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In this research, we use a combination of ethnographic observation and GIS analysis to
explore the use of space by humans and gibbons (Hylobates moloch) to determine areas of
potential space competition in the sacred forest and nature reserve Cagar Alam Leuweung
Sancang in West Java, Indonesia. More specifically, we test whether gibbons respond to
the presence of humans in a manner consistent with predator-avoidance and predicted that
the gibbon study subjects would avoid areas visited by humans (Risk-Disturbance Hypothesis). Data were collected August 2010-June 2011. We collected GPS locations and behavioral data on both the humans (6,652 hours) and the gibbons (1,253 hours) in the forest
using 10 minute instantaneous sampling. Results indicate that humans preferentially
assemble at the most sacred spot in the forest (Cikajayaan waterfall). Two gibbon groups’
home ranges encompassed most of the sacred areas. Group B avoided areas of high
human use, as high human use areas and high gibbon use areas did not overlap. Group C,
though, continued to use areas that were heavily visited by humans. We thus found partial
support for the Risk-Disturbance Hypothesis, although the variation in gibbon response to
human disturbance indicates behavioral flexibility. We suggest that understanding the
effects of shared space on wildlife is necessary for informing conservation policy in humanvisited forests.
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Introduction
A central goal of landscape ecology is to determine how spatial and temporal distribution of
species influences community interactions, including competition for space [1]. While conflict
between humans and other species over shared space has garnered much research attention, it
is frequently from the perspective of animals entering human landscapes (e.g., crop raiding,
predation), where costs to both humans and animals are evident [2–5]. Nature-based tourism
is generally considered to be a low source of conflict between humans and wildlife, especially
relative to crop raiding, hunting, or habitat destruction [6–9]. Nonetheless, human presence at
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tourist sites still influences animal behavior and the consequences of humans and animals
sharing landscapes via nature-based tourism remain poorly understood for most species [6,7,
10–17].
Here, we employ Geographic Information System (GIS) to investigate the use of space by
both humans and a highly-endangered sympatric ape species (Javan gibbons, Hylobates
moloch) in a forest heavily used by spiritual tourists. Spiritual tourism is defined as tourism
characterized by a self-conscious project of spiritual betterment [18]. Spiritual tourism to a natural area falls within the realm of nature-based tourism, in which wildlife or natural features
draw tourists to a site, but where tourists may or may not contribute to long-term conservation
[7]. Because space itself is the contested resource, GIS is a valuable means by which to evaluate
the effects of human presence on gibbon behavior, thereby providing data useful for land planning and implementation of informed conservation tactics [19–21].
We explicitly evaluate the Risk-Disturbance Hypothesis (RDH). The RDH predicts that the
short-term responses of animals to disturbance, such as human or predator presence, will be
proportional to the perceived risk of the situation [12, 22]. Moreover, it predicts that animals
will selectively use habitats that offer low risk to energy intake ratios and spend less time than
expected in high-risk areas despite resource abundance. [12, 23–25]. Avoidance of perceived
risky areas can have the same effect on a species as habitat loss or degradation because the animal underuses resources from the risky areas [26, 27]. For example, pink-footed geese (Anser
brachyrhynchus) exploit feeding fields less (obtain less food per field) as the risk of human disturbance to the field increases [27] and elk (Cervus elephus) decrease their feeding time when
closer to roads [28]. Population decline can result from reduced efficiency of exploiting food
resources, reducing reproductive output [24, 29, 30].
In West Java, where Javan gibbons are endemic, there is a long history of humans using forest habitat for both resource extraction and cultural reasons [31], including spiritual visits to
the many sacred forests [32]. The extremely high population density of this land, as well as the
history of forestland conversion, has resulted in many populations of Javan gibbons living in
highly fragmented habitats that frequently overlap with human land use [33, 34]. Though
human disturbance (resulting from human interaction with natural areas) does not typically
result in mortality, animals living in fragments are unable to alter ranging patterns to obtain
resources elsewhere [13, 26].
We compare use of a sacred forest by Javan gibbons, villagers, and Indonesian spiritual
tourists who entered the forest to determine whether human presence limits gibbons’ access to
key food and spatial resources [26]. We test the hypothesis that if human presence affects gibbon ranging patterns, gibbons will alter their ranging patterns to avoid human disturbance.
Animals commonly respond to human disturbance in two ways, by altering their habitat use
patterns to avoid direct contact with humans (i.e. avoiding areas where humans are present)
[35–40], or by avoiding or underusing areas of repeated human disturbance (i.e. avoiding areas
of frequent human use, both when humans are absent and present) [12, 27, 41–43]. We evaluate two predictions that test each of these potential avoidance strategies in Javan gibbons. To
our knowledge, there are no existing data on sympatric interactions among humans and gibbons, although it remains a crucial topic of conservation concern as range overlap and shared
space continue to expand.
Prediction 1: If disturbance from human forest use affects gibbon ranging patterns, gibbons
will avoid areas when human presence increases. Specifically, we tested whether the number of
humans present at a location at a given time affects the likelihood of observing a gibbon at that
time. We expected as the number of humans present increases in an area, the likelihood of gibbons also being present would decrease.

PLOS ONE | DOI:10.1371/journal.pone.0146891 January 20, 2016

2 / 16

Habitat Use in a Space Shared by Humans and Javan Gibbons

Prediction 2: If areas of heavy human disturbance are perceived as risky by gibbons, gibbons will underuse such areas relative to other home range areas. Based on our first prediction,
gibbons may avoid areas when humans are present, but they may also avoid areas humans
commonly use, even when humans are absent. We located areas of high human use by recording the number of people both in the presence and absence of gibbons to determine areas of
high human use independent of gibbon presence. We expected the average number of humans
present in an area would negatively correlate with the number of times a gibbon group was
observed in the area, and forest use patterns for both gibbons and humans would differ, as gibbons would underuse areas of high human use.

