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Introduction 

The Lambusango forest research project (LFRP) is a multidisciplinary project 
examining aspects of forest conservation, ecology and management in and around the 
Lambusango forest management area (LFMA), pulau Buton, Sulawesi Tenggara. This area 
includes the Lambusango and Kakenauwe forest reserves, surrounding forests and villages. 

Operation Wallacea teams have been carrying out surveys in the Lambusango area 
for over ten years. In that time a wealth of information has been collected on the biological 
importance of the area, its biodiversity, ecology and the potential threats to the forest. 
Work in 2011 has sought to continue and develop these studies with ongoing wide scale and 
long-term monitoring of significant endemic large vertebrate species such as hornbills, 
macaques, wild pigs and anoa, bird communities, herpetofauna, bats and small mammals. 
These datasets are becoming notable for their duration with some over a decade in length. 
Some of these data demonstrate worrying declines; Lambusango is being affected by global 
trends, with deforestation on the periphery of the area increasing, hunting still evident and 
oil and asphalt extraction developing as world crude oil prices increase. These data sets are 
also allowing us to understand how species adapt to changing habitat structure and 
variations in microhabitat and climate. Single species ecological studies of Malay civets, 
tarsiers and Buton macaques have been facilitated by the good populations of these species 
in accessible areas of the forest. These are some of the only studies being carried out on 
these species and represent important additions to our understanding of the ecology of this 
poorly studied region. This report was compiled by P Wheeler, based on reports submitted 
by members of the science team and their assistants. 

Research in Lambusango is supported largely by the contribution of Operation 
Wallacea volunteers. Without them the project would not run, nor would it be as interesting 
or as much fun. I would like to personally thank the members of the science team who have 
been involved in the project this year, particularly Dr Graeme Gillespie who led the research 
through the first part of the season. As ever no research would be possible without the 
continued partnership between Operation Wallacea and Lawana Ecotone who provide 
logistical support to the research programme. They and their staff including guides, porters, 
householders and cooks allow us to carry out our research safely and efficiently and are 
unrelenting in their enthusiasm for this project. I reserve a special thanks for the staff of our 
counterpart institution, IPB, particularly Dr A. Haris Mustari who visited the site in 2011. 
Finally I would like to thank RISTEK, PKHA and BKSDA Kendari for permission to carry out 
research in south east Sulawesi. 
 

Dr Philip Wheeler  
Senior forest Scientist 

Labundo Bundo, August 2011. 
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Research Sites 
Research in the LFMA has three broad locations: 
Labundo bundo village and Lapago camp – these sites are in the north of the LFMA and 
allow access to the Kakenauwe and northern Lambusango reserve areas. They are the main 
base for herpetofauna, small mammal, bat, Malay civet, and some forest structure surveys. 
Kaweli village – this site is to the north west of Lambusango and is a main base for studies of 
human-macaque conflict 
Node camps – these are six remote forest camps (named, in clockwise order from most 
northerly, Lapago, Bala (also referred to as Lawele), Lasolo (also referred to as Sumbersari), 
Wabalamba, Wahalaka, Anoa) located at sites around the Lambusango reserve used mainly 
for monitoring of forest structure and dynamics, amphibian surveys, birds, anoa, pig and 
macaque populations as well as some herpetofauna trapping (Fig. 1). Surveys in 2011 
focussed on the Lapago, Lawele and Anoa camps. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location of node camps in the LFMA 
 

Research activity 2011 
As this project is a long-term project and the proposal submitted outlined three years’ of 
work, several projects presented in the research permit submission have not received 
attention this year. The areas researched in 2011 were: 

 Monitoring bird communities 

 Bat community dynamics 

 Monitoring herpetofauna and small mammal communities 

 Butterfly community dynamics 

 Monitoring anoa and wild pig populations 

 Habitat associations and sleeping site characteristics of Buton tarsiers. 

 Behaviour of Buton macaques 

 Population dynamics and spatial ecology of Malay civets 

 Monitoring forest structure and diversity 

 Rattan ecology and growth 

 Macaque crop-raiding behaviour 
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Monitoring bird communities 

Concept 

Birds are commonly used indicators of biodiversity in a range of taxonomic groups. Surveys 
of birds at fixed locations around LFMA have been carried out for 9 years and are a key part 
of the forest monitoring programme. Maintaining this data set is important in understanding 
the state of biodiversity in the wider LFMA. 

