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ABSTRACT. Extensive surveys for rodents
were undertaken within Lore Lindu National
Park, Central Sulawasi, Indonesiafrom March
2000to July 2001. A tota of 40 Stesweresampled
in 17 habitatsthroughout the park. Capturerates
weregenerally low with atotal of 309 rats caught
in 32,000 trap-nights giving an average of 104
captures per trap-night. Twenty species of rats
from eight generawere caught, representing 46%
of the known Sulawesian rat fauna. Dominant
species in the sample caught were Rattus
hoffmanni (16.56% from 314 individuals
captured), Bunomys chrysocomus, B. prolatus,
B. penitus, Taeromys celebensis and Rattus
marmosurus. Several rarely recorded rodents
that inhabit mountain topswere captured in this
survey, namely Melasmothrix naso, M.
rhinogradoides and Lenomys meyeri. The
distribution of many of the rodentswas heavily
affected by elevation and human disturbance.
This was quantified through the Principle
Component Analysis, with PC1, PC2 and PC3
accounting for 61.63%, 15.12% and 11.34% of
total variance, respectively. PC1 appearsto be
weighted heavily by altitude. Maxomys
hellwaldii, Bunomys prolatus and Rattus
hoffmanni, which prefer lower montane habitats,
werelocated on positive margin while Taeromys
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punicans, Bunomys penitus, Melasmothrix
rhinogradoides, M. naso, Lenomys meyeri and
Maxomys wattsi, prefer mountain tops, were
located on the negative margin. PC2 mostly
impliesagradient of humanimpact. Paruromys
dominator and Bunomys penitus preferring
highland natural forests were situated on the
positive margin while Rattus exulans, Taeromys
arcuatusand T. hamatus, preferring mix garden,
marshes and lower montane forest were
positioned on the negative margin. We were
unable to make any inferences to PC3, partly
duetoitslow contribution of 11.34%tothe total
variance.

INTRODUCTION

The distribution and diversity of rats are
influenced by microclimate, elevation, habitat
typesand food resources. Heaney et al. (2005)
on the study of Philippine batsand rodent stated
that species associated with disturbed habitats,
tends to be widely distributed in South East
Asia. Kitchener & Yani (1998) on the study of
endemic speciesof Rattus haenaldi from Flores
Island and Melomys bannisteri (Kitchener &
Maryanto, 1994) from Kai Island indicated that
they survive well in undisturbed and disturbed
habitat, respectively.
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Thelndonesianisland of Sulawesi hasaunique
mammalian faunathat is not only particularly
richin species, but featuresavery high level of
endemism (Maryanto, 2005). Thesearguments
seem to be supported in Sulawesi where the
endemicity is as high as 30% in rats with low
migration ability, but only 10% in fruit bats
(Megachiroptera) with high migration ability
(Carletton & Musser 1984; Musser 1991).
Sulawesi isevidently dividedinto several areas
of mammalian endemism especially for themurid
rodents (Musser & Dagosto, 1987, Corbet &
Hill, 1992), macaques (Supriatna, 1996) and
tarsiers (Shekelle & Laksono, 2004).

One of the biggest National Parksin Sulawesi,
Indonesia, isLoreLindu, having atotal areaof
approximately 231,000 ha. The Park hasarugged
topography with an altitudinal range of 250-2340
m above sea level. There are ten land system
types and 11 major vegetation types (Taman
Nasional LoreLindu2001). Although montane
forest species occurs as high as 1500 m, the
transition of those two major types of the
vegetation occurs at about 1000 m above sea
level (Watling & Mulyana1981). Furthermore,
Bynum (1999) classified that the lowland forest
inLoreLindu hasfivesignificant variables used
to indicate anthropogenic disturbancein thelow
land. Those are stumps, exotic trees, rattan>3
meters, rattan<3 meters, and mossline. Musser
& Dagosto (1987) stated that in the altitude of
more than 1300 m in Central Sulawesi, the
lowland evergreen forest is characterized by
lower montanerain forest, lower canopy height,
species diversity, buttressed trunks, woody
climbers and ambient temperature. Watling &
Mulyana(1981) reported that most of Sulawesi’s
endemic mammalsand 83% of itsavifaunahave
been recorded in the Park. Several important
mammal populationswereknowntoexistinthis
Park, including: Dwarf Mountain Anoa, Anoa
quarlesi; Babyrousa, Babyroussa babyrusa;
Tarsiers, Tarsius pumilus, T. dianae, and T.
spectrum; Giant Sulawesi Civet, Macrogalidia
muschenbroecki; and Sulawesi Cuscus,

Srigocuscus celebensis. Three speciesof murid
rodents, Mar garetamys elegans, Melasmothrix
naso and M. rhinogradiodes, were recorded
only from Lore Lindu National Park (Musser &
Dagosto, 1987).

