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Abstract A one-male group (BE-Group) of proboscis
monkeys was studied along the Menanggul River, a
tributary of the Kinabatangan River, Sabah, Malaysia,
from May 2005 to 2006. It has generally been assumed
that proboscis monkeys only set up their sleeping sites
along the riverbank; however, when more than 1 m of
water covered the forest floor for more than 700 m
inland from the riverbank during the seasonal flood, the
BE-Group slept inside the forest. It seems that the
sleeping-site selection of the BE-Group was not influ-
enced by food availability during the flooded months
because the food availability by the vegetational survey
did not vary much between flooded and non-flooded
months. In addition, feeding behaviors of the focal
monkey in the BE-Group also did not vary much be-
tween flooded and non-flooded days. On the other hand,
the water level statistically influenced the sleeping-site
selection. The proboscis monkeys remained in inland
forest during the flooded days because of the reduced
predation threat, as terrestrial predators such as clouded
leopards are prevented from foraging by deep water
covering the forest floor. On non-flooded days when the
BE-Group slept at the riverbank, they frequently slept
close to other one-male groups on the riverside trees.
Contrastingly, when the group slept inside the forest on
flooded days when the water level was high, they slept
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away from other groups. This difference in the need for
one-male groups to sleep close to each other might be
attributed to the decreased predation threat during high
water level in the flooded days.
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Introduction

Behavioral strategy against predation is a common topic
across various mammalian taxa. Ranging behaviors,
especially sleeping-site selections, reflect the predation
avoidance strategy in mammals though food abundance
and distribution and are also the major influence on
their ranging (e.g., primates: van Schaik et al. 1996;
Koenig 2000; Artiodactyla: Teng et al. 2004; Brodie and
Brockelman 2009; Carnivora: Buskirk and Powell 1994;
Miyoshi and Higashi 2005). However, compared to the
studies about the effects of availability and distribution
of food sources on their ranging behaviors, the studies
about effects of predation/predation threat seem to be
difficult because of a lack of predation evidence, espe-
cially in wild mammals. Non-human primates are also
one of the mammalian taxa that have been intensively
discussed regarding the effects of predation threats and
food sources on their ranging behaviors. It is still diffi-
cult to clearly determine the relationship between pre-
dation threat and behavioral adaptations although
reports of predation on non-human primates have in-
creased in recent years (Cheney and Wrangham 1987
Miller and Treves 2007). Some studies in non-human
primate species conclude that predation avoidance is the
major basis for use and choice of particular sleeping sites
(e.g., Hamilton 1982; Reichard 1998; Fan and Jlang
2008) though many other effects, including food abun-
dance and distribution, have also been reported, e.g.,
food condition (Oates 1987), water resources (Altmann
and Altmann 1970), and the weather (Makey and
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Waterman 1982). Further, in group-living primates,
predation/predation threat might influence not only
ranging patterns but also their social systems (Alexander
1974; Clutton-Brock and Harvey 1977; van Schaik and
van Hooff 1983).

The proboscis monkey (Nasalis larvatus), a member
of the subfamily Colobinae, is endemic to Borneo Island
and primarily inhabits mangroves, peat swamps, and
riverine forests. Since some of their favorite habitats are
swampy, observation and tracking of the monkeys in
inland forests is difficult, and hence, knowledge about
the ecology of proboscis monkeys is incomplete. None-
theless, since proboscis monkeys typically return to the
riverbank for sleeping (Bennett and Sebastian 1988;
Yeager 1991a; Murai 2004a), most previous studies have
been conducted by observation from a boat on the river
when the monkeys are on the riverbank in the early
morning and late afternoon. The typical social unit of
proboscis monkeys is a one-male group consisting of
one adult male, several females and their immatures, as
well as all-male groups consisting only of young males.
Recent long-term studies suggest that the proboscis
monkeys have a multi-level society, in which one-male
groups regularly associate with each other at the river-
bank (Yeager 1991a; Murai 2004b).

