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Abstract

Ecosystems around the globe are facing irreversible impacts due to climate
change, habitat destruction, hunting, and an ever-increasing human popula-
tion. Estimating densities of species across their geographical range helps us to
understand natural variation and anthropogenic effects on species densities
and to assess the effectiveness of existing conservation measures. Various
methods have been used to produce accurate and precise population density
estimates, each with associated limitations. Acoustic surveys for species pro-
ducing loud calls have become common due to their ease of use, low cost, and
reduced timescale. Relative to many other mammal taxa, primate species have
been studied extensively, producing a wealth of data on socioecology and
behavior, but for most species, density estimates over large geographical ranges
are still lacking. We used an acoustic spatial capture-recapture model to esti-
mate group density of unhabituated Thomas' langurs (Presbytis thomasi), a pri-
mate endemic to the Indonesian island of Sumatra, over a 60 km? area of
lowland dipterocarp forest. We then assessed if vegetation structure and dis-
tance from human habitation affected density estimates. Estimates of group
density differed almost threefold between survey locations (from 2.79 to 8.08
groups/km?); there was no clear relationship with forest structure, but there
was a significantly positive relationship between group density and distance
from human habitation, with an increase of 0.38 groups/km? for every km
of distance. Although large-scale logging within the Sikundur region
ceased ~30 years ago, the impacts of logging continue to have detrimental
effects on the species within the area.

KEYWORDS

acoustic surveys, anthropogenic disturbance, leaf monkeys, primates, Thomas' langur

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. Ecological Research published by John Wiley & Sons Australia, Ltd on behalf of The Ecological Society of Japan.

Ecological Research. 2022;1-13.

wileyonlinelibrary.com/journal/ere

85UB017 SUOLILLIOD SISO 3|l jdde au Ag peusenob ae sojoe YO '8sN J0 S9|Nn 10} Aleiq 18Ul UO 8|1 UO (SUONIPUOD-PUR-SLLBYW0D" A | 1M Aledl U1 |Uo//:SANLY) SUONIPUOD pue SWS | U1 89S *[z202/TT/82] U0 A%iqi8uluo AB|IM ‘AINN STHOOW NHOL T00dMIAIT AQ £2€2T €02 T-0vFT/TTTT OT/I0pAW00 A M Aleaq Ul juo's euINo - a//:sdny wios) pepeojumoq ‘0 ‘€02 TOVYT


https://orcid.org/0000-0001-9708-8587
mailto:besehank@hotmail.com
mailto:19039459@brookes.ac.uk
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/ere
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1440-1703.12373&domain=pdf&date_stamp=2022-11-27

HANKINSON ET AL.

ECOLOGICAL
L wiLey-
1 | INTRODUCTION

Due to human impacts, we are currently facing what
some scientists are calling “the sixth mass extinction
crisis” (Barnosky et al., 2011). Species are disappearing
almost 100 times faster than the rates that have occurred
over the last tens of millions of years (Ceballos
et al.,, 2015). Human population growth, industrializa-
tion, and environmental transformation (e.g., induced cli-
mate change, habitat destruction and degradation,
hunting, and disease) have led to ~38% of floral and fau-
nal species now being threatened with extinction
(IUCN, 2020). Conservation interventions and wildlife
management are increasingly important globally in an
attempt to safeguard remaining habitats and species
(Lambert & McDonald, 2014). To aid successful manage-
ment plans and guide conservation actions, it is essential
to know the population density of animals throughout
their range and to determine the environmental factors
that affect these densities (Dacier et al., 2011;
TUCN, 2020; Marques et al., 2013).

Population abundance and density estimates of spe-
cies often form the baseline data for studies investigating
ecological and social limitations to populations, reduc-
tions in species abundance over time, species flexibility to
habitat change, and impacts of diseases on populations
(Gibbons et al.,, 2000; Plumptre et al, 2013; Voigt
et al., 2018). Furthermore, the effectiveness of existing
conservation measures ultimately relies on these popula-
tion estimates to monitor impacts (Measey et al., 2017;
Phoonjampa et al., 2011; Plumptre et al., 2013). However,
many species are difficult to locate and observe, and
therefore obtaining reliable and accurate information on
density and abundance is problematic (Costa et al., 2020;
Lambert & McDonald, 2014; Roffler et al., 2019), espe-
cially in tropical forest ecosystems.