Inthisstudy we characterized habitat preference
of rat speciesin LoreLindu National Park, Centra
Sulawesi. There has been studies on rats in
Sulawesi but studies on its altitudinal
distributionispoor (Musser, 1984, 1991 Musser
& Dagosto, 1987; Suyanto et al., 2002). This
study is designed to provide detailed
information on the micro-distribution of ratsin
the Park.

METHODOLOGY

The ecological study on rats was carried out
from March 2000 to July 2001 in Lore Lindu
National Park (LLNP), Central Sulawesi
Indonesia, of approximately 231,000 ha(Figure
1). A total of 40 sites were set up at different
altitudes and vegetations. Vegetations were
divided into 11 types: cloud forest (Cf), upper
montane forest (Um), montane forest (Mo),
lower montaneforest (Lm), lower montane moist
forest (Lmm), marsh (Ma), mixed garden (Mg),
monsoon forest (Ms), swamp forest (Sf),
lowland forest (Lf), and degraded lowland forest
(Df). Thesevegetation typeslay onanatitudinal
range of 300t0>2100 metersa.s.l.. Thedltitude
was divided into seven zones: 300-599 m (L 2),
600-899 m(L 1), 900-1199 m (M2), 1200-1499 m
(M1), 1500-1799 m (H2), 1800-2099 m (H1) and
above 2100 m (T). The vegetation types and
dtitudina zoneswerecombinedinto 17 categories.

Therats were trapped using two types of traps,
namely small wire Kasmin cage traps with
dimensionsof 28x12x12 cm; and standard snap
trapswith dimensions of 8x15cm to capturethe
largest rat species weighing up to 500 grams.
Ten transect lines of 100 m long were set up at
each habitat at intervals of ca. 20 m. On each
line, 20 traps (10 cage traps and 10 snap traps)
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Figure 1. Locality of rat survey in Lore Lindu National Park-Central Sulawesi, Indonesia.
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wereadternately put at intervalsof 5m. Hence,
thetotal number of traps per sitewas 200 traps.
Kitchener et al. (1997) argued that asubstantial
reductioninrate of capturing additional mammal
species over a weekly period is required in
Indonesia. Hence, the traps were placed on the
ground for four nights giving a standard
trapping effort of 800 trap nights per habitat.
We used two types of baits: a lightly roasted
coconut and dried fish. These were placed
alternately in each trap type. Coordinates of
thetrap siteswere geolocated using GPS units,
and the altitudes of the plot were recorded.

The results of the survey were entered into a
Microsoft Access database linked to an
Arcview 3.2 GIS geographical information
system. For diversity measureswhich variably
reflect both the number and relative
abundances of species in a community,
Shannon-Weiner diversity index and Evenness
were used in this study, with an Ecological
M ethodology computer package (K rebs 1989).
The cluster analyses and dendrograms of
dissimilarity were produced using calculations
from NTSY Spc 2.10p. Toinvestigatethe extent
to which species form discrete clusters with a
dependency on different variables, aEuclidian
distance dissimilarity coefficient was used;
dendrograms were clustered by UPGMA and
grouping of rats used the Principle Component
Anaysis(PCA) (SPSSpc 2006).

RESULTS
Faunaand diversity

We experienced very low captureratesfor rats,
although we established a huge number of
trapping effort (32000 trap-nights). A total of
309 rats were caught in on average of 104 trap
nights (asingletrap night isonetrap set for one
night required to captureasingleindividual rat).
A total of 309 individualsrepresenting 20 species
from eight genera or 46% of Sulawesian rats
were captured in this survey (Table 1). These

species are Bunomys chrysocomus (Bch), B.
penitus (Bpn), B. prolatus (Bpr), Lenomys
meyeri (Lmy), Margaretamys elegans (Mel),
Maxomys helwaldii (Mhe), Maxomys
muschenbroechii (Mmu), Maxomys wattsi
(Mwa), Melasmothrix naso (Mna),
Melasmothrix rhinogradoides (Mri),
Paruromys dominator (Pdo), Rattus exulans
(Rex), Rattus hofmanni (Rho), Rattus
marmosurus (Rma), Rattusrattus (Rra), Rattus
sp. cf. marmosurus (Rxa), Taeromys arcuatus
(Tar), Taeromys celebensis (Tce), Taeromys
hamatus (Tha), Taeromys punicans (Tpu).

