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Abstract

Borneo is blessed with incredible biodiversity, including some of the most charismatic
endangered species on the planet. Yet despite being recognized as a biodiversity
hotspot, Borneo’s forests, and the biodiversity contained therein, are being lost faster
than anywhere else on the planet, with the main threats from habitat loss and hunting.
Given the perceived failure of protected areas on Borneo to conserve biodiversity, some
NGOs are implementing community-based conservation (CBC) and believe that win-win
solutions are possible since biodiversity can be protected and human welfare improved
with a single approach. However, on Borneo, where local communities were
marginalized and natural resource institutions eroded during the Suharto era, the
appropriateness of using CBC to protect biodiversity, especially elusive and low-density
species, has not been investigated. In this thesis, | aim to advance our understanding of
the conservation of charismatic endangered species on Borneo by examining the
interplay of ecological and social factors in conserving the Bornean clouded leopard
(Neofelis diardi borneensis), Bornean orangutan (Pongo pygmaeaus morio), and Miller’s
Grizzled Langur (Presbytis hosei canicrus), in Wehea Forest, East Kalimantan. | used
camera trapping and spatial-capture recapture modeling to estimate density and inferred
the vulnerability of each species to threats by using estimates of abundance and
conclusions drawn from my camera trapping studies. To help understand critical social
factors of the Wehea CBC that could compromise the long-term viability of these three
species in Wehea Forest, | used insights from common-pool resource theory and drew
on my experience of being immersed with the Wehea Dayak for almost 4 years. Given
the specific ecological and social factors found within Wehea, | conclude that a win-win
outcome may be not possible. Either the long-term viability of these species may need to
be compromised for the sake of human well-being, or the current protected area will
have to be maintained at the expense of poverty alleviation. Since the ecological and
social factors found within Wehea may be characteristic across Borneo, we should be
careful not to automatically assume that CBC is the most effective approach for

protecting wide ranging and low-density charismatic endangered species.

Keywords: Conservation; common-pool resource theory; community-based
conservation; clouded leopard; orangutan; Miller's Grizzled Langur;
charismatic endangered species; Borneo
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Chapter 1

Introduction

The contemporary conservation debate

The conceptual framework under which we think about biodiversity conservation
has changed dramatically over the past generation. Until the early 1980’s conventional
wisdom held that central governments should be mainly responsible for conservation
through management of large-scale national parks and protected areas (Berkes, 2007).
However, in response to the failures of this top-down model to protect biodiversity (e.g.
protected areas in tropics and subtropics; Ludwig et al., 1993; Brandon et al., 1998),
scholars, practitioners and policymakers began to advocate a more bottom-up approach
to conservation (Barrett et al., 2001). Generally known as community-based
conservation (CBC), proponents of this strategy argued that indigenous and local non-
indigenous people could be conservationists and have traditional ecological knowledge
that is essential for managing natural resources (Berkes, 1999; Berkes et al., 2000;
Folke, 2004; Sheil & Lawrence, 2004). Despite its initial promise, the success of CBC
initiatives was questioned (Terborgh, 1999; Oates, 1999) and there was a resurgence of
the “protectionist paradigm” in international biodiversity conservation (Kramer et al.,
1997; Rabinowitz, 1999). This led to the emergence of an often contentious “parks vs.
people” debate over whether a particular conservation project should emphasize
biodiversity protection or development in support of local communities (Terborgh, 2000;
Barrett et al., 2001; Brockington, 2002; Sanderson & Redford, 2003; Roe & Elliot, 2004;
Wilshusen et al., 2002).

More recently, a related debate has emerged about the proper value and ethical
foundations of biodiversity conservation (i.e. “nature-centered” or “people-centered”) in
the age of sustainability (Miller et al., 2011; Minteer & Miller, 2011). On the one side,



proponents of what is called the ‘new conservation science’ (NCS) argue that the only
way to protect earth’s biodiversity is through conservation projects that simultaneously
preserve biodiversity while improving human well-being (Kareiva et al., 2011; Kareiva &
Marvier, 2012). The general idea is that when communities receive direct benefits and
achieve a higher standard of living from biodiversity conservation that they will do more
to conserve it (Getz et al., 1999; MEA, 2005). Opponents of NCS argue that nature has
intrinsic and inherent rights and values and prioritizing the needs and wants of humans
de-emphasizes the goal of protecting nature for its own sake (Doak et al., 2014). In
addition, opponents claim that the NCS approach dismisses the relationship between
species diversity and ecosystem function and that implementing NCS would inevitably
exclude keystone species (Soule, 2013). This is especially relevant in places such as
Borneo where potential keystone species (e.g. clouded leopards, orangutans, sun bears)
are found at extremely low densities and may be sensitive to even small-scale human

disturbances of their habitat.

The emergence of NCS may be seen as a response to the emergence of the
concept ‘Anthropocene’ (Crutzen & Stoermer, 2000) denoting the present period in
which humans are altering many of earth’s geologic and ecological processes. If humans
are indeed the dominant ecological force on the planet, then it must also be recognized
that ‘humans’ and ‘nature’ cannot be separated in the way that traditional conservation
has often done (Berkes & Folke, 1998; Corlett, 2014). The importance of understanding
the tight coupling of social and ecological systems (also called social-ecological systems
[SESs]) is increasingly being acknowledged and used in fields ranging from conservation
planning (Green et al., 2009; Ban et al., 2013) to sustainability science (Ostrom, 2007;
2009) to management of marine protected areas (Basurto et al., 2013; Lépez-Angarita et
al., 2014). In this interdisciplinary thesis, | contribute to the growing SES literature by
exploring both ecological and social factors in the conservation of charismatic

endangered species in a CBC project in Borneo.

Beyond the rhetoric on both sides of the “parks vs. people” and “nature centered
vs. human centered” debates, participants appear to share the common goal of
protecting earth’s biodiversity. Where the sides diverge is on the emphasis and methods
used to achieve conservation goals and objectives, with most individuals falling

somewhere along a continuum between the extreme biocentric view to the extreme

2



anthropocentric view of biodiversity conservation (Corlett, 2014). Outside of setting up
national parks or protected areas, two of the most common methods used in community-
based conservation are integrated conservation and development projects (ICDPs) and
community-based natural resource management (CBNRM). ICDPs are more biocentric
in that they are essentially biodiversity conservation projects with some emphasis on
local community development. CBNRM is more anthropocentric in that it recognizes the
rights of local people to manage and benefit from the use of their resources (Blaikie, et
al., 2006). However, if we have learned anything from the past generation of
conservation paradigms, it's that panaceas do not exist in biodiversity conservation
(Ostrom, 2007) and a constructive debate is essential about how protection of

biodiversity can and should occur in specific places.

Conservation on Kalimantan, Borneo

Borneo contains the richest and largest expanse of forest in Southeast Asia
(~389, 566 km? Gaveau et al., 2014) and is widely regarded as one of the hottest of the
world’s hotspots for biodiversity (Myers et al., 2000). These forests harbor 6% (5000
endemic) of the world’s flowering plant species, 6% (37 endemic) of the world’s bird
species, and 6% (44 endemic) of the world’'s mammal species including some of the
most iconic species (e.g. orangutan and clouded leopard) on the planet (Meijaard &
Sheil, 2007). Despite their known conservation value, these forests are being lost at
nearly twice the rate as the rest of the world’s tropical forests (Margono et al., 2014).
This unprecedented transformation of the forest landscape into industrial oil palm
plantations and mines is fueling Indonesia’s rapid economic growth (5.5% in 2015) and
development (ADB, 2015; Gaveau et al.,, 2013) and lifting millions of people out of

poverty.

Past conservation efforts on Kalimantan (i.e. Indonesian Borneo) have focused
mainly on creating traditional protected areas (PAs) and about 21% of Kalimantan is
currently under nominal strict protection (~110,232 km?; Gaveau et al., 2013). However,
there is growing recognition that Kalimantan’s PA network is failing for various
ecological, socioeconomic, and political reasons (Jepsen et al., 2002; Meijaard et al.,

2006). This is mainly because current PAs are poorly managed, which results in



“protected” forests that are increasingly deforested with their buffer zones being
degraded (Brun et al., 2015; Curren et al., 2004). In addition, PAs in Kalimantan are
small (average size ~ 500 km?), fragmented and isolated making them not only
ineffective in conserving biodiversity but also decreasing their resilience to climate

change (Scriven et al., 2015).

In the belief that the protected areas (PAs) oriented approach has failed in
Kalimantan, some NGOs, including The Nature Conservancy (TNC), the worlds largest
environmental NGO, are arguing for adopting a more “people centered” approach (e.g.
CBNRM). However, the efficacy of adopting such an approach on Borneo has yet to be
investigated. This is especially important given that indigenous communities in Indonesia
recently won rights to their land both from the Indonesian Supreme Court and the former
president of Indonesia (Susulo Bambang Yudhoyono). These new legal rulings and
regulations have made some conservationists nervous about their long-term impact on
biodiversity conservation with some going so far as calling them the “final blow for
Indonesia’s forests” (Meijaard, 2015) and a “forest destruction time-bomb” (Handadhari,
2015).

Roadmap to the thesis

In this thesis, | aim to advance our understanding of charismatic endangered
species conservation on Borneo by examining the interplay of ecological and social
factors in a CBC project. To date, most ecological research on Borneo has tended to
focus on the ecology of endangered species (e.g. MacKinnon, 1974; Van Schaik et al.,
2009), the impact of logging activities on orangutans and other elements of biodiversity
(e.g. Wilson et al., 2014; Brodie et al., 2015) and the importance of timber concessions
for biodiversity conservation (e.g. Meijaard, 2007; Gaveau et al., 2013). There have also
been numerous studies that have looked at the social processes affecting forest and
biodiversity loss in Indonesia including local and national governance of Indonesia’s
forests (e.g. Barr, 1998; Wollenberg et al., 2006), the impacts of decentralization on
forest loss (e.g. MaCarthy, 2001; Palmer & Engel, 2007), and international influences
that affect forest management (e.g. Peluso, 1992; Tsing, 2005). However, there have

been few, if any, studies that have investigated the interactions and challenges of



endangered species protection in a CBC initiative. This research is especially important

and timely given the recent land rights rulings mentioned above.

My original objective with this thesis was to learn more about Bornean clouded
leopard (Neofelis diardi borneensis) conservation in East Kalimantan, Indonesia. The
clouded leopard is one of the least known cat species in the world and | was hoping to
obtain some of the first known density estimates for this species (see chapter 6) and
explore conservation related issues surrounding its protection. However, shortly after
beginning my research on the clouded leopard in Wehea Forest (see Fig. 1.1),
surprisingly, | encountered Miller's Grizzled Langur (Presbytis hosei canicrus), a monkey
that was previously thought extinct (see chapter 2) and may now be one of the rarest
primates in the world. This discovery made international headlines and helped to put
Wehea Forest on the map as a tourist destination. In addition, while looking at camera
trap photos for clouded leopards, | noticed that | had almost as many pictures of the
Bornean orangutan (Pongo pygmaeaus morio) as | did of the clouded leopard. This
discovery led to the first publication on orangutan terrestriality (see chapter 3). | followed
this up by investigating if orangutan terrestriality changed depending on habitat type
(primary, secondary and recently logged forest; see chapter 4). Last, | used the camera
trap photos of orangutans to explore whether spatial capture-recapture modeling could
be used instead of the traditional nest count method to estimate orangutan density (see

chapter 5).

Although it was not my original intention to study the orangutan and langur, their
inclusion in this thesis is important for understanding charismatic endangered species
conservation on Borneo for a number of reasons. First, all three species are found in
Wehea Forest, one of the flagship conservation projects in Kalimantan, Borneo. Given
the promotion of Wehea Forest as a model of CBC, if there was anywhere on Borneo
where these species could be protected it should be in Wehea Forest. Second, these
species presents three unique ecologies that require conservation actions at different
spatial-scales and possibly even different types of management strategies (e.g. strict
protection vs. CBNRM). Third, each species is charismatic and has the potential to serve
as a flagship species for this conservation project. Last, very little is known about each

species and the high uncertainty in current density estimates highlights a great challenge



when developing management plans for species with similar behaviors and ecologies

(e.g. elusive, wide-ranging).

The single-species oriented research presented in chapters 2-6 is essential for
helping to understand some basic ecological factors necessary for the conservation of
each species. However, by itself, this research provides only one half of the story in a
CBC project such as Wehea. To help tell the other side of the story, | draw from
common-pool resource (CPR) theory in chapter 7 to help explain possible causes in
deforestation in Indonesia from 1965 to present. CPR theory is one of the most
prominent contemporary theories of environmental governance (Ostrom et al.,, 1994,
Agrawal, 2001; Fleischman et al., 2014) and was developed from a large body of
interdisciplinary research about coordinated resource management successes and
failures (Ostrom, 1990). In contrast to Hardin’s (1968) “Tragedy of the Commons”,
Ostrom (1990) showed that individuals could act collectively to manage their resource
and proposed a set of design principles (see Table 1.1) that tend to characterize
sustainable resource use and management. More recently Ostrom (2007; 2009)
proposed the SES framework, which expands upon the initial design principles and
recognizes the importance of coupled SESs. Although the scale at which we apply CPR
theory in chapter 7 is nation-wide, the lessons learned from its application at this large
scale are also useful for studying social factors of endangered species conservation in a

CBC project on Borneo.

Table 1.1 Ostrom’s design principles of enduring commons institutions

1. Clearly defined boundaries (membership and physical boundaries of resource are clear)

2. Congruence between appropriation and provision rules and local conditions (rules are congruent with
local conditions)

3. Collective choice arrangements (individuals affected can participate in modifying operational rules)

4. Monitors are accountable to the resource users

5. Graduated sanctions against violators

6. Ready access to conflict-resolution mechanisms

7. Recognition of rights to organize, by external government authorities

8. Nested enterprises (where the resource is part of a larger system)




CPR theory has also been important to the institutional design of many CBNRM
projects, especially in Africa (Saunders, 2014). To support the ‘crafting’ of these projects,
the CPR design principles have been adopted by far-reaching international assistance
agencies such as the United Nations and World Bank (Esmail, 1997; Agrawal & Gibson,
1999; Steins et al., 2000). International NGOs advocating CBC also take the role of CPR
design principles seriously as evidenced by the production of CBNRM manuals that
explicitly cite the design principles to inform project interventions (e.g. WWF, 2006).
Given that many of these projects have generated disappointing outcomes in practice
(Blaikie, 2006; Shackleton et al., 2010), we should learn from these mistakes before
replicating them in countries such as Indonesia, where local and indigenous

communities have only recently won rights to their land.

Context for the thesis

My motivation for this thesis extends beyond any novelty and scientific
importance it may have. The idea originated from the community-based conservation
work our NGO (Integrated Conservation) was doing with the Wehea Dayak to help them
protect Wehea Forest (38,000 ha), one of the flagship conservation areas for East
Kalimantan, Indonesian Borneo (see Fig. 1.1). The Wehea Dayak tribe is divided
between six villages located along the Telen and Wahau rivers, however for sake of
simplicity | will use “Wehea Dayak” to refer to our work with the community of Nehas
Liah Bing, the largest of the six communities. Wehea Forest contains mostly undisturbed
forest, surrounded by large tracts of primary and secondary forests either classified as
active timber concessions or undesignated forest. Wehea Forest was originally
established in 2004 through a coordinated effort that included the Wehea Dayak, The
Nature Conservancy (TNC) and regional government and officially designated a

protected area (Hutan Lindung) in 2013.
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Figure 1.1 Map of Wehea Forest and surrounding logging concessions. Inset
shows Wehea Forest in relation to the island of Borneo.

In 2009, during my first trip to Wehea, | was approached by the kepala adat (i.e.
chief of the village), Ledjie Taq, and asked if our NGO would consider helping his
community in protecting Wehea Forest. He was worried about the capacity of his
community to manage the forest given that TNC had stopped their activities in Wehea to
focus on their REDD+ projects in another part of East Kalimantan. We agreed to help
and this led to a number of studies organized or led by myself and others on the
ecological and social dimensions of the Wehea SES. In addition, and in collaboration
with the community, we organized economic development projects, environmental
education activities, and university field courses, supported university scholarships,
coordinated outreach opportunities and provided training and support to Wehea Forest

Guardians.

Although we had some great achievements, some of which are highlighted in this
thesis, we also faced tremendous challenges. Wehea and the forests surrounding it are
a biodiversity “hotspot” and home to some of the most charismatic and endangered
species on the island, three of which are discussed in some detail in this thesis.
However, this region of East Kalimantan is also characterized by extreme anthropogenic

disturbances including deforestation and rapid development for oil palm plantations, coal



and gold mines. There is a large population of “transmigrants” from other areas of
Indonesia who were resettled by the Indonesian government and who feel that standing
forest areas are “wasted and unused land.” Competition for resources between local
communities is fierce and there is a “development fever’ that pervades the district. In
addition, there is heavy investment in development projects from foreign governments
and multi-national companies. In this thesis, | will draw conclusions that are based on
the scientific knowledge | gained during my 4 years of doctoral research in Wehea
Forest and also from my personal experience of working with the Wehea Dayak from
2009 to 2014. | hope that both this knowledge and experience contributes to the debate
about how protection of biodiversity can and should occur in specific places and also to

the conservation of charismatic endangered species on Borneo.
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Chapter 2.

Discovery of Miller’s Grizzled Langur (Presbytis
hosei canicrus) in Wehea Forest confirms the
continued existence and extends known
geographical range of an endanged primate

This chapter was previously published in the article “Discovery of Miller's
Grizzled Langur (Presbytis hosei canicrus) in Wehea Forest confirms the
continued existence and extends known geographical range of an
endangered primate”, co-authored by Lhota, S., Loken, B.R., Spehar, S.,
Fell, E., Pospech, A., and Kasyanto, N. in the American Journal of
Primatology and has been reprinted with permission from © 2012 Wiley
Periodicals, Inc. | authored the majority of the text and exclusively
completed and authored the data analysis, tables and figures. In addition,
I conducted the fieldwork that made the initial discovery.

Abstract

Miller's Gizzled Langur (Presbytis hosei canicrus) is one of the least known and
rarest primates in Borneo. With a limited geographic range along the central coast of
East Kalimantan and the highly degraded Kutai National Park its former stronghold, this
subspecies is now extremely rare and has been listed as one of the world’s 25 most
endangered primates. From June 6 to August 2, 2011, we carried out both direct
observation and camera trapping surveys at two mineral springs (sepans) in the Wehea
Forest, East Kutai District, East Kalimantan. P. h. canicrus was observed at the large
sepan on 3 of 6 observation days and at the small sepan on 2 of 3 observation days with
up to 11 individuals observed in a single day at a single site. Camera traps recorded a
per day capture rate of 0.72 at the small sepan and 0.25 at the large sepan and a per
photo capture rate of 0.50 and 0.005 respectively. These data suggest relatively frequent
occurrence of P. h. canicrus at the sepans, but the langurs are rarely encountered

elsewhere in the Wehea Forest. The discovery of P. h. canicrus in the Wehea Forest
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confirms the continued existence of this endangered primate and is the first solid
evidence demonstrating that its geographic range extends further inland than previously
thought. It is not known whether the population of P. h. canicrus within Wehea Forest is
large and stable enough to be considered viable but it is likely part of a larger population
that may possibly occur across surrounding protected forests and logging concessions.
Surveying this potentially large population, and securing its protection, should be a

priority measure for ensuring the continued existence of P. h. canicrus.

Introduction

Miller's Grizzled Langur (Presbytis hosei canicrus), also known as Miller's
Grizzled Surili, is one of the rarest primates in Borneo. Until recently, it was known only
from two areas along the central coast of East Kalimantan province, Indonesia:
Sangkulirang Peninsula (Mt. Talisayang and Karangan River) and Kutai National Park
(Payne et al., 1985). Rodman (1978) calculated the population density of P. h. canicrus
in the Mentoko study area of Kutai National Park as 20.4 individuals/km?, which is
relatively high for a Presbytis langur species in Borneo. To our knowledge, this has been
the only attempt to estimate the population density for P. h. canicrus. In 1982-83 a
prolonged El Nifio and resulting drought prompted catastrophic forest fires that burned
most of Kutai National Park, including Mentoko. The langur was observed in Kutai after
the fire (Suzuki, 1984) but the park experienced several additional fires, human
encroachment and continued forest degradation in following years. By the end of 1998,
only about 5% of the primary forest in Kutai National Park remained, and much of the
secondary forest has been converted into agriculture, mining, industry and degraded
land (Dennis & Colfer, 2006). No comparable data on the status of P. h. canicrus in the
Sangkulirang Peninsula was available at that time but forest degradation and land
conversion were also widespread in this area, in addition to hunting pressure (Setiawan
et al., 2009).

