates.

We derived our methods for censusing
macaques from published methods (Southwick
& Cadigan, 1972; Wilson & Wilson, 1975a;
Burnham et al., 1980; Marsh & Wilson, 1981; NRC,
1981; Peres, 1999), and adapted them to the
field situation.Transects were established along
existing trails on hill ridges, slopes and valleys
in deep forest (85.9%) and old logged forest
(8.4%) and along river banks (5.6%). Existing
human or animal trails/paths were used; new
trails were occasionally prepared by trimming
small trees. We usually avoided steeper terrain
due to difficulty in detecting animals. After the
transect system was established, trail lengths
were measured by pacing or using a pedometer
calibrated to the observer’s stride. Trails were
an average of 0.5-1.0 m wide in dense forest
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1. Sungai Gambir

2.Sungai Melanca

3. Napal Licin

4. Air Lakitan

5. Air lkan
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23. Betung Mudik
24. Pelayang Gadang
25. Danau Tujuh

Figure 2. Map of TNKS showing survey sites.

Table 1. Site, elevation, and forest status for the 25 survey routes.

Site/habitat type Province Altitude (m) Forest Forest status
Lowland <450

Sungai Gambir West Sumatra 250 medium Disturbed National Park
Sungai Melanca West Sumatra 250 medium Primary Conversion
Napal Licin South Sumatra 300 steep Primary National Park
Air Lakitan South Sumatra 350 steep Primary National Park
Air lkan Bengkulu 250 medium Disturbed Production
Ipuh llau Bengkulu 350 medium Primary National Park
Seblat Merah Bengkulu 350 flat Primary National Park
Sungai Petekun Jambi 250 steep Primary Protection
Air Santan Ketahun Bengkulu 250 medium Disturbed Production
Napal Putih Bengkulu 250 medium Disturbed Protection
Batang Pelangai West Sumatra 250 medium Disturbed Protection
Hill 450-900

B. Narso Jambi 450 medium Primary Protection
Air Sulit Bengkulu 450 steep Primary National Park
Air Melam Bengkulu 450 steep Primary National Park
Air Langgai West Sumatra 400 steep Primary National Park
Sungai Siporak Jambi 450 medium Primary National Park
Bukit Kelam South Sumatra 500 steep Primary National Park
B. Asam-Suir West Sumatra 500 steep Primary National Park
Sungai Sebiang Bungo Jambi 450 steep Primary National Park
Submontane 900-1400

Air Dingin Bengkulu 900 medium Primary National Park
Ngalau Gadang West Sumatra 1100 steep Primary National Park
Air Hangat Jambi 900 steep Primary National Park
Montane 1400-2400

Betung Mudik Jambi 1600 steep Primary National Park
Pelayang Gedang Jambi 1500 steep Primary National Park
Danau Tujuh Jambi 2100 steep Primary National Park
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and 1.0-1.5 m wide in secondary forest, but trails
were wider in recently logged forests as they
followed old logging roads.

The average trail length surveyed on a given
day was 2.6 km (range = 1.6-4.8 km).We walked
slowly (average speed <1 km/h) with a local field
assistant familiar with the terrain and the local
wildlife. We frequently stopped for several
minutes to listen for animal sounds, or when
we encountered primates, to determine the
group size and group spread. We started the
census walk in the morning between 06:30 and
07:30 and finished by the middle of the day.

To estimate primate densities, it was first
necessary to estimate the effective width of the
strip surveyed (effective strip width, or ESW)
(Marsh & Wilson, 1981; NRC, 1981; Peres, 1999).
We estimated the maximum reliable detection
distance (1/2 ESW) for density calculations for
each species and habitat type using two
methods: King's method, based on the “animal-
to-observer’, or direct distance, and Kelker's
method, based on “animal-to-nearest trail’ or
perpendicular distance. In both methods, the
maximum reliable distance is determined from
the frequency-distribution curve of sightings,
which generally shows an obvious plateau,
followed by marked drop in frequency (Marsh
& Wilson, 1981;NRC, 1981; Garcia, 1993; Brugiere
& Fleury, 2000). We planned to estimate the
maximum reliable detection distance as the
last distance category before a drop of at least
50% in sighting frequency (NRC, 1981). Maximum

reliable perpendicular, and the direct distance
were then used to estimate the ESW.

RESULTS

1. Detection Distance and Effective Strip
Width (ESW)

Because few sighting-distance data were
collected for either macaque species, the cut-
off cannot be shown in the histogram distribution of
perpendicular distance (Figure 3a and b).Thus,
we used the maximum distance at which they
were sighted rather than maximum reliable
distance to estimate ESW.

A. Maximum reliable animal-to-trail or
perpendicular distance

The maximum perpendicular detection
distance recorded for M. nemestrina was 20 m
in montane forest (mean = 10.5,sd =7.7,n =2)
thus ESW was computed as 40 m. In sub-
montane (mean = 17.0, sd = 7.1, n = 2) and hill
dipterocarp (mean = 13.5, sd = 8.0, n = 11)
forests, the maximum distance was recorded
as 30 m (Figure 3a) and the ESW was 60 m for
both forest types (Table 2). In lowland forest, all
groups of this species were recorded within 40
m as an effective distance and its ESW was 80 m
(range = 0-45 m, mean =15.8,sd =8.3,n = 17).
M. fascicularis was the scarcer species and was
recorded only in hill dipterocarp and lowland
forests. In both forest types, animal sightings
were recorded within 35 m in hill dipterocarp
forest (mean = 15.7, sd = 10.2) and lowland
forest (mean = 14.9, sd = 9.0).

Table 2. Effective Strip Width (ESW) used for mean density calculations.

Pig-tailed Macaque

Species
Long-tailed Macaque

ESW (m)

Perpendicular distance

Montane Forest 60
Sub-montane Forest 60
Hill Dipterocarp Forest 60
Lowland Forest 80

Direct distance

Montane Forest 60
Sub-montane Forest 80
Hill Dipterocarp Forest 80

Lowland Forest 80

60
60

80
80




6 Asian Primates Journal1(2),2009
8
c ? a
97 M 8 -
-
.4 ]
[} 41
E 3
£, 3
3 2
2,
‘I,
JHLEL BT T ==
010 M-20  21-30 3140 41-50 5160 0-10  11-20  21-30 3140  41-50  51-60
Perpendicular distance classes (m) Animal-to-observer distance classes (m)
6 7
c b
95 M 61 M
]
54 d
3
% 3
v )
2 24
£
. Al I
0 . . . . . 0 . . . . .
0-10  11-20  21-30  31-40  41-50  51-60 0--10 1-20  21-30  31-40  41-50  51--60
Perpendicular distance classes (m) Animal-to-observer distance classes (m)
B Montane B Submontane [THill  [JLowland

Figure 3. Observed perpendicular and animal-to-observer distance for Pig-tailed Macaque (a) and Long-tailed Macaque (b).

B. Maximum reliable animal-to-observer or
direct distance

Sightings at a maximum distance of 30 m
were recorded for M. nemestrina in montane
forest (mean = 17.5, sd = 10.6). In three other
forest types namely, sub-montane (mean =22.5,
sd = 10.6), hill dipterocarp (mean = 25.9, sd =
10.9), and lowland (mean = 25.6, sd = 8.1),
sightings were recorded at a maximum distance
within 40 m. M. fascicularis was recorded only in
hill dipterocarp forest (mean = 19.0, sd = 9.6)
and lowland forests (mean = 23.0, sd = 5.9) and
had a maximum sighting of 40 m in both.

2. Pig-tailed Macaque and Long-tailed
Macaque Densities

Group density estimates were calculated
from data collected from a total of 311.2 km of
line transects in four habitat types: lowland

forests (eleven sites), hill dipterocarp forests
(eight sites), sub-montane forests (three sites),
and montane forests (three sites). Group
densities calculated using perpendicular
distance were higher than those produced
using direct distance for M. fascicularis in lowland
and for M. nemestrina in sub-montane and hill
dipetrocarp forests (Table 3).

The estimated group densities (estimated
by averaging the estimates produced using
each method) for M. nemestrina had high
densities in lowland forest (1.7 groups/km?) and
hill dipterocarp forest (1.5 groups/km?); lower
densities were found in montane (0.7 groups/
km?) and sub-montane forests (0.8 groups/km?).
M. fascicularis had lower densities and was found
only in hill dipterocarp forests (0.5 groups/km?)
and lowland forests (1.1 groups/km?).
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3. The Distribution of Pig-tailed and Long-
tailed Macaques in and around TNKS

We assessed the distribution of the two
macaque species in censuses comprising 400
km of transects in 120 routes at 25 locations,
ranging in altitude from 200 to 2,200 m amsl|
in and around TNKS forest complex.In montane
forests, only M. nemestrina was observed. Like
S. syndactylus and P. melalophos, they were
observed at all elevations (from sea level to
1,900 m amsl) although seldom in montane and
sub-montane forests, and most sightings in hill
dipterocarp and lowland forests. The average
elevation used by the Pig-tailed Macaques in
and around TNKS was 477 m amsl (range = 225-
1,900, n = 32), estimated from 25 survey sites.

Groups of Long-tailed Macaques were
absent from montane forest and scarce at higher
elevations such as sub-montane forest. In Kerinci-
Seblat forest complex, groups were found
only in lowland and hill dipterocarp forests (at
six locations), and not above 800 m amsl. The
maximum elevation for this species was at Air
Hangat at 700 m amsl and its mean elevation
was 382 m amsl.

4. Macaque Group Sizes

We recorded macaque group whenever they
were sighted. The average group size of both
macaque species was much larger than those
found in S.syndactylus,H.agilis and P.melalophos
in Kerinci-Seblat. In hill dipterocarp forest, M.

nemestrina had an average group size of 10.5
individuals (range = 1-20 individuals, SE= 1.6, n
=11), larger than in montane, sub-montane and
lowland forests (Figure 4). In montane forests,
the average group size was 7 individuals
(range =6-8 individuals, SE=10, n =2), whilstin
sub-montane forests the average group size was
9.5 individuals (SE=0.5,n=2).In lowland forest,
the average group size of 8.5 individuals (range
= 1-13, SE =14, n = 17) being slightly smaller
than in sub-montane forests and slightly larger
than in the montane forests.

M. fascicularis had an average group size (9.6
individuals; range = 1-17 individuals, SE = 2.9,
n= 5) that was slightly larger in the hill
dipterocarp forests than in the lowland forests
(9.0 individuals; range = 4-16 individuals, SE =
1.4, n =10) (Figure 4).

DISCUSSION

Both M. nemestrina and M. fascicularis were
rarely seen in any of the habitat types in and
around Kerinci-Seblat National Park (TNKS)
and, as a result, low densities were observed
for both in this study. M. fascicularis is usually
most abundant in swamp forest (Crocket &
Wilson, 1980), and Chivers and Davies (1978)
reported that this species has high densities in
riverine and edge habitat in peninsular Malaysia.
Furthermore, the densities of M. nemestrina
were markedly lower in all habitats types than
those reported for peninsular Malaysia (Chivers
& Davies, 1978).

Table 3. Group density estimates for Pig-tailed Macaque and Long-tailed Macaque in and around Kerinci-Sablat National

Park.

N km? surveyed Density + SE (groups/km?)
Habitat type Pig-tailed Long-tailed Pig-tailed Long-tailed Pig-tailed Long-tailed

Macaque Macaque Macaque Macaque Macaque Macaque
Reliable primate-to-trail
Montane 2 0 2.9 0 0.7+ 0.8 -
Submontane 2 0 2.2 0 1.0+£1.0 -
Hill dipterocarp 11 4 6.3 6.3 1.7+05 0.6 +0.3
Lowland 17 10 9.8 7.3 1.7 £09 1.3+04
Reliable primate-to-observer

Montane 2 0 29 0 0.7+ 0.5 -
Submontane 2 0 2.9 0 0.7 £ 0.7 -
Hill dipterocarp 11 4 8.4 8.4 1.3+03 04+0.2
Lowland 17 10 9.8 9.8 1.7£05 1.0+£03
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Figure 4. Group size for Pig-tailed Macaques (a) and Long-tailed Macaques (b) in montane, sub-montane, hill dipterocarp,

and lowland forests.

Although semi-terrestrial, M. nemestrina is
hard to study in the field (Marsh & Wilson, 1981;
Robertson, 1986). The highest densities of this
primate found at TNKS were in the lowland and
hill dipterocarp forests (Table 4). The densities
observed seemed less than those reported in
1970s by Rijksen (1978) at the Ketambe study
area, Gunung Leuser National Park. Wilson and
Wilson (1976) observed higher population
densities of M. nemestrina throughout Sumatra
than that observed in the TNKS’ primary lowland
forest, and at 25.5 range of group densities of M.
nemestrina in the Krau Game Reserve in
peninsular Malaysia, were similar in five
different habitat types, i.e. at 0.1-0.3 groups/km?.
Meanwhile, Marsh and Wilson (1981), who also

studied M. nemestrina in peninsular Malaysia,
reported mean densities of 0.1 and 0.9 groups/
km?2in lowland and swamp forests, respectively.

Like other macaques, M. nemestrina lives in
large groups with normally 15-40 individuals and
an average 23 individuals (Caldecott, 1983;
Robertson, 1986). Even larger groups were
observed at Lima Belas, peninsular Malaysia
(Caldecott, 1983) where the increase is associated
with more immature in the group.

For M. fascicularis at Krau Game Reserve, the
highest densities were found in riverine forest,
while densities were reduced in lowland and
disturbed forest (Chivers & Davies, 1978). On the
other hand, Marsh and Wilson (1981) found that
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mean densities of M. fascicularis in lowland
forest were higher than previously reported by
Chivers and Davies (1978), but the highest
densities found in peninsular Malaysia were
in freshwater swamp forest (Marsh & Wilson,
1981) (Table 4). According to Crockett and
Wilson (1980), who studied ecology and
abundance of M. fascicularis and M. nemestrina
in various habitat types in Sumatra, found that
the highest group densities of M. fascicularis
were in Rhizophora mangrove forest. The next
favored habitat of this macaque was secondary
hill dipterocarp forests, followed by mixed
mangrove forest and riverine parts of the
lowland forests.

In this study,group densities of M. fascicularis
in the lowland forests were slightly higher
than reported for the same habitats at the Krau
Game Reserve (Chivers & Davies, 1978), but
lower than those reported by Marsh and Wilson
(1981) for peninsular Malaysia or for primary
lowland forest in Sumatra (Crockett & Wilson,
1980). In hill dipterocarp forest, the density of

M. fascicularis at TNKS was 85% less than
that reported by Crockett and Wilson (1980)
for throughout Sumatra. Crockett and Wilson
(1980) found higher densities and group sizes
of M. fascicularis, with the largest average group
sizes in secondary lowland habitats. Yet, the
group size average of this species in TNKS is
still lower than those reported by Southwick
and Cadigan (1972) in the urban areas of
peninsular Malaysia.
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Table 4. Comparative densities and group size in Pig-tailed and Long-tailed macaques on Sumatra and in Malaysia.

Density/km? Group Size
Site Pig-tailed Long-tailed Pig-tailed Long-tailed Source
Group Individuals Group Individuals

TNKS

Lowland 1.7 14.7 1.3 10.7 8.5(1-13) 9.6(1-17) this study

Hill 1.5 15.7 0.6 6.6 10.5(1-20) 9.0(4-16) this study

Sub-montane 1.0 5.9 -*) - 9.5 - this study

Montane 0.7 48 - - 7.0(6-8) - this study

KETAMBE - 19.0 - - 4,04 6.4 Rijksen, 1978

SUMATRA

Lowland 2.48 36.7 1.31 244 18.3(16-21) 46.0 Wilson & Wilson, 1976,
Crockett & Wilson, 1980

Hill 2.24 33.2 5.26 97.8 16.0 - Crockett & Wilson, 1980

Mangrove - - 6.47 120.3 21.0 13.0 Crockett & Wilson, 1980

MALAYSIA

Swamp 0.9 - 4.8 - - Chivers & Davies, 1978;
Marsh & Wilson, 1981

Lowland 0.1 1.4 - 29.8(14-70) Bernstein, 1967;
Chivers & Davies, 1978;
Marsh & Wilson, 1981

Urban - - - - 24.0(7-44) Southwick & Cadigan, 1972

KRAU GAME RESERVE

Disturbed 0.1 - 0.6 - - Chivers & Davies, 1978

Riverine 0.3 - 1.4 - - - Chivers & Davies, 1978

Lowland 0.3 - 0.2 - 20.0 24.0 Chivers & Davies, 1978

Hill 0.2 - - - - - Chivers & Davies, 1978

Sub-montane 0.3 - - - - Chivers & Davies, 1978

LIMA BELAS ESTATES 15-40 - - 50.0(45-55) - Caldecott, 1983

*) data not available
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FOREWORD

The current issue comprises a single paper, but an important one.

The dynamic nature of mammal taxonomy is a great sign of the growth of our understanding,
particularly since the wider application of genetic techniques. Still, these changes can make life difficult
for those involved in studying and conserving mammals. Following years of work, 2013 saw the
publication of the primate volume in the encyclopaedic series “The Handbook of the Mammals of the
World.” This brought the new findings together in one synthesis of the current primate taxa and their
distributions and conservation status.

A downside of the comprehensive published format was that the results of the synthesis were
inaccessible to many in Asia and elsewhere. The present paper seeks to make that synthesis more
available for Asia’s primates, whilst incorporating some further changes since the Handbook volume
was published. It also adds greater consistency in the use of English common names. Supplementing
the text are Stephen Nash’s excellent illustrations.

The science will not stand still, but for the moment this paper summarises the state of knowledge
on nomenclature, distribution and status of Asia’s primates. It’s a stirring reminder of the immense
variety of these remarkable animals; and the precarious position so many of them are in.

Editors
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ABSTRACT

The present paper summarises and updates information on the taxonomy and status of Asian non-human primates from a new
multi-author synthesis. For each species we include taxonomic authority, species type locality, subspecies, current distribution
and conservation status. Including taxa described since the synthesis was published, the Asian non-human primate fauna
comprises 119 species and 183 taxa, in 22 Asian countries. We give a breakdown of species by country, by conservation
status category, and the number of species per status category in each family and genus. Of the 113 Asian primate species
that have been assessed, 17 (15%) are Critically Endangered, 45 (40%) are Endangered and 25 (22%) are Vulnerable. The most
endangered genera are Rhinopithecus, Pygathrix, Nasalis, Simias, Hylobates, Nomascus, Symphalangus and Pongo.

Keywords: Asian primates, taxonomy, conservation status, threatened fauna

INTRODUCTION

To conserve the non-human primate fauna of Asia, with more detailed information, along with illustrations

there has long been a need for an accessible, updated
checklist of recognised taxa. Volume 3 (Primates) of
The Handbook of the Mammals of the World, edited
by Russell A. Mittermeier, Anthony B. Rylands and Don
E. Wilson, was published in April 2013 (Mittermeier et
al., 2013). The book integrates new information on
primates, including data on morphology, behaviour,
acoustics, and genetics. For each primate family, there
is an introductory section with reviews of systematics,
morphology, habitat, general habits, communication,
food and feeding, breeding, movements, home range
and social organization, relationship with humans, and
conservation status, followed by species accounts

(by Stephen D. Nash) of each.

According to the book, the order Primates comprises
16 families, 78 genera, 480 species and 682 taxa. In
Asia, this multi-author compilation recognizes five
families, 19 genera, 116 species and 179 taxa of non-
human primates. Since it went to press, the Bornean
Slow Loris (Nycticebus menagensis) has been split into
four species (Munds et al., 2013) and a new subspe-
cies of Hoolock gibbon (Hoolock hoolock mishmiensis
Choudhury, 2013) has been described; thus, non-hu-
man primates in Asia now comprise 119 species and
183 taxa.
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There remained a need to make this information
widely available. In the following, we give an overview
of non-human primates in Asia, based on The Hand-
book of the Mammals of the World and the updated
taxonomy on Nycticebus and Hoolock, including taxo-
nomic authorities, type localities, subspecies, current
distribution and conservation status. For consistency
and clarity, we also suggest new common names for
some taxa, mainly subspecies. We further list species
in each country, species in each conservation status
category (based on IUCN, 2013), and the number of
species per status category in each family and genus.
Although formal punctuation is retained for taxonomic
purposes (scientific names and author initials), we have
omitted this for general use (notably compass direc-
tions) for ease of reading. For place names, we have
tried to standardise to English geographic terms (Is-
land, River, Lake), with the exception of those in which
the local term is part of its internationally familiar name;
by way of explanation “Gunung” (Malay) = Mountain
or Mt; “Batang” (Malay) = River”; “Shan” (Chinese) =
Mountain; “Jiang” (Chinese) = River.

1. Family Lorisidae

1.1. Genus Loris

1.1.1. Red Slender Loris Loris tardigradus (Linnaeus,
1758)

Type locality: Ceylon [= Sri Lanka].

Subspecies/colour variants: 2 subspecies are rec-
ognized: Lowland Red Slender Loris L. t. tardigra-
dus (Linnaeus, 1758); Horton Plains Red Slender
Loris L. t. nycticeboides Hill, 1942, but this is in
need of revision, and more species may exist; for
example, the Horton Plains Slender Loris may be
specifically distinct. In L. t. tardigradus,there are
variants in coloration and head form.

Distribution: L. t. tardigradus: SW Sri Lanka (West-
ern and Southern provinces), from the outskirts of
Colombo in the N to Ranna in the S, up to 470
m; L. t. nycticeboides: Sri Lanka (Central Province
highlands), 1650-2000 m.

Conservation status: Endangered (both subspecies).

1.1.2. Grey Slender Loris Loris lydekkerianus Cabrera,
1908

Type locality: India, Madras.

Subspecies/colour variants: 4 subspecies are rec-
ognized: Mysore Grey Slender Loris L. I. lydek-
kerianus Cabrera, 1908; Highland Grey Slender
Loris L. I grandis Hill & Phillips, 1932; Malabar
Grey Slender Loris L. I. malabaricus Wroughton,
1917; Northern Sri Lankan Grey Slender Loris

L. I. nordicus Hill, 1933. The two Indian taxa need
reinvestigation; they may actually be distinct spe-
cies. The nature and status of the Highland Grey
Slender Loris needs to be investigated.

Distribution: L. /. lydekkerianus: S and E India (Andhra
Pradesh, Karnataka and Tamil Nadu states), found
in the dry forests of the Eastern Ghats; L. /. gran-
dis: C Sri Lanka (Central Province); only known
from the East Matale Hills, but probably occurs
throughout the lower foothills at an average eleva-
tion of 900 m; L. I. malabaricus: SW India (Karna-
taka, Kerala and Tamil Nadu states), found in the
wet forests of the Western Ghats up to 1200 m;
L. I. nordicus: NC and E Sri Lanka throughout the
lowland dry zone; the extent of its distribution to
SE Sri Lanka is uncertain.

Conservation status: Least Concern; L. . lydekke-
rianus, L. I. malabaricus Near Threatened; L. .
grandis, L. I. nordicus Endangered.

1.2. Genus Nycticebus
1.2.1. Bengal Slow Loris Nycticebus bengalensis
(Lacépede, 1800)

Type locality: Bengal.

Subspecies/colour variants: No subspecies are rec-
ognized, but colour variants occur.

Distribution: E Bangladesh, NE India (Arunachal
Pradesh, Assam, Meghalaya, Tripur, Nagaland,
Manipur and Mizoram states), S China (S Yunnan
Province from c. 25°N in Yunnan and the Pearl
River in the E, and possibly S Guangxi Autono-
mous Region), Myanmar (including the Mergui Ar-
chipelago), N and C Vietnam, Laos, Cambodia,
Thailand, and possibly N of peninsular Malaysia.

Conservation status: Vulnerable.

1.2.2. Sunda Slow Loris Nycticebus coucang (Bod-
daert, 1785)

Type locality: Malaysia, Malacca [= Melaka].

Subspecies/colour variants: No subspecies are rec-
ognized, but it has been claimed that there is mor-
phological diversity in Sumatra, probably based
on altitude.

Distribution: S Thailand, peninsular Malaysia (in-
cluding Penang, Langkawi and Tioman islands),
Singapore, and Sumatra, also Malacca Straits Is-
lands and Riau Archipelago (Batam, Galang and
Tebingtinggi islands), and Bunguran in the North
Natuna Islands.

Conservation status: Vulnerable.
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1.2.3. Javan Slow Loris Nycticebus javanicus E. Geoffroy
Saint-Hilaire, 1812
Type locality: Java.
Subspecies/colour variants: No subspecies are
recognized, but colour variants occur.
Distribution: W and C Java, with an isolated locality
in the E.
Conservation status: Endangered.

1.2.4. East Bornean Slow Loris Nycticebus menagensis
(Lydekker, 1893)
Type locality: Philippines, Tawitawi.
Subspecies/colour variants: None.
Distribution: N and E coastal Borneo (Brunei, Sabah
and East Kalimantan) and the Southern Philippines.
Conservation status: Vulnerable; but assessment
included N. bancanus, N. borneanus and N.
kayan, which were recently separated from N.
menagensis.

1.2.5. Bangka Slow Loris Nycticebus bancanus Lyon,
1906

Type locality: Klabat Bay, Bangka, Indonesia.

Subspecies/colour variants: None.

Distribution: Far SW of Borneo (West and South
Kalimantan), S of the Kapuas River and E to the
Barito River (appears not to extend all the way
E to the Barito River), and on Bangka Island off
Sumatra.

Conservation status: Not Evaluated.

1.2.6. Schwaner Mountains Slow Loris Nycticebus
borneanus Lyon, 1906

Type locality: Sanggau District, Sakaiam River,
Western Kalimantan, Borneo, Indonesia.

Subspecies/colour variants: None.

Distribution: SC Borneo (West, South and Central
Kalimantan, but excluding the extreme SW), S
of the Kapuas River, extending as far E as the
Barito River.

Conservation status: Not Evaluated.

1.2.7. Kayan River Slow Loris Nycticebus kayan Munds
etal., 2013

Type locality: Peleben, East Kalimantan, Borneo,
Indonesia (S2°46’, E116°34’).

Subspecies/colour variants: None.

Distribution: Central and Northern Borneo
(Sarawak, Sabah, East Kalimantan); S to the
Mahakam River in East Kalimantan and the Ra-
jang River in Sarawak, N to the southern part of
Mt Kinabalu in Sabah, from E to W Borneo, but

not along the coast.
Conservation status: Not Evaluated.

1.2.8. Pygmy Slow Loris Nycticebus pygmaeus Bonhote,
1907

Type locality: Nha Trang, Annam [= Vietnam].

Subspecies/colour variants: None.

Distribution: Laos, Vietnam and E Cambodia (E of
the Mekong River). The precise W limit of the
distribution is uncertain, but it appears to be
absent (or at least very scarce) in the extreme
W of the Mekong plain; records from S China
(SE Yunnan Province) are uncertain and may be
based merely on released captives brought in
from elsewhere.

Conservation status: Vulnerable.

2. Family Tarsiidae
2.1. Genus Tarsius
2.1.1. Selayar Tarsier Tarsius tarsier (Erxleben, 1777)
Type locality: Unknown. Restricted to Selayar
Island, off the South-western peninsula of
Sulawesi, Indonesia, by C.P. Groves and M.
Shekelle in 2010.
Subspecies/colour variants: None.
Distribution: Selayar Island, off the tip of the SW
peninsula of Sulawesi.
Conservation status: Vulnerable.

2.1.2. Makassar Tarsier Tarsius fuscus Fischer, 1804

Type locality: “Madagascar”. Corrected and restrict-
ed to Makassar, South Sulawesi, Indonesia, by
C.P. Groves and M. Shekelle in 2010.

Subspecies/colour variants: None.

Distribution: SW peninsula of Sulawesi, presumably
S of the Lake Tempe Depression.

Conservation status: Not Evaluated.

2.1.3. Dian’s Tarsier Tarsius dentatus G.S. Miller & Hol-
lister, 1921

Type locality: Indonesia, Labua Sore, North of
Parigi, Sulawesi.

Subspecies/colour variants: None.

Distribution: E portion of the central core of
Sulawesi to the tip of the E peninsula, the N
boundary is the Isthmus of Palu (between
Marantale, Ampibabo and Tomini Bay), the S
boundary from Lore Lindu National Park to the
E coast is unknown, but the W boundary appears
to extend at least to the Palu River and S as far
as Gimpu.

Conservation status: Vulnerable.
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2.1.4. Peleng Tarsier Tarsius pelengensis Sody, 1949
Type locality: Indonesia, Peleng Island.
Subspecies/colour variants: None.

Distribution: Peleng Island, off the coast of the E
peninsula of Sulawesi; it may also occur on other
islands of the Banggai Archipelago.

Conservation status: Endangered.

2.1.5. Great Sangihe Tarsier Tarsius sangirensis Meyer,
1897

Type locality: Indonesia, Sanghir [= Sangihe] Island.

Subspecies/colour variants: None.

Distribution: Great Sangihe Island, ¢. 200 km N of
Sulawesi; it may also occur on other islands in the
Sangihe chain.

Conservation status: Endangered.

2.1.6. Siau Island Tarsier Tarsius tumpara Shekelle et
al., 2008

Type locality: Siau Island, Indonesia, the southern
end of the island ¢. 100 m from the N shore of a
small lake (N2°39’, E125°23").

Subspecies/colour variants: None.

Distribution: Siau Island, in the Sangihe Archipelago,
c. 100 km N of Sulawesi; it may occur also on
some smalll islands close to Siau.

Conservation status: Critically Endangered.

2.1.7. Sulawesi Mountain Tarsier Tarsius pumilus G.S.
Miller & Hollister, 1921

Type locality: Indonesia, Rano Rano, Middle Celebes
[= Sulawesi].

Subspecies/colour variants: None.

Distribution: S and C Sulawesi (known only from
Rano Rano and the Latimojong Mts); distribution
fragmented on isolated mountain tops.

Conservation status: Data Deficient.

2.1.8. Lariang Tarsier Tarsius lariang Merker & Groves,
2006

Type locality: Gimpu (S1°38’, E120°02’, 500 m),
west of Lore-Lindu National Park, ¢. 5 km North
of the River Lariang, Central Sulawesi, Indonesia.

Subspecies/colour variants: None.

Distribution: WC Sulawesi in the Lariang River Basin
near the confluence with its tributary, the Meweh
River, and extending N as far as Gimpu; the precise
limits of its distribution may be much wider than
those confirmed to date.

Conservation status: Data Deficient.

2.1.9. Wallace’s Tarsier Tarsius wallacei Merker et al.,
2010

Type locality: Uwemanije, Central Sulawesi, Indonesia.

Subspecies/colour variants: None.

Distribution: NW Sulawesi (discontinuous range in
Central Sulawesi Province); the N form occurs on
the Isthmus of Palu from just W of the village of
Tomini to the NE (c. E120°30’), the coastlines of
the Isthmus of Palu to the E and to the W, to the
villages of Ampibabo and Marantale in the S (c.
S0°30’); the S form occurs in a very fragmented
area W to SW of Palu, around the type locality
Uwemanje (S0°58’, E119°50").

Conservation status: Data Deficient.

2.2. Genus Carlito
2.2.1. Philippine Tarsier Carlito syrichta (Linnaeus, 1758)

Type locality: “Luzon”.

Subspecies/colour variants: 3 subspecies are con-
ventionally recognized; they have not, however,
been revised since their original descriptions, and
it remains to be seen whether they are valid sub-
species, or perhaps distinct species, or perhaps
not valid at all. They are as follows: Philippine Tar-
sier C. s. syrichta (Linnaeus, 1758); Mindanao Tar-
sier C. s. carbonarius (Heude, 1898); Bohol Tarsier
C. s. fraterculus (G.S. Miller, 1911). It may be that
other taxa remain to be identified.

Distribution: C. s. syrichta: Eastern Visayas in SE
Philippines (Leyte, Samar, Dinagat, Biliran and
Maripipi islands), but by default, all other areas
within the distribution of C. syrichta, except for
Mindanao and Bohol islands; C. s. carbonarius:
SE Philippines (Mindanao), some known locations
inthe N, C and SW provinces of Bukidnon, Davao
del Norte, Davao del Sur, Misamis Occidental,
Misamis Oriental, South Cotabato, Zamboanga
del Norte, and Zamboanga del Sur, although pre-
sumably extirpated in many places today; also in
Basilan Island; C. s. fraterculus: SE Philippines on
Bohol Island.

Conservation status: Near Threatened (as Tarsius
syrichta); individual subspecies have not been
separately assessed.

2.3. Genus Cephalopachus
2.3.1. Western Tarsier Cephalopachus bancanus
(Horsfield, 1821)
Type locality: Indonesia, South-east Sumatra, Bangka
Island.
Subspecies/colour variants: 4 subspecies are con-
ventionally recognized; they have not been revised
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since their original descriptions, and it remains to
be seen whether they are valid subspecies, or
distinct species; or perhaps not valid at all. They
are: Horsfield’s Tarsier C. b. bancanus (Horsfield,
1821); Bornean Tarsier C. b. borneanus (Elliot,
1910); Natuna Islands Tarsier C. b. natunensis
(Chasen, 1940); and the Belitung Tarsier C. b.
saltator (Elliot, 1910). The possibility of hitherto
unidentified taxa, especially on Borneo, remains
to be studied.

Distribution: C. b. bancanus: S Sumatra and Bangka
Island; the precise distribution on Sumatra is
unknown, but most likely delimited by the Musi
River in the N; C. b. borneanus: Borneo and
Karimata Island (off the SW coast of Borneo); C.
b. natunensis: Serasan lIsland, one of the South
Natuna Islands (just off the W coast of Borneo)
and possibly nearby Subi Island; C. b. saltator:
Belitung Island.

Conservation status: Vulnerable (as Tarsius bancanus);
C. b. borneanus Vulnerable; C. b. bancanus, C.
b. saltator Endangered; C. b. natunensis Critically
Endangered.

3. Family Cercopithecidae
3.1. Genus Papio
3.1.1. Hamadryas baboon Papio hamadryas (Linnaeus,
1758)
Type locality: Egypt.
Subspecies/colour variants: None.
Distribution: SW Saudi Arabia (up to Jeddah), W
Yemen, NE Sudan (Red Sea Hills), E Eritrea, Dijibouti,
NE Ethiopia, and NE Somalia.
Conservation status: Least Concern.

3.2. Genus Macaca
3.2.1. Lion-tailed Macaque Macaca silenus (Linnaeus,
1758)

Type locality: “Ceylon” [= Sri Lanka], corrected by J.
Fooden in 1975 to India, Western Ghats, inland
from Malabar Coast.

Subspecies/colour variants: None.

Distribution: SW India, endemic to the hills of the
Western Ghats in the states of Karnataka, Kerala
and Tamil Nadu, stretching from Anshi Ghats in
the N to the Kalakkad Hills in the S, 800-1300 m.

Conservation status: Endangered.

3.2.2. Northern Pig-tailed Macaque Macaca leonina
(Blyth, 1863)
Type locality: “Mountainous and rocky situation”,

Arakan District, South-eastern Burma [=Myanmar].

Subspecies/colour variants: None.

Distribution: NE India (S of the Brahmaputra River

in the states of Assam, E Arunachal Pradesh,
Manipur, Meghalaya, Mizoram, Nagaland and
Tripura), extending SE through E Bangladesh and
Myanmar (including the Mergui Archipelago), SW
China (SW Yunnan Province), Thailand, Laos,
Vietnam and Cambodia; S to Surat Thani-Krabi
Depression in peninsular Thailand (N8-9°). Lack
of records in C and NE Myanmar between N20°
and N25° suggests that this may be a natural gap
in the distribution of the species.

Conservation status: Vulnerable.

3.2.3. Sunda Pig-tailed Macaque Macaca nemestrina
(Linnaeus, 1766)

Type locality: Sumatra.
Subspecies/colour variants: None.

Distribution: Sunda area from Surat Thani-Krabi

Depression in peninsular Thailand (N8-9°) SE
through peninsular Malaysia, Sumatra, Bangka
and Borneo; apparently native to offshore islets of
Penang (W coast of peninsular Malaysia), Tioman
(E coast of peninsular Malaysia) and Batam (Riau
Archipelago off the S tip of peninsular Malaysia).

Conservation status: Vulnerable.

3.2.4. Siberut Macagque Macaca siberu Fuentes & Olson,
1995
Type locality: Indonesia, Siberut Island.
Subspecies/colour variants: None.

Distribution: Mentawai Archipelago, Siberut Island.
Conservation status: Vulnerable.

3.2.5. Pagai Macaque Macaca pagensis (G.S. Miller,
1903)
Type locality: Indonesia, South Pagai Island.
Subspecies/colour variants: None.

Distribution: Mentawai Archipelago (Sipora, North

Pagai, South Pagai and on the Sinakak islet off
the E coast of South Pagai).

Conservation status: Critically Endangered.
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3.2.6. Crested Macaque Macaca nigra (Desmarest,
1822)

Type locality: “One of the islands of the Indian Archi-
pelago”.

Subspecies/colour variants: None.

Distribution: N Sulawesi (E tip of the N peninsula),
Manado Tua and Talise islands. Introduced into
the Moluccas Archipelago (Bacan Island).

Conservation status: Critically Endangered.

3.2.7. Gorontalo Macaque Macaca nigrescens (Tem-
minck, 1849)
Type locality: Gorontalo, North Sulawesi Island,
Indonesia.
Subspecies/colour variants: None.
Distribution: N Sulawesi, E of Gorontalo to Onggak
Dumoga River in the N peninsula.
Conservation status: Vulnerable.

3.2.8. Tonkean Macaque Macaca tonkeana (Meyer,
1899)

Type locality: Indonesia, Sulawesi Tengah.

Subspecies/colour variants: Provisionally none are
recognized, but this species may be divided into
an eastern and a western species.

Distribution: C Sulawesi (S to Latimojong, SW to the
base of the Toraja highlands at the Tempe Depres-
sion, SE toward, but not at, the lakes region of
the SE peninsula, and NW to the isthmus between
Palu and Parigi) and Togian Islands.

Conservation status: Vulnerable.

3.2.9. Booted Macaque Macaca ochreata (Ogilby,
1841)

Type locality: Unknown.

Subspecies/colour variants: 2 subspecies are recog-
nized: Mainland Booted Macaque M. o. ochreata
(Ogilby, 1841); Buton Macaque M. o. brunnes-
cens (Matschie, 1901).

Distribution: M. o. ochreata: SE Sulawesi, through
the entire SE peninsula, extending to the N of the
lakes region; in the E, the border between this
subspecies and M. tonkeana is the La River, while
in the W it extends along the coast, across the
Karaena River in its lower course, but not reach-
ing into uplands further inland; M. o. brunnescens:
Muna and Buton islands, and possibly the neigh-
bouring islet of Labuan Blanda, off the coast of
Sulawesi; it may no longer occur on Muna Island.

Conservation status: Vulnerable (both subspecies).

3.2.10. Heck’s Macaque Macaca hecki (Matschie, 1901)
Type locality: Buol, Tengah, Sulawesi, Indonesia.
Subspecies/colour variants: None.

Distribution: NW Sulawesi from the base of the N
peninsula (Isthmus of Palu) NE to just E of Goron-
talo.

Conservation status: Vulnerable.

3.2.11. Moor Macaque Macaca maura (Schinz, 1825)
Type locality: Sulawesi Selatan, Indonesia.
Subspecies/colour variants: None.

Distribution: SW Sulawesi (from Bontobahari at the
tip of the SW peninsula N to Tempe Depression).
Conservation status: Endangered.

3.2.12. Toque Macaque Macaca sinica (Linnaeus, 1771)

Type locality: Unknown.

Subspecies/colour variants: 3 subspecies are rec-
ognized: Dry-zone Toque Macaque M. s. sinica
(Linnaeus, 1771); Wet-zone Toque Macaque M. s.
aurifrons Pocock, 1931; Hill-zone Toque Macaque
M. s. opisthomelas Hill, 1942,

Distribution: M. s. sinica: NE and SE Sri Lanka
(Dry Zone); M. s. aurifrons: SW Sri Lanka (Wet
Zone lowlands from the coast to ¢. 2000 m); M.
s. opisthomelas: SC Sri Lanka (montane areas
above 1800 m).

Conservation status: Endangered (all three subspe-
cies).

3.2.13. Bonnet Macaque Macaca radiata (E. Geoffroy
Saint-Hilaire, 1812)

Type locality: India.

Subspecies/colour variants: 2 subspecies are recog-
nized; Dark-bellied Bonnet Macaque M. r. radiata
(E. Geoffroy Saint-Hilaire, 1812); Pale-bellied Bonnet
Macaque M. r. diluta Pocock, 1931.

Distribution: M. r. radiata: S and W India (states of
Guijarat, Maharashtra, Andhra Pradesh, Goa,
Karnataka, Kerala and Tamil Nadu), the N limit is
the Tapti River, S to the Palni Hills and SE as far as
Timbala, inland of Puducherry; introduced to the
Mascarene Islands, including Mauritius and Réun-
ion, probably in the 16th Century; M. r. diluta: SE
India (states of Kerala and Tamil Nadu), from the S
tip and the SE coast, N to Kambam at the SW foot
of the Palni Hills and Puducherry on the E coast.

Conservation status: Least Concern (both subspe-
cies).
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3.2.14. Assamese Macaque Macaca assamensis
(McClelland, 1839)

Type locality: India, Assam.

Subspecies/colour variants: 2 subspecies are
recognized: Eastern Assamese Macaque M. a.
assamensis (McClelland, 1839); Western Assamese
Macaque M. a. pelops (Hodgson, 1840). M. a.
assamensis may contain additional taxa.

Distribution: M. a. assamensis: SE Asia, 200-2750
m, E of the great bend of the Brahmaputra River, in
SW China (SE Xizang, SW Guangxi, SW Yunnan
and Guizhou provinces), NE India (E Arunachal
Pradesh, E Assam, Nagaland, Meghalaya, Manipur,
Mizoram and Tripura states), S and E through N
and E Myanmar, N and W Thailand, Laos and N
Vietnam; M. a. pelops: Himalayas up to 3100 m,
from C Nepal (W limit Tipling, E83°36’) E through
NE India (N West Bengal, Sikkim and W Assam
states), and Bhutan (E limit Manas River, E90°58’),
with a widely disjunct record, of what may be a
geographic relict, in coastal SW Bangladesh
(Sundarbans).

Conservation status: Near Threatened (both sub-
species).

3.2.15. Tibetan Macaque Macaca thibetana (Milne-
Edwards, 1870)

Type locality: China, near Moupin [= Baoxing], Si-
chuan.

Subspecies/colour variants: Some subspecies have
been described, but due to lack of information,
provisionally none are recognized.

Distribution: E & C China (N25-33°, E102°30-
119°30’) in E Xizang, Sichuan, S Gansu, S
Shaanxi, Hubei, Anhui, Zhejiang, N Yunnan,
Guizhou, Jiangxi, Fujian, N Guangxi and N Guang-
dong provinces; W limit in the Yangtze Gorge in
W and NW Sichuan and S limit at N23°48’, c.
E110° in Guangxi. The species may range into NE
India (Arunachal Pradesh, Assam and Meghalaya
states), although some reports, at least, appear to
be based on misidentifications.

Conservation status: Near Threatened.

3.2.16. Arunachal Macaque Macaca munzala Sinha et
al., 2005
Type locality: Zemithang (N27°42’, E91°43’, 2180
m), Tawang District, Arunachal Pradesh, India.
Subspecies/colour variants: None.
Distribution: NE India (W Arunachal Pradesh State),
in the districts of Tawang and West Kameng at
elevations of 2000-3000 m; it possibly extends

into Bhutan and Xizang [= Tibet] in W China. There

are reports of its occurrence in Mouling National

Park in the Upper Siang District of C Arunachal

Pradesh, but they have yet to be confirmed.
Conservation status: Endangered.

3.2.17. Stump-tailed Macaque Macaca arctoides (.
Geoffroy Saint-Hilaire, 1831)

Type locality: Cochinchine [a region in southern Viet-
nam.] Based on the mounted skin of an adult male
collected by PM. Diard in June 1822; exact place
of collection unknown.

Subspecies/colour variants: No subspecies are
recognized, but colour variants occur.

Distribution: S and SE Asia, NE India S and E of the
Brahmaputra River (Assam, Arunachal Pradesh,
Meghalaya, Nagaland, Manipur, Mizoram and
Tripura states), SW China S of N25° (Yunnan,
Guizhou, Guangxi and Guangdong provinces), N
Myanmar, Bangladesh, Thailand, Laos, Cambodia,
Vietnam and N peninsular Malaysia where it could
be a colonizer dispersed from S Thailand as re-
cently as 1959; it may be now extirpated in Bang-
ladesh where it was last recorded in 1982 and
1989. Known records are, at presenit, concen-
trated along N and S margins of its distribution,
and it is rare or absent in C Indochinese peninsula,
where deciduous forests predominate.

Conservation status: Vulnerable.

3.2.18. Long-tailed Macaque Macaca fascicularis
(Raffles, 1821)
Type locality: Indonesia, Sumatra (Bengkulu).
Subspecies/colour variants: 10 subspecies are
recognized: Common Long-tailed Macaque
M. f. fascicularis (Raffles, 1821); Dark-crowned
Long-tailed Macaque M. 1. atriceps Kloss, 1919;
Burmese Long-tailed Macaque M. f. aureus E.
Geoffroy Saint-Hilaire, 1831; Con Song Long-
tailed Macaque M. f. condorensis Kloss, 1926;
Simeulue Long-tailed Macaque M. f. fuscus (G.S.
Miller, 1903); Kemujan Long-tailed Macaque M.
f. karimondjawae Sody, 1949; Lasia Long-tailed
Macaque M. f. Jasiae (Lyon, 1916); Philippine
Long-tailed Macaque M. f. philippinensis (. Geof-
froy Saint-Hilaire, 1843); Maratua Long-tailed
Macaque M. f. tua Kellogg, 1944; Nicobar Long-
tailed Macaque M. f. umbrosus (G.S. Miller, 1902).
Distribution: M. f. fascicularis: S Laos, S Vietnam,
Cambodia, E and S Thailand (and offshore is-
lands), S to the Malay peninsula, Borneo, Su-
matra, Java, Bali and most but not all offshore
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islands, also extending into the Sulu Archipelago
and Zamboanga peninsula of W Mindanao in the
Philippines; probably artificially introduced in the
Nusa Penida-Timor Islands chain; M. f. atriceps:
Khram Island [= Khram Yai], in Bight of Bangkok,
off SE coast of Thailand; M. f. aureus: SW Bang-
ladesh (Teknaaf peninsula), S Myanmar (including
the Mergui Archipelago), and WC Thailand (S to c.
N10°); M. f. condorensis: SE Vietnam (Con Son
and Hon Ba islands in the South China Sea); M. f.
fuscus: Simeulue Island in Banyak Archipelago, off
NW Sumatra; M. f. karimondjawae: Karimunjawa
Island and presumably nearby Kemujan Island, N
of Java; M. f. lasiae: Lasia Island in Banyak Ar-
chipelago, off NW Sumatra; M. f. philippinensis:
Philippine Archipelago N of ¢. N10°; M. 1. tua:
Maratua Island, off E Borneo; M. f. umbrosus:
Nicobar Islands (Katchall, Little Nicobar and Great
Nicobar islands).

Conservation status: Least Concern; M. f. fascicula-
ris Least Concern; M. f. condorensis, M. f. umbro-
sus Vulnerable; M. f. philippinensis Near Threat-
ened; M. f. atriceps, M. f. aureus, M. f. fuscus,
M. f. karimondjawae, M. f. lasiae, M. f. tua Data
Deficient.

3.2.19. Rhesus Macaque Macaca mulatta (Zimmer-
mann, 1780)

Type locality: India. Based solely on Tawny Mon-
key, a menagerie animal (presumably observed in
London), not preserved, identified by Pennant in
1771. Restricted by R. Pocock in 1932 to “Nepal
Tarai” [= Terali], the narrow plain that extends along
the southern border of Nepal.

Subspecies/colour variants: Many subspecies have
been described, but due lack of information, pro-
visionally none are recognized.

Distribution: S and SE Asia from ¢. N36° (in Afghani-
stan, Pakistan, India and China) S to ¢. N15° (in
India, Thailand, Laos and Vietnam), also in Ne-
pal, Bhutan, Bangladesh, Myanmar and Hainan
Island. An isolated population at N40°24’ in NE
China was extirpated in 1987.

Conservation status: Least Concern.

3.2.20. Japanese Macaque Macaca fuscata (Blyth,
1875)

Type locality: Japan.

Subspecies/colour variants: 2 subspecies are rec-
ognized: Mainland Japanese Macaque M. f.
fuscata (Blyth, 1875); Yakushima Macaque M. f.
yakui Kuroda, 1941.

Distribution: M. f. fuscata: Japanese Archipelago S
of the Tsugaru Strait (N41°30’) in Honshu, Shikoku
and Kyushu islands, and the nearby Kojima [= Ko-
shima], Kashima, Awajishima, Shodoshima and
Kinkazan islets; M. f. yakui: Japanese Archipelago
(Yakushima Island, ¢. 60 km S of Kyushu).

Conservation status: Least Concern (both subspecies).

3.2.21. Taiwanese Macaque Macaca cyclopis (Swinhoe,
1863)

Type locality: Formosa [= Taiwan]. Restricted by
R. Kellogg in 1945 to “Jusan (Ape’s Hill), Takao
prefecture, Formosa” [= Shou Shan, Kaohsiung,
Hsien, Taiwan].

Subspecies/colour variants: None.

Distribution: Taiwan Island, where it is widely distributed
in the E mountains.

Conservation status: Least Concern.

3.3. Genus Presbytis
3.3.1. Thomas’s langur Presbytis thomasi (Collett,
1893)

Type locality: Indonesia, Sumatra, Aceh, Langkat.

Subspecies/colour variants: None.

Distribution: N Sumatra (Aceh Province), mostly N
of the Wampu and Alas [= Simpang Kiri] rivers; a
population has also been discovered S of the Alas
at c. N3°50’.

Conservation status: Vulnerable.

3.3.2. Black-crested Sumatran Langur Presbytis mela-
lophos (Raffles, 1821)
Type locality: Indonesia, Bencoolen [= Bengkulu],
Sumatra.
Subspecies/colour variants: No subspecies are
recognized, but colour variants occur.
Distribution: W Sumatra, from the upper Rokan River
(Tanangtalu, NO°20’, E99°59’), just N of Gunung
Talakmau, S to the upper Batang Hari and beyond
along the Barisan Range, W of Lampung Province.
Conservation status: Near Threatened (as R melal-
ophos melalophos).

3.3.3. Black Sumatran Langur Presbytis sumatrana
(Muller & Schlegel, 1841)

Type locality: “Mt Ophir” [= Gunung Talakmau], North
of Padang.

Subspecies/colour variants: None.

Distribution: W and NC Sumatra (N highlands and W
coast S of the Simpang Kiri River, N of Gunung Ta-
lakmau, and on the E coast from the Wampu River to
the Barumun River, and SE to the Rokan River), and
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Batu Islands (Pini Island).
Conservation status: Endangered (as P melalophos
sumatranus).

3.3.4. Black-and-white Langur Presbytis bicolor Aimi
& Bakar, 1992

Type locality: Batang Kering, S0°50°, E101°23’, 14
km North of Kiliranjao, West Sumatra.

Subspecies/colour variants: None.

Distribution: EC Sumatra, from the Inderagiri River in
the N to the Batang Hari in the S, mainly in high-
lands.

Conservation status: Data Deficient (as P melal-
ophos bicolor).

3.3.5. Mitred Langur Presbytis mitrata Eschscholtz,
1821

Type locality: Indonesia, Sumatra, mainland oppo-
site Zutphen Islands.

Subspecies/colour variants: None.

Distribution: SE Sumatra E of the Barisan Range,
from the Batang Hari, SW to the upper Musi River
drainage, and S to Lampung Province.

Conservation status: Endangered (as P melalophos
mitrata).

3.3.6. Javan Langur Presbytis comata (Desmarest,
1822)

Type locality: Indonesia, Western Java.

Subspecies/colour variants: 2 subspecies are rec-
ognized; Grizzled Javan Langur P c. comata
(Desmarest, 1822); Fuscous Javan Langur P c.
fredericae (Sody, 1930).

Distribution: P ¢. comata: W Java, from Ujung Kulno
to Mt Lawu; E limit unknown; P, c. fredericae: C
Java, around slopes of the volcanoes Gunung
Slamet, Gunung Cupu and Diyeng; extent of its
distribution to the W unknown.

Conservation status: Endangered (both under P. co-
mata).

3.3.7. Pagai Langur Presbytis potenziani (Bonaparte,
1856)

Type locality: Tenasserim (corrected by O. Thomas
in 1895 to Mentawai Islands, restricted by FN.
Chasen and C.B. Kloss in 1927 to Sipora Island).

Subspecies/colour variants: None.

Distribution: Mentawai Islands (Sipora, North Pagai,
South Pagai and nearby Sinakak Island).

Conservation status: Critically Endangered (as P,
potenziani potenziani).

3.3.8. Siberut Langur Presbytis siberu (Chasen &
Kloss, 1928)
Type locality: Siberut Island, Indonesia.
Subspecies/colour variants: None.
Distribution: Mentawai Islands (Siberut Island).
Conservation status: Endangered (as P. potenziani
siberu).

3.3.9. Banded Langur Presbytis femoralis (Martin,
1838)

Type locality: Singapore.

Subspecies/colour variants: 3 subspecies are
recognized: Raffles’ Banded Langur P, 1. femoralis
(Martin, 1838); East Sumatran Banded Langur P, f.
percura Lyon, 1908; Robinson’s Banded Langur P
f. robinsoni Thomas, 1910. In P, f. femoralis, colour
variants occur.

Distribution: P. . femoralis: S peninsular Malaysia
(extreme S of Pahang and Johor states) and Sin-
gapore; R 1. percura: CE Sumatra, in a small area
between the Rokan and Siak rivers; P, f. robinsoni:
S Myanmar, S Thailand (from N13°50’ in Phetch-
aburi Province), and NW peninsular Malaysia (S to
Larut Hills, Perak State).

Conservation status: Near Threatened; P, f. femoralis
Vulnerable; P. f. robinsoni Near Threatened; P f.
percura Data Deficient.

3.3.10. Pale-thighed Langur Presbytis siamensis (S.
Muller & Schlegel, 1841)

Type locality: Malaya, Malacca [= Melakal.

Subspecies/colour variants: 4 subspecies are rec-
ognized: Malaysian Pale-thighed Langur P s.
siamensis (MUller & Schlegel, 1841); Riau-coast
Pale-thighed Langur P s. cana G.S. Miller, 1906;
Mantled Pale-thighed Langur P s. paenulata
(Chasen, 1940); Bintan Pale-thighed Langur P, s.
rhionis G.S. Miller, 1903.

Distribution: P s. siamensis: peninsular Malaysia, in
S Thailand (population isolate reported at N6°22’,
E101°08’, well within the distribution of P femoralis
robinsoni) and most of peninsular Malaysia (it is
absent in the NW to the N to the Piah Valley in
Perak State, and in the S); P s. cana: CE Suma-
tra (between the Siak and Indragiri rivers) and the
Riau Archipelago (Kundur Island); P s. paenulata:
CE Sumatra (confined to a small wedge of coastal
forest, with a population isolate reported from near
Lake Toba); separated from P. femoralis percura
by the Rokan River; P s. rhionis: Riau Archipelago
(for certain only from Bintan but may also occur on
Batam and Galang islands).
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Conservation status: Near Threatened; P, s. siamensis,
P s. cana, P s. paenulata Near Threatened; P s.
rhionis Data Deficient.

3.3.11. Natuna Islands Langur Presbytis natunae
(Thomas & Hartert, 1894)
Type locality: Indonesia, Bunguran Island, North Na-
tuna Islands.
Subspecies/colour variants: None.
Distribution: Natuna Islands (Bunguran Island), N of
the W coast of Borneo.
Conservation status: Vulnerable.

3.3.12. Cross-marked Langur Presbytis chrysomelas
(Muller, 1838)
Type locality: Indonesia, Pontianak, West Borneo.
Subspecies/colour variants: 2 subspecies are
recognized: Western Cross-marked Langur P
c. chrysomelas (Muller, 1838); Eastern Cross-
marked Langur P, ¢. cruciger (Thomas, 1892). In
both subspecies, colour variants occur.
Distribution: P. ¢. chrysomelas: W Borneo, from the
IV Division in W Sarawak, S to the Kapuas River in
West Kalimantan Province, also in W Brunei; P, c.
cruciger: N Borneo, from Melalap in Sabah State
to the Baram District in N Sarawak.
Conservation status: Critically Endangered (both
subspecies).

3.3.18. Maroon Langur Presbytis rubicunda (Mlller,
1838)

Type locality: Indonesia, Mt Sekumbang, South-east
of Banjermasin, South Kalimantan.

Subspecies/colour variants: 5 subspecies are rec-
ognized; Southeast Bornean Maroon Langur P
r. rubicunda (Muller, 1838); Red-naped Maroon
Langur P, r. carimatae G.S. Miller, 1906; Orange-
backed Maroon Langur P, r. chrysea Davis, 1962;
Orange-naped Maroon Langur P, r. ignita Dollman,
1909; Southwest Bornean Maroon Langur P, r. ru-
bida (Lyon, 1911). In R r. rubicunda, colour vari-
ants occur.

Distribution: P, r. rubicunda: Borneo (SE Kalimantan,
roughly S of the Mahakam River and E of the Barito
River); P, r. carimatae: Karimata Island, off W Borneo;
P r. chrysea: NE Borneo, confined to a very small
area in E Sabah State near Kinabatangan; P, . ig-
nita: Borneo, in Sarawak State, from the Baram
River at the border with Brunei, and in Kaliman-
tan S to the Kapuas River; possibly in Brunei; P r.
rubida: Borneo (SW Kalimantan, roughly S of the
Kapuas River and W of the Barito River).

Conservation status: Least Concern; P, . rubicunda,
P r. rubida, R, r. ignita Least Concern; P, r. chrysea,
P r. carimatae Data Deficient.

3.3.14. Hose’s Langur Presbytis hosei (Thomas, 1889)
Type locality: Malaysia, Sarawak, Niah.
Subspecies/colour variants: None.

Distribution: NW Borneo, W Sabah State (along
W coast N to Mt Kinabalu), NE Brunei, and N
Sarawak State (from its type locality Niah and the
lower Baram River, E inland to N2°40’, and the
border with N Kalimantan).

Conservation status: Data Deficient (as P hosei hosei).

3.3.15. Miller’s Grizzled Langur Presbytis canicrus G.S.
Miller, 1934

Type locality: Indonesia, East Kalimantan (Dutch
North-east Borneo).

Subspecies/colour variants: None.

Distribution: Borneo, confined to an area of E Kali-
mantan, from the Kayan and Sembakung [= Se-
buku] rivers in the N, S and SW to the Mahakam
River, the W boundary is not well known but cer-
tainly E of the Apau Kayan and the Kayan Menta-
rang National Park.

Conservation status: Endangered (as P hosei cani-
crus).

3.3.16. Sabah Grizzled Langur Presbytis sabana
(Thomas, 1893)

Type locality: Malaysia, Sabah, Paitan.

Subspecies/colour variants: None.

Distribution: N Borneo in most of Sabah State, as far
SW as Kalabakan (N4°26°, E117°29’); its occur-
rence in N Kalimantan is not confirmed.

Conservation status: Endangered (as P hosei sa-
bana).

3.3.17. White-fronted Langur Presbytis frontata (MUller,
1838)

Type locality: Indonesia, South-eastern Borneo
(restricted by Lord Medway in 1965 to South-
eastern Kalimantan, Murung and “Pulu Lampy”,
near Banjarmasin, Pematang, Kuala).

Subspecies/colour variants: None.

Distribution: Found patchily in C and E Borneo, from
C Sarawak State (absent from coastal areas and
possibly occurs only between upper Rajang and
upper Lupar rivers) to most of E Kalimantan and
a few areas in the W (in the SE restricted to the E
of the Barito River, there is a population in Gunung
Palung in the SW, but it is not known whether it is
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isolated or continuous with other populations in
the W).
Conservation status: Vulnerable.

3.4. Genus Trachypithecus
3.4.1. Golden Langur Trachypithecus geei Khajuria,
1956

Type locality: India, Assam, Goalpara District, Jamduar
Forest Rest House, East bank of Sankosh River.

Subspecies/colour variants: No subspecies are rec-
ognized, but colour variants occur.

Distribution: NE India (Himalayan foothills of NW
Assam State between the Manas and Sankosh
rivers, and in the area immediately to the S, nearly
to the Brahmaputra River) and Bhutan (as far N as
Black Mt, c. N27°30’, E of the Sankosh River; also
extends E of the Mangde River along either side of
the main stream).

Conservation status: Endangered.

3.4.2. Capped Langur Trachypithecus pileatus (Blyth,
1843)

Type locality: Type received from Barrackpore
(menagerie), stated to be Malayan (corrected and
restricted by C.P. Groves in 2005 to India, Assam).

Subspecies/colour variants: 4 subspecies are rec-
ognized: Blond-bellied Capped Langur T. p. pilea-
tus (Blyth, 1843); Buff-bellied Capped Langur T.
p. brahma (Wroughton, 1916); Orange-bellied
Capped Langur T. p. durga (Wroughton, 1916);
Dusky Capped Langur T. p. tenebricus (Hinton,
1923).

Distribution: 7. p. pileatus: NE India highlands S
and E of the Brahmaputra River, in the states of
Arunachal Pradesh, Assam, Meghalaya, and
Nagaland (Karbi Anglong Plateau, Barail Range,
and Khasi, Garo, Naga, and Jaintia Hills), and in
NW Myanmar (W of the Chindwin River, S to Chin
Hills range and Mt Victoria), 600-3000 m; T. p.
brahma: NE India, known only from the Dafla Hills,
N of the Brahmaputra River, in Arunachal Pradesh
State; T. p. durga: E Bangladesh and NE India in
the states of Assam, Mizoram, and Tripura (Naga
Hills, Lakhimpur, Golaghat, Cachar Hills, Sama-
guting, and Sibsagar), adjoining the distribution of
T. p. pileatus to the N, but at lower elevations (from
nearly sea level up to 600 m); T. p. tenebricus: NE
India (Assam State) and Bhutan, in the Manas
region N of the Brahmaputra River, 100-2000 m.

Conservation status: Vulnerable; T. p. pileatus, T. p.
durga, T. p. tenebricus Endangered; T. p. brahma
Data Deficient.

3.4.3. Shortridge’s Langur Trachypithecus shortridgei
(Wroughton, 1915)

Type locality: Burma [= Myanmar], Homalin, upper
Chindwin.

Subspecies/colour variants: None.

Distribution: NE Myanmar, E of the Chindwin River
(Kachin State N to Myitkyina District) and SW China
(Dulong River Valley in Gongshan County, NW
Yunnan Province).

Conservation status: Endangered.

3.4.4. East Javan Langur Trachypithecus auratus (E.
Geoffroy Saint-Hilaire, 1812)

Type locality: Indonesia, Semarang (restricted by D.
Brandon-Jones in 1995 to Batu District).

Subspecies/colour variants: No subspecies are rec-
ognized, but colour variants occur.

Distribution: E Java (NW to the vicinity of Jakarta,
and E of c. E109° in the S coast), Bali and Lombok
islands, and Sempu and Nusa Barung islands, off
the S coast of Java.

Conservation status: Vulnerable (as T. auratus au-
ratus).

3.4.5. West Javan Langur Trachypithecus mauritius
(Griffith, 1821)
Type locality: “Mauritius”, probably W Java (restrict-
ed by D. Brandon-Jones in 1995 to Jasinga).
Subspecies/colour variants: None.
Distribution: W Java (restricted to the N coast W of
Jakarta, and inland to Bogor, Cisalak, and Jasinga,
SW to Ujung Kulon, then along the S coast as far
E as Cikaso and possibly Ciwangi).
Conservation status: Vulnerable (as T. auratus
mauritius).

3.4.6. Silvered Langur Trachypithecus cristatus (Raffles,
1821)

Type locality: Indonesia, Sumatra, Bencoolen [=
Bengkulul].

Subspecies/colour variants: 2 subspecies are rec-
ognized: Sunda Silvered Langur T. c. cristatus
(Raffles, 1821); Natuna Islands Silvered Langur 7. c.
vigilans (G.S. Miller, 1913). In T. ¢. cristatus, colour
variants occur.

Distribution: T. ¢. cristatus: Borneo, Sumatra, Bangka,
Belitung, and Riau (Bintan, Combol, Sugi, and
perhaps Batam) and Lingga (Bakung, Lingga)
archipelagos, off E Sumatra; T. ¢. vigilans: Natuna
Islands (Serasan Island), off W Borneo.

Conservation status: Near Threatened; T. ¢. cristatus
Near Threatened; T. c. vigilans Critically Endangered.
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3.4.7. Selangor Silvered Langur Trachypithecus selan-
gorensis Roos et al., 2008

Type locality: West Malaysia, Selangor Province,
Kuala Selangor (N3°20’, E101°20’).

Subspecies/colour variants: None.

Distribution: W peninsular Malaysia, confined to a
strip along the W coast from N6° to N1°30’ in the
states of Kedah, Perak, Selangor, Negeri Sembi-
lan, Melaka, and Johor.

Conservation status: Not Evaluated.

3.4.8. Germain’s Langur Trachypithecus germaini
(Milne-Edwards, 1876)

Type locality: Cochin-China [= S Vietnam] and Cam-
bodia.

Subspecies/colour variants: No subspecies are rec-
ognized, but colour variants occur.

Distribution: Mainland SE Asia in S Myanmar, S Thai-
land, S Laos, Cambodia (W of Mekong River), and
the S tip of Vietnam; Mekong River as E limit not
yet confirmed.

Conservation status: Endangered, but assessment
included T. margarita.

3.4.9. Annamese Langur Trachypithecus margarita (El-
liot, 1909)
Type locality: Vietnam, Langbian.
Subspecies/colour variants: None.
Distribution: S Laos (N limit is N16°23’), SC Vietnam
(N limit is N14°30’), and E Cambodia (Ratana-
kiri and Mondulkiri provinces); most likely the W
limit is the Mekong River, but further studies are
needed to confirm this. Records in Vietham N to
N16°37’ are questionable.
Conservation status: Endangered (but as a synonym
of T. germaini).

3.4.10. Dusky Langur Trachypithecus obscurus (Reid,
1837)

Type locality: Malaysia (restricted by F.N. Chasen in
1940 to Malacca). [Melaka]

Subspecies/colour variants: 7 subspecies are recog-
nized: Reid’s Dusky Langur T. o. obscurus (Reid,
1837); Terutau Island Dusky Langur T. o. carbo
(Thomas & Wroughton, 1909); Blond-tailed Dusky
Langur 7. o. flavicauda (Elliot, 1910); Cantor’s Dusky
Langur T. o. halonifer (Cantor, 1845); St Matthew
Island Dusky Langur T. o. sanctorum (Elliot, 1910);
Phangan Dusky Langur T. o. seimundi (Chasen,
1940); Perhentian Dusky Langur T. o. styx (Kloss,
1911).

Distribution: 7. 0. obscurus: peninsular Malaysia (S

from about Perlis); T. 0. carbo: Langkawi, Terutau
and Dayang Bunting islands, off the W coast of
the Thai-Malay Peninsula; T. o. flavicauda: S
Myanmar (S of ¢. N15°10’°, and including James,
Kisseraing and King islands in the Mergui Archi-
pelago), SW Thailand (including Khao Lak Island),
and N peninsular Malaysia (S to Perlis); T. o. ha-
lonifer: Penang Island, off W peninsular Malaysia;
T. 0. sanctorum: Mergui Archipelago (Zadetkyi
Island), off W Myanmar; T. o. seimundi: Phangan
Island; probably also on the adjacent E coast of
the Thai-Malay Peninsula; T. o. styx: East Perhen-
tian Island; probably also on the adjacent E coast
of the Thai-Malay Peninsula.

Conservation status: Near Threatened; T. 0. obscurus,
T. o. flavicauda, T. o. halonifer, T. 0. carbo Least
Concern; T. o. styx, T. o. seimundi, T. 0. sanctorum
Vulnerable.

3.4.11. Phayre’s Langur Trachypithecus phayrei (Blyth,
1847)
Type locality: Burma [= Myanmar], Arakan.
Subspecies/colour variants: 2 subspecies are rec-
ognized: Bengal Phayre’s Langur T. p. phayrei
(Blyth, 1847); Shan States Phayre’s Langur T. p.
shanicus (Wroughton, 1917).
Distribution: 7. p. phayrei: E Bangladesh, NE In-
dia (Assam, Mizoram and Tripura states), and
W Myanmar (SE through Arakan to Pegu); T. p.
shanicus: SW China (Yingjiang-Namting River and
Tunchong-Homushu Pass districts in W Yunnan
Province), and N and E Myanmar (Shan State and
neighbouring dry zone of N Myanmar).
Conservation status: Endangered (both subspecies).

3.4.12. Tenasserim Langur Trachypithecus barbei
(Blyth, 1847)

Type locality: Burma [= Myanmar], Ye, South of
Moulmein.

Subspecies/colour variants: None.

Distribution: E Myanmar and W Thailand, confined
to a small region N of the Thai-Malay Peninsula
(N14°20°-15°10’, E98°30'-98°55’).

Conservation status: Data Deficient.

3.4.13. Indochinese Grey Langur Trachypithecus
crepusculus (Elliot, 1909)
Type locality: Burma [= Myanmar], Mt Muleiyit, 1500
m.
Subspecies/colour variants: None.
Distribution: SW China (E of Salween River and S of
Xishuangbanna, S Yunnan Province), S Myanmar,
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N Thailand (S to Raheng, and W to the coast of
the Bay of Bengal), N and C Laos, and N Vietnam;
the W limit is most likely the Salween River; S of
the distribution of Phayre’s Langur (7. phayrei).

