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Appendix S2. Summary of Artiodactyla species-habitat relationships in Indonesia

This summary was developed from 110 field-based research papers covering Artiodactyla in Indonesia and
Malaysian Borneo territories (Appendix S1). Each of the 20 species covered in this summary is presented
in alphabetical order based on its scientific name. The title for each species includes Scientific name/
English name — IUCN Red List status. The distribution range of each species provided here is the local
distribution within Indonesia and Malaysian Borneo, not the global distribution of the species. Superscript
numbers refer to the articles reviewed; list of the articles is presented in the reference at the end of this

document.

Axis kuhlii / Bawean deer — Critically Endangered

Distribution: Endemic to Bawean Island (~197 km?), Java

Number of papers: 2 *2

Geographical coverage: Bawean Island

Methodology: All studies used camera traps. Despite the statistical analysis performed, habitat use was

assessed descriptively.

Summary: The deer appeared to utilize forest edge or secondary forest more than primary but avoided

areas close to human settlement.



Group: Forest edge species

Potential bias: Considering its very small distribution range, these two studies seem adequate to assess
the species-habitat relationships. Strengthening the statistical approaches for future studies would greatly

improve previous research.

Babyrousa celebensis [ Sulawesi babirusa - Vulnerable

Distribution: Sulawesi Mainland

Number of papers: 2 3*

Geographical coverage: North Sulawesi

Methodology: Direct observation

Summary: The presence of saltlicks in natural lowland forest was important for the babirusa, indicated by

regular visits to saltlick. The babirusa was the most observed species visiting the saltlicks.

Group: Forest species, but it is unclear which group

Potential bias: Despite the common assumption that Sulawesi babirusa is a forest-dependent species®,
there are only two field-based studies. Those studies only cover two sites, all in North Sulawesi, while the
babirusa’s distribution is almost the entirety of Sulawesi. The studies were also designed for behavioural
observation and did not explicitly assess habitat selection. Therefore, our knowledge of this species’

habitat use is still limited, so more studies are warranted.

Babyrousa togeanensis [ Togean Islands babirusa - Endangered
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Distribution: Endemic Togean Islands, specifically Batudaka, Togean, Talatako, Malenge Islands (less than

600 km?; Sulawesi)

Number of papers: 1 °©

Geographical coverage: Togean Islands

Methodology: Mostly based on interview survey.

Summary: This babirusa was more often seen in agriculture and coastal regions.

Group: Generalist

Potential bias: There was only one published study of the species, based on an interview survey. The
suggestion that this babirusa was more often seen in agriculture was likely an observation bias because
locals spent more time in agriculture than in the forests, resulting in more sightings of babirusa in
agriculture. A recent study, not part of the literature list’, shows that this babirusa only occupied

agricultural areas when a large proportion of forests was available nearby.

Babyrousa babyrussa [/ Moluccan babirusa - Vulnerable

Distribution: Buru and Sula Islands (Maluku)

Number of papers: 0

Geographical coverage:

Methodology:

Summary:

Group:

11



Potential bias: None of the papers met our criteria for inclusion in the review. Available literature suggests
that this babirusa is forest species®, but given that there was no field-based assessment of the species,

that assumption needs field testing.

Bos javanicus [ Banteng - Endangered

Distribution: Java and Borneo

Number of papers: 16 (5 from Java °3, 11 Malaysia 1424,2 Kalimantan?2?°)

Geographical coverage: In Java, most research was conducted in East Java (Baluran and Alas Purwo

National Park); there was only one study from western Java (Ujung Kulon National Park). There was no

study conducted in other parts of Java. In Borneo, most research was from Malaysia.

Methodology: Fourteen studies used camera traps, distributed systematically, stratified, or selectively
justified. Two studies used indirect surveys and two direct surveys. Most studies employed statistical
analysis to infer habitat selection, e.g., occupancy modelling, multivariate, correlation, ANOVA, GLM, and

chi-squared test.

Summary: In Java, feeding ground (grassland) was an important habitat component for banteng. Banteng
tended to avoid disturbance and humans, including cattle. In Baluran National Park, occupancy was higher

in higher elevations.