The proboscis monkeys are at a risk of predation
even in trees by terrestrial predators such as clouded
leopards, and to reduce the predation threat, they typi-
cally sleep at the riverside trees where predators can only
approach them from the land side (Matsuda et al.
2008a). In addition, these monkeys select sleeping sites
where the branch-to-bank distance between the trees
located on opposite sides of the river is narrow, because
these sleeping locations may provide good escape routes
from the terrestrial predators at night (Matsuda et al.
2008b). Although no detailed data exist confirming the
selection of inland forest for sleeping sites by proboscis
monkeys, Yeager (1993) speculates that the monkeys
sleep inland when water levels are high because of the
increased number of trees falling along the river due to
flooding. Apart from the effects of predation threats and
the water level, fruit availability may be an important
factor for their sleeping-site selection. Proboscis mon-
keys prefer to feed on fruits (when these are available)
(Yeager 1989; Matsuda et al. 2009a), and recently a few
direct tracking studies in inland forests have demon-
strated that ranging patterns of proboscis monkeys are
influenced by the availability of these fruits (Boonratana
2000; Matsuda et al. 2009D).

Predation threats and river water level also seem to be
important factors influencing the multi-level society in
proboscis monkeys (Yeager 1993; Murai 2004b). Tem-
porary associations may allow groups to coordinate
river crossings, thereby reducing individual risk of pre-
dation by aquatic predators such as crocodilians (Yeager
1991b), and Yeager (1993) and Murai (2004b) demon-
strate that the water level is negatively correlated with
the association degree among one-male groups in their
multi-level society.

In the present study, during the flooded days when the
forest floor was covered by water, the predation threat to
proboscis monkeys by terrestrial predators was absent
because the predators cannot forage for prey in deep
water, and aquatic predators were able to almost ignore
because the monkeys did not cross the river and usually
traveled in trees. At that time, the focal one-male group
of proboscis monkeys dramatically changed their rang-
ing patterns and set up their sleeping sites in the inland
forest in contrast to former studies, where it has been
reported that the monkeys generally return to the river-
bank for sleeping. In addition, less association was ob-
served between the one-male groups at the sleeping site in
the inland forest on flooded days compared to that of
non-flooded days. Therefore, we sought (1) to describe
the changes of sleeping sites in proboscis monkeys from
riverbank to inland during flooded months in detail, (2)
to compare the feeding behaviors and food availabilities
among pre-flooded, flooded, and post-flooded days, and
(3) to discuss the most important factors (water level of
river, predation threats, food availability, and/or tree
falls) for why the study group set up their sleeping sites in
the inland forest and why the association degree among
the groups was lower during the flooded months.

Methods
Study site and group

This study was conducted in the riverine forest along the
Menanggul River, a tributary of the Kinabatangan
River in Sabah, Malaysia (118°30’E, 5°30’N), from May
2005 to 2006. The southern area of the Menanggul River
is extensively covered by natural forest while the
northern area has been deforested for oil palm planta-
tions, except for a protected zone along the river (cf.
Matsuda et al. 2009). The mean minimum and maxi-
mum temperatures were approximately 24 and 32°C,
respectively, and total precipitation at the site was
2,510 mm (June 2005 to May 2006). The water level of
the river was always measured at 18:00-19:00 whenever
we went out to the Menanggul River after finishing re-
search. Monthly mean water level fluctuated from 66 cm
in August 2005 to 345 cm in February 2006 (Fig. 1).
The focal one-male group (BE-Group) of proboscis
monkey was habituated to observers and each individual
was identifiable. At the end of the study, the group
comprised 16 individuals: one adult male, six adult
females, five juveniles and four infants. Sleeping sites of
the BE-Group were distributed in a wide range, over-
lapping with those of 10-12 other one-male groups and
2-3 all-male groups (Matsuda 2008). The home range of
the group was 138.3 ha and the group used both river-
banks situated at a distance of 1,400-5,250 m from the
river mouth (Matsuda et al. 2009b). As reported by
Matsuda et al. (2008a), clouded leopards (Neofelis diardi)
and estuarine crocodiles (Crocodylus porosus) are po-
tential predators of proboscis monkeys at the study site.
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Fig. 1 Monthly mean water level of river with standard deviation
and the ratio of BE-Group selecting the riverbank as sleeping site in
each month with number of full-day follow-ups and boat-based
surveys. Dotted line shows the critical water level above which the
land is covered with water

Behavioral data collection

All behavioral data were collected using a focal animal
sampling method (Altmann 1974). The observers (I. M.
plus two research assistants) were separated into two
groups in order to simultaneously follow an adult male
and an arbitrarily selected female. We followed the focal
adults in the BE-Group from 6:00-6:30 to 18:30-19:00
and recorded the time spent for each behavior and the
food type being eaten. Behaviors were divided into four
categories: resting, moving, feeding, and others. Each
month, focal following was conducted for 11-17 days,
except in February 2006, when the study area was
flooded. During this period, the location of the BE-
Group was unknown. In March 2006, the group was
located; however, the forest floor was still flooded and
the focal monkeys were followed by boat throughout the
day. Since all the members of the BE-Group traveled
almost the same route and the members rarely moved
more than 50 m away from the alpha male (Bejita), the
location of Bejita was recorded by a GPS unit at 10-min
intervals during the daily observation period.