Dominant species were Rattus hoffmanni,
Bunomys chrysocomus, B. prolatus, Taeromys
celebensis, B. penitus, and R. marmosurus.
Even very rare species such as Melasmothrix
naso, M. rhinogradoides and Lenomys meyeri
inhabiting mountai n-top area were captured in
thissurvey. Out of the 20 species captured, 18
species are endemic to Sulawesi.

Thenumber of individuascaptured altitudinaly
(1000traps/night) fluctuated from five (M 2Df)
t0 113 (M2Lm) mostly duetothefluctuationin
the number of individuals of dominant and
eurytopic species. Itislikely that thefluctuation
in sample size brought about the fluctuation in
the Shanon-Weiner diversity index and
evenness (Figure 2) which fluctuated from 0.72
(M2Df) to 3.04 (M1Mo) and from 0.44 (H2M o)
t01.0 (L2Ms), respectively. However, thecurve
of Shannon-Weiner index overall ascended
whilethe curve of Evenness descended toward
higher atitude. Theoverall increase of Shannon-
Weiner index toward higher altitude
considerably depended on the increase of
species richness at high altitude.

Habitat preference

Using the Euclidian distance dissimilarity index
(EDD), the 20 species were clustered into four
groups at EDD=1.98 and subgroups at EDD=
1.6 asfollows(Figure 3).
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Figure 2. Shanon-Weiner index (full line) and eveness (dot line) of rats biodiversity in Lore Lindu National park,
Central Sulawesi. For the abbreviations of habitas, see material and methods
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Figure 3. Clustering of rats species captured at Lore Lindu National Park, Central Sulawesi. Euclidian dissimilarity
index and UPGMA were employed.
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Group R1 consists of subgroup R1a: Bunomys
chrysocomus, B. prolatus, Rattus hoffmanni,
R.sp. cf. marmosurus, Maxomys hellwaldii,
Taeromys celebensis and T. hamatus; and
subgroup R1b: Maxomys muschenbroechii and
R. marmosurus. Although eurytopic species
such asR. hoffmanni, B. chrysocomus, Bunomys
prolatus and R. marmosurus were included,
most species of this group preferred lowland
habitats.

Group R2 consists of subgroup R2a: Bunomys
penitus, Paruromys dominator, Margaretamys
elegans, Maxomys wattsi and Melasmothrix
naso; and subgroup R2b; Rattus rattus. The
speciesof thisgroup preferred forests from 600
mt01800 m elevation. Rattusrattus (Subgroup
R2b) is not endemic to Sulawesi but is widely
distributed in Indonesia depending on
artificial transports.

Group R3 consists of Lenomys meyeri,
Melasmothrix rhinogradoides and Taeromys
punicans. This group consists of rare species
preferring top-mountain area.

Group R4 consists of Rattus exulans and
Taeromys arcuatus. The species of this group
preferred mix garden and/or marsh near
residence. Rattus exulans is common across
Indonesian Archipelago.

The results of clustering analysis were almost
supported by PCA (Figure 4), where PC1, PC2
and PC3 accounted for 61.63%, 15.12% and
11.34% of total variance, respectively. OnPC1,
Maxomys hellwaldii, Bunomys prolatus and
Rattus hoffmanni preferring lower montanewere
located on positive margin while Taeromys
punicans, Bunomys penitus, Melasmothrix
rhinogradoides, M. naso, Lenomys meyeri,
Maxomyswatts preferring mountain topswere
located on negative margin, suggested that PC1
considerably implies atitudinal gradient. On
PC2, Paruromys dominator and Bunomys
penitus preferring highland natural forestswere
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situated on positive margin and Rattus exulans,
Taeromys arcuatus and T. hamatus preferring
mix garden, marsh and lower montane were
positioned on negative margin, indicated that
PC2 mostly implies the gradient of human
impact. We could not suggest any implication
of PC3, partly due to the contribution of this
component as low as 11.34% of total variance.
In general, thedistribution pattern of ratsinthis
park appears to be mainly due to altitude and
partly by human impact.