Conservation status: Endangered (as T. phayrei cre-
puscula).

3.4.14. Francois’ Langur Trachypithecus francoisi
(Pousarges, 1898)

Type locality: Longzhou, China.

Subspecies/colour variants: None.

Distribution: SW China (Chongging, Guizhou and
Guangxi provinces) and N Vietnam (Ha Giang,
Cao Bang, Tuyen Quang, Bac Kan and Thai
Nguyen provinces).

Conservation status: Endangered.

3.4.15. Cat Ba Langur Trachypithecus poliocephalus
(Trouessart, 1911)

Type locality: The type locality is supposed to be the
village Cai Kien (N21°19’, E107°44’) or the Cai
Kinh limestone massif (N21°45’, E107°30).

Subspecies/colour variants: None.

Distribution: Cat Ba Island, Ha Long Bay, off N
Vietnam.

Conservation status: Critically Endangered (as T.
poliocephalus poliocephalus).

3.4.16. White-headed Langur Trachypithecus leuco-
cephalus Tan, 1957

Type locality: Fusui County, Guangxi, China.

Subspecies/colour variants: None.

Distribution: S China, restricted to the counties of
Fusui, Chongzuo, Ningming and Longzhou in SW
Guangxi Autonomous Region; it is bordered in the
NW and N by the Zuo River, in the SW and S by
the Ming River, and to the SE by the Shiwan Mts.

Conservation status: Critically Endangered (as 7. po-
liocephalus leucocephalus).

3.4.17. Delacour’'s Langur Trachypithecus delacouri
(Osgood, 1932)
Type locality: Hoi Xuan, Vietnam.
Subspecies/colour variants: None.
Distribution: NC Vietnam (Hoa Binh, Ha Nam, Ninh
Binh and Thanh Hoa provinces).
Conservation status: Critically Endangered.

3.4.18. Laotian Langur Trachypithecus laotum (Thomas,
1921)
Type locality: Ban Na Sao, South-west French Laos,
on the French side of the Mekong, ¢. N17°30’.

Subspecies/colour variants: None.

Distribution: WC Laos, from S Boliknamsai Province,
probably with the Nam Kading River as N barrier
of the distribution, S to C Khammouane Province,
at c. N17°40’; there are also reports from the cor-
ridor to Nakai-Nam Theun National Protected
Area, and from Khamkeut District, close to Lak
Sao (N18°13’, E104°47).

Conservation status: Vulnerable.

3.4.19. Hatinh Langur Trachypithecus hatinhensis (Dao
Van Tien, 1970)

Type locality: Xom Cuc (N17°56°, E105°47’), Ha Tinh
Province [now Tuyen Hoa District, Quang Binh
Province], Vietnam.

Subspecies/colour variants: None.

Distribution: NC Vietnam (Quang Binh and Quang
Tri provinces), and EC Laos (Khammouane Prov-
ince). The records in other Viethamese provinces
(Nghe An, Thu Thien Hue, Gia Lai, Phu Yen) are
errors.

Conservation status: Endangered.

3.4.20. Black Langur Trachypithecus ebenus (Brandon-
Jones, 1995)

Type locality: “Indo China”; probably either Lai
Chau or Fan Si Pan mountain chain (c. N22°30’,
E103°50’), Vietnam.

Subspecies/colour variants: None.

Distribution: EC Laos, in S Khammouane Province,
close to the border with Vietnam and in scattered
limestone blocks to the S into N Savannakhet
Province to ¢. N16°50’; the species is also recorded
in C Vietnam, Quang Binh Province (N17°59’,
E105°40).

Conservation status: Endangered (as synonym of T.
hatinhensis).

3.5. Genus Semnopithecus
3.5.1. Northern Plains Sacred Langur Semnopithecus
entellus (Dufresne, 1797)

Type locality: India, Bengal.

Subspecies/colour variants: None.

Distribution: India: the species’ range extends 1900
km W to E, and includes all populations with the
northern-type tail carriage between the Tapti River in
Guijarat State and Krishna River in Andhra Pradesh
State to the foothills of the Himalayas. Introduced
into SW Bangladesh, where the population may
have arisen from descendents of a pair introduced
by Hindu pilgrims on banks of the Jalangi River.

Conservation status: Least Concern.
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3.5.2. Chamba Sacred Langur Semnopithecus ajax
(Pocock, 1928)

Type locality: India, Chamba, Deolah, 1800 m.

Subspecies/colour variants: None.

Distribution: NW India, confined to the Chamba Val-
ley of Himachal Pradesh State; it may also occur in
the Kishtwar Valley of Jammu and Kashmir State.

Conservation status: Endangered.

3.5.3. Terai Sacred Langur Semnopithecus hector
(Pocock, 1928)
Type locality: India, Sitabani, Ramnagar, Kumaon,
600 m.
Subspecies/colour variants: None.
Distribution: Himalayan foothills in N India (states of
Uttarakhand, Uttar Pradesh, and W Bengal), and
W and C Nepal; it also probably occurs in SW
Bhutan near Pankhabari.
Conservation status: Near Threatened.

3.5.4. Central Himalayan Sacred Langur Semno-
pithecus schistaceus Hodgson, 1840
Type locality: Nepal.
Subspecies/colour variants: None.
Distribution: NW Pakistan, N India (Jammu and
Kashmir, Himachal Pradesh, Uttarakhand, and
NW Bengal states, and Sikkim), S China (Tibetan
regions of Bo Qu, Ji Long Zang Bu and Chumbi
Valleys in Xizang Autonomous Region), Nepal, and
W Bhutan (E to Sankosh River); its presence in E
Afghanistan is uncertain.
Conservation status: Least Concern.

3.5.5. Malabar Sacred Langur Semnopithecus hypole-
ucos Blyth, 1841

Type locality: India, Travancore.

Subspecies/colour variants: 3 subspecies are pro-
visionally recognized: Southern Malabar Sacred
Langur S. h. hypoleucos Blyth, 1841; Northern
Malabar Sacred Langur S. h. achates (Pocock,
1928); Black-legged Malabar Sacred Langur S. h.
iulus (Pocock, 1928).

Distribution: S. h. hypoleucos: SW India (S Western
Ghats), from around Brahmagiri Hills in Karnataka
State S to the N of Silent Valley in Kerala State;
S. h. achates: W India (W Deccan Plateau and E
slopes of Western Ghats) up to the Roonwal line
that follows the Tapti and Godavari rivers in the
N; limited by the distribution of S. entellus in the
NE and S. priam priam in the E; S. h. iulus: SW
India (Western Ghats), from Jog Falls in Karnataka
State, at 440 m, and S along the hilly wet zones to

the Brahmagiri Hills.

Conservation status: Vulnerable; S. h. hypoleucos
(as S. hypoleucos) Vulnerable; S. h. achates, S.
h. iulus (both as synonyms of S. dussumieri) Least
Concern.

3.5.6. Tufted Sacred Langur Semnopithecus priam
Blyth, 1844

Type locality: India, Coromandel Coast.

Subspecies/colour variants: 3 subspecies are rec-
ognized: Madras Tufted Sacred Langur S. p.
priam Blyth, 1844; Central Indian Tufted Sacred
Langur S. p. anchises Blyth, 1844; Sri Lankan
Tufted Sacred Langur S. p. thersites (Blyth, 1847)
(described as Presbytis).

Distribution: S. p. priam: S and SE India (Andhra
Pradesh, Karnataka, Kerala and Tamil Nadu
states), a highly fragmented distribution ranging
from the Krishna River in Andhra Pradesh S to
Tirunelveli in Tamil Nadu; S. p. anchises: SC India (S
Deccan Plateau), found in the districts of Kurnool,
Andhra Pradesh, and in Pavagada in the district of
Tumkur, Karnataka; S. p. thersites: Dry Zone of Sri
Lanka, ranging from Jaffna in the N to the S coast.

Conservation status: Near Threatened; S. p. priam
Near Threatened; S. p. anchises (as synonym of
S. dussumieri) Least Concern; S. p. thersites
Endangered.

3.5.7. Purple-faced Langur Semnopithecus vetulus
(Erxleben, 1777)

Type locality: Ceylon [= Sri Lankal].

Subspecies/colour variants: 4 subspecies are
recognized: Southern Purple-faced Langur S. v.
vetulus (Erxleben, 1777); Highland Purple-faced
Langur S. v. monticola (Kelaart, 1850); Western
Purple-faced Langur S. v. nestor Bennett, 1833;
Northern Purple-faced Langur S. v. philbricki
(Phillips, 1927).

Distribution: S. v. vetulus: SW Sri Lanka (Wet Zone),
from Kalu River S to Rama, up to 1000 m; the
distribution is less than 5000 km?; S. v. monticola:
mountains of C Sri Lanka 1000-2200 m; S. v.
nestor: W Sri Lanka (Wet Zone), N of the Kalu
River up to 1000 m; S. v. philbricki: N & E Sri
Lanka (Dry Zone) up to 1500 m in E Matale and
Madulkele Hills.

Conservation _status: Endangered (as Trachyp-
ithecus vetulus); S. v. vetulus, S. v. monticola, S.
V. philbricki Endangered; S. v. nestor Critically En-
dangered.
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3.5.8. Nilgiri Langur Semnopithecus johnii (Fischer,
1829)

Type locality: India, Tellicherry.

Subspecies/colour variants: None.

Distribution: SW India (Karnataka, Kerala, and Tamil
Nadu states); it occurs sporadically in montane
forests of the Western Ghats from Srimangala
(N12°01’, E75°58’) in Karnataka S to the Aramboli
Pass (N8°16’) in Kerala.

Conservation status: Vulnerable (as Trachypithecus
johnii).

3.6. Genus Rhinopithecus
3.6.1. Tonkin Snub-nosed Monkey Rhinopithecus
avunculus Dollman, 1912

Type locality: Yen Bay, Songkoi River, Vietnam.

Subspecies/colour variants: None.

Distribution: NW Vietnam, known only from small
forest patches in Ha Giang, Tuyen Quang, Bac
Kan, and Thai Nguyen provinces. Most likely also
present in neighbouring China.

Conservation status: Critically Endangered.

3.6.2. Yunnan Snub-nosed Monkey Rhinopithecus bieti
Milne-Edwards, 1897

Type locality: China, Yunnan, left bank of upper Me-
kong, Kiape, a day’s journey South of Atuntze
(N28°25’, E98°55’).

Subspecies/colour variants: None.

Distribution: SW China, in SE Xizang Autonomous
Region [= Tibet] and NW Yunnan Province (frag-
mented populations in the Yun Ling Mts), W of the
Yangtze River and E of the Mekong River.

Conservation status: Endangered.

3.6.3. Guizhou Snub-nosed Monkey Rhinopithecus
brelichi Thomas, 1903
Type locality: China, Van Gin Shan [= Fanjingshan],
Guizhou.
Subspecies/colour variants: None.
Distribution: SC China, Guizhou Province, Fanjin-
gshan in the Wuling Mts.
Conservation status: Endangered.

3.6.4. Golden Snub-nosed Monkey Rhinopithecus
roxellana (Milne-Edwards, 1870)
Type locality: China, Sichuan, near Moupin [= Baoxing]
(N30°26’, E102°50).
Subspecies/colour variants: 3 subspecies are rec-
ognized: Moupin Golden Snub-nosed Monkey R.
r. roxellana (Milne-Edwards, 1870); Hubei Golden
Snub-nosed Monkey R. r. hubeiensis Wang et al.,

1998; Qinling Golden Snub-nosed Monkey R. r.
qinlingensis Wang et al., 1998.

Distribution: R. r. roxellana: WC China (S Gansu, S
Shaanxi, and W Sichuan provinces); R. r. hubeien-
sis: WC China (Shennongjia in W Hubei Province
and NW Sichuan Province); R. r. ginlingensis: WC
China (Qinling Mts, S Shaanxi Province).

Conservation status: Endangered (all three subspe-
cies).

3.6.5. Myanmar Snub-nosed Monkey Rhinopithecus
strykeri Geissmann et al., 2011

Type locality: N26.43101°, E98.38894° [= N26°26’,
E98°23'1 (2815 m), Maw River area, North-eastern
Kachin State, North-east Myanmar.

Subspecies/colour variants: None.

Distribution: NE Myanmar (Salween-N’mai Hka di-
vide in NE Kachin State, only around the Maw
River, as far E as the mountains above the village
of Chichitago, N26.31°-26.51° and E98.34°-
98.61°) and SW China (Gaoligongshan Nature
Reserve, Yunnan Province).

Conservation status: Critically Endangered.

3.7. Genus Pygathrix
3.7.1. Grey-shanked Douc Pygathrix cinerea Nadler,
1997

Type locality: Vietnam, Gia Lai Province, Play Ku.

Subspecies/colour variants: None.

Distribution: C Vietnam between N16° and N13°38’
(Quang Nam, Kon Tum, Quang Ngai, Gia Lai, and
Binh Dinh provinces), and a small part of NE
Cambodia. Probably also S Laos.

Conservation status: Critically Endangered.

3.7.2. Red-shanked Douc Pygathrix nemaeus (Linnaeus,
1771)

Type locality: Vietnam, “Cochin-China”.

Subspecies/colour variants: None.

Distribution: EC and SE Laos, N and C Vietnam (but
very fragmented), and a small area in NE Cambodia
(Voensei, Ratanakkiri Province).

Conservation status: Endangered.

3.7.3. Black-shanked Douc Pygathrix nigripes (Milne-
Edwards, 1871)
Type locality: Vietham, Saigon [= Ho Chi Minh City].
Subspecies/colour variants: None.
Distribution: E Cambodia (E of the Mekong River and
S of the Srepok River) and SW Vietnam from c.
N14° to S Cat Tien National Park. The presence
of this species in S Laos is suspected but not
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confirmed.
Conservation status: Endangered.

3.8. Genus Nasalis
3.8.1. Proboscis Monkey Nasalis larvatus (van Wurmb,
1787)

Type locality: Pontiana [= Pontianak], Borneo.

Subspecies/colour variants: No subspecies are rec-
ognized, but colour variants occur.

Distribution: Borneo (Sabah and Sarawak states,
Brunei, and Kalimantan), also on Berhala, Sebatik
and Laut islands.

Conservation status: Endangered.

3.9. Genus Simias
3.9.1. Pig-tailed Langur Simias concolor G.S. Miller,
19083

Type locality: Indonesia, West Sumatra, South Pagai
Island.

Subspecies/colour variants: 2 subspecies are rec-
ognized: Pagai Pig-tailed Langur S. c. concolor
G.S. Miller, 1903; Siberut Pig-tailed Langur S. c.
siberu Chasen & Kloss, 1928. In both subspecies,
colour variants occur.

Distribution: S. ¢. concolor: Mentawai Islands (Sipora,
North Pagai, South Pagai and nearby Simalegu,
Simatapi and Sinakak islands); S. c. siberu: Men-
tawai Islands (Siberut).

Conservation status: Critically Endangered (both
subspecies).

4. Hylobatidae

4.1. Genus Hoolock

4.1.1. Western Hoolock Gibbon Hoolock hoolock
(Harlan, 1834)

Type locality: India, Garo Hills, Assam.

Subspecies/colour variants: 2 subspecies are rec-
ognized: Common Western Hoolock Gibbon H.
h. hoolock (Harlan, 1834); Mishmi Hills Western
Hoolock Gibbon H. h. mishmiensis Choudhury,
2018.

Distribution: H. h. hoolock: Bangladesh and NE India
(states of Assam, Arunachal Pradesh, Nagaland,
Meghalaya, Manipur, Mizoram and Tripura), S of
the Brahmaputra and Lohit rivers, extending into
W Myanmar, W of the Chindwin River. H. h. mish-
miensis: NE India (states of Assam and Arunachal
Pradesh) between the Dibang and Lohit rivers,
and to the S of the Ithun River. The identity of a
population in the Medog Nature Reserve in SE
Tibet, across the border from Arunachal Pradesh,
is unknown.

Conservation status: Endangered; subspecies not
separately evaluated.

4.1.2. Eastern Hoolock Gibbon Hoolock leuconedys
(Groves, 1967)
Type locality: Burma [= Myanmar], Sumprabum,
1200 m.
Subspecies/colour variants: None.
Distribution: E Myanmar (E of the Chindwin River),
and SW China in W Yunnan Province.
Conservation status: Vulnerable.

4.2. Genus Hylobates
4.2.1. Pileated Gibbon Hylobates pileatus Gray, 1861

Type locality: Cambodia.

Subspecies/colour variants: None.

Distribution: SE Thailand (E and S of the Mun and
Takhong rivers; W limit may have formerly been
the Bang Pakong River), SW Laos (W of the Mekong
River), and N and W Cambodia (W of the Mekong
River); may have formerly occurred in S Vietnam
(W of the Mekong River).

Conservation status: Endangered.

4.2.2. Lar Gibbon Hylobates lar (Linnaeus, 1771)

Type locality: None. Malaysia, Malacca [= Melaka]
(restricted by C.B. Kloss in 1929).

Subspecies/colour variants: 5 subspecies are rec-
ognized: Malaysian Lar Gibbon H. I. lar (Linnaeus,
1771); Carpenter’s Lar Gibbon H. I carpenteri
Groves, 1968; Central Lar Gibbon H. /. entelloides
l. Geoffroy Saint-Hilaire, 1842; Sumatran Lar Gibbon
H. I. vestitus G.S. Miller, 1942; Yunnan Lar Gibbon
H. I. yunnanensis Ma & Wang, 1986. In H. /. lar, H.
I. carpenteri and H. . entelloides, colour variants
occur.

Distribution: H. /. lar: peninsular Malaysia, from N9°
to the Mudah River and S of the Perak River; H. 1.
carpenteri: E Myanmar, NW Laos, and NW Thai-
land, from Chieng Dao at N19°22’ to ¢. N16°; H.
I. entelloides: S Myanmar and SW Thailand, from
c. N15° to N10°; H. I vestitus: N Sumatra, NW
of Lake Toba and the Singkil River; H. I. yunnan-
ensis: SW China (SW Yunnan Province), originally
between the Salween and Mekong rivers in the
counties of Cangyuan, Menglian and Ximeng, but
probably now extirpated.

Conservation status: Endangered; H. /. lar, H. I. ves-
titus, H. |. carpenteri Endangered; H. . entelloides
Vulnerable; H. I. yunnanensis Data Deficient.
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4.2.3. Agile Gibbon Hylobates agilis F. Cuvier, 1821
Type locality: Indonesia, West Sumatra.
Subspecies/colour variants: No subspecies are rec-

ognized, but colour variants occur.

Distribution: S Thailand (near the Malaysian border, E
of the Thepha River watershed), N peninsular Ma-
laysia (from Mudah and Thepha rivers in the N to
the Perak and Kelantan rivers in the S), and most
of Sumatra (from SE of Lake Toba and the Singkil
River to the S).

Conservation status: Endangered.

4.2.4. Bornean White-bearded Gibbon Hylobates al-
bibarbis Lyon, 1911

Type locality: Indonesia, near Sukadana, South-west
Borneo.

Subspecies/colour variants: None.

Distribution: SW Borneo (West and Central Kalim-
antan provinces), S of the Kapuas River and W of
the Barito River.

Conservation status: Endangered.

4.2.5. Muller’s Gibbon Hylobates muelleri Martin, 1841

Type locality: Indonesia, Kalimantan (restricted by M.
Lyon in 1911 to South-eastern Borneo).

Subspecies/colour variants: No subspecies are rec-
ognized, but colour variants occur.

Distribution: Borneo, SE Kalimantan, c. S of the Ma-
hakam River and E of the Barito River.

Conservation status: Endangered (as H. m. muelleri).

4.2.6. Abbott’s Grey Gibbon Hylobates abbotti Kloss,
1929

Type locality: Indonesia, Pontianak, South-western
Borneo.

Subspecies/colour variants: None.

Distribution: SW Borneo (S Sarawak State and
West Kalimantan Province), N of the Kapuas River
and as far E as the Spaok [= Saribasg], District of
Sarawak.

Conservation status: Endangered (as H. muelleri
abbotti).

4.2.7. East Bornean Grey Gibbon Hylobates funereus
|. Geoffroy Saint-Hilaire, 1850

Type locality: Philippines, Sulu Islands.

Subspecies/colour variants: None.

Distribution: N & NE Borneo, from Sabah State S to
the Mahakam River in East Kalimantan and per-
haps W to the Baram District and the IV Division
of Sarawak State.

Conservation status: Endangered (as H. muelleri
funereus).

4.2.8. Kloss’s Gibbon Hylobates klossii (G.S. Miller,
1903)
Type locality: Indonesia, West Sumatra, South Pagai

[sland.
Subspecies/colour variants: None.
Distribution: Mentawai Islands (Siberut, Sipora,

North Pagai, South Pagai, and Sinakak) off the W
coast of Sumatra.
Conservation status: Endangered.

4.2.9. Moloch Gibbon Hylobates moloch (Audebert,
1798)

Type locality: Indonesia, Java (restricted by H. Sody
in 1949 to W Java, Mt Salak).

Subspecies/colour variants: No subspecies are rec-
ognized, but colour variants occur.

Distribution: Java, mainly in the W provinces (Banten
and West Java), with an additional population in a
small area in the C as far E as the Dieng Mts.

Conservation status: Endangered.

4.3. Genus Nomascus
4.3.1. Hainan Crested Gibbon Nomascus hainanus
(Thomas, 1892)

Type locality: China, Hainan.

Subspecies/colour variants: None.

Distribution: China, Hainan Island. Formerly wide-
spread, but today restricted to Bawangling Nature
Reserve in the W of the island.

Conservation status: Critically Endangered.

4.3.2. Eastern Black Crested Gibbon Nomascus nasutus
(Milne Edwards, 1884)
Type locality: Vietnam, Along [= Halong] Bay.
Subspecies/colour variants: None.
Distribution: Formerly S China to N Vietnam as far
S and W as the Red River, but now restricted to
a small area along the Sino-Vietnamese border in
Trung Khanh District (Cao Bang Province, NE Vi-
etnam) and Jingxi County (Guangxi Autonomous
Region, SW China).
Conservation status: Critically Endangered.

4.3.3. Western Black Crested Gibbon Nomascus con-
color (Harlan, 1826)
Type locality: Vietnam, Tonkin.
Subspecies/colour variants: 2 subspecies are rec-
ognized: Tonkin Western Black Crested Gibbon
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N. c. concolor (Harlan, 1826); Laotian Western
Black Crested Gibbon N. c. lu (Delacour, 1951).
Distribution: N. ¢. concolor: SW China (C & SW Yun-
nan Province) including a small population W of
the Mekong River near the Myanmar border, and N
Vietnam (Lao Cai, Son La, and Yen Bai provinces)
between the Black and Red rivers from c. N20°
to N23°45°; N. c. lu: NW Laos (Bokeo and Luang
Namtha provinces) in an isolated population E of
the Mekong River at c. N20°17'-N20°25’.

Conservation status: Critically Endangered (both
subspecies).

4.3.4. Northern White-cheeked Crested Gibbon No-
mascus leucogenys (Ogilby, 1841)

Type locality: Siam (restricted by J. Fooden in 1987
to Laos, Muang Khi).

Subspecies/colour variants: None.

Distribution: S China (extreme S Yunnan Province
but probably extirpated, N Laos, and NW Vietnam
between the Mekong and Black rivers, to the S
possibly limited by the Khading River in Laos and
the Rao Nay River in Ha Tinh Province in Vietnam.

Conservation status: Critically Endangered.

4.3.5. Southern White-cheeked Crested Gibbon No-
mascus siki (Delacour, 1951)

Type locality: Vietnam, Thua Luu.

Subspecies/colour variants: None.

Distribution: C Laos and C Vietnam, restricted by the
Rao Nay River in Vietham and the Khading River
in Laos in the N, the Mekong River in the W, the
Vietnamese coastal agricultural areas in the E, and
around the Thach Han River (N16°40’-N16°50)
in Quang Tri Province, Vietnam, and Savannakhet
Province in Laos, to the S.

Conservation status: Endangered.

4.3.6. Northern Yellow-cheeked Crested Gibbon No-
mascus annamensis Van Ngoc Thinh et al., 2010

Type locality: Vietnam, Ja Boc, Sa Thay District, Kon
Tum Province (c. N14°25’, E107°35’, Chu Mom
Ray National Park).

Subspecies/colour variants: None.

Distribution: S Laos (E of Mekong River, up to
approximately the Banhiang River, N16°00°-
N16°03’, in Savannakhet Province), C Vietham
(from the Thach Han River, N16°40’-N16°50’, in
Quang Tri Province in the N to approximately the
Ba River, N13°00-N13°10’, in Gia Lai and Phu
Yen provinces in the S), and NE Cambodia (Ratan-

akiri and Stung Treng provinces, E of the Mekong
River and N of the Srepok River, N13°30’).
Conservation status: Not Evaluated.

4.3.7. Southern Yellow-cheeked Crested Gibbon No-
mascus gabriellae (Thomas, 1909)
Type locality: Vietnam, Langbian, 460 m.
Subspecies/colour variants: None.
Distribution: S Vietnam (from Ba River, N13°00-
N13°10’, in Gia Lai and Phu Yen provinces in the
N to the Nui Ong Nature Reserve, N11°01’, in
Binh Thuan Province in the S) and SE Cambodia
(E of the Mekong River and S of the Srepok River).
Conservation status: Endangered.

4.4. Genus Symphalangus
4.4.1. Siamang Symphalangus syndactylus (Raffles,
1821)

Type locality: Indonesia, West Sumatra, Bencoolen
[= Bengkulu].

Subspecies/colour variants: None.

Distribution: S Thailand on the west coast in Hala
Bala Wildlife Sanctuary (on the border with Ma-
laysia), and NW & C peninsular Malaysia (largely
restricted to mountainous areas in the W of the
country, S of the Perak River and N of the Muar
River, and Lake Bera across to the Pahang River),
and W Sumatra confined to the Barisan Mts; it
may have formerly occurred on Bangka Island.

Conservation status: Endangered.

5. Family Hominidae
5.1. Genus Pongo
5.1.1. Sumatran Orangutan Pongo abelii Lesson, 1827
Type locality: Indonesia, Sumatra.
Subspecies/colour variants: None. The identity of
the population in the Batang Toru region, on the
west coast S of Lake Toba, remains to be studied.
Distribution: NW Sumatra (Aceh and North Sumatra
provinces).
Conservation status: Critically Endangered.

5.1.2. Bornean Orangutan Pongo pygmaeus (Linnaeus,
1760)
Type locality: Indonesia, Kalimantan, Landak River.
Subspecies/colour variants: 3 subspecies are rec-
ognized: North-west Bornean Orangutan R p.
pygmaeus (Linnaeus, 1760); North-east Bornean
Orangutan P. p. morio (Owen, 1837); South-west
Bornean Orangutan P p. wurmbii (Tiedemann,
1808).
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Distribution: P. p. pygmaeus: W Borneo in Malaysia
(S Sarawak State) and Indonesia (N West Kali-
mantan Province); P p. morio: N & E Borneo in
Malaysia (Sabah State) and Indonesia (East Ka-
limantan Province); possibly in N Sarawak; P. p.
wurmbii: S Indonesian Borneo (S West and Central
Kalimantan provinces).

Conservation status: Endangered (all three subspe-
cies).

DISCUSSION

Non-human primates occur in 22 Asian countries
(Table 1, Fig. 1). The countries with the highest number
of species are Indonesia (568-59 species), Vietnam (25),
Malaysia (24-25), China (22-26), India (21-22), Laos
(20-22), Myanmar (18) and Thailand (18).

Of the 113 Asian non-human primate species that
have been assessed, 87 (77%) are threatened with
extinction, and over half are Endangered or Critically
Endangered (Table 2). Seventeen species (15%) are
Critically Endangered, 45 (40%) are Endangered, 25
(22%) are Vulnerable and 10 (9%) are Near Threatened.
Thus Asia has the world’s most threatened primate
fauna after Madagascar.

The most endangered primate families, based on
proportion of assessed species that are either Critically
Endangered (CR) or Endangered (EN), are Hominidae
(2 out of 2 = 100%), Hylobatidae (17/18 = 94%), Cer-
copithecidae (38/73 = 52%), Tarsiidae (3/10 = 30%)
and Lorisidae (2/7 = 29%) (Table 3). The most endan-
gered genera are Rhinopithecus, Pygathrix, Nasalis,
Simias, Hylobates, Nomascus, Symphalangus, and
Pongo. All species in these genera are CR or EN. Other
highly endangered genera include Trachypithecus
(12/19 = 63% CR or EN), Loris (1/2 = 50%), Hoolock
(1/2 = 50%) and Presbytis (8/17 = 47%).
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Table 1. Asian non-human primates by country

Country

Species

Afghanistan (1-2 species)
Bangladesh (9-10 species)

Bhutan (57 species)

Brunei (9—10 species)

Cambodia (13 species)

China (22-26 species)

India (21-22 species)

Indonesia (58-59 species)

Japan (1 species)

Laos (20-22 species)

Macaca mulatta, (Semnopithecus schistaceus)

Nycticebus bengalensis, Macaca leonina, M. assamensis, (M. arctoides),
M. fascicularis, M. mulatta, Trachypithecus pileatus, T. phayrei, Semnopithecus
entellus, Hoolock hoolock

Macaca assamensis, (M. munzala), M. mulatta, Trachypithecus geei, T. pileatus,
(Semnopithecus hector), S. schistaceus

Nycticebus menagensis, Cephalopachus bancanus, Macaca nemestrina,
M. fascicularis, Presbytis chrysomelas, (P rubicunda), P hosei, Trachypithecus
cristatus, Nasalis larvatus, Hylobates funereus

Nycticebus bengalensis, N. pygmaeus, Macaca leonina, M. arctoides,
M. fascicularis, Trachypithecus germaini, T. margarita, Pygathrix cinerea,
P nemaeus, P, nigripes, Hylobates pileatus, Nomascus annamensis,

N. gabriellae

Nycticebus bengalensis, (N. pygmaeus), Macaca leonina, M. assamensis,
M. thibetana, (M. munzala), M. arctoides, M. mulatta, Trachypithecus
shortridgei, T. phayrei, T. crepusculus, T. francoisi, T. leucocephalus,
Semnopithecus schistaceus, (Rhinopithecus avunculus), R. bieti, R. brelichi,
R. roxellana, R. strykeri, (Hoolock hoolock), H. leuconedys, Hylobates lar,
Nomascus hainanus, N. nasutus, N. concolor, N. leucogenys

Loris tardigradus, L. lydekkerianus, Nycticebus bengalensis, Macaca silenus,
M. leonina, M. radiata, M. assamensis, (M. thibetana), M. munzala,

M. arctoides, M. mulatta, Trachypithecus geei, T. pileatus, T. phayreli,
Semnopithecus entellus, S. ajax, S. hector, S. schistaceus, S. hypoleucos,
S. priam, S. johnii, Hoolock hoolock.

Nycticebus coucang, N. javanicus, N. menagensis, N. bancanus,

N. borneanus, N. kayan, Tarsius tarsier, T. fuscus, T. dentatus, T. pelengensis,
T. sangirensis, T. tumpara, T. pumilus, T. lariang, T. wallacei, Cephalopachus
bancanus, Macaca nemestrina, M. siberu, M. pagensis, M. nigra,

M. nigrescens, M. tonkeana, M. ochreata, M. hecki, M. maura, M. fascicularis,
Presbytis thomasi, P melalophos, P. sumatrana, P bicolor, P. mitrata,

P, comata, R potenziani, P, siberu, P. femoralis, P. siamensis, P natunae,

P, chrysomelas, F. rubicunda, P. hosei, P canicrus, (P. sabana), P. frontata,
Trachypithecus auratus, T. mauritius, T. cristatus, Nasalis larvatus, Simias concolor,
Hylobates lar, H. agilis, H. albibarbis, H. muelleri, H. abbotti, H. funereus,

H. klossii, H. moloch, Symphalangus syndactylus, Pongo abelii, P pygmaeus

Macaca fuscata

Nycticebus bengalensis, N. pygmaeus, Macaca leonina, M. assamensis,
M. arctoides, M. fascicularis, M. mulatta, Trachypithecus germaini, T. margarita,
T. crepusculus, T. laotum, T. hatinhensis, T. ebenus, (Pygathrix cinerea),

P. nemaeus, (P, nigripes), Hylobates lar, H. pileatus, Nomascus concolor,

N. leucogenys, N. siki, N. annamensis
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Country

Species

Malaysia (24-25 species)

Myanmar (18 species)

Nepal (4 species)
Pakistan (2 species)
Philippines (3 species)
Saudi Arabia (1 species)
Singapore (3 species)
Sri Lanka (4 species)
Taiwan (1 species)

Thailand (18 species)

Vietnam (25 species)

Yemen (1 species)

(Nycticebus bengalensis), N. coucang, N. menagensis, N. kayan, Cephalopachus
bancanus, Macaca nemestrina, M. arctoides, M. fascicularis, Presbytis femoralis,
P siamensis, P. chrysomelas, P. rubicunda, P.hosei, P. sabana, P, frontata,
Trachypithecus cristatus, T. selangorensis, T. obscurus, Nasalis larvatus,
Hylobates lar, H. agilis, H. abbotti, H. funereus, Symphalangus syndactylus,
Pongo pygmaeus

Nycticebus bengalensis, Macaca leonina, M. assamensis, M. arctoides,

M. fascicularis, M. mulatta, Presbytis femoralis, Trachypithecus pileatus,

T. shortridgei, T. germaini, T. obscurus, T. phayrei, T. barbei, T. crepusculus,
Rhinopithecus strykeri, Hoolock hoolock, H. leuconedys, Hylobates lar

Macaca assamensis, M. mulatta, Semnopithecus hector, S. schistaceus
Macaca mulatta, Semnopithecus schistaceus

Nycticebus menagensis, Carlito syrichta, Macaca fascicularis

Papio hamadryas

Nycticebus coucang, Macaca fascicularis, Presbytis femoralis

Loris tardigradus, Macaca sinica, Semnopithecus priam, S. vetulus
Macaca cyclopis

Nycticebus bengalensis, N. coucang, Macaca leonina, M. nemestrina,

M. assamensis, M. arctoides, M. fascicularis, M. mulatta, Presbytis femoralis,
P siamensis, Trachypithecus germaini, T. obscurus, T. barbei, T. crepusculus,
Hylobates pileatus, H. lar, H. agilis, Symphalangus syndactylus

Nycticebus bengalensis, N. pygmaeus, Macaca leonina, M. assamensis,

M. arctoides, M. fascicularis, M. mulatta, Trachypithecus germaini, T. margarita,
T. crepusculus, T. francoisi, T. poliocephalus, T. delacouri, T. hatinhensis,

T. ebenus, Rhinopithecus avunculus, Pygathrix cinerea, P nemaeus, F nigripes,
Nomascus nasutus, N. concolor, N. leucogenys, N. siki, N. annamensis, N.
gabriellae

Papio hamadryas

Note: Species records in brackets are those whose presence is unconfirmed
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Table 2. [UCN Red List of threatened Asian non-human primates by category

Threatened Status

Species

Critically Endangered

(17 species)

Endangered
(45 species)

Vulnerable
(25 species)

Near Threatened
(10 species)

Least Concern
(10 species)

Data Deficient
(6 species)

Not Evaluated
(6 species)

Tarsius tumpara, Macaca pagensis, M. nigra, Presbytis potenziani, P. chrysomelas,
Trachypithecus poliocephalus, T. leucocephalus, T. delacouri, Rhinopithecus
avunculus, R. strykeri, Pygathrix cinerea, Simias concolor, Nomascus hainanus,
N. nasutus, N. concolor, N. leucogenys, Pongo abelii

Loris tardigradus, Nycticebus javanicus, Tarsius pelengensis, T. sangirensis,
Macaca silenus, M. maura, M. sinica, M. munzala, Presbytis sumatrana,

P mitrata, P comata, P, siberu, P. canicrus, P. sabana, Trachypithecus geei,

T. shortridgei, T. germaini, T. margarita, T. phayrei, T. crepusculus, T. francoisi,

T. hatinhensis, T. ebenus, Semnopithecus ajax, S. vetulus, Rhinopithecus bieti,

R. brelichi, R. roxellana, Pygathrix nemaeus, P. nigripes, Nasalis larvatus, Hoolock
hoolock, Hylobates pileatus, H. lar, H. agilis, H. albibarbis, H. muelleri, H. abbott,
H. funereus, H. klossii, H. moloch, Nomascus siki, N. gabriellae, Symphalangus
syndactylus, Pongo pygmaeus

Nycticebus bengalensis, N. coucang, N. menagensis, N. pygmaeus, Tarsius
tarsier, T. dentatus, Cephalopachus bancanus, Macaca leonina, M. nemestrina,
M. siberu, M. nigrescens, M. tonkeana, M. ochreata, M. hecki, M. arctoides,
Presbytis thomasi, P natunae, P, frontata, Trachypithecus pileatus, T. auratus,

T. mauritius, T. laotum, Semnopithecus hypoleucos, S. johnii, Hoolock leuconedys

Carlito syrichta, Macaca assamensis, M. thibetana, Presbytis melalophos,
P, femoralis, P. siamensis, Trachypithecus cristatus, T. obscurus, Semnopithecus
hector, S. priam

Loris lydekkerianus, Macaca radiata, M. fascicularis, M. mulatta, M. fuscata,
M. cyclopis, Papio hamadryas, Presbytis rubicunda, Semnopithecus entellus,
S. schistaceus

Tarsius pumilus, T. lariang, T. wallacei, Presbytis bicolor, P hosei, Trachypithecus
barbei

Nycticebus bancanus, N. borneanus, N. kayan, Tarsius fuscus, Trachypithecus
selangorensis, Nomascus annamensis
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Table 3. IUCN Red List of threatened Asian non-human primates by family and genus

Family

CR

EN

VU

NT

LC

DD

NE

Lorisidae
Loris
Nycticebus
Tarsiidae
Tarsius
Carlito
Cephalopachus
Cercopithecidae
Papio
Macaca
Presbytis
Trachypithecus
Semnopithecus
Rhinopithecus
Pygathrix
Nasalis
Simias
Hylobatidae
Hoolock
Hylobates
Nomascus
Symphalangus
Hominidae

Pongo

2
;

4

N~ W @

N NDwWw N

1
1
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Plate 1: Genus Loris & Nycticebus
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Plate 2: Genus Tarsius, Carlito & Cephalopachus
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Macaca silenus

Macaca assamensis
pelops

Papio hamadryas

Macaca leonina Macaca siberu

Macaca nigrescens

Macaca nigra
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Macaca assamensis
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Mac'am radiata 2
diluta

Macaca thibetana Macaca munzala Macaca arctoides

Plate 3: Genus Papio & Macaca
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Plate 4: Genus Macaca
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Plate 5: Genus Presbytis




Asian Primates Journal 4(1), 2014

Presbytis chrysomelas
chrysomelas

Presbytis chrysomelas

cruciger

Presbytis rubicunda
rubicunda

Preshytis rubicunda
carimatae

Presbytis rubicunda
chrysea

Presbytis rubicunda
ignita

Preshytis rubicunda
rubida

Presbytis hosei

Preshytis canicrus

Presbytis sabana

Presbytis frontata

Plate 6: Genus Presbytis
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Plate 10: Genus Rhinopithecus, Pygathrix, Simias & Nasalis
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® Conservation Actions

In-place research and monitoring

e Action Recovery Plan : No
e Systematic monitoring scheme : No

In-place land/water protection

o Conservation sites identified : No

e Area based regional management plan : No

e Occurs in at least one protected area : Yes

¢ Invasive species control or prevention : Not Applicable

In-place species management

e Harvest management plan : No
o Successfully reintroduced or introduced benignly : No
e Subject to ex-situ conservation : No

In-place education

e Subject to recent education and awareness programmes : Yes
¢ Included in international legislation : Yes
e Subject to any international management / trade controls : Yes

P Conservation Actions in detail

99 Bibliography

» Red List Bibliography

EXTERNAL DATA

https://www.iucnredlist.org/species/12555/215350982

=
(e
)
L
=
i
w

8/11



3/31/23, 3:45 PM Macaca nemestrina (Southern Pig-tailed Macaque)

M Images and External Links

» Images and External Links in detail

@ CITES Legislation from Species+

DATA SOURCE

The information below is from the Species+ website.

» CITES Legislation from Species+ in detail

L. Studies and Actions from Conservation Evidence

DATA SOURCE

The information below is from the Conservation Evidence website.

P Studies and Actions from Conservation Evidence in detail

THE RED LIST PARTNERSHIP

\&Eaa F-SSC

Species Survival Commission

> S
BirdLife

‘E NATURESERVE

TEXAS A&M

UNIVERSITY.

T

https://www.iucnredlist.org/species/12555/215350982

3% Bsu
> CENTER FOR
;jﬂ BIODIVERSITY

ABQ BIOPARK OUTCOMES

Y

CONSERVATION o
INTERNATIONAL O Missour
i BoTANICAL
GARDEN

syl Botanic Gardens

Kew

Z>5L

Zoological
Society
of London

SAPIENZA

UNIVERSITA DI ROMA

=t
(e
)
o
=
i
w

91



3/31/23, 3:45 PM Macaca nemestrina (Southern Pig-tailed Macaque)
ABOUT

How the Red List is Used
Searching The IUCN Red List
Regional Red List Assessments

Sponsors

Red List Committee

The IUCN Green Status of Species
IUCN-Toyota Partnership

Background & History

Frequently Asked Questions
Citing The IUCN Red List
Red List Partnership
Barometer of Life

ASSESSMENT PROCESS

Raw Data to Red List

Reasons for Changing Category

Red List Index

IUCN Species Information Service (SIS)
Planned Red List Updates

Assessment Petitions

feedback

Measuring Recovery with the [IUCN Green Status of Species

Supporting Information
The Species Threat Abatement and Restoration (STAR) Metric
Red List Authorities

RESOURCES AND PUBLICATIONS

Amazing Species

Scientific Papers

Guidelines & Brochures

Photos and videos

https://www.iucnredlist.org/species/12555/215350982




3/31/23, 3:45 PM Macaca nemestrina (Southern Pig-tailed Macaque)

Books

Related publications

Tools
Red List Training

Summary Statistics

Spatial Data & Mapping Resources

SUPPORT

Give us feedback

Thank you for your support!

Donate

Contact
What's New

Donate now

FOLLOW US

feedback

n Facebook
W Twitter

IUCN 2023. The IUCN Red List of Threatened Species. Version 2022-2.
<https://www.iucnredlist.org>
ISSN 2307-8235

Privacy and security ~ © International Union for Conservation of Nature and Natural Resources.

This website was made possible through generous support from:

Toyota Motor Corporation , Synchronicity Earth

https://www.iucnredlist.org/species/12555/215350982




Exhibit 10



SPECIES CONSERVATION
PRIORITIES
IN THE TROPICAL FORESTS
OF SOUTHEAST ASIA

i"‘"*,( ? : : ,’
, R . ey & | AT
R SR N N T
‘}ﬁ'ﬁ S T
b ki L o &‘-N &
(A b 4 ‘,i,/“* A@. “(
- ¢ RN A a& -

Occasional Papers of the IUCN Species Survival Commission (SSC)

(,L‘<< ~\* U ‘ ‘—i
V @
\ "Uly UNEP : J wwri@

International Union for Conservation of Nature
and Natural Resources



INTERNATIONAL UNION FOR CONSERVATION OF NATURE
AND NATURAL RESOURCES

SPECIES SURVIVAL COMMISSION

ROLE OF THE SSC

The Species Survival Commission (SSC) is composed of about 150 full members and over a thousand scientists and other experts
organized into more than 75 specidist groups. This volunteer network serves as a primary source of the scientific and technical
information required for the conservation of endangered and vulnerable flora and fauna, and recommends and promotes measures
for their conservation.

OBJECTIVES OF THE SSC

To insure the maintenance of biological diversity by monitoring the status of species and populations, by developing action plans
and promoting and implementing such plans, by interacting with a network of volunteers devoted to conservation concerns, and
by advising and making policy recommendations to governments, other agencies and organizations.

Subobjective no. 1: To maintain an international network of volunteers and a forum for the exchange of views and scien-
tific information on species and populations of conservation concern.

Subobjective no. 2: To cooperate with the IUCN Conservation Monitoring Centre (CMC) in developing a data base
on the status of, and trade in, wild flora and fauna and in assessing and disseminating such information to CITES and elsewhere
for conservation action.

Subobjective no. 3:  To develop and review conservation action plans and priorities for species and populations.

Subobjective no. 4: To promote implementation of conservation action plans and to respond to related issues.

Subobjective no. 5:  To provide studies, advice and policy recommendations to governments, other agencies and organiza-
tions in respect to conservation and management of species and populations.
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The Sumatran rhinoceros (Dicerorhinus sumatrensis) is symbolic of species conservation priorities in the tropical forests
of southeast Asia. The smallest and most distinctive of the five rhinoceros species, it survives in tiny remnant populations
in a number of countries and is perhaps the most endangered large mammal in the region.
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| ntroduction

This contribution on Species Conservation Priorities in the Tropical Forests of Southeast Asia is the firg in a new
series entitled Occasional Papers of the IUCN Species Survival Commission (SSC). These papers are intended to pro-
vide an outlet for special reports on issues of concern to SSC, and for the proceedings of symposia held at regiona
SSC or related meetings. This booklet fals into the latter category, and represents the results of a symposium held
on October 4, 1982 at the 58th SSC Mesting in Kuala Lumpur, Malaysia. It includes six chapters on species conserva-
tion in the tropica forests of Peninsular Malaysia, the Maaysian states of Sarawak and Sabah, and Indonesia, Thailand
and Burma, and places specia emphasis on key endangered species occurring in this region. As it turns out, the four
countries in question are the best known in southeast Asia, and the absence of other southeast Asian countries from
this report (e.g., Vietnam, Laos, Kampuchea) points to some of the gaps in our knowledge of this region and the need
for further investigation and basic survey work.

It is clear from these six chapters that the problems facing wildlife in southeast Asia are similar to those in most
other parts of the developing world. Loss of habitat is the primary concern, with poaching a serious factor for certain
species as well. Conflicts with local human populations are also an issue, especially for species like the elephant, which
can do substantial damage in agricultural areas.

It is also obvious that our view of species conservation still focuses on the large, conspicuous and spectacular species,
and especialy on large mammals such as the elephant, the tiger, the orang-utan and the rhinos. Although this may
seem limited in scope given the great diversity of life in this region, these animals are frequently among the most en-
dangered and their symbolic value cannot be overestimated. Indeed, many of the species discussed in these articles
have great value as symbols of the natural heritage of the countries in which they occur, and are worthy of protection
on aesthetic grounds alone. It is also important to note that if these species can be protected in areas of suitable tropica
forest habitat, many other smaller, less conspicuous species occurring in these same protected areas will survive as
well — and, more often than not, it is the large and spectacular species that are most effective in calling attention to
the entire conservation issue.

A number of these species also have great economic value, and are important resources to loca people. The elephant
is essentia for the timber industry in Burma, the marine turtles provide a source of protein for many coastal peoples,
and wild cattle represent a reservoir of genetic diversity for domestic stock. The economic importance of a growing
tourist industry aimed at observing the fauna and flora of the world's tropical forests is also worthy of note, and it
is usualy the large and spectacular species that attract the most tourists.

Finally, it should be clear from the papers in this volume that dl of the species discussed are integral components
of the tropica forest ecosystems in which they occur, and that species and habitat conservation must always go hand in hand.

On behalf of the SSC Chairman, Mr. Grenville Lucas, we take great pleasure in launching this new SSC series, and
hope that it will make a significant contribution to saving the species diversity of southeast Asia and our entire planet.
We would also like to take this opportunity to extend our thanks to Department of Wildlife and National Parks of Malaysia,
and especialy to the Director General, Dr. Mohd. Khan bin Momin Khan for his outstanding efforts in organizing and
hogting the 58th SSC Mesting.

Russell A. Mittermeier
William R. Konstant
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Peninsula Malaysa

Species Conservation Priorities in the
Tropical Rain Forests of Peninsula Malaysia

Mohd. Khan B. Motnin Khan
Sivananthan T. Elagupillay
and Zolkifli Bin Zainal

Introduction

Peninsula Maaysia (131,582 km?) has some of the oldest rain-
foregts in the world and is home to some of the world's richest
and most unique animal and plant treasures. There are some 200
species of mammals, 600 species of birds, 130 species of snakes,
3,000 species of trees, 8,000 species of flowering plants, scores
of amphibians and reptiles, and thousands of insects and inverte-
brate species.

Conservation in Peninsula Malaysia has evolved over periods
of plenty and periods of scarcity of natural resources. During
periods of plenty laws were lax, resulting in wasteful utilization
of wildlife. Up to the time of the first salaried game warden in
1927, wildlife laws were enforced by volunteers or officers of
the land office who were involved mainly in the issue of game
licenses.

The incredibly low value put on the lives of animals contributed
to the tragic extinction of the Javan rhinoceros in 1932 and the
precarious Situation of the Sumatran rhinoceros, which is il listed
as an endangered species together with the tiger and the seladang.
Strong and effective conservation legidation was slow in com-
ing into force. Although current laws appear satisfactory to curb
losses from poaching and trade in wildlife, the effects of habitat
loss have proved to be a very serious cause of mortality. Ap-
proaches to the problems have changed from simple emphasis
on law enforcement to a combination of research and manage-
ment, extension programs, and establishment of national parks
and wildlife reserves.

The need to expand and strengthen the developing economy
has resulted in the clearance of vast stretches of virgin forest. In
the last two decades Malaysia's forests have rapidly diminished
and been replaced by agriculture and human settlements. Still,
approximately 49% of the total land area in Peninsula Malaysia
remains forested.

Steven (1968) spent two years in Peninsula Malaysia collect-
ing data for a report on wildlife conservation. He noted the oc-
currence of mammals at different elevations and concluded that
52% are found below 330 meters, 81 % are restricted to altitudes
of less than 660 meters, 10% occur at higher elevations, and only
9% appear able to exist at al altitudes. Fifty-three per cent of
all mammals are confined to primary forest, 25% live in primary
or tall secondary forest, 12% live in primary or secondary forest
or can subsist in cultivated areas, and 10% live in cultivated or
urban areas.

Burgess (1971) described the effects of logging on hill diptero-
carp forests in his study of approximately 40 hectares of average
lower hill forest in the state of Trengganu. It was found that in
this area only 35% of the stand disturbed by logging activity re-
mained undamaged. Of the rest, 10% was felled for timber and
55% was destroyed in the extraction operation.

9

The effects of forest clearance on Maaysian mammals were
studied by Harrison (1969), who found that the number of species
decreased markedly in the transition from primary to secondary
forest to scrub to grassland. The decrease in native mammalian
diversity was on the order of 30 to 10 to 4 species, respectively.

Foecies Conservation in Peninsula Malaysia

Sumatran Rhinoceros (Dicerorhinus sumatrensis). Although
numbers of Sumatran rhinos appear to have increased by about
30 individuals within Peninsula Malaysia between 1979 and 1932
(Table 1), only two areas, namely Endau Rompin and Tamara
Negara (Fig. 1), have large and contiguous populations. It should
be noted that the rhinos in Endau Rompin are reproducing, though
a a sow rate of one animal every two years. The population has
produced at least 3 young during the period 1975-1981. In other
areas, rhino populations remain isolated and are threatened with
extinction unless they can be trandocated to safer areas.

Table 1. Estimated numbers of Sumatran rhinos
in Peninsula Malaysia

Region Numbers
South 1979 1982
Endau-Rompin 815 20-25
G. Bemut — 2-3
Mersing Coast — 2-3
North Central
Taman Negara 4-6 813
Ulu Lepar 2-4 35
Sg. Depak 2-4 35
Kuala Bolah 2-4 35
Krau Reserve — 0-2
Bkt. Gebok — 12
West Coast
Sg. Dusun 2-4 4-6
Northwest
Ulu Sdama — 35
Ulu Beum 2-4 35
Kedah Boarder _ 01

30-50 52-80

Malayan Tiger (Pantheratigris). In 1954, L ocke estimated the
Malayan tiger (Fig. 2) population to be about 3,500, but it has
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now dwindled to about 250, based on work carried out by the
Wildlife Department over the last four years. The tiger, which
once inhabited the whole of Peninsula Malaysia, is now mainly
found in the existing primary and secondary forest of Perak,
Kelantan, Trengganu and Pahang.

Seladang (Bos gaurus). While it is difficult to manage popula
tions of Sumatran rhinoceros and tiger, the situation for the
seladang (gaur or wild cattle, Fig. 3) appears more hopeful. Its
requirements are relatively ssimple: pasture, water, minerals and
cover. In the last survey by the Wildlife Department in 1980, there
was evidence of an increase in the seladang population (Table 2).

Table 2. Seladang population in Peninsula Malaysia as of 1980

Numbers

Areas 1977 1980
National Parks and Reserves 150 150
Ulu Tengganu 25 29
Sungai Nenggiri 40 53
Ulu Lepar 56 96
Maran - 5
Lepar Hilir - 10
Endau Rompin 25 25
Ulu Serting 10-12 1012
Grik Wildlife Reserve 40 40
Belum Wildlife Reserve 60 60

400 472

and Olivers (1980). The total area of forest ill remaining in 1958
was 84%, or 110,308 km?.

Table 4. Total population estimates of primates
in Peninsula Malaysia in 1958

Density of species

Species 2° Forest 1° Forest Total Population
Macaca

fascicularis 1% 0.37 415,000

M. nemestrina 0.13 -1 80,000
Presbytis cristata 0.26 -1 6,000

P. obscura 0.64 0.74 305,000
Hylobates lar 0.89 111 144,000

H. syndactylus 0.51 111 111,000

Based on the same densities provided by Southwick and Cad-
igan (1972), Khan (1978) estimated the populations of the vari-
ous species and indicated losses in numbers between 1958 and
1975 (Table 5). These estimates are based on 51 % of the total
land area still being under forest cover at that time.

A detailed study in Ulu Lepar showed that the seladang pre-
ferred riverine habitat, with 70% being found a 0-7 m.

Elephant (Elaphas maximus). Likethetiger, the elephant (Figs.
4-5) once roamed fredy throughout Peninsula Malaysia, but is
now restricted to remaining forests in the states of Kelantan,
Trengganu, Pahang, Perak, Johore and afew areas in Negari Sem-
bilan and Kedah. There are now about 700 elephants distributed
in these states, including Taman Negara (Table 3).

Table 3. The elephant populations of Peninsula Malaysia

States Numbers
Kelantan 134
Trengganu 4
Johore 77
Pahang 175
Perak 126
Negeri Sembilan 5
Taman Negara 100
671

Primates. Southwick and Cadigan (1972) reported on the abun-
dance of non-human primates (Figs. 6-9) in primary and second-
ary forests of Peninsula Maaysia. An assessment was made of
group densities (animal/km?) of each species except the dark-
handed gibbon (Table 4). Other source materia includes Bern-
dein (1968), MacKinnon and Mackinnon (1978), Fleagle (1978)

Table 5. Total losses in non-human primate populations
between 1957 and 1975

Population Population Population

Species in 1957 in 1975 loss % loss
Macaca

fascicularis 415,000 318,000 97,000 23.37
M. nemestrina 80,000 45,000 35,000 43.75
Presbytis cristata 6,000 4,000 2,000 33.33
P. melalophos 962,000 554,000 408,000 4241
P. obscura 305,000 155,000 150,000 49.18
Hylobates lar 144,000 71,000 73,000 50.09
H. syndactylus 111,000 48,000 63,000 56.75

Recent studies by Marsh and Wilson (1981) indicate that the
distribution of primates in Peninsula Malaysia is similar to that
reported in earlier studies by Lim (1962), Medway (1969, 1970),
Khan (1970) and Chivers (1974). Langurs (Presbytis spp.), ma
cagues (Macaca spp.) and gibbons (Hylobates spp.) are still wide-
ly distributed all over Peninsula Malaysia. Only the dow loris
(Nycticebus coucang) is thought to be rare.

Birds. An attempt was made to estimate minimum bird popu-
lations in 6 different habitats. urban gardens, coconut plantations,
mangrove forest, secondary lowland forest, extraction tracks in
logged forest and virgin jungle in reserves in Selangor (McClure,
1969; Table 6).

The rich diversity of the forest bird fauna of Peninsula Maaysia
was surveyed (Wells, 1971) in Pasoh, Negeri Sembilan, Kuaa
Lompat, Pahang and Sg. Sa and Sg. Sepia of Taman Negara
(Table 7).
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Fig. 2. The tiger, which once numbered about 3500, has now

dwindled to about 250 (photo by R. A. Mittermeier).

Fig. 4. The Malaysian elephant population is how thought to number
about 700 individuals (photo by R. A. Mittermeier).

Table 6. Population estimates of birds
according to habitat type (from McClure, 1969)

Birds per
Location Habitat Type 40 hectares
Kuaa Lumpur Urban garden 1100
Subang Secondary forest 450
Rantang Panjang Coconut plantation, mangrove 800
Ulu Gombak Forest  Extraction track in 400
Reserve logged forest
Ulu Gombak Virgin Jungle reserve 400

Table 7. Record of species abundance of birds
in each area (Wells, 1971)

Location Area Size (km?) Study Duration # Species
Pasoh,

Negeri Sembilan 10 2 years 175
Kuaa Lompat,

Pahang 2 3 days 141
Sg. Sat and Sg.

Sepia, Taman Negara 3 6 days 127

Fig. 3: The seladang, largest of the wild cattle and one of
Malaysia's priority species (photo by R. A. Mittermeier). The in-
dividual shown is a female.

<" \Q‘
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Fig. 5. The elephant catchlng unit of the Dept. of Wildlife and
National Parks at work (photo by R. A. Mittermeier).

Table 8. Density and area needs of hornbills

Number of birds Estimated area needed
supported/200 ha to support 500

Species (Kuala Lompat) individuals (hectares)
Helmeted hornbill

(Rhinoplax vigil) 1 10,000+
Rhinoceros hornbill

(Buceros rhinoceros) c. 1 10,000
Southern Pied hornbill

(Anthracoceros convexus) 2 5,000
Black hornhill

(Anthracoceros malayanus) 4 2,500
Bushy-crested hombill

(Anorrhinus galeritus) 5 2,000

Thetotal number of known lowland forest birds is 241 species.
Observations at Kuala Lompat, Pahang, taken over an area of
194 hectares, provided data for estimates of the density of horn-
bills and of the area needed to support 5,000 individuals (Med-
way and Wells, 1971; Table 8).
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Fig. 6: One of Peninsula Malaysia's two macaque species, the pig-  Fig. 7: One of Peninsula Malaysia's three langur species, the specta-
tailed macaque (Macaca nemestrina) (photo by R. A. Mittermeier).  cled langur (Preshytis obscura) (photo by R. A. Mittermeier).

J

Fig. 8 The samang (Hylobates syndactylus), Iargést of Peninsula Malaysia's nonhuman prlmate speC|es (photo by D. J. Chivers).
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River Terrapin (Batagur baska). Three river terrapin hatcheries
were started in the states of Kedah, Perak and Trengganu at a
total cost of one million dollars (Figs. 10-14). These projects will
hopefully counter the declining numbers of river terrapins due
to poaching of adults and the extensive collection of their eggs.
More than 20,000 one year old terrapins have been released from
such hatcheries since 1967.
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Fig. 9. Theriver terrapin (Batagur baska) is one of Malaysia's most
endangered reptiles. Special hatcheries have been established in
Kedah, Perk and Trengganu. These animals were photographed in
the hatchery at Bota Kanan. (Photos by R. A. Mittermeier). a. Adult
male Batagur baska (note the striking white eye). b. Adult female
Batagur baska. c. Hatchling Batagur baska. A. Hatchlings awaiting
release. e Personnd of the Dept. of Wildlife and National Parks with
a number of Batagur baska hatchlings to be released in the Perak
River.

Deer. Two deer farms are now also being developed in the
Sungkai Game Reserve, Perak and the Krau Game Reserve,
Pahang, like the river terrapin hatcheries at a cost of about one
million dollars. The deer are raised in a semi-wild state in an &-
fort to produce good breeding stock. From a few locally obtained
animals the breeding stock has now increased to about 100
individuals.

Conservation Action Priorities

Wildlife management in a strict sense is a relatively recent
phenomenon in Peninsula Malaysia. Formerly, game departments
functioned primarily as licensing agencies, while control of hunt-
ing and trade in wildlife was given low priority. Wildlife was
shot and killed indiscriminately and the incidence of licensees
taking more game than the allowed bag limits was high. A number
of species have become endangered or extinct, and this is evidence
of the absence of sustained conservation efforts.

The large number of firearms in the hands of hunters presents



a serious problem for wildlife conservation. In Peninsula Malay-
sia, wildlife species may be killed in defense of crops, life or
property. Illegal possession of firearms carries the death penalty,
but far too many people are currently licensed to carry firearms.

Corruption among enforcement officials is a serious problem.
It must be corrected by better income and more attractive pros-
pects in the wildlife service. In addition, close supervision of and
legal action against corrupt officers is essential. Violations, no
matter how small, should be acted upon. To speed up action,
minor offenses may be settled out of court, whereas serious of-
fenses should all go to court and be dealt with accordingly.

Smuggling is serious because of the demand and the high com-
mercial value of many species of wildlife. To curb smuggling,
Malaysia became a party to CITES in 1978.

Apart from legidation directly pertaining to the protection of
wildlife and national parks there are numerous laws that are not
effectively enforced. In Peninsula Malaysia, river terrapins are
governed by the river rights laws of each state. In pre-war days,
when these laws were dtrictly enforced, terrapins were abundant.
Nowadays, these laws are hardly enforced, which explains why
the river terrapin is endangered.

We believe support for conservation to be atop priority. A va
riety of conservation-oriented programs aready exist on radio and
television networks, but films on conservation are mainly prod-
ucts of foreign countries. A more direct approach is necessary
to illustrate local problems and what is being done in the field
of conservation.

A specia effort to gain the support of decision makers and pol-
iticians is the utmost priority in solving wildlife management prob-
lems. This approach is unfortunately slow, short-term results not
being easily achieved. The support of thejudiciary is indispen-
sable, as it would be meaningless to impose fines which do not
deter offenders. An effective system with adequate law enforce-
ment officers equipped to perform their duties with confidence
is essential.

The need for political stability routinely takes precedence over
the need for wildlife reserves in developing nations. In the face
of a rapidly expanding population there is no alternative but to
exploit both renewable and non-renewable natura resources, since
leaders perceive constraint on raising the standard of living un-
acceptable. Despite this, the concept of conservation is included
inthe ASEAN (Association of Southeast Asian Nations) program
for the environment, through the actions of high-ranking govern-
ment officials and ministers. Under conservation the importance
of national parks, trade in wildlife, legidation, training, infor-
mation exchange and wildlife management research are given
prominence. Representatives from the Department of Wildlife and
National Parks of each country participate in meetings, workshops
and field trips, and assistance and advice from international or-
ganizations like UNEP and IUCN are sought when needed. In
the past, a lack of sound management research has resulted in
undesirable decisions, based on incomplete data analyses. This
has often had a serious effect on wildlife. For example, improp-
erly scheduled hunting seasons have resulted in heavy mortality
of pregnant animals and their young. It is important that manage-
ment research be increased as most, if not all, conservation ac-
tion must be based on a thorough knowledge of the biology of
animals and their roles in the ecosystems.

Mining activities presently occur in about 1 % of the total land
area of Peninsula Malaysia, but are not regulated under a gen-
eral landscape quality program for the entire country due to the
prohibitive costs of establishing such a program.

Shifting cultivation presents a serious problem in wildlife man-
agement. While it is beneficial to some species of wildlife, it is
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detrimental to most because of habitat loss. Shifting cultivation,
of necessity, is quite extensive in this region. In practice, the first
few crops provide good harvests, but declining fertility within
only a few years necessitates relocation. It takes severa years
before an abandoned cultivated area becomes naturaly fertile
again; which explains why extensive areas are needed for shift-
ing cultivation. While waiting for the crops to be harvested, wild-
life and wild plant products take their place.

The elephant problem in Peninsula Malaysia was tolerable be-
fore palm oil became a major industry. Continuing loss of habi-
tat, coupled with the elephants' preference for oil palm have re-
sulted in a serious confrontation between this species and man.
More research is required to produce an effective means of ele-
phant control. A trapping scheme solved the Bengka crop depreda-
tion problem, which at the time was very serious. The scheme
is applied in places where there is no available forest for elephants.
Electric fences are also being widely used by planters and have
proven an effective deterrent.

Wildlife Plan. A Wildlife Plan is essential for Malaysia. Such
a plan must consider the variety of species present, their habitat
and their potential uses. The species currently being managed are
important by virtue of their status as endangered species, eco-
nomically important species or serious pests. A more comprehen-
sive Wildlife Plan is currently being prepared, aimed at conserv-
ing a representative cross-section of the diverse Malaysian flora
and fauna. This comprehensive plan will be dependent upon exist-
ing governmental policies, yet will allow for appropriate action
to be taken promptly in critical situations.
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Fig. 10: The white-handed Qibbon (Hylobates lar), one of Malaysia's three gibbon species (photo by D. J. Chivers).
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Sar awak

Species Conservation Priorities in the Tropical Forests
of Sarawak, Malaysia

Kron Mide Aken
and Michad Kavanagh

Introduction

Sarawek is the largest of Malaysids 13 states, occupying
124,450 km’ of northwestern Borneo, approximately between 1 °
and 5° N latitude (Fig. 1). It is bounded to the north by the dou-
ble enclave of Brunei (5,763 km?) and approximately 2,000 km
of coastline. In the south and east it shares roughly 2,250 km
of frontier with the Indonesian states of West and East Kaliman-
tan, and a further 125 km with the Maaysian state of Sabah.

Geologicaly, Sarawak consists largely of relatively young, very
deep sedimentary rocks that have been subjected to complex and
locdized folding; athough more ancient formations, even pre-Per-
mian, are found in the extreme west (Fitch, 1960).

Approximately 28,900 km? of the state (23%) lies below the
30 m above sea level contour, forming a coastal plain of varying
width, with a number of isolated outcrops. The soils here are
mainly gley and peet formations, most of which are poorly drained
and naturally covered with various types of swamp forest (Anon.,
1968). Above the 30 m contour, skeletal and podzolic soils pre-
dominate, being loamy sands to clays and typically very shallow
where the land is steep. Much of this areais very rugged hill coun-
try, even steeply mountainous in places. The vegetation is chief-
ly mixed dipterocarp forest, with kerangas (heath forest) occur-

Fig. 1: A penan man using a blowpipe and
poison darts to hunt for small game (photo by
M. Kavanagh).

ring in areas of coarse, sandy soils (see Whitmore, 1975 and Table
1).

Land above 610 m, with more montane forest formations (20%
of the state), is mainly to be found in northeastern Sarawak, cul-
minating in the Keabit Uplands and the state's highest peak, 2,425
m, named Gunung Murud. Nearby, Gunung Mulu risesto 2,378
m

In Sarawak's 1980 census 1,294,753 people were counted
(Dept. of Statistics Information, Sarawak). The mogt recent ethnic
breakdown of 1970 gives the Maay/Melanau people as compris-
ing 24% of the population, other native peoples as 45 %, and the
Chinese and non-natives as 31%. The significance of these fig-
ures is that the Malay/Melanau and non-native 55 % of the popula
tion are mainly urban and coastal peoples who do not depend on
hunting as a source of protein. The remaining 45%, sometimes
referred to as Dyaks, are mainly rural people, many of whom prac-
tice hunting for food and cultura purposes (e.g., to collect feath-
ers) with shotguns, spears and blowpipes (Figs. 2-3). They in-
clude the Bidayuhs of western Sarawak, the Ibans, Kayans and
Kenyahs of the center of the state, and smaller tribes from the
north, such as the Kelabits, Muruts, Punans and Penans. Many
of these people dwell in traditional longhouses and practice shift-

Fig. 22 Two Kelabit hunters of Sarawak's Fourth Division skinning a freshly shot
Hose's langur (Preshytis hosel) (photo by M. Kavanagh).
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Fig. 3: Map of Sarawak showing the location of National Parks and Wildlife Sanctuaries.

ing cultivation of hill padi (with other crops) over wide areas.
Nomadic hunter-gatherer groups may till be found among the
Punans and Penans.

Throughout the state, the "Dyaks" have the right to practice
their shifting cultivation wherever the land is neither specifically
owned by some person or organization, nor gazetted as a govern-
ment reserve. This means that they can farm in more than half
of the area of Sarawak. Apart from their right to farm, they also
enjoy "native customary rights," whereby they may hunt, fish
and collect such forest products as rattan, fruit and timber for their
housing. Generally, this is done in the forests fairly close to the
longhouses, but it also occurs as much as three or four days
journey upriver by non-motorized boat.

The net result of all this is that wildlife conservation is not an
essy task. Shifting cultivation and wildlife conservation are often
in competition for land; and the government usually has to abro-
gate or reduce native customary rights — often with extensive
compensation — in order to obtain areas for national parks or wild-
life sanctuaries. Once an area is gazetted as a park or sanctuary,
constant patrolling is necessary against both poachers and en-
croachment by shifting cultivators.

Sarawak has a very limited road system. A single, largely un-
paved trunk road from the extreme west to Brunei is scheduled
for completion during 1983. However, the rivers will continue
to form the basis of the transportation network for many years
to come. A regular air service is available and air travel into the
interior is subsidized by the government.