Materials and Methods
Ethics Statement
This research complied with the protocols of the Institutional Animal Care and Use Committee
of the Research Animal Resource Center (research exempt from protocol as a wildlife observational study), and the Institutional Review Board for human subjects research (protocol number SE-2008-0210) at the University of Wisconsin, Madison. Our data collection complied
with federal laws of Indonesia. Appropriate permits were obtained to enter and conduct
research at the nature reserve Cagar Alam Leuweung Sancang from the Indonesian Forestry
Department (# SI 203), the Indonesian Department of Research and Technology, and the Indonesian Police Department (# 00-182620/p0/VII/2010).

Study Site
This study was part of a larger, long-term project on the behavioral ecology and conservation
biology of the endangered Javan gibbon. All field research was conducted at the nature reserve
and sacred forest Cagar Alam Leuweung Sancang (CALS), located in West Java, Indonesia.
CALS is a 2,157 hectare reserve located in the province Garut on the south coast of West Java,
established in 1978 by the Indonesian Forestry Department to protect lowland dipterocarp and
mangrove forests and endangered and endemic flora and fauna. A heavily logged area divides
the reserve into two fragments: Sancang Timur (East Sancang; 2km2) and Sancang Barat (West
Sancang; 4km2) [44]. CALS is protected by the Indonesian government as a nature reserve, and
thus a permit is required to enter the forest. However, illegal human activity occurs daily,
mostly in the form of spiritual tourism, and walking paths are present throughout the forest.
An average of 16.73 people per day enter the forested area of the reserve within the ranges of
several gibbon groups [44]. All data were collected in the Sancang Timur (Fig 1). Due to
human activity, the study area contains multiple structures and landscape elements heavily frequented by humans. We assigned names to these areas and recorded their position. Areas of
interest include: (1) The Cikajayaan waterfall, the most sacred site in the forest and most commonly visited area in the forest; (2) Camping Site 1, a structure with sleeping shelters for spiritual tourists, west of the Cipangisikan river on the main path to the riverbank; (3) River
Ferrying site, a site at the river where humans are ferried across on a raft; (4) Camping Shelters
2, another structure with sleeping shelters south of Cikajayaan; (5) Group B River Crossing, a
site where one of the gibbon groups crosses the Cipangisikan river, and (6) the Forest Entrance,
the location where the forested area and path to the sacred sites begins.

Study Subjects
Gibbons. An estimated 21–27 individual Javan gibbons live in 8–9 groups within CALS
[44, 45]. Six to seven gibbon groups live in Sancang Timur and two groups in Sancang Barat.
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Fig 1. Sancang Timur and Study Area. Generated using OpenStreetMap data (modified to add rivers).
doi:10.1371/journal.pone.0146891.g001

Though we observed six groups in Sancang Timur (Groups A-F), data for this study are limited
to two groups, groups B and C (Table 1 for group composition) as the home ranges of only
these groups overlap with the sacred areas in the forest. Group B’s home range is 13.5 ha. [44]
and encompasses the entrance to the forest, the main path through the forest, the sacred site
containing Camping Shelters 1, and the River Crossing site. Group C’s home range is 15 ha.
[44] and encompasses the Cikajayaan waterfall, the River Crossing site, and Camping Shelters
2. The home range of both groups is larger than what we observed in this study because we
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Table 1. Study Groups in Sancang Timur.
Group

Location

Gibbon

Age/Sex

B

Footpath to river,

Tono

Adult Male

W. of river and E.

Tini

Adult Female

riverbank

Udian (dis. 11/10)

Juvenile

C

Cikajayaan and above,

Jay

Adult Male

E. of river and N. of

Ann

Adult Female

Cikajayaan

Cika

Juvenile Male

Wana (born 5/11)

Infant

doi:10.1371/journal.pone.0146891.t001

focused our data collection on areas that were easily accessible to and frequently visited by
humans. Group B’s home range extends further north along the Cipangisikan River along both
banks than observed and Group C’s home range extends further east into the reserve [44].
Because visitors and locals have been using this forest for generations, gibbons have frequent
human contact, do not flee upon seeing humans and are considered passively partially habituated to human presence [44].
Though the dense understory and hills and valleys within CALS make the terrain difficult
for humans to traverse, it is ideal for the brachiating gibbons. All groups can move easily within
the contiguous forested areas of their home ranges. The multiple human-made structures
throughout the forest do not appear to greatly impede gibbon travel because the canopy
remains connected. However, gibbon movement is restricted in some ways. Major geographic
barriers such as the ocean to the south and the afore mentioned Cipangisikan River serve as
home range borders, as do the areas cleared by logging and the home ranges of other gibbon
groups.
Humans. The majority of people entering the reserve are Indonesian spiritual tourists,
mostly from West Java, who come to the forest seeking a change in luck [45]. There is wide variation in the duration of a spiritual tourist visit (1 hour—several months), although many are
one night or less (mean = 2.3 days, n = 73, SD = 1.7). Locals from the village of Sancang also
enter the forest for non-spiritual reasons including resource extraction (fishing, hunting,
removing timber), acting as porters and guides for spiritual tourists, or acting as kuncen, or
spirit master, who mediate the interactions between the spiritual tourists and the spirit world
[45]. Human activity varies by time of day, day of the week, and time of the year, but we
observed either a spiritual tourist or local in the forest every observation day. The majority of
people entering the forest are spiritual tourists, and villagers that enter the forest often do so
accompanying spiritual tourist groups (acting as porters and guides). Thus, most encounters
we observed between humans and gibbons occurred with spiritual tourists present. While villagers occasionally extracted resources from the forest, spiritual tourists rarely did. The density
of humans within the forest therefore did not likely impact gibbon resource distribution. Both
spiritual tourism and local activity in the forest is technically illegal because neither spiritual
tourists nor Sancang locals obtain permits, but the local Forestry officials do not prevent people
from entering.