DISCUSSION

There are great difficulties in documenting
gradational trends of rats, due to low capture
rates. For example, 104 trap nightsontheaverage
wererequired to captureasingleindividual rat.
In comparisonto other tropical Asian studies, it
was particularly difficult to capture rats in the
LoreLindu National Park. For example, Medway
(1972) reported that, on Gunung Benom, West
Malaysiaat 300-2400 ma.s.l, 50 trap nightswere
required to capture asmall mammal (from 5,777
trap nights). Heaney et al. (1989) required 30
trap nights (from 3,485 trap nights) on Leyte
Island, Phillipines, at 300-900 m a.s.l., 11 trap
nights (from 3,231trap nights) on Guisayawan,
Negrosldand, Philippinesat 0-1500ma.sl. Tam
et al. (2002) required 75 trap nights (from 17,512
trap nights) on tropical forest of Vietnam. The
only other figuresavailablefrom Indonesia, were
reported by Kitchener & Yani (1998), who
needed an average of 117 trap nightsfor asmall
mammal at RanakaMountain, FloresIndonesia.
Kitchener & Yani (1998) showed that between
1000 and 1200 m a.s.I, the species richness of
ground mammals was high, due to the
abundance of introduced mammal s but declined
rapidly at higher elevationsand stayed low over
2000 ma.s.l. The Shannon-Weiner diversity and
Evenness indices on our present study
fluctuated with habitats. The increase in the
Shannon-Weiner index toward higher altitude
considerably depended on the increase of
speciesrichnessat high atitude, whilethe curve
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Figure 4. Principle component analysis for rats species captured at Lore Lindu National Park, Central
Sulawesi. PC1, PC2 and PC3 showed total variance of 61.63%, 15.12% and 11.34%, respectively. Abbreviations
of species name as follows: Bunomys chrysocomus (Bch), B. prolatus (Bpr), B. penitus (Bpi), Lenomys meyeri
(Lmy), Margaretamys elegans (Mel), Maxomys muschenbroechii (Mmu), M. hellwaldii (Mhe), M. wattsi
(Mwa), Melasmothrix naso (Mna), Melasmothrix rhinogradoides (Mri), Paruromys dominator (Pdo), Rattus
exulans (Rex), R. hoffmanni (Rho), R. marmosurus (Rma), R.sp.cf. marmosurus (Rxa), Rattus rattus (Rra),
Taeromys arcuatus, Taeromys hamatus (Tha), T. celebensis (Tce), Taeromys punicans (Tpu).
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of Evenness index descended toward higher
atitude. Abramsky & Rosenweig (1984) and
Kitchener et al. (1987) showed that species
diversity of rodents in the arid region was
associated with rainfall and habitat types. The
rainfall on our study locationsranged from 1000
to morethan 2500 mm, and 63% of ratswe caught
werelocated inareawithrainfall criteriaof more
than 2000 mm. Furthermore, Chauhan (2002)
indicated that diversity associated with different
types of vegetation and rodent population was
synchronous with the source of palatablefruits
and seeds, especially on the bamboo
flowering season.

In these habitats, the animals' seemed to be
general feedersin food selection. Wall (2003)
argued that olfaction isimportant in rodentsfor
foraging, predator avoidance, and
communication. Rodentshavedifficultieswith
detecting buried seeds in dry soil but have
higher foraging success when the soil is moist.
Rodents arelikely to benefit from the similar
effect of relative humidity.

On the study of Sulawesian rat, Musser (1991)
indicated that widespread and common forest
rat speciesin Sulawes isRattus hoffmani. This
speciesisdistributedin all habitat typesinLore
Lindu NP and abundant in the lower montane
between altitudes of 900-1200 m. Based on our
observation at this park and at Tomohon-
Northern Sulawesi, Rattus exulans or R. rattus
are easily caught in the plantation as they are
normally widespread in the western area of the
Wallace Line. Rattus exulans has a huge
geographical range that extends from
Bengladesh to Irian and New Zealand and it is
closely associated with human activities (Aplin
etal., 2002). Thiscould be duetotheeurytopic
Sulawesian species of R. hoffmani potentially
competing with Rattus exulans especially inthe
plantation or disturbed forest.

In addition, Rattus marmosurus is one of
eurytopic speciesin Sulawes and wasindicated
as lowland species category in our analysis.
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Aplin et al. (2002) argued that the endemic
Rattus marmosurus is one of the members in
the archaic group. They, in general, show no
close relationship to other Rattus species in
adjacent geographical areas. Theseare probably
descendants of early waves of dispersal
through the region.

The cluster analyses showed that Bunomys
prolatus and B. chrysocomus apparently have
adistributional relationship somewhat similar
to study in Tambosis mountain (100 km eastern
of this park) by C.H. Watts; however, he did
not capture Bunomys penitus in that mountain
(Musser, 1991). In LoreLindu National Park,
Bunomys penitus, Paruromys dominator,
Margaretamys elegans, Maxomys wattsi and
Melasmothrix naso chose forests at 600 m
t01800 m a.s.l asreported by Musser & Dagosto
(1987). It is clear that small ground mammal
elements of the faunain the montane forest on
flanks Tabusisi are very similar to that at Lore
Lindu NP but differ to that recorded by Musser
from Noki Lalaki (Musser 1991).
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