Brandon-Jones et al. (2004) were among the first to express concerns that P. h.
canicrus might have gone extinct. In 2006, the subspecies was listed as one of the 25
most threatened primates (Brandon-Jones, 2006), which significantly increased interest

in this primate. In 2008, Arif Setiawan and his colleagues conducted the first focused
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survey across the known geographical range of P. h. canicrus, including both Kutai
National Park and Sangkulirang Peninsula (Setiawan et al., 2009). The team did not find
evidence for the continued existence of the langur in Kutai National Park. The only solid
evidence of the survival of P. h. canicrus was a single group of five individuals found in a
patch of mangrove forest, surrounded by palm oil plantations, on the banks of the Baai
River, Sangkulirang Peninsula. Local people recently confirmed this single group no
longer exists in the area (Setiawan, pers. Comm., August 2011). In 2010, P. h. canicrus
individuals were sighted, and regularly heard, by Anne Russon and her colleagues in
Kutai National Park, near the original Mentoko research site. In 2011, these langurs
were not seen or heard despite ongoing research activities at the field station (Russon,

pers. comm., August 2011).

P. h. canicrus may still survive both in Kutai National Park and Sangkulirang
Peninsula but populations are likely to be small and fragmented, decreasing its long-
term viability. P. h. canicrus is currently classified as Endangered according to IUCN
Red List criteria, however Nijman et al. (2008) noted the subspecies may be reclassified

once more data on its distribution becomes available.

In this paper, we present evidence that P. h. canicrus does indeed occur in the
forests of central East Kalimantan, west of its previously known geographic range. We
recorded the presence of P. h. canicrus at two mineral springs (sepans) in the Wehea
Forest, East Kutai district, East Kalimantan. We provide preliminary observations on
these two langur groups and argue for more research on the status, ecology and

distribution of this endangered primate.

Methods

Study site

This research was conducted in the Wehea Forest (01°32’46”N, 116°46'43"E) in
East Kutai District, East Kalimantan, Indonesia. Wehea contains 38,000 ha of mostly
undisturbed forest bordered by large tracts of primary and secondary forests classified

as logging concessions. Approximately 30% of Wehea has been selectively logged, with
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the last activity taking place in approximately 1996. Wehea is classified as a logging
concession but paperwork has been submitted to change Wehea’s status to a Protection
Forest (Hutan Lindung). The site has varied topography, containing multiple ridges,
ravines, and runoff streams with elevations varying from 250 m in the east to 1750 m in
the west. Wehea Forest is characterized by lowland dipterocarp and montane forests
with average rainfall amounting to 3000 mm per annum and temperatures ranging from
24 to 35 °C. A dry season typically runs from June to September and the rainy season
is from November to February. At least nine species of nonhuman primates have been
previously reported from the site: the Bornean orangutan (Pongo pygmaeus), Bornean
gibbon (Hylobates muelleri), maroon langur (Presbytis rubicunda), white-fronted langur
(Presbytis frontata), silvered langur (Trachypithecus cristatus), short-tailed macaque
(Macaca nemestrina), long-tailed macaque (Macaca fasicularis), slow loris (Nycticebus

coucang), and the Western tarsier (Tarsius banancus).

18



K )Z bal
| | Wehea Forest oo ke
Bandar Sribegawa "
2\ l‘ promng, 5
/ ki
;guva @n

T} ing Redel
B
- <

4
N

Pontianak P
o

&
Palangkargya
QPalangarya’,

Banjarmasin
o T

Large Sepan

Small Sepan

Road

~N\~~— River

— District Boundary

s ALARESRRRRRRRRLE:

|

Figure 2.1 Location of sepans in Wehea Forest where Miller’s Grizzled Langur
(P.h. canicrus) was observed from June 6-August 2, 2011. Inset
shows location of Wehea Forest on the island of Borneo.

Data Collection

P. h. canicrus groups were observed at two sepans in Wehea Forest (Fig. 2.1)
located a distance of 4.2 km apart, during June-July 2011. In both cases, the data were
collected in two ways: 1) direct observation and photographing and 2) camera trapping.
Direct observations and photographs were collected by observers concealed in blinds.
On days where direct observations were conducted, observers spent 8 - 10 hours in the
blind watching the sepan. When the langur arrived at the sepan the observer noted the
size and composition of the group and photographed all individuals for the purposes of
identification. Camera trap data were acquired by battery-powered motion-triggered

cameras that had been positioned strategically around the sepans.

The larger sepan (approx. 1000 m?) consists of mixed terrain (grass, rock, gravel,
mud, and water pools) with only a few small trees occurring within its borders and a

small stream flowing through the site. Direct observations at the larger sepan were done
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using a small (2.5 x 1.2 x 1.5m) wooden blind with 12 cm tall window slits for
observation. The blind was constructed several years ago so animals are habituated to
the structure. Data was collected from July 3-10, 2011; direct observations were
conducted during 6 days of this study period and camera trapping was done for all 8
days of this study period. Camera trapping data was obtained by two Bushnell Trophy
Cam camera traps, which were positioned on two trees along the perimeter of the sepan
at a height of approximately 80cm. Both camera traps were set to take 3 photos per

trigger.

The smaller sepan (approx. 250m?) is situated beside a small river, on rocky
terrain and contains a small amount of low vegetation. Direct observations of P. h.
canicrus were conducted at this site for 3 days between June 25-29, 2011, and were
done from small temporary blinds. The first blind was constructed a few days before
observation data was collected but was later moved to a more convenient location.
There was no habituation period but the single observer was virtually invisible to the
animals, although the animals may have noted his presence by subtle auditory cues.
Camera trapping was done for 58 days between June 6-August 2, 2011 using two
Reconyx HC 500 camera traps. Camera traps were placed on two trees, located along
the perimeter of the smaller sepan, at a height of 40-60 cm. Both traps were set to take 3
photos per trigger, with the trigger delay varying from 0 to 1 second. Camera trapping
and direct observations were conducted during the same study period and largely

overlapped.

Camera traps in both sepans recorded only animals observed on the ground in
the proximity of the spring itself, while direct observations recorded animals observed on
the ground as well as those that could be viewed in trees from the blinds. For that
reason, group counts are based primarily on observational data when available.
However, observations of group counts and composition were validated by inspections
of the camera trap photographs as well as photographs taken during the observations by
the observers at both sepans. From photographs, we closely inspected the morphology
of genitalia, nipples, and individual differences in coloration to confirm the age/sex
categories of the individual animals and to minimize the risk of double counting the same
individuals. The maximum group counts from the camera trap photographs were also

taken in consideration.
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All research conducted was in compliance with American Journal of Primatology
guidelines for the ethical treatment of nonhuman primates, was approved by the Ethical
Commission of the Faculty of Science of University of South Bohemia for Treatment of
Laboratory Animals, and adhered to Indonesian legislation. Research permits were

approved by the Indonesian Ministry of Research and Technology (RISTEK).

Analysis

We analyzed our observational and camera trap data in order to determine how
often P. h. canicrus visited each of the sepans, and how frequently they visited the
sepans relative to other animals. The per day capture rate was calculated as the total
number of days the langur was captured by camera trap in each sepan divided by the
total number of camera trapping days at each location. The frequency of visits to the
sepan by the langur was calculated as the per photo capture rate: the number of P. h.
canicrus camera trap photos divided by the total camera trap photos. The average
number of individuals per photo was calculated by counting P. h. canicrus individuals in
each capture event (3 pictures/trigger) divided by the total number of capture events.
Presence rate was used to add some behavioral information and to standardize
differences in length of observation days, and was calculated by dividing the total time
when P. h. canicrus was present at the sepan by the total time when the observer was
present. The number of individuals present at the sepan was calculated from the direct
observation data for each observation day. These counts may be but need not be

identical to the size of the entire group.

Results

Tables 2.1 and 2.2 provide the respective summary data on the direct
observations and camera trapping of P. h. canicrus and other primates at both sepans.
At the large sepan, P. h. canicrus was observed on 3 out of 6 days. On July 3rd, 3
individuals were counted, including 2 adult females and 1 adult or subadult langur of
unknown sex. On July 9th, 11 individuals were counted, including 1 adult male, 3 adult
females with infants, 1 adult female without infant, 2 adults of unknown sex, and 1 large

juvenile or subadult of unknown sex. On July 10th, only 2 individuals were observed, 1
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subadult of unknown sex and 1 large juvenile or subadult of unknown sex. Both of these
langurs were observed alone, as the second langur appeared at the sepan 52 minutes

after the first individual went out of sight.

The camera trapping data from the large sepan occurred simultaneously to and
is largely redundant with respect to the observational data. However on July 4th, one
langur was photo-captured but not observed and on July 10th, two individuals were
observed at the sepan but none was photocaptured. Both data sets are included for

comparison and methodological consideration.

A total of 1279 photographs were taken from the large sepan during 8 camera
trapping days. The per photo capture rate was very low, 0.005, which is much less than
for some other mammals at this sepan, notably the sambar deer. During the 8 day study,
P. h. canicrus was photo-captured only on July 3rd and July 4th and only one langur was
captured in each photograph. The per day capture rate is relatively high, 0.25, showing
that the langurs visited the sepan frequently but did not spend much time in its

immediate proximity.
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Table 2.1

Direct observation of Miller’s Grizzled Langurs (P.h. canicrus) and other primates at sepans in Wehea Forest
in June — July 2011.

Days P. h. canicrus Hours P. h. canicrus Avg # indiv . . ,
Location observed (total days present (total observed (min, P. h. canicrus Z h. cant/crus pter Other primates iper day
spent at sepan ) observation hours) max) presence rate ay capture rate capture rate)
g?pa;n 2(3) 5.83 (28) 3.5(3,4) 0.21 0.67 M. nemestrina (0.33)
Large P. pygmaeus (0.50)
Sepan 3 (6) 1.6 (56) 5.3(2,11) 0.03 0.50 P. rubicunda (1.00)
Table 2.2 Camera trapping results for Miller’s Grizzled Langur (P.h. canicrus) and other primates at sepans in Wehea
Forest from June 6 — Aug 2, 2011.
thal #P.h. Days P. h. canicrus Avg # . . .
Location canicrus photos visited sepan (total indiv/ohoto P. h. canicrus per photo | P. h. canicrus per day Other primates (per day
(total # camera trap P ip capture rate capture rate capture rate)
camera trap days) (min, max)
photos) p day ’
Small P. pygmaeus (0.05)
Sepan 4124 (8184) 42 (58) 230(1,7) 0.50 0.72 P. rubicunda (0.29)
M. nemestrina (0.02)
Large P. pygmaeus (0.25)
Sepan 6 (1279) 2(8) 1.0(1,1) 0.005 0.25 P. rubicunda (0.50)
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At the small sepan, P. h. canicrus was observed on 2 out of 3 observation days.
On June 27th, we observed 4 animals, including 1 adult male, 1 adult female with infant,
and 1 subadult animal of unknown sex. On June 29th, 3 animals were observed,
including 1 adult male, 1 adult female and 1 subadult animal of unknown sex. Inspection
of photographs indicates the group observed on the 29th was most likely the same

individuals observed on June 27th, although the infant was not seen on the 29th.

A total of 8184 photographs were taken from the small sepan during 58 camera
trapping days. With a per photo capture rate of 0.50 and a per day capture rate of 0.72,
P. h. canicrus was the most frequently photo-captured mammal at the smaller sepan.
The average number of individuals per photo was 2.30; the maximum number of 7
individuals from camera trap photos was more than the maximum number of langurs

directly observed at the small sepan.

Other primates directly observed or photographed by camera traps at both
sepans include the Bornean orangutan (Pongo pygmaeus), maroon langur (Presbytis
rubicunda) and short-tailed macaque (Macaca nemestrina). The per day capture rate for
other primates at the small sepan was less than P. h. canicrus, although at the large
sepan the per day capture rate for other primates was equal to or greater than P. h.

canicrus.

Discussion

Discovery of Miller's Grizzled Langur (Presbytis hosei canicrus) in the Wehea
Forest confirms the continued existence of this endangered primate and is the first solid
evidence demonstrating that its geographic range extends further inland than previously
thought. As this subspecies (which should perhaps be elevated to the species level
(Meijaard & Groves, 2004) appears to be on the brink of extinction within its previously
known geographic range, finding new populations and expanding the known distribution
of P. h. canicrus is of utmost importance for determining the conservation status and

securing the future of this endangered primate.

24



As is likely true for remnant popoulations in Kutai National Park and Sangkulirang
Peninsula, our study suggests the population density of P. h. canicrus in Wehea Forest
is very low. The high frequency of sightings at the sepans does not necessarily suggest
a high abundance of the langurs. The sepans appear to be key resources for primates
and other wildlife within the forest, and may be used disproportionally compared to other
habitat. Unpublished observations at the large sepan suggest it has been used regularly
by P. h. canicrus for many years. Rustam (in press) camera trapped the langurs at the
large sepan in 2008, and Gabriella Fredriksson (pers. comm.) observed, photographed
and video recorded one group at the large sepan in August 2010. No long-term data yet

exist for the small sepan, which was discovered only recently.

At present, the two sepans in Wehea Forest are the only locations where P. h.
canicrus is known to be observed regularly. Sepans should therefore be considered
priority spots for further survey of these langurs in Wehea and other forests within their
potential geographical range. Furthermore, the tendency of the langurs to remain in the
trees surrounding both sepans for extended periods of time and high frequency of visits
makes it possible to collect data on the behavior and ecology of this cryptic primate.
Preliminary results from this study indicate possible differences in the use of the two
sepans by P. h. canicrus, including not only the frequency and length of visits but also
the number of group members that descend to the ground and approach the sepan, as
indicated by differences in the presence rate, per photo capture rate and the average
number of individuals per photo. However, this may also be partially explained by the
large difference in camera trapping effort between the two sepans and the placement of
camera traps. Results also indicate possible differences in the frequency of use of the
two sepans by P. h. canicrus and other primates. Futher investigation on the potential
differences in the use of the two sepans by P. h. canicrus and frequency of use by other
primates, may shed light on the ecology and behavior of this little known primate and

make future surveys more efficient.

No other sepans have been located in Wehea Forest so far and only one other
sighting of P. h. canicrus outside the two sepans has been confirmed since 2004. This
sighting, by Larissa Salaki (pers. comm.) in 2011, was of at least 2 adults and one infant.
The langurs have not been sighted on any other occasions despite an intensive study on

the ecology and behavior of sympatric Maroon Langurs that began in 2009 and is still
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ongoing. Ex-hunters have indicated numerous sepans exist in Wehea, making search for

additional sepans in Wehea a priority.

Although our study has extended the current geographical range for P. h.
canicrus, we emphasize this does not ensure the survival of this subspecies. Loss of
habitat and hunting pressure are the two greatest challenges facing the survival of P. h.
canicrus. However, efforts to protect the Wehea Forest have substantial buy-in from the
local community. In 2004, the Wehea Dayak declared the Wehea Forest, ‘protected land’
under customary ‘adat’ law, prohibiting the cutting of trees, starting of fires and
harvesting of plants and animals from the forest. The site is currently co-managed by the
local Wehea Dayak community and the Wehea Management Body, a multi-stakeholder
governing body consisting of the regional East Kutai government, NGO’s, private
companies and universities and the forest is patrolled by a team of Wehea Dayak

rangers.

It is not known whether the population of P. h. canicrus within Wehea Forest is
large and stable enough to be considered viable. But Wehea Forest is still contiguous
with other large forested areas along its borders. Some of these forests have protected
status, but others are exploited as logging concessions for selective timber extraction.
Together with the Wehea Forest, they represent a continuous area of at least 180,000
ha of suitable primate habitat, and very likely accommodate a viable population of P. h.
canicrus (as well as other threatened primate and wildlife species). If logging is
sustainably managed, hunting kept under control, and further expansion of palm oil
plantations into the abandoned logging concessions halted, this forest block could
provide hope for the long-term survival of P. h. canicrus. These forests should be

considered a priority area for future surveys for the subspecies.

Discovery of a potentially viable population of P. h. canicrus in and around
Wehea Forest should not undermine efforts to protect the subspecies in its formerly
known geographic range. Although very rare, P. h. canicrus still appears to persist in its
former stronghold of Kutai National Park, the only area where this langur was reported to
occur at relatively high densities (Rodman, 1978). Although these populations no longer
exist at these densities, primarily due to the great fires of 1982-3 and 1997-8, the

carrying capacity of burned forest in Kutai National Park may increase if forests are
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allowed or encouraged to regenerate. The possible recovery of P. h. canicrus in Kutai
National Park should therefore be monitored and the status of the remaining population
in the Sangkulirang Peninsula should be validated through thorough surveys before

abandoning these potentially viable conservation causes.
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Chapter 3.

Terrestriality in Bornean Orangutan (Pongo
pygmaeus morio) and implications for their ecology
and conservation

This chapter was previously published in the article “Terrestriality in
Bornean orangutan (Pongo pygmaeus morio) and implications for their
ecology and conservation”, co-authored by Loken, B., Spehar, S.,
Rayadin, Y. in the American Journal of Primatology and has been
reprinted with permission from © 2013 Wiley Periodicals, Inc. | authored
and completed the majority of the text and data analysis and exclusively
authored the tables and figures. | conducted the fieldwork for this
research.

Abstract

Aside from anecdotal evidence, terrestriality in orangutans (Pongo spp.) has not
been quantified or subject to careful study and important questions remain about the
extent and contexts of terrestrial behavior. Understanding the factors that influence
orangutan terrestriality also has significant implications for their conservation. Here we
report on a camera trapping study of terrestrial behavior in the northeastern Bornean
orangutan, Pongo pygmaeus morio, in Wehea Forest, East Kalimantan, Indonesia. We
used 78 non-baited camera traps set in 43 stations along roads, trails and at mineral
licks (sepans) to document the frequency of orangutan terrestriality. Habitat
assessments were used to determine how terrestrial behavior was influenced by canopy
connectivity. We compared camera trapping results for P. p. morio to those for a known
terrestrial primate (Macaca nemestrina), and another largely arboreal species (Presbytis
rubicunda) to assess the relative frequency of terrestrial behavior by P. p. morio. A
combined sampling effort of 14,446 trap days resulted in photographs of at least 15
individual orangutans, with females being the most frequently recorded age sex class (N

= 32) followed by flanged males (N = 26). P. p. morio represented the second most
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recorded primate (N = 110 total records) of seven primate species recorded. Capture
scores for M. nemestrina (0.270) and P. p. morio (0.237) were similar and almost 7 times
higher than for the next most recorded primate, P. rubicunda (0.035). In addition, our
results indicate that for orangutans, there was no clear relationship between canopy
connectivity and terrestriality. Overall, our data suggest that terrestriality is relatively
common for the orangutans in Wehea Forest and represents a regular strategy
employed by individuals of all age-sex classes. As Borneo and Sumatra increasingly
become characterized by mixed-use habitats, understanding the ecological requirements

and resilience in orangutans is necessary for designing optimal conservation strategies.

Introduction

Orangutans are only found on the islands of Borneo and Sumatra and exhibit
considerable geographic variation in their biology and behavior (Wich et al., 2009).
Orangutans are divided into two closely related species, the Bornean orangutan (Pongo
pygmaeus) and Sumatran orangutan (Pongo abelli) (Groves, 2001). Bornean
orangutans are further divided into three subspecies (the northwestern Bornean
orangutan, Pongo pygmaeus pygmaeus; the central Bornean orangutan, Pongo
pygmaeus wurmbi, and the northeastern Bornean orangutan, Pongo pygmaeus morio)
(Groves, 2001). This geographic variation is thought to reflect adaptations to different
ecological conditions across Borneo and Sumatra (e.g., Marshall et al., 2009; Taylor &
van Schaik, 2007; van Schaik et al., 2009; Wich et al., 2012), with the forests of eastern
Borneo generally recognized as the most resource-scarce and of the lowest quality in
the region. The northeastern Bornean orangutan subspecies, P. p. morio, seems to have
developed adaptations to these conditions of extreme scarcity (e.g., smaller brain size, a
shorter interbirth interval, more robust jaws) (Singleton et al., 2009; Taylor, 2006; 2009;
Taylor & van Schaik, 2007; van Schaik et al., 2009), and some have suggested these
adaptations may even increase the resilience of P. p. morio to anthropogenic habitat
disturbance (Husson et al., 2009; Marshall et al., 2009).

