Conservation & Ecology

RAFFLES BULLETIN OF ZOOLOGY 69: 176-187
Date of publication: 9 June 2021
DOI: 10.26107/RBZ-2021-0015

http://zoobank.org/urn:lsid:zoobank.org:pub:0SE85EEC-D839-488E-94B3-83D642F63BB1

Population trends and conservation status of proboscis monkeys (NVasalis
larvatus) in the face of habitat change in the Klias Peninsula, Sabah,
Borneo, Malaysia

Henry Bernard"™*, Nicola K. Abram?, Menaga Kulanthavelu', Felicity Oram' & Ikki Matsuda'>**>

Abstract. Proboscis monkey (Nasalis larvatus) habitats throughout its range are becoming increasingly fragmented
and degraded. Discerning patterns of abundance and distribution, and elucidating factors that affect the survival of
this species in altered landscapes are vital for its conservation. We assessed population trends over 10 years in the
Klias Peninsula of western Sabah, Malaysian Borneo. Our findings revealed that population size and distribution
remained generally stable between 2004 and 2014, and little further habitat loss occurred over this interval. However,
a positive correlation in proboscis monkey abundance was found with increasing proximity to areas where more
large emergent trees remained along the riverbanks. This indicates that habitat quality is an ongoing conservation
concern. Furthermore, we found that only about half of the available proboscis monkey habitat in this region is
fully protected. The rest is within commercial and native-titled lands that are, by law, required to be converted to
agriculture. For example, we identified key proboscis monkey habitat within and around the Padas Damit Class [V
Amenity Forest Reserve, an area where we also found the highest densities of proboscis monkeys in the region.
However, significant areas in close proximity or contiguous with this forest reserve have subsequently been
converted to oil palm. Such development not only causes outright habitat loss but also risks disrupting connectivity
of proboscis monkey habitat, especially along rivers. This in turn poses a threat not only to long-term viability of
the local proboscis monkey population, but also to another vital aspect of the economy of the Klias region that
depends on the draw of proboscis monkey-viewing for wildlife-based tourism. We suggest that mechanisms to
safeguard the contiguity of remaining proboscis monkey habitat within this area should be implemented at the
landscape level to ensure persistence of the local population.
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INTRODUCTION

Nearly half of all non-human primates are threatened with
extinction from habitat loss, degradation, and fragmentation
due to anthropogenic factors such as logging and expansion
of industrial agriculture (Estrada et al., 2017). A fundamental
wildlife management issue is the lack of basic information,
such as abundance and distribution, necessary for developing
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effective management plans for long-term conservation.
Because primates are long-lived mammals with slow life
cycles, they generally respond very slowly to dramatic
environmental changes and human interference (Chapman et al.,
2006). Therefore, basic long-term monitoring data, such as
population size and distribution range, are indispensable
for understanding population trends, particularly in relation
to changes in habitat quality and anthropogenic impacts
(Chapman et al., 2017).

Agriculture, especially of oil palm (Elaeis guineensis), has
replaced large areas of forest in Southeast Asia, a region
with several global biodiversity hotspots (Myers et al., 2000;
Fitzherbert et al., 2008). Borneo, in particular, has been
identified as a centre of endemism, yet its forests remain
highly threatened by small- and large-scale conversion of
forest to oil palm (Sodhi et al., 2004; Woodruff, 2010;
Abram et al., 2014). As a result, Bornean primates living in
these regions have suffered significantly from forest losses
(Wich et al., 2012; Ancrenaz et al., 2014; Abram et al.,
2015; Bernard et al., 2016), as well as hunting, another
major threat that has caused the decline of many primate
populations in Borneo (Bennett et al., 2000; Corlett, 2007,
Harrison, 2011; Davis et al., 2013).
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The proboscis monkey (Nasalis larvatus), a Bornean endemic
species, has been red-listed by the IUCN as an Endangered
species since 2000 (Boonratana et al., 2020). Proboscis
monkeys are large, sexually dimorphic, diurnal arboreal
colobines (Koda et al., 2018). Their typical social unit is a
unimale, multi-female group, consisting of an adult male,
several adult females, and immatures, although there are
also all-male groups that consist mainly of young males
(Bennett & Sebastian, 1988; Yeager, 1990). Proboscis
monkeys are closely associated with waterways and inhabit
mainly riverine forests, mangrove, and lowland peat swamps
(Sha et al., 2008). However, such habitats are becoming
increasingly threatened by the conversion to industrial
agricultural plantations, mainly oil palm, which requires these
same lowland floodplain areas (Meijaard & Nijman, 2000a;
Gaveau et al., 2014). As a result, agricultural expansion and
forest fragmentation have been shown to exert considerable
negative impacts on proboscis monkey population size
and distribution island-wide (Meijaard & Nijman, 2000b;
Matsuda et al., 2020; Toulec et al., 2020). Other identified
causes of proboscis monkey habitat loss and fragmentation
are logging, fire, and expanding pockets of human habitation
(Sha et al., 2008).

