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SUMMARY

Kalimantan’s wealth of biodiversity is currently threatened by a number of human activities,
including habitat loss and degradation, and direct species harvesting. Kerangas forest, such as
that found in areas of the Bawan Forest, Central Kalimantan, is particularly easily degraded
through logging and fire, and has received very little scientific attention. The Bawan Forest is
currently designated as “Production Forest” (Hutan Produksi) and the village community are
keen to protect their forest, to avoid degradation and potential loss of this important local
resource. Thus, with the support of the Bawan Camat and CIMTROP-University of Palangka
Raya, from July-September 2010 we conducted a preliminary survey of Bawan Forest to
provide an initial description of the forest’s biodiversity and its importance for conservation,
in order to support locally-led forest protection initiatives. The research team was comprised
of Bawan villagers, CIMTROP research staff and assistants, and foreign researchers and
volunteers.

Four main habitat types exist close to the research camp: high-quality kerangas forest closest
to camp and interspersed with areas of burnt forest, followed by a narrow band of tall mixed
peat-swamp forest and an apparently extensive block of low-pole peat-swamp forest to the
east. Crude measurements indicate that peat depth increases along this gradient, and
preliminary data indicate tree size is largest in the kerangas forest.

Bawan Forest supports a high diversity of fauna: a total 15 mammal, 131 bird, 11 reptile, 17
amphibian and 13 Nymphalidae butterfly species were recorded in the area. These numbers
will all be under-estimates of the true diversity, due to our limited survey period, resources
and area coverage. The species found include four globally threatened species of mammal
(Bornean orang-utan, southern gibbon, marbled cat and bearded pig), one bird (Wallace’s
hawk eagle) and one reptile (spiny hill turtle). A total eight mammal, 26 bird and one reptile
species found in Bawan Forest are legally protected in Indonesia. Eight mammal species, one
bird and one reptile are protected under CITES, which prohibits/restricts international trade.
Three primate, one bird, three reptile and potentially three amphibian species are endemic to
Borneo (i.e. found nowhere else on Earth). Thus, considering the large size of the forest and
fact that all of the species lists presented in this report will be incomplete, Bawan Forest is
likely to be an important area for biodiversity conservation, both locally and globally.

Orang-utan population density in the kerangas and mixed-swamp habitats was similar to that
in other lowland forests in Kalimantan (2.15 animals / km2), indicating a healthy population.
These orang-utans are potentially part of a much larger population in between the Kahayan
and Kapuas Rivers, implying that this forest supports a globally significant orang-utan
population. Gibbon population density in the kerangas and mixed peat-swamp habitats was
high, with an estimated density of 28.5 gibbons / km2. This high kerangas/mixed-swamp
density may be due to population compression, with gibbons being forced into the narrow
band of mixed-swamp and kerangas forest between the (newly) burnt area and unsuitable
low-pole forest. No orang-utans or gibbons were detected in the low-pole or burnt forest.
Both of these Bawan ape populations remain vulnerable to hunting and further forest loss.

Preliminary assessments indicate that Bawan Forest and its rich biodiversity is threatened by
fire, conversion and habitat degradation, wildlife hunting, illegal logging and potentially
mining. Based on this, plus the results of our biodiversity surveys, we put forward five
recommendations for forest management and five recommendations for future research in the
area.



ii

RINGKASAN

Kekayaan keanekaragaman hayati Kalimantan saat ini terancam oleh sejumlah aktivitas
manusia, termasuk hilangnya habitat dan degradasi, dan pengambilan spesies secara
langsung. Hutan kerangas, seperti yang ditemukan di daerah hutan Bawan, Kalimantan
Tengah, sangat mudah terdegradasi melalui penebangan dan kebakaran, dan telah menerima
perhatian ilmiah yang sangat sedikit. Saat ini, hutan Bawan ditetapkan sebagai “Hutan
Produksi” dan masyarakat desa tertarik untuk melindungi hutan mereka, untuk menghindari
degradasi dan potensi kerugian sumber daya lokal yang penting ini. Sehingga, dengan
dukungan dari Camat Bawan dan CIMTROP-Universitas Palangka Raya, dari Juli-September
2010 kami melakukan survei awal di Hutan Bawan untuk memberikan deskripsi awal dari
keanekaragaman hayati hutan dan pentingnya konservasi, dalam rangka untuk mendukung
memimpin secara lokal inisiatif hutan lindung. Tim peneliti ini terdiri dari penduduk desa
Bawan, staf peneliti dan asisten CIMTROP, peneliti asing dan relawan.

Empat tipe habitat utama yang ada dekat dengan kamp penelitian: hutan kerangas yang
berkualitas tinggi terdekat ke kamp dan diselingi dengan kawasan hutan terbakar, diikuti oleh
pita (batas-batas) sempit dari hutan rawa gambut tinggi campuran (tall mixed peat-swamp
forest), dan blok yang tampak luas dari hutan rawa gambut rendah (low-pole peat-swamp
forest) ke arah timur. Pengukuran mentah menunjukkan bahwa kedalaman gambut meningkat
seiring gradien ini, dan data awal yang diperoleh menunjukkan ukuran pohon terbesar berada
pada hutan kerangas.

Hutan Bawan mendukung keragaman dari satwa: dari total 15 spesies mamalia, 131 spesies
burung, 11 spesies reptil, 17 spesies amphibi, dan 13 spesies kupu-kupu Nymphalidae telah
terekam di daerah ini. Angka-angka ini semua akan berada di bawah perkiraan dari
keragaman sejati, karena periode survei, sumber daya dan area cakupan kami yang terbatas.
Spesies yang ditemukan adalah yang termasuk empat spesies mamalia terancam secara global
(orang utan Borneo, owa-owa selatan/southern gibbon, kucing marmer/marbled cat dan babi
hutan), salah satu burung (elang Wallace) dan satu reptil (kura-kura berduri bukit/spiny hill
turtle). Sebanyak delapan spesies mamalia, 26 spesies burung dan satu spesies spesies reptil
yang ditemukan di Hutan Bawan dilindungi secara hukum di Indonesia. Delapan spesies
mamalia, satu spesies burung dan satu spesies reptil dilindungi oleh CITES, yang
melarang/membatasi perdagangan internasional. Tiga spesies primata, satu spesies burung,
tiga spesies reptil dan tiga spesies amfibi berpotensi endemik Borneo (tidak ditemukan di
tempat lain di Bumi). Jadi, mengingat ukuran besar hutan ini dan fakta bahwa semua daftar
spesies yang disajikan dalam laporan ini belum lengkap, Hutan Bawan kemungkinan menjadi
bidang yang penting untuk konservasi keanekaragaman hayati, baik lokal maupun global.

Kepadatan populasi orang utan di hutan kerangas dan habitat hutan rawa campuran adalah
serupa dengan yang ada di hutan dataran rendah lainnya di Kalimantan (2.15 hewan/km2),
menunjukkan populasi yang sehat. Orang utan di areal ini berpotensi bagian dari populasi
yang jauh lebih besar di antara Sungai Kahayan dan Sungai Kapuas, mengimplikasikan
bahwa hutan ini mendukung populasi orang utan yang signifikan secara global. Keragaman
populasi owa-owa di hutan kerangas dan hutan rawa gambut campuran tinggi, dengan
keragaman perkiraan 28,5 owa-owa/km2. Tingginya keragaman di areal ini mungkin
disebabkan oleh tekanan populasi, dengan owa-owa dipaksa ke dalam pita (batas-batas)
sempit hutan rawa campuran dan hutan kerangas antara daerah (baru) terbakar dan hutan
tegakan rendah yang tidak cocok. Tidak ada orang utan atau owa-owa yang terdeteksi di
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hutan tegakan rendah atau hutan terbakar. Kedua populasi kera di Bawan ini tetap rentan
terhadap perburuan dan kehilangan hutan lebih lanjut.