Asia's tropical forests are being lost and are undergo-
ing rapid anthropogenic degradation and fragmentation
at unsustainable rates of ~0.9% each year (Turubanova
et al., 2018). Many species occupying these habitats are
declining due to various factors, such as alterations in
resource availability, increased resource (e.g., food and
space) competition within and between species, edge
effects causing changes in local climatic conditions,
increased hunting and an increased risk from disease
and parasitic infections (Bolt et al., 2019; Chapman
et al.,, 2004; Klaus et al., 2018; Nijman, 2010; Reed &
Bidner, 2004; Sterck, 1999). However, access to many
remote tropical forest areas to establish species monitor-
ing programs is logistically challenging. Dense tropical
rainforest habitats limit visibility of many animal species,
especially in regard to arboreal species that are positioned
high within the canopy (Alempijevic et al., 2022; Dacier

et al., 2011; Neilson et al., 2013). Shy, elusive, or cryptic
species are also difficult to locate visually and often flee
or hide when human observers approach. Therefore, den-
sities of these elusive species can be underestimated if
based on visual survey methods (Campbell et al., 2016;
Dacier et al., 2011). Moreover, actual data collection for
such studies can be extremely challenging, both logisti-
cally and financially, often requiring suitably trained,
experienced researchers to habituate groups prior to sur-
vey, and to undertake surveys for a significant amount of
time (often >6 months) to obtain accurate and precise
population estimates (Lambert & McDonald, 2014).
Other issues to be resolved postsurvey include the quality
of data obtained and the methods to use for analysis.

Many tropical primate species have been studied
extensively; however, many of these studies have concen-
trated on a single location or a single population for
many years, most likely due to the time spent habituating
groups and individuals (Ashbury et al., 2020; Cheyne
et al.,, 2019; Lonsdorf et al., 2020; Wich et al., 2007).
Although these studies have been extremely important in
regard to species ecology and behavior, data are still lack-
ing on either their presence/absence in areas across their
range or their population status within these areas. This
is generally due to the difficulty in surveying unhabitu-
ated individuals living in these challenging tropical forest
landscapes.

For species producing loud, territorial calls, acoustic
monitoring surveys are becoming increasingly common.
These surveys do not require groups to be habituated
prior to the start of the study due to the nonreliance of
visual sightings and as such, can be used for both diurnal
and nocturnal species (Efford et al., 2009; Marques
et al., 2013; Stevenson et al., 2020). Furthermore, calls
can be detected over much greater distances in compari-
son to visual sightings, enabling species to be surveyed
over a larger geographical range. Acoustic techniques
now more commonly incorporate spatial capture-
recapture (SCR) models to estimate population density
from acoustic detections and subsequent redetections of
individuals and/or groups across space (auditory posts),
rather than across time (Stevenson et al., 2020). Acoustic
techniques have been used to estimate population data
for a variety of taxa and species, including cetaceans
(Harris et al., 2018; Klinck et al., 2012), birds (Buxton
et al.,, 2013; Lambert & McDonald, 2014; Sebastian-
Gonzalez et al., 2018), amphibians (Measey et al., 2017),
terrestrial mammals (Wrege et al., 2017), and arboreal
primates (Dacier et al., 2011; Hankinson et al., 2021;
Kidney et al., 2016).

The Thomas' langur (Presbytis thomasi), a primate spe-
cies endemic to the Indonesian island of Sumatra, has been
studied extensively (Gurmaya, 1986; Manullang, 1999;
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Rijksen, 1978; Steenbeek, 1999; Sterck, 1996; Sterck
et al., 2005; Syaukani, 2012; Ungar, 1994, 1995, 1996; Van
Schaik et al., 1983; Wich et al., 2003, 2004, 2007; Wich &
De Vries, 2006; Wich & Sterck, 2003; Wilson &
Wilson, 1976). As in other primate species, most of these
studies were undertaken at a small number of locations
across their range. Despite the extensive knowledge
obtained on Thomas' langur socioecology and behavior
from these studies, we have surprisingly little data on
their occurrence and density, and how this is related to
environmental characteristics and human disturbance at
a landscape scale. Here, we aim to fill this gap by report-
ing on a study undertaken in a ~60 km? area of lowland
forest near Sikundur, located on the eastern edge of the
Gunung Leuser National Park (GLNP). Specifically, we
aim to: (a) estimate group densities over a large geo-
graphic area using active acoustic monitoring and an
acoustic SCR (ASCR) model and (b) relate group densi-
ties to vegetation characteristics and distance to human
habitation.