Both species of orangutan are described as predominantly arboreal (e.g., Thorpe
& Crompton, 2009). However, one significant behavioral difference that has been noted

between the species is in the amount of terrestriality exhibited. Terrestriality appears to
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be rare among Sumatran orangutans, possibly due to the presence of a large ground
predator, the Sumatran tiger (Panthera tigris sumatrae) (Cant, 1987; Sugardjito & van
Hooff, 1986; Manduell, pers. comm., April 2013). In contrast, terrestriality has been
reported from several well-studied Bornean orangutan populations. This behavior seems
to be most common in flanged adult males (Delgado & van Schaik, 2000; Galdikas,
1979; MacKinnon, 1974; Rodman, 1979; Tuttle, 1986; ME. Harrison, pers. comm., April
2013; Manduell, pers. comm., April 2013; AJ. Marshall, pers. comm., April 2013; Oram,
pers. comm., April 2013). The contexts of terrestrial behavior appear to be obtaining
food resources (e.g., fallen fruit, shoots, soil; MacKinnon, 1974) or traveling. In oil palm
concessions, orangutans have been seen coming to the ground to eat young oil palm
fruit and in mining concessions and oil palm and Acacia plantations, orangutans have
been observed moving on the ground between fragmented forest patches (Rayadin,
unpublished data). Some researchers report that flanged males spend a substantial
amount of time traveling on the ground (MacKinnon, 1974; ME. Harrison, pers. comm.,
April 2013; Manduell, pers. comm., April 2013; AJ. Marshall, pers. comm., April 2013),
possibly because their large body size makes it more energetically efficient for them to

travel long distances on the ground rather than in the trees (Cant, 1987).

Unflanged males and females, particularly females with infants, are generally
reported as being reluctant to come to the ground and thus exhibit terrestrial behavior far
less often. However, this pattern may not be universal. Females have been seen coming
to the ground to utilize resources, such as water sources and termites (Manduell, pers.
comm., April 2013; Oram, pers. comm., April 2013). MacKinnon (1974) noted that
females and juvenile P. p. morio sometimes traveled briefly on the ground at Ulu
Segama in northeastern Borneo, and Manduell et al. (2011) noted that at Sabangau in
southern Borneo (P. p. wurmbii), “sub-adult males and adolescent females have also

been observed occasionally to travel substantial distances over the ground” (p. 349).

Despite these anecdotal observations, the degree of terrestriality in Bornean
orangutans has not been systematically studied and important questions about the
contexts and determinants of orangutan terrestriality remain. Is this behavior confined to
large-bodied flanged males, or are smaller-bodied individuals (e.g., unflanged males and
females) also frequently terrestrial (cf Manduell et al., 2011)? Across age-sex classes, is

terrestriality generally confined to short trips to the ground to acquire resources or do
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individuals frequently travel on the ground? Do individuals mainly employ terrestrial
behavior in areas with poor canopy connectivity (Oram, pers. comm., April 2013;
Rayadin, unpublished data) or is this behavior employed in a variety of habitat types? An
important factor influencing terrestriality is likely energetics; terrestrial locomotion could
be more energy efficient, particularly for large individuals traveling over long distances,
and thus increase foraging efficiency (Cant, 1987). However, the determinants of
terrestriality in orangutans are difficult to elucidate without quantitative information about
the ecological contexts in which this behavior is employed. Locomotion and habitat use
are critical components of a species’ ecology, and understanding terrestriality in
orangutans has important implications for understanding their behavioral adaptations
and strategies under different environmental conditions. This information can be
integrated into comparative studies that will allow us to understand how differences in
habitat quality and other environmental factors have shaped the morphology and

behavior of orangutans across their geographic range (van Schaik et al., 2009).

One reason there are few quantitative data on orangutan terrestriality may be
that the presence of observers (required for long-term behavioral study) inhibits
terrestrial behavior (Cant, pers. comm., March 2013; Oram, pers. comm., April 2013).
Camera traps offer a possible alternative for studying at least some aspects of the
behavior of these elusive apes. This technology has been used extensively to study
population density and abundance of elusive mammals (e.g., Kawanishi & Sunquist,
2004; Kays & Slauson, 2008; Treves et al., 2010; O’Connell et al., 2011; Wilting et al.,
2012). If deployed properly they can also provide information about habitat use and
behavior without requiring behavioral follows of study animals, as has been
demonstrated by a number of recent studies with primates (e.g., Head et al., 2012;
Olson et al., 2012; Pebsworth et al., 2012; Tan et al., 2013).

Here we report on a camera trapping study of terrestrial behavior in the
northeastern Bornean orangutan, P. p. morio, in Wehea Forest in East Kalimantan,
Indonesia. The aim of this study was to shed light on the causes and possible
determinants of terrestrial behavior in P. p. morio by collecting quantitative data on the
frequency of terrestriality by different age-sex classes and on the behavioral and

ecological contexts in which terrestriality occurs. Clarifying the degree and contexts of
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orangutan terrestriality and the capacity for ecological flexibility is also crucial for

designating priority habitat and designing optimal conservation management plans.

Methods

Study site

Wehea Forest (01°32’46”N, 116°46’43"E), located in East Kutai District, East
Kalimantan, Indonesia, contains 38,000 ha of mostly undisturbed forest bordered by
large tracts of primary and secondary forests currently classified as logging concessions.
Wehea Forest is within a logging concession, but this concession is currently inactive
and all logging ceased in the mid-1990s. Old logging roads, which have not been
maintained since logging stopped in the forest, are very overgrown but still exist and
were utilized for this study. Wehea Forest is currently protected by an agreement
between a local community and the local government, and paperwork has been

submitted to change its status to a Protection Forest (Hutan Lindung).

The site has a varied topography, characterized by steep ravines, multiple ridges
and runoff streams. Elevations vary from 250 m in the east, where the main logging
activity took place, to 1750 m in the west, where the primary forest occurs. Wehea
Forest is characterized by lowland Dipterocarp, sub-montane and montane forests with
mean total annual rainfall amounting to 3000 mm and a mean 24 h temperature of 27
°C. A dry season typically runs from June to September and the rainy season is from
November to February. Wehea Forest lies within a center of richness for primate species
(Meijaard & Nijman, 2003) and ten species of nonhuman primates have been previously
reported from the site: the northeastern Bornean orangutan (Pongo pygmaeus morio),
Bornean gibbon (Hylobates funereus), red langur (Presbytis rubicunda), Miller's grizzled
langur (Presbytis hosei canicrus), white-fronted langur (Presbytis frontata), silvered
langur (Trachypithecus cristatus), pig-tailed macaque (Macaca nemestrina), long-tailed
macaque (Macaca fasicularis), slow loris (Nycticebus coucang), and the Western tarsier
(Tarsius banancus). Research is currently underway in Wehea Forest to estimate

population densities for P. p morio, H. funereus, P. rubicunda and P.h. canicrus.
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Camera traps

In March 2012, 68 non-baited cameras were set in pairs, or stations, along old
logging roads, trails, and at one mineral lick (sepan). This station array covered an
approximate area of 80 km? (Fig. 3.1). The cameras used were Bushnell Trophy Cams
(N =60) and Reconyx HC500 (N = 8) cameras. An additional 10 Bushnell Trophy Cams
were added in May, seven set along roads and three at a second sepan, bringing the
total number to 78 cameras set across 43 camera trap stations and resulting in a
sampling effort of 14,446 trap days. All cameras remained at the same locations until
this study concluded in October 2012.
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Figure 3.1 Location of camera-trap stations in Wehea Forest. Insert shows the
location of Wehea Forest on the island of Borneo.

Of the 43 camera trap stations used from May onwards, five were located along
trails, two at sepans, and the remaining 36 along old logging roads. All cameras were
placed on trees ~50 cm from the ground and fitted with a plastic cover above and a bed
of leaves below to protect against rain and mud. Each camera was set to take three
pictures per trigger, with a reset time of one second. Cameras were checked a total of
three times, in the middle of May, the beginning of July and again in October, at the

conclusion of the study. At each visit, non-functioning cameras were replaced with new
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cameras, batteries were changed and the SD card storing the photos was removed from

the camera and replaced by a new card.

Camera trap analysis

All photos of primates taken from March-October 2012 were first categorized by
species. We then analyzed these photographic records to determine how often P. p.
morio were photographed relative to other primates on 1) trails and old logging roads 2)
at sepans and 3) in both areas. We examined the use of trails and roads separately from
use of sepans (mineral licks) because sepans are areas largely devoid of trees and
primates must descend to the ground to use these areas. Furthermore, primates are
known to use sepans to supplement minerals in their diet by drinking the mineral rich
water (Blake et al., 2010; Lhota et al., 2012, Matsubayashi et al., 2007; 2011).

The number of records of each species was calculated as the number of photos
taken with >1 hr. interval between photos at each station. If an individual/species was
seen at a station multiple times within an hour, this was treated as 1 record. The percent
of primate records represented by each species was calculated from the total records
(road + sepan) and from all stations (N = 43). A capture score for each primate was
computed from the percent of total stations (e.g. 28 of 43 total stations recorded M.
nemestrina) that recorded a given primate multiplied by the percent of total records
represented by that primate (e.g. 113 M. nemestrina records out of 302 total primate
records). A relative encounter score was based on the relative encounter rate for each
species. Encouter rates were calculated by asking a set of well-trained field assistants
and researchers (N = 6) to rank each primate species with a number that reflected how
often they perceived encountering each species in Wehea Forest. Each field assistant
and researcher spent at least 500 hours in Wehea Forest conducting primate behavior
and survey research between 2010-2012 and were not affiliated with this camera
trapping study. The final rank of each species was then calculated as the mean of
scores for that primate given by all participants. This is meant only as a rough estimation

of the relative abundance of primate species in Wehea Forest.

The number of different P. p. morio individuals captured was determined by

carefully studying and comparing all photographs of P. p. morio (N = 658). These
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determinations were completed by an observer experienced in identifying wild primate
individuals based on variation in physical appearance (Spehar). Records (sets of
photographs from the same capture) were first divided into age-sex class categories
(flanged male, unflanged male, female with juvenile, female without juvenile, juvenile,
adult of indeterminate sex) based on external genitalia if visible, secondary sexual
characteristics (cheek flanges, throat pouch, cape of hair on back, elongated nipples),
and body size and shape. Photographs were then examined for cues to individual
identity, noting characteristics for each of the following categories: body size; hair color
and quality (e.g., thick, thin, any bald patches); facial features (prominance of brow
ridges; prognathism; angle and size of nostrils and mouth; overall shape of face; etc.),
shape of hair on head, and any other identifying featres (e.g., elongated nipples, marks
or scars, distinctive body posture). If the individual’s face and/or some other clearly
identifying mark (e.g., a distinctive injury) was not visible in a photograph, we did not
attempt to identify that individual. After this initial assessment was performed,
photographs were placed side-by-side for comparison to determine if the same individual
had been captured at multiple stations and to ensure that no individual was counted
more than once. This process was completed in its entirety from the beginning two

separate times by Spehar to maximize confidence in the assessment.

Habitat assessment and analysis of terrestriality

In order to determine how terrestrial behavior was influenced by canopy gaps we
measured and rated canopy connectivity for each camera trap station. For this and other
analyses related to orangutan terrestriality, we compared our results for orangutans to
those for two other primate species: M. nemestrina, a species that is known to be largely
terrestrial (Caldecott, 1986) and P. rubicunda, a species that is primarily arboreal but is
ocassionally seen on the ground (Spehar, unpublished data). These two species were
incorporated into our analysis because they allow us to assess how frequently
orangutans use the ground relative to other known terrestrial and arboreal primates, and

thus draw conclusions about the extent of P. p. morio terrestriality in Wehea Forest.

Canopy connectivity was assessed in the area 5 m on either side of each camera
trap and directly between each paired camera trap at each station by a single observer

(Loken). Habitat characteristics such as the presence of boughs, branches or lianas of
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sufficient size to be used by primates for crossing gaps were recorded and a canopy
connectivity rating was created based on visual estimates of the minimum distance
measured between these support attributes (Manduell et al., 2011; 2012; Thorpe &
Crompton, 2006; Thorpe et al., 2007). Pictures were taken of the canopy from various
angles at each camera trap station and cross referenced with notes to determine a final

connectivity rating of low, medium or high for each station (Table 3.3).

Canopy connectivity ratings of low (gap size 5-9 m), medium (gap size 3-5 m),
and high (gap size 0-3 m), were based on the observed ability and frequency of H.
muelleri, P. pygmaeus and M. fascicularis to cross openings in the canopy of various
sizes (Cannon & Leighton, 1994; Manduell et al., 2012). Our canopy connectivity rating
of low was based on Cannon & Leighton’s (1994) observation of a maximum gap
crossing of 9 m by H. muelleri and that gaps of 5-9 meters were crossed in each layer of
the canopy. Based on extensive behavioral observations of P. rubicunda and P. h.
canicrus in Wehea Forest (Spehar, unpublished data) we believe that P. rubicunda, P. h.
canicrus and P. cristata would be able to cross similar distances to H. funereus.
Connectivity ratings of medium and high were based on Cannon & Leighton’s (1994)
maximum gap crossing widths for M. fascicularis (3.5 m) and Manduell et al.’s (2012)
mean observed gap crossing sizes (0.96 — 2.59 m) for various P. pygmaeus age/sex
classes respectively. All stations were located along old logging roads and trails and had
canopy support attributes of sufficient size for primate gap crossing and a gap width less
than 9 m.

We then calculated a “ground use” score as a measure of how often P. p. morio,
P. rubicunda, and M. nemestrina, were terrestrial at camera trap stations located along
old logging roads and trails with different canopy cover and connectivity. Ground use
scores were computed for each of our three canopy connectivity ratings using the
variables “station success”, “record success”, and “station proportion.” Station success
was computed from the percent of stations that recorded the species for a given
connectivity rating, while record success was computed as the percent of total species
records for a given connectivity rating. The multiplied result was then divided by station
proportion, the percentage of total stations in a connectivity category, to obtain the
ground use score. This score reflects the chance of recording the species at an

individual camera trap in a particular canopy connectivity category, as well as the
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capture rate of species at camera traps located in a particular connectivity category. We
should note that our ground use score may reflect not only the relative ground use by
each species but also the relative abundance of each species within that particular
canopy connectivity category. Therefore, comparison across species should be treated

with some caution.

Results

A total of 2149 primate photos were taken on old logging roads, trails and at
sepans in Wehea Forest between March and October 2012 (Table 3.1). A total of 302
independent records of primate species were recorded on both roads/trails and at
sepans, and 218 records were recorded on roads/trails only. M. nemestrina was the
most frequently photographed primate in Wehea Forest (N = 113 records) and was
recorded at 31 of 43 stations while P. p. morio was the second most photographed
primate (N = 110 records) and was recorded at 28 of 43 stations. When considering only
records from roads/trails, M. nemestrina accounted for 49.5% of primate records (N =
108 records) and P. p. morio accounted for 34.9% of primate records (N = 76 records).
However when considering records from roads/trails and sepans, the number of records
for M. nemestrina (N = 113 records, 37.4%) and P. p. morio (N = 110 records, 36.4%)
were similar and by far the most frequently captured primate (Table 3.1, Fig. 3.2).
Capture scores for M. nemestrina (0.270) and P. p. morio (0.237) were also similar and
almost 7 times higher than the primate with the next highest capture score, P. rubicunda
(0.035) (Table 3.1). The two primates with the highest relative encounter scores were P.
rubicunda (1.33 = 0.19) and H. funereus (1.67 + 0.19) while M. nemestrina (5.33 + 0.47)
had the second lowest relative encounter score. There was not a significant correlation
between our capture and relative encounter scores (Spearman rank correlation, n =7, rs
=0.14, p > 0.05).
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Table 3.1 Camera trapping results for all primates recorded along roads and at sepans in Wehea Forest from April to

October 2012.
. C Total Road only | Total records % of total Capture Relative
Species Scientific name
photos records (road + sepan) records score encounter score
Pig-tailed macaque Macaca nemestrina 1054 108 113 374 0.270 533 £0.47
Pongo pygmaeus
Orangutan morio 658 76 110 36.4 0.237 433+ 056
Red langur Presbytis rubicunda 171 19 38 12.6 0.035 1.33+£0.19
Miller's grizled langur | FreSPytis hosei 168 0 26 86 0.004 575+ 057
canicrus
Long-tailed macaque Macaca fascicularis 84 8 8 2.6 0.002 5.00 £ 0.42
Bornean gibbon Hylobates funereus 13 6 6 2.0 0.0009 1.67 £0.19
White-fronted langur Presbytis cristata 1 1 1 0.3 0.0001 4.58 + 0.61
Table 3.2 Individual P.p. morio records for each age/sex class and numbers of confirmed individuals along roads and at
sepans.
Age/Sex Class No'. of.cgnflrmed Total records Road only records % of road only records
individuals (road + sepan)
Flanged male 5 46 26 34.2
Unflanged male 4 25 11 14.5
Female without juvenile 2 10 10 13.2
Female with juvenile 4 22 22 29.0
Juvenile of indeterminate 5 5 6.6
sex
Adult of indeterminate sex - 2 2 2.6
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Table 3.2 provides the summary data of individual orangutan records for this
study. Flanged males were recorded on old logging roads and trails the most frequently
of all individual age sex classes (N = 26 records); however, when all females are
considered together (females with juveniles and females without juveniles), they were
recorded on old logging roads and trails more than flanged males (N = 32 records).
Flanged males represented the most frequently recorded age/sex class at the sepans (N
= 20 records) with young males representing the second and only other age/sex class
photographed at sepans. The minimum number of separate individuals recorded (that
could be identified with 100% confidence) was 15. However, individuals could be

identified for only 75 out of 112 or 67% of records.
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Figure 3.2 Percent of total records for each primate species recorded along
roads/trails and at sepans in Wehea Forest from March to October
2012
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For all species examined (P. p. morio, P. rubicunda, M. nemestrina), ground use
scores across the different canopy connectivity categories (low, medium, and high) did
not differ significantly (Fig. 3.3, X*= 0.27, df = 4, p = 0.99), suggesting that we were not
significantly more likely to capture a species in one canopy connectivity category than
another. However, some differences in patterns between species can be detected; M.
nemestrina were more likely to be captured in areas with a canopy connectivity rating of
high (N = 12 stations), while P. p. morio and P. rubicunda were more likely to be
captured in areas with a canopy connectivity rating of medium (N = 11 stations). In
addition, we recorded a large difference in the ground use score between P. p. morio
(0.472) and M. nemestrina (0.973) in areas with a canopy connectivity rating of high
(Table 3.4, Fig. 3.3).

Discussion

A possible critique of our results is that the differences in capture scores between
species (Table 3.1) do not reflect more or less frequent use of the ground but simply
differences in abundance between species in Wehea Forest. Although abundance
certainly influences how frequently species are captured on camera traps, we believe it
cannot explain all of the differences in capture scores between species in this study. We
do not have absolute abundance and density estimates for the primate species in
Wehea Forest, but after over three years of intensive work with the primate community
at the site (Spehar, unpublished data) we are able to make broad statements regarding
the relative encounter rates of the different species (quantified in our relative encounter
score for each species). We found that the relative encounter score and the capture
score of species are not correlated (Table 3.1), indicating that capture rates were not
determined solely by relative abundance at the site. Some of the species that have the
highest relative encounter scores and appear to be most abundant in Wehea Forest (i.e.,
red langurs and gibbons) had the lowest capture scores, while species that had much
lower relative encouter scores (notably, pig-tailed macaques and orangutans) had the
highest capture scores. It is possible that the elusiveness of species influenced relative
encounter scores (e.g., encounter rates might be exceptionally low for Miller's grizzled
langurs because this species is very cryptic and difficult to spot in a dense forest

environment).
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Table 3.3 Description of canopy connectivity ratings used for analysis of forest structure and terrestriality for P.p.
morio, M. nemestrina, and P. rubicunda in Wehea Forest.