Under the Forest Ordinance of 1954 and its subsequent amend-
ments, the Sarawak Forest Department administers 24.3% of the

Table 1. Principal forest types and other land use in Sarawak

% of
Sq. Km. land area
Forested land
Mangrove & nipah swamp 1,738 14
Other swamp forests 14,738 120
Mixed dipterocarp forests 74,189 60.2
Kerangas (heath forest) 3,660 29
94,325 76.5
Non-forest land
Settled agricultural & non-agricultura 4,730 38
Shifting cultivation & unused land 24,198 19.7
28,928 235
Totd land area 123,253 100.0
(Water 1,197 )

Source Anon. (1982).
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state as permanent forest in the form of forest reserves, protected
forests and communa forests (Table 1). All are intended to be
managed on a sustained yield basis. Forest reserves and protected
forests, and all that they contain, are the property of the state gov-



ernment and may be exploited for timber under a licensing sys-
tem. In addition, any inhabitant of Sarawak may enter any pro-
tected forest (subject to the control of the Director of Forests)
to hunt, fish and collect minor forest products. Communa for-
ests are specificdly intended for more local exploitation by the
people of the immediately surrounding area. These people have
the sole right to utilize the forest, which they normaly maintain
and control, and which cannot be licensed for commercia timber
extraction. It is the case, however, that "minor forest produce”
is invariably understood to include wood for domestic use only.

Nationd parks and wildlife sanctuaries are also controlled by
the Director of Forests (who doubles as the Chief Game Warden),
being administered on his behalf by the National Parks and Wild-
life Office of the Sarawak Forest Department. They are the most
fully protected areas in the state, the main practical difference
between them being that parks are intended to include recreation
and tourism. These protected areas, congtituted under the National
Parks Ordinance of 1956, the Wild Life Protection Ordinance of
1958 and their subsequent amendments, provide for certain hunt-
ing and collecting rights to be exercised, if so specified in the
Government Gazette. Since there is no lega provision for buffer
zones, these must be located within the protected area boundaries
if they are to be managed as part of the area. The Wild Life Pro-
tection Ordinance also makes provision for the legal protection
of listed species (see Table ), to be enforced by means of fines
and jail sentences.

Fig. 4: The proboscis monkey (Nasalis larvatus), a large and strik-
ing primate restricted to Borneo (photo by R. A. Mittermeier).

Fecies Conservation in Sarawak

The National Parks and Wildlife Office (NPWOQ) has a daff
of 57, of whom only 6 are graduates, plus 3 foreign volunteers.
The current emphasis of the office is to administer the existing

Fig. 5: The probiscis monkey Nasalis larvatus), a large and striking
primate restricted to Borneo (photo by R. A. Mittermeier).

Fig. 6: Nipa-mangrove association in the Samunsam Wildlife Sanc-
tuary, one of the main strongholds of the proboscis monkey in
Sarawak (photo by R. A. Mittermeier).

Fig. 7. Bako National Park, an attractive national park located
near the capital city of Kuching (photo by R.A. Mittermeier).



parks and sanctuaries and to gazette more land under these cate-
gories. It istherefore not surprising that a relatively small amount
of survey information is available, much of it emanating from
joint projects with scientists outside the department (e.g., An-
derson, et al., 1982; Kemp and Kemp, 1974; WWF, 1982). Con-
sequently, data on the effects of widespread shifting cultivation
are usualy conspicuously lacking in wildlife sanctuaries, even
in comparison with settled land in Peninsula Malaysia.

Survey information does exist for hombills (Bucerotidae; Kemp
and Kemp, 1974) and the proboscis monkey (Nasalis larvatus;
Sdter and MacKenzie, 1981). Of the 8 hornbill species in
Sarawak, only the pied hornbill (Anthracoceros coronatus) is re-
garded as vulnerable, as it prefers the coastal habitat. The coastal
part of the state is precisely that which has been most cleared
for agricultural development. The proboscis monkey (Figs. 4-7)
has a digunct distribution along the coast and a total population
that is estimated at about 2,000 animals, far fewer than previ-
oudly thought (IUCN, 1978), 90% of which are found in areas
that are open to human exploitation.

Of the other species listed in the Red Data Books (ICBP, 1981,
IUCN, 1978, 1982), orangutans (Pongo pygmaeus) are found in
and around Lanjak-Entimau Orangutan Sanctuary. Although they
have yet to be quantitatively surveyed, the available evidence
shows that they cover a wide area and suggests that they are pres-
ent in good numbers (WWF, 1982; NPWO unpublished reports,
1983; contra Davies, 1983). Elsewhere, they are found only in
highly accessible, digunct pockets of unprotected forest where
they are unlikely to survive for very long. The Bornean tarsier
(Tarsiusbancanus borneanus) appears to be more widespread than
previoudy thought (e.g., Medway, 1977), being present in
Gunung Mulu National Park and Lamjak-Entimau (Anderson, et
al., 1982; WWEF, 1982), as well as, for example, Semenggoh
Forest Reserve, Bako National Park and Niah National Park
(Niemitz, 1979).

Very little is known about the distributions of the clouded
leopard (Neofelis nebulosa), marbled cats (Felis marmorata and
F. badia), or the flat-headed cat (F. planiceps). The Sumatran
rhinoceros (Dicerorhinus sumatrensis), relatively common in the
1930's, may well be extinct in Sarawak, and the banteng (Bos
javanicus) persists only in remote parts of the north and east, if

all.

The most up-to-date information for Sarawak's eight bird
species that are listed in the Red Data Book may be found in ICBP
(1981) and Smythies (1981). Likewise, up-to-date information
about threatened reptiles may be found in IUCN (1982), to which
it may be added that the false gharial (Tomistoma schlegelii) is
still hunted, quite legally. A population of false gharials, as yet
unsurveyed in detail, would be protected if current plans to
establish Sarawak's only lake, Loagan Bunut, as a national park
are successful. The first steps in this direction have been taken
by the Forest Department.

Conservation education is in its early stages at all levels of Sara-
wakian society. However, certain species may be occasionally
protected by specific customs and taboos. For example, orangu-
tans are not hunted by most of the people of the upper Batang
Ai river basin immediately to the south of Lanjak-Entimau. In
consequence, they persist there, even in areas of secondary for-
est adjacent to cultivation where other primary forest species are
almost totally absent. The same is not true in nearby areas where
orangutans are equally protected by law, but not by tradition (un-
published survey information, NPO/WWF, 1983). For the ma
jority of the people of Sarawak, wildlife conservation is of little
or no interest, except where declining yields have become a mat-
ter for regret (see Aken, 1982).

With three-quarters of the state still forested, habitat destruc-

tion is not the immediate problem that it is in some other parts
of southeast Asia, but this situation is unlikely to persist for long.
At the present time, rural people and several development agen-
cies are competing to use forested land, with many legitimate
claims that can result in forest degradation and destruction.

Table 2. Protected areas in Sarawak

% of the area

Sg. Km. of the state
Production forests
Forest reserves 7,602 6.1
Protected forests 22,536 181
Communal forests 55 <1
30,193 24.3
Parks & Sanctuaries
(with dates of gazettement)
1. Bako National Park (1957) 27 <1
2. Gunung Mulu Nationa Park (1974) 529 04
3. Niah Nationa Park (1974) 31 <l
4. Lambir Hills National Park (1975) 69 <l
5. Similgau National Park (1979) 71 <1
6. Samunsam Wildlife Sanctuary (1979) 61 <.l
7. Lanjak-Entimau Orang-utan
Sanctuary (1983) 1,688 14
8. Gunung Gading Nationa Park (1983) 54 <1
2,530 20

Source Anon. (1982); WWF (1982).

Fig. 8: Juvenile slver leaf monkey (Presbytis cristata) from Sarawak
(photo by R. A. Mittermeier).



National parks and wildlife sanctuaries cover only 2% of the
state and of those, only one exceeds 1,000 km? (Table 2). Should
the exigting parks and sanctuaries ever become completely isolated
from the surrounding forests, they will certainly be inadequate
to conserve more than a small proportion of Sarawak's plant and
anima species. Species that naturally occur at low densities (such
as many forest trees and large animals) and those which normal-
ly experience severe population fluctuations will be most at risk
(Diamond, 1975). An additional problem for Sarawak is that
swamp forests (about 17.5% of current forest cover) are effec-
tively unrepresented among the existing parks and sanctuaries.

Finaly, the state presently lacks appropriate regulations for the
enforcement of CITES, to which Malaysia is a party, athough
the Wild Life Protection Ordinance (Table 3) provides the
necessary enabling legislation. Specific proclamations must be
gazetted before, for example, the trades in crocodile or pangolin
derivatives can be controlled.

Conservation Action Priorities
It is recognized that the management plans for Gunung Mulu

Table 3. Animals listed on the Firs Schedule of the Wild Life
Protection Ordinance

Protected animals:

1. Nasalis larvatus proboscis monkey
2. Pongo pygmaeus orang-utan

3. Dicerorhinus sumatrensis Sumeatran rhinoceros
4. Egretta sacra reef egret

5. Bulbulcus coromandus cattle egret

6. Ciconia stormi Storm's stork

7. Leptoptilos javanicus lesser adjutant

8. Haliaeetus leucogaster white-bellied

sea-eagle
9. Ichthyophaga ichthyaetus grey-headed fishing
eagle

10. Serna sumatrana black-naped tern

11. Sterna anaethetus bridled tern

12. Ducula bicolor pied imperia pigeon
13. Chelonia mydas green turtle

14. Eretmochelys imbricita hawksbill turtle

15. Dermochelys coriacea leatherback turtle
16. Berenicornis comatus white-crested hornbill
17. Anorrhinus galeritus bushy-crested hornhill
18. Rhyticeros corrugatus wrinkled hornbill
19. Rhyticeros undulatus wreathed hombill
20. Anthrococeros malayanus black hornbill
21. Anthrococeros coronatus pied hombill
22. Buceros rhinoceros rhinoceros hornbill

. Rhinoplax vigil
. Polyplectron malacense

helmeted hornbill
Malaysian peacock
pheasant

25. Argusianus argus great argus pheasant
26. Dugong dugon dugong

27. Lanthanotus borneensis earless monitor lizard
28. Tarsius bancanus Horsfield's tarsier
29. Neofelis nebulosa clouded leopard

30. Nycticebus coucang dow loris

31. Hylobates muelleri funereus Bornean gibbon

32. Hylobates muelleri muelleri Bornean gibbon

33. Hylobates muelleri abbotti Bornean gibbon

Other animals the export of which isforbidden except under licence:
1

2.

3.

n.b. The numbering of the listed animals follows that of the Ordinance

Apes and monkeys
Bears
Deer

but the scientific names have been up-dated where necessary.

National Park and Lanjak-Entimau Orangutan Sanctuary require
implementation, and that similar management work is required
for the remaining parks and sanctuaries. Work is proceeding in
these areas, but an equal priority is to develop a master plan for
the statewide conservation of representative habitat types. This
will result in recommendations for more protected areas and for
the incorporation of other types of permanent forest estate into
the system to minimize fragmentation.

In this connection, NPWO is pursuing several concurrent lines
of approach, partly in conjunction with WWF Malaysia (Project
3212). Firstly, potential protected areas are being surveyed on
an opportunistic basis and proposed, if appropriate. Secondly,
work has begun on the overall master plan as a basis for strat-
egy. Thirdly, NPWO is encouraging grester integration of wildlife
management practices with production forestry in forest reserves
and protected forests (Aken, 1982).

Limited faund surveys are being conducted as part of the above
approach, but large parts of the interior, especialy in the amost
uninhabited east-central highlands, have yet to betackled. A hab-
itat-oriented, rather than species-oriented approach is currently
most appropriate overall, but Lanjak-Entimau Orangutan Sanc-
tuary was created largely to provide for that particular species,
and the need for an area of deltaic mangrove for proboscis monkey
protection is an immediate priority. Should a viable population
of banteng or even rhinoceros be found in the state, NPWO would
take steps to meet the species' conservation requirements, as
necessary.

In addition, certain species are widely hunted and require
management on a sustained yield basis over as big an area as pos-
sible. In effect, this will mean the implementation of closed
seasons and perhaps certain hunting and trapping restrictions.
NPWO is therefore taking steps to collect the relevant basic in-
formation, including quantified data on hunting practices, yields
and the reproductive patterns and demography of the species con-
cerned. It is anticipated that the studies will confirm the bearded
pig (Sus barbatus) as the most hunted animal, with deer
(Tragulidae and Cervidae) also being very important sources of
protein in the rurd areas.

Revision of the regulations gazetted under the Wild Life Pro-
tection Ordinance, especially for the purpose of controlling the
wildlife trade, is aso a current priority for NPWO, but for tech-
nical and congtitutional reasons, this may take some time.
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Sabah

Species Conservation Priorities in the
Tropical Forests of Sabah, East Maaysia

John Payne

Introduction

Sabah (Fig. 1), occupying 76,000 km? of the northern part of
the idand of Borneo, is the second largest of the thirteen states
in the federation of Maaysia. Geologically, Sabah consists largely
of relatively young sedimentary formations. The terrain is hilly
throughout the interior and western regions, and Mount Kinabalu,
which rises to 4101 m above sea level, is the highest peak in
southeast Asia

Sabah can be divided broadly into five regions. In western Sabah
there are high hill ranges divided by fertile valleys and plains
which are cultivated by the oldest indigenous inhabitants of Sabah.
Central Sabah is dominated by rugged, sparsely inhabited high-
lands 300-1,000 m in altitude. Most of Sabah's remaining pri-
mary forest with high timber stands occurs here. In the northeast
are plains and low hills with predominantly poor, sandy soils.
There are old indigenous communities aong al major rivers.

In the southeast is an area of mixed topography on old volcanic
rocks with fertile soils. This was the region to undergo the first
extensive, large-scale plantation fanning in Sabah. The eastern
central part of Sabah consists mostly of flat or rolling terrain less
than 300 m in altitude. Almost al of this region, previoudy
uninhabited by man, was logged during the 1960's and 1970's,
and is now the region of rapid, large-scale agricultural develop-
ment. All mgjor towns and settlements are in the western valleys
and plains, with the exception of three on the east coast. Public
roads link al the main western communities. There is one east-
west road from Kota Kinabalu to Sandakan, and a second road
will soon be completed in the southern part of the state. There
is an extensive road network in eastern Sabah, built and main-
tained largely by logging companies and agricultural estates.

Naturd habitats in Sabah can be divided very broadly into three
main classes: mangrove and fresh water swamps, evergreen dip-
terocarp forest, and montane forest. Along most of the east coast
and parts of the west coast are swamps, mostly mangrove, and,
further inland, permanent or seasonal fresh water swamps. Apart
from the locdly distinct flord communities in freshwater swamps,
animals of interest here are the proboscis monkey (Nasalis lar-
vatus), a Bornean endemic, and the estuarine crocodile
(Crocodylusporosus). Only avery smdl fraction of the mangrove
is afforded total protection in the form of "Virgin Jungle Re-
serve," aclass of protected forest reserve intended primarily to
preserve representative samples of forest formations. Local peo-
ple traditionally cut mangrove trees for domestic purposes and
for sale, but this is a localized activity. Extensive areas are now
cut under license primarily for chip or particle board. (Fig. 2)

The natural vegetation on land from sea level to about 1,000
m is evergreen dipterocarp forest. The mgjority of the largest trees
present (more than 180 cm in girth and 30 m tall) belong to the
family Dipterocarpaceae. There is great diversity both within and
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between the various dipterocarp formations. It is these forests
which yield timber and which have been the major sources of
Sabah's wedlth over the past three decades. Logging is "selec-
tive," unless the land is designated for agricultural development,
in which case al growth is felled and burnt. In practice, selec-
tive logging involves remova of approximately 10 big trees from
each hectare (the actual number is highly variable), with accom-
panying, unintentional destruction of about half of the remaining
plants.

In Silabukan Forest Reserve, eastern Sabah, a 0.5 hectare plot
of primary forest was found to contain about 118 tree species

Fig. 1. Clear cutting of mangroves in Sabah chip wood produc-
tion (photo by R. A. Mittermeier).

(more than 30 cm in girth). An equivalent area of forest investi-
gated 20 years after logging contained 43 species, of which 18
were secondary species which grew up after logging had opened
the tree canopy. Some tree species may go extinct over wide areas
after logging, unless sufficient seedlings remain and grow into
productive trees. At present, the only studies of forest regenera-
tion refer to common, commercially valuable species. According
to Forest Department estimates, more than 30% of Sabah's forests
were logged in the period 1971-1980. There is no doubt that, ulti-
mately, the great maority of Sabah's forest cover will consist
of logged dipterocarp forest. Thus, a conservation priority is in-
vestigation of the effects of logging on the survival of the flora
of dipterocarp forests. It is heartening to find that logging in itself
does not seem to lead to the extinction of any mammal or bird
species, it is the pattern and extent of logging which are impor-
tant. Animals are mobile, however, whereas plants are not and
it is likely that at least some plants are highly sensitive to the



changes in microclimate occurring after logging.

On the hills and mountains higher than 1,000 m in atitude are
montane forests which contain few or no big trees of the family
Dipterocarpaceae. Most montane forests occur in western Sabah,
where two fine conservation areas provide protection for most,
if not dl of the montane flora and fauna characteristic of north-
western Borneo. Kinabalu National Park (76,800 ha.) contains
two separate mgjor peaks (Kinabalu, 4,101 m; Tambuyukan,
2,580 m), dipterocarp forest, both sedimentary and ultrabasio-de-
rived rocks, and an astoundingly diverse flora and fauna, with
many species endemic to the Park region. The Crocker Range
Protection Forest Reserve (129,815 ha) consists of a long, nar-
row range of hills rising to a maximum of about 1,500 m.

There are two authorities in Sabah whose policies include a
commitment to conservation of the native flora and fauna. The
Sabah Forest Department is responsible for management of forest
reserves, which cover nearly 50% of Sabah's land area. All but
5% of the Forest Reserve areais classed as "commercial”; liable
to be logged. The Wildlife Section (officialy till known by the
rather dated name of Game Branch) of the Sabah Forest Depart-
ment is responsible for conservation of mammals, birds and other
large vertebrate animals throughout Sabah, except in the national
parks (see below). The most important existing law referring to
protection of wild animas outside nationa parks is the Fauna Con-
servation Ordinance of 1963, and its amendments. It is concerned
mainly with rules for hunting and collecting wild animals. With
a total gtaff of just over 30 expected to cover 98.5% of Sabah,
it is difficult for the Wildlife Section to carry out much more work
than its three main long-standing obligations. (1) enforcement of
the law, (2) maintenance of the orangutan rehabilitation center
(and more recently, a new conservation education center) at
Sepilok Forest Reserve, and (3) protection of agriculture from
damage by elephants.

A separate organization, Sabah Nationa Parks, is responsible
for management of five parks, two on the mainland (Kinabalu
and Tawau Hills Nationad Parks) and three idand parks (Tunku
Abdul Rahman, Pdau Tiga and Turtle Islands Nationa Parks;
Fig. 1).

Soecies Conservation in Sabah

Without detracting from the value of national parks in protect-
ing montane, isand and marine communities, it should be ap-

Fig. 2. A group of dephants from Sabah charging the Faunal Survey
of Sabah vehicle (photo by John Payne/WWF - Malaysia). The
elephant is Sabah's problem species. Hundreds of elephants are in
areas designated for agriculture. Ultimately, Silabukan-Lumerau will
probably be the most important conservation area for elephants in
Borneo.
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Fig. 3: A young orang kept at the Sepilok Forest Reserve rehabilita-
tion station outside Sandakan. The orang isa major tourist attrac-
tion for Sabah, and the Sepilok Forest Reserve serves as both a home
for displaced orangs and a focus for conservation education. Surveys
are needed to identify areas with good orang populations in perma-
nent forest reserves. Danum Valley may prove to be the most im-
portant long-term conservation area for the species (photo by R. A.
Mittermeier).

parent that the policies and actions of the Forest Department are
of prime importance in the conservation of the dipterocarp forests,
and therefore their fauna. In Sabah, it is primarily the Assistant
Chief Game Warden who recommends conservation measures for
the fauna of the dipterocarp forests. In 1978, the newly appointed
Warden, Patrick Andau, initiated a survey of the status of mam-
mals and birds throughout Sabah. With sponsorship from WWF
Malaysia in providing technical assistance, a fauna survey of
Sabah was carried out between 1979-81 (Davies and Payne,
1982). A mgjor, but not unexpected finding of the survey was
that four large mamma species — Sumatran rhinoceros
(Dicerorhinus sumatrensis;), elephant (Elephas maximus, Fig.
3), banteng (Bosjavanicus), and orangutan (Pongo pygmaeus,
Fig. 4) — require specid conservation measures if they are to
survive in the long-term. It also became apparent that it is the
pattern of planned agricultural development, rather than selec-
tive logging, which will have the most adverse effects on these,
as well as some other species. The current status of each of the
four threatened species (al but the elephant protected by law) is
presented below.
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Fig. 4 Map of Sabah showing the location of National Parks and Forest Reserves.

Sumatran Rhinoceros. There are scattered relics of aonce wide-
spread rhinoceros population in severa parts of Sabah, mostly
in the eastern half of the country. The southern-central part of
Sabah has never been adequately investigated, so the rhino situa-
tion there remains unknown, but for the remainder of Sabah only
one area il supports a potentialy viable breeding population.
This is the area represented by the Silabukan and Lumerau Com-
mercia Forest Reserves. Adjacent areas contain some rhinos, but
dl such areas are to be converted to cocoa and oil pam
plantations.

Elephants. Elephants have a restricted distribution in Sabah,
occurring in the southern and eastern portions of central Sabah.
They have not existed in northern or western Sabah in recent
times, and have been virtualy exterminated in the southeast dur-
ing this century as a result of agricultural development. Current
agricultura development policy is such that by the end of this
century there will be only two separate blocks of forest large
enough to support viable elephant populations. These are the
Silabukan-Lumerau Forest Reserve block and the vast area of
forest on predominantly rugged terrain in central Sabah. It is ex-
pected that the Permanent Forest Reserves will remain as pro-
tected areas. The current estimate of the total Sabah elephant
population is between 500 and 2,000 individuals, and of these
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more than haf live in areas designated for agricultural develop-
ment. Logged forest contains many more known elephant food
plants than primary forest, so there is reason to hope that some
of the elephants displaced by agriculture will move from their
traditional ranges into the Silabukan-Lumerau Forest Reserve
block and those areas which reportedly will remain as permanent
forest preserves. The distribution of elephants in these latter areas
appears to be very sparse and patchy, however, and mainly aong
the larger rivers.

Banteng. The banteng, widely known as tembadau in Sabah,
occurs in scattered concentrations throughout much of eastern
Sabah; the species has been amost exterminated in the western
half of the country. Discounting the threat of illegal hunting,
banteng usually thrive in areas of traditional shifting cultivation
and logging, as a result of the great increase in the abundance
of grasses. But, like elephants, they are only abundant in the flat-
ter, fertile areas designated for agriculture.

Orangutan. The Faunal Survey of Sabah indicated that popula-
tion densities of orangutans are high (1 or more individualskm?)
only in primary dipterocarp forests at less than about 400 meters
above sealevel. Unfortunately, it is these forests which have been
logged most heavily, and much is due to be converted to agricul-
ture. The situation in the better protected areas is either precarious



or unknown. For example, orangutans exist in parts of Kinabalu
National Park and Crocker Range Protection Forest Reserve, but
at extremely low population densities, and they are hunted in some
areas for food. Equally alarming is that they are unaccountably
scarce or absent in certain regions; they appear to be completely
absent from Tawau Hills National Park and are very rare through-
out much of Silabukan-Lumerau Forest Reserve.

Before findly summarizing recent conservation achievements
and suggesting future plans, a note on the importance of hunting
to the survival of the above-mentioned species is important. The
rhinoceros is now o rare in Sabah as a result of hunting, that
any further deaths due to poaching will significantly reduce any
chance for its survival in Borneo. The only known breeding pop-
ulation in dl of Borneo is in the Silabukan-Lumerau Forest
Reserve, yet this areais relatively accessible, and logging com-
mitments made before the importance of the area was recognized
in 1980 mean that roads will reach its core sometime this decade.
Two rhinos are known to have been poached in Sabah in 1981
and one shot in 1982 (only one of these in the Silabukan-Lumerau
Forest Reserve). For elephant conservation, in contrast, hunting
has no significance. More elephants lose their habitat as a result
of planned agricultural development than are shot annually for
crop protection. According to available records over the past ten
years, an average of 10 elephants are shot legally per year and
perhaps one illegally.

For banteng also, loss of habitat will be the most important
factor in population decline. However, illegal hunting is a mgor
threat as well, and has the potentid to exterminate populations
from proposed conservation areas (see below).

Twenty years ago, hunting was correctly judged to be a major
drain on the then existing orangutan population in Sabah. Since
then, logging and habitat loss have replaced hunting as the most
sgnificant threats for this species.

Conservation Action Priorities

Sabah's existing nationa parks make a fine contribution to the
conservation of montane and island communities. However, the
prevailing opinion in Sabah, outside the nationa parks organiza-
tion, is that parks are for recreation and not for conservation. For
a long time to come, therefore, the onus will be on the Forest
Department to manage and conserve dipterocarp forests where
0 much of the native flora and fauna occur.

Not surprisingly, our knowledge of the distribution and eco-
logicd requirements of northern Borneo's lowland flora is inade-
guate to assess which species may be endangered. With regard
to trees, available data would suggest that very few and possibly
no species occur exclusively in east central and southeast Sabah
where agriculture will replace forest. There are three areas which
are expected to be most important for conservation of the lowland
dipterocarp communities:

1. Sepilok Forest Reserve (4,000 ha) is the best investigated
lowland forest in Sabah.

2. Slabukan-Lumerau Forest Reserves block. Negotiations are
underway to reserve 9,300 ha of primary forest in the mid-
dle of this block. This would provide for the conservation
of a total plant community and aso serve as a temporary
holding area for Sumatran rhinos displaced by intensive log-
ging in the surrounding forest. If the plan is successful, this
would form the core of a single 123,000 ha block of forest
reserve.

3. Danum Valley. This area of primary forest has in the past
been proposed as a game sanctuary (permissible under cur-
rent legislation, although no sanctuaries yet exist) and as

anationa park. Along with a substantia portion of Sabah's
remaining dipterocarp forest, this area lies within the 100-
year logging concession of the Sabah Foundation. This or-
ganization has a unique advantage, from the conservation
viewpoint, over al other governmenta and non-govern-
mental organizations in Sabah, in that it can plan for dec-
ades in advance, rather than the usud period of 5 years maxi-
mum. Sabah Foundation has agreed to retain an area of
42,755 ha of primary forest in the Danum Valley region for
wildlife conservation and water catchment protection. An
important feature of the Danum Valley conservation area
is that it contains severd different primary forest formations
within a huge surrounding buffer zone of logged forest.

Silabukan-Lumerau Forest Reserve is vitd to the conservation
of both rhinoceros and elephant in Borneo. In August 1982, the
Forest Department alotted 122,980 ha of the existing commer-
cia forest reserve for rhino conservation. This means that log-
ging licenses can ill be issued but that there is a stronger case
than previoudy to disallow extensions of land for agriculture.

The large block of permanent forest reserves (Fig. 1) will form
an extremely important conservation area, mainly because of its
vast size. If present plans are successfully carried out, there will
be two large cores of primary forest within the block: Danum
Valey and a steep, remote area further west known as Gunung
Letung ("the dow loris mountain™; about 50,000 ha), which aso
lies within Sabah Foundation's concession. It is necessary that
more wildlife surveys be carried out in this region, with the highest
priority being to investigate the distribution and population status
of orangutans.

Two more conservation areas have been proposed for Sabah.
The firgt is about 5,000 ha of coastal swamp and mangrove forest
containing proboscis monkeys and crocodiles. The second is 510
ha of logged lowland forest which contains a high density of
banteng.

Hopefully, this complex of protected areas will ensure the sur-
vival of Sabah's superb wildlife heritage.

Literature Cited
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Fig. 5: A bornean gibbon (Hylobates muelleri) in the Sepilok Forest
Reserve (photo by R. A. Mittermeier).
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Species Conservation Priorities in the Tropical Forests of Indonesia

John Mackinnon
Ismu Sutanto Suwelo

Introduction

Indonesia (Fig. 1) is one of the world's treasure houses of
species diversity. Made up of some 13,000 idands stretching 6000
km, the country covers a total land area of 1,919,443 km? and
spans two major biogeographical regions, the Oriental and the
Australasian. The human population is the fifth highest in the
world, with more than 150,000,000 inhabitants, and some of the
idands such as Java, Bdi and Madura are quite densely populated.
On the other hand, the large islands of Sumatra, Kalimantan and
Irian Jaya, which congtitute about 75% of the land area of the
country, are dtill relatively sparsely populated.

Over 1500 species of birds, 500 mammals and severa thou-
sand tree species occur in Indonesia, and the country has within
its borders perhaps the most unusual mix of fauna elements
anywhere on earth. The idands of Sumatra, Kalimantan (the
Indonesian part of Borneo), Java and Bali are known collectively
as the Sunda Idlands or Great Sunda because of their shared posi-
tion on the shallow Sunda Continental Shelf, which is no more
than 200 m in depth and connects them with the Asian mainland.
This connection was above water during the last glacial age and
consequently the fauna of these idands is largely Asiatic, con-
sisting of monkeys, apes, rhinos, tigers and sambar deer. The
climate is also hot and humid, with the original vegetation being
mainly rain forest. To the east of Bai are the Lesser Sundas or
Nusa Tenggara, which are under the influence of Australia, both
in terms of fauna and flora and in climate. The first marsupials
appear in Sulawes and the Malukus, apes and big cats are ab-
sent, and birds such as lories and cockatoos begin to replace the
Asian species. The climate has a pronounced dry season and
overdl is generally drier than in the Greater Sundas (Veevers-
Carter, 1978).

The survival of Indonesia's great species diversity is a matter
of world as well as national concern, and with Indonesia’s rapid
population growth and speedy loss of forest and marine habitat,
these valuable genetic resources, many of which are or could be
used by man, are severely threatened.

The Government of Indonesia has recognized the need for con-
servation in order to promote the cultural and economic develop-
ment of the Indonesian people in harmony with their natural
environment. Government policy states that al forms of natural
life and examples of al Indonesian ecosystems must be preserved
for the benefit of future generations, with special emphasis on
protection of the air, water, soil, plant, fish and animal resources
upon which people depend (Sumardja, et al., 1984).
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Conservation in Indonesia is under the jurisdiction of the
Directorate of Nature Conservation and Wildlife Management
(PPA), which was established within the Ministry of Agriculture
in 1971 and is based in Bogor. Conservation has been achieved
through the maintenance of a system of protection forests to pro-
tect water sources and soils on steep or high land, the maintenance
of the system of strict nature reserves (Cagar Alam) and game
reserves (Suaka Margasatwa), and the adoption of a number of
laws and regulations controlling the exploitation of living
resources including logging regulations, game laws, protected
species laws and others (Sumardja, et al., 1984).

Faced with a multitude of conservation problems, and especialy
with the immediate need to preserve fuelwood and timber sup-
plies and safeguard important river catchments, the Government
of Indonesia has approved a mgjor increase in conservation aress
and protection forests. It is now planned that 30% of the land
surface of Indonesia will be retained under permanent forest cover
and that nearly half of this forest will be in nature reserves.
Already the total area protected has risen dramatically from 4
million hectares in 1977 to atotal of 11,267,540 hectares in 299
locations as of March, 1982 (Sumardja et al., 1984). Some of
the most important protected areas in Indonesia are indicated in
Fig. 1, and a more detailed look at protected areas on the isand
of Java is provided in Fig. 3.

Foecies Conservation in Indonesia

Selection of new reserves is done with the intention of including
viable large aress of dl distinct habitat types in the country. Thus,
species will be conserved in situ by protection of their habitat.
Geographical distribution and habitat preference data have been
compiled for all mammal and bird species occurring in Indonesia,
and there is not a single species of bird or mamma which does
not have a major reserve planned within its estimated distribu-
tion. The distribution ranges of plants are not so accurately known
but it is thought that here too al species will be present in at least
one reserve. Most species will be contained within more than one
reserve. The needs for species specific management projects are
in this way greatly reduced. Eventually when island
biogeographical effects play their part in trimming down the
number of species surviving in isolated reserves it will be
necessary to monitor populations of indicator or extinction-prone
species and where necessary introduce active management such
as atificialy maintaining high species immigration levels bet-
ween neighbouring reserves. In the meantime, however, the
priority is on getting the reserves declared and physically



established, paying attention at the species level only to those 5. Species endangered by overexploitation such as hunting or

species which are not adequately protected by the protection of trade which could be exterminated despite protection of their
their habitat in reserves. These species include: habitat because of the impossibility of adequately guarding
al_l the reserves.
1. Migrating species who spend only part of their time in 6. Riverine species endangered by changes in water condition
Indonesia and whose survival therefore depends on many fac- resulting from human development.
tors both outside Indonesia and its reserves - e.g. migrator . i o .
birds, whales, turtles etc. g- migretory The scale of these species specific needs for attention is il quite
2. Resident but wide ranging species with large home ranges a9 and the Indonesian Government has esteblished a special
- e.g. elephants, tigers, eagles, fruit bats, waterbirds who Subdirectorate of_ Species Conservahon in the Directorate of
often cannot be contained or restricted within reserve Néture Conservation to deal with these problems.
boundaries. . . .
3. Rare species which are represented at such low densities or Conservation Action Priorities
which have such restricted distributions as to survive at 1. Migrating Species
dangerously low population levels. Migrating birds visiting Indonesiafdl into 3 main categories.
4. Secies endangered by changed ecological conditions par-
ticularly by newly introduced competitors, predators or pests. a. Montane passerines such as wagtails, warblers, thrushes
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Figure 1. Map of Indonesia showing the location of national parks and nature reserves (modified from a publication by the Indonesian
Directorate General of Tourism).
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. Gunung Leuser National Park 19. Tanjung Api Reserve
Siberut Reserves 20. Tangkoko-Batuangus-Dua Saudara Reserves
Kerinci Seblat Reserve 21. Dumoga Bone Reserves
Way Kambas Reserve 22. Panua-Tanjung Panjang Reserves
Tanjung Puting Reserve 23. Palau Kasa — Palau Pombo Marine Reserves
Pleihari-Martapura Reserve 24. Manusela Reserve
Padang-Luwai Reserve 25. Raja Ampat Idand Reserves
Lore Lindu Reserve 26. Gunung Meja Reserve
Kutai Reserve 27. Peg. Wandiwoi/Wandamen Reserve and Cendarawasih Marine
Hulu-Bahau-Sungai Malinau Reserve Reserve
Bukit Raya Reserve 28. Palau Biak — Superiori Reserves
Hutan Sambas Reserve 29. Memberamo Pegunungan Foja Rouffaer Reserves
Mandor Reserve 30. Cyclops Mountains Reserves

* Gunung Palung Reserve 31. Lorentz Reserve

" Bali Barat Reserve and Marine Reserve 32. Palau Dolok Reserve

" Pulo Moyo Reserve 33. Rawa Biru — Wasur Reserve

* Gn. Rinjani Reserve 34. Komodo National Park

" Morowali Reserve
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etc. whose habitat needs in Indonesia are apparently adequate
and no measures are being taken.

b. Waterbirds e.g. ducks, rails, pelicans etc. which are being
heavily hunted in many riceland areas but for which some
extensive water areas will be included in reserves and for
which no other management is feasible beyond legal protected
status for rare species e.g. pelicans.

c. Coga waders for which some areas of coastline are being
included in reserves but many important estuaries are out-
side reserves and face the possibility of pollution etc. No
management is a present envisaged but it would be worth-
while to plot out the main migration routes and identify the
mog important stopping and feeding areas to try and get these
protected where necessary.

2. Resident Species with Wide Ranges

There are several speciesthat fal into this category but in most
cases these are common species which are often serious pests
coming out of forests and reserves to eat agricultural crops e.g.
some parrot species, macague monkeys, commensal rats, wild
pigs, fruit bats etc. In these cases attention for control or
discouragement of these animals from coming into agricultural
areas is needed but they do not constitute a species survival
problem. In the case of elephants and tigers however, they do.

In Sumatra, elephant and tiger conflicts with the expanding rura
population are increasing in frequency and the matter has been
greatly published in news media to the point that the Minister
of Agriculture is caling for control projects. This is a very dif-
ficult and sensitive area of conservation and several drafted pro-
ject proposals have failed to reach the necessary support or fun-
ding to be implemented, but it is an area of high government
priority, and some projects to help reduce the friction between
these large, dangerous but very important species and rural human
population are urgently needed.

3. Rare Species

Indonesia has a number of rare species - loca endemics with
very small distributions, for example the Javan rhinoceros, Bali
starling, Bawean deer, Sumatran hare, the Mentawai primates and
widespread species which occur at low population density, for
example the Sumatran rhinoceros, and orang-utan.

In some cases large reserves have been established that con-
tain al or most of surviving populations e.g. Bdi Barat Reserve
for the Bali starling, Siberut reserve for the endemic primates,
Kerinci-Seblat for the Sumatran hare, Ujung Kulon for the Javan
rhinoceros, and Bawean idand for the Bawean deer but in addition
some attempts are being made to foster rare species by captive
breeding ex situ e.g. Bawean deer, and Bai starling. Also the
formation of additional wild populations is currently planned by
ranching of Bawean deer on Madura island, the possible rein-
troduction of Javan rhinoceros into Sumatra, and the rehabilita-
tion and transocation schemes for orang-utans.

4. ecies Endangered by Changed Ecological Conditions

Indonesian examples are the endemic fish in many lakes where
exotic species (e.g. Tilapia) have been introduced or where water
hyacinths are changing local conditions.

Seed eating birds face competition from introduced munias and
sparrows. The warty pig of Java faces artificially enhanced com-
petition from the wild boar. Wildlife on al small idands are
threatened by rats and cats which have been introduced.

Such problems are often extremely difficult to tackle. It is not
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usually possible to remove the exotic species which is causing
problems and the classic conservation method for such situations
is to release the endangered species on a 'clean’ idand as a refuge
and/or captive breeding. The Javan warty pig project currently
in operation will be a good test case to see what can be done in
such instances in Indonesia

5. Species Endangered by Over-Utilization

There are severa Indonesian species endangered by overhun-
ting or trade such as rhinoceros, wild cats, the babirusa, the anoa,
crowned pigeons, birds of paradise, megapodes, some parrot
species, marine turtles, crocodiles, giant clams, butterflies and
many species of trees and orchids. All these endangered species
are dready or could be put on the protected species lists, but law
enforcement in Indonesia is so difficult that this is itself no
guarantee of actual protection.

Improvements to the protected species lists, improvements to
control, improvements to reserve guarding, improvements of game
legidation, implementation of CITES, ratification of the migrating
species convention etc., al play a part in tackling these problems
as does conservation education and extension work. Some
management or breeding projects can be effective and in many
cases the development of wildlife based industries undertaken on
a sustained yield basis can in fact help to save species by giving
them a value and giving people along-term interest in their sur-
vival. Thus plans are underway to promote primate ranching,
crocodile rearing, butterfly farming and parrot breeding projects
which will help satisfy demands for such products as well as pro-
vide badly needed income sourcesto rural peoples without placing
undue strain on wild populations.

6. Riverine Yecies

It is extremely difficult to protect whole rivers in nature reserves
as they are so0 heavily used as arteries of communication, sources
of irrigation, fishing areas etc. by local people. Almost no atten-
tion has been paid so far to the plight freshwater species in
Indonesia but there are undoubtedly many endangered reptiles,
fish, molluscs and crustaceans in the river and lake systems. Pollu-
tion and dangerous fishing methods such as the use of poisons
and explosives have decimated fish population in many rivers.
As fresh water rivers have high levels of loca endemism many
species may be lost. There are few obvious solutions to these pro-
blems but it is as well to draw more attention to the problems
of this neglected group of species. 1t would be worthwhile to col-
lect more information or the distribution of fresh water species
so that those with very limited distribution can be identified and
at the same time monitor the levels of biotic degradation in the
different waterways so that the scale of this threat can be assessed.

A number of conservation action projects are currently under-
way, planned or aready completed in Indonesia, and these are
summarized in the following list:

A General Programs of Sub-
Directorate of Species Conservation
1 Inventorization of species

distribution and status continuing
2 Field monitoring of species

status continuing
3. Revisions to protected species

lists continuing
4 Establishment of new reserves

for rare species continuing

B In Situ Management Activities

5 Maintenance of artificial grazing

areas Ujung Kulon, Meru Betiri, continuing

Pangandaran and Baluran



6 Cutting Arenga pams to pro-
mote tree sapling regeneration
for rhinoceros

7 Thinning of teak forests for
Bawean deer

8 Clearing of brush from maleo
nesting areas

9 Control of egg predators at tur-
tle nesting beaches

Rehabilitation and Captive

Breeding for release into Wild

10 Orang-utans

11 Gibbons

12 Bawean deer

13 Bdi mynah

14 False ghavials

. Translocation Projects
15 Sumatran tigers
16 Elephants

17 Javan rhinoceros

18 Orang-utans

. Captive Breeding/Rearing for Sus-
tained Yield Harvest

19 Crocodiles

20 Marine turtles

21 Macagque monkeys

22 Maleo birds

23
24
25

Birdswing butterflies
Cockatoos
Orchids

. Conservation-Oriented Research
Projects on the Ecology of Rare
Species

26 Orang-utan

27 Javan rhinoceros

28 Sumatran rhinoceros
Bawean deer

Marine turtles
Crocodiles

Javan gibbons

Sulawesi endemic fauna
Banteng

29
30
31
32
33
34

35
36

Mentawai primates
Proboscis monkeys
37 Rédfflesa flowers

38 Komodo lizards
Field Monitoring of Species Status
39 Bdi tiger

40 Sumatran tiger

41 Javan rhinoceros

42 Crocodiles

43 Javan gibbon

44 Proboscis monkeys
45 Redfflesa flowers
46 Fresh water dolphins
47 Fresh water sawfish
48 Sumatran rhinoceros
49 Bdi starling

50 Timor monitor lizard
51 Keasa fish

52 Marine turtles

Ujung Kulon
Bawean Island

Sulawesi

various

Ketambi (completed) Bohorok
Kutai, Tanjung Puting
Pangandaran Tanjung Puting
Madura

Bdi Bara

Sekundur

Sumatra
Way Kambas Sumatra
Sumatra

Martapura Pleihari

Irian Jaya
Bali/Sukamade
Jakarta

N Sulawes

Irian Jaya
Ambon
Bogor

Ranun, Kctambe Tanjung
Puting

Ujung Kulon
Gn Leuser

Bawean Idland
various

Irian Jaya

Ujung Kulon
Tangkoko-Batuangus
Ujung Kulon Pangandaran
Baluran

Siberut isand
Kalimantan

Sumatra Java
Komodo

Bdi Barat
Sumatra
Ujung Kulon
Irian Jaya
W Java
Kalimantan
Java/Sumatra
Mahakam
Irian Jaya
Sumatra
Bdi Barat
Timor
Sumatra
various

planned
continuing

experiments
completed

occasional

ongoing

occasional
ongoing
ongoing
started

planned
ongoing
feasibility
study
started
planned

started
started
started
feasibility
study
completed
planned
planned
started

1971

ongoing
1967

ongoing
1977

ongoing
1977-79
ongoing
1979-80
1977-79
1977-79

various
various
various
occasiona
1970-71

1978
1977
annual
1979/80
1978
occasional
1981

c. 1980
1980
various
regular
1981

c. 1981
various
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53 Banteng Ujung Kulon occasional
54 Javan warty pigs Java ongoing
55 Kangean leopards Kangean 1982

56 Bandasea birds Banda Sea 1981
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Figure 2: A series of five posters depicting protected species of In-
donesian wildlife. These posters also give a good impression of In-
donesia's tremendous wildlife diversity. Included in the series as the
following:

a. Land mammals

b. Reptiles and marine mammals

c. Land birds

d. Water birds

e. Primates
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Figure 3: Map of the idand of Java showing the location of national parks and reserves (modified from a publication by the Indonesian
Directorate General of Tourism).

a

Figure 4: Several endangered species from Java.

a. The Javan gibbon (Hylobates molock), a Javan endemic that is
probably the rarest of all gibbons (photo by R. A. Mittermeier).

b. TheJavan leaf monkey (Presbytisaygula), ancther primate species
found only on Java (photo by R.A. Mittermeier).

¢. Adult male Javan rhino (Rhinoceros sondaicus) from Ujung Kulon
National Park at the extreme western tip of Java. Once found
over a large area of southest Asia, this species now occurs with
certainty only in this one park (photo by M. Kappeler). C.



C.

Figure 5. Animals from Bali.

a. & b. The wide-ranging crab-eating or long-tailed macaque (Macaca fascicularis) is common on the island of Bali, and is often found
in close proximity to human habitations. Temple monkeys are a tourist attraction on the idand (photos by R.A. Mittermeier).

c. A domesticated banteng (Bosjavanicus) from Bali. This speciesis native to southeast Asia, and wild populations still occur in a number
of countries (photo by R.A. Mittermeier).

d. Greenturtle (Chelonia mydas) being carried to a holding pen on Bali. This speciesis sought after for its meat (photo by R.A. Mittermeier).
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Figure 6: Primates from the Mentawai |slands off the west coast of Sumatra. The Four Mentawai primate species are endemic to these

islands, and ail are listed in the IUCN Red Data Book.

a. Poster produced by the Indonesian Directorate of Nature Conservation (PPA) and WWF depicting the four Mentawai primates. the
joja (Preshbytis potenziani), and bokkoi (Macaca pagensis), the bilou (Hylobates klossii), and the simakobu (Simias concolor).

b. The Mentawai Idands leaf monkey (Presbytis potenziani). Plate from the original description of the subspecies Presbytis potenziani siberu
by Chasen and Kloss (Proc. Zool. Soc. London, 1927).

c. The pig-tailed langur or simakobu (Simias concolor), a genus endemic to the Mentawai Islands. This unusual species is most closely
related to the proboscis monkey of Borneo, and is perhaps the most endangered Mentawai primate. Plate from the original description
of the subspecies Simias concolor siberu by Chasen and Kloss (Proc. Zool. Soc. London, 1927).

d. Juvenile pig-tailed langur (Simias concolor) (photo by A. Mitchell).

e. Juvenile bokkoi or Mentawai macaque (Macaca pagensis) (photo by A. Mitchell).
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Figure 7: Wildlife of Sulawesi, an idand with a unique mix of Oriental and Australasian faunal elements.

a. The anoa (Bubalus depressicornis), a species of wild cattle endemic to Sulawes (photo by R.A. Mittermeier).

b. Limestone cliffs near Ujungpandang in southeastern Sulawesi, habitat of the moor macaque (Macaca maura), one of seven macaques
endemic of Sulawes (photo by R.A. Mittermeier).

c. The crested macaque or " Celebes black ape" (Macaca nigra), from northeastern Sulawesi. This is the best known of the Sulawes
macaques and is often kept in captivity (photo by R.A. Mittermeier).

d. Juvenile Macaca tonkeana, another Sulawesi macaque species (photo by R.A. Mittermeier).

e. Poster produced by the Indonesian Directorate of Nature Conservation and WWF depicting the unique fauna of Sulawes.
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Figure 8: The Komodo monitor (Varanus komodoensis), world's largest living lizard. This speciesis found only on the isands of Komodo,
Rintja, Padar, western Flores and a handful of tiny idands in the vicinity, and is protected in Komodo National Park (photos by R.A.
Mittermeier).

a. b & c. Komodo monitors in the wild on the isand of Komodo.

d. Komodo monitors feeding on a goat used to attract the lizards for tourist viewing.

e. View of Komodo monitor habitat on the idand of Komodo.

f. View of Komodo at sunset showing the mountainous nature of the terrain.

g. The village of Komodo, part of the Komodo Biosphere Reserve.

h. Tourists climbing up from Komodo village in search of the giant lizards.
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Species Conservation Priorities in Thailand
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Introduction

Thailand covers an area of about 541,000 km? extending be-
tween 6 ° and 20 °N latitude in mainland Southeast Asia. The coun-
try encompasses diverse kinds of ecosystems and spans the Indo-
Chinese, Indo-Malaysian, and Indo-Burmese subregions of the
Orientd biogeographical region. The wildlife is diversified, but
most species are not very abundant, which may be a consequence,
in part, of their evolutionary history. The details of geographical
digtribution and habitat preference remain to be compiled for most
vertebrates, including mammal and, to a lesser extent, bird
species. Inventories of floristic communities are in progress, and
efforts are being made to identify plants of potential use to the
human population.

As is true of other developing countries in the tropics, Thai-
land is attempting to conserve its wildlife and forest habitats in
the face of increasing exploitative pressures, both internal and
external. According to government inventories, the forest cover
of Thailand declined from more than 53% in 1961 to only 28%
in 1981. The rate of forest destruction may have been nearly 10%
ayear during much of the last decade. Slash and burn agriculture
and illega logging, especialy of teak and other tropical hard-
woods, contributed significantly to this rate. In Thailand there
are six mgjor hilltribe populations, atogether consisting of more
than 300,000 people, who practice shifting cultivation. Not only
hilltribe peoples, but also ethnic Thais, have cleared large areas
of forested land, which may be abandoned entirely after only a
few years of use. A variety of timbering activities as well as irri-
gation and hydroelectric projects, highway construction, reset-
tlement programs for hilltribe peoples and others, minera explor-
ation, and even recreation increase the pressure on forests and
wildlife.

[llegal hunting or poaching of wildlife constitutes another seri-
ous problem. Traditiond food hunting continues in areas near vil-
lages, but it is not nearly as detrimental to animal populations
as the more modern type of hunting for sale. "Market hunting"
is very difficult to control because of the sophistication of weap-
ons available to hunters. The ready availability of modern forms
of transportation and firearms results not only in wild animals
being subjected to heavy slaughter, but also in forests being
cleared and burned at an alarming rate to increase the area for
cultivation as squatters do not hesitate to move in and settle down
even in reserved forests.

Commercia exploitation for international trade also severely
reduced certain populations of wild animals, for example, ma
caque monkeys, especially stumptail macaques (Macaca arc-
toides). A ban on the commercia export of al macaque species
went into effect in 1976.

Pesticides and insecticides are used fredy in Thailand. In some
places the widespread use of insecticides on crops has caused the

death of fish and other aquatic fauna, as well as birds. Such use
also destroys predators and beneficia insects.

Species Conservation in Thailand

Early efforts in Thailand to protect wildlife were species-
oriented. In 1921 aWild Elephant Act was enacted, and in 1931
there were unsuccessful attempts to establish protection for the
cows of wild water buffllo and some other large mammals.
However, wild animals were reported to be till plentiful in every
part of Thailand before World War |l. Soon after the war, the
impact of a rapidly expanding human population, declining eco-
nomic wealth, and greater numbers of firearms and vehicles, as
described above, resulted in both wildlife and their habitats be-
ing severely reduced. The Roya Forest Department and some
societies, including the Siam Society, were responsible for the
passage in 1960 of the Wild Animal Preservation and Protection
Act B. E. 2503, which came into effect on January 1, 1961.

The Act established two mgjor groups of wild animals. Reserved
and Protected. These categories form the basis for the regulation
of traffic in wildlife, to which a heavy commitment was made
by private enterprise in Thailand, and are reflected in the schemes
for captive breeding and restocking that are included within the
Thai conservation strategy. These activities are under thejurisdic-
tion of the Wildlife Conservation Division, Roya Forest
Department-

Reserved wild animals are those considered to be rare or en-
dangered, and are not permitted to be captured or hunted or even
kept in possession except for educational or scientific purposes
or for exhibition at zoological gardens. Nine species are included
in this group: Javan rhinoceros (Rhinoceros sondaicus), Sumatran
rhinoceros (Dicerorhinus sumatrensis), kouprey (Bos sauveli),
wild water buffalo (Bubalus bubalis), Eld's deer (Cervus eldi),
Schomburgk's deer (Cervus schomburgki), hog deer (Axis por-
cinus), goral (Naemorhedus goral) and serow (Capricornis su-
matraensis, Table 1; Fig. 1).

Schomburgk's deer was endemic to Thailand and is now ex-
tinct; the last buck was shot in 1913. Of the rhinos, the Javan
is believed to have been wiped out, while a few Sumatran are
presently reported in some remote areas of the country. Villagers
of Sisaket Province, in the northeast, reported having seen five
kouprey near the Kampuchean border in August, 1982; it is be-
lieved that some animals moved to Thailand during the rainy
season. Two subspecies of Eld's deer are found in Thailand, Cer-
vus eldi siamensis and Cervus eldi thamin. The siamensis sub-
species may have been extirpated in the wild, but small numbers
of the thamin subspecies are reported to exist in areas near the
Burmese border. The range of the gora is limited to remote parts
of northern Thailand; afew gora were recently reported in Mae
Tun Wildlife Sanctuary. It is doubtful if any hog deer still exist
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Table 1. Reserved wild animals of Thailand
List of Reserved Wild Animals

. Javan Rhinoceros (Rhinoceros sondaicus)
Sumatran Rhinoceros (Dicerorhinus sumatrensis)
Kouprey (Bos sauveli)

Wild Water Buffalo (Bubalus bubalis)
Eld's Deer (Cervus edi)

Schomburgk's Deer (Cervus schomburgki)
Hog Deer (Axis porcinus)

Serow (Capricornis sumatraensis)

Goral (Naemorhedus goral)

©CONDAPWN

*Scheduled Resarved Wild Animds, the Wild Animds Resarvaion ad Pro-
tection Act B.E 2503

within the former range of the species. However, a number of
hog deer are being kept in captivity. The only known wild water
buffalo population occurs in Huai Kha Khaeng Wildlife Sanctu-
ary, where approximately 50-80 animals survive. Poaching is
presently the main problem threatening this relict group of wild
cattle. The least threatened species in the reserved category seems
to be the serow, which ranges throughout every region of the coun-
try, mainly in limestone mountains and can be found in every
wildlife sanctuary.

The Protected group of wild animals is composed of two
categories (Table 2). The first category legally includes wild
animals whose flesh is not usually used as human food, or which
are not usually hunted for sport, or which destroy plant pests,
or which should be protected for their natural beauty or for in-
creasing their population numbers. Capturing live animals of this
first category is permissible, but killing of these animals is not
alowed except by collecting permit issued only for educational
or scientific purposes. There are presently 184 vertebrate taxa de-
clared as Protected Wild Animals of the First Category: 35 mam-
mal, 131 bird, and 14 reptile (Table 2). Since venomous snakes
pose athreat to the human population in agricultural areas, pro-
tection for reptiles is difficult to obtain, and, as a consequence,
large numbers of snakes continue to be exported annually.

Protected wild animals of the second category are considered
to be those that are palatable for human consumption or that are
traditionally hunted for sport. Hunting of these animals can be
done by securing alicense. There are presently 35 vertebrate taxa
declared as Protected Wild Animals of the Second Category: 12
mammal, 22 bird, and one amphibian (Table 3). Gaur (Bos
gaurus) and banteng (Bos banteng), sambar deer (Cervus unicolor)
and barking deer (Muntiacus muntjak), tiger (Panthera tigris) and
leopard (Panthera pardus) are among the mammals historically
included in the second category.

In Thailand the breeding program for wild animals has two ob-
jectives. Some species of rare animals, for example, Eld's deer,
banteng and fireback pheasant (Lophura diardi), are being bred
in captivity for restocking in areas where they have been depleted;
no release has yet been made. A number of hog deer are being
kept in captivity for study and breeding purposes; some animals
introduced onto an idand in the southeast are breeding successful-
ly. Likewise, reports of sightings of kouprey on the Thai-
Kampuchean border have resulted in expeditions by the Wildlife
Conservation Division to capture for propagation and study in-
dividuals of this wild cattle species which was believed to have
been hunted to extinction in Thailand during this century. No cap-
ture has yet been made. In contrast, animals such as sambar deer
and peafowl (Pavo muticus) are being maintained in captivity to
increase their numbers and to study the requirements for com-
mercialy farming them.
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Table 2. Protected wild animals of Thailand
Schedule 1. List of Protected Wild Animals of the first category

No. Protected Wild Animals of the first category
MAMMALIA
1 Flying Squirrels of genera Hylopetes and Pteromyscus
2 Giant Flying Squirrels of genus Petaurista
3 Prevost's Squirrel (Callosciurus prevostii)
4 Langurs of genus Presbytis
5 Kitti's Hog-nosed Bat (Craseonycteris thonglongyai)
6 Wrinkled-lipped Bat (Tararida plicata)
7 Large Indian Civet (Viverra zibetha)
8 Small Indian Civet (Viverricula malaccensis)
9 Large Spotted Civet (Viverra megaspila)
10 Otter Civet (Cynogale bennetti)
1 Gibbons of genus Hylobates
12 Asiatic Wild Elephant (Elephas maximus)
13 Otters of genera Lutra, Lutrogale and Amblonyx
14 Flying Lemur (Cynocephalus variegatus)
15 Giant Squirrels of genus Ratufa
16 Mongooses of genus Herpestes
17 Back-striped Weasel (Mustela strigidorsa)
18 Siberian Weasel (Mustela sibirica)
19 Malaysian Weasel (Mustela nudipes)
20 Asiatic Brush-tailed Porcupine (Atherurus macrourus)
o1 Common Porcupine (Hystrix brachyura)
P Brush-tailed Porcupine (Atherurus angustiramus)
23 Marbled Cat (Felis marmorata)
on Leopard Cat (Felis bengalensis)
Flat-headed Cat (Felis planiceps)
25 Jungle Cat (Felis chaus)
26 Slow Loris (Nycticebus coucang)
21 Macaques of genus Macaca
28 Pangolins of genus Manis
29 Malayan Tapir (Tapirus indicus)
30 Clouded Leopard (Neofelis nebulosa)
3l Golden Cat (Felis temmincki)
32 Fishing Cat (Felis viverrina)
33 Binturong Bear Cat (Arctictis binturong)
34 Hog Badger (Arctonyx collaris)
35 Ferret Badger (Melogale personata)
36 Yellow-throated Marten (Martes flavigula)

37 Banded Linsang (Prionodon linsang)

38 Spotted Linsang (Prionodon pardicotor)
39 Banded Pam Civet (Hemigalus derbyanus)
40
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Cormorants of family Phalacrocoracidae
Spot-billed Pelican (Pelecanus philippensis)
Painted Stork (lbis leucocephalus)

Black Stork (Ciconia nigra)

White-necked Stork (Ciconia episcopus)
Black-necked Stork (Xenorhynchus asiaticus)
Ibises of family Threskiornithidae

Hill Partridges of genus Arborophila

Long-billed Partridge (Rhizothera longirostris)
Ferruginous Wood Partridge (Caloperdix oculea)
Bamboo Partridge (Bambusicola fytchii)
Roulroul (Rollulus roulroul)

Pheasants of genus Lophura

14 Hume's Pheasant (Syrmaticus humiae)

15  White-breasted Waterhen (Amaurornis phoenicurus)
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Protected Wild Animals of the first category
AVES (Continued)

Sarus Crane (Grus antigone)

Lapwings of genus Vanellus

Thick-knees of family Burhinidae

Munias and Weavers of family Ploceidae

Red-hilled Ground Cuckoo (Carpococcyx renauldi)

Coucak or Crow Pheasant of genus Centropus

Kingfishers of family Alcedinidae

Laughing Thrushes of genus Garrulax

Hoopoe (Upupa epops)

Silver-eared meda (Leiothrix argentauris)

Grey-headed Parakeet (Psittacula finschii)

Treepies of genus Dendrocitta

Great Hornbill (Buceros bicornis)

Indian Pied Hornbill (Anthracoceros albirostris)

Black Hornbill (Anthracoceros malayanus)

Racket-tailed Treepies (Crypsirina temia)

Babblers, Thrushes, Mesia, Cutia, Barwing, Sivas,
Yuhinas, and Sibias of genera Pellorneum, Trichastoma,
Malacopteron, Sachyris, Macronous, and Chrysomma

Parrots of genus Psittacula

Magpie Robin (Copsychus saularis)

White-rumped Shama (Copsychus malabaricus)

Forktails of genus Enicurus

Rock Thrush of genus Monticola

Warblers of subfamily Sylviinae

Black-collared Starling (Sturnus nigricollis)

Sunbirds of family Nectariniidae

Crested Jay (Platylophus galericulatus)

White-winged Black Jay (Platysmurus leucopterus)

Flowerpeckers of family Dicaeidae

Robins of genera Phoenicurus, Rhyacornis, Thamnolaea,

Hodgsonius, and Cinclidium

Red-breasted Parakeet (Psittacula alexandri)

Cuckoo Dove of genus Macropygia

Red Turtle Dove (Streptoplia tranquebarica)

Spotted-necked Dove (Streptopelia chinensis)

Zebra Dove (Geopelia striata)

Emerald Dove (Chalcophaps indica)

Rufous Dove (Streptopelia orientalis)

Cutia (Cutia nipalensis)

Trogons of family Trogonidae

loras and Leafbirds of family Chloropscidae

Hill Myna (Gracula religiosa)

White-eyes of family Zosteropidae

Orioles and Bluebirds of family Oriolidae

Sanderling (Crocethia alba)

Rail Babbler (Eupetes macrocerus)

Red-winged Crested Cuckoo (Clamator coromandus)

Cuckoos of genus Cacomantis

Cuckoos of genus Cuculus

Cuckoos of genus Chrysococcyx

Drongo Cuckoo (Surniculus lugubris)

Owls of family Strigidae

Anhinga (Anhinga anhinga)

Hornbills of family Bucerotidae

White-eyed River Martin (Pseudochelidon sirintarae)

Bee-eaters of family Meropidae

Larks of family Alaudidae

Flycatchers and Niltavas of subfamily Muscicapinae

Brown Barbet (Calorhamphus fuliginosus)

Nicobar Pigeon (Caloenas nicobarica)

Sandpipers and Shanks of genus Tringa
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Broad-billed Sandpiper (Limicola falcinellus)

Curlew Sandpiper (Calidris furruginea)

Asian Dowitcher (Limnodromus semipal matus)

Drongos of family Dicruridae

Kod (Eudynamys scolopacea)

Thrushes of genera Zoothera and Turdus

Common Sandpiper (Actitis hypoleucos)

Woagtails and Pipits of family Motacillidae

Greater Adjutant Stork (Leptoptilos dubius)

Lesser Adjutant Stork (Leptoptilos javanicus)

Great Barbet (Megalaima virens)

Tits of family Paridae

Coppersmith Barbet (Megalaima haemacephala)

Wandering Tattler (Heteroscelus incanus)

Night Jars of family Caprimulgidae

Black-billed Roller (Coracias benghalensis)

Dollar Bird (Eurystomus orientalis)

Nuthatches of family Sittidae

Pittas of family Pittidae

Knots and Stints of genus Calidris

Swifts, Tree Swifts, Swallows, and Martins of family
Apodidae, Hemiprocnidae, and Hirundinidae

Gulls and Terns of family Laridae

Malkohas of genus Phaenicopheus

Bulbuls of family Pycnonotidae

Little Grebe (Podiceps ruficollis)

Open-billed Stork (Anastomus oscitans)

Parrotbills of genus Paradoxomis

Black-tailed godwit (Limosa limosa)

Bar-tailed godwit (Limosa lapponica)

Comb Duck (Sarkidiornis melanotos)

White-winged Wood Duck (Cairina scutulata)

Pigeons of genus Treron

Jambu Fruit Pigeon (Ptilinopus jambu)

Brown-throated Tree Creeper (Certhia discolor)

Frogmouths of family Podargidae

Spectacled Barwing (Actinodura ramsayi)

Cochoas of genus Cochoa

Pintail Parrot Finch (Erythrura prasina)

Broadbills of family Eurylaimidae

Minivets of family Campophagidae

Turnstone (Arenaria interpres)

Barbets of genus Megalaima

Brown Dipper (Cinclus pallasii)

Herons, Bitterns, and Egrets of family Ardeidae

Green Peafowl (Pavo muticus)

Scimitar of genus Pomatorhinus

Ruff and Reeve (Philomachus pugnax)

Pied Imperial Pigeon (Ducula bicolor)

Peacock pheasants of genus Polyplectron

Sivas of genus Minla

Barn Owl (Tyto alba)

Greenpies of genus Cissa

Golden-crested Myna (Ampelicens coronatus)

Shrike babblers of genera Pteruthius and Gampsorhynchus

Blue-rumped Parrot (Psittinus cyanurus)

Hanging lorikeets of genera Loriculus

Helmeted Hornbill (Rhinoplax vigil)

Great Argus Pheasant (Argusianus argus)

Hawks, Kites, Buzzards, Goshawk, Shikra, Eagles,
Vultures, Harriers, Ospreys, Falconats, Falcons, Hobby
and Kestrels of Order Falconiformes

Woodpeckers of family Picidae

Plovers in genera Charadrius and Pluvialis

Blue Whistling Thrush (Myophonus caeruleus)



No. Protected Wild Animals of the first category
AVES (Continued)

137 Ashy Wood Swallow (Artamus fuscus)
138 House Crow (Corvus splendens)

139 Large-hilled Crow (Corvus macrorhynchus)
140 Black-headed Shrike (Lanius schach)

141 Pied Starling (Sturnus contra)

142 Jerdon's Starling (Sturnus burmannicus)
143 Common Myna (Acridotheres tristis)

144 Crested Myna (Sturnus javanicus)

145  Owils of genera Ketupa and Bubo

REPTILIA

Flying Lizard of genus Draco

Garden Lizard of genus Calotes

Spiny Lizard of genus Acanthosaura
Angle-headed Lizard of genus Goniocephalus
Oriental Water Lizard (Physignathus cocincinus)
Fase Gavia (Tomistoma schlegelii)

Gecko of genus Cyrtodactyllus

Flying Gecko of genus Ptychozoon

Hawkshill Turtle (Eretmochelys imbricata)
River Turtle or Four-toed Turtle (Batagur baska)
Spiny Hill Turtle (Geoemyda spinosa)
Impressed Tortoise (Testudo impressa)

Green Turtle (Chelonia mydas)

Loggerhead Turtle (Caretta caretta)

Big-headed Turtle (Platysternum megacephalum)

FRRREBoom~wourwn

16 Leathery Turtle (Dermochelys coriacea)

17 Giant Asiatic Tortoise (Testudo emys)

18 Peacific Ridley's Turtle (Lepidochelys olivacea)
19 Elongate Tortoise (Testudo elongata)

20 Roughneck Monitor (Varanus rudicollis)

AMPHIBIA

1 Crocodile Salamander (Tylototriton versucosus)

*Ministerid Regulation No. 14 (B.E. 2525) Issued according to the Wild
Animals Reservation and Protection Act B.E 2503

Table 3. Protected Wild Animals of Thailand
Schedule 2. List of Protected Wild Animals of the second category
No. Protected Wild Animals of the second category
A. MAMMALIA

Gaur (Bos gaurus)

Mouse Deer of genus Tragulus

Siamese Hare (Lepus siamensis)

Sambar Deer (Cervus unicolor)

Dugong (Dugong dugong)

Banteng (Bos banteng)

Tiger (Panthera tigris)

Leopard or Panther (Panthera pardus)
Asiatic Black Bear (Selenarctos thibetanus)
Malayan Sun Bear (Helarctos malayanus)
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Fig. 1. Poster produced in Thailand depicting the country's nine
Reserved Wild Animals. These include Schomburgk's deer, Eld's
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deer, goral, serow, hog deer, Sumatran rhinoceros, Javan rhinocer os,
kouprey and wild buffalo.



No. Protected Wild Animals of the first category
MAMMALIA (Continued)
1 Barking Deer (Muntiacus muntjak)
12 Fea's Barking Deer (Muntiacus feae)
B. AVES
1 Grey Heron (Ardea cinerea)
2 Purple Heron (Ardea pupurea)
3 Dusky Grey Heron (Ardea sumatrana)
4 Francolin (Francolinus pintadeanus)
5 Green-legged Tree Partridge (Arborophila charltonii)
6 Finches and Buntings of family Fringillidae
7 Red Jungle Fowl (Gallus gallus)
8 Night Heron (Nycticorax nycticorax)
9 Ducks, Garganeys, Pintails, Pochards, Shelducks,
Shovellers, Teals, and Wigeon of family Antidae
10 Painted Snipe (Rostratula benghalensis)
1 Snipes of genus Capella
12 Thick-billed Green Pigeon (Treron curvirostra)
13 Bronze-winged Jacana (Metopidius indicus)
14 Mountain Imperial Pigeon (Ducula badia)
15 Pale-capped Pigeon (Columba punicea)
16 Green Imperial Pigeon (Ducula aenea)
17 Rails and Crakes of family Rallidae
18 Curlews and Whimbrel of genus Numenius
19 Watercock (Gallicrex cinerea)
20 Moorhen (Gallinula chloropus)
21 Purple Gallinule (Porphyrio poliocephalus)
22 Pheasant-tailed Jacana (Hydrophasianus chirurgus)
C. AMPHIBIA
1 Asigtic Giant Frog (Rana blythii)

Each year a quota is set for the numbers and species of Pro-
tected wild animals to be hunted and traded. In 1981, 12 bird
taxa of the first category and six bird taxa of the second category
were so listed, (Table 3), but no mammals or reptiles.

In January 1983, Thailand ratified CITES and became the 79th
member country effective as of April 21, 1983. In order to guard
againgt the smuggling of wildlife from Thailand to non-CITES
countries, which continues to be a serious problem, the Wildlife
Conservation Division maintains two checkpoints, at the airport
and at the harbor in Bangkok. Three more checkpoints will be
established, at the borders with Laos and with Malaysia, and at
Chiengmai International Airport.

Habitat-Oriented Conservation Activities

The Wildlife Act of 1960, in recognition of the need to main-
tain critical habitat for species survival, aso provided for the crea-
tion of protected areas for wild animals (wildlife sanctuaries). The
Wildlife Conservation Division has jurisdiction over the sanc-
tuaries. The first sanctuary, Salak Phra, in the province of Kan-
chanaburi in west-central Thailand, was established in 1965. Since
then, 23 more sanctuaries have been set up. The total area in-
cluded within the sanctuaries is somewhat less than 2 million hec-
tares, or amost 4% of the country's area (Figure 1).