Based on previous studies (Gurmaya, 1986, 1989;
Nijman, 2021; Rijksen, 1978), Thomas' langurs show a
level of flexibility in their response to canopy structural
changes by their increased use of terrestrial locomo-
tion. Therefore, we predict that there will be no signifi-
cant differences in group densities between areas
showing varying levels of structural disturbance to the
canopy (tree connectivity, tree crown area, tree height,
etc.). Studies have shown that anthropogenic distur-
bance negatively affects densities and group composi-
tion of various langur species (Nijman, 2010, 2021;
Sterck, 1999); therefore, we predict that group densities
will decrease when they are located closer to human
settlements.

2 | METHODS

2.1 | Ethical statement

The study was completely observational and involved
no interference with any primate groups, thus no
reviews requiring ethics committees were required. All
field research was permitted by the Ministry of
Research, Technology and Higher Education of the
Republic of Indonesia (RISTEKDIKTI), and Gunung
Leuser National Park authorities (TNGL). This study
adhered to all the legal requirements of Indonesia,
with the required research visa acquired (Permit
No. 50/SIP/FRP/E5/Dit.K1/11/2016) and a SIMAKSI
issued from the National Park authorities prior to
study.

RESEARCH

2.2 | Survey area

The study area (centered at 04°58'-04°59"N and
98°04'-98°05"E) is situated partly in the Sikundur forest,
located on the eastern border of the GLNP (7927 km?),
north Sumatra, Indonesia. This national park is one of
the largest intact stretches of rainforest remaining in
Southeast Asia, and is a UNESCO World Heritage
site (Figure 1). The survey area is composed of lowland
dipterocarp forest mixed with alluvial forest along the
banks of the Besitang river (Knop, 2004). The
forest elevation ranges from 30 to 100 m A.S.L., with a
mean monthly temperature of 27.4°C (Roth
et al., 2020) and a humid climate producing 2000 to
3000 mm of rainfall annually. The Sikundur area was
selectively logged intermittently between the 1960s and
1990s, causing severe damage to large areas of forest
including the removal of large trees, creation of logging
roads and the formation of large canopy gaps.
Although over the last 30 years, natural regeneration
has occurred in parts (Basyuni et al., 2019; Priatna
et al., 2004), even with the full protection of a national
park status, illegal logging, bird trapping, and hunting
still occur.

2.3 | Study species

The Thomas' langur or north Sumatran leaf monkey is a
colobine species endemic to the northern part of the
Indonesian island of Sumatra, mainly distributed north
of the Simpangkiri and Wampu rivers (Wilson &
Wilson, 1976). The species is listed as Vulnerable on the
IUCN Red List, with an estimated population decline of
>30% over the last 40 years, primarily due to loss of habi-
tat (Setiawan & Traeholt, 2020).

Thirteen different vocalizations produced by
Thomas' langurs have been recognized and described
by Gurmaya (1986). The most notable is the loud,
long-distance call emitted by each group's alpha male,
performed in the early morning from their sleeping
tree and can be heard up to 1 km (Wich &
Sterck, 2010). Its primary function is territorial defense
in between-group encounters; a call from one male
generally elicits a loud call response from the males of
neighboring groups. The Thomas' langurs inhabiting
the Sikundur forest are unhabituated, and although
studies in regard to male loud calls have been under-
taken on groups located near the research station
(Wich et al., 2008), accurate and precise group density
estimates within the area were unknown prior to this
study.
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2.4 | Data collection

We estimated the group density of Thomas' langurs
between March 10, 2016 and August 1, 2016 using
active acoustic monitoring. We established 10 survey
locations over an approximately 60 km” area of low-
land dipterocarp forest within GLNP and positioned
our first survey location within the Sikundur research
area, on the eastern edge of the park's boundary
(Figure 1). We placed subsequent survey locations to
the west and south of our initial location as human
habitation (villages, roads, farms) were present to the
north and east, outside of the national park boundary.
Survey locations represented a range of habitat types
and structural variation created from the areas histori-
cal logging practices.

