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Abstract
Primate ecotourism is a fast-growing tourism sector that may have a negative effect 
on wildlife. In riparian areas, tourists can conveniently reach primates via motor 
boats, but no study has directly examined whether such boats cause stress in pri-
mates. Our goal was to test whether the approach of a motor boat induces stress-
related and other behaviors in proboscis monkeys (Nasalis larvatus), an Endangered 
species. We studied six one-male, multifemale groups living in a remote riparian 
area in Sabah, Malaysia, and conducted an experiment by approaching the monkeys 
in a motor boat by using three conditions with different speeds and travel distances 
(fast-close, slow-close, and slow-far conditions; 7-8 subjects per condition). For each 
condition, we compared stress-related behaviors before the boat approach with after 
the boat started approaching. Feeding, allogrooming and aggression were similarly 
examined, respectively. We also observed the monkeys’ behaviors at other times 
to examine age-sex classes differences in vigilance, social proximity, allogroom-
ing, aggression and play (87 subjects). In the experiment, subjects displayed stress-
related behaviors for longer in the fast-close and slow-close conditions once the 
boat started approaching than before the boat approach. The subjects also reduced 
feeding in the fast-close condition after the boat started approaching. In our obser-
vational study, males were more vigilant than females—a behavior that is likely to 
relate to male-male competition and group protection. This study provides evidence 
that even a single motor boat moving slowly, with humans behaving calmly, may 
negatively affect primate behavior and induce stress—an impact that is likely to be 
larger with tourist boats. Our study also shows that using conditions comparable to 
the slow-far condition (speed of 3.6 km/hr; no closer than 60 m), where no impact 
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was observed, may help with to develop guidelines for primate tourism in riparian 
areas. Future research that examines the impact of boats on other primates is needed.

Keywords Asian colobines · Vigilance · Motor boats · Human effect · Ecotourism

Introduction

Due to anthropogenic changes to the environment, humans will most likely continue 
to have increasing access to wild populations of nonhuman primates (from here on 
primates) and other wildlife, causing further challenges to their existence (Fuentes 
& Hockings, 2010; Goossens et al., 2003; Lee, 2010; McKinney et al., 2015). Partly 
resulting from such changes, ecotourism is one of the fastest-growing tourism sec-
tors (Fan & Xiang, 2013; McKinney, 2018; McKinney et al., 2015; Timm et al., 
2009). Ecotourists, who regularly get close to wildlife, can increase disease trans-
mission (Chapman et al., 2005; Hsu et al., 2009; Muehlenbein et al., 2010; O’Leary 
& Fa, 1993) and cortisol levels (Behie et al., 2010; Maréchal et al., 2011; Muehlen-
bein et al., 2012) in primate populations, suggesting a damaging effect of ecotour-
ism on wildlife (McKinney, 2018; McKinney et al., 2015).

Behavioral research shows that wild and captive primates may display stress-
related behaviors, such as self-scratching, vigilance, and avoidance, when they are 
exposed to groups of ecotourists or zoo visitors (Hayward & Hayward, 2009; Hosey, 
2000, 2005; Maréchal et al., 2011; Mitchell et al., 1992; Treves & Brandon, 2005). 
Frequent visits by such groups and their behaviors, which often involve an unusu-
ally high level of noise, increase aggression in primates (Mitchell et al., 1991) and 
decrease their affiliative interactions with conspecifics, such as allogrooming and 
social play (Chamove et al., 1988; de la Torre et al., 2000; O’Leary & Fa, 1993), 
as well as their foraging behaviors (Birke, 2002; de la Torre et al., 2000; Grossberg 
et al., 2003). A recent study of Japanese macaques (Macaca fuscata) showed that 
large crowds of zoo visitors may even affect their cognitive abilities (Huskisson et 
al., 2021).

The riparian area is an important habitat that has become increasingly popular to 
primate ecotourism, because it enables tourists to conveniently reach primates via 
motor boats (Benchimol & Venticinque, 2014; de la Torre et al., 2000; Goossens et 
al., 2003; Lhota et al., 2019; McKinney et al., 2015; Serio-Silva, 2006; Vanlangen-
donck et al., 2015). Many of these boats, each having the capacity to carry multiple 
tourists, quickly and loudly approach the primates in these habitats, at times reach-
ing the river banks just a few meters away from the wildlife (Leasor & Macgregor, 
2014; Sha et al., 2008). The primates are, in general, more exposed to the tourists at 
the river than deeper in the forest. Because noise alone may negatively affect wild-
life (Shannon et al., 2016) and because motor boats are large, artificial, and fast-
moving, these loud boats are likely to be threatening for primates and could lead to 
stress.