Penilaian awal menunjukkan bahwa Hutan Bawan dan keanekaragaman hayati yang kaya ini
terancam oleh degradasi dan kebakaran hutan, konversi habitat, perburuan satwa liar,
penebangan liar dan berpotensi pertambangan. Berdasarkan ini, ditambah hasil survei
keanekaragaman hayati kami, maka kami mengajukan lima rekomendasi untuk pengelolaan
hutan dan lima rekomendasi untuk penelitian masa depan di daerah tersebut.
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RECOMMENDATIONS

Based on our initial surveys of the area, we put forward the following recommendations for
future management of and research in Bawan Forest.

Management
1. Oppose any plans to convert or open up Bawan Forest to oil palm, logging, mining or

other destructive forest concessions, on the grounds of biodiversity conservation and
intrinsic forest value to the local community. Preventing intrusion into and destruction of
the forest through concessions is particularly important while more complete information
is being gathered, in order to enable a more thorough assessment of the forest’s
biological, economic and social value.

2. Explore options for protection of the forest, both formally as a protected area and through
other mechanisms. Discussions at a village level are particularly important, in order to
review potentially acceptable solutions for the village.

3. Begin/maintain dialogue with relevant regional government departments regarding the
above.

4. Work with the local community of Bawan Village to initiate a participatory forest
management system, including developing sustainable harvesting methods of plants and
wildlife.

5. Maintain the existing research camp and forest transects, and support the further research
activities outlined below.

Research

6. Complete a more detailed assessment of the value of Bawan Forest for biodiversity
conservation, in particular through:

a. Producing a detailed map of the distribution and coverage of different habitat
types in the area.

b. Producing a full floral species inventory and detailed data on forest structure in
each major habitat type. This will involve establishing many more tree plots in the
area.

c. Further sampling of forest fauna, in order to provide more complete species lists.
Camera traps are likely to be particularly useful in this regard, as they enable more
cryptic species, such as cats, to be detected.

d. Further orang-utan density surveys, in order to determine nest degradation rate in
the area to improve the accuracy of density estimates; obtain density estimates in
all different habitat types in the area; and enable assessment of changes in density
over time and in relation to the baselines established during the current study.

e. Further gibbon density surveys for the reasons stated above, and in particular to
establish whether the high densities observed during this study are sustainable, or
the result of population compression.

f. Population density surveys for other key fauna species in the area; e.g., cats.

7. Identifying species of flora and fauna of significant local cultural or economic
importance, in particular medicinal plants.
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8. Put in place systems for monitoring changes in the above over time, and in relation to
changes in disturbance levels and protection in the area. This is essential for establishing
the impacts of human disturbance and conservation initiatives on the forest’s biodiversity.

9. Provide a more complete assessment of the threats to the forest, its biodiversity, and the
economic and social benefits derived from the forest by local communities.

10. In light of the above and management recommendation (2), research the feasibility of,
and potential benefits to be accrued from, different potential options for area, including
scientific research, eco-tourism, forest restoration and forest-carbon initiatives. This
includes both field and library research, in addition to researching local opinions and
preferences.
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REKOMENDASI

Didasari dari survei awal kami pada areal ini, kami mengajukan rekomendasi berikut ini
untuk manajemen kedepan dan penelitian di Hutan Bawan.

Manajemen
11. Menentang rencana untuk mengkonversi atau membuka Hutan Bawan untuk keperluan

perkebunan sawit, penebangan, penambangan atau konsesi hutan destruktif, dengan
alasan konservasi keanekaragaman hayati dan nilai intrinsik hutan kepada masyarakat
lokal. Mencegah gangguan dan perusakan hutan melalui konsesi adalah sangat penting
sedangkan informasi yang lebih lengkap sedang dikumpulkan, dalam rangka untuk
memungkinkan sebuah penilaian yang lebih lengkap dari biologi hutan, ekonomi dan nilai
sosial.

12. Jelajahi pilihan untuk perlindungan hutan, baik secara formal sebagai kawasan lindung
dan juga melalui mekanisme lain. Diskusi di tingkat desa sangat penting, dalam rangka
untuk meninjau solusi berpotensi yang diterima untuk penduduk desa.

13. Mulai/memelihara dialog dengan departemen pemerintah daerah terkait yang relevan
dengan hal di atas.

14. Bekerja dengan masyarakat lokal di Desa Bawan untuk memulai sebuah sistem
pengelolaan hutan partisipatif, termasuk mengembangkan metode pemanenan tumbuhan
dan satwa liar berkelanjutan.

15. Menjaga dan memelihara kamp penelitian yang ada dan transek hutan, dan mendukung
kegiatan penelitian lebih lanjut yang diuraikan di bawah ini.

Penelitian

16. Melengkapi penilaian yang lebih rinci dari nilai Hutan Bawan untuk konservasi
keanekaragaman hayati, khususnya melalui:

a. Memproduksi peta rinci dari distribusi dan cakupan dari jenis habitat yang
berbeda di daerah tersebut.

b. Memproduksi inventarisasi penuh spesies tumbuhan dan data rinci dari struktur
hutan dalam setiap tipe hutan utama.

c. Pengambilan sampel fauna hutan lebih lanjut, dalam rangka memberikan daftar
spesies yang lebih lengkap. Perangkap kamera cenderung sangat berguna dalam
hal ini, karena memungkinkan lebih banyak spesies samar, seperti kucing hutan,
untuk dideteksi.

d. Survei kepadatan orang utan lebih lanjut, dalam rangka untuk menentukan tingkat
degradasi sarang di daerah tersebut untuk meningkatkan akurasi estimasi
kepadatan; mendapatkan perkiraan kepadatan di semua jenis habitat yang berbeda
di daerah tersebut, dan memungkinkan penilaian perubahan kepadatan dari waktu
ke waktu dan dalam kaitannya dengan dasar yang didirikan selama penelitian ini.

e. Survei kepadatan owa-owa lebih lanjut karena alasan-alasan tersebut di atas, dan
khususnya untuk menentukan apakah kepadatan tinggi diamati selama penelitian
ini adalah berkelanjutan, atau hasil kompresi populasi.

f. Survei kepadatan untuk spesies fauna yang penting untuk konservasi di areal ini;
misalnya kucing hutan.
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17. Mengidentifikasi spesies dari flora dan fauna yang signifikan dengan kultur lokal atau
kepentingan ekonomi, khususnya tanaman obat-obatan.

18. Dimasukkan ke dalam sistem tempat untuk memantau perubahan dalam ekosistem dari
waktu ke waktu, dan dalam kaitannya dengan perubahan dalam tingkat gangguan dan
perlindungan di daerah tersebut. Hal ini penting untuk membangun dampak dari
gangguan manusia dan inisiatif konservasi keanekaragaman hayati.

19. Memberikan penilaian yang lebih lengkap tentang ancaman terhadap hutan,
keanekaragaman hayati, dan manfaat ekonomi dan sosial yang berasal dari hutan oleh
masyarakat lokal.