A state-wide proboscis monkey survey in the East Malaysian
state of Sabah, Borneo, was conducted in 2005 by boat-based
methods along major rivers and tributaries (Sha et al., 2008).
The 2005 survey revealed that the Klias Peninsula region
located in western Sabah had an estimated total of 818
individual proboscis monkeys in 75 groups. A year earlier, in
2004, a similar but more localised survey covering the Klias
Peninsula region was conducted by Bernard & Zulhazman
(2006). Their survey recorded an estimated overall total
of 569 individuals in 65 groups. Both surveys concluded
that in 2004 and 2005 the Klias population was one of
the remaining proboscis monkey strongholds in Sabah and
likely contained the only viable population of this primate
species in the entire west coast region of the state (Bernard
& Zulhazman, 2006; Sha et al., 2008). Due to the reliable
presence of proboscis monkeys, the Klias Peninsula is also
regarded as an important region for wildlife-based tourism
in Sabah. This has resulted in a major proliferation of large-
and small-scale tourist establishments, particularly over the
past 15 years, to cater to the increasing visitor volume (Sha
et al., 2011).

In this latest census survey completed in 2014 and reported
here, we determined abundance and distribution patterns of
the local proboscis monkey population in the Klias Peninsula
region and compared this with earlier results from Bernard
& Zulhazman (2006) and Sha et al. (2008), completed
approximately 10 years earlier (in 2004/2005). We used the
same methods and followed generally the same routes as
the previous studies. Our aim was to measure any change
in proboscis monkey population trends in relation to habitat
degradation and agricultural conversion in the area between
2004 and 2014. We also derived land-use and land-cover
statistics and used information on allocated land titles and
forest reserves to calculate the extent of potential proboscis
monkey habitat that is under threat and/or earmarked for
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conversion, as a window into the possible future for the
population in the Klias Peninsula of Sabah. Additionally, we
elucidate some factors affecting proboscis monkey abundance
by modelling variations in relation to aspects of habitat quality
(i.e., vegetation) and other anthropogenic factors, including
oil palm plantations and human settlement development. We
predicted that higher habitat quality will contribute positively
to proboscis monkey abundance whereas anthropogenic
activities would have a negative effect. We also expected
an overall decline in proboscis monkey abundance between
2004 and 2014 due to land-use changes during those periods
(Kamlun et al., 2016).

METHODS

Study area. The study area was located mainly along the
Padas River, Padas-Damit River, Klias River, and Bukau
River in the Klias Peninsula, western Sabah, East Malaysia.
Overall, the Klias Peninsula covers an area of 130,000 ha,
and is characterised by generally flat land (0-50 m a.s.l.)
(Bernard & Zulhazman, 2006). The predominant vegetation
throughout the Klias Peninsula consists of a complex mixture
of mangrove, nipah palm forest, freshwater swamp forest,
and peat swamp forest in various states of degradation,
interspersed with open areas and extensive wet grasslands
(Bernard et al., 2019a). Prior to this study, a large proportion
of the natural vegetation had already been heavily disturbed
and fragmented, with large areas cleared to make way for
human settlements, subsistence agriculture (mainly for wet
paddy), rubber trees and, more recently and extensively,
small- and medium-sized oil palm estates (Kamlun et al.,
2016). During the study period the mean minimum and
maximum temperatures were 22 and 35°C, respectively.
Annual precipitation in the study region was between 3,000
and 3,500 mm (Sabah Meteorological Department, 2015).

We selected seven sampling sites (Fig. 1) within and/
or in the vicinity of protected areas, scattered around the
Klias Peninsula region as follows: (1) Padang Teratak Bird
Sanctuary, (2) Padas Damit Forest Reserve, (3) Menumbok
Forest Reserve, (4) Binsulok Forest Reserve, (5) Klias Forest
Reserve, (6) Kg. Hindian Forest Reserve, and (7) Nabahan
Forest Reserve. Previous studies conducted in 2004/2005
had confirmed the presence of proboscis monkeys in all
of the above sampling sites (Bernard & Zulhazman, 2006;
Sha et al., 2008).

