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Parasites are everywhere in nature, and can increase the risk of extinction in endangered animals or
"spill over" into human populations. Parasitism is thus a conservation and public health concern,
so understanding how human disturbance of nature influences wildlife parasites is clearly important.

This research characterized primate and parasite communities in the
Kinabatangan region of Sabah, Malaysian Borneo. Results fill a key knowledge gap about parasites
infecting primates in Southeast Asia, which has historically been under studied despite being a
biodiverse region with high degrees of human disturbance of natural areas and thus high risk of
disease emergence.

Combining primate censuses with sampling and analysis of primate feces across a fragmented
landscape, this study demonstrates that habitat disturbance can both enhance and reduce the risk of
parasite infection in the community, largely depending on parasite traits like its mode of
transmission and whether or not it can infect multiple host species. This study also found evidence
of potentially pathogenic and even zoonotic parasites in the community, so future work will need to
investigate these in greater detail to better assess risks to primate conservation and public
health.
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Approximately 60% of primates are threatened with extinction (Estrada et al. 2017), so
understanding what leads to population declines is key. Their main threats are habitat
loss and overharvesting (e.g. for pets or bush meat). However, parasites and infectious
disease also increase risk in wildlife populations already in decline, and there is
further risk of spillover of wildlife diseases into human populations (Daszak et al.
2000), e.g. COVID-19. Less charismatic parasites also cause widespread morbidity and
influence host populations (Hudson and Dobson 1995), so wildlife parasites of all kinds
may be a significant concern for conservation and management, as well as public health.

The host—parasite relationship is one of the most fundamental associations we observe
in nature, so we expect that processes that disrupt these relationships might negatively
affect host health and fitness. While decades of research have identified many of the
parasites that infect primates worldwide (Stephens et al. 2017), our ability to predict
specific disease outcomes associated with them, especially in the context of landscape
changes affecting endangered primates, remains poor (Gillespie and Chapman 2006)
Moreover, global gap analyses point to certain geographic regions in critical need of
further study (Hopkins & Nunn 2007). This includes much of Southeast Asia, despite its
exceptional biodiversity and high proportion of endangered species. Southeast Asia
also contains some of the highest rates of forest loss and human encroachment on
wildlife, with concomitant increases in the risk of disease emergence

Borneo provides one example of a sensitive geographic area with high primate
biodiversity and large-scale destruction of natural habitats (for oil palm production)
in Southeast Asia. Bornean ecosystems are among the most primate-rich in the world,
with up to 10 species coexisting in the same area [Meijaard and Nijman 2003]. Most
Bornean primates are ‘at risk’ in the IUCN Red List of Threatened Species.
Unfortunately, under sampling has led to a lack of data concerning the gastrointestinal
parasite fauna infecting most if not all of these species. The current study aimed to
address this gap in our knowledge to better assess the risks associated with parasite
infection in transitioning ecosystems.

2. Wt HBY

We investigated the relationship between host and parasite community assemblages and
ecological networks in primate communities of the Kinabatangan region of Sabah,
Malaysian Borneo. We focused on primate gastrointestinal parasite communities,
including helminths and protozoa. There were three main aims of this research: (1) to
characterize the parasite community infecting primates of the Kinabatangan floodplain;
(2) to explore so-called ‘between-species effects’ on parasite transmission; and,
(3) to test whether landscape characteristics like fragmentation, forest cover loss
and oil palm plantation affect both primate and parasite biodiversity.

Examining parasite transmission dynamics in the context of ecological communities is
a growing field of epidemiology (Holt and Dobson 2006). Despite its challenges, it is
the only way to unpack and understand threats from infectious disease facing wild
primates worldwide, as most species exist in ecological networks with other primate
species and can thus contribute to infection dynamics within the community

In addition to working with this regional system, we also gathered published comparative
data to better understand factors regulating primate parasite infection worldwide.
Thus, this project was able to tackle the complex story behind primate parasite
assemblages from regional to global scales

3. WHIED ik

(1) Collaboration: I gathered a team of research collaborators to help with the research.
Our collective operated under the project name “FARASITE’ (Primates and PARAsites
of Sabah as Indicators of a Transitioning Ecosystem), and included researchers from
the Danau Girang Field Centre and Cardiff University, officers at the Sabah Wildlife
Department, conservationists at the Kinabatangan Orang—utan Conservation Programme
(HUTAN), and faculty and graduate students at the Universiti Malaysia Sabah, Oita
University, University of Maryland, and Kyoto University Primate Research Institute



(2) Study Site and Subjects: the study was mainly conducted along the Kinabatangan
River in Sabah, Malaysian Borneo (Fig 1); a mix of riparian and swamp forest corridor,
0il palm plantation and human settlement. Numerous primates were studied (N=9; Fig 2),
though sampling varied by host so some were studied more in depth than others

Figure 1. Map of Borneo
(left) showing
deforestation (red).
Inset (right) shows map
of study site, part of
the Kinabatangan
floodplain in
Northeastern Sabah,
with protected (green)
and unprotected areas.