Most studies of the potential impact of boats on wildlife involve sea mammals 
and birds (Christiansen et al., 2010; Haysmith & Hunt, 1995), and less research 
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about this topic has been conducted on primates. Studies of sea mammals and birds 
have shown that moving boats can change the behaviors of wildlife in a negative 
way, for instance by inducing stress-related behaviors, including fleeing (Arcangeli 
et al., 2009; Stensland & Berggren, 2007) and aggression (Constantine, 1999), and 
by interrupting foraging (Karczmarski et al., 1997; Mattson et al., 2005). The speed 
and distance of boats modifies sea mammal travel directions (Baş et al., 2017). In 
primates, proboscis monkeys (Nasalis larvatus) in a popular tourist area in Malaysia 
showed more agonistic behaviors when four tourist boats were present than when 
no boats were present (Leasor & Macgregor, 2014). Furthermore, fecal testosterone 
levels were unusually high in male golden-mantled howler monkeys (Alouatta pal-
liata palliata) and ornate spider monkeys (Ateles geoffroyi ornatus), in an area in 
Northeastern Costa Rica where 80 or more tourist motor boats visited these primates 
each day (Vanlangendonck et al., 2015). Wild pygmy marmosets played socially less 
and lived higher up in the trees in an area exposed to unusually high trourism pres-
sure than in areas without such exposure (de la Torre et al., 2000).

Proboscis monkeys are particularly interesting to study regarding the impact of 
a motor boat on primates and to what extent it may induce stress-related behaviors. 
They often are subject to tourism in riparian areas because of their unusual appear-
ance and because they are readily viewable from boats along the river. Proboscis 
monkeys are Endangered primates that are highly dependent on the riparian tropical 
forest of Borneo (Agoramoorthy et al., 2004; Bigoni et al., 2003; Lovett & Mar-
shall, 2006; Meijaard & Nijman, 2000). Due to their specialized folivorous digestive 
system, they often feed in the trees along river banks (Agoramoorthy et al., 2004; 
Atmoko et al., 2020; Matsuda, Abram, et al., 2020a; Matsuda et al., 2009a; Yeager, 
1989). They also sleep in the riparian forest, most likely for safety and uninterrupted 
views of predators (Salter et al., 1985; Thiry et al., 2016; Yeager, 1989).

Proboscis monkeys live in one-male, multifemale groups, and the sexes are likely 
to differ in their behaviors, especially behaviors associated with protecting the group. 
In one-male, multifemale groups, male vigilance may help in responding to preda-
tors and to males of other groups, with whom they compete for females (Baldellou 
& Henzi, 1992; Gould et al., 1997; Rose & Fedigan, 1995). In such groups, males 
and females differ in the resources they compete for (Grueter et al., 2012; Isbell 
&  Young  2002; Kirkpatrick et al., 1998), consistent with Darwin’s (1871) sexual 
selection theory. Males show more aggressive encounters than females (Cheney & 
Seyfarth, 1977; Kirkpatrick et al., 1998; Kitchen & Beehner, 2007; cf. Sackett et al., 
1975; Sjahfirdi & Noviandini, 2021). In contrast to the males, females show more 
behaviors that promote social bonding, such as allogrooming, and they are close to 
other group members (Arnold & Whiten, 2003; Wittig et al., 2008) even under harsh 
environmental conditions (Alberts et al., 2005).

Proboscis monkeys spend a large proportion of their day resting (22-76.5%) and 
feeding (10-19.5%), and a substantial part of their time (5-27.8%) in vigilance and 
other stress-related behaviors (Boonratana, 1993, 2000; Leasor & Macgregor, 2014; 
Matsuda et al., 2009a). The large range in vigilance across these studies could be 
explained by the varying presence of humans, including tourists and researchers 
(Boonratana, 1993; Leasor & Macgregor, 2014; Matsuda et al., 2009a). Grooming 
(0.1-6.1%) and aggression (0.3-0.8%) are less common (Boonratana, 1993; Leasor 
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& Macgregor, 2014; Matsuda et al., 2009a; Yeager, 1990, 1991). To our knowledge, 
only one study directly compared male and female proboscis monkey behaviors. It 
revealed that an alpha male spent less time grooming than the females, and he also 
tried to rescue group members twice when they were attacked by a Sunda clouded 
leopard (Neofelis nebulosa) (Matsuda et al., 2008, 2009a, 2009b). Notably, this 
study focused on a single group (with 1 alpha male), so further studies are required 
to replicate and extend these findings (Rawlings et al., 2014).

We studied six groups of proboscis monkeys in a remote riparian area of the 
Kinabatangan River at the Lower Kinabatangan Wildlife Sanctuary (LKWS), Sabah, 
Malaysian Borneo. LKWS is estimated to have 2,000-3,000 proboscis monkeys 
(Matsuda, Stark, et al., 2020b; Stark et al., 2012). Our main purpose was to exam-
ine how the approach of a motor boat affects proboscis monkey behaviors. We con-
ducted an experiment to test the hypothesis that an approaching boat may induce 
stress in proboscis monkeys. Specifically, we predicted that the approaching boat 
would lead to an increase in stress-related behaviors as well as aggression and a 
decrease in feeding as well as allogrooming, especially if the approach is fast and, 
consequently, loud or longer. In addition, we explored the behaviors of the proboscis 
monkey groups when they were in the riparian area (mornings and evenings), com-
paring hereby age-sex classes.

Methods

Subjects and Study Site

We studied proboscis monkeys along approximately 25 km of the Kinabatangan 
River (between 5°24’37.1"N 117°58’48.6"E and 5°25’00.9"N 118°06’03.9"E) 
in LKWS. This area of the forest is made up of lowland dry forest and seasonally 
flooded forest formed as part of a floodplain and is surrounded by oil palm planta-
tions. The proboscis monkeys are regularly found sleeping and feeding in the trees 
along the river bank. They often travel inland during the day, leaving their sleeping 
sites at around 6:30 am and returning to the river bank at around 5:00 pm. We rarely 
observed proboscis monkeys on the ground along the river bank, except when juve-
niles were playing. The section of the river where we conducted the study had little 
boat traffic with virtually no tourism and few fishing boats.