Within each survey location, three auditory sam-
pling posts were placed linearly and spaced between
300 and 500 m apart. Spacing variation was determined
by topography or thick vegetation, which may restrict
where calls could be detected or where the direction of
the call might be misinterpreted. Thomas langur calls
can travel and remain detectable up to a maximum
hearing range of 1 km, and the diameter of a Thomas
langur home range is ~500 m, based on an average
home range size of 35 ha (Gurmaya, 1986; Steenbeek &
van Schaik, 2001; Sterck, 1996). Therefore, the post
spacing meant calls from each separate group could be
detected from more than one auditory post in each sur-
vey location, which allowed groups to be mapped each
day. The effective sampling area of each location was

calculated in QGIS (v. 2.18.18) using a buffer of 1 km
around each listening post and omitting areas of over-
lap (Table 1). As the langur groups within the area
were unhabituated, we used this measurement based
on calling detection distances from other primate
vocalization studies in rainforest environments, such
as gibbons (Hamard et al., 2010; Hankinson et al.,
2021; Lee et al., 2015). As our furthest estimated dis-
tance to a call within this study was 900 m, we believe
no call produced <1 km away from a post would be
missed. We ensured that each auditory post in each
survey location was at least 2 km apart from auditory
posts in neighboring survey locations, to ensure there
was no double counting of calling groups detected from
these adjacent locations.

We surveyed each location for four consecutive
days with at least one observer present at each auditory
post. Rain is known to negatively affect vocalizations
in primates (Batist et al., 2022; Lee et al., 2015) and
therefore no surveys were conducted on rainy morn-
ings. Each surveyor arrived at their post at 04:30 h and
stayed until 07:00 h, remaining still and quiet through-
out. Arrival was prior to sunrise, which prevented dis-
turbing the langur groups before they awoke. When a
Thomas' langur call was heard, the observer would
record the time, compass bearing and estimated distance
to the call. Calls are unique to this species, highly recog-
nizable in the field and easily distinguished from other
primate species present. We used only the first detected
vocalizations (known as pre-dawn loud calls, often per-
formed from their sleeping tree and highly
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TABLE 1
acoustic spatial capture-recapture (ASCR) methods and survey

Thomas' langur group density estimated using

location area in north Sumatra, March-August 2016.

Survey Estimated 2.5%

Survey location Groups density CI-97.5%
location area (km?) heard (V) (groups/kmz) CI

1 3.54 7 3.88 2.70-4.09
2 4.91 6 2.79 2.18-3.36
3 4.50 7 3.76 2.58-4.92
4 4.53 9 3.64 2.78-4.47
5 5.12 6 5.12 2.33-4.37
6 5.12 8 3.01 2.13-3.89
7 5.12 8 3.04 2.63-6.98
8 4.61 9 5.45 3.88-7.63
9 4.72 10 5.65 3.66-7.65
10 4.48 13 8.08 6.37-9.82

distinguishable from other langur vocalizations) made
by the male within each group from each auditory post
for the analysis and discarded any subsequent calls
detected later (either repeated loud calls or other lan-
gur vocalizations). Thomas' langurs are extremely
agile, move frequently between these morning territo-
rial calling bouts and are often stimulated to call by
adjacent calling groups (Assink et al., 1999). As the
population within the area was unhabituated, and the
calls were generally made prior to sunrise in low light,
it would be impossible to assess whether the later sec-
ondary calls were made by the same groups identified
in producing the first detected calls, thus adding these
to the analysis may skew the density estimation.

