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Abstract Faunal surveys in Kalimantan have been
biased towards primates in protected forests close to the
coast. Relatively little has been documented on other
animal species, particularly in the vast interior forests.
The results of a 1996–97 census of nine large mammal
and eight hornbill species in tropical lowland forest in
Barito Ulu, Central Kalimantan are reported here. Pigs
Sus barbatus had the highest biomass, but this was due to
large numbers migrating through the study area over
4 months and the resident population is probably low.
Langurs Presbytis rubicunda and hybrid gibbons Hylobates
mulleri x agilis had the highest biomass of all resident
species. Orang-utans Pongo pygmaeus were absent from
the area during the study period and pig-tailed maca-
ques Macaca nemestrina were rarely seen. The resident
hornbill species (Anthracoceros malayanus, Anorrhinus
galeritus, Buceros vigil and B. rhinoceros) had high
densities compared to that reported from lowland areas,
but overall hornbill density was low due to the absence

of the nomadic Aceros corrugatus and A. undulatus, except
during peak fruit abundance. Sun bears Helarctos
malayanus, long-tailed macaques M. fascicularis, muntjacs
Muntiacus spp. and mouse deer Tragulus spp. were at low
densities. Density of two large squirrel species, Ratufa
affinis and Sundasciurus hippiurus, was lower than has
been reported in Sarawak, but the density of Prevost’s
squirrel Callosciurus prevostii was higher. We discuss
hunting pressure, isolation, low abundance of large
fruit trees, poor soils, and specific habitat preferences as
possible explanations for the low mammal and hornbill
density at Barito Ulu.
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Low mammal and hornbill abundance in the forests of Barito Ulu,
Central Kalimantan, Indonesia

Kim R. McConkey and David J. Chivers

Introduction

More than 50% of Kalimantan’s pristine forests have
already been lost and the remainder continue to be
threatened by human activities (Rijksen & Meijaard,
1999). Despite serious conservation concern, faunal dis-
tribution throughout Kalimantan and the rest of Borneo
is poorly documented. Surveys that have been conducted
have tended to focus on orang-utans Pongo pygmaeus and,
to a lesser extent, other primates in protected areas close
to the coast (Rodman, 1978; Leighton, 1982; Payne &
Davies, 1982; Leighton & Leighton, 1983; Galdikas, 1988;
Nijman, 2001; Russon et al., 2001; Felton et al., 2003) and
these may not be representative of animal abundance in
other parts of Borneo. Coastal regions in Borneo tend to
have a mixture of lowland dipterocarp, peat and swamp
forest, compared to a mixture of lowland dipterocarp,

hill and heath forest in the island’s vast interior
(MacKinnon et al., 1996). Soil richness also varies and this
is likely to influence fruit productivity and the minerals
available to the various animals (Payne, 1995). Moreover,
while human populations are higher near the coast,
traditional communities tend to be focused in the interior
region and it is these communities that hunt wild meat
most frequently (Bennett et al., 2000). Given that parts
of Kalimantan continue to be rapidly deforested, it is
crucial that our understanding of faunal distribution and
abundance is improved.

Barito Ulu in Central Kalimantan supports a rich
diversity of animals (Bodmer et al., 1991b), reflecting the
area’s rich geological history and its status as a meeting
zone of expanding Sumatran and Bornean fauna during
the Pleistocene (Chivers, 1992). Bodmer et al. (1991a)
surveyed the primates and ungulates in the area over
two months in 1989 and suggested the low densities they
found were due to poor fruit supplies in the area. Due to
the short duration of their survey, however, they were
not able to record fluctuations in animal numbers that
may occur (i.e. whether all species are supported year
round) and they did not survey many of the large
animals present. The aims in this paper are to determine
the density of large diurnal mammals and hornbills at
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Barito Ulu in Central Kalimantan and to describe how
these numbers fluctuate during the year.