We studied six one-male multifemale groups. We estimated group sizes as 10 to 
30 members based on previous visits where we counted the individuals. Each group 
included one adult male, multiple adult and subadult females, juveniles, and infants. 
Three groups each had one GPS-collared group member (2 adult females: e-obs 
UHF 1C-Light: e-obs, Grünwald, Germany; 1 alpha male: Lotek Biotrack GSM 
Wildcell SD: Biotrack Ltd, Wareham, United Kingdom). GPS-collaring took place 
before this study for research on proboscis monkey ranging behavior (Stark et al., 
2017). Of the remaining three groups, two were on the same side of the river, but 
6.7-km apart, and the third group was on the opposite side of the river. Although 
proboscis monkeys can swim, we did not see them crossing the river during this 
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study, likely due to the high number of crocodiles (Crocodylus porosus) in the area. 
The study groups were not habituated to humans.

For the boat experiment, subjects consisted of 9 alpha males and 14 adult females; 
none of these tested individuals were collared. Our observational study included 87 
subjects: 31 adult females (including the 2 GPS-collared), 5 alpha males (1 GPS-
collared), 20 subadult females, 19 juveniles, and 12 infants.

We based age-sex class distinctions on physical features (Bennett & Sebastian, 
1988). Males have enlarged protruding noses compared with females and are twice 
as heavy as females (Matsuda et al., 2020b). Adult females are larger than subadult 
females, who are yet to develop a full body size, and juveniles are larger than infants, 
who have dark skin on their faces and are still dependent on their mothers.

In both studies, if we could not identify subjects beyond their age-sex class, we 
categorized them by age-sex class (e.g., unidentified adult female). These 16 “uni-
dentified” subjects most likely represent multiple individuals, so the actual number 
of individuals studied is higher than 87. We used this conservative approach to avoid 
pseudoreplication.

Ethical Note

This study was reviewed and approved by The University of Portsmouth Animal 
Welfare and Ethical Review Board, the Sabah Biodiversity Centre and the Sabah 
Wildlife Department. It adhered to the legal requirements of Sabah, Malaysia and 
the American Society of Primatologists Principles for the Ethical Treatment of Pri-
mates. The authors declare that they have no conflict of interest. In the GPS-col-
laring that Stark et al. (2017) performed, animal handling took place according to 
Sabah Wildlife Department’s Standard Operation Procedures on Animal Capture, 
Anaesthesia and Welfare. A veterinarian specialized in wildlife capture and anesthe-
sia performed the darting, used preventative measures to assist recovery from anes-
thesia, and monitored the animals throughout the procedure. The authors declare 
that they have no conflict of interest.

Data Availability Data are available from the corresponding author on reasonable 
request.

Data Collection

We video-recorded proboscis monkey behaviors in February to July 2015, which is a 
generally dry season compared with most other months. We made recordings from a 
boat using a JVC Everio GZ-MG750BEK camcorder with 45x dynamic zoom (Konica 
Minolta, Tokyo, Japan). We used focal animal sampling (Altmann, 1974), capturing the 
subjects and all conspecifics within 3 m of the subject. We started recording when the 
subjects showed no aggression or stress-related behaviors (i.e., direct gaze toward the 
boat and open-mouth facial displays), which may have been induced by our arrival in the 
boat, for more than 15 seconds. To avoid any potential impact on the monkeys, the driver 
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moved the boat slowly when arriving at the recording site (i.e., before the recording), 
switched the engine off as soon as the boat reached the site and was not moving, and 
moved the boat slowly again when leaving the site (i.e., after the recording).

We estimated the river width as 40-140 m at recording sites (based on measurements 
obtained for about a third of the recordings; measured with Garmin eTrex 10 unit and 
Garmin BaseCamp: Garmin Ltd. Schaffhausen, Switzerland). For the experiment, we 
tested subjects when the river width was an estimated 100 m or wider. For the observa-
tional study, we video-recorded the subjects from the opposite bank of the river.

Our experiment included three conditions to test the impact of an approaching 
boat on the subjects. We chose conditions that were comparable in travel distance 
and speed and to avoid causing the primates to flee. These conditions were approach 
40 m in 10 s, at a speed of 14.4 km/hr (fast-close condition, 5 females and 3 males 
tested), approach 40 m in 40 s at a speed of 3.6 km/hr (slow-close condition, 5 
females and 3 males), and approach 20 m in 20 s, at a speed of 3.6 km/hr (slow-
far condition, 4 females and 3 males). The slow-far condition had a missing female 
as we had difficulties seeing her while recording. To ensure the approach distance 
was accurate, we used a rope marked every 10 m. We practiced at another location 
before the experiment to ensure consistency of speed. We made focal recordings for 
3 minutes before the boat approached the subject and for 3 minutes once the boat 
started approaching the subject (throughout the boat approach and the remaining 
time afterwards). We tested the proboscis monkeys no more than once a week per 
group (to minimize habituation and potential stress) and between 4:00 p.m. and 5:45 
p.m. (to give them time to find another sleeping site if they left the site due to the 
boat approaching, although this never happened during data collection).