 

Objectives 

To carry out surveys of birds at fixed points throughout LFMA 
To estimate population density of birds in the node camp sites. 

Methods 

Bird species were surveyed using the Variable Circular Plot methods (point counts with 
distance estimates to each contact) following Bibby et al. (2000) at points at least 300m 
apart along each of 4 transects at each node camp and at a number of other sites in the 
Lapago and Labundo bundo/Kakenauwe area. Surveys were carried out between 06:00 and 
08:00 hours and again between 15.00 and 18.00. Each site was surveyed between four and 
six times. All birds heard and seen were recorded and an estimate of distance was made to 
each contact. Population sizes were estimated using distance sampling. 

 

Results 

50 species were encountered in point counts at the four sites surveyed (Table 1). 
 

Common name AN BA LB LP TOTAL 

Ashy Woodpecker 6 14 19 43 82 

Barred Honey Buzzard   1  1 

Bay Coucal 9 23 41 28 101 

Black Billed Koel    5 5 

Black naped Fruit Dove 66 60 98 94 318 

Black naped Monarch 44 39 49 74 206 

Black naped Oriole 26 35 96 91 248 

Black Sunbird 2 1 1 3 7 

Blue Backed Parrot 3 3 25 50 81 

Blue Breasted Pitta   1  1 

Brown Cuckoo Dove 3 5 3 16 27 

Citrine Flycatcher 15 29 33 40 117 

Collared Kingfisher  3 5  8 

Crested Myna   3  3 

Drongo Cuckoo 4 8 8 4 24 

Finch Billed Myna   6  6 

Flower Pecker 10   2 12 

Golden mantled Racquet tail 18 27 29 55 129 

Green Imperial Pigeon 26 60 140 150 376 

Grey cheeked Green Pigeon 3 4 29 31 67 
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Grey Rumped Tree swift  3 3 3 9 

Grey Sided Flower Pecker 20 54 1 4 79 

Grey Sided Flycatcher  1   1 

Grosbeak Beaked Myna  1   1 

Hair crested Drongo 29 52 75 63 219 

Hanging Parrot sp. 21 27 13 24 85 

Ivory Backed Wood Swallow  1 1  2 

Knobbed Hornbill 3 36 31 52 122 

Olive Backed Sunbird  1 2 17 20 

Ornate Lorikeet   1  1 

Pacific Baza   1  1 

Pied Cuckoo shrike 22 20 52 53 147 

Piping Crow 16 2 18 17 53 

Purple winged Roller   12  12 

Red Jungle Fowl 13 8 7 5 33 

Silver Tipped Imperial Pigeon 1  25 11 37 

Spot Tailed Goshawk 3 12 21 10 46 

Stephan's Dove 1  1 5 7 

Sulawesi Babbler 38 70 44 14 166 

Sulawesi Black Pigeon  8 10 15 33 

Sulawesi Cicada Bird 4 23 34 34 95 

Sulawesi Crested Myna   3  3 

Sulawesi Dwarf Hornbill 1 13 23 13 50 

Sulawesi Hawk cuckoo  7 1 1 9 

Sulawesi Hawk eagle    3 3 

Sulawesi Serpent Eagle 4  3  7 

Sunbird 1  9 4 14 

White bellied Imperial Pigeon  21  2 23 

White Eye sp. 13 9 6 5 33 

White Necked Myna 6 2 18 13 39 

White Rumped Cuckoo shrike   2  2 

Yellow Billed Malkoha 2 3 7 10 22 

Total Individuals 433 685 1011 1064 3193 

Table 1 Summary of number of individuals of each species detected in point counts at each 
node camp/village. Abbreviations for sites are as follow: AN Anoa camp, BA Bala camp, LB 
Labundo-bundo, LP Lapago camp.  
 
A number of species were observed on surveys outside of the formal point counts. These are 
combined in Table 2 to give complete species lists for the sites visited in the 2011 season. 
This brings the total avifaunal inventory of Buton from this season to 71 species. 
 