Gomantong Forest Reserve

Batu Puteh

Figure 2. Primates found in the Kinabatangan
region of Sabah, Malaysian Borneo. Top left to
bottom right: southern pig—tailed macaque (Macaca
nemestrina), long—tailed macaque (M
fascicularis), Bornean orangutan (Pongo
pygmaeus), proboscis monkey (Nasalis larvatus),
Bornean gibbon (Hylobates muelleri), red leaf
monkey (Preshitys rubicunda), silver leaf monkey
(Trachypithecus cristatus), Western tarsier
(Cephalopachus bancanus), Phillipine slow loris
(Nyeticebus menagensis), Hose’ s langur
(Presbytis hosei). Image Credits: Rudy Delvaux,
Kenneth Keuk.

(3) Primate censuses and biological sampling: We used boat surveys (Matsuda et al.
2016) to identify primate groups and calculate measures of primate diversity along the
river. We then collected primate feces from the ground below sleeping trees where it
was concentrated. We used molecular techniques to confirm the identity of the donor
species before parasitological analysis

(4) Parasitology: We used a combination of microscopic and molecular techniques to
analyze our parasitological samples, either laboratories at Kyoto University’ s Primate
Research Institute or at laboratories based in Sabah. Molecular analyses allowed us to
assess the extent to which parasites were shared across the host community, and test
for the presence of ‘cryptic species’ , whose morphologies are similar but genotypes
different enough to warrant separate populations (Frias et al. 2017; 2019). In addition,
we used rapid immunochromatographic assays (from Savyon Diagnhostics) to screen for the
potentially pathogenic protozoa Cryptosporidium and Giardia in proboscis monkeys and
long-tailed macaques, the two most common primates in the region.

(5) Comparative data on primate-parasite associations: We ran comparative phylogenetic
analyses to determine factors influencing primate—parasite associations worldwide. We
used the Global Primate Parasite Database (https://parasites. nunn—lab. org/) for primate
& parasite records (Fig 3). The primate phylogeny was obtained from the 10k Trees
project (https://10ktrees. nunn—lab. org/). Conservation status of each primate was taken
from the IUCN Red List of Threatened Species (https://www.iucnredlist.org/). Other
traits like geographic range, home range size, body mass, population density, etc.,
were extracted from the PanTHERIA or EDGE of Existence databases

4. FFICASE

We obtained over 1200 fecal samples from 9 species of primate. We identified at least
14 species of intestinal helminth and characterized their distribution throughout the
primate community (Fig 4). We also found evidence for at least 5 or 6 species of
protozoan parasites, including the potential pathogens Cryptosporidium and Giardia
Many of these records are the first for the region, and the first for some primates in
the wild (e.g. pig-tailed macaques, silver leaf monkeys and Western tarsiers).
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Figure 4. (Left) Helminth eggs from feces of Bornean primates. (Right) Bipartite network showing connections
between primates (top) and parasites (bottom) in the community. Rectangles are scaled by parasite richness
(top) and parasite prevalence (bottom). Image Credits: Liesbeth Frias, PhD thesis, Kyoto University, 2019.

A key result is that we find patterns of both host generality and host specificity in
the parasites within the community; i.e. some species are shared while others appear
to infect only specific primates in the community (Fig 4, Fig 5). Such results can
only be found using molecular techniques, as parasite stages voided in feces often
lack clear morphological differentiation among closely related species

Figure 5. Molecular
phylogenetic tree
showing diversity in a
genus of parasitic
nematode Strongyloides
spp. (green) across
Bornean primates. Image
from Frias et al. 2017.

We also found relationships between parasitism and both primate biodiversity and
anthropogenic disturbance. The abundance of certain helminth parasites decreased with
increasing primate biodiversity, as well as in landscapes disturbed by humans (Fig 6).

Our comparative study we that threatened primates might have lower diversity of
parasites, confirming an earlier study with fewer data (Altizer et al. 2007). We also
show that generalist parasites might have a competitive advantage over specialist
parasites in threatened primates (Fig 6), which might reflect a risk to threatened
species because generalist parasites are more likely to emerge and cause disease

In conclusion, this study fills a key knowledge gap about primate—parasite communities
in Southeast Asia. We identified risk factors for parasitism and highlighted some
evolutionary relationships needing further study. This project also generated a
subsequent kakenhi grant (Kiban B #20H03333) to Andrew MacIntosh examining across
larger geographic scales the links between primate and parasite biodiversity.
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Image Credit: Liesbeth Frias, PhD thesis, Kyoto University, 2019. (Right) Intestinal parasite prevalence
species that infect many (Generalist parasites) versus single (Specialist parasites) host genera in

threatened and non—threatened primate hosts. Image from Frias and MacIntosh 2019, In: Behie et a/. (Eds.)
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