For the observational study, each focal sample lasted 3 minutes. We obtained 219 
samples (68 for adult females, 36 for alpha males, 56 for subadult females, 40 for juve-
niles, and 19 for infants). We collected a mean of 2.5 recordings per subject, with a 
minimum of one and a maximum of six recordings. We could not obtain usable data 
for the sixth alpha male in this study, because we observed his group only once and 
his sex/age class was listed at a later stage in our predetermined order of filming so 
that he was difficult to see when it was his turn. We collected data between 6:00 a.m. 
and 07:00 a.m. and between 4:30 p.m. and 6:15 p.m. on 39 days spread throughout 
the study (to minimize habituation and potential stress). For morning recordings, we 
arrived slowly in the dark before the proboscis monkeys seemed to have woken up, 
started recording when the sun came out, and stopped once the monkeys moved into 
the forest. For evening recordings, we arrived after the monkeys were at their sleeping 
sites and stopped recording when it got dark and monkeys were no longer visible.

One recordist collected all recordings. We ran the experiment and observed 
behavior only when there was no rain, because the proboscis monkeys tended to 
shelter unseen in the trees during rain and when tourists were absent. We decided 
the order in which to film each GPS-collared group in advance and varied this 
order each visit (for the experiment) or each week (for the observational study). If 
we could not find this group, we searched for the group nearest to them along the 
river. We located the GPS-collared groups with radio-tracking antennae, i.e., Tel-
onics RA-23K VHF (Telonics inc, Arizona, USA) and a Yagi-Uda UHF antenna. 
We also decided the order in which we filmed each sex/age class in advance and 
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varied this order each visit. If more than one potential subject of the same age-sex 
class was present, we videoed the most clearly observable one (both face and body 
easily viewable). For the experiment, we selected an alpha male or an adult female 
that was not sitting next to other individuals, whenever possible, to reduce poten-
tial effects of these individuals on the subject’s behaviors. For the observational 
study, we prioritized data collection for all adults and subadults in the group. Once 
we obtained the first recording, we videoed the next potential subject of the same 
sex/age class, and so on, until we could not find any other individuals from this 
age-sex class, in which case we videoed the members of the next age-sex class.

We used the same boat (L568 cm / W135 cm / H38 cm above water) until May, when 
we replaced it with a boat of similar size (L554 cm / W137 cm / H40 cm above water) 
and with the same engine model (25HP Yamaha four-stroke engine; grey color). At this 
point, a second researcher was in the boat (to collect fecal and plant samples for another 
study). We used the second boat for four of the fast-close approaches, two of the slow-
close approaches, and four of the slow-far approaches. For the experiment, we made sure 
that no potential interference (e.g., fisher boat passing by) was present. During record-
ing sessions for the observational study, a small fishing boat passed by an estimated five 
times. The boat driver was unfamiliar with the research hypothesis and all team mem-
bers wore dark clothes so as not to draw attention and were as quiet as possible.

Behavioral Coding

For the experiment, we recorded the time spent in stress-related behaviors by each sub-
ject 3 minutes before the boat approached and for the next 3 minutes once the boat started 
approaching the subject. Indicators of stress consisted of direct gaze towards the boat, mov-
ing backwards, hiding behind leaves, and repeated scratching. We also calculated the total 
duration of feeding, allogrooming, and aggression during these time periods (Table I).

For the observational study, we coded the total duration of 10 mutually exclu-
sive behaviors that occurred as part of social interactions with other group members 
(aggression toward others, allogrooming, infant care, sexual behavior, and social 
play) and in a solitary setting (feeding, resting, moving, autogrooming, and solitary 
play; Table I) (Boonratana, 1993; Leasor & Macgregor, 2014). In addition, we coded 
whether the subjects showed vigilance or were close to other animals in each of the 
3-minute recordings. Vigilance was directed at the forest, where other proboscis mon-
key groups or other animals (e.g., long tailed macaques, Macaca fascicularis) could 
have been. It included direct gaze toward such groups, which was sometimes accom-
panied by an alert (sudden pause in behavior) or threatening display (branch shaking 
and open-mouth facial display). We recorded close proximity when the subjects were 
within 2 m of a group member. This did not include proximity with infants when cod-
ing adult female behavior, as we assumed that mothers would be close to their infants.

One main coder coded the behaviors with an accuracy of 1 s by using VLC media 
player (VideoLAN, Paris, France). The main coder conducted intracoder reliability 
tests based on 35-39 recordings per behavior (Cohen’s kappa = 0.82), vigilance and 
other stress-related behaviors (0.74), and close proximity (0.96).
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Statistical Approach

We calculated the percentage of each coded behavior for each subject by dividing 
the total amount of time a subject displayed a behavior by the total visible recoding 
time for the subject, multiplied by 100. To test whether an approaching boat affected 
the proboscis monkeys, we used one-tailed exact Wilcoxon signed-ranks tests to 
compare the percentage of time that each subject spent showing stress-related 
behaviors, feeding, allogrooming, and aggression before and after the boat started 
approaching. For each condition, we compared these behaviors across the two time 
periods. Where we found significant differences, we used post-hoc, two-tailed, exact 
Mann-Whitney U tests to compare the behaviors across the sexes.