Common Name 
Location 

AN BA LB LP 

Osprey     √   

Bared Honey Buzzard     √   

Brahminy Kite     √   
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Sulawesi Serpent Eagle √ √ √ √ 

Black Eagle     √   

Changeable Hawk-eagle     √   

Sulawesi Hawk-eagle     √ √ 

Spot Tailed Goshawk √ √ √ √ 

Pacific Baza     √   

Red Jungle Fowl √ √ √ √ 

Sulawesi Black Pigeon √ √ √ √ 

Spotted Dove     √   

Brown Cuckoo Dove √ √ √ √ 

Stephan's Dove √ √ √ √ 

Green Imperial Pigeon √ √ √ √ 

White Bellied Imperial Pigeon  √ √   √ 

Silver Tipped Imperial Pigeon √ √ √ √ 

Black-naped Fruit-dove √ √ √ √ 

Grey Cheeked Green Pigeon √ √ √ √ 

Ornate Lorikeet √   √   

Golden Mantled Racquet Tail √ √ √ √ 

Blue Backed Parrot √ √ √ √ 

Large Sulawesi Hanging-Parrot     √   

Small Sulawesi Hanging-Parrot     √   

Hanging Parrot sp. √ √ √ √ 

Sulawesi Hawk-Cuckoo √ √ √   

Drongo Cuckoo √ √ √ √ 

Black-billed Koel       √ 

Yellow Billed Malkoha √ √ √ √ 

Bay Coucal √ √ √ √ 

Sulawesi Scops Owl √ √ √ √ 

Grey Rumped Tree Swift √ √ √ √ 

Asian Glossy Swiflet  √ √ √ √ 

Ruddy Kingfisher  √ √   √ 

Collared Kingfisher   √ √ √ 

Common Kingfisher     √   

Sulawesi Dwarf Kingfisher   √ √   

Sulawesi Dwarf Hornbill √ √ √ √ 

Knobbed Hornbill √ √ √ √ 

Purple-winged Roller     √ √ 

Rainbow Bee-eater   √     

Blue Breasted Pitta   √ √ √ 

Ashy Woodpecker √ √ √ √ 

Pacific Swallow     √   

Pied Cuckoo Shrike √ √ √ √ 

White-rumped Cuckoo Shrike     √   

Sulawesi Cicada Bird √ √ √ √ 

Hair Crested Drongo √ √ √ √ 
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Black Naped Oriole  √ √ √ √ 

Slender-billed Crow     √   

Piping Crow √ √ √ √ 

Sulawesi Babbler √ √ √ √ 

Red-backed Thrush       √ 

Flyeater     √   

Yellow-bellied White-eye     √   

Sulawesi White-eye     √   

White-eye sp. √ √   √ 

Black Naped Monarch √ √ √ √ 

Citrine Flycatcher √ √ √ √ 

White-breasted Wood-swallow √   √   

Ivory-backed Wood-swallow   √ √ √ 

White Necked Myna √ √ √ √ 

Grosbeak Starling   √ √ √ 

Asian Glossy Starling     √   

Sulawesi Crested Myna   √ √ √ 

Scarlet Honeyeater √   √   

Black Sunbird √ √ √ √ 

Olive-backed Sunbird √ √ √ √ 

Brown-throated Sunbird √   √ √ 

Sunbird sp. √ √ √ √ 

Grey-sided Flowerpecker √ √ √ √ 

Yellow-sided Flowerpecker     √   

Flowerpecker sp. √ √ √ √ 

Tree Sparrow     √   

Total Species 44 47 66 49 

Table 2: Bird species observed at all sites visited in 2011 
 
Although previous years have recorded individuals of the critically endangered Yellow-
Crested Cockatoo (Cacatua sulphurea), this species was not recorded in 2011 despite a 
number of visits to locations where the species had been sighted between 2005 and 2009. 
Global populations of the species have undergone severe population declines due to 
unsustainable trapping for the cage bird trade and habitat destruction. Global populations of 
this species are estimated as <7000 birds, with only 200-300 individuals estimated to occur 
on Sulawesi.  The absence of this species this year is possibly related to increased secondary 
forest clearance in the area that it had been previously observed near the village of Toruku.  
The Pied Cuckoo-Shrike (Coracina bicolor), currently evaluated as Near-Threatened is the 
other red-listed species of note in the forests of Lambusango. High population densities of 
this bird were recorded at all forest node camps, indicating that the forest possesses an 
apparently healthy population of this species. No species sighted this year were new records 
for the science team. 
 