The first national park of Thailand, Khao Yai, spanning the
provinces of Nakhon Rachasima, Saraburi, Nakhon Nayak and
Prachinburi in central Thailand, was declared in 1963, follow-
ing enactment of the National Parks Act of the previous year.

TABLE 3. HUNTING AND TRADING QUOTA OF PROTECTED
WILD ANIMALS FOR 1982

The Wildlife Conservation Committee has determined the limit
for numbers of protected wild animals to be hunted and traded per
licensee for 1982. The export of these protected animals will,
therefore, not exceed these limited numbers.

A. Hunting and Trading Quota of Protected Wild Animals of the
First Category.
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Bag Trading
No. Animal Taxon Limits  Limits

1 White-breasted waterhen 5 30

(Amaurornis phoenicurus)
2 Laughing thrushes of genus

Garrulax 5 20
3 Parrots of genus Psittacula 15 60

excluding Red-breasted

parakeet (Psittacula alexandri)

and Large parakeet (Psittacula

eupatria)
4  White-rumped shama (Copsychus 5 10

mal abaricus)
5 Spotted-necked dove

(Sreptopelia tranquebarica) 10 20
6 Zebra dove (Geopdlia striata) 10 50
7 Hill myna (Gracula religiosa) 5 30
8 Kod (Eudynamys scolopacea) 2 10
9 Great barbet (Megalaima virens) 2 10
10 Pintail parrot finch (Erythrura

prasina) 10 50

B. Hunting and Trading Quota of Protected Wild Animals of the
Second Category.

Bag Trading

No. Animal Taxon Limits  Limits
1 Francolin (Francolinus pintadeanus) 5 10
2 Snipes of genus Capella 10 20
3 Thick-billed green pigeon (Treron 10 30

curvirostra)

4 Watercock (Gallicrex cinerea) 20 50
5 Moorhen (Gallinula chloropus) 20 50
6 Purple galinule (Porphyrio 10 40

poliocephal us)

The national parks, which are under the jurisdiction of the Na-
tional Parks Division, Royal Forest Department, are intended,
in contrast to the wildlife sanctuaries, to provide a place for recrea
tion in addition to protecting local flora and fauna. At present
there are 42 nationa parks, including several marine parks, en-
compassing a total of more than 2.3 million hectares, or about
4.5% of Thailand's area (Figure 2).

Many of the protected areas contain excellent forest and other
habitats for wild animals. The survival of relatively intact eco-
systems frequently can be attributed to the location of these areas
in regions peripheral to human development. All efforts are be-
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ing made by the Roya Forest Department to protect the sanc-
tuaries and national parks, but each area appears to have its own
st of conservation problems, as discussed below. Based on
surveys conducted by the Royal Forest Department, there seem
to be good forests and other habitats for wild animals remaining,
that if brought under the jurisdiction of the sanctuaries or national
parks would increase the reserved areas to about 10% of the total
area of Thailand. Within the Roya Forest Department there is
some debate over whether the more effective conservation strategy
involves strengthening protection for aready existing reserves or
declaring as much remaining area as possible part of the reserve
system before human encroachment occurs.

Within the wildlife sanctuaries and national parks, hunting, tim-
bering and mining are prohibited. Other activities are strictly reg-
ulated. However, hydroelectric and irrigation projects increas-
ingly are threatening protected areas. Salak Phra, the first sanc-
tuary, lost much of its wildlife richness as a consequence of the
construction of Srinakarin Dam. Elsewhere in western Thailand,
the proposed Nam Choan Dam, to be financed with the assistance
of the World Bank, threatens to disrupt the migrations of large
mammeals such as elephant between Huai Kha Khaeng and Thung
Ya sanctuaries and open up the latter to human exploitation.

Research on wildlife in Thailand is aimed at producing manage-
ment techniques or at adding to our general knowledge about
species. Several projects to identify species and numbers of
animals and habitat requirements have been initiated in protected
areas. Both Thai scientists and foreign scientists are involved in
these activities. Thai researchers have concentrated on the study
of bird populations, including the shore birds found at Songkhla
Lake in southern Thailand. Foreign researchers, in cooperation
with Tha students or Thai counterparts in the Royal Forest De-
partment, have concentrated on the study of primate populations
(see below).

Many efforts are being made to make the Thai public aware
of the value of their natural heritage and of how to enjoy nature.
The Wildlife Conservation Division has s&t up Nature and Wildlife
Education Centers in seven sanctuaries, representing every part
of Thailand (Figure 1). The National Parks Division also is im-
proving its visitor centers in the nationa parks.

Conservation Action Priorities

The comments which follow address the problem of develop-
ing effective local conservation strategies and were prepared by
Brockelman and Eudey as a consequence of their field work on
primates in Khao Soi Dao and Huai Kha Khaeng Wildlife Sanc-
tuaries, respectively.

As in neighboring countries, there are a large number of en-
dangered species in Thailand, some of which have been identi-
fied above. The Species Survival Commission (SSC) has the same
ultimate goal as the other IUCN Commissions. Our particular
responsibility is to help identify the species and habitats in need
of urgent attention and establish some priorities for action. This
should be followed up with project proposals. We are now re-
thinking how species and project priorities should be st to ar-
rive at some useful recommendations for Thailand. What should
be the criteria?

The first and most obvious criterion for the SSC is the degree
of endangerment of the species. Critically endangered species
should receive more attention than vulnerable species.

A second criterion is the probable effect of the proposed ac-
tion. Is the anticipated effect small or large, localized or wide-
spread, measurable or highly diffuse? Is the probable effect high
per dollar spent? This is clearly important. For example, the
Sumatran rhinoceros is highly endangered in Thailand; as such,
it is classified as a Reserved Animal, and its survival is prob-
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lematical. It is doubtful if $50,000 spent on this species would
have any effect; spending a comparable amount to conserve ele-
phants, which are also endangered but more abundant, would
seem to hold more promise.

A third criterion is thefeasibility of the project — can it, in
fact, be carried out? Feasibility depends on many factors, such as:

1. Available infrastructure, for administrative and managerial
support.

Loca enthusiasm and cooperation.

Availability of capable principal investigators.

Logistica and/or scientific feasibility.

2.
3.
4,

The probable effect of the project and its feasibility, to alarge
degree, depend on another consideration, the strategy of conser-
vation. By this, we refer to areas of action such as the following:

1. Protection: creation of guard stations or procurement of
equipment.

Field information: population inventory and habitat survey.
Research: ecological study.

Management and technical training assistance.
Education: dissemination of information on population and
habitat significance on appropriate levels.

Socioeconomic action involving local residents near reserved
areas.

arwN

o

Each of these areas of action has probable effect on, and a feas-
ibility for, a given population or ecosystem. The efficacy of each
action depends heavily on local circumstances and may vary even
from one protected area to another within the same region. We
can make some generalizations for Thailand. Equipment for pro-
tection is budgeted by the Thai government and, at this point in
time, is not lacking; we do not fed that WWF or other outside
agencies normally need assume this responsbility as it is not realy
efficient use of limited funds. Population inventory and habitat
survey are badly needed in the greatly expanding system of sanc-
tuaries and parks in Thailand, and some assistance in planning
and actual execution of such activities may be essential. Research
assistance may be useful in breeding or managing a few species,
such as deer for rural economic development, or seaturtles. Ed-
ucation of persons living near sanctuaries and parks, especialy
children, is a valuable long-term investment, but it is doubtful
if it will modify the immediate poaching and problems attendant
upon shifting cultivation, which have largely socioeconomic caus-
es and solutions. Education of high government officials is not
such a priority in Thailand because conservation and protection
are well supported by the law and the bureaucracy, but educa
tion of politicians may be critical because of the potential destruc-
tion of species and habitat by rapid technological development.

Nearly 10% of the territory of Thailand, as indicated above,
may soon be included in the expanding protected area system.
The problem now is how to most effectively maintain and
strengthen this area. Socioeconomic action to us seems to be a
neglected concern. We will illustrate our concept of the need for
action in this area with experiences in two major reserved areas,
both of which contain a diversity of endangered species.

Khao Soi Dao Wildlife Sanctuary. This area, which includes
over 1,000 km? in southeast Thailand not far from the Kam-
puchean border, contains elephant, gaur, tiger, wild dog, silvered
leaf monkey (Presbytis cristatus) and many other species. The
very lush rain forests covering its mountains, valleys, and hills
contain probably the most dense and extensive population of the
pileated gibbon (Hylobatespileatus Figs. 4 & 5), making it atop
priority for action for this reason alone. Although deforestation
has been largely halted, poaching by local farmers continues in
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nearly dl parts of the sanctuary, and the guards are unable to stop
it anywhere except near the three or four stations at the edge of
the sanctuary (and usualy away from the forest). The forest is
not patrolled.

What actions could further conserve the species in this sanc-
tuary since existing protection is insufficient to do thejob? Man-
agement planners might say that the first priority is more protec-
tion, i.e., more jeeps, guns, guard stations, radios and motor-
cycles. But researchers with several years' experience in Khao
Soi Dao have concluded that a project oriented toward more pro-
tection capability would probably have little positive effect and
might actually have adverse effects. The approximately 30 men
stationed there are reasonably well-equipped, but there are too
few men to man the existing stations and patrol the forest. It is
not likely that their numbers will be increased because the budget
is limited for manpower, and an increase cannot be affected by
outside financial help. The critical factor may be relations with
the loca residents, who harvest plant and animal products within
the forest. Experience over the years has shown that if strict en-
forcement is attempted, the loca residents resist with a variety
of tactics. appedl to loca paliticians or police to pressure the sanc-
tuary officials, threats on the sanctuary headquarters, and actual
shooting at the guards. What is to be done? To advocate that the
Royd Forest Department become an occupying army would on-
ly worsen an existing insurgency problem in the region. Khao
Soi Dao is now nearly a forest idand surrounded by severd thou-
sand relatively poor farm families (and some not-so-poor ram-
butan orchards) that cannot be managed or regulated by force.
What may be needed is a change in the concept of wildlife sanc-
tuary. Every effort must be made to realize the considerable value
of the sanctuary to science, education, and the benefit of the loca
residents who must make economic sacrifices to preserve it. No
such effort is being made now, and we see little hope that local
poaching will stop. There is no ethicd mandate to stop it.

Fig. 4: Juvenile pileated gibbon (Hylobates pileatus) in Khao Soi Dao
Wildlife Sanctuary (photo by W. Y. Brockelman).

Dao Wildlife Sanctuary (photo by W. Y. Brockelman).

Fig. 6: The sumptail macaque (Macaca arctoides), probably the most
endangered of Thailand's macaque species (photo by R. A.
Mittermeier).
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Fig. 7. Forest destruction caused by shifting cultivation to th

e east of Huay Kha Khaeng Wildlife Sanctuary, Uthaithani Provice. The
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area was covered with dry evergreen forest until about 200 years ago (photo by A. A. Eudey).

Huai Kha Khaeng Wildlife Sanctuary. This area is more than
twice as large as Khao Soi Dao and encompasses monsoon de-
ciduous and evergreen forest in lowland and mountain regions
in the Dwana Range in west-central Thailand near Burma. Huai
Kha Khaeng and the conti 9uous sanctuary of Thung Ya to the
west total about 4,830 km* and constitute one of the largest re-
maining forested areas in Thailand. In the former the mammal
fauna includes elephant, wild water buffalo, tapir (Tapirus in-
dicus), serow, and many congeneric species, for example, banteng
and gaur, tiger and leopard, Phayre's leaf monkey (Presbytis
phayrei) and silvered leaf monkey, and five species of macagues,
including the stumptail macaque )Macaca arctoides, Fig. 6),
which appears to be endangered throughout its disunct distribu-
tion in Asia. Only the lar or white-handed gibbon (Hylobates lar)
is found in the region. Although research or conservation efforts
may be based on a species approach (Eudey, for example, has
been studying the ecology of sympatric macaques in Huai Kha
Khaeng since 1973), the importance of this protected area, with
an extremely patchy environment, lies in the complexity of its
ecosystem. The area may have been a forest refuge or refugium
in the Pleistocene during periods of decreasing temperature and
precipitation induced by glacial advances a& more northern
latitudes.

The region is remote (few Thais in Bangkok have ever visited
the province of Uthaithani in which most of the sanctuary is
found), yet easily accessible for research (and for poaching). Al-
though the presence of human occupation in the general area and
hunting of wildlife can be documented in the archaeological rec-
ord to about 14,000 years ago, contemporary encroachment by

the human population is recent.

Since its declaration in 1972, some effort has been made to
employ local residents in the actual running of the sanctuary; a
settlement of former hunters even has been incorporated into sanc-
tuary headquarters. Initially Karen hilltribe men, the loca peo-
ple most knowledgesble of the forest and animals, were employed
as guides and generd assistants, but their numbers have dwin-
died and no effort is being made to recruit them now. A resettle-
ment scheme for Karen south of the sanctuary may even increase
the amount of poaching done by these people. Meo villages oc-
cur within the sanctuary. Some of the villages engage in insur-
gency and some in opium-growing. Throughout the Meo area
shifting agriculture is destroying primary forest and wildlife is
being threatened by subsistence hunting (Fig. 7 & 8). Increasing
communication and cooperation with hilltribe peoples seem essen-
tia for strengthening of the sanctuary.

Patrol of the forest against hunting does occur, and this is one
sanctuary where, because of its size, an increase in guard sta-
tions and acquisition of more sophisticated weapons is necessary.
Hunting may be commercialy motivated or for sport by people
equipped with modern weapons.

Expansion of the boundaries of the sanctuary to the east and
south is essential to include habitat critical for bovids. A plywood
concession to the east makes the boundary artificial and excludes
an area of important salt licks from legd protection. Habitat of
wild water buffalo is outside the present boundary in the south.
Minor and mgor irrigation and hydroelectric projects, if executed,
will increase the accessibility of the sanctuary to the human
population, necessitating more protection. In this context, educa-
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Fig. 8 Signs of subsistence hunting of protected wild animals by Meo
hilltribe peoples. In the basket are limb bones of a colobine monkey,
probably Phayre's leaf monkey (Presbytis phayrei), which has been
smoked over afire, and on the ground is the hair of a white-handed

gibbon (Hylobates lar) (photo by A. A. Eudey).

tion of politicians as to the consequences for conservation of their
decisions about technological development seems critical.
These two examples illustrate that the local conditions that deter-
mine an appropriate conservation strategy may vary greatly from
place to place. Intimate knowledge of how each system works
appears essential. Only persons with loca field and cultural ex-

perience, including many on our commission, have the knowledge
necessary to formulate effective proposals. Thus, we must con-
cern ourselves not merely with deciding on species priorities, but
also with helping to formulate and decide on new strategies. All
too often strategies are formulated and evaluated on the basis of
abstract philosophy or theories currently in vogue.

In Thailand, virtually every visiting consultant and expert in
conservation has noted the difficulty of conserving protected areas
and recommended, with the best of intentions, increased train-
ing, management planning, administration, and equipment for pro-
tection. These are, of course, al important. With the best possi-
ble management planning, the limiting factors early on should
be identified and remedied in the plans, but in practice planners
seem to advocate more of the same — guard stations, guns, and
other equipment. The needed fundamental changes are seldom
recommended except as a very low priority. The scope of con-
servation management planning, as it has grown largely out of
Western experience, is not broad enough to include the needed
solutions.

In Thailand, we advocate re-examining the objectives of wildlife
conservation and the uses of reserved areas. We fed it is time
to address the socioeconomic problems that appear to be worsen-
ing and that are limiting progress in conservation.

In conclusion, we advocate that the SSC, while using species
and habitats as starting points, broaden the scope of concern to
include the identification of localy limiting problems and the most
promising and effective strategies to overcome them. In this, the
collaboration of other commissions in designing proposals will
be of critical importance.

1

Fig. 9: The dow loris (Nycticebus coucang), a nocturnal prosimian found in Thailand and a number of other Southest Asian countries

(photo by R. A. Mittermeier).
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Burma

Species Conservation Priorities in Burma

John Blower

Introduction

Burma (Fig. 1), with atotal area of 676,756 km?, extends from
letitude 10° N in the extreme south, to latitude 28 ° N on the north-
ern border with Tibet, a total distance of some 2093 km. Between
these two extremes there exists an ecological spectrum of almost
unique variety, ranging from tropical rainforest and coral reefs
in the south to temperate forests of conifers, oaks and rhododen-
drons in the far north, where snow-capped mountains up to 5792
m mark the eastern extremity of the Himalayas.

High mountain ranges form a continuous barrier along the west-
ern border with India and Bangladesh, extending southward par-
ald with the coast nearly to the Irrawaddy Delta. In the north-
east the border with China follows the high crest of the Irrawaddy-
Saween divide, then bulges out eastward to enclose the Shan
Plateau, a vast area of rugged mountain country bordering with
Laos and Thailand. Between these mountain barriers to the west
and east lies the fertile, heavily populated basin of the Irrawad-
dy, with its largest tributary, the Chindwin, joining it from the
northwest. Burma's other great river, the Salween, flows south
through neighboring Yunnan and then cuts through the Shan
Plateau in deep, heavily forested gorges before finally reaching
the sea in the Gulf of Martaban. Further south, Tenasserim ex-
tends in along mountainous arm bordering with Thailand down
to the Kra Isthmus.

Apart from the northern uplands of Kachin State, the climate
of Burma is tropical monsoonal, with a rainy season coinciding
with the southwest monsoon from May to October and a generaly
wdl marked dry season from November to April. There are, how-
ever, important local variations, with mean annua rainfall rang-
ing from as little as 762 mm in parts of the central Dry Zone to
over 6350 mm in Tenasserim.

The population is about 33 million with an average density rang-
ing from less than 10 per km? in some of the peripheral mountain
aress to nearly 350 in the very heavily populated Rangoon Divi-
sion, and over 116 in the Irrawaddy Delta, giving an overall den-
sty of about 46 per km?, which is well below the average for
southeast Asia. The annual population growth rate has been fair-
ly constant in recent years at about 2.2%. Agriculture, including
timber production, employs two-thirds of the work force and 76%
of the population ill lives in rural areas.

The officidly quoted figure of 57% overall forest cover in Bur-
ma is somewhat out of date. The report of the FAO/UNEP
Tropical Forest Resources Assessment Project (FAO/UNEP,
1981), based on analysis of Landsat satellite imagery, estimated
about 47% forest cover in 1980, including al types of woody
growth such as scrub woodland and bamboo in addition to high
forest. The annua rate of deforestation through shifting cultiva-
tion and other causes was estimated at around 101,175 hectares

per year.
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Forests may be broadly divided into four main categories:

1. Tropical moistforest, which includes the evergreen dipter-
ocarp rainforest) of the high rainfall areas in Tenasserim,
Kachin State, and Upper Chindwin; the semi-evergreen
forests of Arakan and parts of North Burma, and the exten-
sive moist deciduous forests, which are of great importance
for production of teak and other commercia hardwoods. It
also includes the various types of tidal and fresh water
swamp forests.

Tropical dryforest; mixed deciduous forests including in-
dexing — characterized by the presence of Dipterocarpus
tuberculatus, dry tesk forest and other types of rather open,
stunted woodland found in the drier areas.

Montane sub-tropical forests; typically including Quercus,
Castanopsis and pines (Pinus merkusii and P. insularis) in
mountain areas from 915-1524 m, and sometimes higher.
Montane temperate forests, occurring between 1524 and
3659 m, and characterized by Quercus, Castanopsis,
Schima, pines (P. excelsaand P. wallichiana), and at highest
elevations in north Burma, Tsuga, Abies, Betula and
rhododendrons.

Foecies Conservation in Burma

Most of Burma lies within the Indochinese Zoogeographic sub-
region of the Oriental region, with the Arakan and Chin Hills
in the Indian sub-region, and the high mountains of the extreme
north, with their typically Himalayan species, in the Paearctic
region.

Large mammals such as elephant (Elaphas maximus), gaur (Bos
gaurus), banteng (Bosjavanicus), sambar (Cervusunicolor), bark-
ing deer (Muntiacus muntjak), tiger (Panthera tigris) and leopard
(P. pardus) are widely distributed in the less disturbed forested
regions of most of Burma apart from the far north. But in the
absence of factual data their status is uncertain. Two species of
rhinoceros formerly occurred in Burma, of which the Javan
rhinoceros (Rhinoceros sondaicus) is aready extinct and the
Sumatran (Dicerorhinus sumatrensis) probably so.

Among other larger mammals, the distributions of which are
more localized, are hog deer (Cervus porcinus), musk deer
(Moschus moschiferus), thamin (Cervus eldi) — inthe drier areas
of central Burma, tufted deer (Elaphodus cephalophus) from the
northeast border with Yunnan, and two species of mouse deer
(Tragulus napu and T. javanicus) in Tenasserim. There are also
three species of goat-antelope; takin (Budor castaxicolor) —which
occurs only in the north of Kachin State, serow (Capricornis
sumatraensis) and goral (Nemorhaedusgoral). Tapir (Tapirusin-
dicus Fig. 2) were formerly found in mainland Tenasserim ap-



25

Falam
°

3

Monywa e

Mt
Victoria

Sittwe 6

Hka-kao
Razi

]

A /Mt. Saramati

rRaNGooN \ 10

1 NORTH KACHIN

2 S. KACHIN/UPPER
CHINDWIN

3 CHIN HILLS

4 LOWER CHINDWIN
5 SHAN PLATEAU

6 ARAKAN

7 DRY ZONE

8 PEGU YOMA

9 IRRAWADDY DELTA
10 TENASSERIM

—

o

Fig. 1: Map of Burma showing major geographical subdivisions, towns and rivers.

54




proximately as far north as latitude 18° N, but whether their pre-
sent range extends so far north is uncertain.

Carnivores include two species of bear (Helarctos malayanus;
Fig. 3) and Selenarctos thibetanus), clouded leopard (Neofelis
nebulosa), wild dog (Cuon alpinus), Asiaticjackal (Canisaureus)
and, in northern Kachin State, red panda (Ailurusfulgens), and
possibly wolf (Canis lupus).

Among primates, several species of Macaca and Preshytis are
fairly widely distributed, and there are also two gibbons, the
hoolock (Hylobates hoolock) of Upper Burma and the white-hand-
ed gibbon (H. lar) of Tenasserim.

Marine mammals and reptiles occurring in coastal waters and
riverine estuaries include the now very rare dugong (Dugong
dugon Fig. 4), the sat water crocodile (Crocodilus porosus) and
possibly five species of marine turtle, of which the commonest
are the green turtle (Chelonia mydas) and probably the olive ridley
(Lepidochelys olivacea) (although the latter has in the past been
confused with the loggerhead (Caretta caretta) and the relative
status of the two species is unclear).

About one thousand bird species have been recorded from Bur-
ma (Smythies, 1953), this relatively high species diversity being
due to the fact that the country extends into two zoogeographic
regions, each with different bird faunas. The forests of Tenasserim
contain many Malesian species, wheress in the central and north-
ern part of the country the bird fauna has Indian and Chinese &-
finities. A large number of Himalayan species occur in the mon-
tane forests of north and west Burma. There are relatively few
endemic species (Sayer, 1983).

There is, as yet, little information on the status, distribution
and ecology of individual species, though there is no evidence
that any major species is serioudy endangered, apart from
vultures, which have practicaly disappeared from most of Bur-
ma in recent years.

The main threats to bird life are the conversion of wetlands to
agriculture, the habitat of waterfowl and waders including the large
numbers of migratory species which winter in Burma, hunting
and trapping, especialy of pheasants and peafowl, and the use
of agricultura pesticides such as Endrin, which is a serious threat
to scavengers and seed-eaters. The principal conservation needs
for birds are the protection of sufficient areas of natural habitat,
especialy wetlands, and research to obtain data on the status and
distribution of individua species, particularly those which are
either rare or endemic to Burma

Wildlife conservation has hitherto been the responsibility of the
Forest Department. Apart from the Reserved Forests which total
90,673 km?, or approximately 13.5% of the total land area, there
are 14 wildlife sanctuaries. However, mos are relatively small,
their aggregate area being only 4,728 km?, or approximately 0.7%
of the total land area.

Apart from the inadequate size of existing protected areas, both
individually and in aggregate, they also fal to provide represen-
tative coverage of several important biota, including the northern
temperate forests, the evergreen dipterocarp forests of Tenasserim,
and coastal areas including the Irrawaddy Delta and the Mergui
Archipelago with its cora reefs.

Under exigting legidation, which dates from the pre-World War
Il colonia era, the fauna in wildlife sanctuaries is protected but
the habitat is not, with the result that many areas and species have
auffered serious damage. Moreover, in most cases effective pro-
tection of wildlife has not been possible due to shortage of Forest
Department gtaff.

Wildlife in Reserved Forests enjoys a certain degree of lega

protection and may not be hunted without a special permit. But
here again, effective lawv enforcement is difficult due to gaff short-
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Fig. 22 The Malayan tapir (Tapirusindicus) an endangered species
from Burma (photo by R. A. Mittermeier).

Fig. 3: The sun bear (Helarctos malayanus), one of two bear species
found in Burma (photo by R. A. Mittermeier).

ages and the large numbers of firearms in the hands of the military
and para-military People's Militia

In 1981, the Government, with assistance from FAO/UNEP,
introduced a new Nature Conservation and National Parks proj-
ect with the object of ensuring more effective protection of flora,
fauna and natural landscapes, including establishment of national
parks and other protected areas. Preliminary surveys of over twen-
ty potential sites have been completed (June, 1983), and severa
have been identified as suitable for establishing national parks,
nature reserves or sanctuaries. Other areas, particularly in north-
ern Burma, 4ill remain to be surveyed.

Soecies Conservation Action Priorities

The most urgent priorities are the conservation of large mam-
mals, particularly elephants, marine turtles and the saltwater
crocodile. In the almost total absence of reliable data on the pres-
ent status of wildlife populations in Burma it is impossible to give
anything other than a very subjective impression of the degree
to which individua species may or may not be endangered.

Elephant (Elaphas maximus). The elephant is of maor
economic importance to Burma for extraction of teak and other
hardwoods, which are one of the country's main sources of foreign
exchange. There are approximately 5,400 captive elephants in
Burma, most of which are employed in the timber industry. How-
ever, the annual reproductive rate among timber elephants is on-



ly about 5.3 per 100 breeding females, which, alowing for mor-
tality, is insufficient to maintain this population without influx
from the wild. Consequently, it is necessary to continue the cap-
ture of wild elephants at an average rate of about 120 per year.

Estimates of the wild elephant population in Burma range from
3,000 to 6,000, but observations in the limited areas covered so
far by our surveys indicate that the lower figure is probably the
more realistic. Mortality in capture operations is officialy ad-
mitted to be about 20%, and may even be higher. There is aso
a significant amount of illega capture and smuggling of elephants
to Thailand, and aso poaching for ivory (38 animals are known
to have been successfully smuggled to Thailand in recent months
and afurther 11 were intercepted en route and confiscated). There-
fore, while it is not yet possible to give any reasonably accurate
estimate of actual numbers, it is certain that the overall annual
offtake from legal and illegal capture and poaching is appreciable.

In nearly dl the areas so far surveyed the elephant population
has been found to be appreciably lower than previous officia es-
timates. It is therefore reasonable to assume that the overall
population is also considerably lower than the official figure of
about 6,000, and that with continuing offtake, known and un-
known, numbers are steadily declining.

ACTION REQUIRED:

1. Fed research to obtain data on the present status and
distribution of wild elephants and to monitor future trends;

2. Basad on results of the above, to establish elephant ranges
or nature reserves of sufficient size wherein viable popula-
tions can be effectively protected;

3. Study of the management of captive elephants, with a view
to increasing the birth rate to a level where the population
can be self-sustaining;

4. Progressive reduction in numbers of capture permits issued,
combined with law enforcement to control poaching, illegal
capture and smuggling.

Rhinoceros (Dicerorhinus sumatrensis). This species formerly
occurred in Kachin State, Upper Chindwin, Arakan, Mongmit/
Mandaay Division, Kayah State and Tenasserim, but there have
been no recent confirmed reports of its survival in any of these
areas and it may already be extinct.

The only areas where it has been reported to occur during the
past 20 years are the Tamanthi Wildlife Sanctuary in Upper Chind-
win and Shwe-u-daung Sanctuary on the border between Mongmit
and Mandalay Divisions. However, both these areas have been
subject to extensive insurgent activity, and it is doubtful that any
rhino gill survive. Surveys of both areas are planned for the
1983/84 dry season.

ACTION REQUIRED:

1. Surveys of Tamanthi and Shwe-u-daung Wildlife Sanctuaries
and any other appropriate areas to determine whether or not
any rhinoceros survive;

2. Subject to confirmation of their survival in any area, to plan
and implement effective conservation measures without
dday (including possible upgrading of the area concerned
to Nationa Park or Nature Reserve status).

Thamin (Cervus eldi thamin). The Burmese subspecies of this
deer is confined to the drier areas of central Burma, and there
have aso been unconfirmed reports of its occurrence in Paan Divi-
sion to the east of the Salween, near the Thai border. Although
fully protected by law, thamin are widely hunted, but fortunate-
ly appear able to withstand hunting pressure moderately well and

Fig. 4: The dugong (Dugong dugon), now very rarein Burman coastal
waters (photo by R. A. Mittermeier).

also to adapt to habitat changes. However, their range has been
considerably reduced, and although they are spottily distributed
throughout much of Shwebo Division and elsewhere in centra
Burma, the only population which can be regarded as truly viable
is in the Kyatthin Wildlife Sanctuary in Shwebo Division. There
are believed to be about 2,000 thamin there and a few hundred
in the somewhat larger, but much degraded Shwezettaw Wildlife
Sanctuary to the west of the Irrawaddy in Minbu Division.

Thamin are vulnerable, but not yet endangered, though con-
servation measures are needed if they are to survive in the
long-term.

ACTION REQUIRED:

1. Enlargement of the Kyatthin Wildlife Sanctuary with realign-
ment of boundaries to exclude villages presently contained
within;

2. Upgrade the status of Kyatthin to Nature Reserve with pro-
vision of sufficient staff to protect it;

3. Full protection of thamin elsewhere, with severe penalties
for illegd hunting; and

4. A research program on thamin ecology.

Wild Cattle (Bos spp.). Gaur (Bos gaurus) and banteng (Bos
javanicus) occur throughout much of Burma in areas where there
is gtill good forest cover and little human disturbance, gaur gen-
eraly preferring more hilly country than the banteng. Although
theoretically protected, both species are heavily hunted and are
becoming increasingly scarce. Both are vulnerable, if not
endangered.

ACTION PRIORITIES:

1. Establish one or more nationa parks or nature reserves of
adequate size wherein there are viable populations of these
species and provide sufficient gaff to protect them (the pro-
posed Alaungdaw Kathapa and Pegu Yoma National Parks
would be very suitable for this purpose);

2. Enforce the law to stop the killing of these animals for medt,
especially by the Army and the People's Militia;

3. Survey to ascertain status and distribution as a basis for fur-
ther conservation planning.

Tiger (Panthera tigris). Burma is the only country where the
tiger occurs that it is not protected by law. When the present law
was introduced (1936), tiger were till plentiful in Burma, caus-
ing considerable damage to domestic livestock and constituting
a serious menace to human life in certain areas. Consequently,
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they were at that time regarded as "vermin" and were not placed
on the protected list.

The dituation today is very different. There are a few isolated
areas such as the proposed Alaungdaw Kathapa National Park
where tiger are ill relatively plentiful. But in most areas they
are now rare, as has been clearly shown by recent field surveys,
which revealed very few signs of tigers. This is probably due
both to scarcity of prey species such as the heavily hunted sam-
bar, and aso to hunting, trapping and poisoning of the tigers them-
selves. Tiger skins are readily obtainable in Bangkok where they
fetch as much as US $1,000 apiece. Most of these have come
from Burma where they have been trapped, shot or poisoned with
the highly toxic and widely available agricultura pesticide
Endrin.*

Tiger in Burma are not yet serioudy endangered, but they will
be, as elsewhere in southeast Asia, unless positive steps are taken
for their conservation.

ACTION PRIORITIES:

1. Placethetiger on the fully protected list of wildlife, except
in cases of proven man-killing, with severe penalties for
hunting or possession of skins;

Establish national parks or reserves in areas where there are

still good populations of tigers and prey species;

. Conduct an education campaign to convince the public that
tigers are a beautiful and increasingly rare species, impor-
tant in Burmese culture and tradition, and that they will in-
evitably disappear unless protected.

Saltwater Crocodile (Crocodilusporosus). Formerly widely dis-
tributed in estuaries and tidal swamps of Arakan, the Irrawaddy
Delta and Tenasserim, crocodiles have been heavily hunted for
skins and are now very seldom seen. Another mgjor factor in their
decline has been the loss of habitat due to extensive clearing of
mangroves for rice cultivation. There are, however, apparently
dill viable populations in the Irrawaddy Delta where the People's
Pearl and Fisheries Corporation (PPFC) collects an average of
about 500 hatchlings a year for their crocodile farm in Rangoon.
Also, there are till possibly viable populations in less disturbed
coastal areas of Arakan and Tenasserim where there are Hill ex-
tensive areas of suitable habitat among the tidal creeks and man-
grove swamps.

The PPFC has proposed that Meinmahla Kyun, an estuarine
island about 130 km? in areain the Irrawaddy Delta, be declared
a sanctuary for this species. The crocodile population is, however,
very smdl with no sgn of breeding. Restocking from the crocodile
fam will therefore probably be necessary.

ACTION PRIORITIES:

1. Full lega protection for this species, except for the collec-
tion of a limited number of hatchlings by PPFC under
permit;

2. Heavy penalties for possession of crocodile skins;

3. Establishment of Meinmahla Kyun as a sanctuary for pro-
tection of crocodiles with restocking as necessary;

4. Surveys in Arakan and Tenasserim to obtain data on status
and distribution, and identify suitable conservation areas.

Marine Turtles. The five species of marine turtles reportedly
occurring in Burmese coastal waters are as follows:

— Green turtle (Chelonia mydas) — Commonest species on
Thamihla Kyun.

*Note: The Government of Burma has recently prohibited further importation
of Endrin and less toxic pesticides are being introduced in its place.
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— Oliveridley (Lepidochelys olivacea) — Fairly common off
the Irrawaddy Delta.

— Loggerhead (Caretta caretta) — Status uncertain, but re-
ported to be fairly common in the Delta region.

— Hawksbill (Eretmochelys imbricata) — Rare.

— Leatherback (Dermochelys coriacea) — Very rare.

There are turtle nesting beaches along the coast and on certain
offshore idands in Arakan, the Irrawaddy Delta and Tenasserim,
of which the most important appear to be Thamihla Kyun (Dia-
mond Island) off the mouth of the Bassein River, Kadonly and
Gayedgyi Idlands off the mouth of the Bogale River, and Aung
Bok in the South Moscos Idands (Tenasserim).

Both Thamihla Kyun and the Moscos Idands are legaly es-
tablished Wildlife Sanctuaries, but nearly all the turtle eggs laid
are taken from the former by the PPFC and from the latter by
alocal contractor with a Forest Dept. license. Eggs are also taken
from al other known nesting sites.

Past records show that at the beginning of this century 15-2
million eggs a year were being harvested from Thamihla Kyun.
The average annual offtake today is only about 150,000, a 90%
reduction. Many former nesting beaches are no longer visited by
any turtles. Apart from egg collection, mature turtles are taken
by fishermen, reportedly including PPFC trawlers which catch
them in their nets. Hawksbill turtles are killed for their "tortoise
shell".

From the enormous reduction in the number of eggs collected
from Thamihla Kyun and elsewhere and the fact that many of
the formerly well known nesting beaches are now unused, it is
clear that turtle populations have declined markedly and that two
species, the leatherback and the hawksbill, are endangered while
the other three species must be considered serioudly threatened.
Leatherbacks are so rare that their occurrence should perhaps be
considered accidental.

ACTION REQUIRED:

1. Establish Thamihla Kyun and South Moscos as effective
wildlife sanctuaries and stop al collection of turtle eggs.
South Moscos has been proposed as a future nationa park
and has been approved in principle. Its designation as a park
will, however, have to wait introduction of new legidlation;
Declare Kadonly Kyun a wildlife sanctuary and provide suf-
ficient g&ff, boats, etc., to protect it and the other two sanc-
tuaries mentioned above. It appears that Kadonly Kyun at-
tracts mainly olive ridley and the other two islands mainly
green turtle;

Enlist cooperation of PPFC in not trawling in areas im-
mediately seaward of sanctuaries and in releasing any turtles
accidentally caught in nets; and

Survey by experienced marine biologist to determine the
status and distribution of marine turtles in Burmese waters
and to recommend further conservation action.

River Terrapin (Batagur baska). This endangered species till
occurs in the Irrawaddy Delta and is reported to nest on certain
of the offshore islands and sandbanks, including Kadonly Kyun,
which has been proposed as a wildlife sanctuary. However, both
the terrapin itself and the eggs are taken wherever they are found.
The species is now very rare in Burmese waters and without &-
fective conservation measures is likely to become extinct within
the foreseeable future.

ACTION REQUIRED:
1. Full protection of both the terrapin and its eggs;
2. Establishment of Kadonly Kyun as a wildlife sanctuary;
3. Survey by amarine biologist to determine status and distribu-



tion (combined with a marine turtle survey) and to recom-
mend further conservation action, including a possible hatch-
ery on Kadonly Kyun or elsewhere.

Conclusion

Burma is a country of unusua ecologica diversity, rich in a
wide variety of flora and fauna. But, as elsewhere, the natural
environment is increasingly threatened by shifting cultivation, il-
legad hunting, uncontrolled use of highly toxic pesticides and other
harmful influences resulting from steady growth of the human
population. Satellite monitoring shows that forest cover, though
il greater in proportion to the total land areathan in most south-
east Asian countries, is diminishing at a steady rate. The Javan
rhinoceros has aready become extinct here, and other species,
including the economically important elephant, marine turtles and
saltwater crocodile, are seriously threatened.

The Government, having redlized that effective conservation
action is urgently needed, has, with UNDP/FAO assistance, in-
itiated a nature conservation program which will include new
legidation and establishment of national parks and other protected

areas. Several suitable sites have already been identified in addi-
tion to the 14 wildlife sanctuaries already in existence.

Provided that viable populations of those species known to be
threatened or endangered are effectively protected, together with
aufficiently extensive areas of their habitat, their survival should
be assured. Otherwise, they will inevitably go the same way as
the Javan rhinoceros.

Though much work yet remains to be done, particularly in field
research to determine the status and distribution of individual
species, the broad basis for an effective nature conservation pro-
gram now exists. Continued external assistance will be needed
for some years, but ultimate responsibility for implementation of
this program necessarily rests with the Burmese government.
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Table 1. Burma
Biogeographical Subdivisions Showing Distribution of Protected Areas, Existing and Proposed

Map Major rare,
Ref. vulnerable or
No. Designation endangered species

1. NORTH KACHIN Takin, musk deer, wolf, red panda
elephant, rhinoceros (?), tiger.
severa pheasant species

Elephant, gaur, tiger,

rhinoceros (?), Sarus crane

Elephant (scarce), gaur, tiger

2. SOUTH KACHIN/
UPPER CHINDWIN

3. CHIN HILLS

4. LOWER CHINDWIN Elephant, thamin, gaur, banteng,
tiger, wild dog
Elephant, gaur, banteng, tiger,

wild dog, Sarus crane

5. SHAN PLATEAU

6. ARAKAN
(RHAKINE)

7. DRY ZONE

Elephant, gaur, banteng, tiger,
wild dog, sat-water crocodile
Thamin, gaur, banteng (in
foothills), wild dog

8. PEGU YOMA Elephant, gaur, banteng, tiger,

wild dog

Marine turtle, saltwater crocodile.
river terrapin, Irrawaddy dolphin (?)
Elephant, gaur, banteng, Fea's
muntjak, marine turtle, salt-water
crocodile, Argus pheasant

9. IRRAWADDY DELTA

10. TENASSERIM

Protected Areas
Area Area
Existing (km?) Proposed (km?)
Nil Nil
TAMANTHI W.S. 2150 Nil
PIDAUNG W.S. 705
Nil NAIMI TAUNG 303
(Mt. Victoria) N.P.
KYAUKPANDAUNG N.P. 12
KYATTHIN W.S. 268 ALAUNGDAW
KATHAPA N.P. 1606
MAYMYO W.S. 127 INLE AND
SHWE-U-DAUNG W.S. 207 MONGPAI N.R. 41
TAUNGGYI W.S. 16
Nil Nil
SHWEZETTAW W.S. 552 POPA MOUNTAIN PARK
WETHTIGAN W.S. 5 9%
MINWUN TAUNG 206
W.S.
Nil PEGU YOMA N.P. 1461
MOHINGY! N.R. 104
GYOBYU RECREA-
TIONAL AREA A
THAMIHLA W.S. 1 MEINMAHLA KYUN W.S. 130
(Diamond 1.) KADONLAY KYUN W.S. 3
KAHILU W.S. 161 LAMPI N.P. 233
KELATHA W.S. 25
MULAYIT W.S. 139 PAKCHAN N.R. 1451
MOSCOS W.S. 49

Note N.P. = National Park. N.R. = Nature Reserve. W.S. = Wildlife Sanctuary.
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ABSTRACT

Deforestation is a major threat to terrestrial tropical ecosystems, particularly in
Southeast Asia where human activities have dramatic consequences for the survival
of many species. However, responses of species to anthropogenic impact are highly
variable. In order to establish effective conservation strategies, it is critical to
determine a species’ ability to persist in degraded habitats. Here, we used camera
trapping data to provide the first insights into the temporal and spatial distribution of
southern pig-tailed macaques (Macaca nemestrina, listed as “Vulnerable’ by the
IUCN) across intact and degraded forest habitats in Peninsular Malaysia, with a
particular focus on the effects of clear-cutting and selective logging on macaque
occupancy. Specifically, we found a 10% decline in macaque site occupancy in the
highly degraded Pasoh Forest Reserve from 2013 to 2017. This may be strongly
linked to the macaques’ sensitivity to intensive disturbance through clear-cutting,
which significantly increased the probability that M. nemestrina became locally
extinct at a previously occupied site. However, we found no clear relationship
between moderate disturbance, i.e., selective logging, and the macaques’ local
extinction probability or site occupancy in the Pasoh Forest Reserve and
Belum-Temengor Forest Complex. Further, an identical age and sex structure of
macaques in selectively logged and completely undisturbed habitat types within the
Belum-Temengor Forest Complex indicated that the macaques did not show
increased mortality or declining birth rates when exposed to selective logging.
Opverall, this suggests that low to moderately disturbed forests may still constitute
valuable habitats that support viable populations of M. nemestrina, and thus need to
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be protected against further degradation. Our results emphasize the significance of
population monitoring through camera trapping for understanding the ability of
threatened species to cope with anthropogenic disturbance. This can inform species
management plans and facilitate the development of effective conservation measures
to protect biodiversity.

Subjects Conservation Biology, Ecology, Zoology
Keywords Camera trapping, Deforestation, Imperfect detection, Macaca nemestrina,
Southern pig-tailed macaques, Occupancy, Peninsular Malaysia, Selective logging

INTRODUCTION

Tropical rainforests are highly complex ecosystems that exhibit exceptional biodiversity
(Gallery, 2014). Yet, continuing human population growth, expanding infrastructure and
the intensive cultivation of crops lead to dramatically increasing deforestation rates,
which are the major threat to these remarkable habitats (Rosa et al., 2016). Southeast Asia,
for example, one of the world’s most biodiverse regions and home to many charismatic
primate species (Myers et al., 2000; Sodhi et al., 2010), has lost about 80 million hectares of
forest between 2005 and 2015 (Estoque et al., 2019).

It is well known that human land use drastically reduces biodiversity and important
ecosystem functions of primary forests (Marques et al., 2019; Alroy, 2017; Barnes et al.,
2014). Degraded habitats, such as forest fragments, monocultures or urban environments,
were shown to include on average 41% fewer species than undisturbed forests (Alroy,
2017). Numerous studies have highlighted the negative impact of forest clear-cutting on
biodiversity, with the conversion of tropical forests into oil palm plantations being the
main driver of deforestation in many Southeast Asian countries (Koh & Wilcove, 2007;
Fitzherbert et al., 2008). The establishment of oil palm monocultures does not only
imply severe losses in species richness but also substantially contributes to habitat
fragmentation and environmental pollution through chemical fertilizers or pesticide
runoffs (reviewed in Fitzherbert et al., 2008). Particularly, larger mammals and specialized
bird species that have a narrow dietary spectrum may have difficulties in permanently
adapting to and surviving in these monocultural landscapes (Danielsen ¢» Heegaard,
1995; Fitzherbert et al., 2008). The negative effects of habitat degradation on animal
populations may further be reinforced by the increase of so-called ‘edge effects’, describing
ecological alterations that result from the development of abrupt, artificial edges of forest
fragments (Didham et al., 1998). Forest edges open the canopy and dry out the wood,
which increases the susceptibility of forests to fire (Cochrane, 2003).

Selective logging is one of the most widespread, albeit less intensive, forms of habitat
degradation (Asner et al., 2005). It refers to the removal of a limited number of
economically valuable tree species of a given age in a particular area and/or during a
distinct logging cycle (Johns, 1985). However, it also implies secondary threats, such as an
increased hunting pressure from local communities, as logging roads facilitate human
access to forests (Robinson, Redford ¢» Bennett, 1999; Milner-Gulland & Bennett, 2003).
Previous research suggested that selective timber extraction may have less severe effects on
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species diversity and abundance than more intensive forms of land use change,

e.g., through clear-cutting (Ibarra et al., 2017; Gibson et al., 2011). However, Tobias (2015)
highlighted the high variability in the reaction of different species to habitat degradation,
with both logging practices as well as species traits, such as diet and body mass, being
important factors in determining the effects of selective timber harvesting on wildlife
abundance. This is in line with other studies suggesting that generalist feeding tendencies
in particular are indicative of the ability of a species to persist in selectively logged habitats
(Vetter et al., 2011; Burivalova et al., 2015). Indeed, some species were found to have a
higher abundance in moderately disturbed compared to primary forest habitats, including
several ungulates (Brodie, Giordano ¢ Ambu, 2015), rodents, and granivorous bird
species (Bicknell & Peres, 2010). Carnivores, as well as frugivorous forest specialists, on the
other hand, were often reported to be confined to undisturbed primary forests (Brodie,
Giordano & Ambu, 2015; Tobias, 2015). In this context, caution is needed when inferring
the adaptive capacity of one species from the response of another.

Malaysia is a biodiversity hotspot with high primate diversity but much of its primary
forest is being converted into new oil palm plantations, quarries and urban areas
(Vijay et al., 2016; Omran & Schwarz-Herion, 2020). During the past decade, the country
has lost 11.3% of its primary forest and 16.8% of tree cover (Mongabay, 2021). As reported
by the International Union for Conservation of Nature (/UCN, 2020), more than one
fourth of Malaysia’s mammals are threatened with extinction. Among them are 25
non-human primates (hereafter ‘primates’; Roos et al., 2014), one of which is the southern
pig-tailed macaque (Macaca nemestrina), a little-studied, predominantly terrestrial
species native to the tropical rainforests of Malaysia, Indonesia and southern Thailand
(Ang et al., 2020). The macaques’ diet consists primarily of fruits (Caldecott, 1986),
indicating their value as seed dispersers (Ruppert, Mansor ¢ Anuar, 2014) and,
consequently, their potential role in forest regeneration (Albert et al., 2014). However, it
also suggests that they are frugivorous forest specialists with limited ecological flexibility.
The dramatic decline of primary forest habitat in the primates’ range, human hunting of
macaques for food and the pet trade, and their widespread perception as crop pests have
contributed to rapidly decreasing populations during the past few decades (Linkie et al.,
2007; Ang et al., 2020). Only recently, Ang et al. (2020) confirmed the macaques’ negative
population trend and its current status as “Vulnerable’ (IUCN, 2020). Meijaard et al. (2007)
reported a generally high sensitivity of this species to logging, yet the macaques’ response
to human disturbance remains poorly understood (Ang et al., 2020). To date, we lack
detailed knowledge on M. nemestrina’s distribution, their abundance as well as their ability
to cope in anthropogenically impacted habitats. However, these issues are crucial to
understand in order to establish effective protection measures ensuring the long-term
survival of this and other threatened wildlife species affected by human activities.

Using available camera trapping data, we provide the first insights into the impact of
forest degradation through tree felling on the occupancy of M. nemestrina in Peninsular
Malaysia. In order to obtain a broad picture of the effects of human activities on this
species, the study comprised two sites that are characterized by different degrees of
human disturbance. Firstly, we used a dynamic occupancy modelling approach
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(MacKenzie et al., 2003) to assess temporal changes in the macaques’ distribution as well as
factors potentially impacting dynamics in site occupancy in the highly disturbed Pasoh
Forest Reserve (PFR), which was affected by partial clear-cutting and selective logging
from 2013 to 2017. Secondly, we investigated the macaques’ spatial distribution within the
Belum-Temengor Forest Complex (BTFC) from 2011 to 2013, focusing on differences
between the undisturbed, strictly protected Royal Belum State Park and the selectively
logged Temengor Forest Reserve. This direct comparison enables a better understanding of
the immediate effects of selective timber extraction on the site occupancy of M. nemestrina.
Finally, we assessed potential differences in the macaques” age and sex structure in
undisturbed as well as selectively logged forests within BTFC. This can inform about vital
parameters of population dynamics, particularly breeding success and survival, and
therefore be indicative of population health.

Although M. nemestrina readily leaves its natural forest habitat to enter oil palm
plantations in search of food (Ruppert et al., 2018; Holzner et al., 2019), it is described as a
shy and elusive macaque species that tends to avoid human-dominated areas (Bernstein,
1967; Oi, 1990). Recent studies highlighted the macaques’ dependency on primary
forest habitat as a safe retreat to sleep and socialize (Ruppert, Mansor ¢» Anuar, 2014;
Holzner et al., 2021), confirming previous doubts on their ability to permanently persist in
highly disturbed habitats (Caldecott, 1986). Accordingly, we predicted that forest clearance
negatively affects the macaques’ ability to occupy a specific habitat, and hence a general
decline in site occupancy in PFR during the sampling period. As a predominantly
frugivorous species, M. nemestrina may also be sensitive to less intensive forms of habitat
degradation, such as selective timber harvesting. Thus, we predicted macaques site
occupancy to be lower in selectively logged compared to undisturbed forests within BTFC.
In line with this, we predicted measures describing the accessibility of a site to humans,
such as the distance to the nearest human settlement or the forest edge, to negatively
affect macaque site occupancy. These may serve as a proxy for hunting pressure, which has
been suggested to be one of the major risks to wildlife in disturbed habitats (Milner-
Gulland ¢ Bennett, 2003; Tilker et al., 2019). In addition, environmental factors may
influence macaque site occupancy. Based on previous studies (Yanuar et al., 2009; McCain
& Grytnes, 20105 Ang et al., 2020), we predicted elevation, defining different floristic
zones and thus food availability, to be an indicator of the suitability of a site for
M. nemestrina. Yanuar et al. (2009) reported that this species is best adapted to lowland
and hill dipterocarp forests up to 900 m above sea level. Importantly, anthropogenic
impact on animals’ natural habitats may further be associated with demographic changes
in wildlife populations (Klass, Belle ¢» Estrada, 20205 Shil, Biswas ¢ Kumara, 2020).
Particularly, a proportionally low number of juveniles resulting from low birth rates can be
indicative for a declining population (Rudran ¢ Fernandez-Duque, 2003; Shil, Biswas ¢
Kumara, 2020). Moreover, skewed adult sex ratios have previously been linked to
increased mortality within the dispersing sex in animal populations, owing to the risk of
migration (Zunino et al., 2007; Klass, Belle ¢» Estrada, 2020). Accordingly, we finally
predicted differences in the macaques’ age and sex structure between habitats with varying
degrees of disturbance. Specifically, we hypothesized the ratio of immature to adult
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individuals to be lower and the adult sex ratio to be less balanced, potentially with a surplus
of females, in disturbed, i.e., selectively logged, forests compared to undisturbed primary
forests within the BTFC. As is true for most Cercopithecine primates, female southern
pig-tailed macaques are philopatric and form the core of social groups, while male
individuals leave their natal group at sexual maturity to breed elsewhere (Cords, 2012).

METHODS
Study sites

Our study was conducted at two different sites in Peninsular Malaysia, which are
characterized by different degrees of human impact. One site is located within the
highly disturbed Pasoh Forest Reserve (PFR) in the state of Negeri Sembilan (102°31'0"E,
2°98'0"N). Large parts of the 140 km” sized PFR were logged between the 1950s and 1970s,
today comprising regenerating lowland forest. Only its 4 km? core area still consists of
virgin primary forest (Fletcher et al., 2012). Also today, PFR is subject to clear-cutting and
selective logging. It is surrounded by oil palm plantations. The second study site is
located within the Belum-Temengor Forest Complex (BTFC) in the state of Perak
(101°15'0"-101°46'0"E, 5°55'0"-5°0'0"N). BTFC is less intensively impacted by human
activities than PFR. With a size of approximately 3,000 km?, it forms part of the
second-largest contiguous forest complex in Peninsular Malaysia, comprising lowland,
hill and upper dipterocarp, as well as montane forest (Rayan ¢ Linkie, 2016).

The Gerik-Jeli Highway divides the forest complex into two areas, i.e., the strictly
protected Royal Belum State Park (hereafter ‘Belum’) in the north, and the Temengor
Forest Reserve (hereafter “Temengor’), where selective logging has been ongoing since the
1970s, in the south (Rayan & Linkie, 2016).

Camera trap setup
This study is based on camera trap data originally collected to assess habitat use of
mainland clouded leopards (Neofelis nebulosa) in PFR (Tan et al., 2017) as well as density
and habitat use of Malayan tigers (Panthera tigris jacksoni), occupancy of ungulates and
interactions between large carnivores in BTFC (Rayan ¢ Linkie, 2015, 2016, 2020).
All necessary permits and support letters from the Perak State Parks Corporation, the
Department of Wildlife and National Parks and the Forestry Department of Perak were
acquired prior to data collection. Due to the non-invasive nature of observational
studies based on camera trapping, no institutional ethical approval was required.
Detection data of M. nemestrina from PFR were provided by the Tropical Ecology
Assessment and Monitoring (TEAM) Network (Fletcher ¢ Campos-Arceiz, 2011). In PFR,
camera trapping was conducted from 2013 to 2017. Each camera trap was active for an
average of 32 (standard deviation SD  5) consecutive days per year. The camera setup
covered an area of 120 km®, including a grid of 60 cameras. The spacing between cameras
was approximately 1.5 km. Camera images of macaques detected in BTFC were provided
by D. Mark Rayan and WWF Malaysia. Here, camera trapping was conducted from
2009 to 2011. Camera traps were active for an average of 87 (SD  32) consecutive days
between August 2009 and May 2010 in Temengor, and 82 (SD  19) consecutive days
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between August 2010 and April 2011 in Belum. The camera setup covered an area of
approximately 400 km” in each habitat (Rayan ¢ Linkie, 2015). A grid of 70 cameras was
created in Belum and Temengor, respectively, with each grid cell covering 2 x 2 km.

To increase spatial coverage, the cameras were moved within the grid after 3 to 4 months of
operation, resulting in 140 distinct camera locations. The sampling blocks within Belum
and Temengor were selected to represent the entire forest by taking into account the
proportion of different vegetation types (Rayan ¢ Linkie, 2015).

The placement of camera traps (RECONYX and SONY P41) in PFR and BTFC was
chosen to ensure an average distance of about 1 km between traps (Fig. 1). As the
approximate home range size of M. nemestrina is 1 km* (Ruppert et al., 2018; Holzner
et al., 2019), a macaque group was unlikely to be detected by two different cameras,
ensuring spatial independence between sites. Camera traps were active for 24 h per day and
set to take photos at 10-s intervals. They were fixed to trees at a height of approximately
50 cm above the ground. Ground trapping (as opposed to placing cameras higher
up in the trees) was reasonable for this species, as M. nemestrina has previously been
described as a predominantly terrestrial primate, spending on average 56% of its active
time on the forest ground (Ruppert et al., 2018). GPS locations of the cameras were
recorded using Garmin GPSMAP® 60CSX hand-held GPS units.

The rationale behind including data from two different sites, i.e., PFR and BTFC,
despite methodological differences was to provide a broader perspective on how distinct
forms of human disturbance may differentially affect macaque site occupancy, and thus to
increase the analytical power of this study. While PFR represents a highly degraded
habitat that is affected by partial clear-cutting, data from BTFC may specifically inform
about the potential impact of selective logging. Further, the analysis of PFR was specifically
focused on describing dynamics in pig-tailed macaque site occupancy over time, whereas
the analysis of BTFC focused on providing thorough insight into spatial differences
between undisturbed and selectively logged forests.

Detection histories

Based on presence and absence data obtained from photographic records, we constructed
detection histories for each camera site in PFR and BTFC. For repeated sampling
occasions, we recorded a ‘1’ when macaques were detected and a ‘0" when no macaques
were detected even though a camera trap was active, either because they were truly
absent from a particular site or because they were outside the detection range of a camera
trap. Referring to previous studies (Tan et al., 2017; Semper-Pascual et al., 2020), we pooled
daily detection/non-detection records for each camera site into sampling occasions of
seven (PFR) and 14 (BTFC) consecutive days, respectively, in order to minimize the risk of
temporal interdependence among occasions and to increase the overall detection
probability. The periods of 1 and 2 weeks, respectively, were chosen to maximize the
model fit according to the different data collection methods used across sites, as low
probabilities of detection can prevent model convergence (Dillon ¢ Kelly, 2007; Tan et al.,
2017). As several camera traps within BTFC intermittently failed to record data for at least
two sampling occasions and thus were excluded from analysis, the final datasets of Belum
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and Temengor included 129 and 125 camera sites, respectively. In PFR, all 60 camera traps
were functioning. The total number of sampling occasions per year ranged between

two and nine (mean + SD 5.5 + 2.0) in PFR and between two and eleven (mean + SD
7.0 + 1.9) in BTEC.

Occupancy modelling

Using a maximum likelihood approach, occupancy models account for imperfect detection
by linking a state model determining occupancy (v, i.e., the probability with which a
species occurs at a specific site) with an observation model determining detection
probability (p, i.e., the ability to detect a species when it is present) based on repeated
samples from the same site (MacKenzie et al., 2002). Variation in probabilities across
sampling sites and observation periods can be modelled using site-specific (e.g.,

habitat variables) and observation-specific (e.g., the sampling effort) covariates.

Firstly, to assess temporal changes in the macaques’ distribution in the PFR, we fit the
dynamic occupancy model described by MacKenzie et al. (2003). This assesses site
occupancy dynamics over multiple seasons by estimating, besides detection (p) and first
year occupancy (), the probabilities of colonization (y, i.e., the probability that a species
is present at a previously unoccupied site) and extinction (¢, i.e., the probability that a
species is absent at a previously occupied site, MacKenzie et al., 2003). We included the
mean elevation per camera grid cell (range 94-664 m, mean + SD 295 + 156 m)
and the shortest distance to the forest edge (range 5-2,865 m, mean + SD 1,076 + 695
m) as potential predictors for first year y. Both altitude, as well as edge effects, which are
likely to affect microclimate and tree communities in areas near the forest border, are
known to be important factors in predicting the distribution of wildlife species, including
primates (McCain ¢ Grytnes, 2010; Brodie, Giordano ¢ Ambu, 2015). Further, a shorter
distance of a camera site from the forest edge may facilitate human access and thus
increase the hunting pressure (Milner-Gulland ¢» Bennett, 2003). Additionally, we
modelled variation in y and ¢ using a yearly site-specific categorial covariate describing
differences in the occurrence and intensity of forest degradation through tree felling
between camera sites and sampling years. Based on previous studies reporting a high
variation in species’ responses depending on the severity of human activity (Gibson
et al., 2011; Tobias, 2015), we distinguished between clear-cutting, i.e., land use change
resulting in the loss of the entire forest cover in a specific area, selective logging, i.e., the
removal of a limited number of economically valuable trees for the timber industry, and no
disturbance/tree felling. As previous research highlighted that primate populations may
still be critically affected several years after tree felling took place (Shelton, 1985; Rao ¢
Schaik, 1997), we classified a site as clear-cut or selectively logged if the respective type
of forest degradation occurred during the past 5 years. Finally, we included the survey
effort, i.e., the number of days a camera trap was active during a sampling occasion
(range 1-7,mean +SD 6.0 £ 1.8 days), the sampling month (Jan, Feb, May-Dec), and
the sampling year (2013-2017) as predictors for p in order to account for seasonal
variation and the effects of abiotic factors on the macaques’ activity (Takemoto, 2004;
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Hanya et al., 2018). Based on the six predictor variables, we constructed the full model and
subsequently built candidate models with all possible combinations of predictor sets.

Secondly, to assess the macaques’ spatial distribution within the BTFC, we fit a
single-season occupancy model (MacKenzie et al., 2002). We are confident that our
dataset, including sampling periods of a maximum length of 5 months, meets the closure
assumption of occupancy modelling (i.e., that the occupancy status of a site does not
change during the sampling, MacKenzie et al., 2002), as previous studies suggested home
range areas of M. nemestrina to be stable even over several years (Ruppert et al., 2018;
Holzner et al., 2019). As above, we included the mean elevation per grid cell
(range 323-1,664 m, mean + SD 737 £ 302 m) as a potential predictor for y.
To account for the effects of habitat degradation on y, we further modelled the habitat
type (undisturbed Belum or selectively logged Temengor) and the mean Normalized
Difference Vegetation Index (NDVI, range  0.45-0.85, mean = SD  0.78 + 0.05).
The NDVT estimates the density of green on a patch of land by measuring differences
between visible and near-infrared reflectance of vegetation cover, thus having frequently
been used as a proxy to describe the bio-structural changes in vegetation caused by
land clearing and logging (Weier ¢ Herring, 2000; Rayan & Linkie, 2015; Hamel et al.,
2009). It was computed using ASTER satellite images from 2008 to 2011 with a 15-m
spatial resolution (Rayan ¢ Linkie, 2015). Additionally, we included the distance to the
nearest human settlement, including indigenous villages and logging camps in the forest
(range 662-20,643 m, mean + SD 8,099 + 4,756 m), as this may be indicative of the
intensity of human hunting of macaques at a camera site (Milner-Gulland ¢ Bennett,
2003). Unlike in PFR, we did not expect pronounced edge effects in BTFC, as it comprises
huge areas of continuous forest habitat, with the majority of camera traps being located
several kilometres from the forest border. The approximate home range area of
M. nemestrina, on the other hand, is only 1 km?. Finally, to account for variation in p, we
included the survey effort (range 1-14 days, mean + SD  12.1 + 3.6 days) and the
sampling month (Jan-May, Aug-Dec) as observation-specific predictors into the model.
As described above, we constructed the full model based on all six predictor variables and
then built candidate models with all possible combinations of these predictors.

We fitted the occupancy models for PFR and BTFC, respectively, using the functions
colext and occu from the package ‘unmarked’ (version 1.0.1, Fiske ¢» Chandler, 2011)
in R (version 3.4.4, R Core Team, 2018). To facilitate model interpretation and
convergence, we standardized all continuous predictors before model fitting to a mean of
zero and a standard deviation of one (Schielzeth, 2010). We checked for collinearity
between continuous covariates using Spearman’s rank correlation. Covariates were
considered independent if their correlation coefficient |ry| < 0.7 (Dormann et al., 2013).
This was the case for all covariate pairs included in the same model. We drew inference
using multi model inference based on Akaike’s information criterion (AIC, Burnham &
Anderson, 2002). Following recommendations of MacKenzie (2006), we first modelled
detection, identifying a suitable covariate structure for p while holding ¥ and, in the
dynamic model of PFR, y and ¢ at the most general model including all covariates. Having
identified the most parsimonious model structure for p, we kept this constant and
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modelled occupancy, colonization, and extinction, respectively. This two-step approach
may be advantageous over maintaining a general model for p, as it reduces the number of
parameters being estimated (MacKenzie, 2006). We assessed the role of our covariates on
¥, y and ¢ by ranking all candidate models according to their AIC corrected for small
sample sizes (AIC., Burnham ¢ Anderson, 2002). We considered top-ranked models as
those with AAIC, < 2 (Burnham & Anderson, 2002). Model estimates were obtained by
averaging over all candidate models using the zero method (Nakagawa ¢ Hauber,
2011). We tested the goodness of fit of the global models by comparing the observed
Chi-square statistics to respective reference distributions calculated from 1,000 parametric
bootstraps (MacKenzie ¢ Bailey, 2004). This indicated no lack of fit for both models (both
P > 0.05, further details and R functions used in Supplemental Methods).

Assessment of the macaques’ age and sex structure

To gain a deeper insight into the viability of M. nemestrina in selectively logged forests,
we compared age and sex ratios in the macaque populations in Belum and Temengor,
respectively, based on camera trap images. Due to a combination of time constraints for
completing analyses, and the fact that images were not immediately accessible from
PFR, which would have required time to individually download, organise and review
before age and sex classifications could be established, this assessment was restricted to
BTFC.

Each individual detected was identified as adult male, adult female, subadult, juvenile, or
infant according to its body size, sexual characteristics (e.g., anogenital swelling and
elongated nipples in females or prominent testes in males, Bullock, Paris ¢ Goy, 1972), or
individual behaviour (e.g., juveniles ranging in frequent proximity to their mother or
infants nipple holding). Individuals that were partly hidden from view and thus could not
be clearly assigned to either of these categories were marked as ‘unknown’. We then
summed the number of independent detections in each age and sex class, separately for
each of the two habitats. Following O’Brien, Kinnaird ¢» Wibisono (2003) and Kafley
et al. (2019), we defined independent detections as (1) consecutive photographs of
identifiable different individuals based on their unique characteristics, (2) consecutive
photographs of individually unrecognizable macaques of the same age and sex class taken
more than 30 min apart, or (3) non-consecutive photographs of individuals of the same
age and sex class. As described above, spatial independence between camera sites was
assumed due to the generally small home range size of approximately 1 km? of
M. nemestrina (Ruppert et al., 2018; Holzner et al., 2019). The identification of individuals
in images across cameras was not possible in the framework of this study. We assessed
differences in the macaques’ age and sex structure between Belum and Temengor using a
Chi-square test for independence.

RESULTS

Detection of macaques in PFR and BTFC
Within PFR, we detected M. nemestrina during 42.3% of in total 1,636 independent
sampling occasions. The naive occupancy, i.e., the proportion of camera sites with at least
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Table 1 Top ranked Macaca nemestrina detection models (AAIC, < 2) for Pasoh Forest Reserve
(PFR) and Belum Temengor Forest Complex (BTFC) with global occupancy models. Shown are
Akaike’s Information Criterion corrected for small samples (AIC,), differences in AIC. between each
model and the respective best model (AAIC,), the probability of each model to the best model, i.e., the
Akaike weights (WAIC), and the number of parameters (K, details on model selection and model
averaged estimates for all covariates in Tables S1 and S2).

Site Top ranked models AIC, AAIC, wAIC K
PFR p (effort + sampling year ) 2,069.5 0 1 15
BTFC p (effort + sampling month) 1,238.6 0 0.995 16

one detection (MacKenzie et al., 2006), ranged between 0.80 and 0.93 during the 5-year
sampling period, with the highest rate recorded in 2013. In the BTFC, macaques were
present during 13.3% of 1,774 sampling occasions. The naive occupancy was 0.53 in the
undisturbed forest of Belum and 0.39 in the selectively logged forest of Temengor.
Based on AIC,, camera trapping effort and the sampling date significantly contributed
to explaining the variation in the detection probability of M. nemestrina (Table 1).
Specifically, detection was positively correlated with the number of trapping days at
both study sites, i.e., PFR and BTFC (model estimate + standard error (PFR/BTFC)
0.51 + 0.06/0.61 + 0.12), and varied between sampling year and sampling month,
respectively, indicating the presence of seasonal effects (details in Table 52). The mean
estimated detection probability across all camera sites was 0.48 (SD  0.15) in PFR and
0.23 (SD 0.11) in BTEC.

Temporal changes in macaque site occupancy in the highly disturbed
PFR

Using a dynamic occupancy modelling approach, we aimed at predicting temporal
changes in macaque site occupancy as well as their potential causes in PFR. The initial
occupancy probability of M. nemestrina in PFR was estimated to be 0.95 (standard error
(SE)  0.03), when fixing elevation and the distance to the forest edge at their mean
values. Macaque site occupancy in subsequent years was found to decrease by 10% from
0.95 in 2013 to 0.85 in 2017 (Fig. 2).

Further, we assessed the role of environmental and anthropogenic factors in predicting
occupancy, colonization and extinction in PFR. Accordingly, only the top-ranked
model, including forest degradation (arising from tree felling through clear-cutting or
selective logging) as a predictor for extinction, received substantial support (AAIC, < 2,
Table 2). In line with this, model-averaged coefficients corroborated the effect of forest
degradation on the local extinction probability of M. nemestrina in PFR (Table 3).
Specifically, we found that the macaques were approximately 6 times more likely to be
absent at a previously occupied camera site in areas affected by clear-cutting compared to
undisturbed forest patches (Fig. 3). No significant effect could be found for selective
logging, yet large confidence intervals indicate a high variability in the response of
M. nemestrina to this less intensive form of habitat degradation, potentially relating to
small sample sizes as well as different practices and intensities of selective timber
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Figure 2 Dynamics in Macaca nemestrina occupancy in the Pasoh Forest Reserve from 2013 to 2017.
Shown are site occupancy estimates, i.e., the predicted proportion of sampled sites that are occupied, and
their standard errors (N = 60). The bars indicate the cumulative proportion of sites at which clear cutting
occurred. Full size K&] DOT: 10.7717/peerj.12462/fig 2

Table 2 Top ranked Macaca nemestrina occupancy models (AAIC, < 2) for Pasoh Forest Reserve
(PFR) and Belum Temengor Forest Complex (BTFC) with best respective detection models.
Shown are Akaike’s Information Criterion corrected for small samples (AIC.), differences in AIC.
between each model and the respective best model (AAIC,), the probability of each model to the best
model, i.e., the Akaike weights (WAIC), and the number of parameters (K, details on model selection in

Table S3).