Data Collection
Gibbon behavioral data were collected data from August 2010 until June 2011 (271 total days)
with the assistance of 4 Indonesian field assistants. Each day, one or two researchers collected
location data. If two researchers were collecting data for the day, each data collector positioned
him or herself in the home range of a different group (in some locations, more than one group’s
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home range could be observed). Typically, only one researcher was present during data collection periods, as others were spread out among the six groups living in the forest. Data collection
began between 0545 and 0615, or as soon as the researcher reached the assigned home range,
and continued until 1630, or until the gibbons moved into their sleeping trees and stopped
their activity. Gibbons were located either following their long call vocalizations or by searching their home range. Though we always attempted to locate or follow the gibbon groups
throughout the day, because of forest topography we often did not know the location of one or
more of the study groups. However, we collected a data sample instantaneously every 10 minutes in both the presence and absence of gibbons. When gibbons were not present, we collected
GPS coordinates, recorded which gibbon groups' home ranges were visible, and recorded the
number of humans visible (minimum of one, the data collector). Thus, data on the number of
humans present at a location was collected independently from gibbon observations. Because
most human groups encountered were either all tourists, or a mix of tourists and Sancang villagers, we only considered total number of humans observed. When gibbons were present,
along with the above information, we also recorded the group present.
Prey species will engage in risk avoidance behaviors once they are able to detect a perceived
risk [22]. Upon visual detection, Javan gibbons are known to respond to humans similarly to
how they respond to predators [45,46]. Therefore in this study we use visual detectability to
delineate shared space between humans and gibbons. We used our ability to detect humans as
a proxy for what the gibbons could detect. Thus, if gibbons and humans were both visible in
the same sample, they were considered to be in a shared space.
GPS data were collected using a Pharos 565 PDA with a built-in GPS receiver and a Garmin
e Trex1 GPS unit. Data were recorded using the Cybertracker Data Collection program [47].
GPS accuracy was recorded by Cybertracker using Dilution of Precision (DOP). DOP scores
over 10 are considered to have only fair accuracy and were discarded from the analysis [48].
Only one GPS value was recorded per scan since gibbons typically remain in cohesive groups.
Thus, when gibbons were present the entire scan only had one associated GPS coordinate
regardless of how many gibbons in the group were visible.

Analysis
One challenge we encountered in this study was mitigating and understanding the effects of
human researchers on gibbon behavior as at least one human was always present during data
collection. However, because we encountered human groups of various sizes, we treated the
number of humans present as a continuous variable and measured gibbon response to the differences in human group size. Though we cannot control for human presence completely, we
tested our hypotheses against change in the intensity of human presence. Even animals regularly exposed to human presence may alter their behavior, especially in areas where the degree
and intensity of human presence varies spatially [38, 49]. Thus, although we cannot know how
the gibbons behave in the complete absence of human observers, we can still determine
whether a relationship exists between human and gibbon spatial use patterns.
Prediction 1. We used logistic regression analysis to determine whether gibbons were less
likely to be in a particular area as the number of people increased. For each group, we included
all scans where that group’s home range was visible except for scans that included data from
gibbons not in the focal group (from several locations multiple home ranges were visible).
Scans where gibbons were present were coded as 1 and scans where gibbons were absent were
coded as 0. We performed logistic regression of gibbon presence against the number of people
present per scan. Due to limited samples, scans with over 15 people were excluded from the
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analysis. These analyses were performed with JMP statistical software version 9.0 (JMP™, Cary,
NC).
Prediction 2. We imported GPS values into the ArcGIS 10 and 10.1 ArcMap software
(ESRI, Redlands, CA). We analyzed data from groups B and C separately. To establish the
known range of each group we used only the GPS points where gibbons were present and projected the points on to a Bing base map (Microsoft, 2012). All points outside the research area
were manually deleted (e.g. points in water, points in cleared areas, points outside the study
area). We merged the point data to a 15m x15m grid. We only displayed cells that contained
points (i.e. cells where gibbons were observed at least once).
For each group, we imported the points (both gibbons present and absent) when scans were
conducted in the visible area of that group's home range. As more than one home range was
visible from many locations, we removed all data when gibbons other than the focal group
were visible. We manually removed all data points that fell outside of the previously established
known ranges (cells where gibbons were observed). We merged these points on to the 15m
x15m grid already created. For number of humans, the value for each cell represented the
mean number of humans seen in that cell. For gibbon data, the value of each cell represented
the sum of the total number of times gibbons were seen in that cell. This created a map for the
observed home range of both gibbon groups.
We used Ordinary Least Squares (OLS) regression to evaluate whether the average number
of humans present in a cell was correlated with the number of times gibbons were observed in
that cell. We created several OLS models using exploratory regression analysis with gibbons
present as the dependent variable and different fixed explanatory variables including number
of humans, number of researchers, number of spiritual tourists and locals, presence of spiritual
tourists or locals in the scan, distance from forest edge, distance from river, distance from
noted forest sites, and distance from human researchers. We eliminated all non-significant variables, and used Akaike’s Information Criterion (AIC) to determine which model had the best
fit. AIC is a relative measure of model performance that allows for comparison of models with
the same dependent variable. Lower AIC scores of at least three indicate a better fit model [50].
The best fit model used total humans only as the explanatory variable to predict gibbon presence, so we removed all other factors from the model.
However, spatial autocorrelation is a known problem with OLS regression models using
geographic data, which invalidates the independence assumption of these models [51]. As spatial autocorrelation occurred in our data, we also ran a Geographically Weighted Regression
(GWR) which accounts for spatial autocorrelation by evaluating each feature separately within
the context of a particular bandwidth, or neighborhood, resulting in localized relationships
between the predictor and explanatory variables [52]. We used an adaptive GWR model with
AIC scores to determine the bandwidth for each feature. We used total humans as the only
explanatory variable since it was the best fit OLS model.
We used the hotspot analysis tool to find statistically significant spatial clustering of higher
or low values for humans and gibbons. These analyses find spatial clustering by comparing values of a fixed area or point to those in its surrounding neighborhood. In this case, each 15m
x15m cell had a value for average number of humans per cell and a total number of scans with
gibbons present per cell. Hotspot neighborhoods were created with a fixed distance band of
45m. The analyses output Z-scores, which measure clustering. High positive Z-scores indicate
clustering of high values (red hot spot) and high negative Z-scores indicate a clustering of low
values (blue cold spot). Z-scores near 0 indicate no significant clustering (beige) [52]. Each Zscore is associated with a P value and the output categories correspond to various P values.
Table 2 relates Z-scores to their corresponding P values. For each group, we ran hotspot