Study area

Field data were collected at the Barito Ulu Research Area,
Central Kalimantan, Indonesia, from October 1996 to
September 1997. The Research Area is in the watershed
of the upper Barito River (Fig. 1). The area has a rugged,
hilly to mountainous terrain, with altitudes of 100–350 m.
The most extensive forest type is lowland dipterocarp,
interspersed with smaller areas of heath forest and
shifting cultivation fallows (dating from c. 1944 to c. 1980)
(Mirmanto, 1996; Proctor et al., 2001). Virtually all river-
ine forest has been cleared at some stage and these areas
now support secondary forest of various ages (Mather,
1992). The present survey was conducted in lowland
dipterocarp forest. This forest type is floristically diverse
at Barito Ulu; 26% of all trees are Dipterocarpaceae,
followed in importance by Euphorbiaceae (9%),
Anacardiaceae (5%) and Sapotaceae (5%) (Mirmanto,
1996).

The soils in the Research Area are residual and devel-
oped on sandstone, mudstone or alluvium. All soils, both
in heath and lowland dipterocarp forest, are acidic and
poor in nutrients, with low concentrations of nitrogen
and phosphorus compared to other South-east Asian
lowland forests (Mirmanto, 1996). The mean annual rain-
fall for 1990–1997 was 3,738 mm, but the latter months of
the study period coincided with a severe drought, and

the total rainfall in 1997 was 2,585 mm. Mean maximum
and minimum temperatures are 34 and 22dC, respec-
tively. Dipterocarps began mass flowering in the last
month of study, but fruit did not develop until after the
study had ended.

The nearest village to the Research Area, Muara Joloi,
is 20 km down-river. Approximately half the population
(700 people in 1995) are Muslim and half are Dayak (Hall,
1995). The main activities in the area at the time of the
study were subsistence agriculture, gold extraction from
the rivers (almost completely confined to Muara Joloi),
fishing and hunting. Logging began 10 km up-river near
the end of the study period, but the immediate surround-
ing area had not been cut for some time. Several days
journey up-river from our survey camp there is a system
of caves from which edible birds nests were harvested.
The most immediate influence of this on the Research
Area was regular transport (1–2 speedboats per day) to a
village above the Research Area, which was the base for
trips to these caves. Edible birds nests were also extracted
from a small cave 4–5 hours walk inland from the camp.
Hunters were occasionally seen within the Research Area
but sightings were not common. We saw evidence for
hunting of pig, sambar, muntjac, mouse deer, pheasants
and small songbirds in nearby areas.

Methods

Densities of large diurnal mammals and hornbills were
estimated using the line transect method. The presence
of animals other than large diurnal mammals and horn-
bills was noted, but their densities were not estimated.
Species sighted other than along the transects were also
noted. We established three trails, totalling 10 km, within
the Research Area. Six days each month were spent sur-
veying animals along these trails; each trail was walked
twice per month, changing the walking direction for
the second survey, which was usually 3 days after the
first. Surveying was carried out between 05.30 and 10.00,
when the animals were most active. If it began to rain the
census was halted until the rain ceased, or aborted com-
pletely if it continued to rain heavily. Trails were walked
slowly, stopping every 20 m for c. 10 seconds to check the
area ahead. When animals were sighted the species and
group size were recorded. The perpendicular distance
from trail to animal was estimated by eye and later
corrected by applying the mean error between estimated
and actual distances (determined by first estimating and
then measuring distances to various objects in the forest).