20. Berdasarkan hal di atas dan manajemen rekomendasi (2), lakukan penelitian kelayakan,
dan menilai keuntungan potensial yang akan ditimbulkan dari, pilihan potensial yang
berbeda untuk daerah, termasuk penelitian ilmiah, eko-pariwisata, restorasi hutan dan
inisiatif karbon. Ini mencakup lapangan dan penelitian perpustakaan, di samping untuk
meneliti pendapat lokal dan preferensi.
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INTRODUCTION

Background Information

The island of Borneo – Kalimantan, Sabah, Sarawak and Brunei – covers less than
0.2% of the earth’s land surface (743,330 km2), yet houses a wealth of biodiversity,
including up to 15,000 species of flowering plants, 3,000 species of tree, 222 species
of mammal and 420 species of resident birds [1]. This represents 4% of the world’s
plant species, and 5% of its birds and mammals [1]. Borneo is also home to 13 non-
human primate species, eight of which are endemic (i.e., are found nowhere else on
earth [2, 3]). This wealth of biodiversity in Borneo includes the large majority
(54,000; 89%) of the world’s remaining orang-utans (Pongo spp. [4]; the Bornean
species P. pygmaeus is endemic to the island), the endemic Bornean southern gibbon
(Hylobates albibarbis) and the endemic proboscis monkey (Nasalis larvatus).
Conservation of biodiversity in Borneo is therefore crucial for global biodiversity
conservation.

Borneo’s biodiversity is facing severe threats and, consequently, the rate of
biodiversity loss in Borneo is among the highest in the world. Much of this
biodiversity loss is due to forest destruction: Borneo is currently losing more than
500,000 ha of forest each year; one of the highest rates of forest loss in the world [5].
The habitats most threatened by forest loss are those in the more accessible lowlands,
where species richness is greatest [1]. This threatens even the most well-known of
Borneo’s wildlife. For example, it has been estimated that, of the Bornean orang-utan
population at the beginning of the twentieth century, no more than 7% survived until
the turn of the millennium [6]. The continuing rapid loss of forest to the expanding
oil-palm industry is a particularly severe threat to Borneo’s biodiversity, and
especially to orang-utans [4, 7, 8].

Further threats include habitat degradation and fragmentation, and hunting [1, 4, 6].
The spectacular, slow-moving and easy-to-locate orang-utan has long been the target
of hunters. Before the arrival of Homo sapiens in the region, orang-utans inhabited the
forests spanning the breadth of mainland South-east Asia and up into China, and the
global population may have numbered two million or more [6]. These populations
were rendered extinct by the sophisticated and highly-effective hunting techniques of
modern humans, leaving only remnant populations in the inaccessible jungles of
Sumatra and Borneo [6]. Orang-utans are particularly vulnerable to population
declines and extinction because of their slow reproduction rate: female orang-utans
don’t breed until they are around 15 years old and only give birth to a single infant
once every 6-9 years [9]. This means that even very low increases in the natural
mortality rate due to hunting or other disturbances can have catastrophic effects on
populations [10, 11]. Gibbons are similarly at risk throughout their range in Borneo,
as a result of habitat loss and degradation, and hunting for the pet trade [12-15].

Of the different forest types found in Borneo, kerangas (heath) forest – which appears
to cover large areas in Bawan – is particularly easily degraded through logging and
burning, after which it reverts to an open “padang” savannah of shrubs, scattered
trees, grass and sedge, which appears unable to regenerate into kerangas forest [16],
except possibly over very long time frames [1]. As a result of these threats, much of
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Borneo’s unique biodiversity is now at risk of extinction, including flagship species
such as the orang-utan and gibbon.

Aims

Our ultimate aim is to support locally-led forest protection initiatives in the Bawan
Forest through provision of scientific data, raising the area’s profile and local capacity
building. We believe this aim to be important, in light of the fact that the forest at
Bawan Forest is currently designated as Production Forest (Hutan Produksi), the
desire of the Bawan community to protect their forest, and because to date there has
been no intensive/sustained biological research in Bawan Forest, or description of its
conservation importance.

Thus, our aim during this preliminary survey of the area was to provide an initial
description of the forest’s biodiversity and its importance for conservation, in order to
assess the forest’s biodiversity value, enhance protection and evaluate whether
further research in the area is likely to be beneficial.
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METHODS

Site Description

Bawan Village is located along the River Kahayan ca. 65 km north of Palangka Raya,
the capital of the Indonesian province of Central Kalimantan (Figures 1 and 2). The
forest starts about 10 km east of the village; the area in between the forest and village
was previously forested, but was logged and has since suffered repeated burns (Figure
3). Most of this area is now fern re-growth or karet (rubber) plantations (Figure 4).

Figure 1. Location of Bawan in Central Kalimantan. The red box illustrates the area
in which the majority of our research was conducted.
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Figure 2. Satellite image of Bawan Village and Forest. The entire Bawan Forest extends from near Palangka Raya in the south, to the Kapuas
River in the east and north, and the Kahayan River in the west. Green areas are forest and white areas are cleared/burnt.

Bawan Village
Bawan Forest Camp
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Figure 3. Burnt forest in between Bawan Village and the forest research camp.

Figure 4. Rubber plantations and fern vegetation in between Bawan Village and the
research camp. Prior to logging, burning and planting, this area would have supported
high-quality, biodiverse kerangas forest similar to that near the research camp.
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A research camp consisting of a basic pondok (hut) was built previously in Bawan
Forest by CIMTROP (Figure 5). This pondok lay on the border of an area of burnt
forest and intact primary forest, and is within walking distance of peat, kerangas and
burnt areas of forest. Before beginning our research in the area, we renovated and
extended this original pondok to accommodate the research team (Figure 6). These
infrastructure improvements have remained in place post-expedition, and will greatly
facilitate any future research in the area by our team and/or others.

Figure 5. The original pondok on the forest edge at Bawan. This picture was taken
during our reconnaissance trip to the area in June 2010. The pondok has since been
repaired and extended (see next figure).
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Figure 6. The renovated and extended pondok and research team. In addition to
renovating the existing pondok, extensions were made to provide extra
accommodation; and a toiler/washing block, kitchen and dining area constructed.

Field Methods

The expedition started at the beginning of July 2010 and continued until early
September 2010. A mixed team of Indonesian and foreign researchers took part in the
expedition, including a number of Bawan villagers (see Appendix for full list of
personnel). A number of transects were cut through the forest, to provide access to
different areas and along which surveys were conducted (Figure 7). Two main
transects were established leading from camp to different areas of forest (heading east
and north), off which other transects branched. A grid-like transect system was then
established in the area of forest closest to camp. All transects were measured and the
distance along transects indicated by fixing luminous plastic tape at 50-m intervals.
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Figure 7. Map of the transect system established near to the Bawan research camp
(not to scale).

Peat depth
A very preliminary assessment of peat depth was made by inserting a 2 m-long stick
into the ground and measuring the distance along the stick that was black; i.e., was
covered in peat. Sandy soils did not leave such a mark. Although crude, this method
gave a very rough indication of peat depth. All peat-depth measurements were made
along Transect A. Five depth measurements were taken at each point: in the middle,
and 1 and 2 m either side, of the transect.

Mammals
Twelve Cuddeback Capture cameras were placed in pairs and were left active for 32
days. The cameras were all spaced at least than 500 m apart to cover more area.

All mammal species sighted or heard during the course of other fieldwork and life at
camp were also recorded. Species identifications were confirmed with the aid of
photographs taken in the field and using a guide book for the region [17]. Because of
the limited period of sampling in the area, particularly the limited period for camera
trapping, and our inability to conduct surveys at night, the species lists presented for
mammals in the area are preliminary and likely to be far from complete.