It has been suggested that proboscis monkeys set up
their sleeping sites on riverside trees (Bennett and
Sebastian 1988; Yeager 1991a; Murai et al. 2007). To
confirm BE-Group sleeping-site locations when the
group was not being followed in the forest, boat-based
surveys were conducted along the Menanggul River
(from the river mouth to a point 6,000 m upstream)
during the late afternoon for 6-13 days/month (total 138
times). An exception was during the month of February
in 2006, when evening boat surveys were conducted for
22 days, most of which were spent searching for the
missing BE-Group.

In both foot- and boat-based surveys, we almost
always verified by boat the presence of other one-male
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groups within 500 m of the BE-Group at the riverbank
after confirming the sleeping site of the BE-Group.

Vegetation survey and food availability

Sixteen 200 to 500-m-long and 1-m-wide trails (trail
code: TR1-TR16) were set up in the study site at 500-m
intervals from the river mouth to 4,000 m upstream for
phenological survey. Along the trails, trees =10 cm
diameter breast height (DBH) and vines >5 cm diameter
located on the trail or within 1 m from the trail edge
were labeled, i.e., surveyed width = 3 m. The length of
most of the 16 trails was 500 m; however, some trails
measured less than that because the oil palm plantation
expanded its range to within 500 m of the riverbank
(TR2: 200 m, TR4 and TR6: 400 m, TRS: 250 m, and
TR10: 400 m). At the end of each monthly survey,
except February 2006 when the study area was flooded
to a level higher than the DBH labels, the phenology of
the 2,142 labeled plants along the 16 trails was recorded
by examining each plant for the presence or absence of
young leaves (including leaf buds), fruits (both ripe and
unripe), and flowers (including floral buds).

Out of the 2,142 trees and vines along the trails, 1,902
were plant species that we observed proboscis monkeys
to use as a food source during the study period (Mat-
suda et al. 2009a). Food availability is determined as the
number of young leafing, fruiting, and flowering po-
tential food plants in the monthly phenological survey.

Data analysis
Estimating the frequency of sleeping at riverbank

Before the forest flooded, we were always able to detect
the BE-Group at the riverbank by boat-based surveys in
the late afternoon. This indicates that the detection by
boat-based surveys is 100%, as long as they sleep at the
riverbank. Therefore, we can presume that they slept
away from the riverbank during the flooded days when we
were unable to locate them by boat-based surveys. Based
on this presumption, we calculated the rate of the use of
riverbank as their sleeping-site each month as follows:
(number of days the group was confirmed to be sleeping
at the riverbank by full-day follow-ups + number of
days they were located at the riverbank by boat-based
surveys)/(number of days full-day follow-ups were con-
ducted + number of days boat surveys were conducted).

Term definition for comparing behavior on flooded
days with that on non-flooded days

To examine the flooding-induced behavioral changes in
proboscis monkeys in January 2006, we analyzed the
behavioral data in each of the three 3-day periods, which
were determined by the condition of the water level
of the river: period I: 7th-9th (days before flood and
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BE-Group slept at the riverbank), period II: 12th, 14th,
and 15th (flooded days and the group slept in the inland
forest) and period III: 17th—19th (days after flood and
the group slept at the riverbank). Since no difference was
observed in the time budget of each behavior among
individuals, excluding the minor time allocation to other
behaviors (Matsuda et al. 2009a), only Bejita’s behaviors
were analyzed in this paper.

Dietary overlap of Bejita among the three periods in
January for all possible pairs of periods was calculated
using the Holmes-Pitelka index, D; = XS;, where Dj is
the total percent overlap and Sj is the percent overlap
between shared food items (Holmes and Pitelka 1968;
Struhsaker 1975). To evaluate whether the degree of
dietary variability within a month was different between
January and other months, other months were also di-
vided by each of the three 3-day periods and the dietary
overlap was calculated. In each month, period I was se-
lected from 4th to 13th, period II was from 9th to 16th,
and period III was from 15th to the 2l1st, except
November 2005, in which period III was selected from
the 26th to the 28th. Each day in periods and each period
in months was selected to be similar to those in January.

Results
Ranging pattern changes

Sleeping sites of the BE-Group were studied for 295
nights with full-day follow-ups and boat-based surveys.