PLOS ONE | DOI:10.1371/journal.pone.0146891 January 20, 2016

7 / 16

Habitat Use in a Space Shared by Humans and Javan Gibbons

Table 2. Z-scores and corresponding p-values for Hotspot analysis in ArcGIS.
Z-score

P-value

<-2.58

0.01

-2.58–1.96

0.05

-1.96–1.65

0.10

-1.65–1.65

NS

1.65–1.98

0.10

1.98–2.58

0.05

>2.58

0.01

doi:10.1371/journal.pone.0146891.t002

analysis using values for mean number of humans per cell, and the total number of scans with
gibbons present per cell.
To find areas where human use and gibbon use of the forest differed, we converted the Zscore polygons of the hotspot analyses into rasters and subtracted the gibbon Z-scores for each
cell from the corresponding human Z-scores from the same cell. This resulted in cells with
high human use but low gibbon use having a high positive (red) value and cells with high gibbon use and low human use having a high negative value (blue). Cells where human use and
gibbon use of an area were similar (either high or low) had a value close to zero.

Results
The total area in which Group B was observed was 6.59 ha. The total area in which Group C
was observed was 2.32 ha. This size represents the total area of all cells in which gibbons were
observed, but not the total home range nor the area in between cells where gibbons were not
observed, although these regions are likely part of the gibbons’ true home range. Here, we
address each of the predictions as outlined in the introduction.

Prediction 1: If disturbance from human forest use affects gibbon
ranging patterns, gibbons will avoid areas when human presence
increases
In this section, we analyzed whether gibbons were less likely to be seen in an area as the number of people there increased. As the number of people observed per scan increased within
Group B’s home range, members of Group B were less likely to be present for the scan
(n = 23733, β = 0.2372, S.E. = 0.015, P<0.0001; positive β indicates decreasing likelihood of gibbon presence). As the number of people observed per scan in Group C’s home range increased,
Group C gibbons were not more or less likely to be present (n = 18788, β = -0.014, S.E. = 0.011,
P = 0.21).

Prediction 2: If areas of heavy human disturbance are perceived as risky
by gibbons, gibbons will underuse such areas relative to other home
range areas
In this section, we compared human forest use with gibbon forest use. OLS regression analysis
indicates a negative correlation between the average number of humans observed per cell and
the number of times gibbons were observed for Group B (Table 3). However, the overall fit of
this model is low due to spatial autocorrelation. The GWR model for Group B (Fig 2A) shows
that in most areas there is a weak to moderate negative relationship between number of
humans and number of gibbon observations, but at some areas, specifically near Group B River
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Table 3. Ordinary Least Squares (OLS) and Geographically Weighted Regression (GWR) scores for Groups B and C with Total number of times
gibbons were observed per cell as the dependent variable and average number of humans per cell as the explanatory variable.
Group B

Group C

OLS

GWR

OSL

GWR

Coefﬁcient

-0.882267

Fig 2

0.65134

Fig 2

R2 a

0.030117

0.70587

0.056243

0.2718

AICb

1711.71

1601.42

534.078

526.57

Wald Statisticc

32.2489

NA

7.705184

NA

P Value

<0.00001

NA

0.005506

NA

a

Represents adjusted value

b

Akaike’s Information Criterion. A relative score that measures the ﬁt of the model. Within each group, a lower score of at least 3 indicates a better ﬁt

model
c
Non normal distribution
doi:10.1371/journal.pone.0146891.t003

Crossing and Camping Shelters 1, there is actually a positive relationship between number of
humans and number of gibbon observations.
Both OLS regression and GWR for Group C indicate a moderate positive relationship
between the average number of humans per cell and the total number of gibbons observed,
however the GWR model does provide a slightly better fit (Table 3; Fig 2B). Only a few areas
on the periphery of the observed range show a slight negative relationship between number of

Fig 2. Global Weighted Regression (GLR) analysis for groups B (a) and C (b). Total number of gibbon observations per cell is the dependent variable
and average number of humans per cell is the explanatory variable. Red cells indicate a positive relationship (coefficient value) between the variables and
blue cells indicate a negative relationship (coefficient value)
doi:10.1371/journal.pone.0146891.g002
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Fig 3. Hotspots for humans (a) and group B gibbons (b) in group B’s home range. Colors correspond to Z-Scores in legend. Z-scores correspond to pvalues from Table 1. Red color indicates clustering of high values (commonly used spot) and blue color indicates clustering of low values (infrequently used
spot). For difference in human and gibbon Z-Scores (c) (human scores minus gibbon scores), blue areas indicate areas with high gibbon scores and low
human scores (favored by gibbons but avoided by humans) and red areas indicate areas of high human scores and low gibbon scores (favored by humans
and avoided by gibbons) Beige areas are areas where Z-scores for humans and gibbons are similar (either low or high). Cells are 15mx15m.
doi:10.1371/journal.pone.0146891.g003