Birds
Bird species were identified by an experienced ornithologist (D. A. Ehlers Smith)
during nine days in August 2010. Sightings were compiled through a combination of
forest walks and point observations distributed throughout the different habitat types
in the area, and opportunistic sightings at the forest camp. Identifications were
verified where necessary using appropriate guide books for the region [18, 19].
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Amphibians and Reptiles
Amphibians were surveyed mostly at night, in reflection of the fact that most
amphibians are active primarily at. A variety of methods were trialled – including
visual encounter surveys along transects, 10 m2 quadrats placed in streams, and pitfall
and funnel traps. Visual encounter surveys were found to be by far the most effective
method, in terms of both the abundance and diversity of amphibians encountered.
Visual encounter surveys for amphibians were performed over a total 37 nights and
nine days, with each survey covering 500 m of transect. Amphibians encountered
were caught by hand, photographed and identified using an appropriate guidebook for
the region [20] and the Frogs of Borneo website (www.frogsofborneo.com).

Reptile species encountered during the course of all research and life at camp were
recorded, but, due primarily to limited observer identification abilities, all reptile
species encountered were not recorded and identified. The reptile species list for the
area is consequently very preliminary and incomplete.

Butterflies
Butterflies were captured using fruit-baited Blendon traps (Figure 8). These traps
target fruit-feeding nymphalid butterflies, which represent ca. 75% of the nymphalid
butterflies found in Borneo [21]. Nine traps were opened for 30 days in July and
August 2010. Traps were baited using two heaped teaspoons of banana bait mixture,
which consisted of homogenised rotting bananas, two spoons of sugar and alcohol.
Traps were checked and emptied daily between 0830 and 1230h. At each checking,
the old bait was removed and fresh bait was placed in the dish. Butterflies caught in
the trap were removed by hand, photographed, measured, marked with a unique
number using a marker pen, identified and then released.

Figure 8. Open and baited butterfly trap in Bawan.
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Moths
Light-trapping methods and banana-baited canopy traps were used to survey moths in
the area. A small generator was used to power a 500 W halogen lamp, which was
shone onto a white sheet at night, between 1900 and 1945h. Light-trapping methods
such as this are widely used and are effective at attracting moths. Canopy trap
methods followed those described above for butterflies.

Orang-utan density
Obtaining sightings of live orang-utans is notoriously difficult, and so standard orang-
utan census techniques, based on nest counts along transects [22, 23] were used to
assess orang-utan population density. Orang-utans make a new nest each night for
sleeping and sometimes another nest during the day for feeding or resting (Figure 9).
Thus, orang-utan nest density is a suitable indicator of abundance that can be
compared between sites and to monitor trends over time [24, 25]. Orang-utan nests
were surveyed along 9.7 km of transects passing through the dominant kerangas and
mixed peat-swamp habitats.

Figure 9. Orang-utan nest. Orang-utans construct these nests each night to form a safe
sleeping platform.

By measuring the perpendicular distance from the transect to the nest, orang-utan nest
density was estimated using the computer programme DISTANCE [26]. This
programme is used to model the probability of detection as a function of observed
distances from the transect, in order to estimate the effective strip width. The data
were truncated at 35 m from the transect line, and we applied a number of different
models using Akaike’s Information Criterion (AIC) to select the model providing the
best fit. In this case, a uniform curve with one simple polynomial adjustment was
chosen, with an effective strip width (w) of 23 m either side of the line.
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Nest density (DN) was then converted to orang-utan density (DOU) using the formula:

DOU = DN / ( p x r x t )

where: p = proportion of nest-builders in the population, r = number of nests built per
day per individual, and t = nest decay time in days. Site-specific estimation of these
parameters is beyond the scope of this project and, thus, values estimated elsewhere
were used [24]. These are: p = 0.89; r = 1.16 and t = 312 (a mean of a dryland forest
value of 259 days and a peatland value of 365 days, reflecting the mosaic nature of
this habitat.) A standard correction factor of 1.475 was applied to the result to reflect
errors inherent in the survey method [24].

Gibbon density
As for orang-utans, obtaining gibbon population estimates from actual sighting of live
animals is generally impractical. Gibbon density was therefore estimated using fixed-
point counts based on auditory sampling of morning singing bouts (Brockelman and
Ali, 1987), at three distinct survey sites within the research area. Density estimates
were obtained using the following formula [27]:

D = n / [p(m) x E]

where n is the number of groups heard in an area, as determined by mapping of group
positions; p(m) is the estimated proportion of groups expected to sing during a sample
period of m days; and E is the effective listening area. The correction factor p(m) is
determined using the formula p(m) = 1 – [1- p(1)]m, with p(1) being the singing
probability for any given day, and m being the number of survey days. The effective
listening area was calculated using a fixed radius of 1 km around each listening post,
and will be defined as the area in which at least two of the listening posts could hear
gibbons singing. Surveys were conducted over at least four days, as this is the
minimum recommended sample size to hear all groups in an area [28].

Flora
Four tree plots were established in the area, each measuring 10 x 200 m. Within each
plot, all trees exceeding 10 cm diameter at breast height (dbh) were given a metal tag
with a unique number. The dbh and basal circumference of each tree in the plots was
measured. Species identifications have yet to be performed, as no suitably-qualified
botanist was available at the time. Because the total plot area, and particularly the plot
area in each habitat type, was small and identifications have not yet been performed,
the data presented here should be treated as preliminary.
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RESULTS

Peat Depth

Approximate peat depth, measured along Transect A and heading 2 km east from
camp, is illustrated in Figure 10. The minimum peat depth recorded was 0 cm and the
maximum depth was 190 cm. Peat depth generally increases further from camp. It is
likely that peat depth continues to increase after 2 km towards the centre of the peat
area, but (a) we did not have resources to continue measurements beyond 2 km during
this expedition and (b) we do not yet know the full extent of the peat area in Bawan.
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Figure 10. Mean peat depth recorded at intervals along Transect A heading east from
the research camp.

Mammal Diversity

A total 15 mammal species were recorded in the area (Table 1). This included two
species listed as Endangered by the IUCN (Bornean orang-utan and southern gibbon)
and two listed as Vulnerable (marbled cat and bearded pig). Eight species are legally
protected in Indonesia; three species are listed on Appendix I of CITES (prohibits
international trade) and five species are listed on Appendix II (restricts international
trade); and three primate species are endemic to Borneo. As mentioned above, due to
restricted sampling, this list should be considered preliminary and the true number of
mammal species present in the area will likely be much higher.

Bird Diversity

A total 131 bird species were recorded during our surveys, although eight of these
records require further confirmation (Table 2). Of these species, one is classified as
Vulnerable by the IUCN (Wallace’s hawk eagle); one is listed on CITES Appendix I
(white-bellied woodpecker) and ten are listed on Appendix II; and 26 are legally
protected in Indonesia. One species, the Bornean bristlehead, is endemic to Borneo.
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Table 1. Mammal species recorded in Bawan Forest.

Order / Family Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

INSECTIVORA

Soricudae Crocidura fuliginosa
OR C. monticola

South-east Asian white-
toothed OR Sunda shrew

LC

Soricudae Tupaia glis Common treeshrew II LC

DERMOPTERA

Cynocephalidae Galeopterus variegatus Colugo / Sunda flying lemur Protected LC

CHIROPTERA

Pteropidae Pteropus vampyrus Large flying fox II NT Seen over camp flying to south during
sunset

PRIMATA

Tarsiidae Tarsius bancanus sp.
borneanus

Western/Horsfield’s tarsier Protected II VU

Cercopithecidae Presbytis rubicunda Maroon/Red leaf monkey Protected II LC Endemic Sighted frequently

Hylobatidae Hylobates albibarbis Bornean agile/white bearded
gibbon

Protected I EN Endemic Apparently high density

Hominidae Pongo pygmaeus Bornean orangutan Protected I EN Endemic Long calls heard and nests seen, but no
individuals sighted

RODENTIA

Sciuridae Ratufa affinis Giant squirrel II NT

Sciuridae Nannosciurus
melanotis

Black-eared pygmy squirrel LC
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Order / Family Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

CARNIVORA

Viverridae Viverra tangalunga Malay civet LC Seen eating rubbish at camp

Felidae Pardofelis marmorata Marbled cat Protected I VU

ARTIODACTYLA

Suidae Sus barbatus Bearded pig VU Nest seen

Tragulidae Tragulus kanchil Lesser mouse-deer/Chevrotain Protected LC

Cervidae Muntiacus muntjak (Bornean) red muntjac Protected LC

CITES (Convention on International Trade in Endangered Species) definitions: Appendix I = international non-commercial trade permitted only
under exceptional circumstances; Appendix II = international trade restricted and permitted only by permit holders.
IUCN (International Union for Nature Conservation) Red List definitions: EN = endangered; VU = vulnerable; NT = near threatened; LC – least
concern; DD = data deficient; NE = not evaluated.
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Table 2. Bird species confirmed and possibly present in Bawan Forest.