Of these 295 nights, 261 sleeping sites of the BE-
Group were located on the riverbank and 34 sites were
considered to be in the inland forest (nine sites were
directly observed). The group did not return to the
riverbank to sleep throughout February. The water
level at the river mouth ranged from 8 to 433 cm with
a median of 108 cm when the sleeping sites were
located on riverbank, and from 220 to 455 cm with a
median of 350 cm when the sites were located inside
the forest. The ratio of sleeping at the riverbank was
less when the water level was higher (Fig. 1; Spear-
man’s rank correlation test; n = 13, r;, = —0.31 and
p = 0.01).

The group returned to the riverbank every day for
sleeping until the 10th of January. However, from the
11th of January, when the water level reached 238 cm
at the mouth of the Menanggul River and the forest
floor around TR10 was covered by about 1-m-deep
water, the BE-Group started wandering in the forest
without returning to the riverbank until the 17th of
January (Fig. 2a). During wandering in the forest, the
BE-Group had sleeping sites at small open gaps or near
former tractor roads. From the 18th of January, when
the water level was 185 cm at the river mouth and the
water depth at TR10 decreased to about 40 cm, the
BE-Group began returning to the riverbank again for
sleeping (Fig. 2b). Although the BE-Group could not
be located in February, we happened to rediscover it
on the 3rd of March and resumed following the group
by boat. During the second flood, the water covered a
wide range of the forest, including the southern area of
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Fig. 2 Comparison of sleeping-site distribution between flooded and non-flooded days. Open circles are sleeping sites. On flooded days,
sleeping sites were frequently located in the inland forest (a and ¢), whereas the BE-Group always returned to the riverbank on non-

flooded days (b)



the Menanggul River and the oil palm plantation
(Fig. 2c¢).

The difference in daily path length between the days
when the group slept in the inland forest and at the
riverbank was insignificant (U-test: U = 584 and
p = 0.71); inland forest: 830 m (n = 7, SD = + 223
m) and riverbank: 798 m (n = 154, SD = =+ 318 m).
However, BE-Group’s maximum distance away from
the riverbank was significantly different between the
days when the group slept in the inland forest
and when the group slept at the riverbank (U-test:
U = 1093 and p < 0.0001); inland forest: 564 m
(n =17, SD = £150 m and range = 356-800 m) and
riverbank: 159 m (n = 154, SD = +97 m and range =
23-575 m).

Not only the BE-Group but also other one-male and
all-male groups were less detected when more than 1 m
of water covered the forest floor in January (11-17th),
February (5-28th), and March (1-10th) compared to
other days with lower water level (<220 cm): mean
number of detected groups per boat-based survey on
high water days (N = 30; Mean = 2.7; SD = £1.6)
and low water days (n = 108; Mean = 7.0; SD =
+2.9) were significantly different (U-test: U = 317 and
p < 0.00001). Low detectability on high water days
indicates that proboscis monkey groups inhabiting our
study site slept along other parts of river or in inland
forest.
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Fig. 3 Comparison of mean monthly availability of fruits area on
TR10 between flooded and non-flooded days and between 0-150 m
and 150400 m from the river bank

Table 1 Dietary overlap percentage of Bejita in the BE-Group
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Spatiotemporal distribution of food availability

During the flooded days when the BE-Group slept in
the inland forest, the group always traveled around
the northern part of TR10 (Fig. 2a, c). In addition,
availability of fruits is a significant factor influenc-
ing the ranging behavior of the BE-Group (Matsuda
et al. 2009b), and thus, spatiotemporal distribution of
fruit availability was only analyzed on TR10. Since
BE-Group’s mean maximum distance away from the
riverbank on non-flooded days was 159 m, TR10, which
was 400 m long, was divided into two segments (from 0
to 150 m and from 150 to 400 m from the riverbank).
The mean monthly number of fruiting trees and vines in
each segment per survey area during the flooded (Jan-
uvary and March) and non-flooded months (May 2005—
December and April-May 2006) is shown in Fig. 3.
Fruit availability was higher in the 150-400 m segment
than in the 0-150 m segment during both flooded and
non-flooded months, denying the possibility that food
availability in the inland forest, compared to the river-
bank, increased in the flooded months.