Site Top ranked models AIC, AAIC, wAIC K
PFR Y () y () € (forest degradation) 2,056.4 0 0.633 11
BTFR y (elevation) 1,232.1 0 0415 13

harvesting (Fig. 3). Further, low model-averaged coefficients and 95% confidence intervals
including zero suggest that both elevation and the distance of a camera site to the forest
edge did not significantly affect macaque site occupancy in PFR (Table 3).

Macaques’ spatial distribution in undisturbed and selectively logged
forests within BTFC

To better understand the effects of selective logging on M. nemestrina, we assessed the
macaque distribution as well as the covariate structure that best explains variation in
occupancy probabilities within BTFC. Unlike in PFR, we found evidence that elevation
had a strong effect on site occupancy in BTFC, as indicated by its inclusion in the
top-ranked model (AAIC, < 2, Table 2). Specifically, occupancy probability was found to
significantly decrease with increasing elevation (Table 3, Fig. 4). Further, low
model-averaged coefficients and comparatively large 95% confidence intervals suggest that
occupancy did not significantly differ between habitats. Predicted occupancy probabilities
in the strictly protected forest of Belum and the selectively logged forest of Temengor
were 0.59 (SE  0.08) and 0.58 (SE  0.09), respectively, when fixing all other covariates at
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Table 3 Effect of covariates on Macaca nemestrina occupancy, colonization and extinction in the
Pasoh Forest Reserve (PFR) and Belum Temengor Forest Complex (BTFC). Shown are model
averaged estimates (zero method), standard errors (SE) and lower and upper 95% confidence intervals

(CI). Predictors included into the respective top models (AAIC, < 2) are indicated in bold.

Site Parameter Covariate Estimate SE  lower CI upper CI
PFR  Occupancy y  distance to edge” -0.03 029 -147 1.14
elevation® -0.04 029 -1.51 1.12
Colonization y forest degradation (no vs. clear cut)®  0.02 033 -2.58 3.58
forest degradation (no vs. selective)® -0.01 0.34 -3.52 2.81
Extinction & forest degradation (no vs. clear cut)® 2.25 0.69 1.13 3.48
forest degradation (no vs. selective)®  0.60 1.06 -1.47 2.70
BTFC Occupancy ¥  habitat (Belum = 0, Temengor = 1) -0.001 023  -0.90 0.90
NDVT* 0.02 0.10 -0.28 0.45
distance to settlement” -0.01 0.11 -0.46 0.35
elevation” -1.17 0.23 -1.62 -0.73
Notes:

* z transformed tomean 0and SD 1 prior to model fitting; original means + SDs were: distance to edge: 1,076 + 695 m,
elevation (PFR): 295 + 156 m, NDVTI: 0.78 + 0.05, distance to settlement: 8,099 + 4,756 m, elevation (BTFC):

737 £ 302 m.

® Reference level is ‘no tree felling’.
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Figure 3 Effect of forest degradation on the local extinction probability of Macaca nemestrina in the
Pasoh Forest Reserve. The filled circles show the fitted model and the whiskers its 95% confidence
interval, conditional on all other predictors being fixed at their mean values. Clear cutting occurred at a
total of 11 sites during the study period, while five sites were selectively logged and 44 sites remained
undisturbed (N = 60). Full size K4l DOI: 10.7717/peerj.12462/fig 3

their mean values. Similarly, the NDVT and distance to the closest human settlement had

no effect on macaque site occupancy (Table 3).

Macaques’ age and sex structure in BTFC

To explicitly examine the viability of M. nemestrina in selectively logged forests, we

investigated whether the macaques’ age and sex structure differed between intact and
partially degraded habitats within BTFC. We detected a total of 614 and 695 individual
macaques in Belum and Temengor, respectively, 96% of which could be unambiguously
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Figure 4 Effect of elevation on site occupancy of Macaca nemestrina in the Belum Temengor Forest
Complex. The solid line shows the fitted model and the shaded areas its 95% confidence interval,
conditional on all other predictors being fixed at their mean values (N = 254). The dashed lines indicate
the mean elevation at the two study sites, i.e., the Belum Temengor Forest Complex (BTFC) and Pasoh
Forest Reserve (PFR). Full size K&l DOL: 10.7717/peerj.12462/fig 4
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Figure 5 Age sex structure of Macaca nemestrina in the Belum Temengor Forest Complex. The pie
charts indicate the proportion of independent detections of each age sex category, separately for the
Royal Belum State Park (Belum, N = 594) and Temengor Forest Reserve (Temengor, N = 663).

Full size K&l DOT: 10.7717/peerj.12462/fig 5

assigned to an age and sex class. Chi-square test of independence did not reveal significant
differences in the age and sex ratio between the undisturbed forest of Belum and the
selectively logged forest of Temengor (x° 0.45,df 4,p 0.98). In both habitats,
approximately 60% of detected individuals were adults, while 40% of detections were
immatures including subadults, juveniles and infants (Fig. 5).

DISCUSSION

Globally, increasing human encroachment into natural habitats is a major cause of
biodiversity loss (Marques et al., 2019), yet previous studies have highlighted the high

Holzner et al. (2021), PeerdJ, DOI 10.7717/peerj.12462 I 2 14/27



Peer/

variability in species’ ability to cope with anthropogenic impact (Brodie, Giordano ¢
Ambu, 2015). This study provides the first insights into the distribution of M. nemestrina
across intact and degraded forest habitats in Peninsular Malaysia, focusing on the effects of
tree felling on macaque occupancy over time and space. Specifically, clear-cutting
significantly increased the probability that M. nemestrina became locally extinct at a
previously occupied site as compared to a site without tree felling, likely accounting for the
considerable decline in site occupancy observed in PFR during the 5-year study period
from 2013 to 2017. However, there was no difference in the extinction probability of

M. nemestrina between selectively logged and undisturbed sites within PFR, which is
consistent with our findings from BTFC where occupancy probabilities did not depend on
whether a site was located in the strictly protected forest of Belum or the selectively
logged forest of Temengor. Importantly, all occupancy measures were obtained while
controlling for differences in the detection probability of M. nemestrina between the study
sites. Finally, there were no differences in the macaques’ age and sex structure between
Belum and Temengor, suggesting that low to moderate habitat degradation, such as
selective logging, is not necessarily linked to declining populations, as would be indicated
by an increased ratio of adults to immatures (Rudran ¢ Fernandez-Duque, 2003; Shil,
Biswas & Kumara, 2020). Rather, this species may be able to maintain viable populations
in selectively logged forests. Further, similar sex ratios do not imply negative effects of
selective timber harvesting on the survival of dispersing males (Rudran ¢ Fernandez-
Duque, 2003; Zunino et al., 2007; Klass, Belle ¢ Estrada, 2020).

As one of the world’s leading palm oil producers, Malaysia continues to be affected by
deforestation, which has dramatic consequences for many tropical species that rely on
primary rainforest (Vijay et al., 2016; Estrada et al., 2017). Our results provide evidence
that southern pig-tailed macaques are particularly threatened by intensive forest clearance.
Clear-cutting for the purpose of converting natural forest, whether undisturbed or
previously selectively logged, into other land use forms, including agricultural land, is
likely to dramatically reduce the suitability of a habitat for this species. In degraded forests,
wildlife may suffer from habitat fragmentation, reduced availability of natural food
sources, and a high human hunting pressure facilitated by the increased accessibility to
the remaining forest patches (Johns, 1985; Tilker et al., 2019). Previous studies emphasized
the primates” dependency on preserved natural forests in and around these highly
disturbed landscapes to successfully disperse and reproduce (Ancrenaz et al., 2021), as well
as to perform the full range of their natural behavioural repertoire (Holzner et al., 2021).
The latter includes the formation of strong social relationships, which are critical
characteristics of group-living animals owing to their crucial link to individual fitness
(Cameron, Setsaas & Linklater, 2009; Schiilke et al., 2010; Ellis et al., 2019) and offspring
survival (Silk, Alberts e~ Altmann, 2003).

In the light of the rising global demand for palm oil, it is inevitable to focus conservation
actions on reducing the negative environmental impacts of oil palm monocultures.
Recent research has assessed the viability of potential palm oil substitutes, such as
sunflower and coconut oil or single cell oil from yeast and microalgae (Parsons, Raikova ¢
Chuck, 2020). Yet, due to its high-per hectare yield and unique lipid profile, palm oil still
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outweighs the available alternatives (Parsons, Raikova & Chuck, 2020). Therefore, the
promotion of sustainable practices in the palm oil sector, including the avoidance of
further deforestation, the refrainment from the use of chemical fertilizer and pesticides, as
well as the establishment of green corridors and buffer zones, is of utmost importance to
allow animals to pertain and survive in the forest-plantation matrix, and thus to prevent
further loss of wildlife biodiversity.

Unlike clear-cut habitats, less intensively disturbed, selectively logged forests, may
indeed sustain viable macaque populations under certain conditions. In this context,
elevation in particular appears to be an important factor in predicting whether macaques
occur at a given site. This is unsurprising, as elevation defines different floristic zones and
thus determines food availability for a variety of species, such as the predominantly
frugivorous southern pig-tailed macaque (Saw, 2010). Previous studies have highlighted
the impact of elevation on the occurrence and abundance of wildlife. McCain ¢ Grytnes
(2010), for example, found a general trend of declining species richness with increasing
elevation across multiple taxa, including small mammals, reptiles, and amphibians.
Further, Campera et al. (2020) reported a strong negative correlation between lemur
abundance and elevation in the Malagasy rainforests. As predicted, we found macaque site
occupancy to decrease with increasing elevation in BTFC. However, PFR lacks this
correlation, likely due to low variation between camera sites and generally low altitudes
not exceeding 670 m (range 94-664 m). In BTFC, on the other hand, altitudes reached
up to 1,600 m (range 323-1,664 m). Importantly, this difference in altitude between
the study sites may explain the general discrepancy between occupancy estimates in PFR
and BTFC. While large parts of the BTFC comprise hill and upper dipterocarp forest
of mid altitude as well as montane forest (Rayan ¢ Linkie, 2016), PFR is a lowland
rainforest (Fletcher et al., 2012), which was previously reported to be the preferred habitat
type of M. nemestrina (Yanuar et al., 2009). This is in line with findings by Goodman ¢
Ganzhorn (2004) who suggested that the average elevation used by primates in Asia is
around 400 m.

Another important determinant of the ability of a species to occupy and persist in a
habitat is the intensity of human activity, such as the hunting pressure. As demonstrated
by Tilker et al. (2019), intensive hunting by humans may be an even more immediate threat
to tropical wildlife than moderate habitat degradation. Both the distance to human
settlements and the distance to the forest edge were not included in our top-ranked
occupancy models, indicating that hunting activities by indigenous tribes, local
communities, and logging workers may have been rather low at our study sites.

In BTFC, this may be closely linked to low densities of settlements, which entail greater
distances averaging 8 km to camera sites.

Earlier studies suggested that species characterized by a more generalist diet, and thus a
lower degree of frugivory, may thrive in partially logged habitats (Johns & Skorupa, 1987;
Vetter et al., 2011). Some of these were found to even prefer disturbed environments to
primary forest. Ungulates, small mammals or omnivorous and granivorous birds, for
example, exhibit higher abundances in disturbed or edge-affected habitats compared
to undisturbed forests (Lambert, Malcolm ¢ Zimmerman, 2006; Brodie, Giordano ¢
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Ambu, 2015; Burivalova et al., 2015). Although the main component of M. nemestrina’s
natural diet are fruits (ca. 75%, Caldecott, 1986), they feed on a wide range of other foods,
such as insects, leaves, mushrooms and small mammals (Ang et al., 2020). Southern
pig-tailed macaques inhabiting a forest-oil palm matrix at the west coast of Peninsular
Malaysia were reported to complement their natural forest diet with cultivated oil palm
fruits and plantation rats (Ruppert et al., 2018; Holzner et al., 2019), suggesting that
macaques may indeed be able to adapt their diet to changing environmental conditions, as
also found for other Malaysian primates (Johns, 1985).

Previous findings stressed the importance of accounting for imperfect detection
during data collection when studying the occurrence or distribution of wild animals
(MacKenzie, 2006). This proved to be relevant also in our study, as the detection
probability, i.e., the probability to detect a species when it is present, varied across study
sites. Camera sites in BTFC in particular showed a low probability to detect macaques
when present, even after increasing the interval of sampling occasions from 7 to 14 days.
In PFR, on the other hand, the probability of detection was considerably higher.

One crucial factor in explaining this discrepancy in the detection of wildlife may be
seasonality. Based on our results, the date of sampling was identified as an important
predictor of the detection probability. Prolonged rainfall during the monsoon season
may decrease the macaques’ overall activity and/or terrestriality (Takemoto, 2004; Hanya
et al., 2018), thus resulting in a lower probability of being detected by the camera traps on
the ground. While camera trapping in BTFC was performed from August until May,
including the rainy season from November until January, in PFR more than 87% of
sampling days took place during the commonly dryer period between May and August,
likely resulting in a higher detection probability in PFR compared to BTFC. This effect may
be reinforced, as PFR is a relatively small, highly degraded forest surrounded by oil palm
plantation, with canopy gaps likely promoting movement of macaques on the ground
(Ancrenaz et al., 2014). As pointed out by previous research, small home range areas
frequently reported for primate groups ranging in anthropogenic environments, as well as
high group densities may also lead to increased detection probabilities (McLennan,
Spagnoletti & Hockings, 2017; Parsons et al., 2017; Neilson et al., 2018), although the
available dataset did not allow us to verify this. Furthermore, it is important to note here
that, based on our analyses, we can infer macaque occupancy but not necessarily
abundance. In order to provide in-depth information on whether or not selective logging
affects the long-term viability of M. nemestrina, more detailed studies including larger data
sets are needed. However, MacKenzie ¢» Nichols (2004) proposed that occupancy may
serve as a surrogate for abundance estimation and some earlier studies found strong
associations between occupancy and density in carnivorous species (Clare, Anderson &
MacFarland, 2015; Linden et al., 2017).

CONCLUSIONS

There are no population assessments of M. nemestrina in its species range, but general
estimates are primarily based on assumptions inferred from knowledge available from
other primates occupying the same or similar habitats (Ang et al., 2020). Here, we add to
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these findings by providing thorough insight into the macaques’ ability to persist in
human-impacted habitats and quantifying the effect of tree felling activities on the
distribution of M. nemestrina. We confirm how population monitoring through camera
trapping can contribute to understanding the response of an elusive and threatened
Malaysian primate to ecological and anthropogenic factors, and hence to informing
conservation efforts. The present study stresses the high sensitivity of M. nemestrina to
clear-cutting. At the same time, it demonstrates that not only primary forest but also
moderately disturbed habitats may play a key role for the protection of this species.
Overall, our data indicate that previously selectively logged forests may constitute a
valuable habitat for the macaques and therefore should be protected and regenerated
instead of opened for more land development. Ultimately, it is imperative to clearly
differentiate between these partially degraded, but for the protection of biodiversity, very
important forests (Johns, 1985; Lee, Powell ¢ Lindsell, 2015) and vast areas of monoculture
timber plantations. Frequently, the latter are also defined as ‘forest’ (e.g., Peninsular
Malaysia’s National Forestry Act of 1984) and thus continue to legally replace selectively
logged areas, i.e., potential primate habitats, in many forest reserves after the high-value
forest timber had been extracted (Aziz, Laurance ¢ Clements, 2010). To counteract
population declines at accelerated rates, conservation actions need to focus on the
maintenance (and if necessary, restoration) of primary and secondary forest habitats
(WWE, 2020), including partially degraded forest that can provide valuable habitat for
various species, such as M. nemestrina. Specifically, the protection of selectively logged
forest against conversion into other land use forms, e.g., monoculture plantations,
targeted restoration efforts of degraded habitats, and the reconnection of isolated forests
through the establishment of wildlife corridors in fragmented habitats are important
conservation measures. This may facilitate natural dispersal between wildlife populations,
which is inevitable to ensure the long-term survival of this and other species.
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The following information was supplied relating to field study approvals (i.e., approving
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For Temengor Forest Reserve, the forest entry permit was given to WWF Malaysia
by the district Hulu Perak Forestry Department (through the Perak State Forestry
Department), and for Royal Belum State Park, this was given by the Perak State Parks
Corporation in 2007.

In addition, for the camera trapping research in Belum-Temengor in 2011,
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response from the Department of Wildlife and National Parks (DWNP) stating that
they had no objection to conduct a noninvasive wildlife study if it is carried out in areas not
governed by DWNP.

Data Availability
The following information was supplied regarding data availability:

Full datasets cannot be shared publicly because they contain location data of protected
mammal species of Peninsular Malaysia. Basic detection data are available in the
Supplemental Files. Data from Belum-Temengor are co-owned by WWEF-Malaysia and
one of the co-authors (D. Mark Rayan) who, at the time of data collection, was formally
affiliated with WWEF-Malaysia. Upon reasonable request, these data can be made available
through an alternative contact from WWEF-Malaysia (Christopher Wong, christopher.
wong@wwf.org.my). Data from Pasoh were obtained as part of the Tropical Ecological
Assessment and Monitoring (TEAM) Network work, conducted in collaboration with
the Forest Research Institute Malaysia (FRIM), and can be made available upon
reasonable request through one of the co-authors (Jonathan Moore, jonathan.
moore03@gmail.com). Statistical analyses were done using the software R (version 3.4.4).
R scripts are available in the Supplemental Files.
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ASSESSMENT OF ILLEGAL ONLINE PRIMATE TRADE IN MALAYSIA

Muhammad Zaki Zainol, Nik Fadzly Nik Rosely & Nadine Ruppert
School of Biological Sciences, 11800 Universiti Sains Malaysia, Pulau Pinang

INTRODUCTION 3 School of
Sty SR N S sl ey
The illegal online wildlife trade is widespread in Malaysia and  UNIVERSITI SAINS MALAYSIA e rous RISl S b
primates are dominating the market. Globally, 60% of primates are

considered endangered (Estrada et al. 2017). Totally protected

species, like Dusky leaf monkeys (Trachypitchecus obscurus) and e e e e IR |
Sunda slow lorises (Nycticebus coucang) are advertised openly, : s
which has recently led to a series of confiscations and arrests by the
Department of Wildlife and National Parks Peninsular Malaysia
(2015, 2017). Yet, consumers continued to request primates as pets
in 2016 through January 2018 and almost daily, new advertisements
of protected species are uploaded on social media.

& Q RobMachado

pilihla mano bokonan..dusky hado...kogho
hado...alc hado...pm den dogheh...s

OBJECTIVES |

= abeteh

* Assessing the general pattern of online primate trade in Malaysia.
* Determining the main online channels for sellers and buyers.
* Assessing which species are most traded and at what value. ‘

e e e e e METHODS

< Video < Photo é

socHCOM T 2323 @ 10 coxm

B = @ oraame Phase 1: Online search (October 2017 — July 2018) by using common search

engines (e.g. Google) to locate websites (incl. social media) that contain
publicly accessible primate advertisements.

Keywords chosen based on species’ common names in Malay and English.
Phase 2: Detailed search for live primates and primate products on all
identified websites. Recording data of each advertisement, including species,
age, state/region, listing price, shipping range, website policy, product type,
keywords and final sale status (following Lawson & Vines 2014).

RESULTS

Number of online primate advertisements from TWO Facebook pages PRIMATE SPECIES  PRICE RANGE
(Zul_Pets2 and Kejora Amsyar) D= L

Dusky leaf monkey RM530-RM800

Trachypithecus obscurus
Frequency of online primate posts by website

(N=736)

Silvered leaf monkey RM750
Trachypithecus cristatus

R
Agile gibbon RM800-

October November December January February — March April Hylobates agilis RM3000

Month
White-handed gibbon Not specified

Hylobates lar

Blue: Zul_Pets all wildife/ primates only === == e Orange: Kejora Amsyar all wildife/ primates only

Frequency of traded species (N=736) Orangutan Not specified
SLOW LORIS Pongo pygmaeus

PIG-TAILED MACAQUE l%

Long-tailed macaque Not specified

LONG-TAILED MACAQUE
Macaca fascicularis

ORANGUTAN 1%
WHITE-HANDED GIBBON |1 Pig-tailed macaque RM400 Mudah.my KejoraPets.com
AGILE GIBBON Macaca nemestrina

SILVERED LEAF MONKEY §¥1%

DUSKY LEAF MONKEY Slow loris
Nycticebus coucang

M Facebook.com M Instagram.com

COMMON NAME

0% 10% 20% 30% 40% 50% 60% 70% 80%

DISCUSSION CONCLUSION

Facebook had most posts overall probably due to its heavy Social media platforms in Malaysia commonly advertise primates as
traffic with more than 12 million users in Malaysia. pets. High consumer demand dictates the considerably high market
Dusky leaf monkey babies (Trachypithecus obscurus) are the prices. Due to a loophole in the Malaysian Wildlife Conservation Act
most traded primates in Malaysia probably because of their (2010), the brokering of totally protected species online is not yet
orange fur, relatively high abundance and docile behavior. prohibited, thus brokers/ traders continue their business. We suspect
Agile gibbon (Hylobates agilis) is the most expensive species that many buyers lack awareness that possessing (not brokering)
traded in Malaysia, which is a concerning trend as these primates in Malaysia is illegal. Thus, we need to conduct more
small apes are listed as Endangered (IUCN). environmental education and outreach programs to inform the public
Indirect promotion of primates as pets by famous local and stricter laws and enforcement to prosecute the sellers.

celebrities may impact the business as they set this popular

trend among their followers.

A7 i Sponiog P .(
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This project is supported by ARl and its outreach projects v WA H A g v
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RAINFOREST INFORMATION

By Rhett A. Butler Last updated Aug 14, 2020

A Place Out of Time: Tropical Rainforests and the Perils They Face - information on tropical forests,
deforestation, and biodiversity

RAINFOREST FACTS

e Tropical forests presently cover about 1.84 billion hectares or about 12 percent of Earth's land
surface (3.6% of Earth's surface).

e The world's largest rainforest is the Amazon rainforest

e Brazil has the largest extent of rainforest cover, including nearly two-thirds of the Amazon.

e Rainforests also exist outside the tropics, including temperate North America, South America,
Australia, and Russia.

e An estimated 50 percent of terrestrial biodiversity is found in rainforests

e Rainforests are thought to store at least 250 billion tons of carbon

e Deforestation and degradation of tropical forests account for roughly 10 percent of global
greenhouse emissions from human activities

Sections:

https://rainforests.mongabay.com 1/23
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Rainforest floor Rainforest waters

Rainforest peoples Deforestation

https://rainforests.mongabay.com 2/23
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The Amazon The Congo

Rainforest Facts
1 |

BACKGROUND INFORMATION ON THE RAINFOREST

https://rainforests.mongabay.com

3/23



3/28/23, 10:07 AM The Rainforest: tropical forest facts, photos, and information

section of the webh site, raintarests are actually tound widely around the world, including temperate

regions in Canada, the United States, and the former Soviet Union.

Tropical rainforests typically occur in the equatorial zone between the Tropic of Cancer and Tropic of
Capricorn, latitudes that have warm temperatures and relatively constant year-round sunlight. Tropical
rainforests merge into other types of forest depending on the altitude, latitude, and various soil,
flooding, and climate conditions. These forest types form a mosaic of vegetation types which contribute
to the incredible diversity of the tropics.

The bulk of the world's tropical rainforest occurs in the Amazon Basin in South America. The Congo Basin
and Southeast Asia, respectively, have the second and third largest areas of tropical rainforest.

Rainforests also exist on some the Caribbean islands, in Central America, in India, on scattered islands in
the South Pacific, in Madagascar, in West and East Africa outside the Congo Basin, in Central America
and Mexico, and in parts of South America outside the Amazon. Brazil has the largest extent of rainforest
of any country on Earth.

STATE OF THE WORLD’S LARGEST TROPICAL RAINFORESTS IN 2020

Share of primary tropical forest cover in 2020 Share of primary tropical forest loss 2002-2019
-/ MONGABAY.COM

% loss of

2020 extent 2002-19loss 2001 cover

= Amazon 526.2 305 5.5%
= Congo 167.6 6.1 3.5%
= Australiasia 64.4 1.3 2.0%
= Sundaland 51.0 10.4 17.0%
= Indo-Burma 40.1 3.6 8.2%
= Mesoamerica 16.0 2.0 11.2%
= Wallacea 14.6 1.1 6.9%
= West Africa 10.2 0.9 7.7%
= Atlantic forest 9.3 0.7 6.7%
= Choco 8.4 0.1 1.4%
= Rest of the Tropics 61.2 3.7 5.7%

Units: million hectares | Data source: Hansen / WRI 2020

Tropical primary forest loss and tree cover loss 2002-2019
s m Primary forest loss ~ wTree cover loss
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a home to wildhte and Indlgpnnuq ppnplp, Raintorests are also the source ot many usetul pmdur'rq upon

which local communities depend.

While rainforests are critically important to humanity, they are rapidly being destroyed by human
activities. The biggest cause of deforestation is conversion of forest land for agriculture. In the past
subsistence agriculture was the primary driver of rainforest conversion, but today industrial agriculture
— especially monoculture and livestock production — is the dominant driver of rainforest loss
worldwide. Logging is the biggest cause of forest degradation and usually proceeds deforestation for
agriculture.

Organization of this site

The rainforest section of Mongabay is divided into ten "chapters" (the original text for the site was a
book, but has since been adapted for the web), with add-on content in the form of special focal sections
(e.g. The Amazon, the Congo, REDD, New Guinea, Sulawesi, Forests in Brazil, etc), appendices, and other

resources.

There is also a version of the site geared toward younger readers at kids.mongabay.com.

e e -

MONGABAY"

https://rainforests.mongabay.com 5/23
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ABOUT THE RAINFOREST (SUMMARY)
Chapter 1:

RAINFOREST DISTRIBUTION AND CHARACTERISTICS

Each rainforest is unique, but there are certain features common to all tropical rainforests.

Location: rainforests lie in the tropics.

Rainfall: rainforests receive at least 80 inches (200 cm) of rain per year.

Canopy: rainforests have a canopy, which is the layer of branches and leaves formed by closely
spaced rainforest trees some 30 meters (100 feet) off the ground. A large proportion of the plants
and animals in the rainforest live in the canopy.

Biodiversity: rainforests have extraordinarily highs level of biological diversity or "biodiversity”.
Scientists estimate that about half of Earth's terrestrial species live in rainforests.

Ecosystem services: rainforests provide a critical ecosystem services at local, regional, and global
scales, including producing oxygen (tropical forests are responsible for 25-30 percent of the
world's oxygen turnover) and storing carbon (tropical forests store an estimated 229-247 billion

tons of carbon)_through photosynthesis; influencing_precipitation patterns and weather;

moderating_flood and drought cycles; and facilitating_nutrient cycling; among others.

The global distribution of tropical rainforests can be broken up into four biogeographical realms based

roughly on four forested continental regions: the Afrotropical, the Australiasian, the Indomalayan/Asian,

and the Neotropical. Just over half the world's rainforests lie in the Neotropical realm, roughly a quarter

are in Africa, and a fifth in Asia.

Map showing the world's rainforests, defined as primary forests in the tropics. Click to enlarge.

These realms can be further divided into major tropical forest regions based on biodiversity hotspots,

including:

https://rainforests.mongabay.com

1. Amazon: Includes parts of Bolivia, Brazil, Colombia, Ecuador, French Guiana, Guyana, Peru,

Suriname, Venezuela
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3. Australiasia: Includes parts ot Australia, Indonesian halt of New Giuinea, Papua New (uinea
4. Sundaland: Includes parts of Brunei, Indonesia, Malaysia, Singapore
5. Indo-Burma: Includes parts of Bangladesh, Cambodia, China, India, Laos, Myanmar, Thailand,
Vietnam
6. Mesoamerica: Includes parts of Belize, Costa Rica, El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, Panama
7. Wallacea: Sulawesi and the Maluku islands in Indonesia
8. West Africa: Includes parts of Benin, Cameroon, C6te d'lvoire, Ghana, Guinea, Liberia, Nigeria,
Sierra Leone, Togo
9. Atlantic forest: Includes parts of Argentina, Brazil, Paraguay
10. Choco: Includes parts of Colombia, Ecuador, Panama

Dozens of countries have tropical forests. The countries with the largest areas of tropical forest are:

e Brazil

e Democratic Republic of Congo (DRC)
¢ Indonesia

e Peru

e Colombia

Other countries that have large areas of rainforest include Bolivia, Cameroon, Central African Republic,

Ecuador, Gabon, Guyana, India, Laos, Malaysia, Mexico, Myanmar, Papua New Guinea, Republic of
Congo, Suriname, and Venezuela.

Cover and loss by rainforest region

Primary forest extent Tree cover extent
Rainforest region 2001 2010 2020 2001 2010
Amazon 556.7 543.5 526.2 673.4 658.6
Congo 173.7 172.2 167.6 301.2 300.3
Australiasia 61.8 65.4 64.4 76.3 913
Sundaland 39.9 57.3 51.0 67.7 121.6
Indo-Burma 15.3 42.6 40.1 37.8 153.0
Mesoamerica 43.7 174 16.0 160.3 543
Wallacea 18.1 15.2 14.6 56.2 26.1

https://rainforests.mongabay.com

2020

628.9

287.7

89.1

103.1

139.1

49.8

24.5
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Choco 10.0 8.5 8.4 99.8 15.9 15.6
PAN-TROPICS 1,029.6 1,006.5 969.1 2,028.3 1,959.4 1,839.1
Primary forest loss Tree cover change

2002-09 2010-19 2002-09 2010-19
Rainforest region M ha (%) M ha (%) M ha (%) M ha (%)
Amazon -13.18 (-2.4%) -17.28 (-3.2%) -14.7 (-2.2%) -29.8 (-4.5%)
Congo -1.46 (-0.8%) -4.68 (-2.7%) -0.8 (-0.3%) -12.7 (-4.2%)
Australiasia -0.29 (-0.5%) -0.86 (-1.3%) 0.2 (0.2%) -1.4 (-1.5%)
Sundaland -2.22 (-5.5%) -3.67 (-6.4%) -1.5 (-2.3%) -9.5 (-7.8%)
Indo-Burma -1.62 (-10.5%) -2.14 (-5.0%) -0.6 (-1.6%) -6.4 (-4.2%)
Mesoamerica -1.10 (-2.5%) -2.51 (-14.4%) -7.3 (-4.6%) -13.9 (-25.6%)
Wallacea -0.66 (-3.6%) -1.36 (-8.9%) -1.9 (-3.3%) -4.6 (-17.5%)
West Africa -0.30 (-3.1%) -0.50 (-4.6%) -0.1 (-0.8%) -1.2 (-2.4%)
Atlantic forest -0.24 (-2.1%) -0.62 (-6.4%) -0.7 (-1.5%) -6.8 (-7.0%)
Choco -0.33 (-3.3%) -0.35 (-4.1%) -3.5 (-3.5%) -7.3 (-46.0%)
PAN-TROPICS -23.11 (-2.2%) -37.34 (-3.7%) -68.9 (-3.4%) -120.3 (-6.1%)

The world's largest primary forests in the tropics in 2020

Numbers represent million hectares

0 100 200 300 400 500 600

Amazon
Congo
Australiasia 64
(Australia+New Guinea)

Sundaland
(Southeast Asia)

Indo-Burma 40
(Southeast Asia)
Mesoamerica
(Mexico+Central America)

51

16
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PIE CHART: The world's largest primary forests in the tropics in 2020

m Amazon
(South America)

m Congo
(Central Africa)

m Australiasia
(Australia+New Guinea)

» Sundaland
(Southeast Asia)

® Indo-Burma
(Southeast Asia)

= Mesoamerica
(Mexico+Central America)

m Wallacea
(Indonesia)

m West Africa

m Atlantic forest
(South America)

m Choco
(South America)

m Other tropical forests
(World)

4{ MONGABAY.COM

Bar chart showing the world's largest rainforests as defined by the area of primary forest cover according to Hansen /

WRI 2020.
Tropical primary forest and tree cover in 2020 (hectares)

m Total forest cover 2020 Primary forest Tree cover

0 100,000,000 200,000,000 300,000,000 400,000,000 500,000,000 | EXtent Arealoss %loss  Extent

2020 2002-19 2002-19 2020

Brazil | 319 24522  7.4% 468

D.R.Congo NN 100 4,828  4.6% 188

Indonesia I 84 9.478 10.1% 142

Peru N 67 1969  2.8% 77

Colombia |G 53 1498  2.7% 79

Venezuela N 38 0.480 1.2% 56

Bolivia [ 38 2743  B6.7% 59

Papua New Guinea [ 32 0732 2.2% 42

Gabon N 22 0.239 1.14% 24

Republic of Congo N 21 0.324  1.5% 26

Camercon [l 18 0.608 3.2% 30

Guyana [l 17 0.125 0.7% 19

Myanmar B 13 0.577 4.1% 38

Malaysia ¥ 13 2629 165% 24

Suriname W 13 0.122 1.0% 14

Ecuador N 10 0.173 1.6% 19

India W= 10 0.328  3.2% 33

Mexico BN g N 504 A 4% a8
https://rainforests.mongabay.com 9/23
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Thailand 18 6 012 20%| 18

Philippines I 4 0.143 3.1% 18

Liberia | 4 0.228 5.1% 8

Table units: million hectares
Data source: Mongabay using WRI / Hansen 2020 d MONGABAY.COM
Country 2001 2010 2020 2001 2010 2020
Brazil 343.2 331.9 318.7 516.4 498.1 468.2
DR Congo 104.6 103.4 99.8 198.8 198.5 188.0
Indonesia 93.8 90.2 84.4 159.8 157.7 141.7
Colombia 54.8 54.2 53.3 81.6 81.7 79.3
Peru 69.1 68.5 67.2 779 78.6 76.5
Bolivia 40.8 39.9 38.1 64.4 62.7 58.9
Venezuela 386 385 38.1 56.4 57.3 56.1
Angola 2.5 24 2.3 49.7 483 46.8
Central African Republic 74 73 7.2 46.9 471 46.6
Papua New Guinea 32.6 324 31.9 42.9 42.9 41.9
Mexico 9.2 9.0 8.6 433 425 403
China 1.7 1.7 1.7 42.8 411 385
Myanmar 14.0 13.8 13.5 42.8 40.9 38.2
India 10.2 10.1 9.9 35.1 314 30.2
Cameroon 19.1 19.0 18.5 30.6 29.7 28.7
Republic of Congo 21.2 21.1 20.8 26.4 26.6 26.0
Argentina 44 4.2 4.0 30.9 27.6 24.9
Gabon 22.7 22.6 224 24.7 24.7 24.4
Malaysia 15.9 15.0 13.3 29.1 28.6 23.8
Mozambique 0.1 0.1 0.1 26.6 25.0 23.1
Tanzania 0.7 0.7 0.7 21.8 20.6 19.3
Guyana 17.3 17.3 17.2 19.0 19.1 18.9
Ecuador 10.6 10.6 10.5 18.3 18.5 18.1
https://rainforests.mongabay.com 10/23
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Paraguay

Zambia

Laos

Suriname

Rest of the tropics

Grand Total

Country

Brazil

DR Congo
Indonesia
Colombia

Peru

Bolivia

Venezuela

Angola

Central African Republic
Papua New Guinea
Mexico

China

Myanmar

India

Cameroon

Republic of Congo

https://rainforests.mongabay.com
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3.5

0.3

8.3

12.8

59.6

1,029.6

2002-09

M ha (%)

-11.37 (-3.3%)

-1.16 (-1.1%)

-3.63 (-3.9%)

-0.54 (-1.0%)

-0.60 (-0.9%)

-0.90 (-2.2%)

-0.15 (-0.4%)

-0.03 (-1.2%)

-0.05 (-0.6%)

-0.19 (-0.6%)

-0.20 (-2.1%)

-0.03 (-1.9%)

-0.19 (-1.4%)

-0.13 (-1.2%)

-0.11 (-0.6%)

-0.07 (-0.3%)

3.0 2.5

0.3 0.3

8.1 7.5
12.7 12.6
58.0 53.9
1,006.5 969.1

Primary forest loss
2010-2019

M ha (%)

-13.15 (-4.0%)

-3.67 (-3.5%)

-5.85 (-6.5%)

-0.96 (-1.8%)

-1.37 (-2.0%)

-1.84 (-4.6%)

-0.33 (-0.9%)

-0.09 (-3.8%)

-0.11 (-1.5%)

-0.55 (-1.7%)

-0.40 (-4.4%)

-0.04 (-2.4%)

-0.38 (-2.8%)

-0.20 (-2.0%)

-0.50 (-2.6%)

-0.25 (-1.2%)

239

18.5

19.1

13.9

210.1

2,009.7

2002-09

M ha (%)

-18.25 (-3.5%)

-0.37 (-0.2%)

-2.09 (-1.3%)

0.17 (0.2%)

0.68 (0.9%)

-1.67 (-2.6%)

0.86 (1.5%)

-1.37 (-2.8%)

0.15 (0.3%)

0.04 (0.1%)

-0.81 (-1.9%)

-1.67 (-3.9%)

-1.90 (-4.4%)

-3.67 (-10.5%)

-0.96 (-3.1%)

0.28 (1.0%)

20.2 16.6
17.4 16.6
17.9 15.4
14.0 13.9
203.5 183.3
1,959.4 1,839.1

Tree cover change
2010-2019

M ha (%)

-29.93 (-6.0%)

-10.50 (-5.3%)

-15.98 (-10.1%)

-2.43 (-3.0%)

-2.10 (-2.7%)

-3.75 (-6.0%)

-1.14 (-2.0%)

-1.51 (-3.1%)

-0.49 (-1.0%)

-1.05 (-2.4%)

-2.22 (-5.2%)

-2.66 (-6.5%)

-2.70 (-6.6%)

-1.18 (-3.8%)

-1.02 (-3.4%)

-0.60 (-2.2%)
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Malaysia
Mozambique
Tanzania
Guyana
Ecuador
Thailand
Philippines
Paraguay
Zambia

Laos

Suriname

Rest of the tropics

Grand Total

Chapter 2:

RAINFOREST STRUCTURE

The Rainforest: tropical forest facts, photos, and information

-0.98 (-6.2%)

0.00 (-1.6%)

-0.01 (-0.9%)

-0.03 (-0.2%)

-0.05 (-0.5%)

-0.07 (-1.2%)

-0.05 (-1.1%)

-0.46 (-13.3%)

0.00 (-1.0%)

-0.23 (-2.7%)

-0.02 (-0.2%)

-1.59 (-2.7%)

-23.11 (-2.2%)

-1.65 (-11.0%)

-0.01 (-7.5%)

-0.02 (-2.8%)

-0.09 (-0.5%)

-0.12 (-1.2%)

-0.05 (-0.9%)

-0.09 (-2.1%)

-0.53 (-17.7%)

-0.02 (-6.5%)

-0.55 (-6.8%)

-0.10 (-0.8%)

-4.04 (-7.0%)

-37.34 (-3.7%)

-0.47 (-1.6%)

-1.60 (-6.0%)

-1.21 (-5.5%)

0.07 (0.3%)

0.20 (1.1%)

-0.75 (-3.8%)

-0.18 (-1.0%)

-3.69 (-15.4%)

-1.07 (-5.8%)

-1.15 (-6.0%)

0.05 (0.4%)

-6.59 (-3.1%)

-50.27 (-2.5%)

-4.84 (-16.9%)

-1.95 (-7.8%)

-1.31 (-6.3%)

-0.14 (-0.8%)

-0.43 (-2.3%)

-1.31 (-6.9%)

-0.80 (-4.4%)

-3.60 (-17.8%)

-0.77 (-4.4%)

-2.58 (-14.4%)

-0.14 (-1.0%)

-20.17 (-9.9%)

-120.27 (-6.1%)

Rainforests are characterized by a unique vegetative structure consisting of several vertical layers

including the overstory, canopy, understory, shrub layer, and ground level. The canopy refers to the

dense ceiling of leaves and tree branches formed by closely spaced forest trees. The upper canopy is

100-130 feet above the forest floor, penetrated by scattered emergent trees, 130 feet or higher, that

make up the level known as the overstory. Below the canopy ceiling are multiple leaf and branch levels

known collectively as the understory. The lowest part of the understory, 5-20 feet (1.5-6 meters) above

the floor, is known as the shrub layer, made up of shrubby plants and tree saplings.

Chapter 3:

RAINFOREST BIODIVERSITY

Tropical rainforests support the greatest diversity of living organisms on Earth. Although they cover less

than 2 percent of Earth’s surface, rainforests house more than 50 percent of the plants and animals on

the planet.

https://rainforests.mongabay.com
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et e s e e e 1t gy i f et e s g e i
sunlight is converted to energy by plants through the process of photosynthesis. Since there is a
lot of sunlight, there is a lot of energy in the rainforest. This energy is stored in plant vegetation,
which is eaten by animals. The abundance of energy supports an abundance of plant and animal
species.

e Canopy: the canopy structure of the rainforest provides an abundance of places for plants to grow
and animals to live. The canopy offers sources of food, shelter, and hiding places, providing for
interaction between different species. For example, there are plants in the canopy called
bromeliads that store water in their leaves. Frogs and other animals use these pockets of water for
hunting and laying their eggs.

e Competition: while there is lots of energy in the rainforest system, life is not easy for most species
that inhabit the biome. In fact, the rainforest is an intensively competitive place, with species
developing incredible strategies and innovations to survive, encouraging specialization.

While species everywhere are known for utilizing symbiotic relationships with other species to survive,
the biological phenomenon is particularly abundant in rainforests.

Chapter 4:
THE RAINFOREST CANOPY

In the rainforest most plant and animal life is not found on the forest floor, but in the leafy world known

as the canopy. The canopy, which may be over 100 feet (30 m) above the ground, is made up of the
overlapping branches and leaves of rainforest trees. Scientists estimate that more than half of life in the
rainforest is found in the trees, making this the richest habitat for plant and animal life.

The conditions of the canopy are markedly different from the conditions of the forest floor. During the
day, the canopy is drier and hotter than other parts of the forest, and the plants and animals that live
there have adapted accordingly. For example, because the amount of leaves in the canopy can make it
difficult to see more than a few feet, many canopy animals rely on loud calls or lyrical songs for
communication. Gaps between trees mean that some canopy animals fly, glide, or jump to move about
in the treetops. Meanwhile plants have evolved water-retention mechanisms like waxy leaves.

Scientists have long been interested in studying the canopy, but the height of trees made research
difficult until recently. Today the canopy is commonly accessed using climbing gear, rope bridges,
ladders, and towers. Researchers are even using model airplanes and quadcopters outfitted with special
sensors — conservation drones — to study the canopy.
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Chapter 5:

The rainforest floor

The rainforest floor is often dark and humid due to constant shade from the leaves of canopy trees. The
canopy not only blocks out sunlight, but dampens wind and rain, and limits shrub growth.

Despite its constant shade, the ground floor of the rainforest is the site for important interactions and
complex relationships. The forest floor is one of the principal sites of decomposition, a process
paramount for the continuance of the forest as a whole. It provides support for trees responsible for the
formation of the canopy and is also home to some of the rainforest's best-known species, including
gorillas, tigers, tapirs, and elephants, among others.
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Chapter 6:

Rainforest waters

Tropical rainforests support some of the largest rivers in the world, like the Amazon, Mekong, Negro,
Orinoco, and Congo. These mega-rivers are fed by countless smaller tributaries, streams, and creeks. For
example, the Amazon alone has some 1,100 tributaries, 17 of which are over 1,000 miles long. Although
large tropical rivers are fairly uniform in appearance and water composition, their tributaries vary greatly.

Rainforest waters are home to a wealth of wildlife that is nearly as diverse as the biota on land. For
example, more than 5,600 species of fish have been identified in the Amazon Basin alone.

But like rainforests, tropical ecosystems are also threatened. Dams, deforestation, channelization and
dredging, pollution, mining, and overfishing are chief dangers.

Chapter 7:

Rainforest people

Tropical rainforests have long been home to tribal peoples who rely on their surroundings for food,
shelter, and medicines. Today very few forest people live in traditional ways; most have been displaced
by outside settlers, have been forced to give up their lifestyles by governments, or have chosen to adopt
outside customs.

Of the remaining forest people, the Amazon supports the largest number of Indigenous people living in
traditional ways, although these people, too, have been impacted by the modern world. Nonetheless,
Indigenous peoples' knowledge of medicinal plants remains unmatched and they have a great
understanding of the ecology of the Amazon rainforest.

In Africa there are native forest dwellers sometimes known as pygmies. The tallest of these people, also
called the Mbuti, rarely exceed 5 feet in height. Their small size enables them to move about the forest
more efficiently than taller people.

There are few forest peoples in Asia living in fully traditional ways. The last nomadic people in Borneo are
thought to have settled in the late 2000's. New Guinea and the Andaman Islands are generally viewed as
the last frontiers for forest people in Asia and the Pacific.

Chapter 8:
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human activities. We are cutting down rainforests for many reasons, including:

e wood for both timber and making fires;

e agriculture for both small and large farms;

e land for poor farmers who don't have anywhere else to live;

e grazing land for cattle (the single biggest driver of deforestation in the Amazon);

e plantations, including wood-pulp for making paper, oil palm for making palm oil, and rubber;
e road construction; and

e extraction of minerals and energy.

In recent decades there has been an important shift in deforestation trends. Today export-driven
industries are driving a bigger share of deforestation than ever before, marking a shift from previous
decades, when most tropical deforestation was the product of poor farmers trying to put food on the
table for their families. There are important implications from this change. While companies have a
greater capacity to chop down forests than small farmers, they are more sensitive to pressure from
environmentalists. Thus in recent years, it has become easier—and more ethical—for green groups to go
after corporations than after poor farmers.

Rainforests are also threatened by climate change, which is contributing to droughts in parts of the
Amazon and Southeast Asia. Drought causes die-offs of trees and dries out leaf litter, increasing the risk
of forest fires, which are often set by land developers, ranchers, plantation owners, and loggers.
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Chapter 9:

Rainforest importance

While rainforests may seem like a distant concern, they are critically important for our well-being.
Rainforests are often called the lungs of the planet for their role in absorbing carbon dioxide, a
greenhouse gas, and producing oxygen, upon which all animals depend for survival. Rainforests also
stabilize climate, house incredible amounts of plants and wildlife, and produce nourishing rainfall all
around the planet.

Rainforests:

e Help stabilize the world's climate: Rainforests help stabilize the world’s climate by absorbing
carbon dioxide from the atmosphere. Scientists have shown that excess carbon dioxide in the
atmosphere from human activities is contributing to climate change. Therefore, living rainforests
have an important role in mitigating climate change, but when rainforests are chopped down and
burned, the carbon stored in their wood and leaves is released into the atmosphere, contributing
to climate change.

e Provide a home to many plants and animals: Rainforests are home to a large number of the world's
plant and animals species, including many endangered species. As forests are cut down, many
species are doomed to extinction.

e Help maintain the water cycle: The role of rainforests in the water cycle is to add water to the
atmosphere through the process of transpiration (in which plants release water from their leaves
during photosynthesis). This moisture contributes to the formation of rain clouds, which release the
water back onto the rainforest. In the Amazon, 50-80 percent of moisture remains in the
ecosystem’s water cycle. When forests are cut down, less moisture goes into the atmosphere and
rainfall declines, sometimes leading to drought. Rainforests also have a role in global weather
patterns. For example researchers have shown that forests in South America affect rainfall in the

United States, while forests in Southeast Asia influence rain patterns in southeastern Europe and
China. Distant rainforests are therefore important to farmers everywhere.

e Protect against flood, drought, and erosion: Rainforests have been compared to natural sponges,
moderating flood and drought cycles by slowing run-off and contributing moisture to the local
atmosphere. Rainforests are also important in reducing soil erosion by anchoring the ground with
their roots. When trees are cut down there is no longer anything to protect the ground, and soils
are quickly washed away with rain. On steep hillsides, loss of forest can trigger landslides.

e Are a source for medicines and foods and support forest-dependent people: People have long
used forests as a source of food, wood, medicine, and recreation. When forests are lost, they can
no longer provide these resources. Instead people must find other places to get these goods and
services. They also must find ways to pay for the things they once got for free from the forest.
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Rainforests are disappearing very quickly. The good news is there are a lot of people who want to save
rainforests. The bad news is that saving rainforests will be a challenge as it means humanity will need to
shift away from business-as-usual practices by developing new policies and economic measures to
creative incentives for preserving forests as healthy and productive ecosystems.

Over the past decade there has been considerable progress on several conservation fronts. Policymakers
and companies are increasingly valuing rainforests for the services they afford, setting aside large blocks
of forests in protected areas and setting up new financial mechanisms that compensate communities,
state and local governments, and countries for conserving forests. Meanwhile, forest-dependent people
are gaining more management control over the forests they have long stewarded. Large international
companies are finally establishing policies that exclude materials sourced via deforestation. People are
abandoning rural areas, leading to forest recovery in some planes.

But the battle is far from over. Growing population and consumption means that rainforests will continue
to face intense pressures. At the same time, climate change threatens to dramatically alter temperatures
and precipitation patterns, potentially pushing some forests toward critical tipping points.

Thus the future of the world's rainforests in very much in our hands. The actions we take in the next 20
years will determine whether rainforests, as we currently know them, are around to sustain and nourish
future generations of people and wildlife.

The Latest News on Rainforests

Tropical forest regeneration offsets 26% of carbon emissions from deforestation (Mar 23 2023)

- A new study published in the journal Nature analyzed satellite images from three major regions of
tropical forest on Earth — Amazon, Central Africa and Borneo — and showed recovering forests offset
just 26% of carbon emissions from new tropical deforestation and forest degradation in the past three
decades.

- Secondary forests have a good potential to absorb carbon dioxide from the atmosphere and could be
an ally in addressing the climate crisis, but emissions generated from deforestation and forests lost or
damaged due to human activity currently far outpace regrowth.

- The study provides information to guide debates and decisions around the recovery of secondary
forests and degraded areas of the Brazilian Amazon — around 17% of the ecosystem is in various stages
of degradation and another 17% is already deforested.

- Since Brazil's new President Luiz Inacio Lula da Silva took office, projects to curb deforestation are in
place, but plans to protect recovering areas remain unclear.
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high in 20727, according to various analyses,

- The forest loss was driven by clearing for oil palm plantations by well-connected local elites, rather than
smallholders, according to advocacy group Rainforest Action Network (RAN).

- RAN's investigation found that palm oil from these illegal plantations had wound up in the global
supply chains of major brands like Procter & Gamble, Nestlé, PepsiCo and Unilever, among others.

Indonesian campaigns getting money from illegal logging, mining, watchdog says (Mar 21 2023)

- As Indonesia gears up for legislative and presidential elections in less than a year, authorities have
warned of the pattern of dirty money from illegal logging, mining and fishing flowing into past
campaigns.

- Experts say the practice of candidates taking this money from companies that exploit natural resources
is common, given the high cost of running a campaign.

- This then perpetuates a tit-for-tat cycle that sees the winning candidate pay back their funders in the
form of land concessions and favorable regulations.

Bearded pigs a ‘cultural keystone species’ for Borneo’s Indigenous groups: Study (Mar 20 2023)

- A recent study examined the impacts of ecological and sociocultural influences on bearded pig
populations in Malaysian Borneo.

- The researchers found that the presence of pigs is “compatible” with Indigenous hunting in certain
areas.

- The team’s findings point to the importance of a nuanced understanding of nearby human cultural
values and local ecology in determining policies toward hunting.

Deforestation on the rise in Quintana Roo, Mexico, as Mennonite communities move in (Mar 15
2023)
- Mennonite families began to arrive in the southern Mexican municipality of Bacalar in 2001.

- They swiftly bought land, became members of the local ejido — an area of communally owned
agricultural land — and then founded their own.

- Their presence in the region has continued to grow, along with the level of deforestation.

- Satellite imagery and field visits reveal vast swaths of rainforest have been cleared for large-scale
agriculture.

Make it local: Deforestation link to less Amazon rainfall tips activism shift (Mar 14 2023)

- A new study supports mounting evidence that deforestation in the Amazon Rainforest correlates with a
reduction in regional rainfall.

- Experts say this research reinforces the findings of other studies that claim the Amazon is leaning
toward its “tipping point” and the southern regions are gradually becoming drier.
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Global ecosystems are at risk of losing carbon storage ability, study says (Mar 14 2023)

- Landscapes are showing signs of losing their ability to absorb the amount of carbon they once could, a
new study revealed. That would pose serious obstacles to the fight against climate change.

- The study reviewed the productivity of carbon storage of different ecosystems between 1981 and 2018,
finding that many fluctuated greatly and were at risk of turning into permanent scrubland.

- Researchers identified a concerning “spiraling” effect, in which landscapes absorb less carbon that in
turn worsens climate change, which then destabilizes additional landscapes and puts them at higher risk
of turning into scrubland.

Mobilizing Amazon societies to reduce forest carbon emissions and unlock the carbon market
(commentary) (Mar 13 2023)
- Brazil could generate $10 billion or more from the global voluntary carbon market over the next four

years through the sale of credits from Amazon states’ jurisdictional REDD+ programs; some states are
already finalizing long-term purchase agreements.

- This funding would flow to those who are protecting the forest — Indigenous peoples and traditional
communities, farmers, businesses, and government agencies — and the prospect of this funding could
mobilize collective action to reduce emissions from illegal deforestation and degradation.

- Rapid progress in reducing emissions from Amazon deforestation and forest degradation — which
represent half of Brazil's nation-wide emissions — would also position Brazil to capture significant
international funding for its national decarbonization process through the regulated carbon market that
is under development through the UN Paris Agreement.

- This post is a commentary. The views expressed are those of the authors, not necessarily of Mongabay.

Most of ‘top ten’ hotspots for jaguar conservation are in Brazil’s Indigenous territories (Mar 10
2023)
- Jaguars are essential to healthy ecosystems but have been eradicated from almost 50% of their

historical range, and by some estimates, only 64,000 individuals remain.

- Brazil is home to half of the world’s jaguars, and a group of researchers has identified the highest-
priority protected areas in the Brazilian Amazon for jaguar conservation.

- The top 10 highest-priority protected areas fall primarily across the arc of deforestation in southern
and western Brazil, and eight of these are Indigenous territories.

- Researchers say conservation efforts must include strengthened participation of Indigenous peoples
and local communities, increased funding and support for protected areas and environmental agencies,
and the implementation of more robust environmental policies.
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- Colomhia and Fcuador are implementing a system designed to alert about risks ot violence against
residents who live near the border, many of whom are Awa Indigenous people.

- Since last August, thousands of Awa have been forcibly displaced or suffered threats, intimidation,
torture or forced recruitment by organized crime groups participating in drug trafficking and illegal
mining.

- Many Awa live in extremely biodiverse areas that serve as corridors to other parts of the Amazon. But
they've struggled to protect their ancestral land.

Struggles loom as Bolivia prepares new plan to clean up its mercury problem (Mar 9 2023)

- Bolivia's failure to combat illegal gold mining led to international outcry last year, as deforestation and
mercury pollution continued to run rampant.

- Earlier this month, the government announced two plans to formalize small-scale and illegal gold
mining operations and introduce technology that could help replace mercury.

- However, some critics say the government has a bad track record for implementing sweeping industry
regulations, which might look good on paper but fall flat in practice.

- Major road investments in mining areas could also increase illegal activity at the same time the
government is implementing regulations, as it will be easier for heavy machinery to access rural areas.

As Indonesia’s new capital takes shape, risks to wider Borneo come into focus (Mar 8 2023)

- Indonesia’s plan to build its new capital city on an expiring logging concession in eastern Borneo has
sparked concerns among environmental and human rights observers about the larger eco-social impacts
to the rest of the island.

- The administration of President Joko Widodo, who made the decision and will leave office next year,
has made glowing promises of a green and sustainable development: claiming minimal forest clearance,
respect for Indigenous and local communities’ rights, and a net-zero carbon emission design.

- Mongabay visited the site of the project last October to see its progress, observe firsthand some of the
earliest impacts from the construction of the city and supporting infrastructure, and speak with the
people most likely to be affected.

- Clearing of mangroves and high-conservation forest areas, land conflicts with Indigenous communities,
and potentially large-scale displacements are already happening, calling into question whether the $34
billion project’s benefits will outweigh its downsides.

Logged and loaded: Cambodian prison official suspected in massive legalized logging operation
(Mar 8 2023)

- A Mongabay investigation indicates that a three-star military general who also serves as a top interior
ministry official appears to be the notorious illegal logger known as Oknha Chey.

- Family and business ties link Meuk Saphannareth to logging operations in northern Cambodia that
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heen awarded to OOknha Chey, while the interior ministry ignored Mongabay's questions about the

allegations against Saphannareth.
- Some names have been changed to protect sources who said they feared reprisals from the authorities.

Amazon deforestation linked to reduced Tibetan snows, Antarctic ice loss: Study (Mar 8 2023)

- Earth’s climate is controlled by a complex network of interactions between the atmosphere, oceans,
lands, ice and biosphere. Many elements in this system are now being pushed toward tipping points,
beyond which changes become self-sustaining, with the whole Earth system potentially shifting to a new
steady state.

- A recent study analyzed 40 years of air temperature measurements at more than 65,000 locations to
investigate how changes in one region rippled through the climate system to affect temperatures in
other parts of the globe. Computer models then simulated how these links may be affected by future
climate change.

- Researchers identified a strong correlation between high temperatures in the Amazon Rainforest and
on the Tibetan Plateau. They found a similar relationship between temperatures in the Amazon and the
West Antarctic Ice Sheet.

- Deforestation in the Amazon likely influences the Tibetan Plateau via a convoluted 20,000-kilometer
(12,400-mile) pathway driven by atmospheric and oceanic circulation patterns. The study suggests that a
healthy, functioning Amazon is crucial not only for the regional climate in Brazil, but for the whole Earth
system.

Lost bird found: Dusky tetraka seen in Madagascar after 24-year absence (Mar 7 2023)

- The dusky tetraka, a small yellow songbird that had eluded ornithologists for 24 years, has been found
again in the tropical forests of northeastern Madagascar.

- The bird was found at a lower elevation than expected, in thick underbrush near a river. The team plans
to search for the dusky tetraka again during the breeding season to learn more about its ecology and
biology.

- The dusky tetraka is listed as one of the top 10 most-wanted lost birds, an initiative that aims to locate
bird species that have not been seen and recorded for a minimum of 10 years.

- More than 90% of the species found in Madagascar are endemic, with the island yielding at least 150
new-to-science species in the last 30 years.
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Rising global demands for food and biofuels are driving forest clear-
ance in the tropics. Oil-palm expansion contributes to biodiversity
declines and carbon emissions in Southeast Asia. However, the
magnitudes of these impacts remain largely unquantified until
now. We produce a 250-m spatial resolution map of closed canopy
oil-palm plantations in the lowlands of Peninsular Malaysia (2 mil-
lion ha), Borneo (2.4 million ha), and Sumatra (3.9 million ha). We
demonstrate that 6% (or ~880,000 ha) of tropical peatlands in the
region had been converted to oil-palm plantations by the early
2000s. Conversion of peatswamp forests to oil palm led to biodiver-
sity declines of 1% in Borneo (equivalent to four species of forest-
dwelling birds), 3.4% in Sumatra (16 species), and 12.1% in Penin-
sular Malaysia (46 species). This land-use change also contributed
to the loss of ~140 million Mg of aboveground biomass carbon, and
annual emissions of ~4.6 million Mg of belowground carbon from
peat oxidation. Additionally, the loss of peatswamp forests implies
the loss of carbon sequestration service through peat accumulation,
which amounts to ~660,000 Mg of carbon annually. By 2010, 2.3
million ha of peatswamp forests were clear-felled, and currently
occur as degraded lands. Reforestation of these clearings could en-
hance biodiversity by up to ~20%, whereas oil-palm establishment
would exacerbate species losses by up to ~#12%. To safeguard the
region’s biodiversity and carbon stocks, conservation and refores-
tation efforts should target Central Kalimantan, Riau, and West
Kalimantan, which retain three-quarters (3.9 million ha) of the
remaining peatswamp forests in Southeast Asia.

carbon payment | climate change | Reducing Emissions from Deforestation
and Forest Degradation | rural livelihoods | tropical ecology

lobal deforestation rates have remained worryingly high over

the past decade, although forest loss might be slowing down
in some areas such as the Amazon (1, 2). The top five countries
with highest rates of primary forest loss—Brazil, Papua New
Guinea, Gabon, Indonesia, and Peru—lost a total of 3.6 million ha
of primary forests annually, due largely to agricultural and for
estry expansion (3, 4). A case in point is oil palm agriculture in
Southeast Asia (5 9). Indonesia and Malaysia are the world’s top
producers of palm oil (~43 million Mg/y), accounting for 87% of
global production (10). Since 1990, the combined harvested area
for oil palm in both countries have expanded by 6.5 million ha,
or almost fourfold (11). Even if only half of oil palm expansion
resulted in forest loss (4, 8), this single crop would have contrib
uted to >10% of total deforestation in Indonesia and Malaysia
between 1990 and 2010 (1).

Indonesia and Malaysia harbor 80% (or ~51 million ha) of
Southeast Asia’s remaining primary forests (1). These forests
provide important ecosystem services, including biodiversity con
servation, pest control, water filtration, and carbon storage and
sequestration (6, 12, 13). In particular, the region’s peatswamp
forests (i.e., primary forests on tropical peatlands) both contain
high concentrations of region endemic species and are important
reservoirs of peat and biomass carbon (14). The conversion of
peatlands to oil palm has purportedly contributed to substantial
biodiversity declines and carbon emissions (5, 6, 14). However,
surprisingly, scientists have little understanding of the historical

www.pnas.org/cgi/doi/10.1073/pnas.1018776108

pathways of land use change leading to oil palm development in
Southeast Asia (4, 8, 15). Consequently, any environmental impact
due to oil palm expansion remains largely unquantified, especially
at the regional scale (4, 8, 16). The need to fill this gap in knowl
edge is acquiring urgency because oil palm agriculture continues to
expand not only in Southeast Asia but also in other forest rich
nations such as Papua New Guinea, Colombia, and Liberia (9, 17).

Our main objectives are (i) to produce a 250 m spatial resolution
map of closed canopy oil palm plantations in the lowlands of
Peninsular Malaysia, Borneo, and Sumatra for 2010; (ii) to quan
tify the extent of oil palm expansion in tropical peatlands by the
early 2000s; (iii) to model the biodiversity impacts of converting
peatswamp forests to oil palm, based on a matrix calibrated
species area model; (iv) to estimate the magnitudes of above
and belowground carbon emissions and forfeited carbon se
questration service due to peatland deforestation; and (v) to
project the environmental impacts of alternative future land use
scenarios for the region’s peatlands.

Results

A total of 8.3 million ha of closed canopy oil palm plantations
occur in Peninsular Malaysia (2 million ha), Borneo (2.4 million
ha), and Sumatra (3.9 million ha) (Fig. 1 and Table S1). Approx
imately one tenth of these plantations are established on peatlands
(~880,000 ha, or 6% of total peatland area) (Table S2). The five
subregions that suffered the most severe losses of peatswamp
forests to oil palm are Riau (~240,000 ha), Peninsular Malaysia
(~240,000 ha), North Sumatra (~110,000 ha), Sarawak (~100,000
ha), and West Sumatra (~32,000 ha) (Fig. 2 and Table S2).

By the early 2000s, conversion of peatswamp forests to oil
palm likely led to the local extinction of ~3% of forest dwelling
birds across our three study regions: 1% in Borneo (or four
species), 3.4% in Sumatra (16 species), and 12.1% in Peninsular
Malaysia (46 species) (Table 1). At the subregional level, pro
jected biodiversity losses range from 0.2% in Central Kali
mantan to #35% in Bengkulu (Table 1; discounting South and
East Kalimantan, which have negligible oil palm area). Fur
thermore, this land use change potentially contributed to a net
loss of ~140 million Mg of aboveground biomass carbon, and
annual emissions of ~4.6 million Mg of belowground carbon
from peat oxidation (Table 1). The loss of these peatswamp
forests also implies the loss of associated carbon sequestration
service through peat accumulation, which amounts to ~660,000
Mg of carbon annually.

By 2010, a total of 2.3 million ha (roughly equivalent to the
land area of New Jersey) of peatswamp forests have been clear
felled, although the fate of these clearings remains to be de

Author contributions: L.P.K., J.M., S.C.L., and J.G. designed research, performed research,
contributed new reagents/analytic tools, analyzed data, and wrote the paper.
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Fig. 1. Distribution of closed canopy oil palm plantations and tropical peatlands in the lowlands of Peninsular Malaysia, Borneo and Sumatra (PM, Peninsular
Malaysia; SW, Sarawak; SB, Sabah; WK, West Kalimantan; CK, Central Kalimantan; SK, South Kalimantan; EK, East Kalimantan; AC, Aceh; NS, North Sumatra;
RI, Riau; WS, West Sumatra; JB, Jambi; BK, Bengkulu; SS, South Sumatra; LP, Lampung).

termined (Fig. 2 and Table S2). The most extensive areas of
cleared peatlands are found in Riau (~450,000 ha), Central
Kalimantan (~400,000 ha), South Sumatra (~320,000 ha), and
Sarawak (290,000 ha) (Fig. 2 and Table S2). The recovery of
mosaic vegetation on these clearings could enhance bird diversity

by at least 0.2% (Aceh), whereas the reforestation of these lands
could boost biodiversity by up to ~20% (South Kalimantan)
(Fig. 3 and Table S3). In contrast, the planting of oil palm on
cleared peatlands would result in further losses of biodiversity by
between 0.6% (Aceh) and ~12% (South Kalimantan).
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Table 1.

Malaysia, Borneo, and Sumatra

Region/subregion

Biodiversity and carbon losses from conversion of peatswamp forests to oil-palm plantations in the lowlands of Peninsular

Biodiversity loss,* % Net biomass carbon loss," Mg Net peat carbon loss,* Mgly Forfeited carbon sequestration,® Mg/y

Peninsular Malaysia

12.1 (£0.015)"

36,825,473 (+9,283,335)

Borneo 1 (+0.001) 27,553,214 (+6,945,891)
Sarawak 3.6 (+0.005) 16,147,240 (+4,070,558)
Sabah 8.7 (+0.011) 4,690,878 (+1,182,524)
West Kalimantan 0.5 (+0.001) 3,982,546 (+1,003,960)
Central Kalimantan 0.2 (+<0.001) 2,727,705 (+687,627)
South Kalimantan 0 0
East Kalimantan <0.01 (+<0.001) 4,845 (+1,221)

Sumatra 3.4 (+0.004) 72,238,161 (+18,210,520)
Aceh 1.7 (+0.002) 1,507,748 (+380,088)
North Sumatra 24.2 (+0.028) 16,922,431 (+4,265,976)
Riau 2.6 (+0.003) 37,604,540 (+9,479,730)
West Sumatra 14.3 (+0.017) 4,979,637 (+1,255,317)
Jambi 2.3 (+0.003) 4,207,353 (+1,060,632)
Bengkulu 35.1 (+0.037) 2,509,683 (+632,666)
South Sumatra 1.4 (+0.002) 3,107,549 (+783,382)
Lampung 16.3 (+0.018) 1,399,220 (+352,729)

Total study region 2.6 (+0.003) 136,616,848 (+34,439,746)

1,241,883 (x267,133)
929,190 (+199,872)
544,541 (£117,132)
158,193 (+34,028)
134,305 (+28,889)

91,988 (+19,787)
0
163 (+35)
2,436,122 (+524,017)
50,847 (+10,937)
570,683 (x£122,756)

1,268,156 (+272,784)

167,931 (+36,122)
141,887 (+30,520)
84,635 (+18,205)
104,797 (+22,542)
47,187 (+10,150)

4,607,195 (+991,021)

178,088 (+59,679)
133,248 (+44,652)
78,088 (+26,168)
22,685 (+7,602)
19,260 (+6,454)
13,191 (+4,420)

0
23 (+8)
349,345 (+117,068)
7,291 (+2,443)
81,837 (+27,424)
181,856 (+60,941)
24,082 (+8,070)
20,347 (+6,818)
12,137 (+4,067)
15,028 (+5,036)
6,767 (+2,268)
660,681 (+221,398)

*Refers to the local extinction of bird species within the peatland landscape of each region/subregion that is attributable to the conversion of peatswamp
forests to oil palm; modeled based on a matrix calibrated species area model (34, 35).

"Derived from the difference in aboveground biomass carbon between peatswamp forest (179.7 + 38.2 Mg/ha) and oil palm (24.2 + 8.1 Mg/ha) (39).
*Derived from belowground carbon flux between heterotrophic soil respiration in oil palm and soluble and physical removal (i.e., carbon output; 10.3 + 2.8
Mag/hay "), and oil palm litterfall and root mortality (i.e., carbon input; 5.1 + 1.1 Mg/ha-y " (39).

SDerived from rate of peat accumulation in peatswamp forest (0.75 + 0.25 Mg/ha-y ') (39).

INumber in parentheses indicates SE.

Discussion

Indonesia recently announced plans to double oil palm production
by 2020 (18). Our analytical approach can be used for qualitative
and quantitative monitoring of future land use change driven by
oil palm expansion. This approach could facilitate more environ
mentally sustainable development in the country. An accuracy
assessment of our oil palm map reveals that 98% of areas we
identified to be oil palm is verified to be planted with oil palm; and
85% of areas covered by closed canopy oil palm plantations could
be identified by our mapping approach. In practice, this assessment
implies that our approach produced a highly reliable, albeit slightly
conservative, map of closed canopy oil palm plantations within our
study region.