Canopy connectivity rating | Description

Low Low connectivitiy (gap size 5-9 m), P. rubicunda very likely able to cross and P. p. morio and M. nemestrina very likely not able to
cross
Medium Medium connectivity (gap size 3-5 m), P. rubicunda able to cross, P. p. morio possibly able to cross, and M. nemestrina very

likely not able to cross

High High connectivity (gap size 0 to 3 m), P. rubicunda, P. p. morio, and M. nemestrina very likely able to cross

Categories were created using locomotor data provided by Cannon & Leighton’s [1994] maximum and preferred gap crossing widths for H. muelleri (9 m) and M.
fascicularis (3.5 m) and Manduell et al.’s [2012] mean observed gap crossing sizes (0.96 — 2.59 m) for various P. pygmaeus age/sex classes.

Table 3.4 Ground Use scores for P. p. morio, M. nemestrina, and P. rubicunda recorded at camera trap stations with
various canopy connectivity ratings along old logging roads and trails in Wehea Forest.
Species Canopy Total Stations with Station Success Record Success Ground Use score
P connectivity rating records records % stations with records % of total records
P Low 31 13 0.722 0.408 0.671
ongo
pygmaeus Medium 27 6 0.545 0.355 0.722
morio High 18 7 0.583 0.237 0.472
Low 40 1" 0.611 0.370 0.516
Macaca Medium 27 9 0.818 0.250 0.762
nemestrina
High 41 9 0.750 0.380 0.973
. Low 4 0.222 0.368 0.186
Presbytis Medium 3 0273 0.368 0375
rubicunda
High 5 3 0.250 0.263 0.225

42



However, the fact that the two most commonly encountered primates at the site (red
langurs and gibbons) were almost never captured on camera traps indicates that capture
rate does not reflect only abundance but also how frequently that species uses the
ground. It is for this reason that, although we are aware of the inherent limitations of this
study, we feel comfortable making preliminary inferences about orangutan terrestriality

using these data.

Previously, terrestrial behavior in Bornean orangutans was assumed to be
uncommon and generally employed primarily as a means of acquiring resources on the
ground (e.g., MacKinnon, 1974; Manduell, pers. comm., April 2013; AJ. Harrison, pers.
comm., April 2013), although some researchers have described flanged males regularly
traveling on the ground, in some cases for long distances (Galdikas, 1979; AJ. Harrison,
pers. comm., April 2013; Manduell, pers. comm., April 2013; ME. Marshall, pers. comm.,
April 2013; Oram, pers. comm., April 2013). Terrestrial behavior also seemed to be
confined largely to flanged males (Galdikas, 1979; MacKinnon, 1974), although a
handful of anecdotal observations suggested that other age-sex classes also
occasionally travel on the ground (Manduell et al., 2011). The results of our camera
trapping study, which represent the first published attempt to quantify orangutan
terrestriality, show that Bornean orangutans in Wehea Forest are captured via camera
trap on the ground almost as often as the only primarily terrestrial primate found at the
site, the pig-tailed macaque (M. nemestrina), and far more often than other primates in
Wehea Forest that are of equal or greater abundance and known to be largely arboreal
(Table 3.1, Fig. 3.2). Furthermore, our data suggest that terrestrial behavior is not
confined primarily to flanged males whose large body size may cause them to have
trouble finding adequate support in the trees, and who may be less concerned about
predators on the ground, as had been previously suggested (Galdikas, 1979;
MacKinnon, 1974; Rodman, 1979; Tuttle, 1986). Smaller-bodied individuals (e.g.,
females and unflanged males) are also frequently terrestrial (Table 3.2). Interestingly,
our data show that females are terrestrial almost as often as flanged males. The fact that
adult females with young were captured twice as often as females without young is likely
because adult female orangutans will typically always be accompanied by an infant,
rather than any actual differences in ground use between females with and without

infants. Finally, the fact that multiple individuals (at least 15 total) of all age-sex classes
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could be identified from our orangutan camera trap photos demonstrates that these
records do not represent a handful of “rogue” individuals but repeated behavior by
multiple individuals. Overall, our data suggest that terrestriality in the orangutans in
Wehea Forest is not an occasional behavior employed only by certain classes of
individual, but instead represents a regular strategy employed by individuals of all age-

sex classes.

Orangutans are typically arboreal and exhibit many morphological adaptations to
arboreal locomotion (Cant, 1987; Thorpe & Crompton, 2006), which raises questions
about the determinants of the frequent terrestrial behavior in these animals. In areas
where canopy connectivity is poor, orangutans may have no choice but to travel on the
ground, and one might expect that we would see terrestrial behavior far more frequently
in these areas than in others. However, we did not find evidence for a strong relationship
between canopy connectivity and how frequently orangutans were captured on the
ground. Orangutans were captured on the ground most frequently at stations with
medium canopy connectivity rating, followed closely by stations with low canopy
connectivity rating, and least frequently at stations that had a high canopy connectivity
rating (Table 3.4, Fig. 3.3). In addition, there was no significant relationship between
canopy connectivity and how often orangutans were captured on the ground in an area.
This suggests that orangutans are not only terrestrial in areas where they may be forced
to come to the ground due to large gaps in the canopy, but employ terrestrial travel as a
strategy even in areas where it may be possible for them to find pathways for arboreal

travel.

There are likely several interrelated factors influencing these patterns, in
particular the energetic costs and benefits of arboreal vs. terrestrial travel. Orangutans
are the largest arboreal mammal, which presents special challenges to efficient travel in
a complex arboreal environment (Cant, 1987; Thorpe & Crompton, 2006). Orangutans
are also subject to intense energetic constraints; most orangutans live in forests that are
subject to unpredictable and extended periods during which their preferred food, fruit, is
extremely scarce (Marshall et al., 2009). Recent studies have suggested that orangutans
are “low-energy specialists,” (Harrison et al., 2010; Knott, 1998; Pontzer et al., 2010),
exhibiting physiological and likely behavioral adaptations that allow them to conserve

energy and survive these long periods of scarcity. In many cases, traveling on the
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ground may be the most energy-efficient choice for orangutans, even in areas with
relatively continuous canopy. According to Cant (1987), who studied locomotor behavior
of P. p. morio in East Kalimantan, “the ground is certainly continuous, and terrestrial
travel per se is probably less laborious than arboreal travel because of the locomotor
zigs and zags imposed by canopy structure. But a pattern of traveling on the ground and
climbing up and down feeding trees may be costly in locomotor energy expenditure. The
actual costs and benefits of such an alternative are likely to depend on the spatial
distribution of the food patches that an animal uses” (p. 85). It may be that orangutans
travel on the ground frequently in Wehea Forest because it is the most energetically
efficient option, given the distribution of support structures and food resources at the

site.

Our results have several important implications. First, they provide a challenge to
our current understanding of the ecology of Bornean orangutans, suggesting they may
not be as arboreal as has been suggested by previous studies. While we do not suggest
that orangutans do not rely heavily on trees, our results support previous anecdotal
observations that orangutans do travel on the ground and that travel on the ground is not
limited to large flanged males but extends to all age-sex classes. However, we
acknowledge that this study only includes the behavior of orangutans from one study site
and that results may be influenced by uneven age-sex class ratios. Furthermore, our
study subspecies, the northeastern Bornean orangutan (P. p. morio), lives in what is
often regarded as the harshest orangutan habitat (van Schaik et al., 2009). Thus, the
energetic cost-benefits of arboreal vs. terrestrial travel may be different for these
orangutans than for orangutans living in habitats where resources are generally more
abundant. Understanding the extent of terrestriality within the different orangutan
species and subspecies is necessary in order to fully understand how ecology and
phylogeny influence their foraging strategies. Only a broader cross-site comparison of

orangutan terrestriality across their geographic range can resolve these issues.

Second, these results also have possible implications for orangutan
conservation. They suggest that orangutans may be more capable than previously
thought of using landscapes that may necessitate terrestriality (e.g., disturbed habitat
that include substantial canopy gaps and roads). The islands of Borneo and Sumatra,

which encompass the remaining range of wild orangutans, are becoming increasingly

45



chartacterized by mixed-use habitats: a matrix of timber plantations, agro-forestry areas,
mines, and remaining patches of natural forest separated by varying distances of non-
forested habitat (e.g., Meijaard et al., 2011; Wich et al., 2008; 2012). It has long been
assumed that orangutans lack the resiliency to cope with widespread forest degradation,
however, some recent studies (Meijaard et al., 2010) have found unexpectedly high
orangutan densities in landscapes dominated by human activity (e.g., forestry and palm
oil plantations), and have even observed orangutans moving extensively on the ground
in these areas (Rayadin & Ancrenaz, unpublished data). This suggests that, providing
sufficient availability of food exists, orangutans may be able to use mixed-use

landscapes that consist of natural and human altered habitats, at least in some cases.

We emphasize that we are not suggesting natural forests are not necessary for
orangutan survival. The behavior of orangutans in highly modified landscapes and the
long-term viability of orangutan populations living in these landscapes remains unknown
and requires further study. However, our study, demonstrating extensive terrestriality by
the orangutans of Wehea Forest, suggests that Bornean orangutans may be capable of

greater ecological flexibility than previously thought.
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Chapter 4.

Opportunistic behavior or desperate measure?
Logging impacts may only partially explain
terrestriality in the the Bornean orang-utan (Pongo
pygmaeus morio)

This chapter was previously published in the article “Opportunistic
behavior or desperate measures: Logging may only partially explain
terrestriality in the Bornean orang-utan (Pongo pygmaeus)”, co-authored
by Loken, B., Boer, C., Kasyanto, N. in Oryx and has been reprinted with
permission from © 2015 Cambridge University Press. | was primary
author of all the text, tables and figures and exclusively completed the
data analysis and fieldwork for this research.

Abstract

There is a lack of information on how the Endangered Bornean orangutan Pongo
pygmaeus morio moves through its environment. Here we report on a camera-trapping
study carried out over 2.5 years to investigate the orangutan’s terrestrial behaviour in
Wehea Forest, East Kalimantan, Indonesia. We set 41 camera trap stations in an area of
secondary forest, 36 in recently logged forest immediately adjacent to Wehea Forest,
and 20 in an area of primary forest in the heart of Wehea Forest. A combined sampling
effort of 28,485 trap nights yielded 296 independent captures of orangutans. Of the three
study sites, orangutans were most terrestrial in recently logged forest, which may be
only partially explained by breaks in the canopy as a result of logging activity. However,
orangutans were also terrestrial in primary forest, where there was a closed canopy and
ample opportunity for moving through the trees. Our results indicate that orangutans
may be more terrestrial than previously thought and demonstrate opportunistic
behaviour when moving through their environment, including using newly constructed

logging roads for locomotion, possibly indicating some degree of resilience to human
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disturbance. This finding is important because of the potential role of sustainably logged

forests for orangutan conservation.

Introduction

The Bornean orangutan Pongo pygmaeus is one of the most iconic species, yet
formal studies of its terrestriality have been conducted only recently (Loken et al., 2013;
Ancrenaz et al., 2014). Understanding the factors that influence orangutan terrestriality
has important implications for the conservation of this Endangered great ape (Loken et
al., 2013; Ancrenaz et al., 2014) but the extent and context of orangutan terrestriality

remain poorly understood (Ancrenaz et al., 2008).

Camera trapping has revolutionized the study of wildlife (Hance, 2012) and
provided a method for studying cryptic behaviour such as terrestriality in orangutans.
Loken et al. (2013) reported that orangutans in Wehea Forest, East Kalimantan,
Indonesia, were almost as terrestrial as the pig-tailed macaque Macaca nemestrina
(Caldecott, 1986) and that there was no clear relationship between canopy connectivity
and terrestriality. Ancrenaz et al. (2014) conducted a large-scale analysis of camera trap
data from across Borneo and Sumatra and concluded that human disturbance does not
appear to be the main driver of terrestriality. These studies indicate that orangutan
terrestriality may be more common than previously thought, and that orangutans may be

capable of using landscapes that necessitate terrestriality.

We report a 2.5-year camera-trapping study of terrestriality in the north-east
Bornean orangutan P. pygmaeus morio in three forest types (secondary, recently logged
and primary) in and near Wehea Forest (38,000 ha), which comprises mostly
undisturbed forest bordered by active logging concessions (Fig. 3.1). A number of
studies have investigated the impact of logging on orangutans (see Hardus et al., 2012).
Most of these studies have focused on how populations react to logging (e.g. density)
but there remains a gap in our understanding of how individuals and various

(sub)species (e.g. P.p. morio, P.p. wurmbii, P.p. pygmaeus) react to logging.
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Methods

In 2012 we established 41 camera trap stations, covering c. 80 km?, along old
logging roads in the area of secondary forest (Fig. 4.1), which was last logged in 1996.
Results from this study were initially reported in Loken et al. (2013) and the methods of
analysis used in the original study have been modified slightly for this study to
standardize comparisons across the three forest types (secondary, recently logged and
primary). Data collected at two mineral licks (sepans) and which were reported in Loken

et al. (2013) were not included in the analysis for this study.
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Figure 4.1 Locations of camera trap stations in areas of secondary, recently
logged and primary forest in and near Wehea Forest, East
Kalimantan, Indonesia. The rectangle on the inset shows the
location of the main map on the island of Borneo.

In October 2012 we set camera traps in an active logging concession adjacent to
Wehea Forest. Twenty-two 100-ha compartments were logged, but not intensively,
during April 2012—-April 2014. Previously this logging block had contained primary forest
and had no logging roads except for an access road used to enter Wehea Forest. We
set 36 camera trap stations along newly constructed secondary logging roads in 13

compartments, immediately following the cessation of logging activities there. All stations
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remained in place until April 2014. In July 2013 we set 20 camera trap stations in
primary forest in the heart of Wehea Forest (Fig. 4.1). All stations were set along
ridgelines that were part of a middle transect developed in Wehea Forest for research
purposes. These stations remained in place until June 2014. In each area we used
Bushnell Trophy Cam camera traps (Bushnell, Cody, USA), which were fixed to trees, c.
50 cm from the ground, and fitted with a plastic cover above and a bed of leaves below
to protect against rain and mud. Each camera was set to take three pictures per trigger,

with a reset time of 1 s.

We used two parameters as estimates of orangutan terrestriality across study
sites. The first parameter, relative abundance index, was used to compare orangutan-
trapping success (Ancrenaz et al., 2012) and is a good indicator of the amount of effort
(total captures per trap night) required to obtain photographs of orangutans. The second
parameter was ground-use score, which was calculated as the ratio of independent
photographs of orangutans to the total number of independent photographs of all
species at each study site, multiplied by the percentage of stations that recorded
orangutans. Together, these parameters are a good indicator of the level of orangutan

terrestriality at each of our study sites (Table 4.1).

Results

Our study comprised 7,661 traps nights in secondary forest, 15,775 trap nights in
recently logged forest and 5,049 trap nights in primary forest. Photographs from each
area were sorted by species, and the time and date of each independent capture
(photographs taken > 1 hour apart) were recorded. Amongst c¢. 300,000 photographs we
recorded 63 of orangutans in secondary forest, 189 in recently logged forest and 44 in

primary forest.

Orangutans were more terrestrial in the recently logged forest (relative
abundance index 1.20, ground-use score 1.87), which is consistent with Ancrenaz et al.
(2014) and indicates that anthropogenic canopy disturbances may increase orangutan
terrestriality (Rijksen & Meijaard, 1999). However, our results also indicate a high level of

terrestriality in both primary (relative abundance index 0.87, ground-use score 0.87) and
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secondary forest areas (relative abundance index 0.82, ground-use score 0.79),
indicating that anthropogenic canopy disturbances are not the only driver of terrestriality.
Loken et al. (2013) demonstrated that orangutans were also terrestrial in areas with high
canopy connectivity. This is consistent with our findings: orangutans also demonstrated
terrestrial behaviour in the primary forest, which had a closed canopy and ample
opportunity for moving through trees.
Table 4.1 Capture history and level of terrestriality of orangutans Pongo
pygmaeus morio in and near Wehea Forest, East Kalimantan,
Indonesia (Fig. 3.1), with forest type, number of trap nights, total

number of captures, percentage of camera trap stations with
captures, relative abundance index and ground-use score.

Forest tvpe Trap niahts Total % of stations Relative Ground-
yp pnig captures with captures | abundance index | use score
Secondary forest* 7661 63 58.54 0.82 0.79
Recently logged 15,775 189 91.67 1.20 1.87
forest
Primary forest 5049 44 75.00 0.87 0.87

* Data from secondary forest were originally reported in Loken et al. (2013)

Discussion

Possible explanations for the varying levels of terrestriality are differences in
abundance and visibility of orangutans across the study sites. However, we believe
these are not the primary causes of differences between our estimates. Firstly,
encounter rates with orangutans were highest in the secondary forest and lowest in the
recently logged forest. If used as a naive estimate of relative abundance (Loken et al.,
2013), we would expect encounter rates to be highest in the recently logged forest.
Secondly, visibility was the same in each forest type, as cameras were set along similar

types of features (e.g. roads, ridge lines, trails).

Previously, terrestrial behaviour in orangutans was considered uncommon and
used only as a means of acquiring resources (MacKinnon, 1974). Our results indicate
that terrestriality may be a regular strategy, employed almost equally by males and
females as a means of locomotion (Table 4.2). In the recently logged forest, where

orangutans demonstrated the highest degree of terrestriality, most photographs of
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orangutans appeared to show the primates walking along the road rather than across it,
which would be the case if they were forced to the ground by a break in the canopy. This
is consistent with photographs from the other forest types, and indicates that orangutans
may be taking advantage of both anthropogenic (e.g. roads) and natural (e.g. ridgelines)

features in their environment, thus demonstrating opportunistic and resilient behaviour.

Table 4.2 Number of records of orangutans in each age/sex class, from
secondary, recently logged and primary forest in and near Wehea
Forest (Fig. 3.1).

Agelsex class Secondary forest Rece?;xlsc:gged Primary forest
Flanged male 23 44 16
Unflanged male 8 31 2
Female without juvenile 10 16 5
Female with juvenile 16 61 13
Juvenile of indeterminate sex 3 16 0
Adult of indeterminate sex 3 21 8

Orangutans may be using newly created roads opportunistically but the level of
disturbance they can tolerate is still unknown. Orangutan populations can be maintained
in sustainably logged forests (Knop et al., 2004; Husson et al., 2009; Ancrenaz et al.,
2010) and these forests should be incorporated into orangutan conservation strategies
(Meijaard et al., 2010; Wich et al., 2012; Wilson et al., 2014). We must be careful,
however, not to reinforce the notion that orangutans can survive in any human-altered
landscape. Orangutans still need trees, and lots of them, and protection of Borneo’s
remaining forests should continue to be of highest priority for both Indonesia and the

global community.

Acknowledgements

We are grateful to the Wehea Management Body and Lembaga Adat of Nehas
Liah Bing for allowing us to conduct research in Wehea Forest, and to the State Ministry

of Research and Technology of Indonesia for granting us permission to conduct

56



research. We thank Lee Qi for providing maps of Wehea Forest. We are also indebted to
the individuals and organizations that provided logistical and organizational support in
the field: the Wehea Rangers and the Department of Forestry at Mulawarman University.
Financial support was provided by the following institutions and funding agencies: Vanier
Canada Graduate Scholarship, Pierre Elliot Trudeau Foundation, LUSH Cosmetics,
Disney Worldwide Conservation Fund, Integrated Conservation, and The Rufford Small

Grants Foundation.

References

Ancrenaz, M., Marshall, A., Goossens, B., van Schaik, C., Sugardijito, J., Gumal, M.,
Wich, S. 2008. Pongo pygmaeus. IUCN Red List of Threatened Species v.
2014.2. Http://www.iucnredlist.org [accessed 22 August 2014].

Ancrenaz, M., Ambu, L., Sunjoto, I., Ahmad, E., Manokaran, K., Meijaard, E., Lackman,
I. 2010. Recent surveys in the forests of Ulu Segama Malua, Sabah, Malaysia,
show that orang-utans (P.p. morio) can be maintained in slightly logged forests.
PLoS ONE 5(7):e11510.