To describe the subjects’ activity, we calculated the mean duration of each behavior 
coded first for each age-sex class, then for all subjects together. We used two-tailed 
exact Mann-Whitney U tests to compare alpha males with adult females, adult females 
with subadult females, and mature subjects (alpha males, adult females, and subadult 
females) with immature subjects (juveniles and infants) for the duration of vigilance, 
close social proximity, allogrooming, aggression, and play. We used post-hoc tests to 
compare females across the groups (two-tailed exact Kruskal-Wallis H test) and to 
compare adult and subadult females (two-tailed exact Mann-Whitney U test).

We applied Hommel-Hochberg corrections to adjust α levels for repeated com-
parisons (Hochbeg & Hommel, 1998).

Results

Experiment

In the experiment, alpha males and adult females showed stress-related behav-
iors for significantly longer after the boat started approaching them than before 
the boat approach for two conditions: the fast-close condition and the slow-close 

Table I  Ten mutually exclusive behaviors contributing to the activity pattern of proboscis monkeys in 
the riparian area of the Lower Kinabatangan Wildlife Sanctuary, Sabah, Malaysia (from February to July 
2015)

Behaviors Definitions

Resting Sitting motionless and lying down
Feeding Consuming food and reaching out for leaves to feed on
Moving Walking on hands and legs as well as jumping
Allogrooming Grooming a group member by examing and picking at fur
Social play Playfully interacting with a group member, e.g., playfully hitting
Solitary play Playful behaviors not targeted toward anyone, e.g., swinging without travelling
Sexual behavior Mounting and copulating
Autogrooming Grooming oneself by examing and picking at fur
Aggression Threatening posture, often with high-pitched calls and directed open-mouth displays
Infant care Examining infant and positioning it for suckling
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condition (Fig. 1; Table II). Males and females showed no significant differences 
in stress-related behaviors after the boat approached (Table  II). For the slow-
far condition, the subjects showed no difference in the duration of stress-related 
behaviors after the boat started approaching than before its approach (Fig.  1; 
Table II).

In addition, the subjects fed for significantly less time after the boat started 
approaching them than before the boat approached in the fast-close condition 
(Fig.  2; Table  II). Post-hoc tests showed no significant differences between the 
sexes in feeding after the boat started approaching (Table II). The subjects showed 
no significant difference in feeding before and after the boat started approaching 
in the slow-close condition and the slow-far condition (Fig. 2; Table  II). Allog-
rooming and aggression were absent throughout the experiment.

Observational study

The most common behaviors were resting and then feeding, followed by mov-
ing and allogrooming (Table III). Infants spent approximately 40% of their time 
playing (Table III). Comparisons between alpha males and adult females showed 
differences in two of the behaviors studied (Fig.  3). Alpha males spent signifi-
cantly more time vigilant than adult females (two-tailed exact Mann-Whitney U 
test with Hommel-Hochberg corrections: N = 31 females + 5 males, U = 30.00, 
p = 0.024). Alpha males also spent significantly more time than females within 2 

Fig. 1  Effects of an approaching boat on stress-related behaviors in proboscis monkeys in the 
Lower Kinabatangan Wildlife Sanctuary, Sabah, Malaysia, using three conditions (from February 
to July 2015). The duration of stress-related behaviors expressed as a percentage of the subjects (N = 8, 
8 and 7) is shown before and after the boat started approaching. Thick horizontal lines show medians, 
box lengths show upper and lower quartiles, and thin horizontal lines show the range. A statistically sig-
nificant difference is shown by an asterisk and horizontal bar.
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m of other group members (U = 19.50, p = 0.036). However, we found no differ-
ences between alpha males and adult females for allogrooming (U = 62.50, p = 
0.564) or aggression (U = 62.00, p = 0.278). We observed aggression only four 
times, and all instances the actor was the same alpha male.

Due to the sex class differences in vigilance and close social proximity, we 
compared the adult females across the six groups, and found no differences across 

Table II  Results of statistical 
tests comparing the response 
of proboscis monkeys in the 
riparian area of the Lower 
Kinabatangan Wildlife 
Sanctuary, Sabah, Malaysia to 
an approaching boat, using three 
conditions (from February to 
July 2015)

We used one-tailed exact Wilcoxon signed-ranks to compare behav-
iors before and after the boat started approaching. If we found sig-
nificant differences in the main analysis, we used post hoc Mann-
Whitney U tests to compare behaviors between males (N = 3) and 
females (N = 5). We applied Hommel-Hochberg corrections to 
adjust α-levels for all tests.