Boat-based river survey of proboscis monkeys. Proboscis
monkey habitats throughout their range are generally always
wet, therefore the most efficient and cost-effective way to
survey monkeys living in flooded forest habitat is by boat
(Matsuda et al., 2016). Furthermore, this monkey species
customarily returns almost every evening to sleep in trees
located along riverbanks. This daily ranging pattern, common
throughout their range on Borneo Island, is also observed
in the Klias Peninsula region (Bennett & Sebastian, 1988;
Yeager, 1989, 1995; Sha et al., 2008; Matsuda et al., 2010).
Therefore, we employed the classic boat-based method to
conduct surveys during early mornings and/or late afternoons,
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Fig. 1. Map showing the Klias Peninsula region in western Sabah, in the northern part of Borneo (inset), Malaysia, and the research
sampling sites in riverine, mangrove, and mixed mangrove-riverine forests along rivers in Padang Teratak Bird Sanctuary, Padas Damit
Forest Reserve, Menumbok Forest Reserve, Binsulok Forest Reserve, Klias Forest Reserve, Kg. Hindian Forest Reserve, and Nabahan
Forest Reserve, where the river surveys of the sleeping sites of proboscis monkeys were conducted.

i.e., shortly before the monkeys leave their sleeping trees in
the morning or when they have just entered their sleeping
sites in the late afternoon. Specifically, we performed the
surveys from 0530 to 0930 hours and/or from 1600 to
1830 hours from January to March 2014, to document the
abundance and distribution of proboscis monkeys in the
above-mentioned seven sites. We surveyed all main rivers
and their tributaries only once without repeat surveys. We
covered rivers and tributaries that were in close proximity
to each other in one survey session or on consecutive days
to minimise the probability of double-counting. At each site
we surveyed a distance ranging from 6.5 to 21.7 km, with
a total surveyed distance of 106 km (Table 1). Whenever
we spotted proboscis monkeys in the trees, we recorded
the group location using a global positioning system (GPS)
receiver. We also recorded the total number observed in
each group and the group type, i.e., either a unimale, multi-
female group, or an all-male group. In addition, we recorded
the habitat type where the group occurred following the
general habitat classification by Bernard et al. (2019a), i.e.,
(1) mangrove, (2) riverine, or (3) mixed mangrove-riverine
forests. We identified the total distance surveyed of each
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habitat type by traversing the river by boat and determining
the length covered by each of the three habitat classes along
the riverbanks using a GPS receiver. We assessed the relative
habitat preferences of proboscis monkeys observed in each
habitat type by dividing the total number of individuals
detected over the length of the riverbanks covered by each
of the three different habitat types.

Vegetation survey. To assess vegetation characteristics at
each sampling site, we set up four to six circular plots (40 m
in diameter per plot) at each site for an overall total of 34
vegetation plots. The objective was to focus our vegetation
assessments on the sites where proboscis monkeys were
frequently encountered, such as their sleeping sites located in
close proximity (<50 m) to riverbanks. However, because of
the swampy habitats and dense undergrowth associated with
wetland forests, and habitat fragmentation sometimes leaving
only small intact vegetation areas along the rivers, options for
vegetation plots in some sites were limited to nearer rather
than more inland from the river banks. We labelled all trees
> 10 cm gbh (girth at breast height) located within the plots
and identified them with the support of a botanist from the
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Table 1. Summary of the river surveys for proboscis monkey populations in each site.

. Distance No. of Individual .
. Area size . R No. of groups . Group density
Study site (km?) of river individuals detected density (grp./km?)
surveyed (km) detected (ind./km?) grp-

Padang Teratak 27.50 10.0 46 4 1.7 0.15
Padas Damit 90.30 21.7 200 21 2.2 0.23
Menumbok 20.00 20.5 120 10 6.0 0.50
Binsulok 121.10 11.6 56 8 0.5 0.07
Klias 36.20 17.0 91 13 2.5 0.36
Kg. Hindian 5.80 6.5 94 8 16.2 1.38
Nabahan 3.56 18.7 72 11 20.2 3.09
Total/all sites combined 304.50 106.0 679 75 2.2 0.25

Institute for Tropical Biology and Conservation, Universiti
Malaysia Sabah. We measured the gbh of all labelled trees.
Based on the data recorded from the vegetation plots, we
calculated three vegetation variables, i.e., (a) tree basal area:
sum of the area of all tree stems (m?) in a plot; (b) tree
species richness: number of the recorded tree species in a
plot; and (c¢) maximum tree diameter: diameter (cm) of the
tree with the largest gbh size in a plot.

Anthropogenic activities. We measured two variables
associated with anthropogenic activities as follows: (A) the
nearest distance from agriculture, specified by measuring
the distances (km) from the centre of each survey site to
the edges of three nearest agricultural sites; and (B) the
nearest distance from human settlement areas, as measured
by determining the distances (km) from the centre of each
sampling site to the edges of three nearest human settlements.
We estimated all geographic distances using the distance
tool in Google Earth Pro. Version 9.2.63.0.

Abundance data analysis by area rather than linear
measure. We calculated relative abundance at each of the
sampling sites by dividing the sum of the proboscis monkey
count with the size of the sampling sites. We chose to measure
proboscis monkey abundance proportional to the size of the
study sites rather than to the length of the rivers surveyed.
Indeed, distance surveyed along rivers is also relevant.
However, because the rivers surveyed in this study were
quite meandering (winding) and rarely straight, the study
sites covered in our surveys were better represented by an
area measure than a linear one.