Densities of individual species were calculated using
four methods: (1) Actual density was known for three
species, since all groups were regularly monitored in
the study area: gibbons Hylobates mulleri x agilis, red
langurs Presbytis rubicunda and bushy-crested hornbills

Fig. 1 Map of Borneo showing the regions of Kalimantan and the
location of the study site.
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Anorrhinus galeritus. (2) Using the perpendicular distance
from the trail to sightings the software DISTANCE
(Laake et al., 1994) was used for species with numerous
sightings: giant Ratufa affinis and Prevost’s squirrel
Callosciurus prevostii, bearded pigs Sus barbatus, muntjacs
Muntiacus spp. and the black Anthrococeros malayanus
and rhinoceros hornbill Buceros rhinoceros. The half-
normal model of DISTANCE was used to estimate the
effective strip width (ESW) using the cosine adjustment
facility to ensure the best fit between data and model.
(3) ESW was generated from DISTANCE for a particular
animal group and the densities calculated for each
species, using density=no. sightings/(width x transect
length). For helmeted Buceros vigil, wrinkled Aceros
corrugatus, wreathed Aceros undulates, white-crowned
Aceros comatus and Oriental pied hornbills Anthracoceros
albirostris we used the ESW for all hornbills combined,
whereas for the horse-tailed squirrel Sundasciurus
hippiurus we used the ESW for Prevost’s squirrel, which
is similar in body size and, hence, detectability is prob-
ably similar. (4) The maximum reliable width method
(Kelker, 1945, in Eisenberg et al., 1981) to estimate ESW
was used for species for which there were insufficient
observations to use DISTANCE (macaques Macaca
fascicularis and M. nemestrina, sun bears Helarctos
malayanus and mouse deer Tragulus spp.). This involves
examination of histograms of detection distance and
subjectively determining at which distance most
individuals can be reliably sighted.

Not all hornbill sightings could be identified to species
level, and therefore family density was also determined.
Muntjac (Muntiacus muntjac and M. atherodes) and mouse
deer (Tragulus javanicus and T. napu) were identified
to genus only, but all four species are known to occur in
the area (Dutson et al., 1989). Biomass estimates were
generated using body weights in Payne et al. (1985) and
Kemp (1995). The proportion of males and females were
considered in the calculation when body weights for
both sexes were available. The weight of subadult
individuals (mammals only) was taken as 0.75 the adult
weight and juveniles as 0.5.

To determine if the number of sightings of the
commonly seen species varied during the year we tested
the fit of the data to a rectangular distribution, which
assumes equal numbers of sightings in all months, using
the Kolmogorov-Smirnov test. To determine if the
observed fluctuations in observations were associated
with fruit availability, as all surveyed animals eat fruit to
varying degrees, we calculated the Spearman-rank corre-
lation of the number of individuals of each taxa seen each
month with fruit (fig and non-fig) availability. If this test
was also significant only the Spearman-rank values are
shown in the results. One thousand trees were selected

for the monitoring of fruit availability using the point-
centre-quarter method (Mueller-Dombois & Ellenberg,
1974). The four closest trees (one per quadrant) with
diameter at breast height >10 cm were selected and
marked every 20 m along 5 km of the census transects.
All 118 fig trees and their lianas that could be observed
from these trails were also marked, and monitored
for fruit during 1 week each month by the same two
observers. The density of trees with fruit was calculated
for each month, using methods given in McConkey
et al. (2003). All statistical analysis was carried out using
STATISTICA version 4.1 (Statsoft, 1994).

Results

From October 1996 to September 1997 a total distance
of 240 km was walked along the transects. Data from
the last month of census were not used in the density
analyses as smoke from fires burning throughout Borneo
at the time made viewing animals difficult and may have
affected the animals’ behaviour. Twelve large diurnal
mammal species, 13 nocturnal mammals and eight
hornbill species were observed during the study period
(Table 1, Appendix 1).

Bearded pigs Sus barbatus had the highest biomass in
the area, but they were only seen over April–July when
groups of up to 30 migrated through the study area
(Fig. 2). Density was estimated only for the months of the
migration, which coincided with the period of maximum
non-fig fruit availability (Spearman rank, r= 0.70;
P= 0.01). Pigs were never seen in the area before the
migration but we found tracks indicating the probable
presence of a small resident population.