Order / Family Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

GALLIFORMES

Phasianidae Lophura erythrophthalma Crestless fireback One seen

FALCONIFORMES

Falconidae Microhierax fringillarius Black-thighed falconet Protected II LC Fairly common along the edge and
burnt areas

Accipitridae Ictinaetus malayensis Black eagle Protected II LC Seen over cleared areas

Accipitridae Nisaetus limnaeetus Changeable hawk-eagle Protected LC Seen over forest and cleared areas

Accipitridae Nisaetus nanus Wallace's hawk-eagle Protected II VU Possible sighting at forest edge:
confirmation needed

Accipitridae Pernis ptilorhyncus Oriental honey-buzzard Protected II LC Few seen

GRUIFORMES

Rallidae Amaurornis phoenicurus White-breasted waterhen LC Seen on the track to camp in flooded
areas

COLUMBIFORMES

Columbidae Macropygia emiliana Ruddy cuckoo-dove LC Seen over forest edge

Columbidae Ducula aenea Green imperial pigeon LC One seen in burnt kerangas

Columbidae Streptopelia chinensis Spotted dove LC Heard in cleared areas around camp

Columbidae Treron vernans Pink-necked green-pigeon LC Common in cleared areas

PSITTACIFORMES

Psittacidae Loriculus galgulus Blue-crowned hanging-
parrot

LC Common
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Order / Family Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

CUCULIFORMES

Cuculidae Cacomantis merulinus Plaintive cuckoo LC Most common

Cuculidae Cacomantis sepulcralis Rusty-breasted cuckoo LC Often heard

Cuculidae Chrysococcyx
xanthorhynchus

Violet cuckoo LC One seen in burnt kerangas

Cuculidae Surniculus lugubris Drongo cuckoo LC Common

Cuculidae Chrysococcyx minutillus Little bronze cuckoo LC One heard at dusk in cleared area
near camp

Cuculidae Zanclostomus javanicus Red-billed malkoha LC One seen above camp

Cuculidae Zanclostomus curvirostris Chestnut-breasted
malkoha

LC Seen in kerangas

Cuculidae Rhinortha chlorophaeus Raffles' malkoha LC Fairly common

STRIGIFORMES

Strigidae Strix leptogrammica Brown wood-owl II LC Fairly common; can be seen during
day

Strigidae Ninox scutulata Brown boobook II LC Heard each night at dusk from camp

CAPRIMULGIFORMES

Caprimulgidae Eurostopodus temminckii Malaysian eared-nightjar LC Seen each night flying from kerangas
to cleared areas

APODIFORMES

Apodidae Aerodramus fuciphaga Edible-nest swiftlet LC Common

Apodidae Aerodramus maximus Black-nest swiftlet LC Common

Apodidae Cypsiurus balasiensis Asian palm-swift LC Uncommon

Apodidae Rhaphidura leucopygialis Silver-rumped needletail LC Common

Apodidae Hemiprocne longipennis Grey-rumped treeswift LC Common
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Order / Family Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

TROGONIFORMES

Trogonidae Harpactes kasumba Red-naped trogon Protected NT Common

Trogonidae Harpactes duvaucelii Scarlet-rumped trogon Protected NT Uncommon

Trogonidae Harpactes diardii Diard's trogon Protected NT Fairly common

CORACIIFORMES

Alcedinidae Ceyx rufidorsa Rufous-backed kingfisher Protected LC Few heard

Meropidae Merops viridis Blue-throated bee-eater LC Common

Bucerotidae Aceros corrugatus Wrinkled hornbill Protected II NT Few seen/heard

Bucerotidae Anthracoceros malayanus Asian black hornbill Protected II NT Few seen/heard

Bucerotidae Buceros rhinoceros Rhinoceros hornbill Protected II NT Few seen/heard

PICIFORMES

Ramphastidae Megalaima australis Blue-eared barbet LC Common

Ramphastidae Megalaima rafflesii Red-crowned barbet NT Common

Ramphastidae Megalaima mystacophanos Red-throated barbet NT Heard; confirmation needed

Ramphastidae Calorhamphus fuliginosus Brown barbet LC Common

Picidae Sasia abnormis Rufous piculet LC Fairly common

Picidae Dinopium rafflesii Olive-backed woodpecker NT Confirmation needed

Picidae Picus puniceus Crimson-winged
woodpecker

LC Confirmation needed

Picidae Dryocopus javensis White-bellied
woodpecker

I LC Common

Picidae Dendrocopus canicapillus Grey-capped pygmy
woodpecker

LC Common

Picidae Hemicircus concretus Grey-and-buff
woodpecker

LC Uncommon

Picidae Blythipicus rubiginosus Maroon woodpecker LC Few heard
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Order / Family Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

Picidae Mulleripicus pulverulentus Great slaty woodpecker LC Common

Picidae Reinwardtipicus validus Orange-backed
woodpecker

LC Few heard

PASSERIFORMES

Eurylaimidae Corydon sumatranus Dusky broadbill LC Heard; confirmation needed

Eurylaimidae Cymbirhynchus
macrorhynchos

Black-and-red broadbill LC Heard; confirmation needed

Eurylaimidae Eurylaimus javanicus Banded broadbill LC Fairly common

Eurylaimidae Eurylaimus ochromalus Black-and-yellow
broadbill

NT Common

Eurylaimidae Calyptomena viridis Asian Green broadbill NT Heard

Acanthizidae Gerygone sulphurea Golden-bellied gerygone LC

Vireonidae Erpornis zantholeuca White-bellied erpornis LC One seen at kerangas forest edge

Pachycephalidae Pachycephala cinerea Mangrove whistler LC Common in peat forest

Campephagidae Coracina fimbriata Lesser cuckooshrike LC Fairly common in canopy

Campephagidae Pericrocotus igneus Fiery minivet NT Fairly common in the edge

Campephagidae Pericrocotus speciosus Scarlet minivet LC One flock seen

Incertae Hemipus hirundinaceus Black-winged flycatcher-
shrike

LC Fairly common

Incertae Hemipus picatus Bar-winged flycatcher-
shrike

LC Confirmed, but unusual habitat for
species

Incertae Philentoma pyrhopterum Rufous-winged
philentoma

LC Common

Artamidae Artamus leucorynchus White-breasted
woodswallow

LC Fairly common

Aegithinidae Aegithina viridissima Green iora NT Fairly common

Rhipiduridae Rhipidura perlata Spotted fantail LC Few seen

Rhipiduridae Rhipidura javanica Pied fantail Protected LC One heard at camp

Monarchidae Hypothymis azurea Black-naped monarch LC Common
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Order / Family Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