Each day the number of groups detected within the
survey location was ascertained by mapping the loca-
tion of the calls using the bearing, distance and match-
ing time stamps from all auditory posts. Field teams
consisted of at least three observers (one at each listen-
ing post), and the same observers conducted the acous-
tic surveys in all 10 locations. All observers were
experienced in fieldwork with primates in Indonesian
rainforests. We trained these individuals for 1 week
prior to data collection to ensure methods were under-
stood and data collection was consistent. Training con-
sisted of Thomas' langur call identification, compass
use, estimating distances within different rainforest
terrains, and both group and individual practice dawn
recordings. Error in distance estimates was expected
and was not detrimental, as this measurement only
aided group mapping and was not a requirement of the
subsequent analysis, and therefore any error would not
affect density estimates.

RESEARCH

2.5 | Analysis of acoustic data

We produced a group density estimate per survey loca-
tion for Thomas' langurs by analyzing the vocal data
using an ASCR model developed by Stevenson et al.
(2015). The ASCR model is recommended by the TUCN
Species Survival Commission (SSC) Primate Specialist
Group Section on Small Apes as an accurate way of ana-
lyzing primate acoustic data (Cheyne, unpubl. data;
Stevenson et al., 2015) and has recently been used to
accurately estimate the group density of Sumatran gib-
bons (Hankinson et al., 2021). The data were analyzed
using an online interface developed by Charlotte
M. Jones-Todd (Jones-Todd, 2019; Stevenson et al., 2015).
This interface works in conjunction with the ASCR pack-
age in R, which provides software and implements the fit-
ting of the SCR model for acoustic data. The model
incorporates bearings and distances to each call to pro-
vide additional information about call locations, but inte-
grates measurement error in these variables. Therefore,
unlike other non-SCR analysis methods such as distance
sampling, that require very accurate bearing and distance
estimates, high accuracy in bearing and distance mea-
surements is not a requirement, and can be used even if
they are subject to considerable measurement error
(Borchers et al., 2015).

The “recapture” data from acoustic surveys are
detected virtually from multiple posts by more than one
observer, therefore these recaptures are redetections,
occurring at different points in space, rather than time
(Stevenson et al., 2020). Thus, capture histories indicate
which post detected each call. We input the group ID,
occasion (day), post ID, survey location ID, bearing, and
estimated distance of each identified group for all survey
locations into the interface/model and applied a half nor-
mal detection. This assumes the probability of detection
has a half normal function of distance, with the probabil-
ity of detection (g0) at distance zero fixed at 1, and
decreases as distance from each auditory post increases.
We expected that we would not miss a group at 0 m from
each post as observers arrived at each post ~2 h prior to
sunrise and remained still and quiet. We often recorded
calls from directly above us or close to our post location,
demonstrating our arrival or presence did not disturb the
groups from their sleeping trees.

However, the density parameter produced by ASCR
from the above data is the call density (calls per hectare
accumulated across the whole survey period), as the data
provided to the model are capture histories for each call
(Stevenson et al., 2015). As we surveyed each location for
4 days, we divided this value by 4, which provides a daily
calling group density estimate for each survey location.
To convert this value to a group density estimate, we
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required a daily calling probability for langurs. The call-
ing probability (p1); the probability of a call happening
on any 1 day at any survey location was calculated from
our data using the following equation (Vu &
Rawson, 2011):

where n = mean number of langur groups detected each
day and N = cumulative number of langur groups
detected over the entire survey period of 40 days. Vu
et al. (2018) have suggested for gibbons, calling probabil-
ity estimates can be negatively biased if calls beyond a
maximum distance of ~700 m are used in this calcula-
tion, as it voids the assumption of a closed population.
Therefore, any calls with an estimation >700 m were
omitted from this calculation to prevent overestimation
of group density. This provides us with our group density
estimate per survey location. As the model provides the
data in density/ha, we converted these into groups/km2
by dividing by 100.

2.6 | Measurements of vegetation
structure and distance from human
habitation

A vegetation structure analysis of the 10 survey locations
was completed as part of a study running concurrently
on gibbon population density within the same location
(Hankinson et al., 2021). This research revealed a rela-
tionship between gibbon density and forest structure and
therefore, we also used the vegetation data in this study
to determine if there was a relationship between vegeta-
tion structure and Thomas' langur densities. At each sur-
vey location, between four and six 25 m X 25 m plots
were randomly placed (using the “create random points”
function in ArcMap (version 10.4)) in which the follow-
ing parameters were recorded for every tree with a diam-
eter at breast height (DBH) >10 cm: (i) DBH (cm);
(ii) tree height (m); (iii) height to first major bole (m);
(iv) crown area (m?); and (v) tree canopy connectivity
(%), determined visually by the percentage of the tree
crown connected to the neighboring tree crown. For each
tree measured, the DBH was used to calculate the basal
area (m”). Vegetation data were then summarized for
each array location. Mean bole height (m), mean crown
area (m?), and mean crown connectivity (%) were calcu-
lated for each location. Lorey's mean height (i.e., the
mean tree height weighted by the basal area) was calcu-
lated for each location using the “lorey.height” function