Data analysis of the effects of vegetation and anthropogenic
factors. We examined the effects of the vegetative variables,
(a) tree basal area, and (b) tree species richness, on proboscis
monkey population density (km?) in each survey site, using
a simple linear regression analysis; note that as variables (a)
tree basal area and (c) maximum tree diameter were highly
correlated (Spearman’s rank correlation coefficient: tho=0.81
and p-value <.0001), we did not test the effect of the variable
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(c). The proboscis monkey counts in each sampling site per
size of the sampling site were treated as a dependent variable
with a Box-Cox transformation prior to analysis to satisfy
the model assumptions of normally distributed residuals
(Beaty et al., 1985). We used the Bonferroni correction to
correct for multiple comparisons of those linear regression
analyses (P = 0.05/N: N is the number of comparisons made,
i.e., 0.025). A simple linear regression analysis was also
performed to find out whether proboscis monkey population
density (km?) in each survey site was affected by the two
sets of anthropogenic variables, (A) the nearest distance
from agriculture, and (B) the nearest distance from human
settlement areas. We used the Bonferroni correction to correct
for multiple comparisons of those linear regression analyses
(P = 0.05/N: N is the number of comparisons made, i.e.,
0.025). All analyses were performed in R ver. 3.1.0 (R Core
Development Team, 2019).

Temporal land use and land cover in proboscis monkey
range. To understand the extent of proboscis monkey habitat
in the Klias Peninsula and calculate habitat lost between
2004 and 2014, we performed basic spatial analyses for the
2004/2005 and 2014/2015 timeframes. We first identified
the rivers surveyed for proboscis monkeys, then defined the
proboscis monkey’s potential range (using the buffer tool in
ArcGIS 10.8.1) for the surveyed regions by setting a 1-km
boundary from the riverbank. Matsuda et al. (2010) suggested
that 800 m is typically the distance that proboscis monkeys
would travel from riverbanks, whereas Stark et al. (2017b),
based on a study that used collared GPS data, showed that
the maximum distance travelled by proboscis monkeys from
riverbanks was up to 2 km, although this was not typical.
Based on this prior information, we decided to use a 1-km
distance. Within the 1-km buffer areas, we then digitised
various land-use and land-cover types. For 2014/2015, we
used high-resolution (1.5 m) SPOT 5 imagery, which allows
for easier identification of land-use and land-cover types,
and enabled us to undertake detailed, fine-scale mapping.
For 2004/2005, no SPOT imagery was available to us, so
we used a combination of Landsat (30 m) and Google Earth
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images. Due to the high resolution of the SPOT imagery, we
undertook the mapping for the 2014/2015 time period first,
as these images allowed us to better understand the various
land-use and land-cover classes present within the study
region, and enabled us to map, with precision, these various
classes. After completing the 2014/2015 classification, we
turned to the 2004/2005 mapping. To do this, we used the
2014/2015 layer as our starting point, then used Landsat
imagery and good imagery from Google Earth for 2004/2005
to help identify where land-use and/or land-cover changes
had occurred within the 10-year period. Where there were
changes, we used both Landsat and Google Earth imagery to
map the extent of these changes and to identify the land-use/
land-cover category for that area in 2004/2005.

The land-use/land-cover categories digitised within the
potential proboscis monkey range included: (1) intact forested
areas that were identified as mangroves; (2) intact forested
areas that were likely to be riverine forests and freshwater
swamp forest types; (3) degraded forested and swamp
areas, with sparse tree composition (degraded forests and
natural swamps were pooled together as we were unable to
distinguish one from the other through satellite imagery);
(4) areas of oil palm that were split into three sub-classes
that included estates, smallholdings, and areas that have
potentially failed oil palm due to flooding and unsuitable
lands (see Abram et al., 2014); (5) mixed mosaic areas that
included human settlements and various smallholdings with
potential fruit trees and other community land use types; (6)
wet paddy areas; (7) agroforestry areas; and (8) aquaculture.

Identifying protected habitat and habitat under threat
of conversion. To identify the extent of protected potential
proboscis monkey habitat in the Klias Peninsula, we used
data from the Sabah Forestry Department for Sabah’s various
Protected Area designations (i.e., various Protection Forest
Reserves, Parks, and Wildlife Sanctuaries) as well as various
commercial Production Forest Reserves.