Of the resident animals, primates had the highest bio-
mass, mostly red langurs Presbytis rubicunda and hybrid
gibbons Hylobates mulleri x agilis (Table 1). Long-tailed
macaques Macaca fascicularis were present at a low den-
sity. A lone male pig-tailed macaque Macaca nemestrina
was seen once along the transect and once at another time
(not necessarily the same individual), and the species
probably occupies a large home range or is nomadic.
Primate densities in this study were similar to those
calculated by Bodmer et al. (1991a) in 1989 (Table 2).
Numbers of gibbon (Kolmogorov-Smirnov, d= 0.39,
P> 0.05), langur (d= 0.38, P> 0.05) and long-tailed
macaque groups (d= 0.31, P> 0.05) seen each month
did not vary throughout the year; pig-tailed macaque
sightings were too few for the testing of any trend.

Muntjacs Muntiacus spp. occurred at a low density in
the study area (Table 1) and we did not detect any change
in sighting frequency over the year (d= 0.36, P> 0.05).
Mouse deer Tragulus spp. were also present but
were seen mainly during the most productive non-fig
fruit-bearing months (r= 0.53, P= 0.10). Muntjac
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density had tripled between this study and that of
Bodmer et al. (1991a), while mouse deer density had
remained unchanged (Table 2). No sambar deer Cervis
unicolor were seen but at least one was taken by hunters
(K.R.M., pers. obs.) from forest nearby during the study
period.

Sun bears Helarctos malayanus were at a low density in
the study area (Table 1). Only three sightings were
recorded along the transects, but other signs (claw marks
on trees and dung), indicated they were present in the
area throughout the year. During the non-fig fruiting
season, however, bears were heard frequently, more
dung was found, and the actual density, based on three
distinct individuals sighted in May (1.05 individuals
km-2), is higher than the overall census estimate (0.69
individuals km-2). It is not certain whether these three
bears were the resident population and the timing of the
surveys did not provide complete data for this partly
nocturnal species, or whether one or two individuals had
immigrated into the area to exploit the large fruit crops.

The density of two large squirrel species, Prevost’s
squirrel Callosciurus prevostii and giant squirrel Ratufa
affinis, appeared to be high (Table 1). A solitary horse-
tailed squirrel Sundasciurus hippiurus was seen once in
the final month of the study. Sightings of giant (d= 0.33,
P> 0.05) and Prevost’s squirrels (d= 0.35, P> 0.05) did
not alter over the study months.

Four hornbill species had resident populations at
Barito Ulu (black Anthracoceros malayanus, rhinoceros

Buceros rhinoceros, bushy-crested Anorrhinus galeritus and
helmeted B. vigil). Of these, bushy-crested and rhinoceros
hornbills were the most abundant (Table 1). Combining
all hornbill sightings, there was a clear relationship with
fruit availability (Fig. 2). More birds were seen during
the peak non-fig fruiting season (r= 0.80, P= 0.005).
Group size was also larger at this time, with sightings of
groups of up to seven birds. Outside the fruiting season
hornbills were only seen singly or in pairs. The changes
in numbers were due both to fluctuations in the numbers
of the resident species and also the appearance of
two nomadic species, wrinkled Aceros corrugatus and
wreathed hornbills A. undulatus, which only visited the
study area when fruit was most abundant. Oriental pied
Anthracoceros albirostris and white-crowned hornbills
Aceros comatus were seen in the study area during the
fruiting period, but also recorded during periods of
lower fruit availability. In July and August black horn-
bills were breeding and three nests were found; they
were not recorded in the census during this time. Rhinoc-
eros hornbills were also conspicuously absent during
these months and so may have been breeding.

We did not survey strictly nocturnal mammals, but the
presence of several species was confirmed (Appendix 1).
Flying foxes Pteropus vampyrus were only seen in the
area in the last month of study, when the forest fires were
well established. Sightings of other species were too
opportunistic for the observation of any trends.