humans and number of gibbon observations. The number of humans per cell explained more
of the variation in number of gibbon observations for Group B than for Group C.
Fig 3 shows hotspots within Group B’s home range for both humans (a) and Group B gibbons (b). The home range of Group B is on the west side of the Cipangisikan River, but crosses
to the east side of the river north of Cikajayaan. All points on the east side of the river at or
south of Cikajayaan were taken while viewing gibbons at the riverbank from across the river.
Humans cluster near the riverbank at and just south of the River Ferrying site and around Cikajayaan. Gibbons cluster at Camping Shelters 1 west of the river and at Group B River Crossing,
north of Cikajayaan (Fig 3). Fig 3 also shows the difference in Z-scores between human clustering and gibbon clustering (human scores minus gibbon scores) for groups B (c). The large red
and blue areas in Group B’s home range indicate that gibbons and humans use largely different
parts of the home range, with gibbons concentrated in the northwest portion near the Camping
Shelters 1 and Group B River Crossing site, and humans in the southeast near the River Ferrying
site and Cikajayaan. There is a small overlap zone between the Group B River Crossing site and
the River Ferrying site that is a high use area for both (beige area).
Fig 4 shows hotspots within Group C’s home range for both humans (a) and gibbons (b),
Group C’s home range is strictly on the east side of the Cipangisikan river. Any observations
from the west side of the river were taken while viewing gibbons on the riverbank from across
the river. Group C’s home range extends eastward, but lack of accessibility restricted observations in this area. Both humans and gibbons clustered around Cikajayaan and the River Ferrying site (Fig 4). Fig 4 also shows the difference in Z-scores between human clustering and
gibbon clustering (human scores minus gibbon scores) for group C (c). There are no obvious
differences between where gibbons use the forest and where humans use the forest, indicated
by the large beige colored areas. However, high gibbon use and low human use occurred at the
extreme northern and southern most parts of the range, whereas high human use and low gibbon use occurred at the extreme eastern and western most parts of the range.
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Fig 4. Hotspots for humans (a) and group C gibbons (b) in group C’s home range. Colors correspond to Z-Scores in legend. Z-scores correspond to pvalues from Table 1. Red color indicates clustering of high values (commonly used spot) and blue color indicates clustering of low values (infrequently used
spot). For difference in human and gibbon Z-Scores (c) (human scores minus gibbon scores), blue areas indicate areas with high gibbon scores and low
human scores (favored by gibbons but avoided by humans) and red areas indicate areas of high human scores and low gibbon scores (favored by humans
and avoided by gibbons) Beige areas are areas where Z-scores for humans and gibbons are similar (either low or high). Cells are 15mx15m.
doi:10.1371/journal.pone.0146891.g004

Discussion
Our first prediction suggested that Javan gibbons would be less likely to be observed in an area
as the number of people in that area increased. This prediction was partially met. Sighting frequency (how often animals are observed in areas of varying disturbance) is commonly used to
measure the impact of human disturbance on animal populations [49,53,54] and the method
used in this study allowed us to see the affects of human group size on gibbon presence. Group
B and Group C responded differently to human presence in their home range. Group B supported our hypothesis and was much more sensitive to human presence. They were less likely
to be present in a scan when more people were visible. Group C, however, did not meet the prediction, and was just as likely to be observed with increasing numbers of people present.
However, these data alone do not provide information about gibbon and human preferred
use of space. Some animal species are known to completely avoid human-visited areas, even
when humans are absent [53, 55, 56] and even when the animals are otherwise habituated [49].
Therefore, our second prediction suggested that if areas of high human use are perceived as
risky by gibbons, gibbons will avoid such areas at all times. Again, this was partially supported.
Group B and Group C used their home ranges differently with respect to human use. For
group B, the number of scans per cell with gibbons present was negatively correlated to the
average number of humans per cell, indicating they underuse areas with greater human presence. The GWR analysis did display areas where the number of humans positively affected the
number of gibbon observations, but these areas largely occurred in areas where the average
number of humans per cell was low (human cold spots), and therefore had little variation in
the total number of humans present. Thus, the positive correlation likely results from more gibbon present scans with only slight increases in human presence (e.g., gibbons present in situations where there were only two humans instead of one). Within Group B’s home range,
humans and gibbons preferentially used different parts of the forest, supporting our prediction.
Human use clustered at the River Ferrying site, and gibbon use clustered at the Camping
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Shelters 1 site and the Group B River Crossing site with little overlap between preferred gibbon
areas and preferred human areas. As human forest use patterns are dictated by the location of
the sacred sites, these results, coupled with the avoidance and regression results, suggest that
Group B used the forest in a non-random way to avoid humans.
However, for group C, both OLS regression and GWR show a slight positive relationship
between the number of humans per cell and the number of scans with gibbons present, though
the lower coefficient values and r2 values indicate that number of humans was not as robust of
a predictor for gibbon presence as it was for Group B. Group C gibbons and humans both preferred to use the part of their home range concentrated around the Cikajayaan waterfall; these
observations do not support our hypothesis. We observed a large degree of overlap between
preferred gibbon space use and preferred human space use. This, again coupled with the avoidance and regression data, suggests that Group C gibbons did not alter their forest space use
with respect to human space use.
One important caveat must be addressed with the data from Group C. While we had access
to nearly all of Group B’s home range, much of Group C’s home range was inaccessible to us
and thus the majority of areas where Group C could be visible were also areas of high human
concentration (located near Cikajayaan waterfall). This led to a bias in sampling in which
more accessible areas were oversampled relative to inaccessible areas. Despite this, there were
often times when the area around Cikajayaan was empty of humans. Group C could have easily avoided the area when crowded and returned when groups of people left, but they used the
area equally or more as the number of people increased.
While it is possible that these results are impacted by the limited accessibility of Group C’s
home range, as addressed above, it is important to note that only areas where gibbons were
observed were recorded on the maps. We performed scans in many other parts of Group C’s
presumed home range where human presence was less intense, and never observed Group C.
Additionally, although data from Group C only reflects the accessible part of their home range,
their use of the area is not uniform, indicting preferred areas of use within the visible range.
Thus, while we cannot account for all of Group C’s home range use, our data do reflect a true
overlap in preferred space between gibbons and humans.
It is also possible that differences in group composition may account for some observed differences between the groups. Group B contained an independent juvenile for four months of
the study period (July–October, when the juvenile disappeared), and an infant was born into
group C at the end of the study (observed May–June). However, both groups consisted of an
adult male/female pair for the majority of the study, and both groups were also observed with
an immature gibbon. Therefore, we do not suspect group composition can account for the differences observed between the two groups; moreover, inter-group comparisons would be challenged by the few data collected when both groups comprised three individuals. Group
composition cannot be ruled out as an explanatory variable, though, and further research is
necessary to determine the role it may play in spatial distribution.
In addition to being consistent with the RDH, data presented here contribute to an emerging picture of gibbon behavior suggesting more behavioral flexibility [44, 57] than has been
described previously [58]. The two study groups responded differently to the presence of
humans, with Group C having a much weaker reaction to the humans in their home range.
Although disturbance is higher at Cikajayaan, Group C gibbons may perceive the risk as lower
because of increased habituation, or the trade-off of avoiding the area may be too great because
of the location of important feeding trees. Recent work on gibbon behavior has demonstrated
that gibbons have the ability to vary their diet and social structure [57] and exploit edge habitat
[44]. In addition, this study indicates that gibbons are able to adjust their behaviors to various
levels of human disturbance.
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Despite potential range restrictions and pressures from human use, the current density of
gibbons in the Sancang Timur fragment of CALS is consistent with other sites at 3.00 groups/
km2 (2.5–3.8 groups/km2 [46, 59–62]. However, a lag time in response to anthropogenic stress
cannot be ruled out. Spiritual tourists have been visiting the Sancang forest for generations [32]
(Sancang villagers, pers. comm), but it is only since the early 2000s that the fragments Sancang
Timur and Sancang Barat have been separated, restricting the gibbons’ ability to travel from
one to the other [44]. Habitat loss and fragmentation has resulted in space becoming a limiting
resource for many species [63]. A common animal response to human disturbance is to leave
the area of disturbance [26, 38], but the gibbons in Sancang Timur cannot leave, even to Sancang Barat, because of recent habitat fragmentation. Thus, the long-term consequences of
human disturbance on this population of gibbons are not yet fully understood. Continuous
human presence, even in the form of long-term research only, potentially results in shifts in
primate behavior and substrate use [64–66]. The consequences for Javan gibbons may be
reflected in the fact that the fragment has shown no population growth since censusing after
the fragmentation began in 2004–2005 [67]. Additionally, this study did not specifically test
resource abundance. Though the spiritual tourism in the forest seemingly does not impact
resource abundance, the presence of large human groups may greater effect gibbon ranging
patterns if the location of areas of high human density correspond to areas of high resource
abundance. This is likely the case with group C, which regularly used the area around the Cikajayaan waterfall, despite high human density.
In this research, we demonstrate the effectiveness of using GIS analysis as a tool for evaluating shared space between animals and humans and integrating human presence into landscape
ecology models. Using a GIS approach, we were able to examine and compare human and gibbon use simultaneously over the entire landscape as well as to parse individual behaviors and
localized distribution patterns. Moreover, we were able to test the risk-disturbance hypothesis
by getting a clear picture about areas of overlap between humans and gibbons as well as areas
of avoidance by one or the other. Recognizing that human/animal shared space will remain the
reality under which conservation policy will be made [68], this type of analysis allows us to
chart and manage specific areas within a larger landscape and determine sustainable ways for
humans and other species to share habitats.