To also understand the extent of potential proboscis monkey
habitat under threat outside of Protected Areas and Production
Forest Reserves, we used land title data to estimate the
overlap between unprotected forests and allocated land titles
granted (or ‘alienated’) by the government (largely for oil
palm). These land title data were obtained from the Sabah
government’s Land and Survey Department’s online platform
(www.jtuwma.net) accessed on 2 February 2017. The data
were in shapefile polygon format and included a number of
land title types. Land title types included: (1) Field Register
(FR), which is a temporary status before Native Title (NT) is
granted; (2) Native Title (NT), which is meant for indigenous
peoples for perpetuity (999 years), restricted to less than 40 ha
in size, and typically granted for oil palm, rubber, and other
agricultural smallholdings; (3) Provisional Lease (PL),
which is given prior to the Country Lease (CL) title; and
(4) Country Lease title, which is open to all citizens and
non-citizens of Malaysia for a 99-year period and usually
given for the purpose of agriculture (largely oil palm) (Sabah
Land Ordinance, 1976). Additionally, in the land title dataset,
there were demarcated land titles with no codes, which
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we assumed to be land under application and refer to as
‘unknown titles’. Lastly, we also identified potential ‘State
Land’ (i.e., land that has not been alienated to any type of
land title and that is not in any Protected Area or Production
Forest Reserve) by extracting land that was outside of the
land title, Protected Areas, and Production Forest Reserve
datasets. State Lands are lands that are available for land
applications by individuals or companies under the Sabah
Land Ordinance (1976), or are available for government
purposes, e.g., for protection purposes.

RESULTS

Population abundance and distribution pattern. We
conducted a total of 42 boat-based proboscis monkey surveys
over 35 field days in the seven study sites. Overall, we
detected a total of 679 individuals in 75 groups across all
the study sites (44 unimale, multi-female groups; 16 all-male
groups—including solitary males; and 15 groups for which the
composition could not be determined). The highest abundance,
with 200 individuals and 21 groups, was recorded in the
Padas Damit Forest Reserve situated in the central part of the
Klias Peninsula (Table 1). Based on the three general habitat
classifications used in this study (following Bernard et al.,
2019a), proboscis monkey groups were detected in only
two habitat types, namely riverine and mangrove forests.
The distances surveyed along riverbanks that were covered
in riverine, mangrove, and mixed mangrove-riverine forests
were approximately 35, 65, and 5 km respectively. Although
more individuals were detected in the mangroves (412)
than in riverine forests (267), the corrected relative habitat
preference values, i.c., weighted by the distance surveyed
along all three habitat types, revealed that more monkeys
were found in the riverine forests (7.6 individuals/km) than
in mangroves (6.3 individuals/km).

Effects of vegetation variables and anthropogenic
activities on population abundance. Measurements of the
vegetation variables varied across the sites and within each
site (Fig. 2). The sites which had different forest types (i.e.,
riverine forests, mangrove forests, and mixed mangrove-
riverine forests) showed a large variation in the vegetation
variables recorded, such as at Kg. Hindian. The population
density of proboscis monkeys was significantly and positively
associated with the total basal area of trees (R* 0.12 and
p-value: 0.024); the model for tree species richness was
not statistically significant (R* —0.023 and p-value: 0.625).
These results generally indicate that proboscis monkeys
were concentrated in sites with larger/emergent trees,
hence suggesting that these areas are especially important
as nighttime sleeping sites. Analysis of the anthropogenic
variables showed that distances from both agricultural sites
(with a positive effect: R* 0.06 and p-value: 0.59) and
human settlement areas (with a negative effect: R* —0.05
and p-value: 0.70) were not significantly associated with the
population density of proboscis monkeys.

Forest loss. From 2004/2005 to 2014/2015, a total of 1,152 ha
of intact forest (mostly intact riverine forest, at 1,145 ha)
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Fig. 2. Boxplots illustrating the variation in vegetation variables, with each point representing the values for vegetation plot in each site.

and 1,196 ha of degraded forest and swamp areas were lost
largely to oil palm, which saw a gain of 2,321 ha within
the potential proboscis monkey range (Table 2). Of this
newly planted oil palm, 94% (or 2,186 ha) was identified
as potentially economically unprofitable due to inundation
and/or swampy conditions (Table 2).

In 2014/2015, intact mangrove forest encompassed around
49% of the proboscis monkey range, whereas other intact
forest types (likely to be riverine forest) made up an
additional 11% of suitable habitat within the surveyed area,
and degraded forest and swamp areas that had sparse tree
composition added a further 18% of the proboscis monkey
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range (Table 2). This suggests that 78% of the potential
proboscis monkey range had suitable (60%) or marginally
suitable (18%) habitat for proboscis monkeys. Oil palm
occupied 14% within the potential proboscis monkey range,
mixed community land uses a further 7%, and aquaculture
1% (Table 2); these are land cover types that proboscis
monkeys typically do not utilise.

Not all of the potential proboscis monkey habitat indicated
above has protected status. Of the intact riverine and
mangrove forest habitat, only 52% is protected (i.e., 20% of
riverine forest and 59% of mangrove forest are protected),
and only 6% of degraded forest/swamp areas (a marginal



Bernard et al.: Population trends of the proboscis monkey in a changing environment

Table 2. Land-use and land-cover types and extents within the 1-km buffer from surveyed rivers in the years 2004/2005 and 2014/2015.