from the R package “sitreeE” (Antén Fernandez, 2019).
In addition, the distance of each survey location to the
forest edge (defined as the nearest area where natural for-
est cover is no longer present) was measured from imag-
ery available in Google Maps (in the same year as the
study was undertaken). This was used to determine if
human disturbance affected the density of Thomas' lan-
gurs within the survey locations. This distance is defined
as the distance to “human habitation” hereafter.

2.7 | Statistical analysis

We used a generalized linear model (GLM) to deter-
mine the effects of Lorey's mean height, mean bole
height, mean crown area, mean connectivity, and dis-
tance from human habitation on Thomas' langur group
density. The GLM was fitted with a Gaussian distribu-
tion using the “glm()” function in R version 4.0.0. We
used the vif() function from the “car” package (Fox
et al., 2012) to calculate the variance inflation factor
and check for the effects of collinearity among the pre-
dictor variables. Any variables with a VIF of higher
than five were removed from the model. We then used
the “dredge” function from the “MuMIn” package
(Barton, 2020) to determine which combination of vari-
ables produced the best model performance based on
their AIC criterion. The full reproducible code is avail-
able in Data S1.

3 | RESULTS

3.1 | ASCR group density analysis

The calculated calling probability was p(1) = 0.9961 for
Thomas' langur calls over the 40-day survey period across
all 10 survey locations. The estimated detection function
of the model showed detection probability severely
declined at a distance of 1 km (Figure 2), supporting our
estimated effective listening distance of 1 km.

We recorded a total of 328 calls equating to 83 differ-
ent groups of Thomas' langurs across the 10 survey loca-
tions. Thomas' langurs were present in all 10 locations
surveyed, and estimated group densities were between
2.79 and 8.08 groups/km? (Table 1).

3.2 | Vegetation structure and distance
from human habitation

A summary of vegetation structure variables for each
array location is given in Table 2. Bole height had a
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variance inflation factor of 5.37 and was therefore
removed from the model. All other predictor variables
had a variance inflation factor below five. The best model
fit was obtained using only distance to human habitation
as a predictor variable (AIC = 36.30, compared with the
null model, for which AIC = 41.27; Table 3). Distance
from human habitation had a positive effect on group
density, with group density increasing by an estimated
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Distance to human habitation (km)
FIGURE 2 Generalized linear model (GLM) predictions (line),

with 95% confidence intervals (gray shading), and observed group
densities (points) against distance from human habitation (km).

TABLE 2
August 2016.
Estimated
Array density Lorey's mean Mean bole
location (groups/km?) height (m) height (m)
1 3.88 25.53 11.17
2 2.79 31.40 13.25
3 3.76 29.02 14.50
4 3.64 28.41 13.54
5 5.12 22.12 8.71
6 3.01 25.40 9.32
7 3.04 27.92 10.77
8 5.45 30.81 12.75
9 5.65 30.49 9.55
10 8.08 32.44 11.47
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0.38 + 0.13 groups/km® with every km of distance
(Table 3 and Figure 3).

4 | DISCUSSION

4.1 | Acoustic density surveys

Although accurate and precise density estimates have
been obtained for Thomas' langurs previously using
visual census methods in several locations within north
Sumatra, these were all based on a relatively small num-
ber of (often habituated) groups in comparatively small
survey areas (between 2 and 4 km?; Table 4). An attempt
at surveying unhabituated Thomas' langur groups within
the Sikundur area in 2015 using visual census methods
yielded no sightings (Slater, 2015), though some groups
were heard fleeing from human observers (H. D. Slater,
personal observation). Therefore, acoustic surveys where
density data can be obtained without the visual presence
of humans may greatly aid the precision and accuracy of
surveying unhabituated populations over significantly
larger geographic areas, as we have found in this study.