Table 1 Census of large mammals and hornbills at Barito Ulu, Central Kalimantan in 1996–97, with the total number of observations of
animal groups (unless actual density was known), probability of observation (for species whose density was estimated using DISTANCE;
see text for details), group size, density and total biomass; 95% confidence intervals are shown for those values estimated using DISTANCE.

Probability of
Species No. observations. observation (%)1 Group size Individuals per km2 Biomass (kg km-2)

Presbytis rubicunda – – 4.3 8.4 43.7
Macaca fascicularis 7 – 1.4 1.5 4.8
M. nemestrina 1 – 1.0 0.2 1.6
Hylobates mulleri x agilis – – 3.5 8.2 36.9
Ratufa affinis 41 33.6P13.3*** 1.1P0.1 5.2P9.1 6.1P3.3
Callosciurus prevostii 68 20.5P4.5*** 1.1P0.1 14.6P5.7 5.5P1.9
Sundasciurus hippiurus 1 – 1.0 0.5 0.2
Helarctos malayanus 3 – 1.0 0.7 36.6
Sus barbatus 18 58.0P19.5* 3.1P1.2 17.3P9.0 1059P551
Tragulus spp. 10 – 1.0 1.8 9.5
Muntiacus spp. 22 46.7P9.8*** 1.2P0.2 2.8P1.4 41.7P20.7
All hornbills 74 31.2P4.8*** – 15.1P2.8 23.4P3.2
Anorrhinus galeritus – – 7 5.5 6.5
Anthracoceros malayanus 36 50.0P11.1* 1.6P0.2 3.4P1.4 3.6P1.4
A. albirostris 1 – 1.0 0.1 0.04
Buceros rhinoceros 41 33.3P8.8*** 1.7P0.2 3.7P1.2 9.2P3.4
B. vigil 10 – 1.6 0.7 1.9
Aceros comatus 1 – 4 0.3 0.4
A. corrugatus 3 – 1 0.1 0.1
A. undulatus 1 – 1.7 0.1 0.3

1Significance levels are P< 0.10*, P< 0.05**, P< 0.001***.
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A full list of all mammal species seen at Barito Ulu
in this study and in previous years is given in the
Appendix. A list of birds is given by Wilkinson et al.
(1991).

Discussion

The forests of Barito Ulu supported a lower biomass of
large mammals and hornbills than most other areas in
Borneo that have been surveyed (Table 3). Kutai National
Park had more than five times the hornbill and primate
biomass of Barito Ulu (Rodman, 1978; Leighton, 1982).
Even langurs and gibbons, the species that consistently
had the highest biomass at Barito Ulu, were still less
abundant there than in most other sites, although gib-
bons had the lowest biomass at Kayan Mentarang and
Sungai Wain (Nijman, 2001). Bearded pigs had the
highest overall density at Barito Ulu during this study,
but the resident population is probably low as there was
no sign of pigs prior to April. Pigs periodically migrate
through Borneo (Pfeffer & Caldecott, 1986), and the
migration passed through our camp over 4 months
during the annual peak of fruit abundance.

There was a major difference in faunal composition
between Barito Ulu and most other sites surveyed in
Borneo and, although numbers of some species were
particularly low at Barito Ulu, a few species were at
relatively high density. Barito Ulu was depauperate in
the largest primate species, orang-utan and pig-tailed
macaque. Lone, probably nomadic, males of both species
have been seen in previous years (Dutson, 1989; Mather
1992) but no breeding groups appear to occur. The more
nomadic hornbill species, which tend to congregate in
large flocks, were also rarely seen. The large difference in
hornbill biomass between Kutai and Barito Ulu was due
to the near absence of the nomadic species at the latter,
whereas resident hornbill species at Barito Ulu had
equivalent or denser populations than at any other site.