Feeding behavior during three periods

In January, Bejita was followed for 35.9 h in period I,
31.3 hin period II and 36.4 h in period III. Since feeding
behavior was the most important factor controlling the
activity budget of proboscis monkeys in the BE-Group,
and was mostly influenced by their fruit-eating (cf.
Matsuda et al. 2009a), the activity budget of feeding and
the amount of fruit consumption was analyzed among
the three periods. Time budget variation in the feeding
behavior among the three periods was not significant
(Kruskal-Wallis test: H = 1.87, p = 0.39); period I
28.8%, period II: 23.4% and period III: 24.6%. The
difference in consumption of fruits among the three
periods was also insignificant (H = 1.87, p = 0.39);
period I: 0.6%, period II: 4.8% and period I1I: 6.2%.

In January, the amount of dietary overlap was 58.5%
(period I-1I), 50.7% (period II-1II) and 45.5% (period
I-11I). The mean overlap in January was 51.5%
(SD + 6.5) and was second lowest compared to the
other months. Nonetheless, the mean overlap in March,
including the flooded period (period I), was 76.5%
(£4.3) and was third highest (Table 1).

M/05 J J A S (6] N D J/06 M A M
Period I-11 51.3 65.6 71.7 73.4 60.4 45.4 78.0 51.8 58.5 80.5 74.3 75.8
Period TI-1II 49.0 62.8 77.1 69.0 67.7 70.8 61.0 55.6 50.7 72.0 66.1 90.4
Period I-1II 52.2 55.2 81.8 53.5 49.6 44.2 42.5 58.3 45.5 76.9 44.5 77.1
Mean 50.8 61.2 76.9 65.3 59.2 53.5 60.5 55.2 51.5 76.5 61.7 81.1
SD 1.7 5.4 5.1 10.5 9.1 15.0 17.8 33 6.5 43 15.4 8.1

Period II in January and period I in March was when the BE-Group slept in the inland forest on flooded days
Data in February were not available because the group was followed for only 3 days due to the flooding
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Fig. 4 Frequency distribution of distances between BE-Group and
its nearest one-male group on non-flooded days

Changes in association with other one-male groups

When the water level was high and the BE-Group slept
inside the forest, other one-male groups were never
observed within a 200-m radius from the BE-Group.
However, a one-male group sleeping in the inland
forest approximately 300 m away from the BE-Group
was incidentally observed on the 13th of January. On
the other hand, when the water level was low and the
BE-Group slept on the riverside trees, there were 101
instances (40.1% of all sleeping site confirmed at the
riverbank) when the sleeping sites of other one-male
groups were located within 200 m from the BE-
Group’s sleeping sites (Fig. 4). Thirty-seven sleeping
sites were located within 50 m, with occasional occur-
rence of sharing the same tree. In addition, the nearest
sleeping sites of other one-male groups were frequently
situated on the same riverside as that of the BE-Group’s
sleeping site.

Discussion

The study group rapidly changed their sleeping site from
the riverbank to the inland forest in January 2006, when
the water level of the river rose and the forest floor was
flooded. Not only in January but also in February and
March during the flooded days the group was observed
or considered to sleep in the inland forest. Water level of
river, predation threats, food availability, and/or other
environmental factors such as increased tree falls due to
flooding might have been the reasons for the relocation
of the sleeping site of the study group from riverbank to
inland forest. In addition, the influence of setting up
sleeping sites in the inland forest on multi-level social
organization of proboscis monkeys is discussed.

It has been suggested that proboscis monkeys typi-
cally sleep adjacent to riverbanks to protect themselves
effectively from terrestrial predators, especially clouded
leopards, which are their major terrestrial predators in
our study site, since sleeping on riverbanks allows the

predators to attack only from the land side (Matsuda
et al. 2008a). In this study, the water level significantly
influenced the selection of sleeping sites of proboscis
monkeys, i.e., whether they slept at the riverbank or in
the inland forest. This result suggests that the monkeys
do not need to return to the riverbank when the water
level is high because of the reduced predation threat, as
the terrestrial predators are prevented from foraging by
deep water even in the inland forest. During the flooded
days, the maximum distance of the study group from the
riverbank was significantly longer than that during the
non-flooded days, evidently because the group is not
restricted to return to the riverside for sleeping before
sunset during the flooded days.