Supporting Information
S1 Dataset. Contains data collected for this study. Only data in the tab labeled scan with
accuracy BC were used in the analyses.
(XLSX)

Acknowledgments
We would like to thank the Indonesian Department of Research and Technology (RISTEK)
and the Indonesian Forestry Department (PHKA) for granting permission to conduct this
research. We would also like to thank our Indonesia sponsor, the environmental NGO
KONUS and its director, Asep R. Purnam. We thank our Indonesian host family, the Haes
family, for putting MAR and her field assistants up in Sancang, and Heri Octavinalis and Nissa
Nuraini for sharing their home with her in Bandung. We would also like to thank all Indonesian field assistants: Ismail Agung, Wawan Tarwinan, Danius ‘Ocoy’ Tampubolon, Angga
Kurniawan, Yadi Juned, and Soni Patinasarani. We thank the UW Madison Biological Anthropology Lab Group, the Bougham Lab Group, The UTSA Primate Research Forum, and

PLOS ONE | DOI:10.1371/journal.pone.0146891 January 20, 2016

13 / 16

Habitat Use in a Space Shared by Humans and Javan Gibbons

Dissertator Writing Group for their feedback and help during the proposal and writing process.
Thanks are owed to the University of Colorado–Boulder for support during the final phase of
manuscript completion. This research complies with protocols from the Animal Care Committee and Human Subjects Committee at the University of Wisconsin, Madison.

Author Contributions
Conceived and designed the experiments: MAR JEL. Performed the experiments: MAR. Analyzed the data: MAR. Contributed reagents/materials/analysis tools: MAR. Wrote the paper:
MAR JEL. Critical editing: JEL.

References
1.

Cushamn SA, Evans JS, McGarigal K. Landscape ecology: past, present, and future. In: Cushman SA,
Huettmann F, editors. Spatial Complexity, Informatics, and Wildlife Conservation. New York: Springer;
2010. pp. 65–82.

2.

Hill CM. Conflict of interest between people and baboons: crop raiding in Uganda. Int J Primatol. 2000;
21:299–315.

3.

Knight J, editor. Natural Enemies: People-Wildlife Conflicts in an Anthropological Perspective. London:
Routledge; 2000.

4.

Paterson JD, Wallis J, editors. Commensalism and Conflict: The Primate-Human Interface (Vol. 4).
Norman: American Society of Primatologists; 2005.

5.

Treves A, Naughton-Treves L. Risk and oppurtunity for humans coexisting with large carnivores. J
Hum Evol. 1999; 36:275–282. PMID: 10074384

6.

Buckley R. Impacts of ecotourism on terrestrial wildlife. In: Buckley R, editor. Environmental Impacts of
Ecotourism. Cambridge: CABI Publishing; 2004. pp. 211–228.

7.

Grossberg R, Treves A, Naughton-Treves L. The incidental ecotourist: measuring visitor impacts on
endangered howler monkeys at a Belizean archaeological site. Environ Conserv. 2003; 30:40–51.

8.

Higginbottom K, editor. Wildlife Tourism. Altona: Common Ground; 2004.