Conditions Behaviors Main analysis Post-hoc 
analysis

N Z T p U p

Fast-close Stress-related 8 -2.37 1 0.008 5.00 0.500
Fast-close Feeding 8 -2.02 0 0.031 7.00 0.895
Slow-close Stress-related 8 -2.20 0 0.016 6.50 0.875
Slow-close Feeding 8 -1.75 0 0.063
Slow-far Stress-related 7 -1.58 1 0.078
Slow-far Feeding 7 -0.54 1 0.375

Fig. 2  Effects of an approaching boat on feeding in proboscis monkeys in the Lower Kinabatan-
gan Wildlife Sanctuary, Sabah, Malaysia, using three conditions (from February to July 2015). The 
duration of feeding expressed as a percentage of the subjects (N = 8, 8 and 7) is shown before and after 
the boat started approaching. Thick horizontal lines show medians, box lengths show upper and lower 
quartiles, and thin horizontal lines show the range. A statistically significant difference is shown by an 
asterisk and horizontal bar.
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groups for vigilance (two-tailed exact Kruskal-Wallis H test with Hommel-Hoch-
berg corrections; vigilance: N = 31 females, χ2(5) = 6.520, p = 0.259) and social 
proximity (χ2(5) = 2.221, p = 0.695). We also found no differences between 
adult females and subadult females in vigilance (two-tailed exact Mann-Whitney 
U test with Hommel-Hochberg corrections: N = 31 adult females + 20 subadult 
females, U = 272.00, p = 0.463) and proximity (U = 126.50, p = 0.109) (Fig. 3).

Comparisons between mature and immature subjects revealed differences in 
two behaviors (Fig.  4). Immature subjects spent significantly more time play-
ing than mature subjects (two-tailed exact Mann-Whitney U test with Hommel-
Hochberg corrections: N = 56 mature + 31 immatures, U = 459.00, p < 0.001). 
Post-hoc tests revealed that infants played significantly more than juveniles (N 
= 19 juveniles + 12 infants, U = 70.00, p = 0.046). We did not observe any 
play (social or solitary) in any of the adults and subadults. Furthermore, mature 
subjects spent significantly more time vigilant compared with immature subjects 
(two-tailed exact Mann-Whitney U test with Hommel-Hochberg corrections: N 
= 56 mature + 31 immatures, U = 644.00, p = 0.041). We found no significant 
difference between mature and immature subjects in proximity (U = 514.50, p = 

Table III  Activity patterns of proboscis monkeys living in six one-male multi-female groups of in the 
riparian area (mornings and evenings combined) of Lower Kinabatangan Wildlife Sanctuary, Sabah, 
Malaysia (from February to July 2015)

Data are mean and (SE) duration of each behavior expressed as a percentage of the focal sample

All subjects Alpha males Adult females Subadult females Juveniles Infants

N 87 5 31 20 18 12
Resting 37.9 42.5 42.4 31.8 37.3 35.7

(4.0) (6.4) (6.2) (7.3) (9.3) (8.6)
Feeding 33.2 37.9 41.8 40.1 30.4 15.8

(6.5) (12.8) (11.5) (14.3) (11.5) (8.6)
Moving 8.7 4.6 5.0 21.4 4.7 7.6

(2.6) (1.2) (1.0) (12.9) (1.3) (4.0)
Allogrooming 7.0 0.0 10.7 5.9 18.5 0.0

(3.3) (0.0) (5.2) (4.4) (9.7) (6.4)
Social play 6.7 0.0 0.0 0.0 7.5 26.2

(1.5) (0. 0) (0.0) (0.0) (4.5) (12.8)
Solitary play 3.3 0.0 0.0 0.0 1.6 14.7

(1.1) (0.0) (0.0) (0.0) (2.0) (10.9)
Sexual behavior 2.0 9.8 0.0 0.0 0.0 0.0

(0.8) (9.8) (0.0) (0.0) (0.0) (0.0)
Autogrooming 0.8 3.9 0.0 0.2 0.0 0.0

(0.3) (3.9) (0.0) (0.2) (0.0) (0.0)
Aggression 0.4 1.3 0.0 0.6 0.0 0.0

(0.2) (1.3) (0.0) (0.6) (0.1) (0.0)
Infant care 0.0 0.0 0.1 0.0 0.0 0.0

(0.0) (0.0) (0.1) (0.0) (0.0) (0.0)
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0.429) or allogrooming (U = 848.00, p = 0.807); we did not test aggression due 
to its occurrence in only one alpha male.

Discussion

The results of our experiment revealed that proboscis monkeys showed stress-related 
behaviors for longer after the motor boat started the fast approach to the river bank 
where they were located compared with their behavior before the approach. We 
found this impact when the boat travelled for 10 s and 40 m (fast-close condition) 
and for 40 s and 40 m (slow-close condition). The monkeys also reduced feeding as 
a result of the boat approaching in the fast-close condition. The loud engine noise 
of the motor boat may have contributed to this impact, particularly as loud noise 
may negatively affect wildlife (Shannon et al., 2016). In our observational study, we 
found that male proboscis monkeys were more vigilant than females.

Once the boat started to approach the proboscis monkeys, they gazed at the boat 
for longer than before the boat approach, showed repeated scratching, and often 
moved quickly backwards to hide in the trees. We did not observe the monkeys flee-
ing, perhaps because we used a fast condition that we thought would not disturb 
them enough to leave the riparian area and travel deeper into the forest. At popular 
riparian sites, however, ecotourist visits with multiple boats may cause proboscis 

Fig. 3  Comparisons of behavior in mature male and female proboscis monkeys in the Lower Kina-
batangan Wildlife Sanctuary, Sabah, Malaysia (from February to July 2015). The duration of vigi-
lance and close social proximity expressed as a percentage of the focal sample is shown for alpha males 
(N = 5), adult females (N = 31) and subadult females (N = 20). Thick horizontal lines show medians, 
box lengths show upper and lower quartiles, and thin horizontal lines show the range. A statistically sig-
nificant difference is shown by an asterisk and horizontal bar.
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monkeys to flee into the forest, where they may then stay to sleep, leading to higher 
predation risk (Salter et al., 1985; Thiry et al., 2016; Yeager, 1989).