Monarchidae Terpsiphone paradisi Asian paradise-flycatcher LC Common

Dicruridae Dicrurus hottentottus Hair-crested drongo LC Few seen

Dicruridae Dicrurus paradiseus Greater racket-tailed
drongo

LC Few seen

Corvidae Platysmurus aterrimus Bornean black magpie NT One small flock seen

Corvidae Corvus enca Slender-billed crow LC One heard

Pityriaseidae Pityriasis gymnocephala Bornean bristlehead NT Endemic One flock heard

Nectarinidae Anthreptes simplex Plain sunbird Protected LC Few seen

Nectarinidae Anthreptes malacensis Brown-throated sunbird Protected LC Few seen

Nectarinidae Anthreptes rhodolaema Red-throated sunbird Protected NT One seen

Nectarinidae Anthreptes singalensis Ruby-cheeked sunbird Protected LC Few seen

Nectarinidae Hypogramma
hypogrammicum

Purple-naped sunbird Protected LC Few seen

Nectarinidae Leptocoma brasiliana Van Hasselt's sunbird Protected LC Few seen

Nectarinidae Cinnyris jugularis Olive-backed sunbird Protected LC One seen

Nectarinidae Aethopyga siparaja Crimson sunbird Protected LC Few seen

Nectarinidae Arachnothera flavigaster Spectacled spiderhunter Protected LC Common

Nectarinidae Arachnothera crassirostris Thick-billed spiderhunter Protected LC Common

Nectarinidae Arachnothera robusta Long-billed spiderhunter Protected LC Fairly common

Nectarinidae Arachnothera chrysogenys Yellow-eared
spiderhunter

Protected LC Few seen

Nectarinidae Arachnothera longirostra Little spiderhunter Protected LC Common

Dicaeidae Dicaeum thoracicus Scarlet-breasted
flowerpecker

NT One seen

Dicaeidae Prionochilus maculatus Yellow-breasted
flowerpecker

LC One seen

Dicaeidae Dicaeum trigonostigma Orange-bellied
flowerpecker

LC One seen

Dicaeidae Prionchilus percussus Crimson-breasted
flowerpecker

LC One seen
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Order / Family Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

Chloropseidae Chloropsis cyanopogon Lesser green leafbird NT Common

Chloropseidae Chloropsis sonnerati Greater green leafbird LC Common

Chloropseidae Chloropsis cochinchinensis Blue-winged leafbird LC Common

Irenidae Irena puella Asian fairy-bluebird LC Common

Sittidae Sitta frontalis Velvet-fronted nuthatch LC Common

Sturnidae Gracula religiosa Hill mynah II LC Common

Muscicapidae Copcychus malabaricus White-rumped shama LC Common

Muscicapidae Trichixos pyrrhopygus Rufous-tailed shama NT Uncommon

Muscicapidae Rhinomyias umbratilis Grey-chested jungle-
flycatcher

NT Common

Pycnonotidae Pycnonotus simplex Cream-vented bulbul LC Most common

Pycnonotidae Pycnonotus eutilotus Puff-backed bulbul NT One seen

Pycnonotidae Pycnonotus goiavier Yellow-vented bulbul LC Common

Pycnonotidae Pycnonotus plumosus Olive-winged bulbul LC Few seen

Pycnonotidae Pycnonotus
erythropthalmos

Spectacled bulbul LC Fairly common

Pycnonotidae Iole olivacea Buff-vented bulbul NT Common

Pycnonotidae Tricholestes criniger Hairy-backed bulbul LC Common

Pycnonotidae Ixos malaccensis Streaked bulbul NT Fairly common

Pycnonotidae Pycnonotus melanoleucos Black-and-white bulbul NT Confirmation needed

Pycnonotidae Pycnonotus atriceps Black-headed bulbul LC Common

Hirundinidae Hirundo rustica Barn swallow LC Common

Hirundinidae Hirundo tahitica House swallow LC Common

Timaliidae Alcippe brunneicauda Brown fulvetta NT Fairly common

Timaliidae Pellorneum capistratum Black-capped babbler LC Fairly common

Timaliidae Trichastoma rostratum White-chested babbler NT Fairly common
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Order / Family Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

Timaliidae Malacocincla malaccensis Short-tailed babbler NT Fairly common

Timaliidae Malacopteron cinereum Scaly-crowned babbler LC Common

Timaliidae Malacopteron magnum Rufous-crowned babbler NT Common

Timaliidae Trichastoma bicolor Ferruginous babbler LC Common

Timaliidae Malacopteron affine Sooty-capped babbler NT Fairly common

Timaliidae Stachyris maculata Chestnut-rumped babbler NT Rarely heard

Timaliidae Stachyris nigricollis Black-throated babbler NT Heard; confirmation needed

Timaliidae Ophrydornis albogularis Grey-breasted babbler NT Fairly common

Timaliidae Stachyris erythroptera Chestnut-winged babbler LC Most common

Timaliidae Macronous bornensis Bold-striped tit-babbler LC Most common

Timaliidae Macronous ptilosus Fluffy-backed tit babbler NT Common

Timaliidae Pomatorhinus montanus Chestnut-backed scimitar-
babbler

LC Uncommon

Cisticolidae Orthotomus ruficeps Ashy tailorbird LC Common

Cisticolidae Orthotomus sericeus Rufous-tailed tailorbird LC Common

Cisticolidae Orthotomus atrogularis Dark-necked Tailorbird LC One seen

Cisticolidae Prinia flaviventris Yellow-bellied prinia LC Common

CITES and IUCN definitions as for Table 1.
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Amphibian and Reptile Diversity

Amphibian and reptile species confirmed as present in the area are listed in Table 3. A
total 11 species of reptile were recorded, although this list is very preliminary and the
true number of species present is likely to be much higher. Of the reptile species
recorded, one is listed as Endangered by the IUCN and on Appendix II of CITES
(spiny turtle); one is legally protected in Indonesia (monitor lizard); and three are
endemic to Borneo.

A total 17 species of amphibian were recorded, although this list is also preliminary,
particularly for canopy frogs, which are very under-represented here. None of these
species are listed as threatened by the IUCN, on the CITES appendices or as legally
protected in Indonesia. The primary reason for this lack of listings of Bawan
amphibians is likely to be incomplete sampling and knowledge of their conservation
status, both globally and within Kalimantan. Three species found are Borneo
endemics, although identification remains uncertain for two of these.

Butterfly Diversity

A total 31 nymphalid butterfly species were recorded as present (Table 4). No non-
nymphalid butterfly species were recorded. Of course, this does not indicate that no
non-nymphalid species are present in the forest, but merely reflects the bias in our
sampling methods towards this family. The list presented is therefore very
incomplete, especially for non-nymphalid species.

Moths

Using banana-baited canopy traps, a greater number of individuals were caught in the
burnt area (113 in 11 days), compared to the kerangas forest (99 in 9 days) and
mixed-swamp forest (56 in 11 days). Identifications and data analysis from light traps
are currently underway.
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Table 3. Amphibian and reptile species recorded in Bawan forest.

Order /
Family

Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

REPTILIA

TESTUDINES

Geoemydidae Heosemys spinosa Spiny/sunburst turtle II EN

SQUAMATA

Agamidae Aphaniotis fusca Brown shrub lizard / dusky
earless agama

LC

Agamidae Bronchocela jubata Maned forest /great-crested
canopy lizard

LC

Agamidae Draco sp. Flying lizard

Scincidae Apterygodon vittatum Striped Bornean tree skink NE Endemic Sighted under kitchen at camp

Scincidae Mabuya multifasciata Skink sp. Sighted in camp undergrowth

Scincidae Sphenomorphos
multisquamatus

Many-scaled forest skink NE Endemic Requires confirmation

Varanidae Varanus salvator Monitor lizard Protected LC Frequently seen eating rubbish at
camp

Pythonidae Python breitensteini Bornean short python NE Endemic Light-tan colour, probably juvenile;
confirmation needed

Colubridae Ahaetulla fasciolata Speckle-headed / banded vine
snake

NE

Natricidae Xenochropis trianguligerus Red-sided keelbak water snake NE
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Order /
Family

Latin Name English name Protected
Indo?