There are five possible explanations for the low
densities and particular faunal composition at Barito Ulu
compared to other sites in Borneo: hunting pressure,
isolation, fruit and staple food supplies, poor soils, and
specific habitat preferences. Wildlife has been harvested
in Borneo for at least 35,000 years, and human communi-
ties in the interior appear to have had the most long-term
impact on wildlife populations (Bennett et al., 2000).
These communities are believed to have caused the local
extinction of several species and this can be seen, for
example, in the mutually exclusive distributions of
humans and orang-utans (Rijksen & Meijaard, 1999).
Bennett et al. (2000) surveyed various communities
in Sarawak and found that while <9% of communities in
coastal areas ate wild meat daily, this increased to 37% in
more remote traditional rural areas where communities
use old hunting practices and are less affected by a cash
economy; logging camps had the highest rate at 49%.
Nomadic Orang Ut lived in the upper Barito area during
Dutch colonial times (Schwaner, 1853) and Dayak and
Muslim communities were present in the Barito region

Fig. 2 Changes in frequency of non-fig fruit abundance (number
of fruit sources >10 cm DBH per hectare), and bearded pig,
hornbill and mouse deer sightings at Barito Ulu, Central
Kalimantan, throughout the year.

Table 2 Densities of primates and ungulates (individuals per
km2) from Bodmer et al. (1991a) and the present study at Barito
Ulu. Estimates from Bodmer et al. (1991a) were calculated using
Fourier series expansion of line transects.

2 months (1989; 11 months (1996–1997;
Species Bodmer et al., 1991a) present study)

Hylobates spp. 7.2 8.2
Presbytis rubicunda 10.4 8.4
Macaca fascicularis 1.4 1.5
Pongo pygmaeus <0.1 0.0
Muntiacus spp. 0.9 2.8
Tragulus spp. 2.0 1.8
Sus barbatus 1.2 17.3 (migration)
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during this study. Continual hunting in the upper Barito
area may keep faunal populations low or they may be
recovering from previous hunting pressure. Muntjac
density during this study was three times higher than
during a census in 1989 (Bodmer et al., 1991a) and this
may indicate a rise in the study site’s population due to
a reduction in hunting in the immediate study area
because of the presence of researchers. However, we
have no explanation for why densities of other species
were unchanged.

Barito Ulu’s isolation may also partly explain the low
densities of animals surveyed in this study. To the north
of the study site are large tracts of heath forest that
support relatively few species (K.R. McConkey, unpubl.
data), and to the south and east of the study site non-
volant animals may be prevented from entering the area
by the fast flowing Busang and Murung Rivers. To reach

the area the animals would either have to swim, or
continue up-river to a suitable crossing place and then
travel back down river. Thus, regular visits by non-
resident frugivorous animals, such as orang-utans and
pig-tailed macaques, are restricted. However, hornbills
and pigs would not be prevented by these obstacles; both
were seen in the heath forest to the north and both can
cross rivers. This observation is also supported by the
fact that orang-utans do not occur in south-east Borneo
east of the Barito (Rijksen & Meijaard, 1999); if orang-
utans are locally extinct in this region then there is a clear
migration bottleneck between the upper Mahakam and
upper Barito Rivers.

Bodmer et al. (1991a) suggested that the low biomass
of primates, particularly the rarity of orang-utans, and
ungulates in Barito Ulu was due to poor fruit supplies.
All the large diurnal animals discussed here consume

Table 3 Biomass (kg km-2), where available, of large diurnal mammals, other than orang-utans, and hornbills in three areas of interior
forest and four areas of coastal forest in Borneo.

Interior forest Coastal forest

Lanjak Kayan Sungai
Species Barito Ulu1 Entimau2 Mentarang3 Kutai4 Wain5 Sabah6 Sarawak7