The monkeys showed stress-related behaviors for longer once the boat approached 
than before it happened, even when the boat approached four times more slowly 
than in the fast-close condition (1 m/s vs. 4 m/s). Collectively, our findings suggest 
that the approach of a single motor boat induces stress in proboscis monkeys when 
approaching them as closely as 60 m from the other side of the river, regardless of 
the speed of approach. The findings match those obtained in studies on sea mam-
mals and birds (Arcangeli et al., 2009; Christiansen et al., 2010; Haysmith & Hunt, 
1995; Stensland & Berggren, 2007), suggesting that stress is a universal response 
across animals when a boat approaches—a large, loud, and artificial object moving 
toward them is likely to be threatening. Future research on the impact of boats on 
other primates is clearly needed.

The proboscis monkeys also reduced feeding when the motor boat approached 
them fast and relatively closely (fast-close condition). Feeding was the most com-
mon activity of the monkeys in this study, in line with previous research on this 
species (Boonratana, 1993; Leasor & Macgregor, 2014) and other folivorous pri-
mates (Hladik, 1978). With their specialized folivorous digestive system, proboscis 
monkeys rely on the trees along river banks and require a long period of resting for 
digestion (Agoramoorthy et al., 2004; Atmoko et al., 2020; Matsuda, Abram, et al., 
2020a; Matsuda et al., 2009a; Yeager, 1989), so that frequent tourist visits via motor 

Fig. 4  Comparisons of behavior in mature and immature proboscis monkeys in the Lower Kina-
batangan Wildlife Sanctuary, Sabah, Malaysia (from February to July 2015). The duration of vigi-
lance, close social proximity, and play expressed as a percentage of the focal sample is shown for mature 
(adults and subadults: N = 56) and immature (juveniles and infants: N = 31) monkeys. Thick horizon-
tal lines show medians, box lengths show upper and lower quartiles, and thin horizontal lines show the 
range. A statistically significant difference is shown by an asterisk and horizontal bar.
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boats throughout the day are likely to affect the behaviors of wild proboscis mon-
keys. This study, however, provides limited information on the impact of boats on 
less common activities, such as allogrooming and aggression, which require a larger 
sample size.

Our study provides evidence that a single motor boat, with calmly behav-
ing humans in it, may negatively affect primates. We therefore argue that probos-
cis monkeys, specifically, and perhaps primates in the riparian area, in general, are 
strongly affected by ecotourism. The presence and behaviors of unfamiliar humans 
by themselves can induce stress in wild and captive primates and affect their behav-
iors negatively (Hayward & Hayward, 2009; Hosey, 2000, 2005; Maréchal et al., 
2011; Mitchell et al., 1992; Treves & Brandon, 2005). Furthermore, four boats have 
more of an impact than a single boat on agonistic behaviors in proboscis monkeys 
(Leasor & Macgregor, 2014). Motor boats are predominantly used in riparian areas 
for ecotourism, with tourists who are likely unfamiliar to the primates, and their vis-
its may affect the primates (McKinney, 2018; McKinney et al., 2015).

Although our experiment revealed no behavioral differences between the sexes, 
we did find such differences between age-sex classes in our observational study. 
Males were more vigilant than the females. It was difficult to determine what initi-
ated these behaviors in the males, mostly due to visibility issues. However, outside 
the study, we occasionally observed that males directed their gaze (sometimes with 
alert and threat behaviors) toward other groups of proboscis monkeys (including 
bachelor groups). Alpha males also respond to other species, including macaques, 
langurs, crocodiles, and snakes, and potentially clouded leopards (Matsuda et al., 
2008). As in other primates (Baldellou & Henzi, 1992; Gould et al., 1997; Rose 
& Fedigan, 1995), vigilance in proboscis monkey males is likely to serve two 
important functions: to detect male conspecifics with whom they may need to com-
pete for females, and to protect the group members and themselves from potential 
predators.

