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Abstract

For decades, knowledge about the endangered proboscis monkey was gleaned

from limited information about their behavior from boat surveys conducted

along riverbanks, where the monkeys rest during the early morning and late

afternoon. This was due to the dense and swampy habitats they live in, which

made them nearly impossible to track once they moved into inland forests. By

conducting full-day continuous observations on foot in riverine forests in

Sabah, Borneo, Malaysia, alongside my colleagues, we produced pioneering

research about this species. Conducted over a period of more than 15 years

since 2005, our studies have resulted in the comprehensive collection of infor-

mation about the proboscis monkey with regards to its feeding and ranging

behaviors as well as novel findings about its fascinating digestive strategy of

rumination and the unique functionality of its “odd-nose.”
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1.INTRODUCTION

Primatology is primarily the study of fossil and existing
nonhuman primates to understand human evolution.
Japanese primatology emerged shortly after World War II;
at present, based on intensive long-term behavioral obser-
vations, Japan is one of the world's leading countries in

this field of study (Nakamura, 2009). The majority of
Japanese long-term field research projects for nonhuman
primates (primates from here on) that are active and ongo-
ing are concentrated in Africa, where great apes, such as
chimpanzees, bonobos, and gorillas live (Kappeler &
Watts, 2012). The Japanese macaque research projects are
an exception to this (Nakagawa et al., 2010). Conversely, in
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Southeast Asia, despite the high diversity of primates, long-
term primate research projects by Japanese researchers
exceeding 10 years are scarce, and our knowledge of the
primates that inhabit the region is still restricted.

In 2005, I began a long-term primate research project
in the Lower Kinabatangan, Sabah, Borneo, Malaysia,
which continues to this day with the help of local govern-
ment agencies, universities, and NGOs. In addition to
conducting research at an established long-term research
site, setting up a new research site entails numerous
challenges since all preparations must begin from the
ground up. This opens a whole new range of possibilities
in field research. I have focused on the proboscis monkey
(Nasalis larvatus), a species that is endemic to Borneo
whose ecology has remained a mystery because of its
preference for dense forests along the coast and riverside,
where the ground is muddy, and thus access and observa-
tions are difficult. As a result, early research on the
proboscis monkey was primarily based on short-term stud-
ies from boat-based surveys focused on the basic under-
standing of their social organization and habitat use
(Grueter et al., 2022). In the late 1980s, longer-term studies
(<5 years) pioneered by Carey P. Yeager, Elizabeth
L. Bennett, and Ramesh Boonratana were conducted in
Kalimantan, Sarawak, and Sabah, respectively (Bennett &
Sebastian, 1988; Boonratana, 2000; Yeager, 1989). These
studies helped to elevate the proboscis monkey from an
interesting but little-understood “weird big-nose” monkey
into a flagship species for conservation. Unfortunately,
these studies did not continue.

In the 2000s, a growing number of researchers began
to focus their attention on this one-of-a-kind monkey,
and academic studies were conducted to obtain a better
knowledge of the species. I am one of those researchers.
Despite the limitations, the long-term observations I have
made over more than 15 years have revealed much infor-
mation about the ecology of the proboscis monkey. In
particular, the discovery of the first primate behavior of
regurgitation and remastication, that is, “rumination
strategy,” in the proboscis monkey (Matsuda et al., 2011)
attracted international attention. To elucidate why such a
rumination strategy only occurred in this species, I
looked into several factors, including foraging behavior,
anatomical characteristics of their digestive system, bac-
terial flora, and mastication efficiency (Hayakawa
et al., 2018; Matsuda et al., 2014; Matsuda et al., 2022;
Matsuda, Espinosa-G�omez, et al., 2019).