9.

Krüger O. The role of ecotourism in conservation: panacea or Pandora’s box? Biodivers Conserv.
2005; 14:579–600.

10.

Amo L, López P, Martın J. Nature-based tourism as a form of predation risk affects body condition and
health state of Podarcis muralis lizards. Biol Conserv. 2006; 131:402–409.

11.

Duchesne M, Cote SDS, Barette C. Responses of woodland caribou to winter ecotourism in the Charlevoix Biosphere Reserve, Canada. Biol Conserv. 2000; 96:311–317.

12.

Frid A, Dill LM. Human-caused disturbance stimuli as a form of predation risk. Conserv Ecol. 2002;
6:11–26.

13.

Gill JA, Norris K, Sutherland WJ. Why behavioural responses may not reflect the population consequences of human disturbance. Biol Conserv. 2001; 97:265–268.

14.

Klailova M, Hodgkinson C, Lee PC. Behavioral responses of one western lowland gorilla (Gorilla gorilla
gorilla) group at Bai Hokou, Central African Republic, to tourists, researchers and trackers. Am J Primatol. 2010; 72:897–906. doi: 10.1002/ajp.20829 PMID: 20806337

15.

Lott DF, McCoy M. Asian rhinos Rhinoceros unicornis on the run? Impact of tourist visits on one population. Biol Conserv. 1995; 73:23–26.

16.

Rode KD, Farley SD, Fortin J, Robbins CT. 2007. Nutritional consequences of experimentally introduced tourism in brown bears. J Wildl Manage. 2007; 71:929–939.

17.

Treves A, Brandon K. Tourist impacts on the behavior of black howling monkeys (Alouatta pigra) at
Lamanai, Belize. In: Patterson JD, Wallis J, editors. Commensalism and Conflict: The Human-Primate
Interface. Norman: The American Society of Primatologists; 2005. pp. 146–166.

18.

Norman A. The varieties of the spiritual tourist experience. Literature and Aesthetics. 2012; 22:20–37.

19.

Cushman SA, Huettmann F, editors. Spatial Complexity, Informatics, and Wildlife Conservation. New
York: Springer; 2010.

20.

Haines-Young RH, Green DR, Cousins S, editors. Landscape Ecology and Geographic Information
Systems. Bristol: Taylor and Francis; 1993.

21.

Hunsaker CT, Goodchild MF, Friedl MA, Case TJ, editors. Spatial Uncertainty in Ecology: Implications
for Remote Sensing and GIS Applications. New York: Springer-Verlag; 2001.

PLOS ONE | DOI:10.1371/journal.pone.0146891 January 20, 2016

14 / 16

Habitat Use in a Space Shared by Humans and Javan Gibbons

22.

Lima SL, Dill LM. Behavioral decisions made under the risk of predation: a review and prospectus. Can
J Zool. 1990; 68:619–640.

23.

Edwards J. Diet shifts in moose due to predator avoidance. Oecologia. 1983; 60:185–189.

24.

Lima SL. Nonlethal effects in the ecology of predator-prey interactions. Bioscience. 1998; 48:25–34.

25.

Morris DW, Davidson DL. Optimally foraging mice match patch use with habitat differences in fitness.
Ecology. 2000; 81:2061–2066.

26.

Gill JA, Sutherland WJ. Predicting the consequences of human disturbance from behavioural decisions. In: Gosling LM, Sutherland WJ, editors. Behaviour and Conservation. Cambridge: Cambridge
University Press; 2000. pp. 51–64.

27.

Gill JA, Sutherland WJ, Watkinson AR. A method to quantify the effects of human disturbance on animal populations. J Appl Ecol. 1996; 33:786–792.

28.

Ciuti S, Northrup JM, Muhly TB, Simi S, Musiani M, Pitt JA, et al. Effects of humans on behaviour of
wildlife exceed those of natural predators in a landscape of fear. PLoS ONE. 2012; 7:e50611. doi: 10.
1371/journal.pone.0050611 PMID: 23226330

29.

Brown JS, Kotler BP. Foraging and the ecology of fear. In: Stephens DW, Brown JS, Ydenberg RC, editors. Foraging: Behavior and Ecology. Chicago: The University of Chicago Press; 2007. pp. 437–482.

30.

Preisser EL, Bolnick DI, Benard MF. Scared to death? The effects of intimidation and consumption in
predator-prey interactions. Ecology. 2005; 86:501–509.

31.

Geertz C. Agricultural Involution. Berkely: Univ of California Press; 1963.

32.

Wessing R. A change in the forest: myth and history in West Java. J Southeast Asian Stud. 1993;
24:1–17.

33.

Supriatna J. Conservation programs for the endangered Javan gibbon (Hylobates moloch). Primate
Conserv. 2006; 21:155–162.

34.

Supriatna J, Mootnick A, Andayani N. 2010. Javan gibbon (Hylobates moloch): population and conservation. In: Gursky S, Supriatna J, editors. Indonesian Primates. New York: Springer; 2010. pp. 57–72.

35.

Cipolletta C. Ranging patterns of a western gorilla group during habituation to humans in the DzangaNdoki National Park, Central African Republic. Int J Primatol. 2003; 24:1207–1226.

36.

Constantine R. 2001. Increased avoidance of swimmers by wild bottlenose dolphins (Tursiops truncatus) due to long‐term exposure to swim‐with‐dolphin tourism. Mar Mamm Sci. 2001; 17:689–702.

37.

Gander H, Ingold P. Reactions of male alpine chamois Rupicapra r. rupicapra to hikers, joggers and
mountainbikers. Biol Conserv. 1997; 79:107–109.

38.

Guillemain M, Blanc R, Lucas C, Lepley M. Ecotourism disturbance to wildfowl in protected areas: historical, empirical and experimental approaches in the Camargue, Southern France. Biodivers Conserv.
2007; 16:3633–3651.

39.