Ancrenaz, M., Hearn, A.J., Ross, J., Sollmann, R., Wilting, A. 2012. Handbook for
wildlife monitoring using camera-traps. BBEC |l Secretariat, Kota Kinabalu,
Malaysia.

Ancrenaz, M., Sollmann, R., Meijaard, E., Hearn, A.J., Ross, J., Samejima, H. et al.
2014. Coming down from the trees: Is terrestrial activity in Bornean orangutans
natural or disturbance driven? Scientific Reports 4:4024.

Caldecott, J.0O. 1986. An ecological and behavioural study of the pig-tailed macaque.
Karger, Basel, Switzerland.

Hance, J. 2012. The camera trap revolution; how a simple device is shaping research
and conservation worldwide. In Life is Good: Conservation in an Age of Mass
Extinction, pp. 59-75. Mongabay, Menlo Park, USA.

Hardus, M.E., Lameira, A.R., Menken, S.B.J., Wich, S.A. 2012. Effects of logging on
orangutan behaviour. Biological Conservation 146:177-187.

Husson, S.J., Wich, S.A., Marshall, A.J., Dennis, R.D., Ancrenaz, M., Brassey, R. et al.
2009. Orangutan distribution, density, abundance and impacts of disturbance. In
Orangutans: Geographic Variation in Behavioral Ecology and Conservation (eds
S. Wich, S. S. U. Atmoko, T.M. Setia & C.P. van Schaik), pp. 77-96. Oxford
University Press, New York, USA.

57



Knop, E., Ward, P.I., Wich, S.A. 2004. A comparison of orang-utan density in a logged
and unlogged forest on Sumatra. Biological Conservation 120:183—188.

Loken, B., Spehar, S., Rayadin, Y. 2013. Terrestriality in the Bornean orangutan (Pongo
pygmaeus morio) and implications for their ecology and conservation. American
Journal of Primatology 75:1129—1138.

MacKinnon, J. 1974. The behaviour and ecology of wild orang-utans (Pongo pygmaeus).
Animal Behaviour, 22, 3-74.

Meijaard, E., Albar, G., Nardiyono, Rayadin, Y., Ancrenaz, M., Spehar, S. 2010.
Unexpected ecological resilience in Bornean orangutans and implications for
pulp and paper plantation management. PLoS ONE 5(9):e12813.

Rijksen, H.D. and Meijaard, E. 1999. Our vanishing relative: The status of wild orang-
utans at the close of the twentieth century. Kluwer Academic Publishers,
Dordrecht, Netherlands.

Wich, S.A., Gaveau, D., Abram, N., Ancrenaz, M., Baccini, A., Brend, S. et al. 2012.
Understanding the impacts of land-use policies on a threatened species: Is there
a future for the Bornean orang-utan? PLoS ONE 7(11):e49142.

Wilson, H.B., Meijaard, E., Venter, O., Ancrenaz, M., Possingham, H.P., et al. 2014.
Conservation strategies for orangutans: reintroduction versus habitat
preservation and the benefits of sustainably logged forest. PLoS ONE
9(7):e102174.

58



Chapter 5.

Comparing spatial capture-recapture modeling and
nest count methods to estimate orangutan densities
in the Wehea Forest, East Kalimantan, Indonesia

This chapter was previously published in the article “Comparing spatial-
capture-recapture modeling and nest count methods to estimate
orangutan densities in the Wehea Forest, East Kalimantan, Indonesia”,
co-authored by Spehar, S., Loken, B., Rayadin, Y., Royle, J.A. in
Biological Conservation and reprinted with permission from © 2015
Elsevier. | contributed as an author of significant portions of the text,
tables and figures and | exclusively conducted the fieldwork for the
spatial-capture-recapture modeling.

Abstract

Accurate information on the density and abundance of animal populations is
essential for understanding species’ ecology and for conservation planning, but is
difficult to obtain. The endangered orangutan (Pongo spp.) is an example; due to its
elusive behavior and low densities, researchers have relied on methods that convert
nest counts to orangutan densities and require substantial effort for reliable results.
Camera trapping and spatial capture-recapture (SCR) models could provide an
alternative but have not been used for primates. We compared density estimates
calculated using the two methods for orangutans in the Wehea Forest, East Kalimantan,
Indonesia. Camera trapping/SCR modeling produced a density estimate of 0.16+0.09-
0.29 indiv/km? and nest counts produced a density estimate of 1.05+0.18-6.01
indiv/km?. The large confidence interval of the nest count estimate is probably due to
high variance in nest encounter rates, indicating the need for larger sample size and the
substantial effort required to produce reliable results using this method. The SCR
estimate produced a very low density estimate and had a narrower but still fairly wide

confidence interval. This was likely due to unmodeled heterogeneity and small sample

59



size, specifically a low number of individual captures and recaptures. We propose
methodological fixes that could address these issues and improve precision. A
comparison of the overall costs and benefits of the two methods suggests that camera
trapping/SCR modeling can potentially be a useful tool for assessing the densities of
orangutans and other elusive primates, and warrant further investigation to determine

broad applicability and methodological adjustments needed.

Introduction

Accurate information on the density and abundance of animal populations is
essential to answering central questions in ecology and conservation biology. Such
information allows us to test hypotheses about the relationship between environmental
variables and abundance, expanding our understanding of the ecological factors that
limit populations. It is also crucial for effective conservation planning, as such information
can be used to assess threats to populations and species, set conservation priorities,
and monitor populations (Seber, 1982; Williams et al., 2002; Borchers et al., 2003).
However, obtaining accurate density and abundance estimates is challenging, especially
for animals that are elusive, range widely, and live at low densities (Garshelis, 1992;
Karanth, 1995; Thompson, 2004).

This is clearly illustrated in the case of the orangutan. Orangutans, the only Asian
great ape, exhibit considerable geographic variation in ecology, behavior, and
morphology (Wich et al., 2009). Their population densities also vary widely across their
range, with Sumatran orangutans (Pongo abelii) generally exhibiting higher densities
than Bornean orangutans (represented by the Northwest subspecies, Pongo pygmaeus
pygmaeus; Central subspecies, P.p.wurmbii; and Northeast subspecies, P.p.morio)
(Husson et al.,, 2009; Marshall et al., 2009a). Accurate information on orangutan
densities across their geographic range, especially for the little-known Northeast
Bornean orangutan (P.p.morio), is necessary if we are to fully understand the ecological
factors that limit orangutan populations (Marshall et al., 2009a; 2009b; Wich et al.,
2011a). Information on orangutan abundance and density is also crucial for orangutan
conservation. Both orangutan species are classified by the IUCN as Endangered; the

population of the Bornean orangutan has declined over 50% in the last 60 years and the
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Sumatran orangutan population has declined an estimated 80% over the last 75 years
(Ancrenaz et al., 2008; Singleton et al., 2008). The causes of this decline are extensive
habitat loss and fragmentation due to logging, mining, the expansion of oil palm and
acacia plantations, and fire (Marshall et al., 2006; Wich et al., 2011b; Meijaard et al.,
2012), and forest conversion continues at a rapid rate on both Borneo and Sumatra
(Sodhi et al., 2004; Margono et al., 2014). Hunting, and, increasingly, human-orangutan
conflict are also major contributors to this decline (Meijaard et al., 2011; Davis et al.,
2013). Conservation action is urgently needed to prevent further population declines,
and knowledge of densities and abundance are important for implementing effective

conservation policy.

However, it is notoriously difficult to obtain accurate abundance or density
estimates for orangutans. They are cryptic, solitary, and generally live at low densities,
making direct counts impractical for most studies. Because of these difficulties,
researchers generally rely on counts of indirect sign to census their populations (Kihl et
al.,, 2008). To-date the most popular survey method for orangutans are nest count
methods, in which the sleeping platforms (nests) that orangutans build each night are
used to calculate a density of individuals in an area. In the most popular version of these
methods, all nests visible from a line transect or in a plot are counted; nest counts are
then converted into nest densities by dividing the number of nests counted by the area
surveyed, which is either known (plot surveys; van Schaik et al., 2005) or estimated
using a detection function (line transects surveyed using distance sampling methods;
Buckland et al., 2001; Thomas et al., 2010). Nest densities are then converted into

orangutan density estimates using the following formula:

Dind= Dnest/p* r *t

In which Dj,q = density of individuals, D,y = density of nests, p = proportion of
nest builders in the population, r = number of nests built per individual per day, and t =
nest decay time (Hashimoto, 1995; van Schaik et al., 1995).

Nest count methods have been used extensively to assess or monitor orangutan
populations (Husson et al., 2009). However, these methods have limitations (Mathewson
et al., 2008; Marshall & Meijaard, 2009; Spehar et al., 2010). First, these methods rely
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on the assumption of perfect detection (in the case of line transects, that all nests above
the line are counted; in the case of plot surveys, that all nests in the plot are counted)
although studies demonstrate that even teams of experienced observers miss nests (van
Schaik et al., 1995; 2005; Johnson et al.,, 2005). Another major issue lies in the
parameters used to convert nest density into orangutan density (p, r, and f). The
proportion of nest builders in the population (p) and the rate at which nests are produced
(r) must be based on observed values from known populations, and nest decay rate (t)
must also be based on observations of nest longevity in an area, although mathematical
modeling (Markov chain analysis) can be used to calculate nest decay from shorter-term
observations (Buij et al., 2003; Johnson et al., 2005; Mathewson et al., 2008). Obtaining
accurate information for these parameters requires substantial time and effort, so values
calculated from a few long-term study sites are often applied in studies across the
orangutan range. This can be a concern as some parameters (in particular nest decay, f)
exhibit very high variability between sites (Mathewson et al., 2008). As any changes in
parameters produce directly proportional changes in the resulting orangutan density
estimate, this means that density estimates that do not use precise or locally calculated
parameters could be unreliable (Mathewson et al., 2008). Such issues clearly have
major implications for our understanding of orangutan ecology and for conservation
planning, and finding an alternative to nest surveys should be a high priority. However
most studies still calculate densities based on nest surveys, and many of these continue
to employ non-local parameters due to limited time and money (Spehar et al., 2010;
Meijaard et al., 2012).

A possible alternative for estimating abundance and density are camera trap
methods. Camera trapping is becoming a preferred method for studying rare and elusive
species (e.g., O'Connell et al., 2010). Recent advances in statistical techniques, namely
spatial capture-recapture modeling or SCR (Borchers & Efford, 2008; Royle & Young,
2008; Efford, 2011; Royle et al., 2013; 2015), allow the calculation of population density
from ‘captures’ of individual animals obtained using camera traps. SCR models have an
advantage over conventional capture-recapture (CR) models in that they allow for
flexible trap arrangement (e.g., grid vs. linear arrangements that do not require even
spacing across the study area; Efford & Fewster, 2013; Tobler & Powell, 2013) and can

incorporate both individual-level covariates (e.g., sex or age class) as well as station
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level covariates (e.g., road vs. trail or habitat; Sollmann et al., 2011). This type of
flexibility is especially important in Borneo and Sumatra, where field conditions like

difficult terrain can make research design a challenge.

SCR modeling relates the encounter history of individuals (when and where they
are captured) to activity centers of individuals during the trapping period (calculated as
the spatial relationship between individuals and camera traps). Density is estimated as
number of individuals occurring within some delineated area (the “state-space”), usually
defined by the camera trapping array plus a buffer area (Royle & Gardner, 2011). SCR
modeling has now been used to estimate densities for many mammals that are elusive,
occur at low densities, and occupy large home ranges (Royle et al., 2009a; 2009b; 2011;
Gardner et al., 2010a; 2010b). These methods count the animals themselves and thus
do not present problems related to converting indirect sign into animal densities. In
addition, if deployed properly camera traps can also provide additional information about

habitat use, behavior, and even demography (e.g., Galvis et al., 2014).

Despite its promise and wide application in wildlife studies, camera trapping has
only recently been embraced by primatologists (Head et al., 2012; Olson et al., 2012;
Tan et al., 2013; Loken et al., 2013; 2015; Galvis et al., 2014; Gregory et al., 2014). Most
notably, a recent study simultaneously used nest surveys and camera trapping to
estimate the relative abundance and distribution of chimpanzees (Pan troglodytes
troglodytes) and gorillas (Gorilla gorilla gorilla) across different habitat types in West
Africa, and found that the two methods produced roughly comparable results
(Nakashima et al., 2013). However, this study was only able to use mean camera trap
capture rate to calculate a relative abundance index for each species. The “next step”
that would allow the calculation of absolute abundance and density is the use of new
statistical techniques like SCR modeling, which have not yet been applied to primate
populations. For camera traps to be used to estimate abundance and population density
using SCR modeling or similar techniques, animals must be individually identifiable from
photographs and individuals need to be captured and recaptured by camera traps, which
are most easily placed on the ground. These criteria may be difficult to meet for some
primates, but recent research suggests that this method may be appropriate for use with
orangutans. Orangutans do not have unique stripe patterns or markings, but individuals

are identifiable based on facial characteristics and other features that can be recognized
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from photographs. Secondly, recent studies indicate that Bornean orangutans may move
on the ground more than previously thought, although Sumatran orangutans seem to
engage in terrestrial behavior less often, perhaps because of the presence of a potential
terrestrial predator, the tiger (Loken et al.,, 2013; 2015; Ancrenaz et al., 2014). This

increases the likelihood of capture by camera traps for at least Bornean orangutans.

Given their extensive use to estimate densities for other elusive animals, we
were interested in examining the applicability of camera trapping and SCR modeling to
orangutan populations. The purpose of this study was three-fold: 1) to evaluate the
feasibility of using of camera traps and SCR modeling to estimate orangutan densities,
using a population of Northeast Bornean orangutans (P.p. morio) as a case study; 2) to
compare results obtained using camera trapping and SCR modeling to those obtained
using an established method (nest surveys); and 3) to assess the advantages and
disadvantages of both methods to make general recommendations for researchers

wishing to estimate population parameters for orangutans and other elusive animals.

Methods

Study site

This study was carried out in the Wehea Forest in East Kutai District, East
Kalimantan, Indonesia. Wehea (01°32’46”N, 116°46’43”E) contains 38,000 ha of mostly
undisturbed forest bordered by large tracts of primary and secondary forests currently
classified as logging concessions. Logging ceased in the mid-1990s and Wehea has
been protected by an agreement between a local community and the local government
since 2004. Wehea Forest contains lowland Dipterocarp, sub-montane and montane
forests, with mean annual rainfall of 3000 mm and a mean temperature of 27 C. The
site’s topography is characterized by steep ravines, ridges and runoff streams and
elevations range from 250-1750m asl. Ten species of nhonhuman primate have been
reported from the site (Meijaard & Nijman, 2003; Loken et al., 2013). The eastern part of
Wehea contains a network of old logging roads that have not been used since logging
ceased and are now heavily overgrown and more like trails. These roads were utilized

for camera trapping and nest surveys.
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Camera trapping: data collection and analysis

In March 2012, 68 non-baited cameras were set in pairs at ~500 m intervals
along old logging roads and trails and one camera trap was set at a natural salt lick
(small sepan). This design was used to maximize capture rates (Tobler & Powell, 2013)
and the station array covered an approximate area of 80 km? (Fig. 5.1). The cameras
used were Bushnell Trophy Cams (n = 61) and Reconyx HC500 (n = 8) cameras. In
May, an additional Bushnell Trophy Cam was added at a second natural salt lick (large
sepan), bringing the total number to 70 cameras set and resulting in a sampling effort of
7320 trap days. All cameras remained at the same locations until this study concluded in
October 2012. We chose a 6-month study length in order to obtain the greatest number
of orangutan photos while still assuming population closure. Each camera was placed
~50 cm from the ground and set to take three pictures per trigger, with a reset time of
one second. Cameras were checked a total of three times, in the middle of May, the
beginning of July and again in October at the conclusion of the camera trapping study.
At each visit, non-functioning cameras were replaced with new cameras, batteries were
changed and the SD card storing the photos was removed from the camera and

replaced by a new card.

Wehea Forest
N

Legend
® Camera trap
= Nest plot
O Natural salt licks

Logging roads

1 2 4 Kilometers

Figure 5.1 Map of study area, indicating placement of camera traps and nest
plots.

A total of 658 photographs of orangutans were collected during this study, many

of which were repeat photos of the same individual or group of individuals due to the fact
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that cameras were set to take 3 photos per trigger, with a reset time of 1 second. All
photographs were visually examined to determine 1) the number of individuals
represented, and 2) the number of times each individual was recorded at different
camera trap stations, using the following process: Photos were first divided by camera
trap station and then into age-sex class categories (flanged adult male, unflanged adult
male, adult female, adult of indeterminate sex, juvenile) based on external genitalia if
visible, secondary sexual characteristics (cheek flanges, throat pouch, cape of hair on
back, elongated nipples), and body size and shape. Photographs were then examined
for cues to individual identity, noting characteristics for each of the following categories:
body size; hair color and quality (e.g., thick, thin, any bald patches); facial features
(prominence of brow ridges; prognathism; angle and size of nostrils and mouth; overall
shape of face; etc.), shape of hair on head, and any other identifying features (e.g.,
elongated nipples, marks or scars, distinctive body posture). If the individual’s face
and/or some other clear identifying mark (e.g., a distinctive injury) was not visible in a
photograph, we did not attempt to identify that individual. After this initial assessment
was performed, photographs were placed side-by-side for comparison to determine if the
same individual had been captured at multiple stations and to ensure that no individual
was counted more than once. This process was completed in its entirety from the
beginning two separate times to maximize confidence in the assessment. After this
process was completed, only series of photos taken with >1 hr. interval between photos
of different individuals at each station were categorized as separate records (n=112
series of photos that constituted separate records). Of these records, n=67 contained
images of sufficient quality or appropriate composition to allow for the successful

identification of individuals in subsequent photographs (Fig. 5.2).

These n=67 individually identifiable records were then converted into individual
encounter histories appropriate for SCR modeling by first discarding any records of the
same individual taken at the same trap on the same day, leaving us with 64 individually
identifiable captures. Using the date and location of captures of each individual we
produced a record of when and where each individual was captured (“individual
encounter histories”) y;;« for individual i=1, 2, . . ., n; traps j=1, 2, . . ., J; and sample
periods k=1, 2, .. ., K.
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Figure 5 Examples of series of hig graphs (records) used for
individual identification.

Spatial capture-recapture model

Spatial capture-recapture (SCR) models describe the spatial pattern of individual
encounters using a parametric model for detection probability in which the probability
(Pr) of encounter at a location x is a function of distance between x and an individual’s
home range center s. In SCR models, the home range centers are regarded as unknown
random effects (Borchers & Efford, 2008; Royle & Young, 2008). In our analysis we used

the half-normal model:
Pr (encounter at location x) = ppexp (—dist(x,s)?/20?)

where p, is the baseline encounter probability (the probability of an individual
being encountered at its home range center) and o is a scale parameter of the
encounter probability model which determines the relative change in encounter
probability as distance from the sample location to home range center increases. Since
male and female orangutans are known to have different ranging patterns (Singleton et
al., 2009), we employed models that allowed for population substructuring, specifically
sex structuring, to take into account the possibility of differences in space use and
encounter rate for males and females (Royle et al., 2015). We considered sex specificity
of the parameters o and p,, fitting a set of four models which included: null (no sex
effects), p(sex) (sex-specific effects on p,, which represents the baseline encounter
probability), o(sex) (sex-specific effects on o, which represents the extent of space use

by individuals), and both (sex-specific effects on p, and o). Because our assessment of
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captures suggested that sepans may have a significant effect on baseline encounter
probability (py), especially for males, we also assessed the sex-specific effects of the
sepans on p,, resulting in two models that had an additive effect on p,: sep (sepan effect
with no sex-specific effects) and sep(sex) (sex-specific sepan effects). As a result a total
of 12 models were fitted. For all models, the parameter N represents the number of
individuals in the state-space S, parameter D represents the density of individuals in the
state-space S, the parameter ysex represents the probability that an individual in the
population is male, and sepfemale and sepmale represent the additive influence of

sepan captures on baseline encounter probability (p,) for males and females.