Land-use/land-cover type within potential

proboscis monkey range

Extent in 2004/2005 in ha (%)

Extent in 2014/2015 in ha (%)

Forest (riverine)
Forest (mangrove)

Degraded forest and swamp areas

Mixed mosaic community areas
Oil palm (estate)
Oil palm (smallholdings)

Oil palm (underproductive)

7,264 (13%)
27,036 (49%)
10,830 (20%)

6,119 (11%)
27,029 (49%)
9,634 (18%)

3,785 (7%) 3,812 (7%)

1,450 (3%) 1,499 (3%)
1,634 (3%) 1,720 (3%)

2,244 (4%) 4,430 (8%)

Paddy 221 (< 1%) 221 (< 1%)
Agroforestry estate 16 (< 1%) 16 (< 1%)
Aquaculture 349 (1%) 349 (1%)

Total extent 54,829 54,829

Table 3. Extents of forest (generic forest category and mangrove) and swamp/degraded area in hectares in 2014/2015 (with %) within
Protected Areas, Production Forest Reserves, various alienated land titles, unknown title type, and areas with no cadastral data that may

be State Land.

Land allocation Extent of riverine forested

areas in ha in 2014/2015 (%)

Extent of mangrove forested
areas in ha in 2014/2015 (%)

Extent of swamp/degraded
forested areas in ha in
2014/2015 (%)

Protected Areas
Production Forest Reserves
Country Lease titles
Provisional Lease titles
Native Titles

Field Register titles
Unknown title type

Potentially State Land

1,239 (20%)
1,182 (19%)
454 (%)
144 (2%)
1,622 (27%)
58 (1%)
353 (6%)
1,067 (17%)

15,934 (59%)

3,446 (13%)
1,285 (5%)
86 (< 1%)
1,467 (5%)
37 (< 1%)
468 (2%)

4,306 (16%)

573 (6%)
4,117 (43%)
379 (4%)
24 (< 1%)
1,909 (20%)
171 (2%)
845 (9%)
1,616 (17%)

Total extent

6,119

27,029

9,634

habitat for proboscis monkey) are protected (Table 3; Fig.
3). This means that 80% of riverine forest, 41% of mangrove
forest, and 94% of degraded forest/swamp areas may be at
risk of conversion.

Furthermore, 14% of forest (19% of riverine forest and 13%
of mangrove forest) was found in Production Forest Reserves.
Of this, 1,692 ha of forest was in Class V Mangrove Forest
Reserves (all of which was mangrove forest), and 2,936 ha
of forest was in Class IV Amenity Forest Reserves (i.c.,
1,182 ha of riverine forest and 1,754 ha of mangrove forest),
which allow some degree of use (Table 3).

Also of great concern is the extent of relatively intact and
degraded forest and swamp areas that are within land titles
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that have been granted (or ‘alienated’) by the Land and Survey
Department for development. We found that around 27%
of forest habitat is on alienated land titles; 15% (5,062 ha)
is on Country Lease and Provisional Lease titles, and 9%
(3,187 ha) is on Native Titles and Field Register titles. If
we divide this into riverine forests and mangrove forest
habitats, 43% (2,631 ha) of riverine forest habitat is located
within alienated land titles, of which most is under Native
Titles (Table 3); and around 13% (3,343 ha) of mangrove
habitat is located within alienated land titles, largely under
Native Titles and Country Lease titles (Table 3). Around
35% (3,328 ha) of degraded forest and swamp areas were
identified in alienated land titles, with most of these (20%)
found within Native Titles (Table 3). Importantly, for
riverine forest, mangrove forest, and degraded forest/swamp
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Fig. 3. Land use and land cover data for 2014/2015 within the 1-km buffer distance from surveyed rivers, overlaid with proboscis monkey
sightings from the 2004/2005 and 2014 surveys, Protected Areas, and Production Forest Reserve boundaries.

habitat, around 16 to 17% of each was identified as being
potentially located on State Land (1,067 ha, 4,306 ha, and
1,616 ha, respectively) (Table 3), and therefore at risk of
being alienated if people or companies apply for these lands
under the Sabah Land Ordinance (1976).