In Borneo, forests were important for banteng, but degraded forests seem preferred, i.e., forest edge,
regenerated logged forests, and ex-logging roads. Banteng spent more time in younger secondary forests
than old-growth forests. Their association with lowland habitat was suggested to explain their persistence
to high anthropogenic pressure, i.e., lowlands experience higher human pressure. This was contrary to

banteng in Baluran National Park, where the occupancy is higher in higher elevations. However, the
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persistence of banteng in logged forests depended on the degree of disturbance caused by logging, i.e.,
areas logged with reduced impact logging were better than conventional logging, and regenerated forest

was better than recently logged forest.

Group: Forest edge species, particularly in Borneo. In Java it was likely generalist (utilize forest and

grassland)

Potential bias: One of the most well studied species. Most studies were well designed to assess habitat
selection and published within the last decade. Populations in Java, particularly outside the East Java

region, might need more exploration.

Bubalus depressicornis [ low-land anoa - Endangered

Distribution: Sulawesi Mainland

Number of papers: 3 >***/

Geographical coverage: two papers from North Sulawesi, one from Southeast Sulawesi

Methodology: Direct survey (line transect, concentration count). Two studies were demographic studies.

One study performed direct observation at a saltlick.

Summary: Forest loss was suggested to cause species’ population decline, but the studies did not

investigate habitat selection. The anoa frequently visited saltlicks at night.

Group: probably forest core species

Potential bias: This is among the least studied species. All studies used direct or indirect surveys and were
not designed to assess habitat selection or habitat quality. Expanding studies throughout the species

distribution range to evaluate habitat selection or habitat quality is encouraged.
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Bubalus quarlesi / mountain anoa - Endangered

Distribution: Sulawesi Mainland

Number of papers: 0

Geographical coverage:

Methodology:

Summary:

Group:

Potential bias: None of the papers met our criteria for inclusion in the review. The taxonomic status of this

species is still debated 8.

Bubalus spp. (B. depressicornis and B. quarlesi)/ anoas

Distribution: Sulawesi Mainland

Number of papers: 3 231

Geographical coverage: North, Southeast, and Central Sulawesi

Methodology: B. depressicornis and B. quarlesi were analysed at genus level due to difficulties in
identifying them. One paper used camera traps and employed N-mixture models, two papers used indirect

surveys, one used chi squared test, the other one descriptive.
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Summary: All papers recorded anoas in the forest. Anoas were more associated with highland forests to
avoid human activities in the lowlands. They were more abundant in large forest reserves, and density was

higher near forest edges in large reserves.

Group: either forest core or forest-no preference

Potential bias: Currently, it is unclear whether these two species share the same traits and habitats.
Therefore, describing species’ traits accurately can be challenging when combining two species with

potentially distinct traits, but see taxonomic status for B. quarlesi above.

Capricornis sumatraensis / Sumatran serow - Vulnerable

Distribution: Sumatra

Number of papers: 9 223273

Geographical coverage: Four provinces in Sumatra

Methodology: All studies were conducted in forests using camera traps; five were inventory studies.

Summary: Sumatran serow was associated with forests at high altitudes and required unfragmented

forests.

Group: Forest core species

Potential bias: There were more inventory studies than habitat selection studies.

Muntiacus atherodes [/ Bornean yellow muntjac — Near Threatened

Distribution: Borneo
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Number of papers: 13 (10 from Malaysia 2#4%*8, 3 Kalimantan 4°?)

Geographical coverage: Two studies from East Kalimantan, one from Central Kalimantan, and the rest from

Malaysia.

Methodology: All studies used camera traps, distributed systematically, randomly, or along specific
gradients. Habitat selections were analysed using occupancy modelling, GLM/ GLMM, correlation, and

multivariate.

Summary: This species was found in tropical forests, peat-swamp forests, and acacia plantations. Also
found in intact and secondary forests but more associated with intact forests and tended to occupy higher

altitudes.

Group: Forest core species

Potential bias: This is one of the well-studied species. Most papers were published within the last decade

and designed to assess habitat selection.