The adult and subadult female proboscis monkeys in this study also regularly 
showed vigilance behaviors. More than half of the mature proboscis monkeys spent 
5% or more of their time vigilant (Fig.  4), and we found no difference in stress-
related behaviors between the adult females and males in our semiexperiment. 
Juveniles and infants, who are most likely protected by their mothers and the alpha 
male, spent less time vigilant. While vigilance seems to be an important behavior 
in the mature proboscis monkeys that we studied, it almost never led to aggression 
or flight. These relationships are, however, difficult to examine in primates, because 
vigilance has multiple functions and the difficulty increases when aggression and 
flight are rare (Caine & Marra, 1988; Stojan-Dolar & Heymann, 2010). Indeed, 
aggression was one of the least common behaviors in this study; only four aggres-
sive instances were reported—all for a single alpha male, consistent with low rates 
of aggression in other studies of proboscis monkeys (Boonratana, 1993; Hoff et al., 
1982; Leasor & Macgregor, 2014; Sha et al., 2013). Even our boat approaches did 
not lead to aggressive behaviors. This is in line with other Asian colobines, which 
typically exhibit high levels of tolerance for others rather than showing aggression 
(Dasilva, 1992; Fashing, 2001; Huang et al., 2003; Matsuda et al., 2009b; Md-Zain 
& Ch’ng, 2011; Wasserman & Chapman, 2003).
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Interestingly, adult females spent less time close to other group members than 
alpha males did. Furthermore, mature females directed affiliative behaviors in form 
of allogrooming towards their presumed offspring and other mature females but not 
toward the males—a pattern that matches previous findings for proboscis monkeys 
(Yeager, 1990) and other primates living in one-male, multifemale groups (Silk et 
al., 2006; Swedell, 2002; Wei et al., 2012). Although proboscis monkeys live in 
stable groups (Yeager, 1991) and males may form long-lasting strong bonds with 
females in primates living in one-male, multifemale groups (Haunhorst et al., 2016), 
we find it difficult to explain why alpha males spent more time close to group mem-
bers than the adult females. More research is needed to examine the social networks 
of males and females in proboscis monkey groups, especially because their social 
relationships are likely to be complex not only across individuals within the same 
group but also across nearby groups (Matsuda, Tuuga, et al., 2012), with multiple 
groups making up a larger social environment (Grueter & van Schaik, 2010).

Methodological limitations also may explain our results for proximity. Per-
haps due to their sentinel role, males may have positioned themselves at the can-
opy periphery, where nearby group members are more exposed and visible to the 
researchers. However, the nonvisibility scores obtained within a 2-m radius of the 
subjects (i.e., the distance used to test for social proximity) were almost identical 
across males and females (mean 32.9% in both sexes), making this explanation 
unlikely.

Data on playful behaviors showed gradual changes along the ontogenetic trajec-
tory in the proboscis monkeys. This finding is consistent with the notion that social 
and solitary play represent an important platform for the development of social, 
cognitive, emotional, and motoric resources (Bekoff & Allen, 2002; Fredrickson, 
2001; Gervais & Wilson, 2005). Infants played even more often than the juveniles, 
whereas mature proboscis monkeys showed no playful behaviors. Immature pri-
mates regularly play on their own and with their peers, often while surrounded by 
their mothers (Davila-Ross et al., 2011; Palagi, 2018; van Leeuwen et al., 2011).

We focused on the mornings and evenings when the proboscis monkey groups 
were visible in the riparian area. It seems likely that when the monkeys are deeper 
in the forest during the day, some of their behaviors might differ due to the higher 
exposure to predators (Matsuda et al., 2008;Salter et al., 1985 ; Thiry et al., 2016 
; Yeager, 1989). Specifically vigilance, close proximity, and aggression might 
increase (Baldellou & Henzi, 1992; Matsuda et al., 2008; Rose & Fedigan, 1995). 
These behaviors also might be affected by environmental conditions, where preda-
tion threats are reduced by high water levels on flooded days, allowing proboscis 
monkeys to extend their sleeping sites deeper into the forest (Matsuda et al., 2010). 
On such occasions, the degree of association between groups is lower compared 
with nonflooded days when the monkeys sleep closer to each other (Matsuda et al., 
2010; Murai, 2004). We suggest that future research examines the circadian pattern 
of behavior and compares behavior across habitat types and seasons, factors that 
influence behavior in other rainforest-living primates (Davila Ross & Geissmann, 
2009; King & Cowlishaw, 2009; Ostner et al., 2002).

Motor-boat travel becomes particularly problematic when it involves multiple loud 
tourist boats, potentially causing the monkeys to leave their safe sleeping sites and 
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to flee deep into the forest as it gets dark, where they could be faced with higher risk 
of predation (Salter et al., 1985; Thiry et al., 2016; Yeager, 1989). Collectively, this 
study and previous work (Leasor & Macgregor, 2014) suggest that tourism in riparian 
areas, which is largely unregulated (Goossens et al., 2003; Sha et al., 2008), may affect 
the proboscis monkeys’ health and safety, and that specifically, empirically grounded 
guidelines are needed (Sha et al., 2011). Our study highlights the importance of keep-
ing a distance from proboscis monkeys and perhaps also other primates in the riparian 
area when in motorboats, and preferably approaching them similarly as in the slow-far 
condition, where we observed no impact. For the slow-far condition, we approached the 
monkeys for 20 s at a speed of 3.6 km/hr when 100 m or further away. Thus, guidelines 
for primate tourism in the riparian areas should include an approach speed of no more 
than 4 km/hr within 100 m of the proboscis monkeys. It also is important to keep a dis-
tance from the monkeys, preferably no closer than 60 m away from the monkeys (based 
on the impact of the slow-close condition, where we travelled for 40 m). Such infor-
mation might be helpful for tourists, allowing them to modify their behaviors when 
visiting the primates and when encouraging guides to follow the guidelines. Further 
empirical, policy-focused research is needed to better understand the impact of tour-
ists and boats on proboscis monkeys and other primates (Vanlangendonck et al., 2015), 
preferably including additional noninvasive measures of stress-related states, such as 
hormonal analysis (Sheriff et al., 2011), to help make ecotourism on these monkeys 
more sustainable (Buckley, 2011; Moorhouse et al., 2015).
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