The proboscis monkey's social structure is also unique.
In the proboscis monkey, the basic minimum reproductive
unit is a one-male (or harem) group consisting of one
adult male, several adult females, and immatures, which
aggregates to form a further, higher-level society, the mul-
tilevel society (Murai, 2004; Yeager, 1991). The degree of
aggregation varies depending on local conditions, such as

food availability and predation threats (Matsuda, Kubo,
et al., 2010; Matsuda, Tuuga, & Higashi, 2010). The evolu-
tion of the proboscis monkey's complex societies, which
are also common to humans but do not occur in great
apes, cannot be explained by phylogenetic history, thus,
providing important insight into the origins and evolution-
ary history of human societies and cultures (Grueter, 2022;
Grueter et al., 2012). Our research into their ecology and
social structure has been key to understanding the distinc-
tive large body and nose size of male proboscis monkeys
(Koda et al., 2018; Matsuda et al., 2020). Thus, my ultimate
study goal is to answer the enigma of the ecological, social,
and morphological specialization of the proboscis monkey,
and to elucidate the common mechanisms underlying
the evolution of sexual dimorphism in a wide range of pri-
mates, including humans (Figure 1).

2.MAIN FINDINGS

2.1.Ecological study of digestive
mechanisms

Over 3500 h of observation based on full day follows
(including observations from all hours of the day) revealed
previously unknown data about proboscis monkey forag-
ing behavior (Matsuda et al., 2009a; Matsuda et al., 2009b).
As a result of adaptation to a folivore diet, the proboscis
monkey evolved the foregut fermentation digestive system
with four (“quadripartite”) chambers in the forestomach
(Hoshino et al., 2021; Matsuda et al., 2022; Matsuda, Chap-
man, & Clauss, 2019) along with a long digesta retention

FIGURE 1 Emerging collaborations and diverse research

topics achieved while investigating the ecology of the proboscis

monkey. As the arrows indicate, each of the research topics, which

appear to be independent, are indeed interrelated, and in the

process of elucidating them, further interesting topics emerge

[Color figure can be viewed at wileyonlinelibrary.com]
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time, that is, approximately 40 h (Matsuda et al., 2015)
and is the only primate that exhibits regurgitation and
remastication (Matsuda et al., 2011). To elucidate the func-
tional significance of regurgitation and remastication, we
extended our research to other primate species and other
mammalian taxa. In terrestrial herbivores, chewing is the
primary factor determining digesta particle size, and the
digestive processes themselves have little effect on changes
in the particle size of digesta (reviewed in Fritz
et al., 2009). Thus, analysis of fecal particle size is a simple
and noninvasive, but valuable, approach for assessing
chewing efficiency in the proboscis monkey. By comparing
the fecal particle sizes of over 200 mammalian species, we
demonstrated that the fecal particle size in the proboscis
monkey was finer than in other primates and similar to
that of foregut-fermenting mammals with a rumination
strategy. This led us to conclude that, like other rumi-
nants, regurgitation and remastication are critical compo-
nents of the digestive strategy of the proboscis monkey
(Matsuda et al., 2014). However, according to our
findings, primates have a lower chewing efficiency and a
smaller particle size reduction of consumed foods than
other mammalian species (Dunbar & Bose, 1991; Fritz
et al., 2009; Matsuda et al., 2014).

To better understand the digestive mechanisms of the
proboscis monkey, we looked at the species patterns of
solute excretion and different-sized particle passage
markers in captivity. We expected that similar to func-
tional ruminants (ruminants and camelids), rumination
by the proboscis monkey would be facilitated by a parti-
cle sorting mechanism in the forestomach that selectively
retains larger particles and subjects them to repeated
mastication. This expectation was partially based on the
fact that foregut-fermenting primates, including the pro-
boscis monkey (like ruminants), have a preference for
certain postures, that is, sitting posture (Matsuda
et al., 2017). Ruminants typically adopt a sternal resting
posture (Balch, 1955) and rarely lie on their side since
the sternal resting position ensures a constant orientation
of the reticulum relative to gravity, which facilitates par-
ticle sorting. Further experiments on excretion patterns
revealed that, unlike many other mammalian taxa, pri-
mates, including the proboscis monkey, generally have
limited digesta washing and mixing, suggesting a con-
straint in saliva production and hence somewhat less
favorable conditions for plant material fermentation than
in other mammalian herbivores (Matsuda, Espinosa-
G�omez, et al., 2019; Müller et al., 2011). Thus, our find-
ings indicated that primates are not characterized by high
degrees of morphophysiological adaptations of the diges-
tive tract compared to other mammals as suggested by
Milton (1986). However, this suggests that the reason pri-
mates with less elaborate digestive physiology were able to