Reimers E, Loe LE, Eftestøl S, Colman JE, Dahle B. 2009. Effects of hunting on response behaviors of
wild reindeer. J Wildl Manage. 2009; 73:844–851.

40.

Wolf ID, Croft DB. Minimizing disturbance to wildlife by tourists approaching on foot or in a car: A study
of kangaroos in the Australian rangelands. Appl Anim Behav Sci. 2010; 126:75–84.

41.

de la Torre de S, Snowdon CT, Bejarano M. Effects of human activities on wild pygmy marmosets in
Ecuadorian Amazonia. Biol Conserv. 2000; 94:153–163.

42.

Lafferty KD. Disturbance to wintering western snowy plovers. Biol Conserv. 2001; 101:315–325.

43.

Lord A, Waas JR, Innes J. Effects of human activity on the behaviour of northern New Zealand dotterel
Charadrius obscurus aquilonius chicks. Biol Conserv. 1997; 82:15–20.

44.

Malone NM. The Socioecology of the Critically Endangered Javan Gibbon (Hylobates moloch):
Assessing the Impact of Anthropogenic Disturbance on Primate Social Systems. PhD Thesis, Eugene:
University of Oregon 2007.

45.

Reisland MAR. Conservation in a Sacred Forest: An Integrated Approach to Assessing the Management of a Community-Based Conservation Site. PhD Thesis, Madison: University of Wisconsin,
Madison. 2013.

46.

Kappeler M. The Javan Silvery Gibbon (Hylobates lar moloch). PhD Thesis, Basel, Switzerland: Universitat Basel. 1981.

47.

Cybertracker2010. 2010. Available: http://www.cybertracker.org.

48.

Dudek G, Jenkin M. Computational Principles of Mobile Robotics. Cambridge: Cambridge University
Press; 2000.

49.

Malo JE, Acebes P, Traba J. Measuring ungulate tolerance to human with flight distance: a reliable visitor management tool? Biodivers Conserv. 2011; 20:3477–3488.

PLOS ONE | DOI:10.1371/journal.pone.0146891 January 20, 2016

15 / 16

Habitat Use in a Space Shared by Humans and Javan Gibbons

50.

Akaike H. A new look at the statistical model identification. IEEE Trans Automat Contr. 1974; 19: 716–
723.

51.

Guisan A, Thuiller W. Predicting species distribution: offering more than simple habitat models. Ecol
Lett. 2005; 8:993–1009.

52.

ARCGis Help. ARCGis Desktop Help Menu. Redlands, CA: ESRI; 2012.

53.

Griffiths M, van Schaik CP. The impact of human traffic on the abundance and activity periods of Sumatran rain forest wildlife. Conserv Biol. 1993; 7:623–626.

54.

Pelletier F. Effects of tourist activities on ungulate behaviour in a mountain protected area. J Mountain
Ecol. 2006; 8:15–19.

55.

Dorrance MJ, Savage PJ, Huff DE. Effects of snowmobiles on whitetail deer. J Wildl Manage. 1975;
39:563–569.

56.

McLellan BN, Shackleton DM. Immediate reactions of grizzly bears to human activities. Wildl Soc Bull.
1989; 17:269–274.

57.

Malone NM, Fuentes A. The ecology and evolution of hylobatid communities: causal and contextual
factors underlying inter- and intraspecific variation. In: Lappan S, Whittaker D, editors. The Gibbons:
New Perspectives on Small Ape Socioecology and Population Biology. New York: Springer; 2009. pp.
241–264.

58.

Kappeler M. The gibbon in Java. In: Preuschoft H, Chivers DJ, Brockelman WY, Creel N, editors. The
Lesser Apes: Evolutionary and Behavioural Biology. Edinburgh: Edinburgh University Press;
1984. pp. 19–31.

59.

Gurmaya KJ, Adiputra IMW, Saryatiman AB, Danardono SM, Sibuea TTH. Primate survey, population,
and ecology: Gunung Honje range Ujung Kulon National Park. Jakarta: Departamen Kehutanan and
New Zealand Ministry of Foreign Affairs and Trade; 1995. pp. 1–86.

60.

Kim S, Lappan S, Choe JC. Diet and ranging behavior of the endangered Javan gibbon (Hylobates
moloch) in a submontane tropical rainforest. Am J Primatol. 2011; 73:270–280. doi: 10.1002/ajp.20893
PMID: 20938967

61.

Kool KM. The status of endangered primates in Gunung Halimun reserve, Indonesia. Oryx. 1992;
26:29–33.

62.

Rinaldi D. Food preference and habitat utilization of Javan gibbon (Hylobates moloch Audebert) in
Ujung Kulong National Park, West Java, Indonesia. PhD Thesis, Gottingen, Germany: Universitat
Georg-August. 1999.

63.

Tilman D, Lehman CL. Habitat destruction and species extinctions. In: Tilman D, Kareiva P, editors.
Spatial Ecology: The Role of Space in Population Dynamics and Interspecific Interactions. Princeton:
Princeton University Press; 1997. pp. 233–249.

64.

Morthé IMC, Guedes D, Fidelis J, Boubli JP, Mendes SL, Strier KB. Ground use by norther muriquis
(Brachyteles hypoxanthus). Am J Primatol. 2007; 69:706–712. PMID: 17253634

65.

Strier KB. Long-term field studies: positive impacts and unintended consequences. Am J Primatol.
2010; 72:772–778. doi: 10.1002/ajp.20830 PMID: 20653002

66.

Tabacow FA, Mendes SL, Strier KB. Spread of a terrestrial tradition in an arboreal primate. Am Anthropol. 2009; 111:238–249.

67.

Malone N, Wade A, Putra MWA, Reisland M, Selby M. Calibrating a conservation strategy for silvery
gibbons (Hylobates moloch). Am J Phys Anthropol. 2012; 147: 202.

68.

Fuentes A. Ethnoprimatology and the anthropology of the human-primate interface*. Annu Rev Anthropol. 2012; 41:101–117.

PLOS ONE | DOI:10.1371/journal.pone.0146891 January 20, 2016

16 / 16