No. months studied 12 8 3 16 3 4 23
Altitude (m) 100–350 170–625 350–750 30–300 50–127 <500
Hornbills 23.4 103.9
Buceros rhinoceros 9.2 4.3 2.8 5.3
B. vigil 1.9 present 0.9 46.7
Anthracoceros malayanus 3.4 3.5 2.8 3.3
A. albirostris 0.6
Anorrhinus galeritus 5.5 3.3 7.3
Aceros comatus 0.4 5.5
A. corrugatus 0.1 1.0 20.7
A. comatus 0.3 71.2 11.2
Primates 106.9 306.1 510.5 314.0
Presbytis spp.8 52.5 (Pr) 183.1 (Pr, Pf) 128.5 (Pa) 111.01
Macaca fascicularis 7.7 6.2 29.0 63.0
M. nemestrina Rare 7.7 35.8 50.0
Hylobates spp. 46.7 91.0 33.7 83.2 39.5 52.0
Pongo pygmaeus Rare 18.1 234.0 38.0
Other
Ratufa spp. 6.1 11.7
Callosciurus spp. 5.5 4.1
Sundasciurus spp. 0.2 2.4
Helartos malayanus 36.6 53.0
Tragulus spp. 76.09 295.0

1This study
2Blouch, 1997 (line transect)
3Meredith, 1995 (line transect, Fourier series analysis)
4Rodman, 1978 (primates, actual densities known); Leighton, 1982 (hornbills, line transect)
5Nijman, 2001 (actual densities known)
6Payne & Davis, 1982 (line transect), Heydon & Bulloh, 1997 (Tragulus, line transect, DISTANCE)
7Bennett & Dahaban, 1995 (line transect, Fourier series analysis)
8Pa, Presbytis aygula; Pr, P. rubicunda; Pf, P. frontata
9Actual value (9.5) is multiplied by 8 for a more accurate comparison with the night-time surveys of Heydon & Bulloh (1997) (see text for
details)
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fruit, and the scarcity of single, large fruit sources may
be limiting for certain species (Caldecott, 1983; Leighton,
1993; Lawrence & Leighton, 1996). During the study
period the monthly density of single large fruit sources
(trees with DBH >25 cm) varied between 0.4 and
6.1 trees ha-1 (K.R. McConkey, unpubl. data), which is
less than a third that reported by Leighton (1993) in Kutai
(20 trees ha-1 during a non-mast peak). This lack of
large fruit trees could explain Barito Ulu’s low density
of orang-utans and of species that tend to associate in
large flocks or groups, such as long-tailed and pig-tailed
macaques and Aceros hornbills (Caldecott, 1983;
Robertson, 1986; Leighton, 1993; Lawrence & Leighton
1996; Yeager, 1996). In comparison, Barito Ulu has
sizeable gibbon populations, reflecting this species’
behaviour of moving around and defending a home
range of mainly small fruit trees (Chivers, 1984). Rhinoc-
eros, helmeted and black hornbills had higher densities
at Barito Ulu than at other sites. Because these species
tend to forage singly or in pairs, they may also be able to
cope with smaller fruit supplies, and reduced competi-
tion, due to the low density of the flocking hornbill
species, may also be beneficial.

Barito Ulu may also lack specific staple food to support
a resident population of some animal species. For
example, the palm Borassodendron borneensis is consid-
ered an important staple for orang-utans (Rijksen &
Meijaard, 1999) yet appears to be absent from the study
area (Awmack, 1992). On the other hand, the six plant
genera identified by Blouch (1997) to be the best indica-
tors of orang-utan density in Lanjak Entimau in Sarawak
(Artocarpus, Baccaurea, Durio, Garcinia, Lithocarpus and
Nephelium) were found at Barito Ulu in densities in the
upper range of that at Blouch’s study site (McConkey,
1999), although it is possible they are less productive at
Barito. Similarly, mouse deer densities have been related
to the amount of reproductive figs and small fruit in
the forest (Heydon & Bulloh, 1997). At Barito Ulu the
density of mouse deer was lower than at Segama in
Sabah, with a corresponding, but unproportional,
decrease in reproductive fig density (McConkey, 1999).