Estimated group densities in Sikundur varied from
2.79 to 8.08 groups/km? across the survey area. These
density estimates reflect similar estimates obtained from
previous studies on habituated groups (Table 4) suggest-
ing acoustic surveys on unhabituated groups can yield
accurate density estimates for this species.

The analysis used here is a two-stage modeling
approach. Although effective in this instance, an alterna-
tive approach is using an all-in-one analysis (Bravington
et al., 2021), where the variance propagation as a source
of estimate uncertainty is accounted for.

Mean values for vegetation variables across the 10 survey locations, Gunung Leuser National Park, north Sumatra, March to

Distance to

Crown Crown nearest human
area (m?) connectivity (%) habitation area (km)

84.41 25.00 0.52

84.04 27.83 2.23
266.84 37.61 2.45
199.28 33.58 5.16

98.96 22.82 6.02

96.68 20.38 4.00

85.12 33.26 3.39

88.44 30.91 8.94

94.49 32.12 9.86

83.64 24.78 7.53
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4.2 | Thomas'langur densities and
vegetation structure

Unlike the two gibbon species (Hylobates lar and Sym-
phalangus syndactylus) residing in the survey location
(Hankinson et al., 2021) there was no clear relationship
determined between forest structural variables and
Thomas' langur group densities in any of the 10 survey
locations. This may be due to two possible reasons.
First, Thomas' langurs are primarily known as foli-
frugivores (Sterck & Steenbeek, 1997; Tsuji et al.,
2013). This means that this species does not have to
locate and exploit scattered fruit sources to the same
degree as frugivorous species, as leaves make up a sig-
nificant part of their diet, potentially reducing their
need to travel as far through the canopy. Furthermore,
Thomas' langurs are known to spend an increased
amount of time traveling on the ground in more sec-
ondary forest habitats, and often come down to the ground
to drink water and visit mineral sources (Sterck, 1996).
Second, Thomas' langurs rest for ~60% of their day to
digest leaves and unripe fruit, whereas <10% is spent trav-
eling (Gurmaya, 1986; Sterck, 1996). Thomas' langur

TABLE 3 Coefficient estimates with standard errors in
parentheses, Akaike information criterion, and pseudo R* values
for the best-fit model and null models for the generalized linear
model (GLM) with Gaussian distribution testing the effect of
distance from human habitation on Thomas' langur group density.

average day travel length falls between 0.5 and 1.0 km
compared to 1.40 km for lar gibbons and 1.57 km for
siamangs (Chivers & Hladik, 1980; Fleagle, 2013;
Harrison et al., 2020; MacKinnon, 1977; Savini
et al., 2008), this may be a factor in reducing their need
for large stretches of well-connected canopy. In addi-
tion, there was a large variation in differences in struc-
tural vegetation variables between and within
measured plots, and the area overall displayed a more
heterogeneous gradient of degradation, characteristic
of historically logged forests (Struebig et al., 2013),
maybe explaining the insignificance of these factors in
relation to group densities.

4.3 | Langur density and distance from
human habitation

There was a significant positive correlation between
Thomas' langur group density and distance from areas
of human habitation (Figure 3), supporting our second
hypothesis. Human proximity and environmental alter-
ation can affect primate species in several ways, either
from direct vegetational damage or through the actual
presence of humans. Disturbed and/or secondary forest
areas close to human habitation in the Sikundur area
are used regularly by local people for fishing and bird
trapping (pers. obs.). A previous study on the response
of 11 Asian langur species to human presence showed
the majority would alarm call loudly and flee upwards
into the canopy on approach (two species used crypsis;
Nijman & Nekaris, 2012). This was evidenced in
Thomas' langurs in Sikundur, where groups were
heard vocalizing and fleeing through the canopy on
detection (Slater, 2015). This behavior is energetically
costly and disrupts natural behaviors leading to
decreased time spent foraging, feeding, and resting
(Coleman & Hill, 2014; Willems & Hill, 2009). The

Best-fit model Null model
(Intercept) 2.54 (0.78) 4.44 (0.52)
Distance to human 0.38 (0.13)
habitation, km
N 10 10
AIC 36.30 41.27
Pseudo R? 0.51 0.00
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FIGURE 3 Model output of
(b) Thomas langur group densities
in acoustic spatial capture-
recapture (ASCR) displaying the
estimated detection surface
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Density estimates of Thomas' langur from previous density studies conducted in north Sumatra. For studies with data on

group densities or individual densities but without group size data we calculated missing densities using a mean group size of 8.2 langurs:

these calculated values are indicated between brackets.