DISCUSSION

Population abundance, distribution pattern, and effects
of vegetation variables. We found proboscis monkeys along
river systems in all seven sites surveyed in the Klias Peninsula.
Our results also revealed that most proboscis monkeys were
found in the central part of the Klias Peninsula within and
around the Padas Damit Class IV Amenity Forest Reserve,
indicating that this area is a population stronghold for the
species in the region. This distribution pattern was also
consistent with previous regional findings using comparable
survey techniques in 2004/2005 (Bernard & Zulhazman, 2006;
Sha et al., 2008). The population size found in this study
of 679 individuals in 75 groups compared favourably with
previous estimates in 2004/2005, of 569 individuals in 65
groups (Bernard & Zulhazman, 2006) to 818 individuals in
75 groups (Sha et al., 2008), respectively. Taking into account
differences in survey frequency, local conditions, monkey
social dynamics, and expected variations in observational
error across the three surveys by different teams, it is fair
to conclude that the abundance of proboscis monkeys in the
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Klias Peninsula remained stable in the interval between 2004
and 2014. That is, not only do proboscis monkeys appear
to still be found in the same areas in 2014 as in previous
surveys conducted 10 years ago; the population size has
also remained relatively stable between these time periods.
This optimistic finding is very likely due to the fact that
there was also relatively little proboscis monkey habitat loss
during these 10 years. Specifically, we found that between
2004 and 2014, there was only a 2% reduction in riverine
forest, no loss of mangrove forests, and a 2% loss of areas
regarded as degraded swamp forest (Table 2).

Our study also revealed that proboscis monkeys were not
evenly distributed across different habitat types. More
individuals were found in the riverine forests (7.5 individuals/
km) than in mangroves (6.3 individuals/km) or mixed
mangrove-riverine forests (0 individuals/km). It must also be
noted that the finding of 0 individuals in mixed mangrove-
riverine forests may be an artefact as only 5 km of this
habitat type was surveyed. However, the apparent preference
for riverine forest to mangrove or mixed mangrove-riverine
forests is consistent with previous studies elsewhere (e.g.,
Salter et al., 1985; Sha et al., 2008), as well as in Sukau, within
the Lower Kinabatangan region of eastern Sabah (Matsuda
etal., 2020). This is likely due to higher food availability and
greater plant diversity in riverine forest habitat compared to
mangrove and mixed mangrove-riverine forest (Bernard et al.,
2019a). Additionally, seasonal variation in the availability
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of food also prescribes habitat use in this species, and
access to resources varies with fluctuating levels of resource
competition with other sympatric primate species (Matsuda
et al., 2019). Nevertheless, our findings indicate that both
riverine and mangrove forests are essential habitats for the
proboscis monkey in the Klias Peninsula. Future research
to determine patterns of seasonal resource availability and
nutritional quality in the three different habitat types in
the Klias Peninsula is needed to better understand the role
that feeding ecology plays in the distribution and ranging
patterns of these monkeys in the face of anthropogenic
land-use change.

In terms of vegetation characteristics, we found that the
availability of suitable sleeping trees (i.e., large/emergent
trees) along riverbanks could be a key limiting factor for
the abundance and/or distribution patterns of proboscis
monkeys at our study sites. We found the total basal area
(which correlates generally to larger overall size) of trees
in the vegetation plots, with a maximum tree diameter of
148 cm, to be positively associated with higher proboscis
monkey abundance. In addition to providing sleeping sites
for the proboscis monkeys, larger trees, usually with more
main branches (i.e., horizontal volume), may better facilitate
group cohesion, sociality, and communication (Matsuda
et al., 2008; Bernard et al., 2011; Feilen & Marshall, 2014,
2017; Thiry et al., 2016). Furthermore, larger trees provide
better protection from terrestrial predators such as clouded
leopards, as it is riskier for these large-bodied predators to
hunt monkeys on thinner branches high above the ground
(Matsuda et al., 2008; Bernard et al., 2011).

Effects of anthropogenic activities on population
abundance. In terms of anthropogenic activities, our results
failed to suggest a relationship between proboscis monkey
population density and distance from agricultural areas
(oil palm plantations) or human settlements. It is possible
that distance alone is an insufficient metric to measure
anthropogenic effect on local proboscis monkey population
density, although the small sample size in our study is also a
possible factor in this result (n = 7 sites). Lower abundance
in and around oil palm-cultivated areas is common, not
only in proboscis monkeys but also for other Bornean
primates, due to the lack of suitable food resources and
disturbance from human activities within the stands of this
monoculture exotic crop (Bernard et al., 2016). Although
macaques and orangutans both feed on oil palm fruits to
some extent, and male orangutans in particular also travel
considerable distances to cross plantations between forest
fragments, proboscis monkeys are much less likely to forage
or travel very far within oil palm plantations (Sha et al.,
2008; Ancrenaz et al., 2014; Bernard et al., 2016; Stark et
al., 2017a; Bernard et al., 2019b; Ancrenaz et al., 2021).