We estimated SCR model parameters using Maximum Likelihood Estimation
(MLE). To obtain the MLEs of the SCR model parameters it is necessary to prescribe a
2-dimensional region within which individual home range centers may exist. This region
is called the state-space (S), and the population size parameter N corresponds to the
number of individuals having home range centers within this region. While the population
size is sensitive to the size and configuration of the state-space, the density of
individuals, D, defined as N divided by the area of the state-space S, is invariant to the
size of the state-space under standard SCR models (Royle et al., 2014; p. 132). For our
analysis we defined the state-space by buffering the minimum area rectangle containing
the sample locations by 7.5 km. The total area of this state-space is 568.8 km?. This

buffer around the sample locations is at least 4 times the estimated value of o.

We carried out all modeling using the program R as described in Royle et al.
(2015). All code and scripts used are available as supplemental material to that paper at
Ecological Archives, http://dx.doi.org/10.1890/ES14-00148.1.sm.

Nest surveys: data collection and analysis

Nest surveys were carried out in June-August 2013. We used the plot method,
developed by van Schaik et al. (2005), to survey for orangutan nests. The plot method is
more effective than line transects in extremely difficult terrain like that at Wehea. We
established 50 x 50 m plots at ~500 m intervals (following van Schaik et al., 2005) along
the same routes on which camera traps were placed in order to survey the same area

(Fig. 5.1). Plots were placed at least 100 m from roads to ensure that edge effects did
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not influence nest counts. Each nest plot was surveyed by a team of 4-5 trained
observers. Observers “swept” the plot by spacing themselves out at ~10 m intervals
along one of the plot boundaries and then walking slowly, searching the trees for
orangutan nests. This was done once in each direction for all plots to ensure no nests
were missed. When orangutan nests were spotted on the first sweep, the location of the

nest was marked so the same nest would not be counted again on the return sweep.

Individual densities were then calculated using the following formula (van Schaik
et al., 2005):

Dinga= Noount  s* p*r * t

Where N.unt = the total number of nests counted, s = the total survey area, p =
proportion of nest builders in the population, r = number of nests built per individual per
day, and t = nest decay time. No significant variation in the proportion of nest builders
has been found between Bornean populations (Ancrenaz et al., 2004a; Johnson et al.,
2005; van Schaik et al., 2005; Husson et al., 2009), so we used the commonly cited p
value of 0.89. The rate at which nests are produced does seem to differ between
populations, with Bornean nest building rates ranging from 1.00 in Kinabatangan in
Sabah (Ancrenaz et al., 2004a) to 1.15-1.17 at other Bornean sites (Johnson et al.,
2005; van Schaik et al., 2005; Husson et al., 2009). As the orangutans at Kinabatangan
live in highly disturbed forest, which may influence their nest building and reuse rates,
we chose to use an average Borneo-specific r value of 1.16. As nest decay varies
substantially between sites, even within Borneo (Mathewson et al., 2008; Husson et al.,
2009), we used a t value from a neighboring site (<40 km), Lesan, of 604 days
(Mathewson et al., 2008). This site was close enough to Wehea, and the forest structure
and climatic conditions so similar, that we believe this can be considered a local decay
time. We employed the Delta Method (following Buckland et al., 2001; Mathewson et al.,
2008; Ancrenaz et al., 2004b), which incorporates error from all parameters and values
used to obtain a density estimate, to obtain a confidence interval for our final orangutan

density estimate.
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Results

Camera trapping and SCR analysis

From March 21 to October 18, 2012, we obtained a total of 112 distinct camera
trap records of orangutans. Photos were high-quality enough to allow us to clearly
identify individuals in 67 of these 112 records (60%) (Fig. 5.2); the remaining records in
which photos were not of sufficient quality or composition to facilitate identification of an
individual (n=45) were discarded. Adult males accounted for n=23 or 51% of discarded
records; adult females for n=9 or 20% of discarded records; and individuals of unknown
age/sex for n=13 or 29% of discarded records. Of these 67 individually identifiable
records, 3 cases consisted of an individual captured at the same trap in the same day,
so these were discarded, leaving us with 64 individual captures that could be used to
create individual encounter histories for the SCR analysis. These 64 captures consisted
of 16 unique orangutan individuals: 8 adult males, 6 adult females and 2 individuals of
unknown sex. Adult males (flanged and unflanged) represented 56% of all captures,
compared to 38% for females (Table 5.1) and also had the highest number of individual
captures during the study (Table 5.2). Further investigation revealed that the reason for
this difference was largely due to captures obtained from the two sepans (natural salt
licks), which were entirely of males (n=19 captures, or 30% of male captures). We
modeled this heterogeneity in capture probability by including parameters that accounted
for sex-specific effects of the sepans on baseline encounter probability, as described in
the Methods.

Table 5.1 Individually identifiable records across age-sex classes for
orangutans in the Wehea Forest from Mar-Oct 2012.

# indiv # records % total records
Flanged adult males 5 22 34%
Unflanged adult males 3 14 22%
Adult females 6 24 38%
Unknown 2 4 6%
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Table 5.2 Individual frequencies of capture for orangutans in the Wehea forest
from Mar-Oct 2012. Rows represent unique trap frequencies and
columns represent total number of captures (e.g., we captured 2
males 1 time, by default in only 1 trap; we captured 1 female 4 times
in 3 different traps, etc.)

Adult males (flanged and unflanged)

# captures
# traps 1 2 3 7 8 11
1 2 0 0 0 1 1
2 0 1 1 0 0 0
3 0 0 1 0 0 0
4 0 0 0 1 0 0
Adult females
# captures
# traps 3 4 8
1 2 0 0
2 1 0 0
3 1 1 0
4 0 0 1
Unknown
# captures
# traps 1 3
1 1
2 0 1

The 12 models fitted consisted of different combinations of the four basic models:
p(sex) (sex-specific effects on py, or encounter probability), o(sex) (sex-specific effects
on o, or the extent of space use by individuals), Both (sex-specific effects on p and o),
and Null (no sex-specific effects); plus the two sepan effect models: sep(sex) (sex-
specific effects of sepans on py) and sep (non-sex-specific effects of sepans on p,)
(Table 5.3). The top three models all include the sex-specific sepan effect indicating that
sepans had an important sex-specific effect on encounter probability. Indeed, the results
indicate that near sepans, encounter probability for males (sepmae) Was nearly 1 but for

females (sepremaie) Was near 0 (the effects are modeled on the logit py scale and so large
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negative values indicate p, near 0 whereas large positive values indicate p, near 1).
However, the sepan effect did not appear to influence overall population (N) and density
(D) estimates (for example, compare results of models Both and Both+sep(sex)). The
favored model was Both+sep(sex), indicating that there is a difference in baseline (p,)
and sepan encounter probability for males and females, and that males have larger
home ranges than females (o), consistent with what was observed in our data and what
is known about orangutan ranging patterns (Singleton et al., 2009). Under this model the
probability that an individual in the population is male (Wsex) is 0.315 (Cl: 0.128-0.590),
and orangutan density is estimated at 0.16 indiv/km? (95% ClI: 0.0912-0.2909 indiv/km?)
within the state-space (568.8 km?).

Nest surveys

A total of 27 plots were surveyed during this study. We counted 44 nests total in
all plots, with a mean of 1.63+£0.32 nests per plot and a nest encounter rate of 6.52+1.28
nests/ha. The calculated density of individuals from this survey, using the parameters
outlined in Table 5.4, is 1.05 indiv/km? (95% CI 0.18-6.01 indiv/km?).
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Table 5.3 Results of fitting sex-specific and null models to orangutan data set. # parm refers to the number of
parameters used for each model. All values are real values except for the sepsemaie and sepnae parameters,
where effects are modeled on the logit(po) scale and large negative values indicate p, near 0 and large
positive values indicate po near 1. Please see text for further explanation of model parameters.

Model # parm Premale Pmale Ofemale Omale N D Wsex S€Pfemale  S€Pmale AIC

Both+sep(sex) 7 0.0055 0.0027 09259 16636 89.186  0.1568 0.3150 -12.041 18.853  375.876
o(sex)+sep(sex) 6 0.0037  0.0037 1.0523 1.6586 87.450  0.1537 0.3053 -12.128 18.842  375.917
p(sex)+sep(sex) 6 0.0034 0.0028 1.4903 14903 72149 0.1268 04287 -11.23  18.749  379.527
Both+sep 6 0.0076  0.0027  0.7741 1.660 78.803 0.1385 0.3631  18.324  18.324  386.486
o(sex)+sep 5 0.0050 0.0050 0.8253 16736  76.099 0.1338 0.3466  18.131  18.131  389.478
p(sex)+sep 5 0.0070  0.0029 1.3539 13539 62479 0.1098 0.6061 18423 18423  400.945
Null+sep 4 0.0044 0.0044 1.3165 13165 64521 0.1134 05715 18455 18455  401.714
Null+sep(sex) 5 0.0041 0.0041 1.3485 13485 65501 0.1152 0.5941  18.455 5.078  403.095
o(sex) 4 0.0057  0.0057 09130 1.7914 90.889  0.1598  0.3766 N/A N/A 446.146
Both 5 0.0055 0.0060 0.9222 17878 90.739  0.1595  0.3745 N/A N/A 448127
p(sex) 4 0.0035  0.0070 1.4638 14638 79.498 0.1398 0.5038 N/A N/A 452.357
Null 3 0.0053  0.0053 1.4814 14814 76.643 0.1347 0.5715 N/A N/A 452.533
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Table 5.4 Parameters used to calculate orangutan densities from nest counts.

Parameters Values

Neount (n€St number) for all 27 plots 44 (mean 1.63+0.32)
S (survey area, in km?) 0.0675

p (proportion of nest builders in population)* 0.89

r (number of nests built per day)* 1.16

t (nest decay time, in days)t 604

*Borneo-specific values (Buij et al., 2002; Johnson et al., 2005)
t Decay time from nearby site (Lesan) (Mathewson et al., 2008)

Discussion

This study is the first to use camera traps and SCR modeling to estimate the
densities of orangutans, or indeed, any primate. Below, we compare camera trapping
and SCR modeling to nest counts and discuss the implications for decision making when

choosing a method to assess the populations of orangutans or other elusive primates.

Comparing results obtained using the two methods

The two methods produced density estimates that differ considerably (Table 5.5).
A possible explanation for this difference that must be considered up-front is that there
was an actual change in orangutan density in the Wehea Forest between October 2012
(when camera trapping ended) and June 2013 (when nest surveys commenced).
Orangutans may engage in large-scale movements between areas in response to
changes in resource availability (MacKinnon, 1974; Singleton & van Schaik, 2001; Buij et
al., 2002), which presents a challenge for any survey method that is deployed over a
relatively short time frame. However, we believe this is not the primary cause of
differences between our estimates because we used all visible nests (the standing crop
method), rather than only newly built nests (the marked nest count method), to calculate
density estimates using the nest count method. The standing crop method incorporates
nests built in the past and thus provides an estimate of the average orangutan
population in an area over a wider timeframe (Spehar et al., 2010). Given the longevity
of nests in this part of East Kalimantan (Mathewson et al., 2008), our nest surveys

almost certainly incorporated nests built during the camera trapping period and provide

74



an average density for orangutans in the area during the timeframe covered by this

study.

Table 5.5 Comparisons of orangutan density estimates and extrapolated
population size of orangutans in the 38,000 ha? Wehea Forest,
assuming sampled area is similar to extrapolated area, using
camera trapping/SCR modeling and nest surveys. Density and
population size are presented not to suggest that these numbers
represent true population abundance in the Wehea Forest, but as a
means of contrasting the results provided by the two methods.

indiv/km? 95% ClI # indiv 95% ClI

Camera traps/SCR 0.16 0.09-0.29 60.80 34.66-110.542
Nest count 1.05 0.18-6.01 397.24 69.20-2283.04

Assuming that a substantial change in actual densities did not occur between
survey periods allows us to focus on the possible methodological reasons for the
difference in density estimates. The 95% confidence interval for the nest count method is
very wide, indicating the imprecision and therefore high uncertainty of the density
estimate calculated using this method. This wide confidence interval is likely due to high
variance in nest encounter rates between plots (mean: 6.52 nest/ha, 95% CI 3.95-9.09;
range: 0-7 nests per 0.25 ha plot). This highlights the need for sufficient sample sizes (in
the form of a sufficient number of plots or transects to address the issue of high variation
in nest encounter rate; van Schaik et al. 2005) when calculating density estimates from
nest surveys. This can take a long period of time and a great deal of effort to achieve in
areas with low orangutan densities like the Wehea Forest. Thus, rather than being a
relatively quick and easy method, nest surveys can require a substantial investment of
time and effort if they are to produce reasonably reliable density results, even when
locally derived parameters are available (Plumptre, 2000; Mathewson et al.,, 2008;
Marshall & Meijaard, 2009; Spehar et al., 2010).

The density estimate provided by camera trapping/SCR modeling (0.16
indiv/km?) is much lower than most densities reported for other relatively undisturbed
sites in Borneo (Husson et al., 2009). Although a comparison of the precision of two
estimates calculated using different methods and parameters should be done with
caution, both estimates reference orangutan density and it is worth noting that the

narrower 95% confidence interval for the camera trapping/SCR density estimate
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indicates that this estimate is somewhat more precise than the nest survey density
estimate. However, the Cl of the camera trapping estimate is still fairly wide. We can
identify three issues that may have influenced these results. First, this method may have
underestimated density due to unmodeled heterogeneity in the camera trap data. We did
model sex-specificity of model parameters and trap effects (specifically, sepan effects),
both of which seemed to be important sources of variation in encounter probability.
However, other sources of detection heterogeneity, including age class, behavior (e.g.,
some individuals may stay in the trees) and social structure, are potentially present
which, because of limited data (n=16 individuals) and limited precision of estimates we

did not feel warranted further model development.

Second, small sample size (low number of captures and recaptures of
individuals) likely influenced the precision of our results. SCR models require that
sufficient individuals are captured and that at least some individuals have spatial
recaptures (captures at multiple camera trap locations). For some species, this could be
accomplished by having an extensive and dense trapping array (Tobler & Powell, 2013;
Sollmann et al., 2014). However, we believe that for a wide ranging and mainly arboreal
species such as orangutans this design is infeasible, given the logistics and the high
costs associated with such an array. We chose instead to pursue a design that covered
a larger area and located traps along likely paths of movement. We believe a more
important factor contributing to our low sample size was our positioning of camera traps
for this study. Given that camera trapping combined with SCR modeling had never been
previously attempted for orangutans or any primate, we employed camera trap
placement that has been used extensively for capturing the flanks of felids for
identification (two camera traps per station set perpendicular to and on opposite sides of
the road or trail). The fact that only 67 of 112 orangutan records resulted in individually
identifiable photos indicates that this is probably not the most appropriate placement for
primates, for whom facial features are much more important for individual identification.
Based on our experience studying and identifying wild orangutans, we believe that the
low number of individually identifiable photos of orangutans was due to these issues with
trap placement, and not because some orangutans are simply not identifiable (meaning
that with good photos, all orangutans are in theory identifiable). If a trap arrangement

better suited for orangutans had been used, more individuals would have been identified

76



and our sample size (and thus the precision of our estimate) increased. One simple
adjustment to increase sample size, while allowing for camera trapping array design
similar to the one used in this study, is setting 3-4 camera traps per station and/or
adjusting their placement so that more angles are covered to maximize the likelihood

that the facial features of each orangutan are captured.

There are also other possible changes to study design that could increase
sample size. Setting cameras in the trees is one possibility. Recent studies demonstrate
that it is possible to obtain captures of primates with arboreal camera traps (Gregory et
al., 2014) and cameras placed in carefully selected arboreal locations could supplement
records on the ground. This might be especially useful in areas where there is a sex
difference in use of the ground, as may be the case at certain locations in Wehea (e.g.,
sepans) and has been found at other orangutan study sites (e.g., Manduell et al., 2011).
This technique, however, presents many hurdles (e.g., determining placement of
cameras, the requirement of specialized expertise and equipment) and may also not be
cost-effective in many areas. Sample size could also be increased by setting clusters of
camera traps throughout the study area in places where orangutans are more likely to
be terrestrial (e.g. canopy gaps, ridges, trails and roads). The flexibility in SCR modeling
allows for this type of clustered survey design, which would result in more area covered
and fewer cameras used (Efford & Fewster, 2013). Baiting camera traps could increase
the likelihood of captures across age-sex classes (Royle et al.,, 2011b; Olson et al.,
2012). Lastly, sample sizes could be increased by combining SCR data to estimate
shared model parameters from multiple independent camera trapping studies (see
Sollmann et al.,, 2014). Depending on resources, studies could be conducted
simultaneously or in successive years and focused in various geographic areas (e.g.,
within the range of P.p. morio). This type of combined information study would yield a
large enough data set for more precise and possibly accurate density estimates and also

important information how orangutan densities vary across their geographic ranges.

Third, the spacing of camera traps in this study was too close relative to the
typical amount of space used by orangutans in this study. Trap spacing of roughly 2x o
has been shown to be nearly optimal from a statistical standpoint based on simulation

work (Royle et al., 2014, section 10.3). In the present study the average trap spacing
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was about 0.5x 0 or less. A wider spacing would have potentially allowed the capture of
more individuals, increasing sample size and potentially improving our estimates.
However, the likely success of this and other camera placement strategies should be

evaluated using simulations before such designs are employed in the field.

Implications for orangutan survey methods

Our results suggest that with methodological adjustments, camera trapping and
SCR modeling could be successfully used to estimate the densities of orangutans and,
potentially, other elusive primates. Without applying these methods to a population of
known density, it is impossible to determine which method is more accurate, but our
results suggest that in at least some settings, camera trapping/SCR modeling may offer
more precise results than traditional nest surveys. However, the balance of costs and
benefits must be considered carefully before researchers make the decision to use this,
or any other, method. We have summarized comparisons of the costs, in both money
and effort (Table 5.6) and overall advantages and disadvantages (Table 5.7) of the two
methods below, acknowledging that this is a simplification and that whether the outcome

of the comparison is in favor of one method or another will likely be specific to the study.

Camera trapping does have much higher initial costs than traditional methods
like nest surveys. For our camera trapping study, we estimate equipment costs were
around $15,000, and for a study utilizing more stations and more camera traps per
station, the estimated cost rose to almost $38,000 (Table 5.6) even when using a
relatively inexpensive camera trap model (Bushnell TrophyCam HD, $180/unit, plus
costs of batteries and SD card). Because our site was remote, we did not need to use
devices for preventing camera trap theft, but at sites closer to human habitation this is
often an issue. Such devices are $20-$50 per camera, and with this factored in the cost
of a study like ours would increase by $1440-$3600. This is a substantial investment of
resources and not all researchers will have access to this kind of money. However,
camera traps can be used for multiple seasons, at many study sites and even shared
between researchers, all of which would reduce costs. Camera trapping requires slightly
higher effort in the field than nest surveys alone as each trap must be placed and then

checked regularly over the course of the study, but when the effort required to calculate
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a local nest decay time is considered, camera traps actually require about the same or
less effort in the field than nest surveys (Table 5.6).
Table 5.6 Cost comparison for camera trapping and nest surveys. Costs are

calculated for this study, and for a hypothetical study designed to
increase sample size and/or reliability of results.

Camera trapping* Nest survey® Nest survey +

This study Nest decayY
Equipment ($) 15120 900 2000
Field time (hours) 324 135 335
Person hours (field time x personnel) 648 540 940
Hypothetical study

Equipment ($) 37800 900 2000
Field time (hours) 450 200 400
Person hours (field time x personnel) 900 800 1200

*This study: 36 stations, 70 total cameras; 6 month study, cameras checked twice; 2 observers needed.
Hypothetical study: 45 stations, 4 cameras each; 6 month study, cameras checked twice; 2 observers
needed

BThis study: 27 plots, checked once; 4 observers needed. Hypothetical study: 40 plots, checked once; 4
observers needed.