defend their dietary niches from other mammals is
because they were able to successfully exploit various
niches with their behavioral flexibility through cognitive
adaptations (Matsuda & Clauss, 2022; Matsuda, Espinosa-
G�omez, et al., 2019).

2.2.Social system

In most primates, interunit encounters typically involve
avoidance or agonism due to mating and/or resource
competition. However, there are a small number of pri-
mate species where social units regularly interact amiably
and coordinate activities. Such social organization is
referred to as multilevel (Grueter, 2022; Grueter
et al., 2012). The proboscis monkey is one of these excep-
tional species, forming a multilevel society with multiple
harem groups of the minimum reproductive unit, that is,
one adult male, several adult females, and their offspring,
totaling over 60 individuals (Murai, 2004; Yeager, 1990,
1991). By observing interactions between proboscis mon-
key groups, we quantified the influence of habitat hetero-
geneity, food abundance, and predation pressure on
spatiotemporal changes in aggregation size among harem
groups (Matsuda, Kubo, et al., 2010). Species that form
multilevel societies with overlapping ranges among
groups, such as proboscis monkeys, are rare. Even the
great apes, which are closely related to humans, are
antagonistic toward other groups, with each group living
within its territory (Mitani et al., 2010). Therefore, the
fact that the emergence of a human-like multilevel soci-
ety is expressed in the phylogenetically distant proboscis
monkey presents an important insight into the social
evolution of humans. Assessing the social system of
the proboscis monkey has provided insights into the
evolution of human society.

2.3.Evolutionary mechanisms of sexual
dimorphism

Since the proboscis monkey is not territorial, multiple
harems sleep in close proximity (Matsuda et al., 2008;
Matsuda, Kubo, et al., 2010; Matsuda, Tuuga, &
Higashi, 2010) and females transfer between groups
(Matsuda et al., 2012; Murai et al., 2007). Thus, there is
the potential for both female mate-choice and competi-
tion between males for females. We found significant cor-
relations among nose, body, and testis sizes and a clear
link between nose size and the number of females in the
corresponding males' harem (Koda et al., 2018). There-
fore, there is evidence supporting both male-to-male com-
petition and female choice as causal factors in the
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evolution of enlarged male noses. We also discovered
that nasal expansion alters the resonance parameters of
male vocalizations in a systematic way, implying that
male quality is encoded. According to our findings, the
audiovisual contributions of bigger male noses serve as
advertisements for females in their mate selection. Fur-
thermore, in a sexually competitive environment, male
noses with nasalized voice sounds are likely to comm-
unicate sexual quality signals as a badge of status that
exposes a male's social position widely to other rival
males, potentially averting critically fatal encounters.