Our results suggest that almost 90% of oil palm development,
before the early 2000s, had occurred on nonpeat areas, and that only
6% of total peatlands within our study region had been planted with
oil palm (Table S1). These findings imply that, from a regional
perspective, the oil palm industry was not the main perpetrator of
peatland deforestation. At the subregional level, however, sub
stantial proportions of peatswamp forests in North Sumatra
(~38%), Bengkulu (~35%), and Peninsular Malaysia (~27%) were
lost to oil palm (Fig. 2 and Table S2). These subregions also expe
rienced the greatest biodiversity losses (Table 1). Furthermore, in
absolute terms, the Indonesian province of Riau suffered the most
severe deforestation due to oil palm expansion (240,000 ha)
(Table S2). This deforestation resulted in a net loss of ~#38 million
Mg of biomass carbon (roughly equivalent to annual greenhouse gas
emissions from Britain’s transportation sector) (19), which accounts
for ~28% of total carbon emissions attributable to oil palm con
version within our study region (Table 1). Therefore, oil palm de
velopment did result in substantial, albeit variable, biodiversity and
carbon impacts across parts of Southeast Asia.

A recent analysis of agricultural and deforestation statistics for
the period 1990 2005 shows that more than half of oil palm
development in Malaysia and Indonesia had resulted in de
forestation (8). These findings were subsequently confirmed by
a remote sensing based analysis of land use change (4), which

Koh et al.

demonstrates that primary forests were the source of nearly 60%
of new plantations established in Southeast Asia between 1980
and 2000, although that study did not distinguish unique ex
pansion pathways for different types of commercial plantations
(e.g., oil palm or rubber). Thus, the results of our analysis are
consistent with previous estimates of land conversion. Addi
tionally, our study reveals that the proportion of peatswamp
forests destroyed by oil palm development (up to ~38% in North
Sumatra) is lower than the proportion of forests, in general, that
was lost to oil palm (at least 50%). This finding is likely due to
the higher financial costs of establishing oil palm plantations on
peatlands than on mineral soils. Such additional costs derive
largely from land preparation requirements before a new
planting, including the drainage of the peat swamp (20). Nev
ertheless, as productive and profitable lands for oil palm become
scarcer, and if global demands for palm oil continues to increase
as predicted (5), future oil palm development will likely en
croach more extensively on peatlands and other marginal areas.

In fact, our study shows that the extent of cleared peatlands
(2.3 million ha) is more than double the land area under oil palm
cultivation (~880,000 ha) (Table S2). Some of these clearings
might already be planted with oil palm (e.g., young palms lacking
a closed canopy, and/or smallholder plantations <200 ha), but
have not been so identified because of the limitations of our
mapping approach (Materials and Methods). The remaining
unplanted clearings are under increasing threat of conversion,
particularly if cleared peatlands were to be considered “degraded
lands” by land use policymakers. Recent international negotia
tions on climate change mitigation and forest protection have
emphasized the diversion of future agricultural expansion to
degraded lands (21 23). However, without a clear and trans
parent definition of degraded lands, any form of secondary
vegetation, including cleared peatlands, will be exposed to future
development risks, despite forest protection schemes such as
Reducing Emissions from Deforestation and Forest Degradation
(21 24). Our analysis shows that the conversion of cleared peat
lands to oil palm would further threaten biodiversity and carbon
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Fig. 3. Biodiversity outcomes of land use transition scenarios for cleared peatlands. Land use transition scenarios are oil palm establishment (cleared
peatland to oil palm), mosaic regrowth (cleared peatland to mosaic), and forest regrowth (cleared peatland to regrowth forest). See also Table S3 (PM,
Peninsular Malaysia; SW, Sarawak; SB, Sabah; WK, West Kalimantan; CK, Central Kalimantan; SK, South Kalimantan; EK, East Kalimantan; AC, Aceh; NS, North
Sumatra; RI, Riau; WS, West Sumatra; JB, Jambi; BK, Bengkulu; SS, South Sumatra; LP, Lampung).

stocks, whereas the reforestation of such lands could reap sub
stantial environmental benefits (Fig. 3 and Table S3). Therefore,
we argue that cleared peatlands must be distinguished from de
graded lands and be accorded a high priority for conservation and
forest restoration efforts.

It is striking that more than half of peatswamp forests have been
lost in all, except one (West Kalimantan), of the subregions (Fig. 2
and Table S2). Fortunately, subregions that contain the largest
peatland areas are also those that still retain a third or more of
their peatswamp forests: West Kalimantan (1 million ha), Central
Kalimantan (1.4 million ha), and Riau (1.4 million ha). To safe
guard the region’s biodiversity and carbon stocks, forest protection
efforts should be targeted at these three Indonesian provinces,
which account for ~74% of remaining peatswamp forests in our
study region.

Materials and Methods

Mapping Oil Palm. The extent and distribution of oil palm plantations were
derived from a 250 m spatial resolution land cover map of insular Southeast
Asia, which was based on Moderate Resolution Imaging Spectroradiometer
(MODIS) images acquired from the Earth Observing System Data Service (25,
26). A total of 490 daily MODIS images captured between January 2 and July
3, 2010, were used to create composite images of the study region. In ad
dition, other data sources used in our analysis include 90 m spatial resolution
digital elevation data from the Shuttle Radar Topography Mission (27), re
gional peatland distribution maps (28 30), and Daichi Advanced Land Ob
serving Satellite (ALOS) data (31).

We adopted a three step approach to mapping oil palm plantations. First,
we performed unsupervised land cover classification based on the ISODATA
clustering algorithm (32), which produced 100 land cover clusters from the
MODIS composite images we compiled. These clusters were visually inspected
and assigned to one of five basic land cover types (water, forest, plantation/
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regrowth, mosaic, or open). Second, based on further visual inspection and
manual delineation, the five basic land cover types were split into 12 land
cover classes, including a “plantation/regrowth” class, which encompasses
closed canopy vegetation ranging from tree crop plantations to dense
shrubland and young secondary forests. Third, from this plantation/regrowth
class, we identified closed canopy oil palm plantations based on the ALOS
Phased Array type L band Synthetic Aperture Radar mosaic data (31). All areas
within the plantation/regrowth land cover class with >6.5 dB difference in the
HH (horizontal horizontal) and HV (horizontal vertical) backscatter values
were identified as oil palm plantations (33). Given that only closed canopy
(>80%) oil palm plantations could be identified by using this method, our
mapping of oil palm was limited to mature plantations, estimated to be
established in 2002 or earlier. Furthermore, because of the difficulty of dis
tinguishing small patches of oil palm, we imposed a minimum threshold area
of 200 ha for mapping oil palm plantations. Current satellite image resolution
and our method of identifying oil palm plantations do not allow us to identify
plantations smaller than this minimum threshold area. Thus, our analysis
is limited to large scale monoculture plantations, which would typically
be operated by oil palm corporations, aggregates of smallholder oil palm
farmers, or government supported smallholder schemes. Subsequently, all
areas classified as oil palm were visually inspected on the MODIS composite
and ALOS mosaic images; clearly misclassified areas were excluded (mainly
shrublands on peat soil, narrow stretches of coastal vegetation, and known
rubber plantations).

To assess the accuracy of our mapping method, we acquired 100 pan
sharpened IKONOS satellite images (natural color, 1 m spatial resolution)
over southern Peninsular Malaysia (south of 3°N on the peninsula). We
overlaid our newly generated land cover map on these IKONOS images. On
cloud free portions of the IKONOS images, we randomly selected 100 sample
pixels, comprising 50 pixels each of the plantation/regrowth land cover class
and the oil palm areas we identified by using the method described above.
Each sample pixel was then visually inspected and determined to be either
a closed canopy oil palm plantation or not, using the IKONOS images for
verification. Finally, we quantified the proportion of incorrectly identified
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oil palm samples, as well as the proportion of oil palm samples that our
method failed to identify.

The land cover classes relevant to this study are defined as follows:
(/) peatswamp forest: forest growing on peat soil; (ii) regrowth forest: closed
canopy plantations (excluding oil palm) and natural secondary forests; (iii)
mosaic: mosaic of closed canopy vegetation and open areas comprising
croplands, agroforests, and small forest patches; (iv) closed canopy oil palm:
large scale, mature oil palm monoculture; (v) cleared peatland: open areas
covered by remnants of original vegetation, sparse grass/shrublands, and
transitional agricultural areas.

Modeling Biodiversity Change. We modeled change in biodiversity based on
a matrix calibrated species area model (34, 35). This model accounts for both
changes in primary forest cover and taxon specific responses to each com
ponent of a heterogeneous landscape matrix. By accounting for difference
in matrix composition between landscape scenarios, the model allows the
attribution of any changes in biodiversity to specific land use transitions. The
matrix calibrated species area model partitions the z value (i.e., slope) of
species area models, into two components: y, a constant, and ¢, a measure of
the sensitivity of the taxon to the transformed habitat [quantified as the
proportional decrease in the number of species (0 < ¢ < 1)]. The model
accounts for situations whereby land use change results in a mosaic of sev
eral habitat types of varying quality for the taxon, by incorporating an area
weighted average of the taxon’s response to each component of the het
erogeneous transformed landscape. The matrix calibrated species area
model is expressed as:

Snew (Ancw>*'2?"""f

Sorg Aorg

where S and A represent species richness and primary forest area, re
spectively; and the subscripts “new” and “org” represent the transformed
and original landscapes, respectively. Additionally, p is the proportional area
of the ith habitat type relative to the total converted land area (matrix), and
n represents the total number of habitat types. We focused our analysis on
forest dwelling birds defined as those species that might occur in non
forested habitats but require forests for long term persistence as an in
dicator of potential change in forest biodiversity. Birds are arguably the best
studied tropical taxon in terms of the effects of land use change on bio
diversity (16). Based on data on z values compiled by Watling and Donnelly
(36), we calculated the mean slope of species area relationships of birds on
land bridge archipelagos and used this value, z = 0.35 + 0.06 (+SEM), as the y
value in the matrix calibrated model. Additionally, based on the data com
piled by Sodhi et al. (16), we determined the sensitivity (i.e., the c value) of
birds to cleared peatland (c = 0.43 + 0.06), closed canopy oil palm (c =0.70 +
0.04), regrowth mosaic (6 = 0.33 + 0.05), and regrowth forests (c =0.14 + 0.03).

For each region/subregion, we modeled biodiversity loss due to oil palm
conversion by comparing projected biodiversity outcomes between two
landscape scenarios: pre oil palm and post oil palm development. Under the
post oil palm development scenario, we projected the percentage bio
diversity remaining in the peatland landscape by applying the matrix
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8. Koh LP, Wilcove DS (2008) Is oil palm agriculture really destroying tropical
biodiversity? Conservation Letters 1:60-64.
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10. USDA-FAS (2010) Oilseeds: World Markets and Trade. Circular Series FOP 8-10 August
2010 (US Depart of Agric-Foreign Agric Serv, Washington, DC).
11. FAO (2010) FAOSTAT: Statistical Databases and Data-Sets (Food and Agric Org of the
UN, Rome).
12. Koh LP (2008) Can oil palm plantations be made more hospitable for forest butterflies
and birds? J Appl Ecol 45:1002-1009.
13. Koh LP (2008) Birds defend oil palms from herbivorous insects. Ecol Appl 18:821-825.

5

Koh et al.

calibrated species area model, based on the above y and ¢ parameters, on
current peatland composition (Table S2). Under the pre oil palm devel
opment scenario, we did the same except that we assumed all current oil
palm planted areas were occupied by peatswamp forests. We quantified the
percentage biodiversity loss attributable to oil palm conversion as the dif
ference in biodiversity projections between these two scenarios. To calculate
absolute biodiversity loss, these predictions of percentage biodiversity loss
were applied to the known number of species of birds occurring within re
gional peatswamp forests (Peninsular Malaysia: 381 species; Sumatra: 463
species; Borneo: 396 species) (37).

In this study, biodiversity loss refers to local species extinctions (i.e., pop
ulation extinctions). Furthermore, because of the lag effects of species “ex
tinction debts” (38), our projections of species losses would include persistent
species that are consigned to extinction.

Additionally, we modeled biodiversity change under three alternative
land use transition scenarios for cleared peatlands: (i) oil palm establishment
(cleared peatland to oil palm), (i/)) mosaic regrowth (cleared peatland to
mosaic), and (iii) forest regrowth (cleared peatland to regrowth forest). We
applied the matrix calibrated species area model, as described above, to
calculate the potential change in species richness of birds resulting from
each alternative land use transition scenario.

We performed Monte Carlo simulations to account for variability in both
the slope of species area relationships (y value) and the sensitivity of birds to
each land cover class (c value). For a total of 100,000 simulation runs, we
entered randomized y and o values derived from their mean and SD (as
suming normal distribution of errors) to the species area model to calcu
late the mean biodiversity remaining (and SE) under each landscape/land
use transition scenario.

Estimating Carbon Emissions due to Oil Palm Conversion. We assumed that all
oil palm plantations on peatlands were converted from peatswamp forests
(i.e., there was no intermediate land use). We calculated potential biomass
carbon loss as the difference in aboveground biomass carbon between
peatswamp forest (179.7 + 38.2 Mg/ha) (+SEM) and oil palm (24.2 + 8.1 Mg/
ha) (39). Hence, conversion of peatswamp forest to oil palm would result in
net carbon loss of 155.5 + 39.2 Mg/ha. We derived potential peat carbon
emissions based on the belowground carbon flux between heterotrophic soil
respiration in oil palm and soluble and physical removal (i.e., carbon output;
10.3 + 2.8 Mg/ha:y '), and oil palm litterfall and root mortality (i.e., carbon
input; 5.1 + 1.1 Mg/ha-y ") (39). Therefore, conversion of peatswamp forest
to oil palm would lead to net peat carbon emissions of 5.2 + 1.1 Mg/hay .
We quantified forfeiture in carbon sequestration service as the rate of peat
accumulation in peatswamp forests (0.75 + 0.25 Mg/hay ') (39).
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Abstract

Palm oil is the most widely traded vegetable oil globally, with demand projected to increase
substantially in the future. Almost all oil palm grows in areas that were once tropical moist
forests, some of them quite recently. The conversion to date, and future expansion, threat-
ens biodiversity and increases greenhouse gas emissions. Today, consumer pressure is
pushing companies toward deforestation-free sources of palm oil. To guide interventions
aimed at reducing tropical deforestation due to oil palm, we analysed recent expansions
and modelled likely future ones. We assessed sample areas to find where oil palm planta-
tions have recently replaced forests in 20 countries, using a combination of high-resolution
imagery from Google Earth and Landsat. We then compared these trends to countrywide
trends in FAO data for oil palm planted area. Finally, we assessed which forests have high
agricultural suitability for future oil palm development, which we refer to as vulnerable for-
ests, and identified critical areas for biodiversity that oil palm expansion threatens. Our anal-
ysis reveals regional trends in deforestation associated with oil palm agriculture. In
Southeast Asia, 45% of sampled oil palm plantations came from areas that were forests in
1989. For South America, the percentage was 31%. By contrast, in Mesoamerica and
Africa, we observed only 2% and 7% of oil palm plantations coming from areas that were
forest in 1989. The largest areas of vulnerable forest are in Africa and South America. Vul-
nerable forests in all four regions of production contain globally high concentrations of mam-
mal and bird species at risk of extinction. However, priority areas for biodiversity
conservation differ based on taxa and criteria used. Government regulation and voluntary
market interventions can help incentivize the expansion of oil palm plantations in ways that
protect biodiversity-rich ecosystems.

Introduction

African oil palm (Elaeis guineensis Jacq.) is a tropical crop grown primarily for the production
of palm oil. It is the world’s highest yielding and least expensive vegetable oil, making it the pre-
ferred cooking oil for millions of people globally and a source of biodiesel. Palm oil and its
derivatives are also common ingredients in many packaged and fast foods, personal care and
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cosmetic products, and household cleaners. Driven by demand for these products, palm oil
production nearly doubled between 2003 and 2013 [1] and is projected to continue increasing
[2, 3]. Palm oil is the most important tropical vegetable oil globally when measured in terms of
both production and its importance to trade, accounting for one-third of vegetable oil produc-
tion in 2009 [4, 5]. The dominance of palm oil may be explained by the yield of the oil palm
crop, over four times that of other oil crops [6], as well as its low price and versatility as an
ingredient in many processed goods [7].

In this study, we seek to identify where oil palm has recently replaced tropical forests
because this may best anticipate where future deforestation may occur. Furthermore, we wish
to understand where future deforestation may cause the most harm to biodiversity.

The growth in demand for palm oil has led to a large expansion of the land used to produce
it. Because the oil palm’s range is limited to the humid tropics, much of this expansion has
come at the expense of species-rich and carbon-rich tropical forests. Oil palm was responsible
for an average of 270,000 ha of forest conversion annually from 2000-2011 in major palm oil
exporting countries [8]. One study found that >50% of Indonesian and Malaysian oil palm
plantations in 2005 were on land that was forest in 1990 [9].

Cutting carbon emissions from tropical deforestation could play a critical role in limiting
the impacts of climate change and contribute toward global mitigation efforts aimed at reach-
ing the agreed goal of <2 degree C global temperature increase [10]. Annual carbon emissions
from gross tropical deforestation are estimated at 2.270 Gt CO, from 2001-2013 [10], contrib-
uting nearly 10% of the global total of anthropogenic greenhouse gas emissions. There is grow-
ing recognition of the need to limit or end such deforestation. More than 180 governments,
companies, indigenous people’s organizations, and non-governmental organizations have
signed the New York Declaration on Forests (NYDEF). It calls for ending deforestation from the
production of agricultural commodities such as palm oil by no later than 2020 as part of a
broader goal of reducing deforestation 50% by 2020 and eliminating it by 2030. The Consumer
Goods Forum, representing more than 400 retailers and manufacturers, has taken up this goal
and pledged to help eliminate deforestation in member companies’ supply chains by 2020.

Different scenarios of oil palm development will lead to very different outcomes in terms of
deforestation and carbon emissions, such as the development of degraded land versus peat-
lands in Indonesia [11]. In recent years, consumers and non-governmental organizations
(NGOs) have increasingly called on consumer goods companies to buy responsibly produced
palm oil and companies have begun to adopt voluntary measures [12]. The main organization
responsible for the certification of sustainable palm oil is the Roundtable on Sustainable Palm
Oil (RSPO), a group composed of oil palm producers, palm oil processors and traders, manu-
facturers, retailers, investors and NGOs. This certification system requires the producers to fol-
low several criteria including transparency of management, conservation of natural resources
and the execution of social and environmental impact assessments [13].

Currently, there are 3.51 million hectares of RSPO certified oil palm plantations producing
13.18 million tonnes of palm oil, making up 21% of global palm oil production [14]. NGOs have
raised concerns about the monitoring and enforcement of standards for certification [15, 16, 17].
Furthermore, while primary forests and High Conservation Value forests (those deemed to have
significant biodiversity or cultural value, or that provide ecosystem services) are protected under
RSPO regulations, secondary, disturbed or regenerating forests are unprotected. RSPO certifica-
tion has been criticized as insufficient from an environmental perspective [18]. Finally, there are
concerns about the sources of palm oil that lacks certification, much of which is processed or
traded by RSPO member companies and sold in the global marketplace [19].

Because Indonesia and Malaysia together account for approximately 80% of global oil palm
fruit production [1], many studies focus solely on these countries [9, 20]. As area for expansion
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in this region is limited, however, future expansion of oil palm plantations is likely to occur in
other areas. Oil palm is currently grown in 43 countries (Fig 1A) so understanding the environ-
mental impacts at a global level may help in understanding differences in development patterns
that have led to deforestation. Fig 1B shows the percent growth in oil palm harvested area from
2003-2013. Despite having little plantation area currently, some countries in Latin America
and Africa experienced greater percent growth during this period than did either Indonesia or
Malaysia. If these growth rates continue, oil palm plantation expansion in these countries will
likely have increased impacts.

Other reasons past assessments may have focused on only one or two countries are the
many obstacles that face regional and global assessments of land cover changes and land use
history. Assembling imagery across many countries using local resources is prohibitively
labour intensive. While global satellite datasets are available, such as Landsat Thematic Mapper
(TM) imagery from 1984 to the present, identifying land cover transitions from these images
can be difficult, especially in humid tropical areas with frequent cloud cover. This means that
transitions between distinct cover types (e.g. forest and row crops) are more reliably identified
than those between similar cover types (e.g. fragmented forests and shifting cultivation). Thus,
while availability of high-resolution imagery over much of the globe makes it possible to iden-
tify current land cover with great accuracy, sometimes even specific crops such as oil palm, the
assessment of historical land cover is limited to broad categories in global assessments. For
example, when Gibbs et al. [21] made a global assessment of land cover changes for the expan-
sion of agriculture in the tropics, they decided to classify using only five land cover types to
reduce these types of errors.
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Fig 1. World production of palm oil. (a) Percent of FAO reported total global oil palm harvested area in 2013. (b) Percent changes in FAQ reported oil palm
harvested area by country from 2003-2013.

doi:10.1371/journal.pone.0159668.g001
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We adopted a new approach. First, we identified current oil palm plantations in 20 countries
using high-resolution imagery. Second, we examined what proportion of these sites were
recently deforested and compared this to trends in the FAO’s estimates of the total area planted
in oil palm. Third, we mapped where forests are vulnerable to deforestation for oil palm based
on an FAQ crop suitability model and the location of current IUCN category I and II protected
areas. We did so for both current climatic conditions and those projected for 2080. Finally, we
mapped the biodiversity of mammals and birds in these vulnerable forests to attempt to iden-
tify where future oil palm expansion may be most damaging.

Materials and Methods
Site Analysis

We studied oil palm plantations in 20 countries in four regions of interest: 1.) South America;
2.) Central America, Mexico and Caribbean (which we will refer to as Mesoamerica); 3.) Africa;
and 4.) Southeast Asia. In each region, we selected the five countries with the largest values of
FAO 2013 palm oil production.

We selected individual sample sites with oil palm monoculture using high-resolution imag-
ery available from Google Earth of sufficient resolution to identify visually the pattern of indi-
vidual oil palm trees. Whenever possible, we verified sample sites using corroborating news
articles, geotagged photos, government and company records, or scholarly articles. We also
used these sources to identify regions within each country (e.g. states and provinces) where oil
palm is produced and examined each for oil palm to improve the spatial distribution of such
sites within each country. A fully random selection of sites based on age would have been pro-
hibitively time consuming, if even possible with available satellite imagery and mapping algo-
rithms. The sampled oil palm areas covered at least 3% of the FAO 2013 total oil palm
harvested area for each sample country. The percentage of sampled area was much higher for
many lower production countries (Table 1).

Table 1. Percent of Total Oil Palm Planted Area Sampled by Country.

Producer Country FAO Total Oil Palm Harvested Area 2013(km?) Sample Area (km?) Percent FAO Sampled(2013)
Indonesia 70,800 2,258.5 3.2
Malaysia 45,500 2,289.9 5.0
Nigeria 20,000 609.8 3.0
Thailand 6,264 203.6 3.3
Ghana 3,600 140.1 3.9
Ivory Coast 2,700 315.3 11.7
Colombia 2,500 766.5 30.7
Ecuador 2,188 189.1 8.6
Dem. Rep. of Congo 2,100 105.2 5.0
Papua New Guinea 1,500 162.5 10.8
Cameroon 1,350 161.3 11.9
Honduras 1,250 243.9 19.5
Brazil 1,220 513.2 421
Costa Rica 745 166.8 224
Guatemala 650 137.9 21.2
Philippines 500 70.9 14.2
Peru 475 280.2 59.0
Mexico 461 25.1 5.5
Venezuela 270 58.3 21.6
Dominican Republic 170 78.1 46.0

doi:10.1371/journal.pone.0159668.t001

PLOS ONE | DOI:10.1371/journal.pone.0159668 July 27,2016 4/19



@' PLOS ‘ ONE

The Impacts of Oil Palm on Recent Deforestation and Biodiversity Loss

We used Landsat 8 imagery for 2013-2014 along with the high-resolution imagery from
Google Earth to digitize sample plantation areas. For change analysis at each sample site, we
acquired Landsat 4-5 TM and Landsat 7 ETM (SLC-on) images for three periods: 1984-1990,
1994-2000, 2004-2010 with some variation based on the availability of cloud-free imagery. We
digitized deforested land within each sample area from the satellite imagery using ArcMap 10.2
[22]. We identified forest within the sample using visual classification, comparing spectral
characteristics to nearby forest areas outside the sample but within the same Landsat scene.
These reference forest areas were verified using high-resolution imagery from Google Earth. In
each of the 20 sample countries, we examined the deforestation since 1989 for sample areas
identified as oil palm in 2013. Fig 2 shows an example. For 2013, (bottom right) we used high-
resolution imagery to outline an oil palm planted area. Using lower resolution Landsat imag-
ery, we have outlined in black the area deforested in 2004, 1997, and 1990. Because of the lower
resolution, we cannot confirm whether the deforested areas are indeed early stage oil palm
plantations or land cleared for other reasons.

We did not evaluate regrowth for this study because we were interested in the earliest identi-
fiable deforestation events in areas currently occupied by oil palm. Finally, to facilitate analyses
at larger spatial scales, we linearly interpolated annual deforested area between image dates to
produce an annual time series of deforested area in each sample. We used 1989 as a start date
for analysis since satellite imagery for the first sample point of most sites was available by that
date (85%). The latest starting sample was 1991.

We estimated historical deforestation within current oil palm plantations (relative to the
2013 plantation area) by summing the annual deforested area estimates for all sample sites and
normalizing by the total sample area within each country. To scale up from country to regional
deforestation trends within areas currently occupied by oil palm, we calculated the weighted
average of individual country trends with weights based on FAO 2013 total oil palm harvested
area. The underlying assumption is that the trend we observed in each country is representative
of all current oil palm planted area within that country. We also compared country deforesta-
tion trends with overall growth in oil palm plantation area by plotting each country deforesta-
tion trend with FAO oil palm planted area, normalized by the 2013 value. For clarity, we refer

1990 West Kalimantan, Indonesia

[ Degraded Area
12013 Extent

Fig 2. Example of deforestation site analysis within an oil palm plantation in Bawat, West Kalimantan,
Indonesia. Each panel represents one sample year, with the deforested area in that year outlined in black
and the 2013 oil palm planted area outlined in red. Imagery from Landsat 5 TM (1990, 1997 and 2004) and
Landsat 8 (2013).

doi:10.1371/journal.pone.0159668.9g002
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to the FAO harvested area data as planted area in the rest of our analyses, since the time from
planting until the first harvest is approximately 2.5 years [23], much shorter than the intervals
of our measurement. We acknowledge that the accuracy of the FAO data may vary by country,
but these data remain the best estimate of oil palm planted area available.

Oil Palm Vulnerable Forest Assessment

We determined the current suitable area for oil palm agriculture using the Food and Agricul-
ture Organization of the United Nations (FAO) Global Agro-Ecological Zones (GAEZ) model
for agricultural suitability of oil palm [24]. The GAEZ agricultural suitability model primarily
incorporates knowledge of crop specific soil nutrient and climatic requirements to determine
the suitability of crop planting under varying management regimes. We used the model for
rain-fed high input (industrial scale) agriculture because it represents the primary method of
oil palm cultivation globally.

To determine future suitable area for oil palm plantations, we used GAEZ model outputs of
suitability for 2080. To represent “business as usual” and reduced emission scenarios, we used
IPCC emission scenarios A2 and B2, respectively. We averaged all the GAEZ outputs for global
climate models Canadian Centre for Climate Modelling and Analysis (CCCma), Coupled
Global Climate Model(CGCM2), CSIRO Atmospheric Research Mark 2b (CSIRO MK2) and
Max Plank Institute ECHAM4 (MPI ECHAM4) for both emission scenarios to produce an
average estimate for crop suitability in 2080. We considered, but excluded, Hadley model pro-
jections from the estimates because they were divergent from other projections.

Values for the suitability models range from 0-100 with 100 representing areas most suited
to oil palm cultivation. We used a threshold suitability value of 30, which we based on the
lower bound of the 95% confidence interval of suitability for 200 random points inside sample
plantations with a minimum distance of 1 km between points. Because the GAEZ suitability
used represents high-input rain-fed agriculture, not all sample plantations fit the suitability cri-
teria and we excluded 4 of the 200 points that had zero suitability.

Once we determined suitable areas for oil palm plantations, we estimated the forest area
within these areas that may be vulnerable to oil palm development. The MODIS 250m Vegeta-
tion Continuous Fields (VCF) tree cover dataset Version 5 2010 [25] provided forest cover clas-
sification. To reduce the incidence of random errors in the data, we used the median of
MODIS VCF layers from 2008 to 2010.

As an additional filter to remove cropland area from the vulnerable forest layer, we overlaid
the 300m GlobCover 2009 Cropland data on a rescaled median MODIS VCF 300m layer [26].
To remove pixels with crop presence from the forest dataset, we set a threshold for both layers
at 50% to create binary classifications. We also excluded International Union for Conservation
of Nature (IUCN) category I and II protected areas, obtained from the World Database on Pro-
tected Areas (WDPA), from the forest layer [27]. Finally, we excluded the sample plantation
sites from the Site Analysis above from the vulnerable forest area as oil palm plantations
occupy these areas currently. Eliminating both the crop areas and sample plantation areas were
intended as a correction to remove much of the tree plantation area from the forest cover data.
It is likely that some plantation areas remained misclassified as forest.

Biodiversity Assessment for Vulnerable Forest Areas

To estimate the potential impact on biodiversity of oil palm related deforestation, we analysed
species range data for mammals and birds [28, 29]. As these studies point out, the risk of
extinction is more accurately determined by looking at impacts of development on small-ran-
ged and threatened species rather than total number of species. Therefore, we overlaid the
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number of small-ranged and threatened species with baseline oil palm vulnerable forests, as
determined by the analysis above. From the resulting maps, we attempted to identify areas of
high conservation value within the forest vulnerable to oil palm in each region.

Results

Data associated with each of the analyses performed in this paper: site analysis, vulnerable for-
est analysis and biodiversity prioritization, are available through the Dryad data repository
(doi:10.5061/dryad.2v77j) and Supporting Information.

Regional Trends

For each sample site, we determined the percent of forest area within the current oil palm plan-
tation areas for three dates from 1984-2010, as well as in 2013. We interpolated these data for
each year and then aggregated them at the country scale relative to the plantation area of the
sites in 2013 (S1 Table). Fig 3 shows percent forest within sample oil palm plantations for the
four regions. Note that the absolute area of oil palm plantations in 2013 varied greatly by coun-
try (Table 1) and country trends were weighted by each country’s total FAO plantation area for
2013 to calculate regional trends. All regions reach 0% forest in 2013 when the sample areas
were fully converted to oil palm plantation.

Mesoamerican and African oil palm plantations had the lowest percent forest in 1989. Only
2% and 7%, respectively, of sample plantation area was forest at the beginning of the study.

o _
0 & Asia
A, * South America
NA o Africa
) N .
s ¥ A o Central America
5 “a
C AN
< N
o | *_
a8 * o
Q@ ¥ \
o % A
£ R AN
o * N
“ o *_ A
£ « ***H \&\
7 *“ek ﬁ‘f_\.
o NN
LE s :“a\
R 2 TKoxlA
* B0
0-0. ¥~
o) O-O_O_O_O o *\i‘xa
; "Y"0-0.0. %A
u] 0-0-D-0-D-0-0-0-0. _0-0_ . *_ 4O
o - O-o0-pg D—8~8-B-8:§=Q=Q.o.n_-§:%&"
I |
1989 1993 1997 2001 2005 2009 2013
Year

Fig 3. Annual percent change in forest areas within oil palm plantations by region. Values are an
average of the proportion of sampled 2013 oil palm plantation area classified as forest each year in five
countries within each region, weighted by each country’s 2013 FAO-reported oil palm planted area.

doi:10.1371/journal.pone.0159668.9g003
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This need not necessarily indicate continuous production of oil palm on these sites. It may
indicate other uses such as pasture or annual row crops before conversion to oil palm.

In contrast, Asian plantations had the highest estimated percent forest in 1989 (45%), while
South American plantations were intermediate between the other regions (31%). Thus, a
greater percentage of oil palm expansion in these countries came at the expense of intact forest
since 1989. Examination of the deforestation trend in Southeast Asia shows that deforestation
within plantations occurred more rapidly between 1989 and 1998, whereas in South America,
the deforestation trend appeared to be linear during the study period.

Country Trends

For each sample country, we examined the recent history (1989-2013) of expansion in oil palm
plantation area and the degree to which it was associated with deforestation for oil palm planta-
tions. Fig 4 shows the trends in two metrics relative to their 2013 value: the total area of oil
palm plantation FAO reports (open circle) and the percent deforested in our sample plantation
(solid triangle). Note that all percentages reported in this section are relative to the 2013 values.
Due to this rescaling, both values are 100% in 2013. The figure highlights two countries selected
from the five sample countries in each region that either exemplify or show distinct trends
from the rest of the region (see S1 Fig). The percent changes in these quantities over the study
period are given in Table 2 for all countries.

In Mesoamerica, all five countries showed large percent increases in the FAO estimates of
oil palm area. All five countries also had little to no deforestation within the sample areas dur-
ing the study period. Guatemala (Fig 4A) and Mexico (Fig 4B) are typical. In contrast, in Africa
the total area of oil palm plantations has fluctuated considerably in the sample countries. The
area of oil palm plantations increased from 1989 to 2013 in all five countries, but experienced
some years without growth or with declines. The net increase was lowest for DRC (Fig 4C) and
Nigeria (Fig 4D) with periods of dramatic decline in the area planted for both. In Cameroon,
Ghana, and the Ivory, the increase in planted area was higher. As in Mesoamerica, sample
countries in Africa were mostly deforested at the beginning of the study period. Of the five
countries, we observed the largest amount of deforestation from 1989 to 2013 in Cameroon
(16.9%).

All sample countries in South America showed large increases in the total area of oil palm.
For some, the patterns of increase mirrored the patterns of deforestation, as seen in Ecuador
(Fig 4E) and Peru (Fig 4F). Brazil also experienced large increases in FAO planted area accom-
panied by large increases in area deforested in the samples. Only for two countries, Venezuela
and Colombia (S1 Fig), did we find sample sites 100% deforested by 1989 despite large
increases in the FAO planted area (Table 2). In Venezuela, the rapid increase in planted area
occurred from about 1989 to 1995, after which the recorded planted area remained static (S1
Fig).

In Asia, all countries showed large increases in area planted for oil palm. Indonesia (Fig 4G)
and Malaysia (Fig 4H) are typical of countries where deforestation mirrors increases in planted
area. Papua New Guinea, to a lesser degree, was consistent with the trend of deforestation mir-
roring increases in oil palm planted area. In contrast, in the Philippines and Thailand, the sam-
ple sites had been 100% deforested in1989, despite marked increases in FAO planted area
(Table 2).

In summary, we observe two main trends in deforestation within sample countries. One is
the conversion of previously deforested land to oil palm, resulting in low levels of deforestation
during the study period. We observed this scenario in the sample countries in Mesoamerica
and Africa, as well as in Colombia, Venezuela, Philippines and Thailand. Data from the other
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Fig 4. Trends of deforestation and oil palm planted area. Trends of deforestation inside sampled oil palm plantations (solid
triangle) and total FAO oil palm planted area for eight countries (open circle). Both trends are relative to 2013 values, thus both
reach 100% in 2013. Countries represented are either representative of regional trends or distinct from regional trends for sample
countries. (a, b) Mesoamerica, (c, d) Africa, (e, f) South America, (g, h) Southeast Asia.

doi:10.1371/journal.pone.0159668.g004

countries in South America and Asia suggest a second scenario, where deforestation in sample
sites mirrors oil palm plantation expansion. We observed this trend in a majority of countries
in South America (Ecuador, Peru, and Brazil) and Asia (Indonesia, Malaysia and Papua New
Guinea). This scenario suggests a rapid transition from forest to plantation, resulting in higher
levels of deforestation during the study period.

Vulnerable Forest Assessment

Fig 5 shows the area that is suitable for oil palm that is forested (green) and deforested (blue),
current ITUCN category I and II protected areas (orange), and vulnerable forest area (current in
dark and forecasted for 2080 in light green). We define vulnerable forest area as forest located
inside suitable area for oil palm, but outside [TUCN I and II protected areas, with total areas
listed in Table 3 for both present and 2080. Though we excluded IUCN category I and II pro-
tected areas from the vulnerable forest areas, we determined that present rates of coverage of
vulnerable forest by these categories of protected area were low in all regions, ranging from
4.4% of oil palm suitable forests in Southeast Asia to 11% in Mesoamerica.

We predict decreases in vulnerable forest area in three of the four study regions, based on
the mean climate model projection for 2080 (excluding the Hadley model) and the resulting
shifts in climatic suitability for oil palm cultivation. Only Africa shows an increase in total vul-
nerable forest area in 2080. However, even though some forested areas may become unsuitable

Table 2. Percent increase in FAO total oil palm planted area from 1989-2013 by country and estimated
percent of oil palm planted area coming from deforestation since 1989.

Producer Country Percent increase in planted area Percent of area from deforestation
Indonesia 91.7 53.8
Malaysia 63.3 39.6
Nigeria 24.7 6.6
Thailand 85.5 0.0
Ghana 63.9 0.4
Ilvory Coast 62.0 4.1
Colombia 69.5 0.0
Ecuador 74.7 60.8
Dem, Rep, of Congo 16.0 0.7
Papua New Guinea 72.3 25.3
Cameroon 59.3 16.9
Honduras 81.0 0.4
Brazil 77.0 39.4
Costa Rica 73.2 0.0
Guatemala 95.4 10.4
Philippines 721 0.0
Peru 87.0 53.1
Mexico 97.8 1.6
Venezuela 90.0 0.0
Dominican Republic 94.1 0.0

doi:10.1371/journal.pone.0159668.t002
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Fig 5. Vulnerable forest area. Present (dark green) vulnerable forest area and predicted vulnerable forest area in 2080 (light green). Vulnerable forest is
MODIS VCF forest inside GAEZ suitable oil palm land, minus croplands and IUCN category | and Il protected areas (orange). Deforested area suitable for oil
palm is shown in each region at two times, present (light blue) and projected for 2080 (dark blue).

doi:10.1371/journal.pone.0159668.9005

Table 3. Percent Vulnerable Forest by Region (Present and 2080).

Region Time Period Total Vulnerable Forest (km?) Percent Protected Forest (IUCN I and Il)
Africa Present 1,319,737 4.7
2080 1,538,038 6.3
Asia Present 637,662 4.4
2080 618,498 4.3
Mesoamerica Present 75,359 11.5
2080 71,709 11.7
South America Present 4,418,443 9.4
2080 3,669,858 9.3

doi:10.1371/journal.pone.0159668.1003
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in the long-term, they will remain vulnerable to development in the coming decades. Addition-
ally, areas in both South America and Africa that were not suitable for oil palm growth become
suitable in these climate scenarios. This result changes not only the amount of vulnerable for-
est, but also adds new areas that need monitoring (Fig 5). The vulnerable forest areas in South
America and Mesoamerica lie mostly within countries that have some of the highest recent
rates of increase in planted area of oil palm in the world (Fig 1B).

All countries with high percentage of current plantation areas coming from recent defores-
tation (1989-2013) had vulnerable forest comprising more than 30% of their present suitable
areas for oil palm (dashed line in Fig 6). Countries that exemplify this trend are Indonesia,
Ecuador, and Peru. Not all countries with large percentage of vulnerable forest had high defor-
estation rates within plantations. Examples include Democratic Republic of Congo, Colombia
and Venezuela. All countries with low percentage of vulnerable forest had low deforestation
rates, likely a consequence of prior deforestation.
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Fig 6. Percent deforestation versus percent vulnerable forest. Percent deforestation in sampled oil palm plantations (1989-2013) versus
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doi:10.1371/journal.pone.0159668.g006

PLOS ONE | DOI:10.1371/journal.pone.0159668 July 27,2016 12/19



@'PLOS ‘ ONE

The Impacts of Oil Palm on Recent Deforestation and Biodiversity Loss

Biodiversity Analysis

Having identified areas presently vulnerable to oil palm, we explored conservation prioritiza-
tion based on the richness of threatened and small-range species of birds and mammals. We
identified the vulnerable forest areas that were within the 10 percent richest global land area
for threatened (blue), small-ranged (red), or both (purple) species within each taxon (Fig 7A
and 7B).

For mammal species (Fig 7A), we would prioritize different areas for conservation depend-
ing on the richness criterion selected. A combination of small-range and threatened mammal
species would prioritize areas of the Amazon, Brazilian Atlantic Forest, Liberia, Cameroon,
Malaysia, and western Indonesia. Prioritizing for only threatened mammals would greatly
increase the area targeted for conservation in the Amazon and Indonesia. On the other hand,
prioritizing for only small-ranged mammals would target more areas of Mesoamerica, coastal
Colombia and Ecuador, the Congo Basin, eastern Indonesia, the Philippines and Papua New
Guinea.

Looking at a combination of small-range and threatened bird species (Fig 7B), we would
prioritize different areas than for mammals. As found for mammals, the prioritization also dif-
fers based on richness criteria used. Priorities for both small range and threatened birds include
areas in Cuba, coastal forests of Colombia and Ecuador, Western Amazon, Brazilian Atlantic
Forest, the Philippines, Sulawesi, and eastern Papua New Guinea. Prioritizing for only threat-
ened birds, like for mammals, would target large areas of the Amazon and Indonesia. It would
also include areas of Brazilian Atlantic Forest, Liberia and Malaysia. Also similar to mammals,
prioritizing for small-range birds would target areas of Mesoamerica, coastal Colombia, eastern
Indonesia and Papua New Guinea.

Discussion

Deforestation of tropical moist forests increases carbon emissions. The replacement of natural
forests with monoculture palm plantations reduces overall plant diversity and eliminates the
many animal species that depend on natural forests [30, 31, 32]. Understanding the recent
trends in deforestation related to oil palm production requires an understanding of both the
use of satellite data and the longer history of plantation agriculture in the four major oil palm
producing regions. We followed this by an assessment of the vulnerabilities of tropical moist
forests and the vertebrate species living in them to future development for oil palm. While this
exercise highlights some critical areas for future monitoring efforts, it also highlights the need
for closer study of the drivers of oil palm development in each region and the need for clearly
defined conservation goals in prioritizing areas for protection.

Monitoring using satellite imagery

In monitoring oil palm’s impacts, we must look to the past as well as predict future expansions.
Our estimates of recent rates of deforestation inside oil palm plantations differed by region.
Asia and South America experienced high rates of deforestation while Mesoamerica and Africa
had low ones. While Southeast Asia is currently responsible for ~68% of the area planted in oil
palm, there is rapid expansion in other regions (FAOSTAT, Fig 1B).

Our estimate for Indonesia (54% from deforestation) is similar to a previous study (56%)
[9], while our estimate for Malaysia (39% from deforestation) was lower than the 55-59% in
their study. Differences in data, methodology, and period of study may explain this. Another
estimate of deforestation (49%), for oil palm plantations in Ketapang District, West Kaliman-
tan, Indonesia, was similar to our estimates at the country scale [33]. A related study found
reported that 47% of lands converted to oil palm across Kalimantan from 1990-2010 were
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Fig 7. High biodiversity vulnerable forests. Vulnerable forest areas for (a) mammals and (b) birds within the 10 percent richest
global land area for threatened (blue), small-ranged (red), or both (purple) mammal and bird species (Jenkins et al. 2013, Pimm
etal. 2014).

doi:10.1371/journal.pone.0159668.9g007

intact forests [34]. These distinct regional trends suggest that studying only Southeast Asia
would give a skewed perspective of the patterns of deforestation that have occurred and might
occur in the future.

While the country trends mostly match the regional deforestation trends, some individual
countries deviate. For example, in Cameroon 17% of sampled plantation area came from defor-
estation, in contrast to 2% of sample plantation areas at a regional level in Africa. In Thailand
and the Philippines, none of the sample plantation sites came from deforested areas, while Asia
overall had the highest net deforestation for sample oil palm plantation areas (45%). There is
also the caveat that the weight we give each country in calculating regional trends is based on
FAOstat data, the accuracy of which may vary due to differences in reporting among countries.

In areas where we observed low levels of deforestation for oil palm, we suspect that cropland
or previously degraded land was converted to plantation area. Depending on patterns of dis-
placement of crops and farmers, cropland conversion for oil palm expansion may be less dam-
aging for biodiversity than forest conversion. However, even when it is, concerns may arise
from conflicts over land seizure and violence in some areas [35, 36]. Areas classified as having
low deforestation rates were cleared before our starting date of 1989, a date we set based solely
on the availability of global satellite datasets. There is little “deforestation-free” oil palm. The
real question is when landowners cleared the forests on which oil palm now grows.

Our methods reflect the limited availability of historical high-resolution imagery. We can-
not determine the specific land cover transitions leading up to the planting of oil palm. Such
data are needed to decide whether oil palm expansion was directly responsible for deforestation
or whether the land was converted for another use first before planting in oil palm. Even if we
had data on such transitions, land conversion for other purposes could simply be a pretext for
deforestation followed by a rapid transition to oil palm. While high-resolution satellite imagery
should be useful in future monitoring efforts such as those associated with RSPO certification,
the limitations of our approach highlight that such approaches should supplement, not replace,
ground-based data collection, case studies [37], and economic projections [38, 39].

Impact of historic land use

The lack of Landsat TM imagery before 1984 restricts what we know about prior changes in
land use. Our study period began later than this, in 1989, due to cloud cover issues and gaps in
the Landsat TM data. Other sources suggest that significant land clearing occurred historically
in the two regions with low observed deforestation in our study: Africa and Mesoamerica.

In Mesoamerica, oil palm area increased after 1989, but deforestation was still low. The his-
tory of export monoculture in the region may explain this. Plantation agriculture, including
coffee, sugar and bananas drove deforestation of moist forest areas beginning in the late 1800s
[40]. By the mid-twentieth century, the expansion of cattle ranching areas emerged as a signifi-
cant driver of deforestation [40, 41]. While our data only reveal when deforestation in current
oil palm plantation area first occurred in the Landsat record and do not reveal intervening land
uses, it seems likely that many areas that are now oil palm plantations were previously used for
other plantation agriculture or pasture.

In Africa, there was no consistent expansion of oil palm area since 1989. Indeed, all surveyed
countries experienced some declines during the study period. We also observed low levels of
recent deforestation for oil palm. These trends may be explained by historical land use in the
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region. There is a long history of oil palm agriculture in Africa with semi-wild groves estab-
lished by the time of European exploration [42]. During the colonial era in West and Central
Africa, industrial plantations of crops like cacao, sugar cane, oil palm and rubber greatly
expanded, in part through deforestation [43,44].

In both of these regions, this past agricultural history shapes the current forest cover within
oil palm suitable zones and, consequently, the availability of prior agricultural land for conver-
sion to oil palm plantation.

Vulnerability of forests to future oil palm development

The largest forested areas that future oil palm development threatens are in South America and
Africa (Fig 5). Countries with less than 30% vulnerable forest (forest without IUCN I and II
protection) in suitable areas for oil palm had little of their plantation areas coming from
recently deforested areas (Fig 6). Possibly, the same factors that have prevented the conversion
of these forests to other forms of agriculture—such as relative inaccessibility and steep slopes—
also make them unsuitable for oil palm. In our samples, countries with>>30% vulnerable forest
either established the majority of their oil palm plantations on recently deforested land (like
Indonesia and Ecuador) or, in contrast, they established very few of their plantations on
recently deforested land (such as the Democratic Republic of Congo, Costa Rica, or Colombia).

The discrepancy in observed deforestation trends for countries with >30% vulnerable forest
we might explain by country-level variation in production, land clearing policies, or other bar-
riers to development, such as political instability or the accessibility of forested areas. In the
Democratic Republic of Congo, there has been little expansion in oil palm planting over the
last 25 years (Fig 4). In Costa Rica, deforestation for plantation establishment may be low
because of high coverage of protected areas or because of the conversion of other plantation
types, like banana, to oil palm. Protected areas cover one-fifth of the country [45]. Moreover,
the 1996 ban on deforestation reduced deforestation for crop expansion [46]. Similar to our
study, another study also found under 15% deforestation for oil palm plantation establishment
in Colombia, mostly in small fragmented patches [47]. This may be attributed to high costs of
land clearing and the inaccessibility of the contiguous forest areas.

A better way to characterize the expansion of oil palm may be to include proximity to infra-
structure rather than relying solely on the biophysical requirements for the crop. More local-
ized studies could accomplish this by including distance to population centres or road
networks as factors that may determine oil palm development. For example, in Indonesia, vil-
lage areas suitable for oil palm remained undeveloped because of low accessibility, a circum-
stance that changes with added infrastructure [48]. For monitoring purposes, we need to
understand the factors associated with likelihood of oil palm development in other regions as
well. However, it is possible that outside of Southeast Asia or for larger plantations, likelihood
of development is determined by factors other than accessibility. Our observation of sites in
South America showed oil palm plantation establishment in areas far from roads or population
centres, with some infrastructure built specifically for the palm plantations.

Prioritizing vulnerable forests for conservation

Within forests vulnerable to oil palm development, there is relatively low protection by IUCN
category I and II protected areas (4.4% in Southeast Asia to 11.5% in Mesoamerica). In our
assessment of vulnerable forest areas, we excluded the IUCN category I and II areas but did not
exclude other protected areas and indigenous areas. Therefore, it is possible that some of the
areas identified have such designations, some of which may lend a similar degree of protection
as IUCN category I and II areas.
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Protected areas are a primary strategy for species conservation, but there remain questions
about which places to protect. One strategy is the protection of high biodiversity areas, specifi-
cally focusing on the places with highest concentration of species with the greatest vulnerability
to extinction: those with small ranges or deemed threatened by the IUCN. Applying this strat-
egy, our results indicate that, even if biodiversity of vertebrate taxa were an agreed upon prior-
ity, the areas selected for conservation would depend on the specific taxa and vulnerability
criteria. In a larger view across taxa and vulnerability criteria, it is clear that expansion of oil
palm plantations at the expense of existing tropical forests threatens biodiversity (Fig 7).

Another strategy is the protection of the most accessible forests, those closer to roads and
cities and on flatter land. Protecting areas of high accessibility prevents deforestation more
effectively than protecting remote and high slope areas [49]. As we stated in the previous sec-
tion, accessibility may be a factor important in determining the areas most likely to be devel-
oped for oil palm. If this is the case for all regions of production, the two approaches could be
combined to address both likelihood of development and biodiversity conservation.

Conclusions

Our findings show high rates of forest loss for palm oil production across a range of countries
and continents, raising concerns about future expansions of oil palm plantations. This legacy
of forest loss points to the need for increased monitoring and interventions with a particular
emphasis in Indonesia, Malaysia and Papua New Guinea in Southeast Asia, Peru, Ecuador, and
Brazil in South America, and Cameroon in Africa. We also find that conservation priorities
depend on taxa and selection criteria. By one criterion or another, almost all of the forests vul-
nerable to oil palm development have high biodiversity. Expansion of oil palm at the expense
of natural forest is a conservation concern in all regions. We propose that government regula-
tions, enforcement, and monitoring, combined with voluntary market initiatives by the largest
buyers and sellers of palm oil, hold promise for stemming oil palm driven deforestation.

Supporting Information

S1 Fig. Additional Country Trends. Trends of deforestation inside sampled oil palm planta-
tions (red) and total FAO oil palm planted area for twelve countries (black). Both trends are
relative to 2013 values, thus both reach 100% in 2013.

(PDF)
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Glossary

Biofuel Wide range of fuels that are in some way derived
from biomass.

Endosperm Nutritive storage tissue in the seeds of most
angiosperms.

Epiphyte Plant that grows on another plant
nonparasitically or sometimes on some other object.

0il Palm: Green Gold or Great Evil?

An Introduction to the Green Gold

Few topics provide as much controversy in tropical forest and
wildlife conservation as the rapid expansion of oil palm (Elaeis
guineensis) plantations. On the one hand, oil palm has been
linked to deforestation, peat degradation, biodiversity loss,
forest fires, and a range of social issues (Danielsen et al., 2009;
Koh and Wilcove, 2008, 2009; Sheil et al., 2009; Sodhi et al.,
2010). On the other hand, oil palm expansion is considered a
powerful driver of economic development in tropical coun
tries with low levels of welfare (Casson, 2000; McCarthy and
Zen, 2010; Sheil et al., 2009; World Growth, 2011), and it has
been referred to as “green gold” (Friends of the Earth, 2008).
Economic development can lead to reduced levels of forest
loss, and biofuels from oil palm can reduce global carbon
emissions, but the unanswered question is whether, at a global
scale, do the benefits of oil palm outweigh the environmental
costs? With much of Earth’s species diversity residing in tro
pical areas where oil palm thrives, there seems ample reason
to closely assess the role that oil palm has played in tropical
deforestation and loss of wildlife. Here the authors review the
role of oil palm in biodiversity loss and conservation by as
sessing its impacts over a range of different spatial scales and
in different socioecological contexts.

Basics

The origin of oil palm lies in the tropical rain forest region of
West Africa in a region about 200 300 km wide along the
coastal belt from Liberia to Angola (Duke, 1983). It has been
described as “probably the most useful tree in West Africa”
(Irvine, 1961). In prehistory, the palm was likely spread by
people to a much larger area in Africa, ranging from 16° N
latitude in Senegal to 15°S in Angola and eastward to the
Indian Ocean, Zanzibar, and Madagascar. It has also been
introduced and cultivated outside Africa and now occurs
throughout the tropics between 16° N and 16° S latitudes. A
distinct, closely related species of the oil palm, Elaeis oleifera

Hectare (ha) Area equal to 2.47 acres.

Mesocarp Botanical term for the middle layer of the
pericarp for example, comprising the flesh of fruits such as
plums and cherries.

Monoecious In the current context, having male and
female flowers on the same plant.

(also known as Elaeis melanococca), is indigenous to Latin
America. We will limit our discussion to the African species
and refer to it as “oil palm.

Oil palm is a pioneer species that historically appears to
replace evergreen rain forest under drier climatic conditions.
For example, during the mid Holocene in western Africa,
changes in African monsoon conditions, decreased humidity,
and increased fire led to the contraction of wet, evergreen rain
forest and the expansion of woodland savannas. On these
more open savanna type lands, oil palms were the dominating
species (Maley, 2002; Ngomanda et al., 2009; Salzmann and
Hoelzmann, 2005). These vegetation shifts occurred alongside
relatively “warm” regional and global conditions and could be
an “analog” to events that might occur under global warming
(Maley, 2002). Land clearance and burning act to increase the
conditions under which oil palm thrives (Sowumni, 1999).

When fully grown, oil palms are tall, erect, single stemmed
trees that vary in heights from 8 to 20 m, with a stem diameter
of as much as 50 cm. The tree is monoecious, with male and
female flowers in separate clusters but on the same tree. Eco
logically, this is a species of riverine forests and freshwater
swamps that can tolerate temporary flooding and a fluctuating
water table. The species does not do well in closed forest
conditions and requires adequate light and generally open
canopy conditions. It grows best in lowland areas with 1780 to
2280 mm rainfall per year, with a 2 4 month dry period, and
a mean minimum temperature of 21 24 °C, but the species is
adaptable and with proper care can be grown in climatic
conditions outside these ranges (Duke, 1983). Its ecological
adaptability is also clear from the wide range of tropical soils
on which the species grows and thrives, with only water
logged, highly lateritic, extremely sandy, stony, or peaty soils
providing suboptimal growth conditions. Considering the
rapid expansion of oil palm into Indonesian and Malaysian
peat swamp areas (Koh et al., 2011), it seems clear that even
these acidic and often waterlogged conditions under appro
priate silvicultural care provide suitable growing conditions
for oil palm (Sheil et al., 2009).

The use of oil palm by early humans is well known from
the archeological record. Such uses date back to at least 4000
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years BP (Logan and D’Andrea, 2012), and it appears that
people in West Africa were actively cultivating oil palm as early
as 3600 3200 BP (D’Andrea et al., 2007). These early people
were likely encouraging the growth of oil palms and achieving
higher yields by clearing land (Logan and D’Andrea, 2012). Oil
palm was a “camp follower” because of its ability to regenerate
from discarded seeds without any particular horticultural
treatment (Zeven, 1972). It was also traded widely, as indicated
by finds of palm oil residues in 5000 year old Egyptian tombs
(Friedel, 1897) far from where the oil was likely produced.

In Africa, palm oil has many traditional uses (Maley and
Chepstow Lusty, 2001). A few written records of the local food
use of a palm oil (presumably from Ela. guineensis) are avail
able in accounts of European travelers to West Africa from the
middle of the fifteenth century (Hartley, 1988). One source
describes how oil is produced from seeds by boiling, as well as
how the oil palm kernels are roasted and either eaten directly
or made into flour (De Hondt, 1749). Palm oil later became
an important item in the provisioning trade supplying the
caravans and ships of the Atlantic slave trade, and it apparently
remains a popular foodstuff among people of African descent
in the Bahia region of Brazil (Northrup, 1978). Palm oil also
found its way to Europe. James Welsh first brought 32 barrels
of palm oil to England in 1590, and use grew rapidly after
that. By the early nineteenth century, palm oil was being used
to make soap and candles; later it was used for heating and
cooking and in many other products from dynamite to mar
garine (Henderson and Osborne, 2000).

The increasing commercial use of palm oil is shown in
early trade data. In the 1840s, the West African regions of
Dahomey and the Niger delta exported approximately 1000
and 13,000 tons per year, respectively; by the 1880s these
totals had risen to 5000 and 20,000 (Kiple and Ornelas, 2011).
After 1900, European run plantations were established in
Central Africa and Southeast Asia, and the world trade in palm
oil continued to grow slowly, reaching a level of 250,000 tons
per year by 1930 (Hartley, 1988), still only about 0.5% of
what was produced in the early twenty first century (see The
Modern Expansion).

The Modern Expansion

Plantations throughout Southeast Asia originate from the
seeds of only four trees planted in Java, in present day Indo

nesia, in 1848 (Henderson and Osborne, 2000). In 1905, a
Belgian agricultural engineer, Adrien Hallet, arrived in Sumatra,
another Indonesian island, and noticed that local palms that
had originated from the small Javan gene pool grew more
quickly and bore a richer fruit than counterparts in the Congo,
where he had previously worked (Leplae, 1939). It was obvious
that under Asian equatorial conditions, the locally cultured
palms held a distinct advantage over the ordinary palms of
Africa (Kiple and Ornelas, 2011). Reduced seasonality in island
Southeast Asia compared to west Africa has a big impact on
yield, with any drought (or even loss of humidity) reducing
fruit set. Also, the fact that all the Asian palms were descended
from so few parents meant that the early planters could expect
fairly uniform results (Kiple and Ornelas, 2011), ensuing easier
management. This lowered the risks associated with plantation
cultivation, an effect reinforced by the absence of the palm’s

usual pests and diseases in its new geographic setting. The
success of oil palm was quickly noted in neighboring Malaysia,
and the first plantations were established in peninsular Ma
laysia in 1917. By 1919, more than 6000 ha had been planted
in Sumatra, rising to 32,000 in 1925, by which time 3400 ha
had come under cultivation in Malaysia. Over the next 5 years,
a further 17,000 ha were planted in Malaysia, whereas the Su
matran area doubled (Kiple and Ornelas, 2011). By 1998, palm
oil contributed more than 5% to Malaysia’s gross domestic
product (Yusoft, 2006).

Oil palm seeds were introduced to Central America by the
United Fruit Company, which brought seeds from Sierra
Leone to Guatemala in 1920, and from Malaysia to Panama in
1926 and Honduras in 1927 (Kiple and Ornelas, 2011). Other
introductions from Java and the Belgian Congo followed, but
the first commercial planting of 250 ha only took place in
Guatemala in 1940. In its tropical American setting, the oil
palm, however, proved vulnerable to disease possibly due to
the native American species being almost the same and
difficulties were encountered in identifying suitable growing
conditions (Hartley, 1988). By 1992, the total area of oil palm
planted in Latin America had grown to 390,000 ha. This is a
small fraction of the area in Africa and Southeast Asia (Kiple
and Ornelas, 2011), but oil palm production in the neotropics
is viewed by many as a major new force for land use change
and forest conversion in that region.

Production of palm oil in Indonesia rose from 168,000
tons grown on 105,808 ha in 1967, to roughly 16.4 million
tons grown on 6.2 million ha in 2006 (Sheil et al., 2009). By
2011, an annual production of 25.4 million tons was esti
mated for Indonesia, 18.4 million tons for Malaysia, 1450
tons for Thailand, 880 tons for Colombia, and 850 tons for
Nigeria, with an additional 3281 tons from a range of coun
tries, adding up to a global production of 50.3 million tons
(USDA, 2011). Palm oil takes up about 10% of the global
production of vegetable oils, which remains dominated by
soybean oil (USDA, 2011). These figures suggest that Indo
nesia alone underwent a 150 fold increase in palm oil pro
duction in 34 years.

Currently, Indonesia is the world’s largest and most rapidly
growing producer. Indonesia’s wet tropical climate provides
ideal growing conditions for oil palm. Land is abundant, and
labor is cheap (Sheil et al., 2009). About 10% of Indonesia’s
palm oil production comes from government plantations,
40% from small holders, and 50% from private plantations
(IPOC, 2006). Malaysia is the world’s second largest indi
vidual palm oil producing nation. Together, Indonesia and
Malaysia account for about 90% of crude palm oil produced
globally per annum (Sheil et al., 2009). In the Southeast Asian
region, a total of 8.3 million ha of closed canopy oil palm
plantations occur in peninsular Malaysia (2 million ha),
Borneo (2.4 million ha), and Sumatra (3.9 million ha) (Koh
et al., 2011), suggesting that oil palm takes up about 6.2% of
the total landmass of these three regions. We note that the
study by Koh and colleagues was unable to detect newly
planted oil palm, so that total area of oil palm may be larger.

As a region, Africa is the second largest producer of oil
palm in the world. Data from the Food and Agricultural Or
ganization’s FAOSTAT database indicate that about 4.5 million
ha of productive oil palm plantation existed on the continent
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in 2009. Some 71% of African oil palm is produced in Nigeria,
with Ghana, Guinea, Cote d'Ivoire, and the Democratic Re
public of the Congo being other important producers.

In addition to Africa and Asia, oil palm production is also
rapidly expanding in the neotropics, with some 700,000 ha of
productive plantation in 2009 (FAOSTAT data). Nearly half of
the Amazon basin, around 2.3 million km?, appears suited in
terms of climate and soils for oil palm cultivation (Stickler
et al., 2008). Even though the total oil palm area remains small
compared to Asia, the mean annual rate of expansion was an
astonishing 7.9% between 1991 and 2001 (Bolivar and Cuellar
Mejia, 2003). Large scale plantations are already established in
Colombia, Ecuador, and Brazil, although the latter was only the
world’s 14th biggest producer of palm oil in 2009. If the full
potential of the Amazon basin was utilized, however, Brazil
alone could dwarf the current production of Asia (Butler and
Laurance, 2009). Oil palm planting has been promoted in
Colombia, where it is seen as a relatively profitable alternative
to cocaine (Gomez et al., 2005). To differentiate it from the less
productive but similar native species Ela. oleifera (see Uses)
Ela. guineensis is commonly referred to as the “African palm” or
“dendezeiro” (Lopes and Steidle Neto, 2011). As in Asia, oil
palm is viewed as a crop that can be profitable under many
different levels of management intensity (including small
holders) in a wide range of contexts (Wolff, 1999). However,
there are concerns over disease though it is likely that breeders
will be able to develop healthier and more resistant varieties
and hybrids (de Franqueville, 2003).

Uses

In well managed plantations, oil palm produces 3 8 times
more oil from a given area than any other tropical or temperate
oil crop (Sheil et al., 2009; Yusoff, 2006). Oil can be extracted
from fruit and seed, palm fruit oil from the outer mesocarp,
and palm kernel oil from the endosperm. Most palm fruit oil is
used in foods. In contrast, most palm kernel oil is used in
various nonedible products such as detergents, cosmetics,
plastics, surfactants, and herbicides, as well as in industrial and
agricultural chemicals (Wahid et al., 2005). The use of palm oil
as a biofuel is also increasing (Persson and Azar, 2010), giving
oil palm an aura of environmental sustainability. In fact, if
biodiversity losses from land use changes are disregarded, oil
palm is one of the most environmentally sustainable among a
range of global biodiesel and ethanol crops (de Vries et al.,
2010). Together with sugarcane grown in Brazil and sweet sor
ghum grown in China, oil palms makes the most efficient use
of land, water, nitrogen, and energy resources, whereas pesticide
applications are relatively low in relation to the net energy per
hectare produced (de Vries et al., 2010).

The traditional red palm oil produced by West African
village methods has a wide range of applications. It is mostly
used for food (Kiple and Ornelas, 2011). This type of oil,
however, has not proved suitable for food use in the importing
countries of the West, where consumers require a bland,
nearly white cooking fat. Today’s plantation produced palm
oil can be treated to meet Western requirements, but this was
not possible before the early twentieth century (Vanneck and
Loncin, 1951). Once technology had advanced enough,
European food manufacturers could exploit palm oil,

replacing more expensive fats such as butter, beef tallow, and
lard in central and northern Europe and olive oil in southern
Europe (Kiple and Ornelas, 2011). Palm oil was suitable as
both liquid oil and solid fat.

Since the late 1960s, plant breeders have taken an interest in
the American oil palm Ela. oleifera because its oil has a high
iodine value and unsaturated fatty acid content, making it es
pecially suitable for food use (Kiple and Ornelas, 2011). How
ever, the fruit is often small, with a thin, oil yielding mesocarp
surrounding a large, thick shelled kernel. Harvested bunches
often contain a low proportion of fruit of quite variable quality.
Hybrids between Ela. guineensis and Ela. oleifera have been
trialed and show some advantages over Ela. guineensis, despite
higher production costs (Amblard et al., 1995).

Concern over greenhouse gases and high prices for fossil
fuel have spurred interest in biofuels and alternative sources of
energy. Biodiesel from palm oil (palm oil methylester) is
currently leading the pack, and major investments are already
planned to convert millions of hectares of tropical forests and
other land types to oil palm plantations (Sheil et al., 2009).

Biofuels may have major positive or negative effects on
natural forests, forest dwellers, and owners. On the one hand,
biofuel from oil palm plantations could help to promote
economic prosperity and alleviate poverty (World Growth,
2011). On the other hand, demand for biofuels could increase
competition for land, threaten food production, and exacer
bate inequities between rich and poor (Astyk, 2006). Whether
or not the use of palm oil as biodiesel yields a net reduction of
greenhouse gas emissions remains debated (de Souza et al.,
2010; Gibbs et al., 2008) but depends a lot on the type of
vegetation that existed prior to oil palm development.

High global demand feeds the current oil palm boom.
Despite many anti oil palm campaigns targeting palm oil
consumers and importing countries, it is likely that the sector
will expand further, either in Southeast Asia or, if the land
bank becomes limited there, in the African and American
tropics. At current prices, it has recently been estimated that
the opportunity costs of conserving forests in Southeast Asia
are US $9860 12,750 ha™! from logging and a further US
$11,240 ha™! from subsequent conversion into oil palm
plantations (Fisher et al., 2011). Others have argued that these
figures are overly pessimistic (from a forest conservation point
of view) and that payments for carbon sequestration and other
environmental services such as clean water supply from forests
could realistically offset the opportunity costs of forest devel
opment (Ruslandi et al., 2011; Venter et al., 2009).

Production in Small-Holder and Large-Scale Contexts

Oil palm seedlings are typically raised in a nursery for 1 year
before planting out. Planting densities range from 110 to 150
stems per ha (Basiron, 2007). In small holder settings in
Africa, planting densities can be considerably higher; densities
of 200 palms per ha were common in the late 1940s, and
densities of more than 300 palms per ha were not unknown
(Hartley, 1988). Most commercially used oil palms mature
rapidly, and fruit can be harvested only 2 3 years after
planting (Basiron, 2007) although 9 15 year old trees are
most productive (BisInFocus, 2006). After 25 30 years, trees be
come too tall to harvest and are replaced. Some long established
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plantations in Malaysia have already been replanted for the
third time (Basiron, 2007).

Labor input over the life of an oil palm project is about
1397 person day per ha in Southeast Asia; divided by 25 years,
this suggests that on average each hectare of oil palm has
someone working on it and thus earning income 56 days
of the year (Ginoga et al., 1999). Unlike most other crops, oil
palm production is not very seasonal, allowing more efficient,
year round use of labor.

Once harvested, fruit deteriorates rapidly and must be
processed within 24 h (Vermeulen and Goad, 2006), so access
to a mill is a major factor in determining where commercial
plantations can be established. Palm oil production is there
fore most efficient when the crop is grown in a large mono
culture around a central processing mill rather than in small
holdings interspersed with other vegetation (Maddox et al.,
2007). The development of small scale floating mills may
allow companies to plant and process oil palm fruits in re
mote areas at smaller scales, but such initiatives have not been
taken up yet and are presumably less cost effective than large
scale plantations.