¥YNest decay for both studies: surveying a set of 40 nests; 1 initial visit and 2 revisits; 2 observers needed

Camera traps offer additional benefits that nest surveys do not (Table 5.7). First
and foremost, camera trapping counts the animals themselves and does not require the
application of parameters to obtain density estimates, removing a major potential source
of error and providing estimates that may be more reliable in many settings. Camera
trapping also provides additional data beyond population abundance or density that can
allow researchers to develop a more well-rounded understanding of elusive and difficult-
to-study populations. This includes information about population structure, demography,
activity and ranging patterns, social interactions, and body condition (Head et al., 2012;
Nakashima et al., 2013; Galvis et al., 2014; Gregory et al., 2014). For example, once
encounter history data is obtained using camera trapping, more general SCR models for
open populations or accommodating non-IDed detections can be developed, allowing
researchers to obtain a more detailed understanding of population demographics.
Camera traps do not just collect data on the target species but on all animals that pass
by, potentially allowing the calculation of general abundance indices for other species

and information on the general biodiversity found in a study area. Finally, camera
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trapping studies provide compelling images that can be used for educational or

conservation purposes. The value of these images for raising public awareness and

support for conservation should not be underestimated (Hance, 2012).

Table 5.7

Comparison of camera trapping (CT) and nest survey (NS) methods

as used to calculate animal density, with the overall “winner” in
each comparison indicated in the “Outcome” column.

Camera trapping Nest surveys Outcome
High equipment cost (Table 5.6), but camera  Low equipment cost (Table 5.6) NS
traps can be reused, reducing average cost
across surveys
Relatively high effort (field time and person Relatively low effort (field time and person ~ Draw
hours) required to obtain sufficient captures hours) required for single surveys, but high
and recaptures and maximize ability to ID effort required to obtain sufficient nest
individuals from photos (Table 5.6) encounter rates and local parameters

(Table 5.6)
Only appropriate where animals use ground  Appropriate regardless of substrate use by NS
regularly animals
Possible detection heterogeneity (e.g., due to  Probability of detection same for all NS
age-sex class, behavior) could influence subsets of population
results
Potential for equipment failure, or theft in Equipment failure and theft are nonissues NS
areas with high human use
Parameters not needed to obtain density Must calculate local values for some CT
estimates parameters to obtain reliable density

estimates, at additional effort and cost
SCR and other modeling approaches allow Little flexibility in study design possible CT
flexibility in study design (line transects or plots)
Provide additional info about target Provide little additional info about target CT
population: e.g., demography, movementand population
activity patterns, behavior, body condition
Provides additional info about animal Provides no additional info about animal CT
community and biodiversity in study area community or biodiversity in study area
Images have multiple uses: education, Pictures of nests don't get people excited CT

advocating for conservation

about conservation

We believe that nest surveys still have a place in the survey methodology

toolbox. Obtaining accurate and precise density estimates from nest counts require a
substantial investment of time and effort, but rapid assessments of an area can be done
using nest encounter rates or nest densities, which do not require the application of

troublesome parameters. Such measures can be used to compare between sites and to
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get a general sense if the orangutan density in an area is likely to be low or high. If the
site seems potentially important, and if camera trapping seems feasible, researchers can
conduct a more detailed assessment and study of the population using camera traps or
other methods. Nest surveys are also useful for monitoring populations, in which case
changes in nest encounter rate or nest density over time can be used. If resources and
time permit, a combination of methods (camera trapping and nest counts) to estimate
density or abundance could provide even greater confidence in density estimates and a
more well-rounded understanding of populations (Nakashima et al., 2013). Finally, there
are situations in which camera trapping is not feasible (e.g., when working with study
animals for which obtaining a sufficient number of captures and recaptures is very

difficult), and in these settings nest surveys may be the best option.

Conclusions

Overall, we believe that camera trapping and SCR modeling are promising
methods that, with some methodological adjustments, could potentially be useful tools
for assessing the densities of orangutans as well as other elusive primates. We believe
this method warrants further investigation to determine when and where it is most
applicable and what methodological adjustments are needed. In general, we encourage
researchers to think carefully about survey goals and to consider the wide range of
options available to them before making a decision about methodology. Choosing to
employ alternative methods may allow conservationists to allocate more of their limited

resources toward the ultimate goal of reducing threats to species survival.
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Chapter 6.

Assessing the precision and uncertainty of density
estimates for the Sunda clouded leopard Neofelis
diardi using spatial capture-recapture modeling

Abstract

The Sunda clouded leopard (Neofelis diardi) is one of the most challenging felids
to study. With the advent of camera trap technology and spatial-capture recapture (SCR)
models, researchers have begun to estimate densities for this felid. However, the
appropriateness and limitations of using camera traps and SCR models to study the
Sunda clouded leopard have not been critically assessed. The purpose of this study was
to use various study length configurations (53 days, 106 days and 212 days) to evaluate
the precision and uncertainty of clouded leopard density estimates in Wehea Forest,
Borneo. We collected data over 212 days and, for analysis, we divided the study into 3
sample configurations consisting of (1) four 53-day windows, (2) two 106-day windows
and (3) one 212-day window. For each window, we estimated density using both a sex
specific SCR model and a simplified sex-generic model, which assumed equal
parameter values for both sexes. Density estimates varied both between windows and
sample configurations and using longer windows did not improve precision. The high
uncertainty in our estimates was likely due to a small sample size, while the difference in
estimates between the two 106 day windows may have been due to ecological
differences between the sampling seasons. The high uncertainty that we found in our
estimates is shared among all clouded leopard studies and makes it difficult to
accurately assess the conservation status of this enigmatic cat. Action is needed to
improve both methods and estimates before habitat loss and hunting quietly force the
Sunda clouded leopard below a critical population threshold and inexorably put it on

same path of extinction as the Formosan clouded leopard.
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Introduction

Estimates of abundance (total number of individuals in a particular ecosystem)
and density (number of individuals per unit area) are some of the most basic
requirements for managing large carnivores (Lebreton et al., 1992; Reed et al., 2002;
Udevitz & Gould, 2013). To obtain accurate estimates, all individuals need to be
recorded at a given time and location. However, this is only possible if animals are easily
detectable. For rare carnivores, this is rarely feasible because they very often have large
home ranges, occur at low densities, exhibit heterogeneous capture probabilities, and

are often extremely elusive (Garshelis, 1992; Karanth, 1995; Thompson, 2004).

The Sunda clouded leopard (Neofelis diardi), found on the islands of Borneo and
Sumatra, is one of these extremely rare and difficult-to-study carnivores. It is the largest
carnivore on Borneo and 2" largest on Sumatra but is still one of the least known cat
species in the world. This may possibly be due to the particularly challenging
environment in which they live and exacerbated by the fact that they are the most
arboreal of all large cats (Grassman et al., 2005; Holden, 2001; Sanderson et al., 2008).
What is currently known about clouded leopard ecology is mainly derived from
observation of captive animals (Selous & Banks, 1935), anecdotal reports (Rabinowitz et
al., 1987; Santiapillai & Ashby, 1988), and chance observations. The only recently
published study on clouded leopard ecology was Hearn et al. (2013), which discussed

aspects of the species spatial and temporal ecology.

There is even less known about the population ecology of the Sunda clouded
leopard. Prior to 2012 only two studies attempted to estimate the density of Sunda
clouded leopards. These studies used track and observation surveys and most likely
overestimated population size with estimates ranging from 25 individuals/100 km?
(Davies & Payne, 1982) to 8 individuals/100 km? (Wilting et al., 2006). Since then there
have been a number of published (n = 8) and unpublished (n = 7) studies that have
estimated clouded leopard densities on Borneo (n = 11) and Sumatra (n = 4). These
studies have produced much lower estimates ranging between 0.767 individuals/100
km? (Sollmann et al., 2014) to 4.41 individuals/100 km? (Cheyne et al., 2013; Table 6.1).
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Table 6.1

Summary of results for Sunda clouded leopard Neofelis diardi studies published since 2012.

Protected area Total days Analysis Total ind. indiv/100 km? Extrapolated
Study Photos N
(total area) (study area) (placement) (# for each sex) (95% CI) population size
1.9 — w/mask 11.17
Brodie & Giordano Malinau Basin, Sabah, 81 SCR 4 50 (0.7-5.4) (4.12-31.75)
(2012) Malaysia (588 km2) (75 km2) (Trailfroad) (4 unknown) 0.8 — w/o mask 4.70
(0.2-26) (1.18-15.29)
- Tangkulap-Pinangah, 126 SCR 5 0.837 4.19
Wilting etal. (2012) | sapah, Malaysia (500 k2| (122 km?) (Grid) (3 male; 2 female) 2 (0.246 - 1.830) (1.23-9.15)
- Segaliud Lokan, Sabah, 96 SCR 5 (3male; 1 female; 1.038 5.94
Witing etal. (2012) | - 1aysia (572 km?) (114 km?) (Grid) 1 unknown) 15 (0.288 - 2.552) (1,65 14.60)
Sabangau, Kalimantan, 90 CR 4 ~
Cheyne etal. (2013) = "2 (5600 k) (50 km?) (Trai) (3 male: 1 ferale) 23 (0.72-4.41) (40.32 - 246.96)
Sollmann et al. Rsi’ﬁ:tr‘;aylr‘: di’:::lg 130 SCR 7 " 1570
(2014) (13,300 km?) (121 km?) (Trail) (6 male; 1 female) (0.578-3.273)
Sollmann et al. Sipurak, Sumatra, 9 SCR 2 6 0.767
(2014) Indonesia (13,300 km2) (94 km?) (Trail) (2 male) (0.145 - 2.101) 168.91™
Sollmann et al. Bungo*, Sumatra, 238 SCR 6 g 1618 (57.06 - 365.35)
(2014) Indonesia (13,300 km2) (322 km2) (Trail) (5 male; 1 female) (0.576 - 3.375)
Sollmann et al. Ipuh*, Sumatra, 222 SCR " male'72 female: 17 1.110
(2014) Indonesia (13,300 km?) (706 km?) (Trail) ’ ' (0.417 - 2.239)
1 unknown)

* for analysis the study length was divided into two time periods to ensure closure
** average density of 1.27 (0.429 - 2.747) across all 4 study sites was used to estimate extrapolated population
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These lower estimates are likely a result of the recent use of camera traps and
spatial-capture recapture (SCR) models (Hance, 2012; Macallum, 2012). SCR models
have emerged as a preferred method for estimating density using photographic data
from camera traps (Foster & Harmsen, 2011; Royle et al., 2011). These models have an
advantage in that they accommodate various types of detector arrangements including
traditional grids (e.g. Wilting et al., 2012), evenly spaced cameras along roads and trails
(e.g. this study; Spehar et al., 2015) and unequally spaced cameras set throughout the
study area (Sollmann et al., 2014). In addition they can incorporate both individual-level
covariates (e.g. sex or age class) as well as station level covariates (e.g. road vs. trail or
habitat; Sollmann et al., 2011). Conventional capture-recapture (C-R) models are less
flexible and require that the entire population be exposed to cameras with no ‘holes’ in
the survey area (Efford & Fewster, 2013). The flexibility of SCR models is especially
important in Borneo and Sumatra, where field conditions can make research design a

challenge.

Here we report on a camera trapping study of the Sunda clouded leopard
(Neofelis diardi) in Wehea Forest, East Kalimantan, Indonesia. The purpose of this study
was to examine the effects of different study design and analytical approaches on the
conclusions to be drawn from camera-trap-based SCR studies of clouded leopards.
Specifically, | use various study length configurations (53 days, 106 days and 212 days)
to evaluate the precision and uncertainty of clouded leopard density estimates in Wehea
Forest, Borneo. Current studies of Sunda clouded leopards have restricted their study
length to between 81 to 130 days to ensure population closure (Karanth & Nichols, 1998;
Silver et al., 2004; Karanth et al., 2006). However, given the extremely elusive nature of
clouded leopards and the difficulty of conducting research on Borneo and Sumatra, we
wanted to explore whether shorter or longer study lengths would impact the precision
and uncertainty of our estimates. Based on our results, we then make specific

recommendations for future research.
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Methods

Study Area

Wehea Forest (01°32°46"N, 116°46’43”E) located in East Kutai District, East
Kalimantan, Indonesia, contains 38,000 ha of mostly undisturbed forest bordered by
large tracts of primary and secondary forests currently classified as logging concessions
(Fig. 6.1). Wehea Forest lies within an old logging concession, a portion of which was
last selectively logged in the mid-1990s. Old logging roads, which have not been
maintained since logging ceased, are overgrown but are still used as animal trails and
were therefore utilized for this study. Wehea Forest is currently protected by an
agreement between a local community and the local government, and its status was

recently changed to a Protection Forest (Hutan Lindung).

The site has a varied topography, characterized by steep ravines, multiple ridges
and runoff streams. Elevations vary from 250 m in the east, where the main logging
activity took place, to 1750 m in the west, where the primary and montane forests occur.
Wehea Forest is characterized by lowland Dipterocarp, sub-montane and montane
forests with mean total annual rainfall amounting to 3000 mm and a mean 24 h
temperature of 27 °C. A dry season typically runs from June to September and the rainy

season is from November to February.
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Figure 6.1 Location of camera-trap stations in Wehea Forest. Insert shows the
location of Wehea Forest on the island of Borneo.

Camera trapping and data preparation

In March 2012, 68 non-baited cameras were set in pairs, or stations, along old
logging roads and trails in order to maximize capture rates (Tobler & Powell, 2013;
Spehar et al., 2015). This station array covered an approximate area of 80 km? (Fig. 6.1).
The cameras used were Bushnell Trophy Cams (n = 60) and Reconyx HC500 (n = 8)
cameras. An additional 9 Bushnell Trophy Cams were added in May, all set along roads
and at two mineral licks (sepans), however data from these cameras were used only to
help identify clouded leopards and not for analysis. The 68 cameras were set across 34
camera trap stations and resulted in a sampling effort of 6,951 trap nights for a total of
212 nights. All cameras remained at the same locations until this study concluded in
October 2012.

All cameras used in this study were placed on trees ~50 cm from the ground and

fitted with a plastic cover above and a bed of leaves below to protect against rain and
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mud. Each camera was set to take three pictures per trigger, with a reset time of one
second. Cameras were checked a total of three times, in the middle of May, the
beginning of July and again in October, at the conclusion of the study. At each visit, non-
functioning cameras were replaced with new cameras, batteries were changed and the

SD card storing the photos was removed from the camera and replaced by a new card.

We identified clouded leopard individuals in photographs based on their unique
spot patterns and identified gender by size and primary sexual characteristics, mainly
the presence of external genitalia. If the individual’s unique spot pattern was not visible
in a photograph, we did not attempt to identify that individual. All photographs were

reviewed two separate times to maximize confidence in the assessment.

Study design

We divided our entire 212-day study length into 3 sample configurations
consisting of (1) four 53-day consecutive windows, (2) two 106-day consecutive windows
and (3) one 212-day window. For each window, we noted how often an individual was
photographed at each station along with the date and time. The 53-day sample-
configuration was chosen as the lower end of survey length used in other felid studies
(e.g. Gray & Prum, 2012; Harihar et al., 2009; Silver et al., 2004) and to simulate a rapid
assessment survey (Alonso et al., 2011). These surveys are especially useful in difficult
research environments such as Borneo and Sumatra and are a good way to assess
large areas in a shorter time. The 106-day sample-configuration was chosen as the
traditional survey length for closed population studies (e.g. Karnath & Nichols, 1998;
Karnath & Nichols, 2000; Wilting et al., 2012) and because this falls within the same
survey length used by other clouded leopard studies (see Table 6.1). The 212-day
sample-configuration was chosen because extended survey lengths can increase
capture probabilities for extremely elusive animals, and in many situations the data
gained by extending the survey length outweighs the risk of violating closure (Tobler &
Powell, 2013).
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Spatial capture-recapture model

We used SCR models to estimate densities for each of our 7 windows so we
could compare how densities varied both between windows and sample-configurations.
SCR models assume that each individual has an independent activity center, which is
located within a defined state-space S. Abundance (N) is estimated by the number of
activity centers within the state space. We defined our state space by adding a 20 km
buffer to our Eastern, Western, Southern and Northernmost camera traps. This resulted
in a state space of 2303 km? which we believe was large enough to include all

individuals that were exposed to the trapping array.

We estimated N for each sampling window separately using a Bayesian analysis
by data augmentation and Markov chain Monte Carlo (MCMC) to obtain Bayesian
estimates of all parameters: abundance, movement, capture probability, and sex-ratio
(N, o, Ao and W), respectively (Royle & Dorazio, 2012; Royle et al., 2007). Data
augmentation assumes a uniform (0, M) prior for N for some large M. We let M be a
number that is larger than the largest possible population size N in S, which in our case
was 200 individuals. We induced the uniform prior by adding to the detection histories of
n, which were the number of clouded leopard individuals detected during the study, a
large number (M — n) individuals that were never detected and thus have encounter
histories that are all zero. For all M potential individuals we introduced an auxiliary
variable, z, which was 1 if the clouded leopard was part of the population and 0 if it was
not. N was then estimated by the sum over all z’s and density D was derived by dividing
N by the area of S (Kéry et al., 2010; Royle et al., 2014; Sollman et al., 2011; Sollmann
etal., 2013)

We ran two models, the first of which allowed for sex-specific baseline encounter
rates (A\o) and a sex-specific movement parameter (o). Ay (photos occasion™) is the
expected encounter rate of an individual with a trap if that trap center were located
precisely at the individual's activity center. The parameter o (km) is the scale parameter
of the Gaussian kernel and is related to animal home range radius (Reppucci et al.,
2011). We set a uniform prior of (0 — 50 km) for both Onae and Otemale, @and a uniform prior
between 0 and 1 for the sex-ratio W. This sex-specific model gave us a total abundance

estimate (Ntw), which was based on unequal encounter rates and movement
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parameters for males and females, along with an estimate of the sex-ratio. Sex-specific
abundance and density estimates were derived by multiplying the total abundance or
density by the estimated sex ratio. We also ran a second, more simplified model (Nsimpie),
which assumed equal encounter rates and movement parameters for each sex and used

the same prior distributions as above.

Models were implemented in the software JAGS (v. 3.1.0, Plummer, 2011)
accessed through the rjags package (Plummer, 2013) and analyzed using the coda
package (Plummer et al., 2006) in R (v. 3.0.3 R Development Core Team, 2014). For
each model, we ran 3 parallel Markov chains with 1 million iterations each, a burn-in of
20,000 iterations and a thinning rate of 200. For all parameters we report posterior
means and standard errors, as well as 90% Bayesian Credible Intervals (BCI) (Sollman
etal., 2013).

Results

From March 21 to October 18, 2012, we obtained a total of 87 clouded leopard
records consisting of 5 males and 7 females. Both males and females were recorded in
each of our windows. Males represented 87% (n = 76) of all records (n = 87) with one
male accounting for 54% (n = 47) of all photographs. The fact that one male was
photographed a disproportionate number of times within the study area is consistent with
other clouded leopard studies (Brodie & Giordana, 2012; Cheyne et al., 2013; Wilting et
al., 2012). All 5 males were recaptured more than one time and at more than one station
(Table 6.2). Of the 7 females recorded during the 212-day study, only 4 were recaptured
a second time and only 1 of these recaptures was photographed at more than one
station. Three males and one female were also photographed during a pilot study in

2011 leading us to believe that these were resident individuals.

The lowest and highest abundance estimates for males were both found within
the 53 day sample-configuration and ranged from the lowest Ny = 7.98 in window
53(3) to highest Npae = 29.91 in window 53(2) (Table 6.3). The lowest abundance
estimate for males (Nnyae = 7.98) also corresponded with the lowest baseline encounter

rate for males (Apmare = 0.01) and highest movement parameter (Omae = 17.21). Males
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were recorded the same number of times (n = 3) in window 53(2) and window 53(3),

however window 53(2) produced more total recaptures (Table 6.2).

Males had far higher baseline encounter rates (Aomae) than females, with the
lowest male baseline encounter rate close to 100 times greater than the lowest baseline
encounter rate for females and almost 5 times greater than the highest female baseline
encounter rate found in the 212-day sample-configuration. The highest movement
parameter for males (Onae = 17.21) was less than half the largest movement parameter
for females (Ofmae = 27.01) in windows 53(3) and window 106(1) respectively and
almost 3 times higher than the smallest female movement parameter (Gfmae = 6.23)

found in the 212 day sample-configuration (Table 6.4).