One of the major factors influencing ranging behav-
iors of primates is the distribution and abundance of
food (Oates 1987; van Schaik et al. 1996; Koenig 2000).
Generally, the ranging behavior of primate species that
prefer to feed on limited and seasonal food sources such
as fruits or flowers is more influenced by the food dis-
tribution and abundance compared to primate species
that prefer to feed on equally distributed food such as
leaves. Ranging of proboscis monkeys is influenced by
the availability of fruits, despite their main food being
young leaves that are equally distributed in the forests
(Boonratana 2000; Matsuda et al. 2009a). In the whole
vegetational transects (2.15 ha) of the study site, the
availability of fruits for proboscis monkeys during the
flooded months (January and March 2006) was not
different from that in non-flooded months (Matsuda
et al. 2009a). Even though we focused on the availability
of fruits on TR10 where the study group frequently
traveled on flooded days, the availability of fruits in the
inland forest did not increase in the flooded months.
Actually, the amount of fruit consumption by Bejita
increased (though it was insignificant) when the group
slept in the inland forest in January compared to the
amount before flooded days, but the higher fruit con-
sumption continued even after the flood ended and the
group slept at the riverbank again. In addition, the
dietary overlap percentage showed that the monkeys did
not change their diet considerably among the periods in
January even though the mean dietary overlap percent-
age in January was relatively low. These results suggest
that the distribution and abundance of fruits and feeding
behaviors are not major factors in determining the
sleeping sites of the study group in the inland forest.

In a previous study, Yeager (1993) speculated that
one-male groups of proboscis monkeys sleep inside the
forest during the high water season because the monkeys
are scared of tree falls and streambank erosion, which
undermines vegetation and breaks off land masses from
the river’s edge. Of 21 trees falls along the river from the
mouth to 6,000 m upstream, however, only three trees
fell along the river in the study site during the flooded
months (January—March) (I. Matsuda, unpublished
data). In addition, even though five trees fell along the
river after a windy day in September, the study group
was confirmed to be sleeping at the riverbank the next



morning, suggesting that the reason proposed by Yeager
(1993) is not plausible in explaining the sleeping-site
changes in our study group.

Kummer (1971) and Dunbar (1986) consider that the
multi-level society reported in Theropithecus gelada and
Papio hamadryas might be adaptations employed by the
species for effective predation avoidance. The proboscis
monkey is one of the species that has been reported to
form a multi-level society while sleeping at a riverbank
(Yeager 1991a; Murai 2004b), and Yeager (1991a) and
Murai (2004b) suggest that this multi-level society might
also be related to predation avoidance, especially when
the monkeys cross the river. On the other hand, Yeager
(1993) reports that the degree of association between
one-male groups in a multi-level society at the riverbank
shows a negative correlation with water level, since it is
speculated that the monkeys sleep in the inland forest
during the flooded months. According to Murai (2004b),
who studied at the same site as the present study, the
water level also negatively correlates with the degree of
association between the one-male groups. In this study,
the BE-Group slept alone inside the forest on flooded
days, although the group often slept close to other one-
male groups at riverside trees on non-flooded days,
supporting the idea that water level influenced the
association degree between one-male groups. The low
degree of association, which was observed during high
water level, might have also been a result of reduced
predation threats. In other words, one-male groups in
multi-level society might not need to aggregate to avoid
the predators because of reduced predation threats by
deep water forest on flooded days. Thus, water level
and/or predation threat might influence not only the
sleeping-site selection of proboscis monkeys but also
their multi-level social organization.

This study presented a novel observation of proboscis
monkeys setting sleeping sites inland as it has generally
been assumed that they set up sites only along river-
banks. We concluded that the reduced predation threats
by terrestrial predators were the most probable reason
why the study group set up their sleeping sites in the
inland forest and the association degree among groups
was lower during the flooded months. Although our
results focused on a single group inhabiting riverine
forests, and no clear evidence exists that other proboscis
monkeys also frequently slept inland in response to
water-level condition, low detectability of proboscis
monkey groups by boat-based survey during high-water
periods in this study and other studies (Yeager 1993)
suggest that other groups slept inland rather than
sleeping along the river in other places when the water
levels were high. There may be the potential to build
upon our new findings for more detailed investigations
which will have major implications for re-examining the
social organization of proboscis monkeys and the eco-
logical factors influencing their behavioral adaptation.
However, since our results might not be representative
of the entire proboscis monkey populations, especially
those inhabiting other forest types (mangrove and peat

481

swamp forests), further detailed studies on their ranging
behaviors in various vegetation types during flooded
months will be helpful in clarifying how predation
threats influence their ranging behavior and social
structure. Lastly, this study, which examined the possi-
bility of the effects of food availability, dietary shift, and
predation threats on the ranging patterns in proboscis
monkeys under a kind of natural experiment, will pro-
vide an interesting example to consider the behavioral
strategy against predation not only in non-human pri-
mates but also other mammalian taxa.
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