Barito Ulu has poor, acidic soils compared to other
South-east Asian lowland forests (Mirmanto, 1996).
Payne (1995) found that large mammals in Malaysia were
most abundant on mineral-rich soils and suggested that
mineral availability could limit mammal density. Hence,
Barito Ulu’s poor soils may explain its lower availability
of large fruit trees, as well as the low mammal density.

The absence or rarity of some species may be linked
to the lack of a specific habitat. Oriental-pied hornbills
prefer secondary growth and riverine forest (Leighton,
1982; Kemp, 1995). Although these habitats were not
rare at Barito Ulu, they were not well sampled in this
study, and it is possible that higher Oriental pied hornbill

densities exist in these specific habitats. Similarly, long-
tailed macaques also prefer riverine forest, occasionally
travelling inland to exploit certain resources (Fittinghoff
& Lindburg, 1980); their low density along the non-river-
ine transects may reflect this habitat preference. Woodd
et al. (1993) calculated a density of c. 15 macaques km-2

along the river edge at Barito Ulu, which is ten times
higher than the estimate from this study. Proboscis
monkeys are absent from the study area, although they
have once been sighted nearby (Chivers, 1996); the river-
ine forest along the Busang is probably unsuitable for
them as it is rugged and appears to be of low quality
compared to areas where proboscis monkeys are
normally seen.

There are several potential problems with the informa-
tion reported here. Firstly, The survey was carried out in
1996-97. With the exception of muntjacs, there was little
change in abundance of pigs, mouse deer and primates
between 1989 (Bodmer, 1991a) and this study; hence, at
least during this period, densities appeared to be stable.
Moreover, since 1997 there have been few changes in the
immediate Barito Ulu area that are likely to have affected
wildlife populations (R. Ridgeway, pers. comm.). The
most significant potential impact may be from the
logging camp 10 km up-river. Logging began in 1997 and
ceased in 2002 (R. Ridgeway, pers. comm.); in Sarawak
hunting pressure has been shown to be particularly high
around logging camps (Bennett et al., 2000). On the other
hand, illegal logging is reportedly minimal in the region
(R. Ridgeway, pers. comm.). Boat transport on the
Busang has decreased since the study period, down from
at least one speedboat per day to just 1–2 a week in 2004
(R. Ridgeway, pers. comm.). However, rafts for the
extraction of gold from river sediment have begun to
appear about 5 km above the study site, and this has
caused an increase in slow boat transport and probably
hunting (R. Ridgeway, pers. comm.). Secondly, most of
the surveys from other regions of Borneo that we have
used for comparison are even older than our survey and
there is a lack of more recent published data. Survey
methods also differed, but the variety we used in our
study encompassed the range found in the other studies
(distance sampling, line transect surveys, and known
densities). Thirdly, some animal species, such as mouse
deer and sambar deer, are primarily active around dawn
and dusk and the morning census is not likely to accu-
rately reflect their true density. Heydon & Bulloh (1997)
found that mouse deer sightings in Sabah were seven to
eight times higher at night than during the day. Even if
we multiply the mouse deer density in Barito Ulu by
eight times, it is still 25% of that reported by Heydon &
Bulloh (1997). Similarly, sambar deer may be present at
Barito Ulu Research Area, but daytime surveys are not
suitable for recording them. A sambar deer was hunted
by people from the local village of Muara Joloi during the
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study period (K.R.M., pers. obs), although it is not known
where the deer came from.

Kalimantan’s forests are seriously threatened by
activities such as legal and illegal logging, agriculture,
plantations, road construction and forest fires (Rijksen &
Meijaard, 1999). Much of the prime habitat for many
animal species has already been destroyed or modified,
and the richer, accessible, coastal areas are most threat-
ened. The more remote interior forests are likely to
become increasingly important in sustaining many
animal species. If the density of animals at Barito Ulu is
representative of much of Kalimantan’s unsurveyed
areas then a large area would be needed to conserve
viable numbers of most species. It is crucial that further
surveys are carried out, in a diversity of vegetation
types, to ensure that we have a full understanding of the
carrying capacity of different areas.
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