Muntiacus muntjac / Red muntjac — Least Concern

Distribution: Java, Sumatra, Borneo

Number of papers: 43 (10 from Java 10115258 4 Kalimantan %1596 7 Malaysia 435476163 22 Sumatra

32—35,37—39,64—78)

Geographical coverage: All studies in Kalimantan are from East Kalimantan. In Sumatra, research covers

seven provi nces.

Methodology: Thirty-five studies used camera traps, the remaining ones used direct and indirect surveys

(transect or exploratory) or a combination of inventory methods. Four studies also relied on interview
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surveys to gather information. Sixteen studies investigate species habitat selection, and the rest provide

information about its occurrence in some habitat types.

Summary: In Java, this species was found in both lowland and montane forests, tea plantations,
mangroves, and pine forests. According to one article it was only found in lowland forests, but this was
based on an interview survey. Muntjac was more abundant in undisturbed habitats, but in Ujung Kulon,

abundance was highest in secondary forests near cropland.

In Borneo, most studies recorded this muntjac in the forests, but one study also recorded it in oil palm
plantations. Many studies documented this species to have a high tolerance with disturbed forest, i.e.,

more abundant in degraded logged forests, equal among different forest conditions, or found near roads.

In Sumatra, muntjac was also documented to have a high tolerance to disturbance; abundance was either

higher in more disturbed than intact habitats or similar, even reported raiding crops.

Group: Forest-no preference

Potential bias: This is one of the well-studied species, although there were some different inferences about
species responses to degradation. About half of the studies were not designed to assess habitat selection
or quality, but the other half may compensate to infer species-habitat relationships. More studies might

be needed to spatially cover its distribution range in Kalimantan.

Muntiacus montanus [/ Sumatran muntjac — Data Deficient

Distribution: Sumatra

Number of papers: 0

Geographical coverage:
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Methodology:

Summary:

Group:

Potential bias: None of the papers met our criteria for inclusion in the review. This species could be the
same species as M. muntjac. IUCN Red List considers this a distinct species, but the Mammal Diversity

Database does not.

Muntiacus spp. (M. atherodes & M. muntjac)

Distribution: Borneo

Number of papers: 15 (4 from Kalimantan 2>7981 11 Malaysia 14182382789

Geographical coverage: Central and East Kalimantan, but mostly from Malaysia

Methodology: In Borneo, numerous studies combined M. muntjac and M. atherodes because these
sympatric species are often difficult to distinguish. Twelve studies used camera traps, one used transects,
and one identified the species by vocalization. Seven studies could only inform its occurrence in some

habitat types.

Summary: Some studies suggest that Muntiacus. spp. were associated with intact forests; others suggest
they could persist in degraded habitats. They were one of the most common artiodactyla in dipterocarp

forest.

Group: between forest core and forest-no preference.

Potential bias: Describing species’ traits accurately can be challenging when combining two species with

potentially distinct characteristics. These two species are morphologically different, but some experience
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is required to distinguish them. Therefore, when possible, identification should be made at the species

level.

Rusa timorensis [ Javan deer - Vulnerable

Distribution: Java and Bali (native); Komodo Islands, Sulawesi, Papua (introduced)

Number of papers: 10 (3 from Java 1%1%0 3 |esser Sunda 9193, 2 Papua °*%%, 2 Sulawesi %*%)

Geographical coverage: In Java from Baluran National Park, Yogyakarta (Introduced), and Bali. In Lesser

Sunda from Komodo National Park. In Sulawesi only from Bantimurung National Park, South Sulawesi. In

Papua from the western tip of the island.

Methodology: three studies used camera traps, three used transect, two indirect, and one based on

interview survey. Four papers can only provide information about the species’ occurrence.

Summary: In areas where Javan deer are abundant, whether in native or introduced regions, it appears as
if they could persist in various forest types, including primary, secondary, plantation, and mangroves. In
areas where they were hunted (Papua), the abundance was higher in areas farther from villages. In
Baluran, deer tended to avoid free-ranging cattle by becoming more nocturnal. In response to competition
with buffalo in Komodo Islands, they used savannah and grassland less often and used a broader elevation

range.