Location Year(s) Method Habitat
Ranau 1971 Mapping of Alluvial lowland forest
individuals
Langkat 1971 Mapping of Lowland rainforest
individuals
Ketambe 1973-1974 Mapping groups Alluvial lowland
and individuals forest
Bungara 1981-1984 Mapping groups Well-managed
and individuals rubber plantation
Bungara  1981-1984 Mapping groups Poorly managed
and individuals rubber plantation
Bungara 1981-1984 Mapping groups Poorly managed
and individuals Rubber plantation/
secondary forest

Ketambe 1987-1988 Mapping groups Alluvial lowland

and individuals forest

Soraya 2000 Mapping groups

and individuals

Sikundur 2016 Acoustic mapping

Jantho 2017-2018 Transect walks Lowland rainforest

Abbreviation: n/a, not available or not recorded.

additional loud alarm calls produced could also attract
potential predators such as hawk eagles, a known pred-
ator to langurs (Nijman & Nekaris, 2012). Thomas' langurs
have been documented as a more tolerant, robust species
in comparison to other langurs in terms of structural dis-
turbance caused by logging, spending more time on the
ground and living in relatively high densities in planta-
tions (Gurmaya, 1986; Table 4) and therefore in close prox-
imity to humans. However, logging operations have been
shown to negatively affect densities of other langur spe-
cies, such as Hose's Langur (Presbytis hosei) in Borneo
(Nijman, 2010). Secondary impacts including decreased
food resources, increased susceptibility to infection and
parasites as seen in other primate species living close to
humans (Foitova et al., 2009; Gillespie & Chapman, 2008;
Mbora & Mcpeek, 2009) could also be impacting Thomas'
langur densities in Sikundur.

Although this langur species is subjected to hunting
pressures in parts of its range, and individuals have been
observed being traded in wildlife markets (Shepherd,
2010), Thomas' langurs are not known to be hunted
within the Sikundur region (confirmed by locals) and
therefore direct hunting pressures are not thought to be a
factor in their lower densities in locations close to
humans in this study area.

Hill dipterocarp forest

Alluvial lowland forest

Groups Group Group Individual
recorded size density density Reference
n/a n/a [7.8] 64 MacKinnon (1973)
n/a n/a [2.4] 20 MacKinnon (1973)
5 9.4 2.9 27 Rijksen (1978)
9 9.7 2.3 22 Gurmaya (1986)
14 7.5 39 29 Gurmaya (1986)
7 6.2 1.9 12 Gurmaya (1986)
8 7.6-8.9 3.7-7.6  28-68 Assink and van
Dijk (1990)
6 8.2 2.8 23 Syaukani (2012)
83 n/a 2.8-8.1 [23-66] This study
7 n/a 0.2-0.7 [2-6] Ruskhanidar
et al. (2020)
5 | CONCLUSION

Over the last century, human impacts on the natural
world, such as large-scale deforestation, have caused huge
detrimental effects on the world's tropical forests and the
species that reside within them. It is difficult to determine
the exact proximate causes to fluctuations in species densi-
ties, group sizes and abundance, as many anthropogenic
effects can take years before impacts on ecosystems can be
seen. Close human habitation within our study location
has significantly impacted densities of the Thomas' langur,
although the exact reasons for this are unknown, and fur-
ther study into these would be extremely beneficial. Acous-
tic surveys and ASCR analysis in this study have shown to
be an efficient method in obtaining density estimates over
a large geographical area for unhabituated groups, with
similar densities obtained to early studies using visual
methods. These acoustic methods can aid in population
monitoring, allowing species reductions to be monitored,
aiding conservation plans and actions, and helping to pre-
vent the future loss of species and ecosystem collapses.
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