Public Perceptions

Oil palm is hotly debated. Any internet search on keywords
“orangutan” and “oil palm” reveals a plethora of mostly
negative attitudes toward this palm and the people behind its
boom. Internet titles such as “Palm oil costs the lives of about
50 orangutans every week and its cultivation is a major cause
of global warming” and “Orangutans struggle to survive as
palm oil booms” further suggests that conservation and oil
palm are not happy bed fellows (EIA, 1998; Robertson and
van Schaik, 2001; World Growth, 2009). Oil palm has its
proponents too, however. These proponents not only include
obvious ones such as palm oil producers and their support
organizations but also the national governments of Indonesia
and Malaysia, which earn significant revenues from palm oil
production. It is becoming increasingly clear that small scale
farmers in these countries prefer oil palm to other crops be
cause of high relative returns (Feintrenie et al., 2010; Rist et al.,
2010). The strongly divergent viewpoints about the environ
mental and social costs of oil palm versus its benefits (Koh
et al., 2009; Meijaard and Sheil, 2011) has resulted in a situ
ation in which middle ground solutions of minimizing oil
palm’s impact have become increasingly difficult (Meijaard,
2010). The situation is not helped by the significant disinfor
mation created on both sides of the debate (Koh and Wilcove,
2009; Sheil et al., 2009). Better science based information
about the positive and negative impacts of oil palm over dif
ferent temporal and spatial scales is urgently needed for more
informed discussion on the impact of this palm on global
biodiversity (Sheil et al., 2009).

0il Palm and Biodiversity

Value as Wildlife Habitat

Not all aspects of biodiversity are negatively impacted by oil
palm, and oil palm plantations have some conservation

benefits. Similar to fig and nectar, palm nuts are considered to
be keystone ecological resources, providing crucial links be
tween plant and animal communities (Terborgh, 1986). For
example, in its native West Africa, oil palm provides important
resources to the chimpanzee (Pan troglodytes verus) (Humle
and Matsuzawa, 2004; Leciak et al., 2005; Sousa et al., 2011).
This mostly occurs in patchy oil palm groves in a matrix of
agricultural land and forests rather than the extensive areas of
single species oil palm plantation generally found in Asia.
Chimpanzees seem to prefer oil palms for building their
sleeping platforms or “nests,” even when they have access to
natural forests; they also use palm fruits as fallback resources
(Sousa et al., 2011).

Other African species that feed on oil palm include
Thomas's rope squirrels (Funisciurus anerythrus) (Pettet, 1969);
white throated bee eaters (Merops albicollis), which catch and
eat the epicarp of the fruit dropped by the squirrels (Fry,
1964); southern yellow billed hornbills (Tockus leucomelas);
and the aptly named oil palm vulture (Gypohierax angolensis)
(Landsborough and Moreau, 1957). Black vultures (Coragyps
stratus) in northwestern Colombia feed heavily on oil palm
fruit and appear to prefer it to carrion (Elias and Dubost,
1982), whereas several raptor species that feed on rats thrive in
oil palm in Honduras (Padilla et al., 1995). In Central
America, the white faced capuchins (Cebus capucinus) are well
known users of oil palm areas (McKinney, 2010; Williams and
Vaughan, 2001).

Southeast Asian oil palm areas also provide resources to
certain species, and many species use the oil palm matrix to
move between forest patches, something they might not do in
plantings of annual crops or grasslands. A study in Sumatra
showed a wide range of species inhabiting the area of an oil
palm plantation, with 40 mammals listed in total (38, not
including domestic species) (Maddox et al., 2007). Of these,
63% have an important conservation value or are protected
under national law, and 25% are listed as vulnerable or higher
on IUCN red lists. The tiger was the most endangered species
recorded on site, rated as critically endangered. Asian ele
phants (Elephas maximus) and dhole or wild dog (Cuon alpi
nus) are the next most endangered. Tigers (Panthera tigris) and
leopards (Panthera pardus) in peninsular Malaysia frequently
move into oil palm estates from surrounding forest areas to
prey on wild ungulates such as pigs and deer or on domestic
cattle (Azlan and Sharma, 2006). In fact, a study in peninsular
Malaysia suggested that a hyperabundance of the banded pig
(Sus scrofa vittatus) in a forest reserve surrounded by oil palm
was caused by abundant year round food supply of oil palm
fruits from the extensive plantations bordering the reserve
(Ickes, 2001). The presence of prey species in oil palm is both
a benefit and threat to large predators (see Charismatic
Species).

Considering that oil palm produces highly nutritious nuts,
it is surprising that few records exist of Southeast Asian species
feeding on oil palm. There are indications that orangutans
occasionally eat oil palm nuts (M. Ancrenaz, pers. comm.),
but such use is not extensively documented. Considering that
chimpanzees use these fruits extensively, it may just be a
matter of time until orangutans similarly learn to do so.
Observations in Sumatra suggest that both long tailed (Macaca
fascicularis) and pig tailed (Macaca. nemestrina) macaques feed
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extensively on fallen palm fruit, as do pig species (both
S. scrofa and Sus barbatus) (EM, pers. obs.). A lot more records
of species feeding on oil palm are available in the literature on
pest species. A book on pest species that affect oil palm
globally (Hill, 2008) lists squirrels (Callosciurus spp.), rats
(Rattus spp.), various parrots and parakeets, porcupines
(Hystrix sp.), and a host of invertebrate species, such as the
coconut case caterpillar (Mahasena corbetti), the African rhi
noceros beetle (Oryctes boas), the coconut palm borer (Melit
tomma insulare), the palm leafminer (Promecotheca cumingii),
the South American palm weevil (Rhynchophorus palmarum),
and the African palm weevil (Rhynchophorus phoenicis). As
documented in Southeast Asia, these invertebrates in turn at
tract bird species such as Pycnonotus goiavier, Prinia spp., Parus
major, Copsychus saularis, and Halcyon smyrnensis, all species
feeding primarily on insects and normally common outside
forests (Desmier de Chenon and Susanto, 2006).

The obvious issue with some species in an oil palm plan
tation context is that they cause damage to plants and palm
nuts. For example, population densities of Rattus tiomanicus
are between 100 and 600 animals per ha in Southeast Asian
plantings of a range of ages and localities (Wood and Fee,
2003), and losses in Malaysian palm oil caused by these ro
dents were valued at US $32 million annually in the 1980s
(Basri and Halim, 1985). This benefits threatened species such
as blood pythons (Python brongersmai) and short tailed py
thons (Python curtus) that feed on these rats, and which in
Sumatra have increased in abundance because of the estab
lishment of oil palm plantations (Shine et al., 1999).

Impact on Species Diversity

Most of the world's species diversity is concentrated in humid
tropical forest (Hoffmann et al., 2010; Leadley et al., 2010), the
ideal habitat for oil palm fruit production. The expansion of
oil palm is therefore most likely to directly impact tropical
biodiversity. The same tropical region is also an area where the
majority of people are primarily concerned with meeting their
basic needs (Kaimowitz and Sheil, 2007; Millennium Eco
system Assessment, 2005). Economic development in many
countries in this region is driven by natural resource exploit
ation, adding to the pressure on remaining forest areas. With
regard to oil palm, this is especially evident in Southeast Asia,
where the largest areas have so far been developed. Indonesia
and Malaysia’s lowland forests are among Earth’s most species
rich terrestrial habitats (Sodhi et al., 2004; Whitten et al.,
2004). The loss of Southeast Asia’s lowland forests threatens
the region’s exceptional conservation value (Curran et al.,
2004; Tinker, 1997) and has long been the principal conser
vation concern in the region (Jepson et al., 2001).

Surprisingly, despite the apparent impact of oil palm on
biodiversity, conservation science is a relative newcomer to
this topic. A 2008 review of 678 publications on oil palm
published over 35 years found that only six of the publications
specifically addressed the biodiversity and species conser
vation aspects of oil palm (Turner et al., 2008). Since that
time, there have been many more scientific study of species
diversity and abundance in oil palm.

Because of oil palm’s light requirements, plantation de
velopment generally requires that all other vegetation is

removed. Oil palm plantations are thus dominated by only
one plant species (Danielsen et al., 2009; Fitzherbert et al.,
2008; Gillison and Liswanti, 1999). Oil palm plantations are
also structurally less complex than natural forests, with a
uniform tree age structure, lower canopy, sparse undergrowth,
less stable microclimate, and greater human disturbance
(Danielsen and Heegaard, 1994; Fitzherbert et al., 2008; Peh
et al., 2006), and they are cleared and replanted on a 25 30
year rotation (Sheil et al., 2009). It is therefore not surprising
that the floral and faunal diversity of these plantations is very
low when compared to tropical lowland rain forests.

To give examples, researchers in the province of Jambi re
corded 75% less plant diversity in oil palm plantations than in
natural forest (Gillison and Liswanti, 1999). Mammals are
also affected, and a 4 year study of terrestrial mammals living
in and around an oil palm plantation concession in Jambi
concluded that oil palm monocultures are very poor habitats
for most terrestrial mammal species (Maddox, 2007). Only
four mammal species (10% of the number detected within the
approximately 80,000 ha landscape) were regularly detected
in the oil palm itself, and none of these species had a high
conservation value. Some species, including deer (Cervus uni
color), macaques (Macaca spp.), and pangolin (Manis javanica)
showed limited tolerance, but, with the exception of pigs (Sus
spp.), all species showed a general preference for non oil
palm habitats even heavily degraded forests (Maddox,
2007). In fact, the study highlighted the conservation im
portance of marginal or degraded habitats often found within
palm oil concessions and highlighted that these areas can re
tain high conservation values (Maddox, 2007).

Most studies of oil palm biodiversity show large differences
in faunal species composition between oil palm and forests
(Fitzherbert et al., 2008). The animal species lost tended to
include species with specialized diets and reliance on habitat
features not found in plantations (such as large trees for
cavity dwelling species) and also species with the smallest
range sizes and those of highest conservation concern
(Fitzherbert et al., 2008). Plantation assemblages were typi
cally dominated by a few abundant generalists, nonforest
species (including alien invasives), and pests.

These findings of reduced species diversity in oil palm
correspond with studies elsewhere. In Malaysia, researchers
found that fewer than 20 of 75 mammal species encountered
in primary forest also used oil palm (PORIM, 1994). Birds are
also negatively affected, with one study in a 5000 ha study site
of forests, oil palm, and agricultural lands reporting that
conversion of forest to plantations resulted in reduced species
richness of at least 60%, which especially affected threatened
forest dependent birds (Aratrakorn et al., 2006). A review
study of bird faunas in oil palms and forests found that al
though bird species richness is lower in oil palm than in
forests, bird abundance does not appear to be. Species found
in plantations are generally of lower conservation concern
than those from forests (Najera and Simonetti, 2010).

Invertebrate communities in oil palm plantations seem to
be similarly influenced. Beetle assemblages in habitat types in
Sabah, Malaysia, ranging from primary forest, logged forest,
and acacia plantation to oil palm plantation, had the lowest
species diversity in oil palm, with a few species becoming
numerically dominant (Chung et al., 2000). Ant species
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richness in Malaysian Borneo decreased from 309 to 110
species (— 64%) between a 43,800 ha primary forest areas
and a 2576 ha oil palm plantation (Fayle et al., 2010), and oil
palm can sustain only about 5% of the ground dwelling ant
species of the forest interior (Bruhl and Eltz, 2010). However,
the impact of oil palm on species diversity was not the same
across all microhabitats that were investigated, with bird’s nest
ferns occurring in both forests and oil palm maintaining al
most the same number of ant species in both vegetation types.
Species losses were much more pronounced in canopy and
leaf litter faunas (Fayle et al., 2010). Also, ant communities in
oil palm are dominated by nonforest species, with nine of the
23 ant species baited in the plantations never having been
recorded inside the forest (Bruhl and Eltz, 2010).

Species diversity per se may not always be a relevant
measure for ecosystem health. A study of bee diversity in a
range of vegetation types, including oil palm, in peninsular
Malaysia found that the diversity in oil palm, as measured by a
wide range of diversity and evenness indices, was considerably
higher than in primary forest, although the absolute abun
dance of bees was much lower (Liow et al., 2001). The 2500 ha
monocultural oil palm plantation had 17 species of bee,
whereas the two natural forest sites (each >2000 ha) had nine
and seven, respectively. The absolute number collected, how
ever, was 64 for the oil palm site and 419 and 444 for the
natural forest sites. The authors suggest that absolute numbers
of bees rather than species diversity may be more important
for maintaining the ecosystem and ecological processes than
the absolute number of species, because of their role in
pollination.

A recent review of 13 studies summarized how species di
versity in oil palm compared to that in other plantation crops
(Fitzherbert et al., 2008). Because of the small sample size,
control for locations and context was not possible, and the
review findings need to be interpreted with caution. Rubber
(Hevea brasiliensis) supported as many or more species as oil
palm and more forest species. Cocoa (Theobroma cacao) had
similar or higher species richness but not always more forest
species. Coffee (Coffea canephora) supported higher ant species
richness and more forest species than oil palm. Rubber, cocoa,
and coffee are often grown in small holder settings or agro
forestry landscapes. Compared to oil palm, their scale of de
velopment is generally smaller, and these crops often occur in
a matrix of secondary forest regrowth. This might at least
partly explain why their species richness is higher than in oil
palm. Acacia mangium plantations, which are planted for pulp
and paper, are generally developed as large (> 10,000 ha) in
dustrial plantations. In Indonesia, oil palm is established in
monoculture plantations ranging in size from 4000 to more
than 20,000 ha (Sheil et al., 2009), which is on a scale similar
to industrial tree plantations. Still, acacia plantations have
higher beetle species richness than oil palm, and species
composition is closer to that in forest (Chung et al., 2000).
Similar results were found for studies of birds, which in acacia
and albizia (Paraserianthes falcataria) plantations resembled
the avifauna of secondary forest regrowth, whereas oil palm
attracted few bird species (Sheldon et al., 2010).

Fitzherbert et al’s (2008) review suggested that only pasture
and urban mown grassland had lower species diversity than
oil palm, whereas gardens of mixed crops had similar or

higher species richness, and abandoned pasture had more
species than oil palm. Imperata cylindrica grasslands, a fire
induced vegetation type that commonly replaces deforested
land, had more species of ants but fewer forest ant species
than oil palm (Fitzherbert et al., 2008). Compared to other
monocultural plantation species that harbor significant native
species diversity (Hobbs et al., 2006; Lugo, 1992), oil palm
plantations appear to resemble the other extreme of exotic
plantation species that have limited value to native bio
diversity conservation (Mascaro et al., 2008). The overall
conclusion about biodiversity in oil palm plantations is that,
at a local scale, it is as low as the most degraded and human
altered tropical vegetation types and therefore has limited
local conservation importance.

Charismatic Species

A number of species, including orangutans (Pongo spp.) and
the Sumatran tiger (P. tigris sumatrae) are the focus of inter
national concern. The conservation of these species is often
mentioned in relation to the expansion of oil palm (Linkie
et al., 2003; Nantha and Tisdell, 2009; WWE 2011), and these
species have played an important role in shaping the public
attitude toward oil palm. Although industrial oil palm devel
opment has been ongoing for decades, it was not until the
1990s when environmental campaigns started to focus on the
role that oil palm plays in the demise of iconic conservation
species and their forest habitats that the public mood began to
change. These campaigns initially focused on the impacts on
orangutans (Buckland, 2006; EIA, 1998) but also addressed
other species, primarily tigers and elephants (Friends of the
Earth, 2005). The authors discuss the impacts of oil palm on
these species relative to other threats.

Orangutans

The main impact of oil palm on orangutans is habitat loss,
with human orangutan conflicts associated with oil palm
development a secondary threat (Meijaard et al., 2011, 2012).
Orangutans are primarily arboreal creatures, using relatively
large territories and mostly feeding on fruits, leaves, and barks
originating from hundreds of plant species (Rijksen and
Meijaard, 1999). In 2008 in Kalimantan, oil palm threatened
750,000 ha of orangutan forest, representing 5.5% of the
Bornean orangutan distribution (Venter et al., 2009).

Recent studies have shown unexpected ecological resilience
in orangutans in selectively harvested timber concessions and
plantations of Acacia mangium (Ancrenaz et al., 2010; Meijaard
et al., 2010). Surprisingly, very few studies exist of orangutan
use of oil palm habitats. One report focuses on management
and the avoidance of human orangutan conflict in oil palm
areas (Yuwono et al., 2007), but it does not clarify how
orangutans are affected. A recent study in Sumatra investigated
crop raiding by a population of Sumatran orangutans (Pongo
abelii) that had become isolated from natural forest in an
agricultural landscape, including oil palm plantations
(Campbell Smith et al., 2011). This study showed that the oil
palm patches in this landscape offered few, if any, benefits to
orangutans.
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Aerial surveys in eastern Sabah, Malaysian Borneo (M.
Ancrenaz, unpublished data), identified large numbers of
orangutan nests in oil palm plantations, especially in small
forest patches within the oil palm matrix. The size of these
patches fluctuated from a single tree to a few hectares and the
forest was highly degraded and lacked the typical forest
structure. It was estimated that at least a couple of hundred
individuals were using the oil palm landscape at the time of
the surveys.

As long as oil palm does not offer a food resource to
orangutans and forest fragments within the oil palm are small,
degraded, and few, it is doubtful that an oil palm landscape
can sustain a viable resident orangutan population in the
long term. The nests seen during aerial surveys were most
probably built by “transient” orangutans that are roaming
through the oil palm estates in search of forest during their
dispersal phase. Indeed, young males leave their native com
munity when they become mature and establish their own
territory in a new forest area (Goossens et al., 2006). These
orangutans are “connectors” in fragmented metapopulations,
and oil palm could therefore have some benefits in main
taining overall connectivity.

Tigers

Tigers are threatened worldwide by habitat loss, reduction in
prey, and hunting (Chundawat et al., 2010) and in Malaysia
and Indonesia also by expansion of oil palm (Linkie et al.,
2003). Like orangutans, tigers do reasonably well in selectively
logged or otherwise degraded forests, but they favor areas with
little human use (Linkie et al., 2008). Compared to natural
forests, oil palm estates have relatively high human use. It is
therefore not surprising that tigers have much higher densities
in forest than in oil palm (Maddox et al., 2007).

Tigers do use oil palm areas, however, especially when
these are adjacent to good quality forest. The attraction is in
the food resources such as deer, pigs, and also domestic ani
mals. For example, tigers killed at least 60 cattle in a 27 month
period in an oil palm estate in peninsular Malaysia (Azlan and
Sharma, 2006). Where large predators and oil palm coincide,
this often leads to conflict and there are regular reports in
Malaysian and Indonesian newspapers of oil palm workers
having been killed. Generally, tigers are unwelcome in oil
palm and are often killed if they threaten workers (Brown and
Jacobson, 2005). Also, crop predation by wild ungulates such
as pigs and deer leads to crop protection measures, which
often include nonselective techniques such as snaring, poi
soning, and drive netting. These, in turn, harm or kill tigers
and reduce their prey (Wibisono, 2005). In fact, it is thought
that one of the main threats to the conservation of Sumatran
tigers is the response to crop depredation by large ungulates in
agricultural lands, including oil palm plantations, near pro
tected areas (Wibisono and Pusparini, 2010).

A recent study modeled extinction risk of Sumatran tiger in
a landscape containing a protected area, logging concessions,
pulp wood plantations, agroforestry, oil palm, and settlements
(Imron et al., 2011). The study used information on tiger
hunting and breeding behavior and found that the longest
survival times occurred in mixed landscapes of protected areas,
logging concessions, and pulp wood plantations rather than
models based on a single land use. Selectively logged forests

contributed most to the survival chances of tigers in the pro

tected area, concurring what was found by Meijaard and Sheil
(2008) elsewhere. The settlement and oil palm plantation
scenarios clearly showed the detrimental effect of these land

uses on tiger persistence. Both single land use and combined
scenarios resulted in extinction within a relatively short period
of time, confirming that oil palm plantations do not provide
good habitat for tiger prey, provide poor tiger habitat, and
experience high human pressure, which lead to the absence of
tigers (Imron et al., 2011).

Asian Elephants

Asian elephants (Ele. maximus) are primarily a forest edge
species (Rood et al., 2011), suggesting they prefer to feed on
the type of vegetation found in disturbed areas. Potentially,
this could include oil palm areas, but the evidence for this is
unclear. On the one hand, they are reported to avoid oil palm.
In a study in Sumatra, elephants were only ever recorded once
on the fringes of the oil palm (Maddox et al., 2007). On the
other hand, another study reported that elephants are con
sidered to pose a risk to oil palm plantations because they
often destroy palms and feed on the oil rich palm nuts
(Susanto and Ardiansyah, 2003). In fact, it has been suggested
that such agricultural conflicts may pose as big a threat to
Asian elephants as habitat loss (Hedges et al., 2005; Linkie
et al., 2007). An internet search reveals many stories of ele
phants causing damage to oil palm and dead elephants being
found in or close to oil palm plantations, several reportedly
killed by poisoning. Often the conservation authorities assist
local farmers and oil palm companies by capturing elephants
and either moving them to other areas or keeping them in
captivity. Trials in Malaysian Borneo, where the tamer Bornean
subspecies of Ele. maximus uses oil palm areas to move be
tween forest patches, show that the use of electrical fencing to
protect small holder crops combined with the replanting of
forest corridors provides an effective means to reduce elephant
conflict (Ancrenaz and Lackman, 2011). This is expensive,
however, and may only work in small plots. Chili
grease covered fences may be a cheaper alternative (Hedges
and Giunaryadi, 2010).

Beneficial Wildlife

Oil palm estate managers actively promote the presence of
some species because they increase the production of oil palm
or at least make it cheaper. Owls and snakes are the most
important among these beneficial species. Barn owls (Tyto alba
javanica) have been widely encouraged in Malaysian oil palm
plantations to control rodent pests. They were formerly
considered vagrants in peninsular Malaysia, but they became
established following the increase in rats with the advent of
oil palm plantations (Lenton, 1984). It is estimated that a pair
of barn owls together with their chicks consume around 1300
rats per year (Duckett and Karuppuah, 1989), but it appar

ently remains doubtful whether these owls truly regulate ro

dent populations or whether rodent populations are more
strongly affected by other factors such as food supply (Puan
et al., 2011).
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Certain species of snakes are also attracted to the many
rodents and other species feeding in oil palm areas (Akani
et al., 2008; Shine et al., 1999), and some plantations actively
use snakes to control rodents, although not as commonly as
owls or baiting (Hafidzi and Saayon, 2001). How effective
such pest control is remains unclear.

Exclosure studies in Sabah, Malaysia, show that insect
ivorous birds deliver a natural pest control service for oil palm
agriculture (Koh, 2008a). Where birds were excluded from oil
palm seedlings, herbivory rates from insects increased between
1.2 and 17.2 fold significantly higher than that in control
treatments.

Koh (2008a) reports that many companies adopt an inte
grated pest management approach that favors the use of
nonchemical pest control methods such as the establishment
of “beneficial plants” (e.g., Euphorbia heterophylla) to attract the
insect predators and parasitoids of oil palm pests such as the
wasp Dolichogenidea metesae (Basri et al., 1995).

Finally, the native pollinator of oil palm (the weevil
Elaeidobius kamerunicus) did not originally occur in Asia. When
it was introduced from Africa, production increased and the
cost of artificial pollination was saved (Dhileepan, 1994;
Southworth, 1985).

Notes of Caution

One of the constraints on interpreting research on species
diversity in oil palm is that there are few scientific case studies
(Fitzherbert et al., 2008). For example, there are no scientific
studies that address plant diversity in oil palm. This introduces
confounding factors that often cannot be controlled for. Re
search is required that addresses questions such as, what is the
effect of area on species diversity when one compares species
in a 50,000 ha natural forest with those in a 2500 ha oil palm
plantation? Would the species diversity of a 1000 ha oil palm
plantation be the same as a 10,000 ha one? What is the effect
of fragmentation when areas of natural forests to which oil
palm diversity is compared are fragments themselves in a
matrix of nonforests (Liow et al., 2001)? How does species
diversity vary in different oil palm contexts, from the mixed
forest gardens settings often found in Africa to the large
(>20,000 ha) monocultural plantings sometimes found in
Indonesia?

Broader Environmental Impacts of 0il Palm

0il Palm and Deforestation

Information on how much forest has been displaced by oil
palm is hard to come by. Considering that oil palm is a crop of
the humid tropics, one could argue that all planted oil palm
has ultimately replaced tropical forest. Some forests, however,
were cut down centuries ago and only recently planted with
oil palm. Oil palm is developed under a wide range of field
conditions, varying from old degraded grasslands, secondary
scrubland, forest regrowth, degraded and overlogged forest,
and relatively intact forests. In our experience, rarely has oil
palm been established in areas that were primary forest (i.e.,
visually untouched by human activities) directly prior to oil

palm development. Therefore, the more pertinent question
regarding oil palm and forest wildlife is how much forest has
recently been cut down and directly been replaced by oil
palm? A recent analysis of agricultural and deforestation
statistics for the period 1990 2005 suggested that more than
half the area of oil palm developed in Malaysia and Indonesia
had resulted in deforestation (Koh and Wilcove, 2008). Oth
ers, however, argue that the data are too poor to draw such
conclusions and that these estimates do not account for other
causes that triggered deforestation before oil palm plantations
were established (Wicke et al., 2011).

To estimate future impacts, we need to know how much of
the oil palm expansion will be in forested areas. Future de
mand for edible oil is estimated at around 240 Mt in 2050,
requiring an additional 12 million ha of palms, if average
yields continue to rise as in the past (Corley, 2009). This de
mand could at least partly be met on existing nonforest lands
(Wicke et al., 2011). However, Corley (2009) also points out
that biofuel demand might greatly exceed that for edible use,
and the interchangeability of the major oils for edible and
biofuel uses means that this demand will drive oil palm ex
pansion, whether or not palm oil is actually used for biodiesel.

Without a clear definition of oil palm induced deforest
ation, better data on forest cover and the distribution of oil
palm plantations, and future expansion potential of oil palm,
it remains impossible to accurately quantify the impact of oil
palm development on forest wildlife.

Some have argued that oil palm plantations are forests.
Malaysia, for example, has considered (but ultimately re
jected) including oil palm plantations in the country’s na
tional statistics on forest cover (Simamora, 2010). Many
conservation bodies highlighted this as unacceptable (Biofuels
Watch, 2010; World Rainforest Movement, 2010), and the
Food and Agricultural Organization excludes oil palm from
global forest estimates because it considers it an agricultural
crop, not a planted forest (FAO, 2010). Meijaard and Sheil
(2011) pointed out that in much of the temperate world pulp
wood plantations are included as forests, and there is an ob
vious need to develop and agree on such definitions (Sasaki
and Putz, 2009).

Broader Environmental Impacts of Qil-Palm Plantations

Palm oil production has environmental impacts that could
potentially affect wildlife beyond the actual plantation. Ex
traction of palm oil results in large amounts of effluent that is
often returned to natural water courses without treatment
(Sheil et al., 2009). Palm oil mill effluent is a colloidal sus
pension of water, oil, grease, and solids: it is fairly acidic (pH
4 5) and is typically discharged hot (80 90 °C) (Ahmad et al.,
2005). Although most mills have treatment areas, leaks of
effluent can have significant negative impacts on water quality.
How this affects the ecological functioning of waterways re
mains largely unstudied (Sheil et al., 2009).

The oil palm industry is one of the largest consumers of
mineral fertilizers in Southeast Asia (Hardter and Fairhurst,
2003). A typical oil palm plantation planted on both mineral
and peat soils requires around 354 kg ha™" of nitrogen over
the first 5 years to increase and maintain yields (Guyon and
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Simorangkir, 2002). Pesticides and herbicides also increase
pollution, especially with repeated use (Hartemink, 2005).
Most of the reports on impacts are generated by companies
and may not be objective because they wish to be seen as
minimizing damage to the environment (Sheil et al., 2009).

The environmental impact of oil palm plantations could
be less than most alternative crops if considered in terms of
production more can be produced on less land. Given the
necessary trade offs between conservation and economic
growth, this is important. Better management, higher yields
from improved varieties, and planting on land that is already
degraded could improve yields significantly without further
deforestation (Hardter et al., 1997). Concentrating oil pro
ducing crops on those lands with the highest yields could
reduce the need for land elsewhere, offering potential con
servation benefits

Could Qil-Palm Development Reduce Biodiversity Impacts
Elsewhere?

Large scale oil palm production has documented benefits. The
plantation sector in Malaysia is one of the largest employers,
providing income and employment for many rural people.
Basiron (2007) comments that “involvement in cultivation or
downstream activities has uplifted the quality of life of peo
ple”” Decreasing rural poverty may reduce deforestation, al
though this is highly context specific (Sunderlin et al., 2007;
Wunder, 2001). Also, assuming a certain global demand for
vegetable oil  for food and biofuel producing it in areas
with plant species that maximize yields could potentially re
duce pressure on land elsewhere. The interactions between the
various economic, trade, environment, and political factors
remain too complex to reliably determine overall global im
pacts of oil palm on biodiversity compared to the alternative
of producing oils with different crops. This is an important
area of research to guide the different oil industries.

Enhancing the Biodiversity Values of 0il Palm

An important question regarding the biodiversity of oil palm
plantations is whether this can be boosted by retaining pat
ches of natural forest within the oil palm matrix, the so called
wildlife friendly strategy (Edwards et al., 2010; Fitzherbert
et al., 2008; Koh, 2008b). Oil palm developed in large estates
can create monocultural stands of 50,000 ha or more. Such
areas have very limited ecological variation and create large
areas mostly devoid of wildlife. In a small holder setting, oil
palm is planted on much finer scales, often in plantations of 1
or 2 ha. If such plantations are part of a broader multi
functional landscape with remaining forest stands and sec
ondary regrowth, the overall species diversity is likely to be
higher. If a certain total area of oil palm plantation is targeted
to fulfill global demands, an important ecological question is
whether for wildlife conservation purposes it is better to
concentrate all oil palms into large monocultural stands
(potentially leaving more space for natural forests) or to
spread oil palm plantings over much larger multifunctional
landscapes.

A study comparing bird diversity in oil palm, forest frag
ments within oil palm, and contiguous natural forest indi
cated that abundances of imperiled bird species in oil palm
were 60 times lower in fragments and 200 times lower in oil
palm than in contiguous forest. Forest fragments did not in
crease bird abundances in adjacent oil palm, and they had
lower species richness than contiguous forest and an avifaunal
composition that was more similar to oil palm than to con
tiguous forest. The study concluded that, from a perspective of
maximizing biodiversity conservation, any investment in the
retention of fragments would be better directed toward the
protection of contiguous forest (Edwards et al., 2010) that is,
the land sparing strategy.

Increasing the productivity of existing oil palm plantations

for example, by better management of harvesting to improve
oil yield could potentially reduce the need for more land to
be cleared. However, this will only generate a conservation
gain if it is linked to the protection of natural habitats for
example, through strategic land use planning and implemen
tation (Fitzherbert et al., 2008). Fitzherbert et al (2008) argue
that with higher yields per unit area for both large and small
scale enterprises, oil palm might provide a substitute for tra
ditional subsistence agriculture and could reduce the area of
land needed to support each household. They also point out
that successful land sparing is contingent on inelasticity of
demand for agricultural products (Green et al., 2005). The
substitutability of vegetable oils ensures that demand for any
one oil is elastic and, although future global requirements for
edible oils depending much on demand from China and
India may be reasonably predictable, demand will become
effectively limitless if driven by new biofuel markets. Pro
posals for nongovernmental organizations to use oil palm
agriculture to acquire private reserves (Koh and Wilcove, 2007)
are unlikely to be the most cost effective approach (Venter
et al., 2008).

Meanwhile, several new international and national initia
tives are under way to improve practices in establishing oil
palm plantations and using forests. One national initiative is
Sawit Watch (sawit meaning oil palm), which campaigns for
the rights of indigenous people in land disputes and high
lights the social ramifications of oil palm developments in
Indonesia (Sheil et al., 2009). International initiatives include
the Roundtable for Sustainable Palm Oil (RSPO), which was
established in 2004 by Malaysian and Indonesian companies
to ensure palm oil “contributes to a better world.” The RSPO
has developed a verifiable standard for sustainable palm oil
and encourages oil palm companies to adopt more respon
sible practices. This standard consists of the RSPO Principles
and Criteria (P&C) for Sustainable Palm Oil Production,
which set out the requirements that must be met and against
which certification assessments are made. To define sustain
ability in the oil palm sector, the RSPO has developed
39 sustainability criteria organized under eight general prin
ciples that are designed to limit environmental impacts of
growing and processing palm oil (Laurance et al., 2010). Of
these, principle four is of direct relevance to biodiversity.
Among others, it requires that growers maintain soil fertility,
minimize and control erosion and degradation of soils,
maintain the quality and availability of surface and ground
water, regulate the use of agrochemicals, and effectively
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manage pests, diseases, weeds, and invasive introduced species
(RSPO, 2007). Most importantly for biodiversity in oil palm,
however, is principle five, which concerns the environmental
responsibility and conservation of natural resources and bio

diversity. This focuses primarily on the design of plantations,
most relevantly the clearing of natural vegetation and how this
affects the status of rare, threatened, or endangered species and
habitats of high conservation value. Specifically, if such species
or habitats are present, the standard requires that any legal
requirements relating to the protection of the species or
habitat are met, damage to and deterioration of applicable
habitats is avoided, and any illegal or inappropriate hunting,
fishing, or collecting activities is controlled, including
the development of responsible measures to resolve
human wildlife conflicts. Such conflicts are frequent as has,
for example, been indicated by the many reported cases of
orangutan killing in association with oil palm development
(Meijaard et al., 2011).

Despite its ambitious environmental goals, the RSPO has
been criticized for failing to stop clearing of natural forests
and, more generally, for noncompliance by its members
(Laurance et al., 2010). Also, many companies have experi
mented with the RSPO standard since it was ratified in
November 2005 but have found it to be complicated, costly,
and hard to implement (Nikoloyuk et al., 2010; Paoli et al.,
2010). Recently, RSPO has channeled activities toward de
veloping a standard for smallholders because they cannot af
ford the additional oversight required for mainstream RSPO
certification. Smallholders also struggle to adopt best prac
tices, such as zero burning, because such practices require up
front capital and are more expensive at the onset. It remains to
be seen whether the lofty goal of “sustainable” palm oil
management can be attained through the RSPO process.
Countries such as Indonesia that investigated ways of inte
grating RSPO principles into current policies (McCarthy and
Zen, 2010) have apparently concluded that this was not pos
sible and subsequently developed their own standards: the
Indonesian Sustainable Palm Oil Foundation (ISPO).

Conclusions

The scientific evidence suggests that oil palm plantations in
equatorial Asia have low biodiversity value compared to most
other tropical land uses. A few species do well in oil palm, but
these generally have little conservation value. Species that lose
out in oil palm are forest dependent species with specific
habitat requirements and low abundance, and many are of
conservation significance (Persey, 2011).

It is possible to make the oil palm industry more bio
diversity friendly. It is most important, however, that oil palm
should be developed on already deforested or degraded lands
rather than in areas of tropical forest. Oil palm itself can also
be made more hospitable for biodiversity —for example, by
increasing structural and faunistic diversity (e.g., allowing the
growth of epiphytic ferns and maintaining weed cover) and
retaining as much natural forest in and around the planted
areas as possible.

Ultimately, the global impact of oil palm on biodiversity
can only be judged in relation to the alternatives. There is an

increasing demand for vegetable oils for food and other uses,
and demand for biofuels is growing. Oils and biofuels can be
generated with different crops, and oil palm has the highest
yield per unit land area and per unit of financial investments.
If oil palm is not expanded further, then either the demand for
oil will not be met or it will be fulfilled with other crops that
require more land than would the oil palm.

See also: Agriculture, Sustainable. Agrobiodiversity. Biodiversity-
Rich Countries. Deforestation and Land Clearing. Hotspots. Land-Use
Issues. Mammals, Conservation Efforts for. Market Economy and
Biodiversity. Poverty and Biodiversity. Primate Populations,
Conservation of. Rainforest Ecosystems, Animal Diversity. Rainforest
Ecosystems, Plant Diversity. Rainforest Loss and Change.
Sustainability and Biodiversity
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Oil palm is one of the world’s most rapidly increasing
crops. We assess its contribution to tropical deforesta-
tion and review its biodiversity value. Oil palm has
replaced large areas of forest in Southeast Asia, but
land-cover change statistics alone do not allow an
assessment of where it has driven forest clearance
and where it has simply followed it. Oil palm plantations
support much fewer species than do forests and often
also fewer than other tree crops. Further negative
impacts include habitat fragmentation and pollution,
including greenhouse gas emissions. With rising
demand for vegetable oils and biofuels, and strong
overlap between areas suitable for oil palm and those
of most importance for biodiversity, substantial biodi-
versity losses will only be averted if future oil palm
expansion is managed to avoid deforestation.

Oil palm: one of the world’s most rapidly expanding
crops

Expansion and intensification of agriculture is the greatest
current threat to biodiversity [1 3]. Vegetable oils are
among the most rapidly expanding agricultural sectors
[4], and more palm oil is produced than any other vegetable
oil [5]. Global palm oil production is increasing by 9% every
year, prompted largely by expanding biofuel markets in the
European Union [6] (Box 1) and by food demand in
Indonesia, India and China [4].

Oil palm Elaeis guineensis is grown across more than
13.5 million ha of tropical, high-rainfall, low-lying areas, a
zone naturally occupied by moist tropical forest, the most
biologically diverse terrestrial ecosystem on Earth [7,8]
(Figure 1a,b). Malaysia and Indonesia produce more than
80% of all palm oil [9] (Figure 1d). Together, they also hold
more than 80% of Southeast Asia’s remaining primary
forests (mainly in Indonesia), where many endemic species
are threatened with extinction by some of the highest
global rates of deforestation [10 13] (Figure 1a). Environ-
mental groups and industry representatives debate the
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extent to which oil palm has contributed to deforestation
[14,15].

The ecological impact of oil palm depends crucially on
the extent to which its expansion causes deforestation, and
on the extent to which it is able to support biodiversity.
Here we review the contribution of oil palm to deforesta-
tion, with a focus on Malaysia and Indonesia. We compare
the biodiversity value of oil palm plantations with that of
forest and alternative land uses to assess whether biodi-
versity loss can best be reduced by making plantations
more wildlife friendly or by linking yield increases with
habitat protection (Box 2). We review emerging opportu-
nities to reduce the biodiversity impact of oil palm, identify
obstacles to success and gaps in current knowledge and
finally ask whether new initiatives are likely to reduce the
ecological cost of oil palm expansion.

Contribution of oil palm expansion to deforestation

As with other crops [16], it is difficult to quantify the
extent to which oil palm has been a direct cause of
deforestation because of a lack of reliable data on la-
nd-cover change and incomplete understanding of its
complex causes. The usefulness of the most widely cited
land-cover data sets (those of the Food and Agriculture
Organization of the United Nations, FAO [11]) is under-
mined by changing definitions of forest, minimal inde-
pendent monitoring of government statistics and a lack
of information on the subnational patterns and causes of
land-cover change [17 19].

Oil palm expansion could in principle contribute to
deforestation in four often indistinguishable ways: (i) as
the primary motive for clearance of intact forests; (ii) by
replacing forests previously degraded by logging or fire; (iii)
as part of a combined economic enterprise, such as with
timber, plywood or paper pulp profits used to offset the
costs of plantation establishment; or (iv) indirectly,
through generating improved road access to previously
inaccessible forest or displacing other crops into forests.
Land might also be deforested initially for other reasons
and then subsequently be planted with oil palm. In such
cases, oil palm could easily, but wrongly, be identified as a
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Box 1. Oil palm as a biofuel

Biofuels derived from palm oil and other biomass from plantations
can be used as alternatives to fossil fuels such as diesel. As a
substitute for diesel, palm oil is less suitable than other vegetable
oils owing to its high viscosity, lower energy density and high flash
point [66]. However, oil palm gives high yields at low prices, and
hence is likely to be important in meeting biofuel demand [5,67].

Global palm oil production increased by 55% between 2001 and
2006 (see http://faostat.fao.org), and will be further promoted by
increases in demand for biofuels generally. Given the substitut
ability of vegetable oils both for biodiesel production and most
edible uses [4], targets such as those set by the European Union to
promote biofuel use [6] will increasingly divert edible oils such as
rapeseed Brassica napus toward biofuel production. An increase in
the demand for any vegetable oil increases prices for all of them,
and further drives expansion, such as for both oil palm in Southeast
Asia and soybean Glycine max in Brazil. Even if the European Union
sources its palm oil exclusively from certified ‘sustainable’ sources
(such as producers signed up to the Principles and Criteria of the
Roundtable on Sustainable Palm Oil; see Box 3), it will be indirectly
supporting less responsible producers via higher prices.

The rationale for using biofuels is that they should be carbon
neutral, unlike fossil fuels which when burned release carbon stored
over millions of years. However, only if oil palm plantations are
established on degraded grasslands with low carbon content are
they likely to become net carbon sinks [35,68]. There are large
greenhouse gas emissions associated with forest clearance, desic
cation of peat soils and use of fossil fuels for plantation cropping,
processing and transport [62,63,68,69]. It will take decades or
centuries for the avoided carbon emissions from fossil fuels to
compensate for emissions released when forest or peat soils are
converted [35,69]. Until it is demonstrated that oil crops are no
longer replacing forests, the use of palm and other vegetable oils as
biofuel feedstock is likely to exacerbate climate change, drive up
food prices and hasten biodiversity loss.

driver of deforestation. However, oil palm is also used as a
pretext by companies to obtain permits to clear land for
other purposes, and cannot easily be excluded as a con-
tributing factor.

Malaysia

Oil palm was first planted commercially in Peninsular
Malaysia in 1917, where it replaced rubber plantations
and forest [7,20] (Figure 1d). As land became scarce,
expansion shifted to Sabah and Sarawak, often in associ-
ation with logging [18,21,22], and was facilitated by the
reclassification of some state forest reserves to allow con-
version to plantations [18,21]. Between 1990 and 2005 the
area of oil palm in Malaysia increased by 1.8 million ha to
4.2 million ha (see http:/www.mpob.gov.my), while 1.1
million ha of forest were lost [11] (Figure 1d). It has been
estimated that at least 1.0 million ha of forest were
replaced by oil palm over this period [23], but this estimate
does not consider forest conversion into unproductive land,
nor whether oil palm caused or simply followed deforesta-
tion.

Indonesia

Commercial oil palm cultivation started in Sumatra in
1911; expansion to other parts of Indonesia did not occur
until the 1980s [7] (Figure 1d). Today, ambiguities in the
land tenure system and corruption [13], combined with
increased regional autonomy, have made it easier for
timber, plywood and paper pulp companies to obtain per-
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mission to clear millions of hectares of forest under the
pretext of plantation establishment, without later planting
them, especially in Kalimantan [22,24,25]. Oil palm plan-
tations often replace forests previously degraded by fire
and logging [17,26], and illegal oil palm development has
been reported inside protected areas [4,15]. Between 1990
and 2005 the area of oil palm increased by 4.4 million ha to
6.1 million ha (see http://www.deptan.go.id), while total
forest loss was 28.1 million ha [11]. Hence, conversion to oil
palm could account for at most 16% of recent deforestation.
It has been estimated that 1.7 3.0 million ha of forest were
lost to oil palm over this period [23]. The uncertainty
surrounding these estimates is high and, as they exclude
changes in unproductive land area and include only ma-
ture oil palm area, they could be over- or underestimates
(see http:/faostat.fao.org).

Elsewhere, oil palm has been documented as replacing
forest in southern Thailand [27], Myanmar [28] and Papua
New Guinea [29].

The future

Although the extent to which oil palm has been a direct
cause of past deforestation is difficult to quantify, its
potential as a future agent of deforestation is enormous.
Demand for palm oil is predicted to continue increasing [5],
and globally, most of the remaining areas suitable for
planting are forested. At present, relatively little oil palm
is grown outside Southeast Asia, but 410 570 million ha of
currently forested land across Southeast Asia, Latin Amer-
ica and Central Africa are potentially suitable for oil palm
cultivation (Figure 1c) (http://www.whrc.org/resources/
published literature/pdffWHRC REDD crop suitabil-
ity.pdf) and might be increasingly utilised as demand rises
and agronomic advances are made.

Effects of converting forests to oil palm plantations

An understanding of how much biodiversity oil palm plan-
tations can support is essential to direct conservation
action. If plantations are consistently depauperate relative
to forests, the focus should be on stopping deforestation.
Alternatively, if the management of plantations can be
adapted so that they support a substantial proportion of
forest species while maintaining high yields, conservation
effort should focus on ways to enhance biodiversity in
plantations [3].

The response of biodiversity to land-cover change
depends upon the extent to which natural habitat features
are replicated and upon variation in the sensitivities of
species to change [30]. Oil palm plantations are structu-
rally less complex than natural forests, with a uniform tree
age structure, lower canopy, sparse undergrowth,
less stable microclimate and greater human disturbance
[31 33] and are cleared and replanted on a 25 30 year
rotation [7].

To assess the effect of palm oil on biodiversity, we
conducted a literature survey. Publications on biodiversity
make up less than 1% of the scientific literature on oil palm
since 1970 [34]; we could find no published studies of plants
(but see Ref. [35]) and just 13 of animals [23,31 33,35 43]
that compared biodiversity in oil palm plantations with
that in forest.
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Figure 1. Global distribution of oil palm and potential conflicts with biodiversity: (a) areas of highest terrestrial vertebrate endemism (ecoregions with 25 or more endemics
are shown); (b) global distribution of oil palm cultivation (harvested area as percentage of country area); (c) agriculturally suitable areas for oil palm (with and without
forest); and (d) oil palm-harvested area in Southeast Asia. In (b) and (d), Brazil, Indonesia, Malaysia, the Philippines and Thailand are subdivided by province, but other
countries are not. Data are for 2006, except for the Philippines and Thailand, where 2004 data are the most recent available. (Sources: [a] World Wildlife Fund (2006)

WildFinder: online database of species distributions, version Jan-06, http://www.worldwildlife.org/wildfinder;

www.ibge.gov.br/estadosat; Indonesia: http://www.deptan.go.id; Malaysia:

http://econ.mpob.gov.my/economy/annual/stat2006/Area1.7.htm;

[b,d] world: http:/faostat.fac.org; Brazil:
Philippines:

http://
http:/

www.bas.gov.ph/downloads_view.php?id=127; Thailand: http://www.oae.go.th/statistic/yearbook47/indexe.html; [c] forest area: European Commission Joint Research
Centre [2003] Global Land Cover 2000 database, http://www-gem.jrc.it/glc2000; oil palm suitability: updated map from G. Fischer, first published in Fischer et al. [65], http:/

www.iiasa.ac.at/Research/LUC/SAEZ).

Species richness

Oil palm consistently held fewer than half as many
vertebrate species as primary forests, whereas invert-
ebrate taxa showed more variation [35] (Figure 2a). Oil
palm also had much lower species richness than disturbed
(logged or secondary) forests, although the differences were

Box 2. Linking production to conservation

not so great (Figure 2b). One study of bees found more
species in oil palm than in forests, but might have under-
estimated species richness in forests because the canopy
was not sampled [39]. Across all taxa, a mean of only 15% of
species recorded in primary forest was also found in oil
palm plantations.

Increasing the productivity of existing oil palm plantations, for
example by better management of harvesting to improve oil yield
[7] (see Ref. [70]) could potentially reduce the need for more land to
be cleared (the ‘land sparing’ option of Ref. [3]). However, this will
only generate a conservation gain if it is linked to the protection of
natural habitats, for example through strategic land use planning and
implementation. Our review of the value of oil palm plantations for a
wide range of taxa suggests that a land sparing approach that
ensures the conservation of intact forests would be more beneficial
than the promotion of wildlife friendly management practices within
planted areas.

With higher yields per unit area for both large scale commercial
enterprises and small holders than many alternatives, oil palm might
provide a substitute for traditional subsistence agriculture and could
reduce the area of land needed to support each household [7,25].
However, rural communities do not always welcome plantation
development [17], and care must also be taken that labourers do
not increase the pressure on natural habitats near plantations [25].
Successful land sparing is contingent upon inelasticity of demand for
agricultural products [3]. The substitutability of vegetable oils ensures

540

that demand for any one oil is elastic and, although future global
requirements for edible oils are reasonably predictable, demand will
become effectively limitless if driven by new biofuel markets.
Estimated annual world biodiesel requirement by 2050 could be 277
million tons, twice current total vegetable oil production and seven
times total palm oil production [67].

There are possibilities for conservation partnerships between oil
palm producers, conservation practitioners and rural communities
which would enable financial resources from oil palm to be
channelled into forest conservation efforts, such as local capacity
building in legal aspects of forest law and enforcement [50,71,72].
Recent proposals for nongovernmental organisations to use oil palm
agriculture to acquire private reserves [9] are unlikely to be the most
cost effective approach [72]. There might be more scope for
producers to contribute to payments for environmental services
schemes aimed at slowing deforestation [73], and to conserve forest
remnants within their plantations. Strategic alliances between multi
ple stakeholders, such as oil palm producers, environmental organi
sations, rural communities, government agencies and carbon off
setters, have the largest chance of success [72].
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Figure 2. The biodiversity impact of converting forests to plantations is shown by comparing species richness and forest species richness in (a) oil palm relative to primary
forests, (b) oil palm relative to degraded (logged and secondary) forests and (¢) rubber relative to primary forests. Species richness is scaled so that forest richness in
primary or degraded forests equals 1. Each vertical column contains a study of one taxon (NA = not applicable). In most taxa, the highest species richness is found in
primary forests. There is a large reduction in species richness in oil palm compared with both primary and degraded forests, illustrated by the gap between the bars and the
line of forest equivalence. The reduction in forest species richness is even more marked in most taxa. Rubber plantations show a similar loss of species richness compared
with primary forests, but retain a higher species richness and/or forest species richness of some taxa. In no study does rubber have lower species richness than oil palm.

Species composition and abundance

Most studies found large differences in faunal species
composition  between o0il palm and  forests
[27,32,35,36,39,40]. The species lost were not a random
subset of the original forest fauna, but tended to include
species with the most specialised diets, those reliant on

habitat features not found in plantations (such as large
trees for cavity-dwelling species), those with the smallest
range sizes and those of highest conservation concern
[27,31,33,41]. Plantation assemblages were typically domi-
nated by a few abundant generalists, non-forest species
(including alien invasives) and pests [27,32,41]. Forty
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percent of the ant species found in oil palm plantations in
Malaysia were aliens, including the highly invasive crazy
ant Anoplolepis gracilipes [43]. Densities of rats (e.g. Rat-
tus tiomanicus) can reach 600 per ha [44], providing abun-
dant food for predators such as blood pythons Python
brongersmai [45], barn owls Tyto alba [44] and leopard
cats Prionailurus bengalensis [46].

Caveats

Several methodological shortcomings are likely to reduce
the apparent difference in biodiversity measures between
forest and oil palm, so our estimates of biodiversity loss are
likely to be conservative [35,47,48]. For example, it is more
difficult to detect many taxa in rain forests, because rain
forests have a taller canopy and more structural complex-
ity than plantations [31]. Also, estimates of species rich-
ness from small areas of oil palm [32,36,38,42] or near
forest edges [27,40] will be artificially inflated by the
presence of transient species from nearby forests. Even
standardising results based on effort (which was not done
in most studies) does not fully remove these biases [27,48],
especially when only a small number of species are
sampled [31,37,38]. Finally, a time lag between habitat
loss and extinction [10] might lead to the recording of some
species in oil palm plantations that cannot ultimately
persist there.

Comparison with other land uses

To understand the relative impacts of converting different
prior land covers (forest and other crops) to oil palm, and of
converting forest to oil palm rather than to other crops, we
examined studies which made such comparisons. Rubber
Hevea brasiliensis supported as many or more species as oil
palm, and more forest species (Figure 2a,c). Cocoa Theo-
broma cacao had similar [38] or higher [36] species rich-
ness, but not always more forest species. Coffee Coffea
canephora supported higher ant species richness and more
forest species [36]. Acacia mangium plantations had
higher beetle species richness than oil palm, and species
composition was closer to that in forest [32]. There was
greater overlap in species composition between oil palm
and other tree crops than there was with forest [27,36,40].
Compared with oil palm, pasture and urban mown grass-
land had lower species richness, gardens of mixed crops
had similar or higher species richness and abandoned
pasture had more species [33,36,38]. Imperata cylindrica
grasslands (which cover at least 8.5 million ha in Indonesia
alone [49]) had more species of ants than oil palm, but
fewer forest species [36].

In summary, oil palm is a particularly poor substitute
for either primary or degraded forests, and whereas any
conversion of natural forest is inevitably damaging to
biodiversity, oil palm plantations support even fewer forest
species than do most other agricultural options.

Landscape scale effects

Because oil palm and other tree crops are unsuitable
habitats for most forest species, plantations, where they
form part of the landscape matrix, can act as a barrier to
animal movements [50,51]. Thus, forest fragments isolated
within oil palm plantations supported fewer than half as
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Box 3. Regulating development: the RSPO and public
disclosure

Although increasing consumption of palm oil has promoted oil
palm expansion, consumer concern has helped stimulate a move
ment toward more environmentally responsible practices within the
industry. The most important initiative is the Roundtable on
Sustainable Palm Qil (RSPO; see http://www.rspo.org), whose
members manage more than one third of the global oil palm area,
and which has developed a set of environmental and social
Principles and Criteria for producers. Commitments to reduce
impacts on biodiversity using the High Conservation Values
approach to identify forests and other areas for preservation are
included [74], but difficulties remain in defining and applying these
values consistently. One area of concern is that forests degraded by
logging are generally assumed to have low conservation value,
when this is often not the case [47]. There are also challenges in
ensuring compliance, and in certifying the activities of small holder
farmers who supply palm fruits to RSPO producers. The auditing
and certification system was only agreed to in November 2007, and
thus RSPO certified palm oil will not be available before late 2008.

Governments are not directly involved in the RSPO, but have
responsibility under international conventions to ensure that neither
RSPO members nor other producers contribute to biodiversity loss
[12]. It will take time for governments and legal institutions to
become more effective and, in the meantime, voluntary or informal
methods can be useful in providing some degree of regulation. To
this end, ‘public disclosure techniques’ can help to provide effective
environmental governance. A growing body of evidence suggests
that in countries where regulatory agencies are weak, such as
Indonesia, the regular collection and dissemination of information
about the environmental performance of companies can lead to
increased compliance with regulations, with minimal burden on
regulators [75]. Disclosure works both by increasing external
pressures on firms and by improving the access of managers to
information about the impacts and mitigation opportunities of their
companies. Disclosure for visible, well known attributes such as
forest fire is likely to have the most impact (see e.g. http:/
www.eyesontheforest.or.id). Public disclosure programmes can
quickly lose credibility if information is mishandled, so accurate
reporting and independent auditing is essential [75].

many ant species as nearby continuous forests, and a
greater number of invasive ‘tramp’ species were found in
the smallest fragments [52]. Small, isolated forest frag-
ments surrounded by oil palm had lower species richness
and diversity of butterflies than larger, less isolated frag-
ments [53].

As well as decreasing area and connectivity, fragmenta-
tion increases the length of forest edge exposed to harmful
edge effects [30]. Abiotic edge effects include increased
vulnerability to wind, desiccation and fire [30,54], although
mature plantations of oil palm and other tree crops might
provide more protection to forest edges than treeless
habitats. Biotic edge effects include increased tree sapling
mortality in forests where densities of wild pigs Sus scrofa
are elevated by increased food availability in nearby oil
palm plantations [55].

Impacts of plantation development and management

As with other crops, the biodiversity impacts of oil palm
depend on how the crop is developed and managed. Many
of the greatest impacts result from the initial process of
land clearance and preparation. Fire, whether used delib-
erately to clear forest or spreading accidentally from
agricultural land, kills seeds and sedentary animals
[54]. Many of the larger palm oil producers (Box 3) have
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committed to avoid using fire in land preparation and when
mature, oil palm landscapes are probably less susceptible
than Imperata grasslands to the spread of uncontrolled
fires [17]. Initial land clearance exposes the soil to erosion.
Sediment loads in streams increase dramatically after
land clearance but return to baseline levels after planta-
tion establishment [56]. Establishment of plantations on
peat soils and where they replace forest contributes sub-
stantially to greenhouse gas emissions (Box 1), and thus to
climate change, a growing global threat to biodiversity
[35,57]. Despite these negative impacts, oil palm planta-
tions might be better at providing some ecosystem services
(such as carbon sequestration and soil protection) than
annual crops or grassland, but not if they replace forest or
peatland (Box 1).

Following plantation establishment, the greatest
environmental impacts are likely to come from pollution.
Water pollution from plantations and onsite mills is likely
to affect aquatic biodiversity [58], but such impacts have
not been assessed in relation to oil palm. Potential pollu-
tants include palm oil mill effluent (POME), fertilisers,
insecticides, rodenticides and herbicides [7,41,44]. Efforts
to reduce the impacts of some of these pollutants are
already in place in some plantations. POME is usually
purified, so it can be harmlessly discharged into rivers;
widespread use of integrated pest management and legu-
minous cover crops reduces use of insecticides and herbi-
cides; and oil palm requires less fertiliser per unit of output
than other oil crops [4,7].

There appear to be few biodiversity-friendly manage-
ment practices which could enhance the value of oil palm
plantations for native species. There are fewer animal
species in planted areas because of reductions in habitat
structural complexity and plant species diversity
[27,32,38], and opportunities to increase these while main-
taining agricultural productivity are limited [59]. Species

Box 4. Outstanding questions
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richness of birds and butterflies was only marginally
higher in oil palm plantations with more epiphytes or
undergrowth [27,59]. Planting nonnative plants (such as
Euphorbia heterophylla in Malaysia) to attract beneficial
insects might help in pest control, but does not significantly
improve the biodiversity value of plantations [59]. A trade-
off might exist between enhancing the biodiversity value of
plantations and minimising expansion into forested areas:
if biodiversity-friendly management reduces yields, then
more land will be needed to achieve production targets [3].
In this context, the limited available evidence suggests
that the potential of biodiversity-friendly management is
minimal (Box 2).

Ofmuch greater value to biodiversity is the protection of
fragments and corridors of native forest within and around
plantations, including riverside buffers and remnants on
steep slopes [59]. For species able to move through the oil
palm matrix, forest fragments can act as ‘stepping stones’
for dispersal, and can be more beneficial than habitat
‘corridors’ [60], especially if they are large and not too
isolated from other forests [53]. Although forested areas
of tens of thousands of hectares will be needed to avert the
extinction of many species [61], even small and degraded
fragments can hold considerable biodiversity value and
complement the species in larger reserves [50,51,53].

What can be done to mitigate the impacts?

Although there is value in protecting forest remnants,
there seem to be few other opportunities to improve the
biodiversity value of oil palm plantations, and the future
ecological impact of oil palm will be determined largely by
the extent to which it causes large-scale deforestation.
Governments, environmental and social organisations,
scientists, producers, financial institutions, buyers and
consumers together have the capacity to soften the impact
of palm oil production on biodiversity. Although the

The value of conservation research depends upon its ability to
stimulate informed action by policymakers and practitioners [76].
Robust answers to the following, often multidisciplinary, questions
will help to inform policy and conservation action.

Preventing oil palm driven deforestation

Ensuring that the expansion of oil palm plantations does not occur at

the expense of tropical forests is of the highest priority if ecological

damage is to be minimised, and will be aided by well informed and

effectively implemented strategic landscape planning.

(i) How can the contribution of oil palm development to land cover
change be effectively determined and monitored?

(ii) How is oil palm development linked to other drivers of land cover
change in different regions and at different scales?

(iii) Do current methods of determining High Conservation Value
areas ensure the protection of areas of conservation importance?

(iv) Is it safe to assume that marginal non forest lands, for example
Imperata grasslands, are of low conservation value?

(v) Where can oil palm expansion be directed to maximise agricul
tural yields and minimise impacts on biodiversity and climate?

Conservation strategies in an oil palm dominated landscape
There is now sufficient evidence to conclude that the biodiversity
value of oil palm plantations is low in comparison with forest,

but little is known about the influence of different plantation

management strategies and landscape configurations on native

species.

(i) What are the impacts of oil palm cultivation on freshwater and
marine ecosystems?

(ii) Can oil palm yields be increased while limiting negative
externalities such as aquatic pollution?

(iii) Are there economically acceptable ways to make oil palm
dominated landscapes more biodiversity friendly (e.g. by in
creasing functional connectivity) without reducing yields?

(iv) What is the long term potential for species persistence within oil
palm dominated landscapes?

Policy and markets

The applicability of conservation research depends upon the integra

tion of biological, social, political and economic concerns.

(i) What are the barriers to the implementation of strategic land
scape planning and how can they be overcome?

(ii) How can responsible oil palm development be best promoted,
monitored and enforced?

(iii) How will the attitudes of consumers in developing palm oil
markets (especially in Asia) affect future demand?

(iv) How will biofuel policies and markets affect oil palm
expansion?
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best strategies for impact mitigation will differ within and
between countries, there are several emerging opportu-
nities.

Governmental and nongovernmental organisations can
work to develop national strategies for land allocation that
integrate maps of conservation priorities and agricultural
suitability. Such strategies give no assurance that impacts
are being minimised unless they are integrated into land-
use allocation and coupled with effective regulatory sys-
tems. Diverting oil palm expansion into areas of low con-
servation importance (e.g. degraded Imperata grasslands,
not to be confused with degraded forests) would avert much
ecological damage. However, current international policies
are doing nothing to ensure that such areas are being used
in preference to natural forests, and difficult issues such as
governance and land tenure need to be tackled effectively
in producer countries. A challenge for conservation scien-
tists is to understand these issues and identify solutions
(Box 4). Nongovernmental organisations can help increase
transparency by disseminating information to plantation
managers and other stakeholders (Box 3).

Producers must be given access to information that will
allow them to locate new plantations in areas where they
will cause the least ecological damage. There is consider-
able scope for more widespread use of comprehensive
Environmental Impact Assessments of proposed planta-
tions, including Life-Cycle Analyses, to identify and reduce
impacts [62,63]. There are opportunities for identifying
ways in which palm oil yield can be increased while mini-
mising negative environmental externalities (Box 2).
There might also be wildlife-friendly management prac-
tices that do not reduce yields (but sometimes even
enhance them [64]), and opportunities for companies to
promote awareness of biodiversity among their staff [34].
Some producers have made significant progress toward
minimising the adverse impacts of palm oil production, but
challenges remain (Box 3). Strategic alliances between
producer companies, environmental organisations and ot-
her stakeholders will be needed for conservation efforts to
be successful (Box 2).

Financial institutions, buyers and consumers can assist
by continuing to demand detailed evidence that producers
are doing all they can to minimise the negative impacts of
palm oil production, and by denying finance and markets to
those that are not. Such evidence will be most credible if
independently audited, for instance by local nongovern-
mental organisations (Box 3). It is difficult to predict how
quickly emerging markets (e.g. in India and China) will
start to demand evidence of environmental responsibility,
but this could be critical in determining whether irrespon-
sible and unregulated producers continue to make a profit,
and hence whether oil palm expansion comes at great cost
to forests.

Conclusions

For biodiversity, oil palm plantations are a poor substitute
for native tropical forests. They support few species of
conservation importance, and affect biodiversity in adja-
cent habitats through fragmentation, edge effects and
pollution. There is enough non-forested land suitable
for plantation development to allow large increases in
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production without further deforestation, but political
inertia, competing priorities and lack of capacity and un-
derstanding, not to mention high levels of demand for
timber and palm oil from wealthy consumers, often make
it cheaper and easier to clear forests. The efforts of some
producers to reduce their environmental impacts, especi-
ally by avoiding forest conversion, must be commended.
However, unless governments in producer countries
become better at controlling logging, protecting forests
and ensuring that crops are planted only in appropriate
areas, the impacts of oil palm expansion on biodiversity
will be substantial.

Acknowledgements

We thank William Laurance, Lian Pin Koh, Hereward Corley, Reza Azmi,
Andrew Balmford, Jos Barlow, Chris Carbone, Rona Dennis, Mikkel
Funder, Toby Gardner, Jenny Gill, Rhys Green, Tom Maddox, Erik
Meijaard, Lesley Potter, Ed Turner and an anonymous reviewer for
useful comments and discussion, and Ana Rodrigues, Tiffany Bogich and
Giinther Fischer for assistance with figures.