In our 53 and 106-day sample-configurations, density estimates varied between
windows and sample-configurations, with the 106-day sample-configuration showing the
greatest inter-window variation (Table 6.3). Both 106-day windows captured the same
number of males (n = 5), however males were seen less often and recaptured less often
in window 106(2), resulting in a 63.9% decrease in our estimate of males. Females were
also captured the same number of times in each 106-day window (n = 4), however one
additional recapture in 106(2) appeared to drive the baseline encounter rate up by a

factor of 3 and reduced the female density estimate by almost half.
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Table 6.2

Clouded leopard capture history from each of the three configurations and seven windows.

Configuration 1

Configuration 2

Configuration 3

Sex Parameter
53 days (1) 53 days (2) 53 days (3) 53 days (4) 106 days (1) 106 days (2) 212 days
n seen 4 3 3 3 4 4 5
Total times seen 24 21 14 17 45 31 76
Males -
Total stations 15 19 13 10 22 18 25
Total days 12 13 10 13 25 23 48
n seen 2 3 4 2 5 5 7
Total times seen 2 3 4 2 5 6 11
Females -
Total stations 2 3 4 2 4 4 7
Total days 2 3 4 2 5 6 1
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Table 6.3

Summary of posterior distributions for both sex-specific (male, female, total) and sex-generic (simple)

abundance (N) and density (D — individuals per 100 km?) estimates of clouded leopards.

Configuration 1

Configuration 2

Configuration 3

53 days (1) 53 days (2) 53 days (3) 53 days (4) 106 days (1) 106 days (2) 212 days
Parameter Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE
(90% BCI) (90% BCI) (90% BCI) (90% BCI) (90% BCI) (90% BCI) (90% BCI)
Novale 22.67 +14.89 29.91+20.28 7.98 +7.45 9.25+6.37 2512+ 14.84 9.07 £ 5.62 15.95 + 8.91
(5.05-54.03) (5.23-71.95) (1.68-26.19) (2.32-23.27) (6.45-55.29) (2.83-21.33) (4.96-34.28)
Nramate 59.40 + 46.91 65.23 +46.18 68.58 + 50.91 54.68 + 48.77 7713 £47.09 48.73 + 4517 110.27 + 55.05
(4.81-159.15) (7.49-159.42) (8.37-175.86) (3.75-164.21) (13.26-168.18) (7.21-155.81) (10.82-191.94)
Noota 82.08 + 51.37 95.14 + 50.46 76.56 + 52.28 63.92 + 50.76 102.26 + 50.15 57.79 + 46.20 126.22 + 55.62
(16.00-185.00) (23.00-189.00) (13.00-185.00) (9.00-176.00) (30.00-195.00) (14.00-166.00) (23.00-206.00)
Nsimpi 45.30 +24.92 74.01 £ 38.30 37.93 +27.36 18.52 £ 11.85 69.24 + 28.57 28.34 £ 14.29 54.02 +21.28
(13.00-95.00) (22.00-148.00) (9.00-99.00) (6.00-45.00) (30.00-124.00) (12.00-59.00) (25.00-95.00)
Dinse 0.98 + 0.65 1.30+0.88 0.35+0.33 0.40 +0.28 1.09 + 0.64 0.39+0.25 0.69 £0.39
(0.22-2.35) (0.23-3.12) (0.07-1.14) (0.10-1.01) (0.28-2.40) (0.12-0.93) (0.22-1.49)
Diomai 2.58 £2.04 2.83+£2.00 298 +2.21 237+212 3.35+2.04 212+1.96 478 +2.39
(0.21-6.91) (0.33-6.92) (0.36-7.64) (0.16-7.13) (0.58-7.30) (0.31-6.77) (0.47-8.33)
Diot 3.56 £2.23 413+£2.19 3.32+£227 278+220 444 £218 251+2.01 548 +2.41
(0.69-8.03) (1.00-8.21) (0.56-8.03) (0.39-7.64) (1.30-8.47) (0.61-7.21) (1.00-8.94)
Dsinpl 1.97 £1.09 3.21+1.66 1.65+1.19 0.80 £ 0.51 3.01+£124 1.23+0.62 2.35+0.92
(0.56-4.13) (0.96-6.43) (0.39-4.30) (0.26-1.95) (1.30-5.38) (0.52-2.56) (1.09-4.13)
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Table 6.4 Posterior distributions of the o - movement parameters (km), Ao - baseline encounter rates (photos occasion’
'), and ¥ — proportion of females in the population.
Configuration 1 Configuration 2 Configuration 3
53 days (1) 53 days (2) 53 days (3) 53 days (4) 106 days (1) 106 days (2) 212 days
Parameter Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE
(90% BCI) (90% BCI) (90% BCI) (90% BCI) (90% BCI) (90% BCI) (90% BCI)
o 3.93 + 1.46 2.87 £ 1.01 17.21 £12.39 6.36 + 2.02 2.97 +0.69 7.20 +2.09 4.30 £ 0.91
male (2.25-7.06) (1.64-4.97) (3.79-44.55) (3.60-10.24) (2.09-4.37) (4.20-11.08) (3.04-6.05)
o 24.34 +13.62 26.47 +12.98 27.00 + 12.66 25.54 +13.27 27.01 + 12,61 23.68 + 13.44 6.23+10.75
female (2.60-47.40) (5.01-47.72) (6.08-47.74) (3.85-47.52) (6.11-47.59) (2.87-47.09) (0.83-36.21)
oo 3.29 +0.96 2.54 +0.76 6.49 +2.70 562 + 1.66 2.7140.50 5.68 + 1.41 3.57 +0.60
simple (2.12-5.28) (1.63-4.14) (2.96-11.84) (3.31-8.76) (2.03-3.68) (3.57-8.22) (2.73-4.71)
A 0.16 % 0.69 0.15+0.24 0.01£0.01 0.06 + 0.06 0.38+0.63 0.02 £ 0.01 0.17 £0.21
omale (0.01-0.70) (0.01-0.81) (0.002-0.02) (0.01-0.19) (0.02-2.08) (0.01-0.05) (0.01-0.71)
+
| P00 o0 iz 0tz 000005 | o comts | amaooms | 0020
Ofemale . -Uo - . -Uo - . -Uo - . -Uo - . -Ua -
0.27E-02) 0.08E-02) 0.06E-02) 0.01E-01) (7.98E-06 - 0.038-02) (1.75E-05 - 0.01E-01) 0.06E-01)
oo 0.09 +0.09 0.04 £0.02 0.005 + 0.008 0.03 £0.02 0.05+0.04 0.0140.003 0.03£0.02
Osimple (0.01-0.30) (0.01-0.09) (0.002-0.010) (0.01-0.07) (0.01-0.14) (0.01-0.02) (0.01-0.09)
v 0.64 +0.23 0.63+0.22 8.85+0.14 0.75+0.20 0.71£0.18 0.76 £ 0.17 0.82+0.17
female (0.19-0.94) (0.21-0.93) (0.51-0.98) (0.31-0.97) (0.34-0.94) (0.41-0.96) (0.41-0.97)
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Increasing the size of the sample-configuration from 53 to 106 days did not result
in a materially larger number of male clouded leopards being photographed. The 4
windows in our 53-day sample-configuration captured an average of 3.25 males
whereas this increased to only 4 males per window when the size of the sample-
configuration was doubled to 106 days. Doubling the size of the sample-configuration did
nearly double the number of female clouded leopards captured from an average of 2.75
females in our 53-day sample-configuration to 5 females in our 106-day sample-
configuration and increased the number of recaptures for both males and females.

However these increases were not enough to decrease the uncertainty of our estimates.

The highest male or female abundance estimate was found in the 212-day
window (N = 126.22) and is almost 8 times higher than the male estimate of Npae =
15.95 in the same window. This window also corresponded with the most total female
clouded leopards seen (n = 7) and the largest female baseline encounter rate (Aoremare =
.002) and smallest female movement parameter (Gpmae = 6.23; Table 6.4). Our sex-
specific abundance estimates (N;y) averaged 79.63 individuals across our 53 and 106-
day sample-configurations and increased to our highest total abundance estimate of

126.22 individuals in our 212-day sample-configuration.

Our simplified model, which assumed equal A, and o for each sex, showed
similar variation in abundance estimates (Nsmpe) between windows and sample
configurations and were consistently lower when compared to our sex-specific model
(Niotar). Abundance was lowest (Ngimpe = 18.52) in 53(4) and highest (Ngimpe = 74.01) in
53(2). Abundance (Nsimpre) in 106(1) was 2.44 times higher than in 106(2) and our 212-
day window estimate (Ngmpe = 54.02) was 2.34 times lower than our sex specific

abundance (Ny:) estimate in our 212-day window (Table 6.3).

Discussion

The use of camera traps has emerged as a powerful research tool over the past
two decades, with 73% of camera trap studies being published after 2005 (McCallum,
2012). Of all camera trap studies published since 1994, the two most common taxa

represented were Panthera tigris (22%) and Panthera pardus (16%) with the most
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common objective of the study type being estimating population density (McCallum,
2012). Of population density studies involving camera traps, non-spatial C-R (capture
recapture) and more recently SCR (spatial capture-recapture) models have become the
common methods for estimating population density of elusive terrestrial mammals
(Foster & Harmsen, 2011) — representing 38 of 47 published studies focusing on felids.
Recently, these methods have been used to estimate densities for clouded leopards with
5 of 6 studies published since 2012 (see Table 6.1) and a number of other studies being
planned or currently underway. Despite the popularity of these methods, our study
demonstrates that given the low precision and high uncertainty in our results (and results
from past studies) that continuing to use these same methods to study clouded leopards

will not further improve our understanding of their total population size.

Impact of study length on density estimates

When studying elusive animals such as Sunda clouded leopards, it is important
to consider the appropriate length of time in which to leave cameras in the field in order
to detect as many animals as possible while still maintaining both geographic and
demographic closure (Williams et al., 2002). In the absence of suitable closure tests, a
survey period of approximately 100 days has been suggested for big cats (Karanth &
Nichols, 1998; Silver et al., 2004). However, other researchers have chosen to extend
sampling periods so sufficient captures are obtained for analysis including several
studies, which sampled for 6—14 months (Karanth, 1995; Kawanishi & Sunquist, 2004;
Haines et al.,, 2006; Simcharoen et al., 2007; Mazzolli, 2010). While violating the
population closure assumption is a concern for long survey periods, currently there are
insufficient data from clouded leopard studies (see Table 6.1) to suggest the appropriate

survey length while still assuming population closure.

It could be assumed that our estimates in the four windows of our 53-day
sample-configuration would show the lowest precision and highest uncertainty due to a
smaller time period and therefore reduced number of captures and recaptures. However,
our study showed that neither the precision, as demonstrated by the lack of agreement
in estimates within windows, nor uncertainty of our estimates, as demonstrated by the
wide credibility intervals (Cls), improved by extending the sample-configuration to 106-

days (Table 6.3) even though the total number of recaptures for both males and females
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increased (Table 6.2). To improve estimates, it has been suggested that for extremely
elusive animals the data gained by extending the survey period could outweigh the risk
of violating closure (Tobler & Powell, 2013). Our data suggests, however, that for
clouded leopards extending the sample-configuration to 212 days did not yield estimates

with any less uncertainty (Table 6.1).

In addition to extending the sampling window, using the most simplified model
that is consistent with the data should, a priori, be used for small sample sizes. Our
simplified model that assumed equal home range sizes and capture probabilities did
marginally decrease the uncertainty in our estimates as reflected in the slightly narrower
Cls. However, given that behavioral differences do exist between the sexes of most
large felids (Conde et al., 2010), estimates from our simplified model should also be

treated with caution.

Factors influencing the high uncertainty in estimates

A potential concern with the results from past studies of clouded leopards (Table
6.1) and this study (Table 6.3) is the consistently wide Cls. We believe the main factor
driving this uncertainty are the small sample sizes used to estimate densities (see Table
6.1 and 6.2). Given such small sample sizes, adding or removing only a few individuals
from a data set can have a significant impact on estimates. Simulations with SCR
models showed they worked well and produced unbiased results for adequate sample
sizes (n = 200) but bias increased with low capture probabilities (Marques et al., 2011;
Royle & Young, 2008). Given that the largest sample size for clouded leopards from past
studies is n = 22 (Sollmann et al., 2014) and only n = 12 individuals from this study, we
should be very cautious in making any conservation related management

recommendations based on our current knowledge of this felid.

In addition to small samples sizes, only 30 percent of total records from past
studies are female. In this study, 58 percent of our records were female (7 of 12),
although these records were mainly from a single station, thus making it impossible to
calculate o separately for males and females (Sollmann et al., 2014). Given that SCR
models are sensitive to un-modeled heterogeneity in detection probability, leading to

estimates that are biased low, current clouded leopard estimates may be
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underestimating actual densities. One possible explanation for the low female encounter
rates is that they occur at lower densities than male clouded leopards. However, our
understanding of the population dynamics of other felids indicates that female clouded
leopards may out-number males (Schaller & Crawshaw, 1980; Sollmann et al., 2011;
Sunquist, 1981). This difficulty in photographing females may arise from a higher level of
arboreality, a smaller home range (Sandell, 1989, Sharma et al., 2009; Sollmann et al.,
2011), a trap shy response, as has been shown by tigers (Wegge et al., 2004) or an
avoidance of roads, as has been shown by panthers, amur tigers and jaguars (Conde et
al., 2010; Kerley et al., 2002; Maehr, 1997).

Another potential factor that may be impacting the precision and uncertainty in
our density estimates is our lack of understanding of the temporal ecology of clouded
leopards. Hearn et al. (2013) characterized clouded leopard activity as mainly nocturnal,
however the temporal ecology of clouded leopards over weeks and months is unknown.
The present study indicates that temporal variation in density estimates may exist for
studies using the recommended survey length of approximately 100 days (Karanth &
Nichols, 1998; Silver et al., 2004). In the simple model, density estimates were
significantly different in windows 106 days (1) (Dsimpe = 3.01) and 106 days (2) (Dsimpre =
1.23; Table 6.3). We consider parameters significantly different from each other if the
90% BCI of one does not include the mean of the other (Sollmann et al.,, 2014). In
addition, the movement parameter (o) was more than twice as large in 106 days (2)
indicating a significant change in spatial behavior by the clouded leopards. This could be
driven by a number of factors including changes in distribution of a particular prey
species (e.g. primates; Matsuda et al., 2008) due to resource availability or in response
to mating. If sampling season does significantly impact density estimates for clouded
leopards, as it did in our study, then we cannot be certain if the estimates from Table 6.1

are a true reflection of density or only of the season in which the study was carried out.

One critique of the differences in density between models 106 days (1) and 106
days (2) is that animals may have immigrated or emigrated (i.e. transients) into or out of
the study area between time periods, thereby violating population closure. However we
have two reasons to believe this is not the primary cause in the differences between our
estimates. First, in each time period, four individual males were seen, three of which

were photographed repeatedly in each time period and on a regular basis between 2011
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and 2013 and therefore are most likely resident males. Secondly, of the five females
recorded in each time period, three were captured during both study periods and all five

individuals were recorded at only one station.

The difficulty in assessing the conservation status of the Sunda clouded leopard

The high uncertainty in current density estimates makes it extremely difficult to
accurately assess the conservation status of Sunda clouded leopards. However, we
believe there is still heuristic value in exploring the impacts that this uncertainy has on
our ability to determine the overall population size of Sunda clouded leopards. To do
this, we use the concept of minimum viable population (MVP) since it is well known there
is a strong relationship between extinction risk and population size (Shaffer, 1981; Reed
et al., 2003; Brook et al., 2006; Traill et al., 2007). The concept of MVP is a core
component of the IUCN Red List of Threatened Species rules (Criterion C and D; IUCN,
2012) and has a good deal of empirical development behind it (Frankham, 1995;
Franklin & Frankham, 1998; Brook et al., 2002; Reed et al., 2003; Brook et al., 2006;
Traill et al., 2007; Traill et al., 2010). Although the use of MVP in conservation biology
has been criticized (Flather et al., 2011), we believe there is value in using it to explore
whether clouded leopards may or may not be near critical population thresholds. In
addition, given the high uncertainty in our current estimates and until better methods can
be developed, the use of MVP may provide a scientifically defensible generalization
concerning managing viable sub-populations within protected areas and meta-

populations on Borneo and Sumatra.

For sub-populations if we assume that 50 individuals (Franklin, 1980; Wilting et
al., 2006; Traill et al., 2010) is the absolute minimum threshold for simply maintaining
short-term fithess (to avoid inbreeding), then Sabangau (N = 40 - 247), and the Kerinci
landscape (N = 169) are the only surveyed areas that may contain short-term viable
populations of clouded leopards. However, the estimates from Sabangau (Cheyne et al.,
2013) may be high since a closed population capture-recapture (C-R) model was used
that is known to over-estimate density (Tobler & Powell, 2013). If we consider a
genetically effective population size (N.) of 500 individuals than none of the areas

surveyed approach this threshold and Sabangau and the Kerinci landscape have only a
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50% probability of supporting a genetically viable population of clouded leopards over a

30 year time-scale (Trail et al., 2010).

For meta-populations, a significant body of research estimates that both the
evolutionary and demographic constraints on populations require sizes to be at least
5000 adult individuals (Frankham, 1995; Reed et al., 2003; Thomas, 1990; Traill et al.,
2007; Traill et al.,, 2010). This adult population size of 5000 individuals represents a
threshold or a key moment where a declining population becomes a small population
with increased vulnerability to extinction (Traill et al.,, 2010). We recognize that
generalizing too broadly among species can be problematic, however we believe this is
a fair starting point from which to begin a discussion about the number of clouded
leopards needed to maintain long-term viability. When extrapolating across the predicted
Sunda clouded leopard range (~ 491,317 km?; Hearn et al., 2008) we estimate an overall
population size of as few as 2324 to as many as 14,474 individuals with the average

mean population size being approximately 6196 individuals.

For the Sunda clouded leopard to meet the population threshold of 5000 adult
individuals would require an overall density of 1.02 individuals/100 km? across its
predicted range. Since the average mean density from all studies, including this one, is
1.26 individuals/100 km?, it may be possible that the Sunda clouded leopard population
meets this threshold. However we believe for a number of reasons that caution should
be used before inferring this to be the case. First, the estimated geographic range for
Sunda clouded leopards is based not on observation data of the cat but on its probability
of occurring in 16 types of habitat found on Borneo and Sumatra (Struebig et al., 2015).
Second, given that published clouded leopard studies have only surveyed at most 5
types of habitat, mainly in Sabah, Malaysia, the actual geographic range may be much
smaller than currently estimated. If the known geographic range were to shrink by only
20%, then the estimated overall population would fall below the 5000 individual
threshold. Third, the studies used to estimate sex ratios in felids (e.g. Schaller &
Crawshaw, 1980; Sollmann et al., 2011; Sunquist, 1981) do not necessarily capture the
role of dispersers and transients within their estimates of sex-ratios. In a long-term
dynamics study, Karanth et al. (2006) show a large presence of transients among male

tigers (18%), which produces a sex ratio closer to 1:1. If a 1:1 sex ratio is also true of

106



Sunda clouded leopards then the densities listed in Table 6.1, which all used a simplified

sex-generic model, may be closer to actual densities and not underestimates.

Recommendations for improving density estimates

The most obvious consideration when designing future studies is on developing
methods, which yield larger sample sizes. This could potentially be accomplished by
increasing both the size of the trapping array and the density of camera stations
(Sollmann et al., 2014; Tobler & Powell, 2013). Although theoretically possible, we
believe this may be logistically infeasible for clouded leopards given the difficulty of
setting cameras in most study areas and the high costs that would be associated with
obtaining enough cameras to conduct studies across the clouded leopard’s range.
Research so far has been conducted in what could be considered ‘optimal’ clouded
leopard study sites (e.g. protected areas, lowland forest, research sites with pre-existing
trails, areas with low hunting rates) and even under these ‘optimal’ conditions sample
sizes were small and Cl's wide. In addition, we believe that due to the high level of
clouded leopard arborality, that cameras should mainly be set along roads and trails,
especially since increasing the sample size is a priority (Tobler & Powell, 2013). This
idea is reinforced by the fact that the clouded leopard studies with the greatest number
of independent photos also had cameras set along roads and trails (Table 6.1). Given
that most research sites may not have an adequate network of trails and roads, it may
be difficult to find study sites that would yield significantly larger sample sizes. For these
reasons, we believe that focusing on larger study areas with a denser network <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>