In the Klias Peninsula, human settlement areas at some
sites extend to the forests along the riverbanks where we
frequently detected proboscis monkey groups, although
the majority of settlement areas are still far from the usual
proboscis monkey range (> 2 km). Indeed, larger groups
of proboscis monkeys have also been detected in the
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lower Kinabatangan, Sabah, even very close to villages
(Matsuda et al., 2020), especially if taller, overhanging
trees are still found along the river banks (Matsuda et al.,
2008) and individual residents nearby are tolerant of their
presence (Felicity Oram, personal observation). Therefore,
proboscis monkeys may be able to cope with the presence
of human settlements to varying extents depending on local
circumstances. Nonetheless, in the near future, there is a
real possibility that increasing human activities associated
with settlement areas will lead to progressive increases in
disturbance, through further habitat loss to agriculture for
subsistence farming, as well as an increased potential of
forest fires associated with slash-and-burn activities in this
region (Bernard et al., 2019b). The threat of forest fires to
peat swamp forests in the Klias Peninsula is significant and
particularly evident during extended droughts associated with
El Nifio events (Phua et al., 2007). Illegal hunting activities
may also be more likely to take place adjacent to human
settlement areas (Sha et al., 2008; Bernard et al., 2019b).

Forest loss. Although we found little overall habitat loss
between surveys, only 20% of remaining riverine forest
habitat and 59% of mangrove forest habitat (52% of these
forests if aggregated) are currently within designated
Protected Areas (Table 3). Of great concern is the 28%
(9,080 ha) of riverine and mangrove habitats identified as
‘alienated’ lands (Table 3). This land designation requires,
by law, time-bound conversion to specified land-use types
(e.g., oil palm) as decreed under the Sabah Land Ordinance
(1976). Provisions to retain forest within alienated lands are
not currently permitted, meaning that within the foreseeable
future these critical areas of proboscis monkey habitat will be
converted to agriculture. Unless the government takes certain
actions, such as amending land laws to allow for land owners
to conserve natural habitats, or acquiring alienated lands
with proboscis monkey habitat through highly controversial
compulsory acquisition, these habitats will undoubtedly be
lost, resulting not only in a decline in proboscis monkey
numbers but also fragmentation of the remaining population
within the Klias Peninsula.

Of equal concern, a further 14% (4,628 ha) of forest habitat
(1,182 ha of riverine forest and 3,446 ha of mangrove forest)
and 43% (4,117 ha) of degraded forest/swamp habitat are
currently classified as Production Forest Reserves (Table 3).
All of this riverine forest (1,182 ha) and 885 ha of the
mangrove forest noted above are within the Padas Damit
Class IV Amenity Forest Reserve, the area where our results
revealed the highest numbers of proboscis monkeys. These
Amenity Forest Reserves were established mainly to provide
recreational opportunities for the general public (Sabah
Forestry Enactment, 1968). However, based on follow-up
field visits to the Klias Peninsula in 2017/2018 and on
examining recent (2019) Google Earth imagery, it was noted
that a significant proportion of important proboscis monkey
habitat in close proximity or contiguous with Padas Damit
Class IV Amenity Forest Reserve has recently been converted
to oil palm. Therefore, 80% of riverine, 41% of mangrove
forest (i.e., 48% of all forest), and 94% of degraded forest/
swamp areas important as proboscis monkey habitat within
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alienated lands and Production Forest Reserves in this region
are at risk of conversion.

Management implications. Because proboscis monkeys
require forests along waterways, continued losses of riverine
habitat, especially right up to the river edge, will negatively
impact the long-term survival of this endangered species, not
only through direct reduction of suitable habitat but also by
impeding the movement and dispersal of animals between
increasingly fragmented suitable habitat patches (Bernard et al.,
2016; Matsuda et al., 2020). Within the Klias Peninsula
region, there is a critical need for ongoing monitoring of
the proboscis monkey populations, especially near human
settlements, as well as monitoring of land-use changes in
these priority conservation areas. Furthermore, there is a need
to engage with governments to find solutions to conserve
remaining habitats. This is also especially important if Sabah
plans to sustainably certify its oil palm production state-wide
to the Roundtable of Sustainable Palm Oil standards, which
require no conversion of key habitat of rare, threatened
species such as the proboscis monkey.

One immediate and feasible action we propose to the
government is the full protection of proboscis monkey
habitat on State Land, which we identified as 1,067 ha of
riverine forest, 4,306 ha of mangrove forest, and 1,616 ha of
degraded forest/swamp areas (totalling 6,989 ha) (Table 3).
This would require stopping the issuance of land titles
and gazetting these areas as one of the Protected Area
designations. It would also be useful to carry out a study
of carrying capacities to evaluate how much of this habitat
is required to sustain a stable and viable proboscis monkey
population in the Klias Peninsula in the long term.

The Klias Peninsula is a key destination for tourists. Proboscis
monkey viewing is a significant part of the local wildlife-
based tourism industry, providing livelihoods at the local
level and attracting tourists to Sabah at the wider state level.
Maintaining viable proboscis monkey populations is hence
critical for the state’s economy through tourism, which
creates a key incentive for the government and local people
to protect areas where this species still lives (Lhota et al.,
2019). In conclusion, concerted efforts are urgently needed
to safeguard almost half of the proboscis monkey habitat
within the Klias Peninsula region, so that this endemic,
iconic, and endangered primate and the wildlife tourism it
generates can be sustained in this region.
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