References
1 Tilman, D. et al. (2001) Forecasting agriculturally driven global
environmental change. Science 292, 281 284
2 Donald, P.F. (2004) Biodiversity impacts of some agricultural
commodity production systems. Conserv. Biol. 18, 17 37
3 Green, R.E. et al. (2005) Farming and the fate of wild nature. Science
307, 550 555
4 Clay, J. (2004) World Agriculture and the Environment: A Commodity
by Commodity Guide to Impacts and Practices, Island Press
5 Carter, C. et al. (2007) Palm oil markets and future supply. Eur. J.
Lipid Sci. Technol. 109, 307 314
6 European Commission (2006) An EU Strategy for Biofuels, Commission
of the European Communities
7 Corley, R.H.V. and Tinker, P.B. (2003) The Oil Palm, Blackwell Science
8 Millennium Ecosystem Assessment (2005) Ecosystems and Human
Well Being: Biodiversity Synthesis, World Resources Institute
9 Koh, L.P. and Wilcove, D.S. (2007) Cashing in palm oil for conservation.
Nature 448, 993 994
10 Sodhi, N.S. et al. (2004) Southeast Asian biodiversity: an impending
disaster. Trends Ecol. Evol. 19, 654 660
11 Food and Agriculture Organization of the United Nations (2006) Global
Forest Resources Assessment 2005, FAO
12 Sodhi, N.S. and Brook, B.W. (2006) Southeast Asian Biodiversity in
Crisis, Cambridge University Press
13 Laurance, W.F. (2007) Forest destruction in tropical Asia. Curr. Sci. 93,
1544 1550
14 Henson, L.E. and Chang, K.C. (2003) Oil palm plantations and forest
loss an objective appraisal. In Proceedings of the PIPOC 2003
International Palm Oil Congress, pp. 960-974, Malaysian Palm Oil Board
15 Buckland, H. (2005) The Oil for Ape Scandal: How Palm Oil Is
Threatening Orang Utan Survival, Friends of the Earth, The Ape
Alliance, The Borneo Orangutan Survival Foundation, The
Orangutan Foundation (UK) and the Sumatran Orangutan Society
16 Morton, D.C. et al. (2006) Cropland expansion changes deforestation
dynamics in the southern Brazilian Amazon. Proc. Natl. Acad. Sci. U.
S. A. 103, 14637 14641
17 Dennis, R.A. et al. (2005) Fire, people and pixels: linking social science
and remote sensing to understand underlying causes and impacts of
fires in Indonesia. Hum. Ecol. 33, 465 504
18 Hansen, T.S. (2005) Spatio-temporal aspects of land use and land cover
changes in the Niah catchment, Sarawak, Malaysia. Singap. J. Trop.
Geogr. 26, 170 190
19 Grainger, A. (2008) Difficulties in tracking the long-term global trend
in tropical forest area. Proc. Natl. Acad. Sci. U. S. A. 105, 818 823
20 Abdullah, S.A. and Nakagoshi, N. (2007) Forest fragmentation and its
correlation to human land use change in the state of Selangor,
Peninsular Malaysia. For. Ecol. Manage. 241, 39 48
21 McMorrow, J. and Talip, M. (2001) Decline of forest area in Sabah,
Malaysia: relationship to state policies, land code and land capability.
Glob. Environ. Change 11, 217 230



Review

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Potter, L. The oil palm question in Borneo. In Reflections on the Heart of
Borneo (Persoon, G. and Osseweijer, M., eds), Tropenbos International
(in press)

Koh, L.P. and Wilcove, D.S. (2008) Is oil palm agriculture really
destroying tropical biodiversity? Conserv. Lett. 1, 60 64

Holmes, D.A. (2002) Indonesia: Where Have All the Forests Gone?, The
World Bank

Sandker, M. et al. (2007) Will forests remain in the face of oil palm
expansion? Simulating change in Malinau. Indonesia. Ecol. Soc. 12, 37
Curran, L.M. et al. (2004) Lowland forest loss in protected areas of
Indonesian Borneo. Science 303, 1000 1003

Aratrakorn, S. et al. (2006) Changes in bird communities following
conversion of lowland forest to oil palm and rubber plantations in
southern Thailand. Bird Conserv. Int. 16, 71 82

Eames, J.C. et al. (2005) The rediscovery of Gurney’s Pitta Pitta gurneyi
in Myanmar and an estimate of its population size based on remaining
forest cover. Bird Conserv. Int. 15, 3 26

Buchanan, G.M. et al. (2008) Using remote sensing to inform
conservation status assessment: estimates of recent deforestation
rates on New Britain and the impacts upon endemic birds. Ibis 141,
56 66

Fischer, J. and Lindenmayer, D.B. (2007) Landscape modification and
habitat fragmentation: a synthesis. Glob. Ecol. Biogeogr. 16, 265 280
Danielsen, F. and Heegaard, M. (1995) Impact of logging and
plantation development on species diversity: a case study from
Sumatra. In Management of Tropical Forests: Towards an
Integrated Perspective (Sandbukt, @., ed.), pp. 73 92, Centre for
Development and the Environment, University of Oslo

Chung, A.Y.C. et al. (2000) The diversity of beetle assemblages in
different habitat types in Sabah. Malaysia. Bull. Entomol. Res. 90,
475 496

Peh, K.S.H. et al. (2006) Conservation value of degraded habitats for
forest birds in southern Peninsular Malaysia. Divers. Distrib. 12, 572
581

Turner, E.C. et al. (2008) Oil palm research in context: identifying the
need for biodiversity assessment. PLoS ONE 3, e1572

Danielsen, F. et al. Biofuel plantations on forested lands: double
jeopardy for biodiversity and climate. Conserv. Biol. (in press)

Room, P.M. (1975) Diversity and organization of the ground foraging
ant faunas of forest, grassland and tree crops in Papua New Guinea.
Aust. J. Zool. 23, 71 89

Chang, M.S. et al. (1997) Changes in abundance and behaviour of vector
mosquitoes induced by land use during the development of an oil palm
plantation in Sarawak. Trans. R. Soc. Trop. Med. Hyg. 91, 382 386
Glor, R.E. et al. (2001) Lizard diversity and agricultural disturbance in
a Caribbean forest landscape. Biodivers. Conserv. 10, 711 723

Liow, L.H. et al. (2001) Bee diversity along a disturbance gradient in
tropical lowland forests of South-east Asia. JJ. Appl. Ecol. 38, 180 192
Davis, A.L.V. and Philips, T.K. (2005) Effect of deforestation on a
southwest Ghana dung beetle assemblage (Coleoptera:
Scarabaeidae) at the periphery of Ankasa Conservation Area.
Environ. Entomol. 34, 1081 1088

Chey, V.K. (2006) Impacts of forest conversion on biodiversity as
indicated by moths. Malay. Nat. J. 57, 383 418

Hassall, M. et al. (2006) Biodiversity and abundance of terrestrial
isopods along a gradient of disturbance in Sabah, East Malaysia.
Eur. J. Soil Biol. 42, S197 S207

Pfeiffer, M. et al. (2008) Exploring arboreal ant community composition
and co-occurrence patterns in plantations of oil palm Elaeis guineensis
in Borneo and Peninsular Malaysia. Ecography 31, 21 32

Wood, B.J. and Chung, G.F. (2003) A critical review of the development
of rat control in Malaysian agriculture since the 1960s. Crop Prot. 22,
445 461

Shine, R. et al. (1999) Ecological attributes of two commercially-
harvested python species in northern Sumatra. JJ. Herpetol. 33, 249 257
Rajaratnam, R. et al. (2007) Diet and habitat selection of the leopard
cat (Prionailurus bengalensis borneoensis) in an agricultural landscape
in Sabah, Malaysian Borneo. J. Trop. Ecol. 23, 209 217

Barlow, J. et al. (2007) Quantifying the biodiversity value of tropical
primary, secondary, and plantation forests. Proc. Natl. Acad. Sci. U. S.
A. 104, 18555 18560

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

Trends in Ecology and Evolution Vol.23 No.10

Gardner, T.A. et al. (2007) Predicting the uncertain future of tropical
forest species in a data vacuum. Biotropica 39, 25 30

Tomich, T.P. et al. (1996) Imperata economics and policy. Agrofor. Syst.
36, 233 261

Maddox, T. et al. (2007) The Conservation of Tigers and Other Wildlife
in Oil Palm Plantations, Zoological Society of London

Struebig, M.J. et al. (2008) Conservation value of forest fragments to
Palaeotropical bats. Biol. Conserv. DOI: 10.1016/j.biocon.2008.06.009
(http://dx.doi.org/10.1016/j.biocon.2008.06.009)

Briihl, C.A. et al. (2003) Size does matter effects of tropical rainforest
fragmentation on the leaf litter ant community in Sabah, Malaysia.
Biodivers. Conserv. 12, 1371 1389

Benedick, S. et al. (2006) Impacts of rain forest fragmentation on
butterflies in northern Borneo: species richness, turnover and the
value of small fragments. J. Appl. Ecol. 43, 967 977

Cochrane, M.A. (2003) Fire science for rainforests. Nature 421,913 919
Ickes, K. et al. (2005) Impacts of nest construction by native pigs (Sus
scrofa) on lowland Malaysian rain forest saplings. Ecology 86, 1540
1547

Henson, I.E. (2003) Oil palm can it substitute the tropical rainforest?
Planter 79, 437 450

Thomas, C.D. et al. (2004) Extinction risk from climate change. Nature
427, 145 148

Dudgeon, D. et al. (2006) Freshwater biodiversity: importance, threats,
status and conservation challenges. Biol. Rev. Camb. Philos. Soc. 81,
163 182

Koh, L.P. (2008) Can oil palm plantations be made more hospitable for
forest butterflies and birds? JJ. Appl. Ecol. 45, 1002 1009

Falcy, M.R. and Estades, C.F. (2007) Effectiveness of corridors relative
to enlargement of habitat patches. Conserv. Biol. 21, 1341 1346
Lambert, F.R. and Collar, N.J. (2002) The future for Sundaic lowland
forest Dbirds: long-term effects of commercial logging and
fragmentation. Forktail 18, 127 146

Reijnders, L. and Huijbregts, M.A.J. (2008) Palm oil and the emission
of carbon-based greenhouse gases. J. Clean. Prod. 16, 477 482
Scharlemann, J.P.W. and Laurance, W.F. (2008) How green are
biofuels? Science 319, 43 44

Koh, L.P. (2008) Birds defend oil palms from herbivorous insects. Ecol.
Appl. 18, 821 825

Fischer, G. et al. (2002) Global Agro Ecological Assessment for
Agriculture in the 2Ist Century: Methodology and Results,
International Institute for Applied Systems Analysis and Food and
Agriculture Organization of the United Nations

Agarwal, A.K. (2007) Biofuels (alcohols and biodiesel) applications as
fuels for internal combustion engines. Prog. Energy Combust. Sci. 33,
233 271

Koh, L.P. (2007) Potential habitat and biodiversity losses from
intensified biodiesel feedstock production. Conserv. Biol. 21,1373 1375
Germer, J. and Sauerborn, J. (2007) Estimation of the impact of oil palm
plantation establishment on greenhouse gas balance. Environ. Dev.
Sustain. DOI: 10.1007/s10668-006-9080-1 (http://www.springerlink.
com/content/j603663613284616)

Fargione, J. et al. (2008) Land clearing and the biofuel carbon debt.
Science 319, 1235 1238

Corley, R.H.V. (2006) Ten steps towards increased sustainability of palm
oil  production. (www.rspo.org/PDF/Main%20page/Ten%20steps%
20towards%20increased%20sustainability.pdf)

Thayaparan, S. and Siburat, S. (2007) Fighting to save Borneo’s vital
last remaining Sumatran rhinoceros with the support of palm oil
plantations. Planter 83, 763 766

Venter, O. et al. (2008) Strategies and alliances needed to protect forest
from palm-oil industry. Nature 451, 16

Engel, S. and Palmer, C. (2008) Payments for environmental services
as an alternative to logging under weak property rights: the case of
Indonesia. Ecol. Econ. 65, 799 809

Jennings, S. (2004) HCVF for Conservation Practitioners, ProForest
Blackman, A. et al. (2004) How do public disclosure pollution control
programs work? Evidence from Indonesia. Hum. Ecol. Rev. 11,235 246
Meijaard, E. and Sheil, D. (2007) Is wildlife research useful for wildlife
conservation in the tropics? A review for Borneo with global
implications. Biodivers. Conserv. 16, 3053 3065

545



Exhibit 18



CellPress

Correspondence

Macaques can
contribute to
greener practices in
oil palm plantations
when used as
biological pest
control

Anna Holzner'23, Nadine Ruppert?5*,
Filip Swat?, Marco Schmidt’,

Brigitte M. WeiB'?,

Giovanni Villa?, Asyraf Mansor?,
Shahrul Anuar Mohd Sah?,

Antje Engelhardt*, Hjalmar Kiihl**,
and Anja Widdig'**®

Conversion of tropical forests into

oil palm plantations reduces the
habitats of many species, including
primates, and frequently leads to
human-wildlife conflicts. Contrary to
the widespread belief that macaques
foraging in the forest-oil palm matrix
are detrimental crop pests, we show
that the impact of macaques on oil
palm yield is minor. More importantly,
our data suggest that wild macaques
have the potential to act as biological
pest control by feeding on plantation
rats, the major pest for oil palm crops,
with each macaque group estimated
to reduce rat populations by about
3,000 individuals per year (mitigating
annual losses of 112 USD per hectare).
If used for rodent control in place of
the conventional method of poison,
macaques could provide an important
ecosystem service and enhance palm
oil sustainability.

The area of primary rainforest
converted into oil palm plantations
has dramatically increased over
the past decades. Today, oil palm
plantations cover 18.7 million hectares
of land worldwide [1]. Malaysia is
ranked among the world’s leading
palm oil producers, reaching an
annual production of approximately
19.5 million tons [2] (30% of world
production). This expansion has
had negative ecological impacts, as
isolated forest fragments suffer from
reduced species and genetic diversity,
impaired climate regulation, and
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Figure 1. Mean number of rat captures per trap as a function of the frequency of macaque

visits.

The frequency of macaque visits refers to the number of days the macaques were present at a

trap site during the last 90 days prior to sampling

. The area of the circles represents the sample

size (total N=575 traps). The dashed line shows the fitted model and the dotted lines its 95% con-
fidence interval, conditional on continuous control predictors being on their average, and based
on undergrowth and session manually dummy coded and then centered.

lower resilience [3]. At the same time,
plantations offer habitat to a range
of species, some of which negatively
affect the plantations by eating or
damaging oil palm fruits. Rats (Rattus
spp.), for example, can cause losses
of up to 10% of the yield [4], which

in Malaysia alone is equal to crops
grown over up to 580,000 hectares
[2] (monetary loss of approximately
930 million USD per year). The

use of rodenticides in pest control

is not only expensive and largely
inefficient [5] but has also proven to
be harmful to non-target wildlife and
the environment [6]. This highlights
the global importance of improving
sustainable palm oil production,
including the use of efficient and
environmentally friendly pest control.
Southern pig-tailed macaques (Macaca
nemestrina) are directly affected by
the dramatic decline of forest habitat
in Malaysia [7]. In fragmented forests
they increasingly divert their foraging
activities into oil palm plantations,
where they are widely regarded as

R1066 Current Biology 29, R1055-R1069, October 21, 2019 © 2019 Elsevier Ltd.

crop pests [8]. However, we observed
pig-tailed macaques actively foraging
for plantation rats, suggesting that
macaques may in fact decrease

crop damage by rats. Hence, we
investigated both the role of macaques
as crop pests and their potential utility
as biological pest control. Here, we
present the first data on macaques’
net damage to oil palm crops and their
effect on plantation rats.

Ranging and behavioral data
(collected from January 2016 to
September 2018) of two habituated
groups of pig-tailed macaques
inhabiting the Segari Melintang Forest
Reserve in Peninsular Malaysia and
the surrounding oil palm plantation
showed that approximately one
third of the macaques’ home range
includes the plantation (Figure S1).
Macaques spent an average of 2.9
hours per day at the plantation, with
their feeding time at the plantation
representing 44% of the overall
feeding time. Although 74% of the
macaques’ plantation diet consisted
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of oil palm fruits, our results question
the common perception of macaques
as crop pests. Based on individual
consumption rates of fresh fruitlets,
we estimated the annual oil palm fruit
consumption by an average group

of macaques (N=44 individuals) to
be approximately 12.4 tons, which is
equal to 0.56% of the overall oil palm
production in the macaques’ home
range (2,197.6 tons; see Supplemental
Information). Hence, the damage by
macaques is up to 17-fold lower than
the crop damage reported for rats
(10%) [4].

Further, an extrapolation of foraging
data estimated a consumption rate
of 3,135 rats per year per macaque
group. Pig-tailed macaques seem to
be particularly effective pest control
agents due to their foraging behavior.
They engage in multiple methods of
actively foraging for rats. Removing
persistent leaf bases (boots) from
oil palm trunks to uncover rats that
seek shelter in cavities under these
boots during the day was the most
successful strategy observed (90%
of caught rats were found under
boots, Figure S2A).This shows that
macaques not only apply different
hunting strategies (Figure S2B), but
also occupy a different foraging niche
than other rodent predators (such as
barn owls [6] and leopard cats [9])
that hunt for rats on the plantation
grounds during the night. A capture
program on plantation rats, which
related rat abundance to macaque
presence, further corroborated the
effect of macaques on pest rodents.
We considered the actual number
of rat captures as a proxy for rat
abundance, which we found to be
lower in plantation areas that had
recently been visited more frequently
by macaques. Controlling for other
factors potentially impacting rat
populations (specifically, rainfall,
undergrowth, distance to the forest
edge, trapping session and spatial
autocorrelation between trap sites),
this relationship was statistically highly
significant (Generalized Linear Mixed
Model estimate+ SE=-0.72+0.18,
p<0.001, n=575 traps, see
Supplemental Information). For
example, an increase from 0 to 25%
of days with macaque visits (that is,
every fourth day) leads to a decrease
in rat numbers by 79% (Figure 1).

This suggests that, as compared

to their absence, regular visits of
pig-tailed macaques in Malaysia’s
oil palm plantations could reduce
crop damage from 10% to less than
3% (2.1% by rats plus 0.56% by
macaques), corresponding to a yield
increase equal to crops grown over
approximately 406,000 hectares
(monetary gain of approximately 650
million USD per year).

Pig-tailed macaques were listed
as Vulnerable in their most recent
assessment by the International
Union for Conservation of Nature in
2008, with habitat loss and human
hunting being reported as their
major threats [7]. However, given
the dramatic decline of their natural
habitat, macaque population size is
assumed to have further decreased
during the past decade. As umbrella
species, macaques represent a wide
range of species living in rainforest.
However, appropriate management
may allow them to also survive in
multifunctional landscapes that
include plantations [10]. Our results
suggest important opportunities for
mitigating human-wildlife conflicts:
farmers and palm oil companies
are encouraged to protect primates
in their natural habitat via wildlife
corridors between forest patches
and viable interfaces between forests
and plantations. This could maintain
functional connectivity and gene flow
between macaque populations while
increasing environmental sustainability
and productivity of existing oil palm
plantations, promoting win-win
solutions for palm oil producers and
biodiversity.

SUPPLEMENTAL INFORMATION

Supplemental Information including

two supplemental figures, experimental
procedures and supplemental references can
be found with this article online at https://doi.
org/10.1016/j.cub.2019.09.011.
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Case Definition: Paraquat Poisoning

What paraquat is

e Paraquat is a toxic chemical that is widely used as an herbicide (plant killer), primarily for weed and grass control.

¢ In the United States, paraquat is available primarily as a liquid in various strengths. The US Environmental Protection
Agency classifies paraquat as “restricted use.” This means that it can be used only by people who are licensed
applicators.

e Because paraquat is highly poisonous, the form that is marketed in the United States has a blue dye to keep it from
being confused with beverages such as coffee, a sharp odor to serve as a warning, and an added agent to cause vomiting
if someone drinks it. Paraquat from outside the United States may not have these safeguards added.

Where paraquat is found and how it is used

e Paraquat was first produced for commercial purposes in 1961.
e Worldwide, paraquat is still one of the most commonly used herbicides.

¢ In the United States, due to its toxicity, paraquat is available for use only by commercially licensed users.

How you could be exposed to paraquat

e Paraquat is not known to have been used in any terrorist attacks or wars.
e The most likely route of exposure to paraquat that would lead to poisoning is ingestion (swallowing).

e Paraquat can be mixed easily with food, water, or other beverages. If the form of paraquat that is used does not contain
the safeguard additives (dye, odor, and vomiting agent), people might not know that the food, water, or other beverages
are contaminated. Eating or drinking paraquat-contaminated food or beverages could poison people.

e Paraquat poisoning is also possible after skin exposure. Poisoning is more likely to occur if the skin exposure lasts for a
long time, involves a concentrated version of paraquat, or occurs through skin that is not intact (skin that has sores, cuts,
or a severe rash).

e Ifitisinhaled, paraquat could cause poisoning leading to lung damage. In the past, some marijuana in the United States
has been found to contain paraquat.

¢ Licensed applicators of paraquat are the people most at risk for exposure.

How paraquat works

¢ The extent of poisoning caused by paraquat depends on the amount, route, and duration of exposure and the person’s
health condition at the time of the exposure.

e Paraquat causes direct damage when it comes into contact with the lining of the mouth, stomach, or intestines.
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o After paraquat enters the body, it is distributed to all areas of the body. Paraquat causes toxic chemical reactions to
occur throughout many parts of the body, primarily the lungs, liver, and kidneys.

e Cellsin the lung selectively accumulate paraquat likely by active transport.

Immediate signs and symptoms of paraquat exposure

After a person ingests a large amount of paraquat, he or she is immediately likely to have pain and swelling of the mouth

and throat. The next signs of iliness following ingestion are gastrointestinal (digestive tract) symptoms, such as nausea,
vomiting, abdominal pain, and diarrhea (which may become bloody).

Severe gastrointestinal symptoms may result in dehydration (not enough fluids in the body), electrolyte abnormalities
(not enough sodium and potassium in the body), and low blood pressure.

Ingestion of small to medium amounts of paraquat may lead to development of the following adverse health effects
within several days to several weeks:

e}

[e]

e}

o

Heart failure
Kidney failure
Liver failure

Lung scarring

In general, ingestion of large amounts of paraquat leads to the following signs/symptoms within a few hours to a few
days:

o

e}

o

o

e}

Acute Kidney failure

Confusion

Coma

Fast heart rate

Injury to the heart

Liver failure

Lung scarring (evolves more quickly than when small to medium amounts have been ingested)
Muscle weakness

Pulmonary edema (fluid in the lungs)

Respiratory (breathing) failure, possibly leading to death

Seizures

¢ Showing these signs and symptoms does not necessarily mean that a person has been exposed to paraquat.

Long-term health effects

¢ If a person survives the toxic effects of paraquat poisoning, long-term lung damage (scarring) is highly likely. Other long-
term effects may also occur, including kidney failure, heart failure, and esophageal strictures (scarring of the swallowing
tube that makes it hard for a person to swallow).

e People with large ingestions of paraquat are not likely to survive.

How you can protect yourself, and what you should do if you are
exposed to paraquat

e Because ingestion is likely to be the primary route of exposure, if poisoning is suspected, avoid any further ingestion and
seek medical attention immediately.

¢ Pre-hospital therapy may include oral administration of activated charcoal or Fuller's earth in order to bind ingested
paraquat.

¢ If you think you may have been exposed to liquid paraquat on your clothes or body, remove your clothing, rapidly wash
your entire body with soap and water, and get medical care as quickly as possible.

o

Removing your clothing:
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= Quickly take off clothing that has liquid paraquat on it. Any clothing that has to be pulled over the head should
be cut off the body instead of pulled over the head.

= [fyou are helping other people remove their clothing, try to avoid touching any contaminated areas, and
remove the clothing as quickly as possible.

o Washing yourself:
= As quickly as possible, wash any liquid paraquat from your skin with large amounts of soap and water.
Washing with soap and water will help protect people from any chemicals on their bodies.

= [f your eyes are burning or your vision is blurred, rinse your eyes with plain water for 10 to 15 minutes. If you
wear contacts, remove them and put them with the contaminated clothing. Do not put the contacts back in
your eyes (even if they are not disposable contacts). If you wear eyeglasses, wash them with soap and water.
You can put your eyeglasses back on after you wash them.

o Disposing of your clothes:
= After you have washed yourself, place your clothing inside a plastic bag. Avoid touching contaminated areas of
the clothing. If you can't avoid touching contaminated areas, or you aren't sure where the contaminated areas
are, wear rubber gloves or put the clothing in the bag using tongs, tool handles, sticks, or similar objects.
Anything that touches the contaminated clothing should also be placed in the bag. If you wear contacts, put
them in the plastic bag, too.

= Seal the bag, and then seal that bag inside another plastic bag. Disposing of your clothing in this way will help
protect you and other people from any chemicals that might be on your clothes.

= When the local or state health department or emergency personnel arrive, tell them what you did with your
clothes. The health department or emergency personnel will arrange for further disposal. Do not handle the
plastic bags yourself.

e For more information about cleaning your body and disposing of your clothes after a chemical release, see “Chemical
Agents: Facts About Personal Cleaning and Disposal of Contaminated Clothing”.

How paraquat exposure is treated in the hospital

Initial therapy consists of removing the paraquat from the body (decontamination) and preventing further absorption for oral
exposures by using activated charcoal or Fuller’s earth. Nasogastric suction may be considered for ingestions that present
within 1 hour. Supportive care measures such as intravenous fluids (fluids given through a needle inserted directly into a
vein), medications to help with breathing and to raise low blood pressure, a ventilator to support breathing, and possibly
dialysis for kidney failure should be provided. Administration of excessive oxygen should be avoided because it may worsen
paraquat toxicity. No proven antidote or cure exists for paraquat poisoning.

How you can get more information about paraquat

You can contact one of the following:

¢ Regional poison control center: 1-800-222-1222

e Centers for Disease Control and Prevention
o Public Response Hotline (CDC)
= 800-CDC-INFO
= 888-232-6348 (TTY)

o E-mail inquiries: cdcinfo@cdc.gov

¢ Centers for Disease Control and Prevention (CDC), National Institute for Occupational Safety and Health (NIOSH), Pocket
Guide to Chemical Hazards.
Page last reviewed: April 4, 2018
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The isolation and molecular identification of
papillomavirus in macaca fascicularis and macaca
nemestrina at animal facility of primate research
centre — Bogor Agricultural University.

l#.Thumbnail View/Open
@ Fultext (1.677Mb)

Date
2013

Author

Sari, Isti Kartika
Suparto, Irma H.
Iskandriati, Diah

Metadata
Show Ffull item record

Abstract

Cervical cancer is still regarded as a major cause of death in women world wide, hence research on papilloma
viruses, their drugs and vaccines for the prevention are still continued. Papilloma virus is a DNA virus of the
fFamily papillomaviridae. Papilloma virions have no sheath, the diameter of 55 nm, and icosahedral capsid. The
virus multiplies in the cell nucleus and causes chronic latent infection. The virus genome has a circular form, 8
kbp in length with 8 open reading frames. The genome is divided into early (E) and late (L) genes. The E gen
synthesizes 6 E proteins, namely E1, E2, E4, E5, E6 and E7, which are linked into the process of viral replication
and oncogenes. Meanwhile, the L gene synthesizes 2 proteins, the L1 and L2, which are related to the formation
of the capsid (Hakim 2010). In order to obtain the best result of the cancer research, it is highly requested to
obtain appropriate animal model that reflect aspects of human disease. Non-human primates have high
similarity with humans, both in terms of the evolution of the genetic, anatomical, physiological, biochemical and
organ systems, as well as in cancer genes. Non-human primates of the genus Macaca is a genus with the highest
distribution worldwide, from Japan to Afghanistan. So far, there are 22 species are included in the genus
Macaca. Originally rhesus monkeys or M. mulatta are widely used for biomedical research, but since the Indian
government imposed a ban on importing these animals, then Macaca fascicularis (Long-tailed Macaque,
cynomolgus) and Macaca nemestrina (Pig-tailed Macaque), which has high population in Southeast Asia, began
to be used as research animal. Various medical aspects related to both species are commonly studied by many
researchers as an animal model for human diseases. This study is using the polymerase chain reaction (PCR)
method and nucleotide tracking to identify papillomavirus tipes that infect the genital tract of Macaca
fascicularis and Macaca nemestrina, which is kept in breeding Ffacilities of Primate Research Center, IPB. The
analysis of nucleotide sequences were performed using the Clustal W 2.1 and 5.1 Mega program. The
establishment of phylogenetic tree using neighbor joining with 1000 times bootstrap repetition. The results
showed that the papillomavirus that infect Macaca fascicularis was 32.7% (78/238) and Macaca nemestrina 12%
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(4/31). Both species were infected by Macaca fascicularis papillomavirus (MfPV) tipe 3, 4, 5, 7 and 9, belongs to
the genus Alpha papillomavirus with homology of 80 - 100%. Papilloma virus that infected the pig-tailed
macaque was the same tipe of papillomavirus that infected the cynomolgus with similarity between 82% - 99%
based on L1 region. To further explain the tipes of papilloma viruses that infected the pig-tailed macaque, it is
necessary to identify the entire genome of the virus. To determine the tipe of the virus, it requires the
identification of a more complete nucleotide sequence. It is interesting because papillomavirus that infected
the pigtail macaques has 76% homology with the HPV tipe 52. This is the Ffirst report on the incidence of
papillomavirus infection in the pigtail macaque genome that further analysis needs to be done. The results also
showed that the two species of non-human primates can be utilized as an animal model for the study of
papillomavirus and cervical cancer in humans.

URI
http://repository.ipb.ac.id/handle/123456789/66968

Collections
MT - Multidiciplinary Program [1319]

Copyright © 2020 Library of IPB University
All rights reserved
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Primates are used in a variety of research experiments in institutions around
Australia — including macaques and marmosets in brain and vision

studies and baboons in xenotransplantation research. You can find a list of HRA “case
studies” involving primates here (http://www.humaneresearch.org.au/case-
studies/case-studies-primates). Listen to the HRA podcast on primate research in
Australia here
(https://www.podomatic.com/podcasts/hnumaneresearchaustralia/episodes/2021-02-
22T22_11_56-08_00).

(https://www.humaneresearch.org.au/wp-
content/uploads/2019/10/jared-cooper-
and-and-ned-2012-10-01.jpg)‘As an expert
on the welfare and well-being of non-
human primates, | believe that using
these individuals in research is inherently
immoral. Social structure and the
opportunity for normal interactions with
not only conspecifics (members of their
species) in general, but their family
members in particular, are crucial for the
physical and psychological well-being of
non-human primates. The privation of

captivity is compounded by the kinds of

experiments imposed on these individuals, which often cause intense pain and
suffering which cannot be alleviated until the individual is killed. Although they
are similar to human beings in some ways, non-human primates are
sufficiently different to make them poor surrogates. Only studies on people can
provide us with unquestionably useful information about human structure,
function and pathological conditions which will be invaluable in
understanding and treating human disorders. We are an intelligent and
capable species. If we use our intelligence compassionately, we can find ways
to answer the questions we have without harming and killing non-human
primates.”

- Nedim C. Buyukmihci, V.M.D.
Emeritus Professor of Veterinary Medicine
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School of Veterinary Medicine
University of California-Davis

Suitability as models for human
disease

(https://www.humaneresearch.org.au/wp-
content/uploads/2019/10/BPE_chimp_canstockphoto.jpg)

Chimpanzees are the species most closely related to
humans. The chimpanzee genome (complete genetic
material) is 98.77 percent identical to that of humans,
therefore, researchers argue that chimpanzees will be
the species most likely to replicate human outcomes in
scientific (biomedical and toxicity) testing. However this
small genetic variation between human and
chimpanzees accounts for very significant differences in T
the way diseases affect the two species.[12] Chimpanzees

2
-

are not currently used in Australian research, and those
primates that are used have even wider genetic variation
to humans, meaning that the differences in results would be greater again.

Universally accepted in scientific experiments involving human and non-human
animal subjects, is the principle that the benefits must exceed the costs. Between
1995 and 2004, 749 papers on biomedical testing on chimpanzees were published
worldwide. Ninety-five of these were randomly selected and not even half were cited
in subsequent papers. Of those that were cited, only 14.7 percent were mentioned in
the abstracts indicating relevance to tackling human diseases.

The degree to which a journal is circulated within the scientific community affects
citation rates, therefore, citation rates are not an entirely objective measure of the
importance of that research.[13] However, if chimpanzee studies are published in
lower impact journals, then the logical reflection is that they are not important in the
studies themselves. This calls into question the value of chimpanzee experiments,
the majority of which make little noticeable contribution to biomedical
advancement. Of the original sample, no chimpanzee study made an essential
contribution to papers which had well developed methods for combating human
diseases. Brown stated, “It is always problematic to what extent such models reflect
the human situation."[14]
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Despite chimpanzees being the most genetically similar animals to humans,
experiments on them have not provided substantial contributions to biomedical
research. Therefore, it is logical for us to question, that if the most genetically similar
animal to humans is an ineffective model, then how can the use of more genetically
distant animals assist us? Such concerns — both scientific and ethical — are being
recognised around the world where their use in research is being phased out.

“Monkeys are very poorly representative
of human biology and diseases, including
crucial research areas such as HIV/AIDS,
malaria, neurodegenerative diseases,
cancer, and many others. They continue
to be used in experiments due to their
superficial similarity to humans, but it is
increasingly clear that countless and
iImportant genetic differences exist,

which combine to generate vastly
different biologies, disease susceptibilities
and pathologies. Monkey experiments
are therefore inherently misleading, and

can never reliably inform human

medicine. The sooner science leaves them behind, the better — not just for
monkeys, but also for billions of people relying on science for cures and
treatments for diseases that blight their lives.”

- Jarrod Bailey, Ph.D.
Senior Research Scientist, BUAV

Statistics 2006-2017:

The following table shows the number of primates used in Australian research
between 2006 and 2017 (the latest available). Not all states have provided annual
returns showing the numbers of animals used in research, so the figures below could
be considered to be conservative. The figures also do not include owl monkeys held
by the Australian Defence Force (per below)

Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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VIC 128 65 90 186 282 313 235 176 143 182 181 227
NSW 122 147 323 484 184 27 18 22 41 200 96 38
TAS - - - - - - - - - - - -
SA - - 32 30 n/a nfa n/a n/a n/a n/a n/a n/a
NT n/a n/a n/a - n/a nfa n/a n/a n/a n/a n/a n/a
WA 33 - n/a n/a n/a nfa nfa 2 18 23 28 7

QLD n/a n/a n/a 58 n/a nfa n/a n/a n/a n/a n/a n/a

ACT* - 5 - 10 n/a na n/a n/a n/a n/a n/a n/a

TOTAL 283 217 445 768 466 340 253 219 202 405 305 272

NB: ACT figures are from ANU and CSIRO only. n/a = Statistics were not made
available by the State or Territory Government.

Breeding Facilities

There are three NHMRC-funded non-human primate breeding facilities in Australia.
Despite this however, between 2000-2015, Australia imported:

e 331 pig-tailed macaques (Macaca nemestrina) listed on the International Union
for Conservation of Nature (ICUN) Red List of Threatened Species as vulnerable to
extinction (from Indonesia)

e 250 crab-eating macaques (Macaca fascicularis) listed on the IUCN Red List from
Indonesia

* 46 owl monkeys (Aotus lemurinus grisembra) listed on the IUCN Red List from
the US.[15] (71 are currently held at the Australian Defence Force Malaria and
Infectious Diseases Institute and used for malaria research — personal email
4/4/18.) These animals are not included in the above statistics.
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* 59 marmosets (Callithrix jacchus) from France

e 10 crab-eating macaques (Macaca fascicularis) from France.
(Numbers sourced from the CITES Trade Database, accessed July 2018)

The NHMRC supports the use of national breeding colonies (NBCs) for macaques,
marmosets and baboons. In addition to the provision of research grants, the NHMRC
makes annual contributions of $500,000 to the National Non-Human Primate
Breeding and Research Facility and $195,000 to the National Baboon Colony.[16]

Over the period 2014-2017, the NHMRC awarded 26 grants to applicants who
indicated they would involve non-human primates in their research:[17]

Grant Recipient No. of grants | Value of grants | Species

Australian National University 2 $1.1 million Macaque

La Trobe University 1 $0.9 million Marmoset

Monash University 9 $6.2 million Macaque, Marmoset
Murdoch Children’s Research Institute |1 $1.1 million Macaque

University of Adelaide 1 $0.8 million Marmoset
University of Melbourne 8 $5.7 million Macaque

University of Queensland 1 $0.8 million Night Monkey
University of Sydney 3 $3.2 million Baboon, Macaque

This research included studies into infectious diseases, sensory systems, nervous
system disorders, immunology and vaccine development.

Furthermore, the NHMRC also funds research on primates overseas, such

as inflicting heart attacks on macaques at University of Washington
(http://mvww.ncbi.nlm.nih.gov/pmc/articles/PMC4154594/).

Alternatives
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The development of several international centres and
university departments for the furtherance of non-animal
alternatives in scientific testing around the world shows
that there is interest in this option. The Fund for the
Replacement of Animals In Medical Experiments in the
United Kingdom has examined non primate alternatives
in five areas of medical research[18]:

Malaria: There have been several in vitro (literally
meaning, in a test tube) studies on human cells that have
been used to examine the malarial parasite. These have :
included developing imaging technologies for D :
visualisation of malaria molecules in living human cells, N
such as human liver cells. Human volunteers have been

used to study the effects of specific genes, the product of which could be induced
into a vaccine. Further, the human volunteer studies can be used to show gene
expression in the malarial parasite, including the influences on the survival of the

parasite.

Cognition: Human imaging is the keystone to understanding the human brain. It
replaces primate experiments with ethical, human volunteer subjects. Different brain
scans can produce impressive amounts of accurate data, without the need for
invasive techniques. Where brain lesions are needed, fully reversible lesions can be
created safely on people. Human subjects are also able to respond to verbal
instructions. This is invaluable to scientific understanding within cognition research.

Stroke: Due to the failures in animal and primate models in current stroke research,
there is more potential in the development of techniques to research strokes in
humans. The techniques can include computer aided technology, brain imaging
scans, in vitro studies, and the development of co-cultures using human cells and
brain slices to study cell activity post mortem.

AIDS: Non-animal techniques can be used to provide insight into the HIV virus and
AIDS, such as screening the genetic makeup of hundreds of HIV sufferers, to
determine susceptibility to the virus. Mathematical analysis and statistical prediction
can be used to map the acquisition of the infection, its viral state, and how the
disease escapes immune control. In vivo (within a live organism) and in vitro studies,
along with molecular research using tissues and cells, have also proved to be some
of the most successful non-animal tests to date assisting with understanding the
disease and subsequent drug production.
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Hepatitis C (HCV): Mathematical modelling has been the most successful method
for advancing the understanding of the HCV virus in human patients. In vitro
systems have also proved effective.

Research on non-animal testing alternatives for these diseases has created a positive
trajectory for the development of non-primate alternatives, should they be given the
resources. Australia needs to step up to the mark and become a leader in this area —
not continue with archaic and unethical research on primates.

[1l Maloney, R.T., Jayakumar, J., Levichkina, E.V., Pigarev, I.N., and Vidyasagar,
T.R. ‘Information processing bottlenecks in macaque posterior parietal cortex: an
attentional blink?’, Experimental Brain Research, 2013, July; 228(3): 365-7.

[2] W.J. Hawthorne et al, ‘Control of IBMIR in Neonatal Porcine Islet
Xenotransplantation in Baboons.’, American Journal of Transplantation, 2014, June;
14(6): 1300-9.

[3] Weltzien, F., Dimarco, S., Protti, D. A., Daraio, T., Martin, P. R, and Grunert, U.,
‘Characterization of Secretagogin-Immunoreactive Amacrine Cells in Marmoset
Retina’, Journal of Comparative Neurology, 2014 Feb 1, 522(2): 435-55.

[4] Winnall WR, Lloyd SB, De Rose R, Alcantara S, Amarasena TH, Hedger MP, Girling
JE, Kent SJ. Simian immunodeficiency virus infection and immune responses in the
pig-tailed macaque testis. J Leuk Biol. 2015 March; 97(3): 599-609.

[5] Collins MG, Rogers NM, Jesudason S, Kireta S, Brealey J, Coates PT. Spontaneous
glomerular mesangial lesions common marmoset monkeys Callithrix jacchus
benign non-progressive glomerulopathy. Journal of Medical Primatology. Dec 2014,
Vol. 43 Issue 6, p477.

[6] Rajan, R., Dubaj, V., Reser, D., and Rosa, M. ‘Auditory cortex of the marmoset
monkey — complex responses to tones and vocalizations under opiate anaesthesia
in core and belt area’. European Journal of Neuroscience, pp. 1-18, 2012.

[7] N. Sunderland, S. Thomson, S. Heffernan, S. Lim, J. Thompson, R. Ogle, P.
McKenzie, P. Kirwan, A. Makris, and A. Hennessy, ‘Tumor necrosis factor a induces a
model of preeclampsia in pregnant baboons (Papio hamadryas), Cytokine, vol. 56,
no. 2, 2011, pp. 192-199
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Area MT is Dependent on Input from the Retinorecipient Medial Portion of the
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monkey-tests/story-fnek2nxs-1226523003707, (accessed 9 July 2014).
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The Division of Comparative Medicine (DCM) within the
Office of Research Infrastructure Programs (ORIP), Division
of Program Coordination, Planning, and Strategic Initiatives
(DPCPSI), Office of the Director, National Institutes of Health
(NIH), advances biomedical research by supporting research
resources, such as those that provide animal models for
human disease.

Because of their genetic, anatomical, physiological, and
behavioral similarities to humans, nonhuman primates (NHPs)
are one of the best models for human disease research

when studies in humans are not ethical or feasible. Among
other important medical advances, NHPs have played key
roles in the understanding and treatment of a variety of
infectious diseases, such as AIDS, tuberculosis, Zika virus
disease and congenital Zika syndrome, Ebola, and, recently,
COVID-19. Additionally, NHPs have been critical in advancing
therapeutics for type 2 diabetes and other metabolic
disorders, treatment of glioblastoma (brain cancer), deep
brain stimulation to treat Parkinson'’s disease, neuroprosthetics

(including the decoding of brain waves for brain-machine
interfaces), pain management interventions, and organ
transplantation. NHPs help determine the safety and efficacy
of vaccines, devices, and therapies before they are used in
humans. The COVID-19 pandemic demonstrated the pivotal
role of NHPs in developing medical countermeasures for
SARS-CoV-2, the virus that causes COVID-19; this included
understanding infection progression and pathophysiology,
preclinical development of vaccine candidates and
therapeutics, and development of a variety of SARS-CoV-2-
specific diagnostic assays.

Costs related to stringent breeding and housing requirements
limit access to NHPs throughout the biomedical research
community. To mitigate these issues, ORIP's DCM supports
multiple NHP colonies and research-related resources that
are available to the community of NIH-funded researchers.
These NHP resources support biomedical research spanning
scientific disciplines, with studies supported across almost all
NIH Institutes, Centers, and Offices.

NONHUMAN PRIMATE RESOURCES

N P NATIONAL National Primate Research
PRIMATE Centers

RGE RESEARCH
’ CENTERS The National Primate Research

Causes | Preventions | Treatments | Cures Centers (NPRCs) are a national
network of seven Centers that
increase access to and promote sharing of valuable NHP-
related resources among biomedical researchers. Additionally,
the NPRCs advance the missions of NIH Institutes, Centers,
and Offices by providing the animals, facilities, expertise, and
resources required by investigators in disease-specific areas.
ORIP's DCM funds NPRCs located in California, Georgia,
Louisiana, Oregon, Texas, Washington, and Wisconsin.
Collectively, the NPRCs maintain breeding colonies for rhesus,
pigtail, and Japanese macaques; common marmosets; olive
baboons; and titi monkeys.

Each Center provides expertise on the use of various NHP
species as models for human disease to address specific
research projects. Each provides a variety of services both
individually and through inter-NPRC collaborations. The
NPRCs provide services for research funded by NIH, other
federal agencies, nonprofit foundations, and the private sector.
Additionally, the program offers a Pilot Research Program

for new investigators or exploratory research and a Visiting
Scientist Program that offers advanced research training. The
NPRCs have scientific programs addressing major research
fields, such as infectious diseases, aging, cardiovascular
disease, diabetes and metabolic disorders, neuroscience,
pediatrics, regenerative medicine, reproductive health, and
women'’s health. For detailed information on NPRC capabilities
and programs, visit NPRCresearch.org. Recent advances by
the NPRCs can be viewed at nprc.org.

o Emory University—Emory National
Primate Research Center

o Johns Hopkins University School
of Medicine—Specific-Pathogen-Free
Pigtail Macaque Breeding Colony for HIV
Research Projects

o MassBiologics, University of
Massachusetts Chan Medical School—
Nonhuman Primate Reagent Resource;
Neotropical Primate Reagent Resource

o Oregon Health & Science University—
Oregon National Primate Research Center

o Texas Biomedical Research Institute—
Southwest National Primate Research
Center

o The University of Texas MD Anderson
Cancer Center—Specific-Pathogen-
Free Baboon Research Resource; Squirrel
Monkey Breeding and Research Resource

Nonhuman primate research resources supported by ORIP.

o
S
: .==-

| T

° Trinity University—New World
Monkey Immunoreagent Resource

e Tulane University—Tulane National
Primate Research Center

“' o University of California, Davis—

=9 California National Primate Research

i Center

@ University of Louisiana at
Lafayette—Resource for Nonhuman
Primate Immune Reagents

0 University of Puerto Rico—
Caribbean Primate Research Center

@ University of Washington—
Washington National Primate Research
Center

@ University of Wisconsin-Madison—
Wisconsin National Primate Research
Center

0 Wake Forest University School of
Medicine—Vervet Research Colony
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NHP COVID-19 research being conducted in an Animal Biosafety
Level 3 laboratory. Photo courtesy of the Southwest National Primate
Research Center.

Specific-Pathogen-Free Macaque Colonies

Macaque monkeys are premier research models for
HIV/AIDS. For example, macaques infected with the simian
immunodeficiency virus (SIV)—the NHP analogue of HIV—
are used to address basic research questions about viral
infection routes, acute phases of infection, and latent viral
reservoirs because these cannot be explored in humans.
Likewise, SIV-infected macaques serve as models for
developing HIV vaccines, infection prevention devices, new
therapeutics, microbicides, and cure strategies prior to first-
in-human trials.

The presence of specific viral pathogens in experimental
animals can confound the results of HIV/AIDS-related
investigations or pose a health risk to staff. Therefore, a
consortium of colonies was developed to provide specific-
pathogen-free (SPF) macaques for AIDS research that are
negative for SIV, type D simian retrovirus, simian T-cell
lymphotropic virus, and herpes B virus. Additionally, SPF
macaques are characterized for major histocompatibility
complex class | alleles, which are known to be associated
with SIV viral load and rate of disease progression. ORIP
supports SPF rhesus macaque colonies at the California,
Oregon, Southwest, Tulane, and Emory NPRCs, as well as
the Caribbean Primate Research Center in Puerto Rico.
ORIP also supports SPF pigtail macaque colonies at the

Washington NPRC and the Johns Hopkins University School
of Medicine. Visit the ORIP website for more details on
these critical SPF macaque resources.

Other Nonhuman Primate Research Resources

Baboon Research Resources: Relative to most other NHP
models, baboons share the greatest similarity to humans in
terms of their larger size, year-round breeding, and placental
biology. Because of similarities between the baboon and
human immune systems, baboons are critical for vaccine
development, xenotransplantation, and studies of infectious
disease and bacterial sepsis. The baboon colony at MD
Anderson Cancer Center’s Michale E. Keeling Center for
Comparative Medicine and Research (KCCMR) is maintained
free of infection from an extensive list of at least 18 viruses,
bacteria, and parasites and is a valuable research resource for
studies requiring the unique similarities of baboons to humans
without the complicating influences of coinfections. A baboon
colony also exists at the Southwest NPRC.

Squirrel Monkey Breeding and Research Resource:
Housed at KCCMR, this is the only national squirrel
monkey breeding and research resource available for
biomedical research and one of the few NIH-supported
national research resources that specialize in a New
World (neotropical) primate species. Squirrel monkeys are
valuable for neuroscience research because of their small
size and similarities to humans in brain structure, which
makes them superior neuroscience models compared

to small nonprimate mammals, such as rodents. Squirrel
monkeys are used widely in neuroscience, vision, and
hearing research; in studies of infectious diseases (malaria
vaccine, polyoma virus disease, Zika virus); as a model of
sporadic cerebral amyloid angiopathy; and in research

on drug addiction and its behavioral and physiological
consequences.

Caribbean Primate Research Center Program:

The Caribbean Primate Research Center (CPRC) Program
maintains conventional and SPF macaque colonies.
Additionally, the CPRC maintains a free-ranging colony

of rhesus macaques of purely Indian origin that was
established over 80 years ago from a substantial founder
population. This colony exhibits the lowest levels of genetic
admixture with non-Indian-origin rhesus macaques among
all rhesus monkey colonies surveyed in the United States,
providing a unique resource for research in a naturalistic

Data on gait parameters as a common marmoset in the Wisconsin National Primate Research Center’s Preclinical Parkinson's Research Program
walks through a Noldus CatWalk XT10.6 (apparatus not shown).
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Postnatal brain structural maturation in infant rhesus macaques
during the first 18 months of age. Top: White matter onset intensity
at birth (B). Bottom: Median rate (k) of normalized white matter
intensity change per day. Image courtesy of the Emory National
Primate Research Center and collaborators, Drs. M. Styner and

M. Niethammer.

setting. The CPRC supports researchers at other U.S.
institutions, as well as collaborations onsite, and it has
active programs in virology (especially SIV and West Nile,
dengue, and Zika viruses), genetics, diabetes, parasitology,
behavior, cognition, and anatomy.

Vervet Research Colony: Vervets, or African green
monkeys (AGMs), are critical research models owing to their
similarities to humans in reproductive biology, development
of cardiovascular disease and type 2 diabetes on a Western
diet, and growth of amyloid plaques with age. The Vervet
Research Colony (VRC) at Wake Forest School of Medicine
maintains a multi-generational, pathogen-free, genotyped
colony of Caribbean-origin AGMs. The colony consists of
individuals ranging in age from newborns to geriatric animals
over 27 years old. VRC animals, biospecimens, and data have
contributed to research on diabetes, obesity, cardiovascular
diseases, Alzheimer's disease, microbiome influences,
metabolomics, and neuroscience. Additionally, VRC animals
have supported vaccine research for SIV, neonatal influenza,
respiratory syncytial virus, dengue virus, and SARS-CoV-2.

NHP Antibody Resources: The Nonhuman Primate Reagent
Resource (NHPRR) and the Neotropical Primate Reagent
Resource are located at Mass Biologics, a business unit of

the University of Massachusetts Medical School. With ORIP
support, the NHPRR develops, manufactures, and distributes
immune cell-depleting antibody reagents to optimize the
usefulness of Old World NHPs (e.g., rhesus and pigtail
macaques) in biomedical research. These reagents support

Pyramidal cell from the prefrontal cortex of a rhesus macaque. The NPRCs
offer a wide variety of resources for research with nonhuman primates,

including advanced microscopy. Photo courtesy of John Morrison of the
Universtty of California, Davis.

research on HIV and other infectious diseases, transplantation,
cancer, and gene therapy. The Neotropical Primate Reagent
Resource characterizes the immunoglobulin repertoire and
antibody responses of New World NHPs (e.g., marmosets

and squirrel monkeys) and uses this information to engineer
species-matched lymphocyte-depleting and diagnostic
antibodies for New World monkeys. Investigators may make
inquiries of, and request reagents from, both resources via the
NHPRR website.

The New World Monkey Immunoreagent Resource, located
at Trinity University in San Antonio, Texas, develops mouse
monoclonal antibodies to be used in novel immunoassays
specific for biomarkers of inflammation and metabolic
hormones in marmosets, squirrel monkeys, and owl monkeys.
Immunoreagents for such biomarkers are useful in studies

Common marmoset—derived embryonic stem cells differentiating into
neurons in Marina Emborg's laboratory at the Wisconsin National
Primate Research Center. A neurosphere was stained to visualize
nuclei (blue) and immature neural progenitors (green) transitioning to
neurons (red). Image by Scott Vermilyea, Ph.D.

of aging, infectious diseases, neurodegenerative diseases,
diabetes, metabolic syndrome, and obesity, all of which are
being modeled in New World monkeys.

NHP Centers of the Somatic Cell Genome Editing
Program: The NIH Common Fund's Somatic Cell Genome
Editing (SCGE) Program includes approaches for development
and testing in NHPs to improve the efficacy and specificity of
gene-editing approaches, with the ultimate aim of reducing
the burden of common and rare genetic diseases in humans.
Regulatory authorities currently require in-animal studies

of safety, efficacy, and gene target specificity for nearly all
genome-editing therapeutics under development for clinical
use. With program management support from ORIP, the
Oregon Health & Science University and Massachusetts
Institute of Technology are generating genetically modified
rhesus macaques and marmosets, respectively, to serve

as reporter models to evaluate the efficiency of delivery

and editing of CRISPR-based tools in vivo. These modified
NHP models, as well as unmodified rhesus macaques and
marmosets, will be used at the University of California, Davis,
Nonhuman Primate Testing Center established through the
SCGE Program. After validation, all new reporter animals
created by the SCGE Program will be available for distribution
to the wider biomedical community.

Visit the ORIP website for more details on other supported
NHP research resources.
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Demographic Analysis of the Washington Regional
Primate Research Center Pigtailed Macaque Colony,
1967—-1996

JAMES C. HA*, RENEE L. ROBINETTE, anpo GENE P. SACKETT
Regional Primate Research Center and Psychology Department, University of Washington,
Seattle, Washington

This work presents the results of a demographic analysis of 30 years of
breeding records from the University of Washington’s recently closed Pri-
mate Field Station at Medical Lake, Washington. Summaries of popula-
tion growth, age-specific fertility and mortality rates, first-year survival,
and seasonality of reproduction are presented, as well as an analysis of
survival by decade. In addition, we present data on interbirth intervals
in this population. In general, pigtailed macaques represent a typical
Old World monkey pattern of age-specific fertility and mortality, with a
few minor exceptions. We suggest that pigtailed macaques are most simi-
lar to rhesus and Barbary macaques, and that Japanese and bonnet
macaques differ somewhat in their demographics. Am. J. Primatol.
52:187-198, 2000. © 2000 Wiley-Liss, Inc.

Key words: demography; mortality; fertility; vital statistics; pigtailed
macaque; Macaca nemestrina

INTRODUCTION

Very little has been published on the demographics of pigtailed macaques in
captivity. The Animal Records System at the University of Washington’s Regional
Primate Research Center (WaRPRC), which houses the largest captive-bred colony
of pigtailed macaques in existence, contains a wealth of information which could
contribute to the health and well-being of primates held in captivity. In addition,
the pigtailed macaque is an important research species in the United States and
around the world, and any additional information which might increase captive
populations will aid in minimizing the need to draw animals from the wild. The
pigtailed macaque is not an endangered primate species, and thus information
gained from its larger population size may contribute to the development of meth-
ods to breed endangered and closely related species of macaques. Finally, from
an evolutionary point of view, comparative information and comparisons among
related species contribute to our understanding of the evolution of a taxon.
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Thus, we present a demographic analysis of 30 years of breeding records
from a colony of pigtailed macaques (Macaca nemestrina) at the WaRPRC. These
data include age-specific mortality and fertility. A similar report has been pub-
lished on a captive population of rhesus macaques (Macaca mulatta) at the Wis-
consin Regional Primate Research Center (WiRPRC) [Dyke et al., 1986], from
which this study was modeled.

Demography of Macaques

Rhesus macaques give birth after the age of 2 years (usually at 4 years of
age); their fertility peaks between 10 and 12 years of age, and declines gradually
thereafter [Dyke et al., 1986; Johnson & Kapsalis, 1995; Smith, 1982]. The mean
interbirth interval for rhesus macaques is about 15.6 months, with a tendency for
slightly longer interbirth intervals in the middle of reproductive life, and slightly
shorter interbirth intervals at the end of the reproductive life [Petto et al., 1995].

In comparison, Japanese macaques (Macaca fuscata) become reproductive
later, after 4 years of age (generally at 5 or 6), with fertility gradually increasing
until 20 years of age and then decreasing gradually with age [Itoigawa et al.,
1992; Koyama et al., 1992; Watanabe et al., 1992]. Interbirth intervals in Japa-
nese macaques on Koshima were approximately 24 months [Watanabe et al.,
1992], and 19 months at Katsuyama [Itoigawa et al., 1992].

Bonnet macaques (Macaca radiata) produce their first infant at approximately
4 years of age, and there is no indication that fertility declines with age [Silk et
al., 1981]. Interbirth intervals for bonnets are short compared to rhesus and Japa-
nese macaques: 13 months after a surviving infant, and 11 months after a
nonsurviving infant [Silk et al., 1981].

Barbary macaques (Macaca sylvanus) follow the typical macaque pattern of first-
birth after 4 years of age: gradually increasing fertility until 8 years of age, and then
experiencing stable fertility until after 20 years, when fertility declines [Kuester et
al., 1995]. Interbirth intervals are approximately 22 months [Mehlman, 1989].

Reports of age-specific mortality in macaques are less prevalent in the lit-
erature than age-specific rates of fertility. Gage and Dyke [1988] summarized
the literature on age-specific mortality in Old World monkeys by developing a
model life table using statistical procedures to test for differences among popula-
tions, and then pooling all published information on age specific mortality in this
group. This composite model of survivorship included data on Macaca mulatta,
M. fuscata, and Papio ssp., all from captive or provisioned populations. In this
model, as in most mammalian populations, mortality is highest in the first year
of life, and then declines with age [Dyke et al., 1986; Smith, 1982; Tigges et al.,
1988]. The maximum age of rhesus in captivity is 35 years [Tigges et al., 1988].

A number of reports have described the demographic characteristics of rhesus
macaques (Macaca mulatta) [Drickamer, 1974; Sade et al., 1977; Smith, 1982;
Rawlins et al., 1984; Dyke et al., 1986; Hendrie et al., 1996], Japanese macaques
(Macaca fuscata) [Masui et al., 1975; Sugiyvama & Ohsawa, 1982; Fedigan, 1991;
Koyama et al., 1992], cynomologus macaques (Macaca fasicularis) [Hendrie et
al., 1996], bonnet macaques (Macaca radiata) [Silk et al., 1981; Hendrie et al.,
1996], and Taiwan macaques (Macaca cyclopis) [Petto et al., 1995]. Information
on infant mortality for pigtailed macaques has been published [Dazey & Erwin,
1976; Bernstein & Gordon, 1977], but life tables have never been published. Cap-
tive pigtails begin perineal (“sex skin”) swelling after 2 years of age, and animals
become pregnant after 3 years of age [Erwin & Erwin, 1976]. Field work sug-
gests that the interbirth interval for wild pigtailed macaques is approximately
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two yvears [Bernstein, 1967]. There is no reported seasonal birth effect in pigtails
[Kuehn et al., 1965; Bernstein & Gordon, 1977].

Age-specific demographic data on pigtailed macaques is essential for com-
parative approaches, assessment of the health of pigtailed macaque captive popu-
lations, and for projections of future growth. This information is applicable to
captive pigtailed macaques specifically, and to the colony management of macaques
more generally.

METHODS
Population

Data were obtained from the WaRPRC’s animal colony records on pigtailed
macaques from 1967 to 1996. The animals were housed in indoor rooms (2.1 x
3.1 x 3 m high) under artificial lighting and on a 14 hr lights on:10 hr lights off
photoperiod at the WaRPRC’s Primate Field Station (PFS) at Medical Lake,
Washington. The PFS was developed in 1965 by Theodore Ruch, director, and
Orville Smith, assistant director, as an expanded breeding facility, and was
established in a former state building on the grounds of the Eastern State Hos-
pital [Dukelow, 1995]. It housed a large breeding colony of pigtailed macaques,
as well as smaller colonies of long-tailed macaques (M. fascicularis) and ba-
boons (Papio cynocephalus). In 1996-1997, this colony was moved to a new breed-
ing facility on the grounds of the Tulane Regional Primate Research Center
(Covington, Louisiana).

In general, animals were housed in social harem groups of approximately
eight to 12 females and one breeding-age male. Infants were mother-reared, un-
less considered at risk for mortality, when they were moved to the University of
Washington’s Infant Primate Research Laboratory. In general, infants were
weaned at 4-8 months of age. The monkeys were fed standard primate diet (chow)
supplemented with fresh produce and grains [see Blakely et al., 1972, for other
husbandry details].

Analysis

Our analysis was restricted to the records of 7,333 captive-born animals with
known birth dates (3,528 males, 3,549 females, and 256 unknown sex) and 2,488
wild-caught animals with unknown birth dates (315 males and 2,173 females)
housed in social groups generally containing a single breeding male or of all-
female composition. There was a PFS husbandry policy of removing breeding
males from harem groups after all females had conceived, and replacing males
after the termination of conceptions. This was done in situations in which there
was a shortage of breeding males, or to prevent male-initiated aggression to-
wards pregnant females. These animals were assigned to our breeding colony,
and thus every attempt was made to maximize breeding production. They did
not experience experimental protocols immediately prior to, or during, the peri-
ods of data presented in this study. Standard life table analyses were performed
using the Animal Colony Management Package software from the Southwest
Foundation for Biomedical Research (SFBR)'s Population Genetics Laboratory
[Dyke & Mamelka, 1989] following extraction from the WaRPRC’s Animal Record
System and conversion to SFBR’s Pedsys format [Dyke, 1994]. In addition, we
compared 30-day postnatal survival of infants born to wild-caught and captive-
born dams born in social groups vs. single dam-with-infant caging, using Kaplan-
Meier survival estimates and Tarone-Ware log-rank probabilities. Output was
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selected from these programs for presentation based on the literature so as to
provide comparable measures for interspecific comparisons where possible.

RESULTS

Male and female population sizes and their growth over the 34-year exist-
ence of the WaRPRC PFS breeding colony are depicted in Fig. 1. The breeding
colony population had a decade of rapid male and female growth (1967-1976), a
period of female population expansion but slower growth in the male population
(1977-1986), and a period of relatively stable existence before the move (1987—
1996). The final downturn in population size in the mid-1990s is due to a PFS
population reduction, through sales and moves to the Seattle colony, in anticipa-
tion of the move to Tulane.

Age-specific fertility rates for females showed an onset of fertility at 3 years
of age, and significant fertility at 4 years of age (Table I). Age-specific fertility
increased to a peak at 8-9 years of age. Following this peak, fertility decreased
gradually to reproductive senescence at 19 years of age. In this data set, female
births slightly, and nonsignificantly, outnumbered male births 50.6% to 49.4%.
Overall gross reproductive rate (GRR: the average number of daughters born to
females surviving the entire fertile period) was 3.41 (Table II), comparing favor-
ably to 3.24 in rhesus macaques housed at the WiRPRC [Dyke et al., 1986]. Total
fertility rate (TFR: the average number of offspring of both sexes) was 6.76 (Table
II), again comparing favorably to 6.73 at the WiRPRC [Dyke et al., 1986]. Both
GRR and TFR increased over the three decades that the PFS operated (Table II).
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Fig. 1. Population sizes for the entire Washington Regional Primate Research Center Primate Field Sta-
tion (WaRPRC PFS) breeding colony from its inception until its transfer to a new facility at the Tulane
Regional Primate Research Center in Covington, Louisiana. Dashed lines indicate the period (30 years)
analyzed in this study.
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TABLE 1. Age Specific Fertility Rates (ASFR) for Females at the Primate Field
Station Colony From 1967 to 1996

Female Female Both sexes, Both sexes,
Age Animal-years births ASFR births ASFR
0-1 2368.0 0 0.00 0 0.00
1-2 1919.9 0 0.00 0 0.00
2-3 1569.4 0 0.00 0 0.00
34 1319.1 43 0.03 101 0.07
4-5 1122.3 300 0.26 594 0.51
5-6 978.4 292 0.29 590 0.58
6-7 841.7 229 0.26 456 0.56
7-3 089.6 215 0.30 405 0.57
8-9 565.0 133 0.28 298 0.51
9-10 463.9 11o 0.25 224 0.47
10-11 321.9 88 0.24 192 0.52
11-12 288.6 i § 0.26 141 0.48
12-13 232.4 51 0.23 100 0.43
13-14 184.0 37 0.20 71 0.38
14-15 134.3 21 0.15 37 0.27
15-16 99.3 24 0.24 39 0.39
16-17 74.8 7 0.09 15 0.20
17-18 52.0 7 0.13 12 0.23
18-19 38.0 2 0.05 3 0.08
19-20 21.3 0 0.00 2 0.09
20-21 12.6 0 0.00 2 0.16
21-22 8.1 0 0.00 1 0.12
22-23 7.2 1 0.14 1 0.14
23-24 4.8 0 0.00 0 0.00
24-25 3.8 0 0.00 0 0.00
25-26 2.2 0 0.00 0 0.00
26-27 2.0 0 0.00 0 0.00
27-28 1.8 0 0.00 0 0.00
28-29 1.0 0 0.00 0 0.00
29-30 0.2 0 0.00 0 0.00
Total 1676 3314

Animal-years is the number of animsl over years exposed to risk of fertility in age interval x.

Interbirth intervals were measured only after the first birth, since husbandry
procedures and lack of records prevented accurate calculation of the age of first
exposure to a fertile male. Interbirth intervals following the first birth increased
linearly with parity by 0.268 months per pregnancy (Table III; t(10) = 3.94, P =
0.0034, R*= 0.63). A stronger pattern showed that interbirth intervals were lower
for the first seven pregnancies (X = 15.2 months, SE = 0.23), and increased sig-

TABLE II. Overall Gross Reproductvie Rate (Average Number of Daughters Born to
Females Surviving the Entire Fertile Period) and Total Fertility Rate (Average
Number of Offspring of Both Sexes) by Decade for the Primate Field Station Colony
From 1967 to 1996
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Decade Gross reproductive rate Total fertility rate
1967-74 2.03 5.65
1975-84 3.45 6.67
1985-94 3.73 7.30
Overall 3.41 6.76
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TABLE III. Interbirth Intervals (Months) as a Function of Parity, Beginning
Following the First Birth, for Pigtailed Macaques Housed at the Washington
Regional Primate Research Center’s Primate Field Station From 1967-1996

Parity Mean interbirth interval (mo) No. dams >=parity
1-2 14.6 562
2-3 15.3 404
34 15.3 287
4-5 15.1 208
5-6 16.3 139
6-7 15.0 91
7-8 14.8 54
§-9 16.9 35
9-10 16.4 19

10-11 16.9 13

11-12 18.1 4

nificantly for pregnancies 8-11 (X = 17.1 months, SE = 0.31, t(9) = —4.902, P =
0.00084, R”= 0.73). There was no seasonality in births or deaths (births: X*(11) =
.409; deaths all: X*(11) = 0.517; deaths first year: X*= 0.573; all P = 1.000; Fig. 2).

Age-specific mortality rates (q,) for males and females at the PFS were rela-
tively constant from 2-16 years of age (Table IV). Mortality rates were highest
for infants (< 1 year old), declined to a plateau, and then rose gradually from 17
years old through the maximum lifespan of about 26 years. In comparing the
PFS results for males and females to the rhesus data from the WiRPRC [Dyke,

101
8 —
S 6f
4
o
&
a 4
L} Deaths-1st year
2 A Deaths-all ages
O Births
0 | | | | 1 L1 | i} | L1

Month

Fig. 2. Seasonality of births and deaths of captive pigtailed macaques housed at the WaRPRC PFS from
1967-1996.
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TABLE IV. Age Specific Mortality of Males and Females at the Primate Field Station
Colony From 1967 to 1996

Males Females
Age Exposed to risk  No. of deaths  q(x) Exposed to risk  No. of deaths qlx)
0-1 3161.1 1051 0.33 3261.4 1090 0.33
1-2 1818.9 256 0.14 2080.9 287 0.14
2-3 1302.6 107 0.08 1673.6 139 0.08
34 934.5 36 0.04 1409.5 89 0.06
4-5 648.1 26 0.04 1186.7 54 0.05
5-6 451.2 27 0.06 1035.7 48 0.05
6-7 320.8 14 0.04 891.0 44 0.05
7-8 238.5 14 0.06 734.7 46 0.06
8-9 181.5 8 0.04 590.2 20 0.03
9-10 146.4 7 0.05 489.3 30 0.06
10-11 125.1 6 0.05 381.1 22 0.06
11-12 103.6 6 0.06 305.4 18 0.06
12-13 88.1 8 0.09 240.7 14 0.06
13-14 68.8 9 0.13 194.4 16 0.08
14-15 52.9 5 0.09 144.1 14 0.10
15-16 46.5 4 0.09 106.7 10 0.09
16-17 40.8 2 0.05 82.8 13 0.16
17-18 36.4 5 0.14 58.5 10 0.17
18-19 30.1 6 0.20 40.1 7 0.17
19-20 21.3 4 0.19 25.0 7 0.28
20-21 14.9 2 0.13 13.8 3 0.22
21-22 12.0 3 0.25 8.1 0 0.00
22-23 9.0 2 0.22 7.7 1 0.13
23-24 6.4 1 0.16 6.0 2 0.33
24-25 4.2 2 0.48 3.8 0 0.00
25-26 2.0 1 0.50 2.2 0 0.00
26-27 1.0 0 0.00 2.0 0 0.00
27-28 0.9 0 0.00 2.0 1 0.50
28-29 0.0 0 0.00 1.0 0 0.00
29-30 0.0 0 0.00 0.2 0 0.00
Total 9867.5 1612 3.7 14978.5 1985 3.33

glx) is the probability of dying in the interval.

et al., 1986], it was clear that first- and second-year mortality was much higher
than in the WiRPRC rhesus colony, but that PFS mortality rates in subsequent
years were more typical (Fig. 3). Overall, age-specific mortality was higher among
captive-housed pigtailed macaques than for rhesus. Survivorship curves for males
and females by decade showed no significant differences (Fig. 4).

Thirty-day infant survival was influenced by both origin (wild-caught dam vs.
captive-born dam) and housing type at birth (social group vs. single cage). Sur-
vival of infants born to wild-caught dams was significantly better than that of
infants born to captive-born dams (Table V). Housing type had no effect on 30-day
survival of infants of wild-caught dams, but survival of single-cage-housed infants
of captive-born dams was higher than that of socially-housed dams (Table V).

DISCUSSION

The demographic patterns of pigtailed macaque monkeys housed at the PFS
from 1967 through 1996 follow the same basic patterns established for other
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Fig. 3. A comparison of age-specific mortality rates (qy) at the midpoint of the interval for (a) males and (b)
females housed at the WaRPRC PFS from 1967-1996. The filled symbols represent the age-specific mortal-
ity rate for rhesus monkeys housed at the Wisconsin Regional Primate Research Center [Dyke et al., 1986].
The open symbols represent the age-specific mortality rates for the PFS population.

macaques. Fertility began about 4 years of age, peaked around 9 years of age,
and declined gradually in later years. Interbirth intervals increased with age
and number of pregnancies. Age-specific mortality was highest in infants, rela-
tively constant in middle years, and then increased after about 20 years of age.
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Fig. 4. Survival curves for (a) male and (b) female pigtailed macaques from the PFS by decade.

Some interspecific variation is apparent, however, and these data have been sum-
marized in Table VI. Perhaps the pattern described above could be labeled a
macaque-typical demographic pattern, and would include rhesus, Barbary, and
pigtailed macaques. Japanese macaques seem to have a late reproductive onset,
a late peak in fertility, and relatively long interbirth intervals. Bonnet macaques
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TABLE V. Thirty Day Survival of New-Born Pigtailed Macaques, as a Function of
Birth Location of the Dam (Wild-Caught vs. Captive-Born) and Housing Type at Birth
(Social Group vs. Single Cage)

Birth location

Housing type Wild-caught Captive-born
Social group 69.7% 47.1%
P<0.000001
Single cage 70.0% 59.4%
69.4% 53.7%
p<0.000001

have no peak in fertility and short interbirth intervals. Of course, many factors
influence these demographic patterns, including husbandry, social organization
[Ha et al., 1999], environment, and nutrition. Therefore, further studies in many
more populations are required before these patterns can be confirmed or rejected.

We found a notable departure from the WiRPRC rhesus findings [Dyke et
al., 1986] in the mortality pattern of our pigtailed macaques, with our popula-
tion showing significantly higher mortality during year 1. This increase in first-
vear mortality is driven by mortality in the neonatal (first 30 postnatal days)
period [Bernstein & Gordon, 1977]. Our results suggest that a number of factors,
such as origin of the stock and housing style, can significantly influence these
mortality rates. In addition, other factors may be involved, including species dif-
ferences, differences in birth experience (parity) between colonies, and differences
in levels of captive breeding (generations in captivity). Our perception is that the
WaRPRC breeding colony may contain more captive-born animals than some other
colonies, and thus exhibits a higher infant mortality, particularly in social hous-
ing situations.

It should be noted that over the 30-year time period both husbandry and diet
changed somewhat with changing knowledge of primate nutritional and breed-
ing requirements. However, if reproductive or mortality measures were affected
by nutrition (or other management changes not examined in this analysis), this
would only contribute to the “unexplained” variance in our results and hence
make it more difficult for us to find significant results for the measures in which
we were interested.

Overall, pigtailed macaques seem to be fairly typical Old World monkeys in
demographic patterns under captive breeding conditions. In general, their demo-
graphics improved over time at the PFS, probably due to greater experience in
their husbandry and sophistication in veterinary and husbandry care. It is pos-

TABLE VI. A Review of Lifespan Fertility Patterns in Macaques

Peak age of Decline in Interbirth
Reproductive fertility fertility with interval

Species onset (years) (years) age (months)
Rhesus 4 10-12 Gradual 15.6
Japanese 5-6 20 Gradual 19-24
Bonnet 4 None Stable 11-13
Barbary 4 8 Stable 22
Pigtailed 4 8-9 Gradual 16

For references,

see Introduction.
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sible that these demographic patterns were affected by selection-based changes
in the population itself, as suggested by evidence from the move of these animals
to their new quarters at the Tulane Regional Primate Research Center in

Covington, Louisiana [Ha et al., 2000].
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Broadly neutralising antibodies (bNAbs) may play an important role in future strategies for
HIV control. The development of anti-drug antibody (ADA) responses can reduce the
efficacy of passively transferred bNAbs but the impact of ADA is imperfectly understood.
We previously showed that therapeutic administration of the anti-HIV bNAb PGT121
(either WT or LALA version) controlled viraemia in pigtailed macaques with ongoing SHIV
infection. We now report on 23 macaques that had multiple treatments with PGT121. We
found that an increasing number of intravenous doses of PGT121 or human IgG1 isotype
control antibodies (2-4 doses) results in anti-PGT121 ADA induction and low plasma
concentrations of PGT121. ADA was associated with poor or absent suppression of SHIV
viremia. Notably, ADA within macaque plasma recognised another human bNAb 10E8 but
did not bind to the variable domains of PGT121, suggesting that ADA were primarily
directed against the constant regions of the human antibodies. These findings have
implications for the development of preclinical studies examining multiple infusions of
human bNADbs.

Keywords: HIV, broadly neutralizing antibodies (bNAb), PGT121, anti-drug antibodies (ADA), pigtailed macaque

INTRODUCTION

Monoclonal antibodies to prevent or treat HIV infection are of increasing interest. Passive infusion
of bNADs effectively controls viremia in HIV infected subjects and SHIV infected macaques when
the strain is sensitive to the bNAb (1 4). Control of HIV with bNAbs will require multiple
treatments since the half life of standard IgG 