Group: generalist, but tend to avoid disturbance or competition

Potential bias: Publications covering its native distribution were only from Baluran (East Java) and Bali

Barat National Park.
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Rusa unicolor [/ Sambar - Vulnerable

Distribution: Sumatra, Borneo

Number of papers: 48 (9 from Kalimantan 2549-51596079-81" 23  Malaysia 1417-19,23.2440,42,44~

48,62,63,82,83,85,86,88,89,98,99 32-35,37,39,64,66,68,70,72-75,77,78
, 16 Sumatra )

Geographical coverage: Seven provinces in Sumatra, East and Central Kalimantan, and Malaysian Borneo

Methodology: Thirty-six studies used camera traps, seven used direct survey, and seven indirect survey.

Several studies used a combination of data collection methods.

Summary: Typically, sambar was less abundant than other artiodactyla in the area. Most studies indicated
that this deer was restricted to extensive forest environments but could take advantage of disturbance,
such as logged over areas and forest edges. One study suggested that sambar was more sensitive to forest

edge in logged forests.

Group: forest-no preference

Potential bias: This was one of the most studied species and there were not many discrepancies among

papers.

Sus barbatus / Bearded pig - Vulnerable

Distribution: Sumatra & Borneo

Number of papers: 47 (10 from Kalimantan 25,49—51,59,60,79—81,100' 30 MalaySia 14,17-19,23,24,40,41,43-48,61-63,82—

89,99,101-104 36,38,66,68,75,76,100
, 8 Sumatra )

Geographical coverage: East and Central Kalimantan, Malaysian Borneo, four provinces in Sumatra
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Methodology: Fourty-one studies used camera traps, eight direct surveys, four indirect.

Summary: Bearded pigs were reported to use various types of landcover, including old growth forest,
logged forest, oil palm plantation, and acacia plantation. However, several studies indicated the
importance of forest to the species, and that their range contracted following deforestation. One study
reported they were more abundant in plantations, but probably because sampling sites were mostly in
plantations. The bearded pig was among the most common artiodactyla in some studies but was also

reported to be among the rarest.

Group: generalist, but highly associated with forest

Potential bias: This is one of the most studied species, and most studies were also designed to assess

habitat selection.

Sus celebensis [ Sulawesi warty pig — Near Threatened

Distribution: Sulawesi (native); Nias Islands-Sumatra, Lesser Sunda, Maluku (introduced)

Number of papers: 7 from Sulawesi 327:30:96:97,105,106

Geographical coverage: North, Southeast, and South Sulawesi. No study from its introduced range.

Methodology: Two studies used camera traps, three direct surveys, one indirect survey, and one interview
survey. Three studies can only give information about the occurrence of the species. Habitat use was

evaluated by comparing abundance among habitats.

Summary: This species was detected in natural, karst, secondary, riparian, and bamboo forests. It was
suggested that it could tolerate some degree of disturbance but was more abundant in a large reserve. It

tended to avoid babirusa when visiting saltlick.
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Group: Forest-no preference or generalist

Potential bias: There was only one study assessing habitat selection.

Sus scrofa [ Wild boar — Least Concern

Distribution: Java and Sumatra (native); Papua, Komodo Islands (introduced)

Number of papers: 31 (6 from Java 10°3545758 1 |esser Sunda °!, 1 Papua %, 23 Sumatra 3273%37-39,64,66-

78,107, 108)

Geographical coverage: Lesser Sunda only from Komodo National Park. In Papua at a mangrove concession

area. In Java, four from West Java, one from East Java (Baluran National Park), and one from Merapi

National Park

Methodology: Twenty-two studies used camera traps, the rest were direct, indirect, interview, or a

combination of methods. Twenty papers were inventory studies.

Summary: Wild boar was found in various types of landcover, including closed and open canopy forests,
forest plantations, riparian, montane forests, and mangroves. Documented as one of the most common
crop raiders. Some studies suggested that wild boars were more common in degraded areas, but it was
reported they were less abundant near human settlements. Other studies suggested they were equally
abundant in intact and degraded (or edge) habitats. In some places, it was documented as among the

most abundant artiodactyla.