CITES IUCN Borneo
endemic?

Comments

AMPHIBIA

ANURA

Bufonidae cf. Ansonia minuta NT Endemic Identification requires confirmation

Bufonidae Ingerophrynus quadriporcatus LC

Megohryidae Leptobrachium abbotti LC

Microhylidae Kalophrynus cf. heterochirus NT Endemic Identification requires confirmation
(possibly K. subterrestris, but
unlikely)

Microhylidae Kalophrynus pleurostigma LC

Microhylidae Microhyla borneensis LC Endemic

Ranidae Hylarana baramica LC

Ranidae Hylarana glandulosa LC Confirmation needed; possibly
eroneous record for H. baramica

Ranidae Hylarana raniceps LC

Dicroglossidae Fejervarya limnocharis /
cancrivora

Common pond / Asian brackish
frog

LC Identification requires confirmation
(F. limnocharis more likely based on
feet webbing)

Dicroglossidae Limnonectes paramacrodon NT Possibly L. malesianus also present,
but more likely only one species

Dicroglossidae Occidozyga laevis Yellow-bellied puddle frog LC

Rhacophoridae Nyctixalus pictus NT

Rhacophoridae Polypedates colletti LC

Rhacophoridae Polypedates leucomystax White-lipped tree frog LC

Rhacophoridae Polypedates macrotis LC

Rhacophoridae Rhacophorus appendiculatus Southeast Asian tree frog LC

CITES and IUCN definitions as for Table 1.
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Table 4. Butterfly species recorded as present in Bawan Forest.

Family Species English name

Nymphalidae Agatasa calydonia belisma Glorious begum

Nymphalidae Amathusia sp. Palm King

Nymphalidae Amathusia amythaon Palm King

Nymphalidae Amathusia ochraceofusca ochraceofusca Palm King

Nymphalidae Amathusia schoenbergi schoenbergi Palm King

Nymphalidae Charaxes bernardus hierax Tawny rajah

Nymphalidae Chersonesia rahria rahria Wavey maplet

Nymphalidae Discophora necho helvidius Duffers

Nymphalidae Dophla evelina evelina Redspot duke

Nymphalidae Euthalia sp. Baron

Nymphalidae Lexias cyanipardus Archduke

Nymphalidae Lexias dirtea merguia Archduke

Nymphalidae Lexias pardalis dirteana Archduke

Nymphalidae Melanitis leda Common evening brown

Nymphalidae Melanitis sp. Evening brown

Nymphalidae Mycalesis francisca albofasicata Lilacine bushbrown

Nymphalidae Mycalesis igoleta Bushbrown

Nymphalidae Mycalesis orseus nautilis Bushbrown

Nymphalidae Mycalesis pitana Bushbrown

Nymphalidae Mycalesis thyateria Bushbrown

Nymphalidae Neptis ida ida Sailer butterfly

Nymphalidae Pandita sinope sinope

Nymphalidae Polyura moorei moorei Nawab

Nymphalidae Prothose franck angelica Blue begum

Nymphalidae Prothose franck uniformis Blue begum

Nymphalidae Tanaecia flora Viscount

Nymphalidae Tanaecia munda munda Viscount

Nymphalidae Tanaecia munda waterstradti Viscount

Nymphalidae Tanaecia palgura consanguinea Viscount

Nymphalidae Thaumartis noureddinchatra

Nymphalidae Zeuxidia aurelius aurelius Saturn

Orang-utan Density

A total 212 orang-utan nests were encountered along the 9.7 km of transect walked
(Table 5), equating to a nest density of 471 nests / km2 (i.e., the number of nests
encountered, divided by the total transect length (l) and width of survey area (2w)).
Based on this, orang-utan density is estimated to be 2.15 individuals / km2 (21.5
individuals / 1000 ha). This is a normal density for lowland rainforest in Kalimantan
and higher than previously thought for kerangas forest habitat, which this is not
surprising, given the obvious high quality of the kerangas habitat at Bawan. This
density indicates a healthy population of orang-utans, although the size of suitable
habitat needs to be determined in order to properly assess the importance of this
region for orang-utan conservation.

A further 2 km of transect was surveyed through the low-pole peat forest, but no nests
were found here. This habitat type occurs in the centre of the Bawan forest and is not
considered to be orang-utan habitat.
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Table 5. Number of orang-utan nests encountered along transects in the kerangas /
mixed peat, and low-pole peat habitats in Bawan.

Transect name Transect length (m) No. nests encountered
Kerangas / mixed peat
TK1 1000 8
TK2 900 29
TK3 480 28
TK4 560 6
TK5 300 4
TK6 300 26
TK7 600 15
TK8 560 2
TK9 400 7
TK10 360 17
TK11 600 9
TK12 360 4
TE 560 17
TK14 560 8
TK15 330 11
TK16 560 12
TK17 260 2
TK1c 960 7
TOTAL 9650 212

Low-pole peat forest
TA 2050 0
TOTAL 2050 0

Gibbon Density

Gibbon density in the kerangas and mixed peat-swamp habitat of Bawan Forest
appears high. An area of low-pole peat-swamp forest starts about 2.5 km east of the
research camp, but this habitat type does not support gibbons. No gibbons were heard
in this area despite six days of survey, though gibbons were heard over 1 km further
east, beyond (?) this low-pole forest area. Thus, there appears to be a compression
effect in operation in the area, with gibbons being forced into the narrow band of
mixed-swamp and kerangas forest between the burnt area and low-pole forest. We
hypothesise that, since gibbons can move when disturbed, groups that inhabitated the
now burnt area west of camp have been forced into the narrow mixed-swamp forest
band, creating an unusually high gibbon density in this area (Table 6 and Figure 11).

Table 6. Gibbon population density in kerangas and mixed peat-swamp forest areas at
Bawan, compared to the nearby Sabangau peat-swamp forest (Cheyne et al., 2008).

Statistic Bawan Sabangau

Groups / km2 7.04 2.59
Gibbons / km2 (assuming 4.05 gibbons /

group)
28.50 10.49
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Figure 11. Gibbon group locations around the Bawan Forest research camp. House
symbol = field station; thin black lines = transects; thick black lines = approximate
home ranges of nine gibbon group used for acoustic analysis; dashed lines =
approximate home ranges of the ten groups that were not included in acoustic
analysis; grey = burnt areas. The thick black line running north-south is a rough
representation of the start of the low-pole forest.
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Flora

A total 576 tree stems were enumerated and measured in the four tree plots. Of these,
230 stems were measured in two plots in kerangas habitat, and 346 stems in two plots
in the transitional kerangas-peat habitat. Although based on a small sample size of
tree stems, it appears that tree size is smaller in the transitional forest. Mean dbh in
kerangas forest was 21.7 ± 15.0 cm, compared to 18.1 ± 7.7 cm in transitional forest;
and mean basal area of stems in kerangas was 779.8 ± 1,422.9 cm2, compared to
394.0 ± 388.0 cm2 in transitional. Further work covering a larger plot area is needed
to confirm these patterns. The distribution of dbh sizes in the two forest types is
shown in Figure 12. Tree identifications have yet to be performed, owing to lack of
availability of a suitably-experienced local botanist during the fieldwork period.
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Figure 12. Dbh size distribution of stems in kerangas vs. transitional kerangas-peat
habitat.
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DISCUSSION

Two important conclusions emerge from our research. Firstly, although based on a
relatively small survey duration and sample sizes, it would appear that Bawan Forest
has very high biodiversity conservation potential. It not only supports a large number
of species of fauna (especially considering the very incomplete nature of most of the
species lists), but it also supports populations of a number of globally threatened,
legally protected and Borneo-endemic species. In total, we confirmed the presence of
six globally-threatened vertebrate species (classified as Endangered or Vulnerable by
the IUCN), 29 species protected under Indonesian law and six species endemic to
Borneo (found nowhere else). Thus, considering the large size of the forest and fact
that all of the species lists presented in this report will be incomplete, we conclude
that Bawan Forest is an important area for biodiversity conservation, both locally and
globally. Key species for conservation in the area are discussed below.