We also analyzed canine size, another common sexu-
ally selected male trait of the proboscis monkey. Since
females transfer between groups, we expected male
canines to serve as crucial weapons for mate competition
or defense. Contrary to expectations, body size was nega-
tively correlated with absolute canine size (Matsuda
et al., 2020). Large male noses reduce the role of canines
as weapons. In addition, longer canines are opposed by
natural selection because larger canines increase the
required gape opening for harvesting food, which reduces
foraging efficiency (Hylander, 2013). For a species as
large as the proboscis monkey (male weight: >20 kg)
whose primary diet consists of fibrous leaves that require
approximately 40 h of mean retention duration, this for-
aging cost may be harmful to survival (Matsuda
et al., 2009a; Matsuda et al., 2015). As a result, the inter-
action between sexual and natural selection has led to
the unusual evolution of a trade-off between morphologi-
cal traits in the proboscis monkey. To expand our
research to assess how proboscis monkeys perceive
enlarged noses, and to determine how an enlarged male
nose contributes ecologically to mating success in the
social systems of the proboscis monkeys in the future, we
propose a scenario where various factors, such as

morphology, communication, and specific social system
interact to accelerate sexual dimorphism (Figure 2).

3.PERSPECTIVES ON FIELD
PRIMATOLOGY IN JAPAN

Hypothesis-testing research is common in many fields,
including primatology. However, to be honest, when I
started my research on the proboscis monkey, I was
devoted to their observation without having a specific
hypothesis. The field-discovery style of research, in which
one challenges an unknown research subject, used to be
the forte of Japanese primatologists; however, it has
become less common and tends to be discouraged. But
the field-discovery method does not rule out the possibil-
ity of hypotheses. While observing animals in the field,
various hypotheses about their behavior spring up, and to
confirm them, we would excitedly observe the animals
again and specifically record the behaviors related to the
hypothesis. One research strategy is to go into the field
with a well-developed hypothesis, but I believe that the
unexpected discoveries and findings made in the field are
the most fascinating aspects of field research.

My interest in tropical environments and my curiosity
about the unknown species that inhabit them were the
driving forces that prompted me to engage in the study of
proboscis monkeys while still a student. One of the great
advantages of field research is that it can be done simply
with binoculars, a notebook and pen, and the courage to
dive into an unfamiliar world. Despite the difficulty for
inexperienced students to find research sites on their
own, there is more to gain from it than just the research
outcomes. Conducting research in a foreign nation neces-
sitates interaction with and assistance from a diverse

FIGURE 2 Proposed empirical

evolutionary model in which

morphology, communication (vocal

communication), and specific society

(socio-ecology) interact to accelerate

sexual dimorphism in the proboscis

monkey (a); the sexual dimorphism

of the proboscis monkey is

characterized not only by the body

mass difference between the sexes,

but also by the prominently large

nose of the male (b). Cognitive ability

is a factor that should be investigated

further [Color figure can be viewed

at wileyonlinelibrary.com]
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group of people who speak a variety of languages and
have a variety of cultural backgrounds. Through my field
research on proboscis monkey, I have developed collabo-
rative research on diverse topics and met various
researchers from around the world. My field studies have
given me the opportunity to form valuable relationships
that have enriched my life.

Despite receiving the honor of the Miyadi Award
from the Ecological Society of Japan in 2016, I am
ashamed that I did not write this award-winning paper
until now. The reason for writing this article 6 years later
is that I was shocked by the reorganization and disman-
tling of the Primate Research Institute at Kyoto Univer-
sity. The inappropriate use of a huge amount of research
funds by a group of faculty members in the Language
and Intelligence Section (Gibbons, 2020) led to the aboli-
tion of not only that section but also the sections investi-
gating ecology and social systems, which had absolutely
nothing to do with the misuse of funds. Following the
institute's closure, a new center has started to conduct
multidisciplinary research and educational activities to
better understand the evolutionary origins of human
behaviors, with a focus on body and brain structures,
molecular functions, brain functions, and cognitive abili-
ties. Japanese field primatologists need to seriously recon-
sider the notion that field-based primate ecology and
social research were not important in the study of human
evolution.

Now is the time for Japanese field primatologists to
highlight “breakthroughs” to overcome this critical situa-
tion. For example, one breakthrough could be the fusion of
field primatology, which reveals primate ecology and soci-
ety through steady observation, with new engineering tech-
nologies such as drones, sensor tags, and genome analysis.
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