Group: Generalist, but many studies associate it with forests

Potential bias: Two-thirds of the studies were not designed to assess habitat selection or quality.
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Sus verucosus [ Javan warty pig - Endangered

Distribution: Java mainland and Bawean Island

Number of papers: 4 11097111

Geographical coverage: Two studies from Bawean Island-Java, the other two studies cover the entire area

of Java

Methodology: Two studies in Bawean used camera traps and occupancy modeling, two other studies

throughout Java were interview surveys.

Summary: This pig was documented to be more abundant in ecotone and areas with wallowing site
availability. An interview study suggested that declining teak plantations caused the species’ population

decline throughout Java.

Group: Forest edge species (in Bawean)

Potential bias: Studies on Bawean Island were probably adequate to assess the pig-habitat relationships
on that island. Populations in Java mainland require more habitat selection or quality research to support

the previous interview studies.

Tragulus javanicus [ Javan mousedeer — Data Deficient

Distribution: Java

Number of papers: 3 >2°6112

Geographical coverage: Ujung Kulon National Park, Halimun Salak National Park, and Sempu Island

23



Methodology: One study used a combination of camera traps and direct survey. Two studies used direct
surveys (nonsystematic), and one study relied on information from locals. All articles were inventory

studies.

Summary: The species was recorded in forest areas and tea plantations up to 1100 m asl. One paper

recorded this mousedeer in Sempu Island.

Group: probably forest species or generalist

Potential bias: Known to be distributed throughout Java, this species needs more study throughout the

island to cover its distribution range spatially.

Tragulus kanchil [/ Lesser mousedeer — Least Concern

Distribution: Sumatra, Borneo

Number of papers: 22 (3 from Kalimantan #°°1%, 8 Malaysia 17:4>46:61,6285113,114 '11 Sumatra 32-3566,68,69,72,75~

77)

Geographical coverage: East and Central Kalimantan, Malaysian Borneo, five provinces in Sumatra

Methodology: Seventeen studies used camera traps, five used direct survey. Sixteen studies were

inventory.

Summary: Lesser mousedeer was recorded in primary, secondary, and peat swamp forests. Some studies
suggested they were more associated with intact forests, but others suggested they can tolerate or even
prefer degraded forests. At site level, it was recorded that they prefer gaps dominated by bamboo for

foraging and dense areas for resting in the forests.

Group: Either forest core or forest-no preference
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Potential bias: There were discrepancies among papers regarding habitat preferences.

Tragulus napu [ Greater mousedeer — Least Concern

Distribution: Sumatra, Borneo

Number of papers: 19 (5 from Kalimantan 41596081 ‘g \alaysia 17404345-47,6162113 "5 g matrg 3%3566,7576)

Geographical coverage: In Kalimantan, mostly from East Kalimantan (one from Central Kalimantan). In

Sumatra from four provinces

Methodology: Sixteen studies used camera traps and four used direct surveys. Thirteen papers were

inventory studies.

Summary: Greater mousedeer was recorded in primary, secondary, peat swamp, karst, and beach forests.
It was recorded in areas up to 600 m asl. Some studies indicated they were more associated with intact
forests, while others suggested they could tolerate or preferred degraded areas. It has been documented

that this mousedeer was more crepuscular and active both day and night.

Group: Either forest core or forest-no preference

Potential bias: There were discrepancies among papers regarding habitat preferences.

Tragulus spp. (T. kanchil & T. napu)/ Mousedeer

Distribution: Sumatra, Borneo
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Number of papers: 27 (4 from Kalimantan 297980 Malaysia 15 141819.23,24,41,42,48,63,82,8486-85 '@ g matrg 37~

39,71,73,74,78,107)

Geographical coverage: East and Central Kalimantan, four provinces in Sumatra

Methodology: Many papers analyzed these two mousedeer at the genus level because of difficulties in
distinguishing them, although they are two distinct species. Eighteen studies used camera traps, three

direct surveys, one indirect.

Summary: Mousedeer were among the most common artiodactyla recorded. Some studies indicated that
they were more associated with intact forests, while others suggested they could tolerate or even prefer

degraded areas. Occupancy was higher at lower altitudes.

Group: Either forest core or forest no preference

Potential bias: There were discrepancies among papers regarding habitat preferences. Describing species

traits accurately can be challenging when combining two species with potentially distinct characteristics.
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