Secondly, it is also clear that more research is needed to provide a clearer
understanding of (i) the value of the forest for biodiversity conservation and to local
communities; (ii) the threats the forest and its biodiversity faces; and (iii) the most
effective strategies to mitigate these threats and conserve the forest’s biodiversity,
while at the same time ensuring continued provision of valued forest ecosystem
services, and economic and social prosperity for the local community. In addition to
filling these important information gaps, a longer-term research presence in the area is
also anticipated to beneficial in terms of helping to afford extra protection to the
forest; raising the profile of the area, both locally and internationally; supporting local
conservation efforts; and providing alternative employment and economic
opportunities to local villagers. Indeed, for these reasons, long-term researcher
presence is widely recognised as being positively associated with successful
conservation in an area [29].

Key Species for Conservation in Bawan Forest

The following species are locally or globally threatened and present in Bawan Forest,
which is therefore particularly likely to be important for their conservation. Note that
this list of species is not complete, and is likely to be expanded or revised as more
research is performed in the area and a more complete understanding of these and
other species’ populations emerges.

Bornean orang-utan. This species is listed as Endangered by the IUCN, numbers only
around 54,000 wild individuals and is known to be experiencing range-wide
population declines [4, 6]. Overall, Bawan Forest supports a healthy density of orang-
utans, which is potentially part of a larger, important population of this endangered
and protected great ape. Although initial density estimates for the area are not
particularly high, the limited nature of the dataset from which these estimates are
derived, including the lack of habitat-specific nest degradation rates for estimating
nest density and low sample effort in some habitats, coupled with the large size of
Bawan Forest, implies that the forest is likely to support a globally significant orang-
utan population. Following the precautionary principle, it is therefore prudent to
assume this is the case until evidence is found to the contrary. Unfortunately,
however, the population remains vulnerable to hunting and further forest loss through
fire or other means. Orang-utans should therefore be considered one of the most
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important features of the Bawan forest and could be used as a flagship species for its
conservation.

Bornean southern gibbon. Like the orang-utan, this species is considered Endangered
and is experiencing range-wide population declines [13]. Gibbon density in Bawan
Forest appears high and, considering the large size of the forest, it is therefore likely
that Bawan Forest is home to a globally significant population of this species. Repeat
surveys over a longer time frame are needed to determine whether the high densities
observed in the kerangas forest are maintained, or are more likely to be an artefact of
compression of populations from burnt areas of forest into remaining high-quality
areas.

Maroon langur. Although listed as Least Concern by the IUCN, the maroon langur is
endemic to Borneo and inhabits many of the same forests as orang-utans and gibbons,
which are known to be experiencing severe population declines. It is therefore likely
that maroon langurs are more threatened than is currently realised, and we expect that
the IUCN classification of this species will be revised soon in recognition of this.
Consequently, we consider the presence of this species in the area to be of
conservation importance.

Marbled cat (Figure 13). The IUCN Clouded Leopard and Small Felid Summit in
Thailand [30] identified only six known locations in Malaysian Borneo and five
locations in Indonesian Borneo as being home to the IUCN-listed Vulnerable marbled
cat. Thus, this sighting in Bawan adds another confirmed location for marbled cat
presence in Indonesian Borneo. Previous studies found low abundance of marbled
cats and suggest this could be because the cats are rare and/or spend little time on the
ground. If the later is true then marbled cats will be under-represented in camera
trapping studies, thus sightings like this one become all the more important.

Bearded pig. Listed as Vulnerable by the IUCN, owing to hunting and habitat loss
throughout its range, the presence of bearded pigs in Bawan Forest is also of
conservation significance. In particular, studies of hunting impact on this species in
Bawan are required, in order to determine sustainable hunting rates. The impact of
human hunting of bearded pigs on clouded leopards, which are highly likely to be
present in the area (but were not sighted/caught by camera traps during the short
survey period), is also important to study, as bearded pigs are important prey for these
cats.

Wallace’s hawk eagle. Although the sighting of this species requires confirmation,
this species is listed as Vulnerable by the IUCN and, hence, its probable presence in
the area is of potentially high conservation significance.

Hornbills. All hornbills are protected by law in Indonesia and the three species
recorded in Bawan Forest are listed as “Near Threatened” by the IUCN. Due to their
large size, frugivorous habits and need for large tree cavities for breeding, hornbills
are essentially reliant on large trees in old-growth forest and, hence, are a good
indicator of forest health [18]. Thus, the confirmed presence of three hornbill species
in the area indicates that this forest is of high quality.
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Figure 13. Marbled cat photographed by our research team in Bawan Forest. The
animal was spotted walking on this log close to one of our transects. Photo: Ivan
Mohedano Méndez/OuTrop.

Spiny hill turtle. Considered Endangered by the IUCN, the confirmed presence of
spiny hill turtles in the area is important, owing to the threats this species faces from
hunting for the food trade and habitat loss [31, 32].

Threats to the Forest

Our preliminary assessment indicates that the following threats to the forest and its
associated biodiversity are likely to be important in the area either now or in the
future.

Fire. Following the previous clearing of the forest between Bawan Village and the
forest edge/camp, fire has become a regular occurrence in the area, as evidenced from
recent burn scars. In particular, on our first foray into the forest, our guides from
Bawan village were surprised to ancounter the burnt area slightly to the east of the
research camp along what is now Transect A: the last time they had travelled that path
a year or so previously, the forest in that area had been pristine, tall kerangas.

Conversion and habitat degradation. The wider Bawan Forest is classified as
Production Forest (Hutan Produksi) in the most recent Spatial Plan for Kalimantan
Tengah and, thus, is potentially at risk from conversion and further degradation
through logging and other activities.
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Wildlife hunting. To our knowledge, the only animals routinely hunted in the area are
bearded pigs, although some other species may apparently also be taken if
encountered while pig hunting. This species is listed as Vulnerable by the IUCN,
largely as a result of hunting pressure. Although the species is relatively fast breeding
and can sustain some hunting pressure, it is therefore important to ensure that hunting
remains within sustainable levels. Further research in Bawan is needed to establish
what these levels might be.

Illegal logging. This practice is still widespread throughout Central Kalimantan. Some
logging was witnessed by the research team while conducting forest mapping and
chain saws were also heard during the survey period. Thus, some logging disturbance
is persisting in the area and should be considered a very severe threat, in light of the
complete forest loss between Bawan Village and the research camp, owing to
previous logging and subsequent fire and conversion to karet plantations.

Mining. According to local villagers, a mining company was conducting some
explorations along the whole length of the road from Kuala Kurun to Palangka Raya
around the time of the surveys. Mining is very widely documented as having severe
negative impacts on biodiversity and, hence, its potential presence in the area, either
now or in the future, should be considered a very severe threat.
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