As a potential flagship species for Lambusango and a keystone seed disperser, the knobbed 
hornbill is of particular interest for the purposes of biodiversity monitoring. 2010 was a 
particularly wet year with surveys of all species affected, but comparing 2011 with 2009, the 
last similar year, there are clearly large differences in hornbill numbers at the three sites 
surveyed in both years (Fig. 2). This presumably indicates movement of individuals or groups 
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to locations where trees are in fruit. The overall figures indicate there may be a slight 
increase in hornbill numbers overall between 2009 and 2011. 
 

 
Figure 2: Numbers of hornbills detected per point count in 2009 and 2011 at three node 
camp sites. 
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Bat community dynamics 

Concept 
Bats are important components of biodiversity as seed dispersers and pollinators. Their 
diversity may also give an indication of diversity of more difficult to study and less well 
known groups that make up their prey such as insects. Trapping at fixed points in the 
Kakenauwe reserve has been carried out for several years and now forms a substantial data 
set that is valuable in monitoring temporal change in this forest. 

 
Objectives 
To trap bats at fixed points in the LFMA 
To assess changes in bat community composition from previous years 

 
Introduction 
Buton Island is known to have high insectivorous bat species diversity but these forest bats 
are highly dependent on the persistence of forest cover and may be vulnerable to forest 
disturbance. These bats are characterized by ecomorphological specializations that give 
them unique maneuverability that allows them to catch forest understory insects. However 
forest degradation may lead to increased exposure to predators. Fruit bats which can be 
found in forest edge and fragmented habitat, are also known to contribute to the pollination 
of many plants and are therefore potential keystone species in forest ecosystems. However 
information on bat diversity, distribution and responses to forest disturbance is still very 
limited in Buton Island, S.E. Sulawesi.  

 
Methods 
Bat community studies were conducted from 2nd July to 14th August 2011 on Buton Island.  
Insect bats were captured using four - bank harp traps positioned across trails in the 
Kakenauwe Forest Reserve with approximately 50 m between traps. Eight to ten harp traps 
with 2 types of fishing lines (6 lb and 11/14 lb), were set alternately for a single night and 
then moved to a new position. Traps were set at dusk, checked every 15 - 30 minutes until 
21.00 and then left open over night and rechecked at dawn (following the peaks in bat 
activity at dusk and dawn). 
Fruit bats were captured using mist nets at sites in farmland around Labundo bundo village. 
Mist nets were placed using bamboo poles to a minimum height of 1 meter from the 
ground, opened at 17:30 and checked regularly until 22:00. Nights of full or new moon and 
poor weather conditions (rain, strong wind) were avoided. All captured bats were then held 
individually in cloth bats and identified following Bonaccorso (1998), Suyanto (2001), and 
Payne et al. (2000). Bats were weighed, measured (forearm), given a temporary mark (using 
a biopsy punch), wing traced (to get information about flight ability), and released at the 
capture point within 12 hours. In addition, Faecal samples were collected during bat 
processing and identified using McAney et al., (1991) to show food preferences for insect 
bats. Bat parasites e.g. ectoparasites (mites, ticks, bat flies) and endoparasites (burrowed 
parasites) were noted and counted in each bat during the survey period.  A series of habitat 
assessments on Kakenauwe Grid also were taken to assess environmental variables that 
might affect bat assemblages (such as canopy cover and forest density). 
 

Results 
In total 157 individuals were captured including 18 recaptures, comprising of fourteen 
species from five families (Emballonuridae, Rhinolophidae, Hipposideridae, Vespertilionidae, 
and Pteropodidae) (Table 3). 46.5% captured bats were Hipposideros cervinus  (n = 73) 
followed by Rhinolophus euryotis (14.01%; n = 22), both are cavernous species and usually 
found in large colonies. Some gleaning species e.g. Kerivoula papillosa  and Kerivoula 
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hardwickii that roost in tree holes were also caught. Small numbers of a variety of other 
species were caught.  We also trapped three individuals of Rhinolophus philippinensis (small 
morph). This species is unique because it has remarkably repeatedly independently evolved 
variation in body size and echolocation frequency (Large type, 27.2 + 0.2 kHz, Small type, 
53.6 + 0.6 kHz, and Intermediate Type, 39.0 + 0.8 kHz) (Kingston and Rossiter, 2004). Most 
bats were found in the traps with thinner lines (68 records) than thicker lines (20 records). 
 
Table 3. Bats caught on Buton Island in 2011 

Notes:   V - Village/Farmland around Labundo-Bundo, F – Forest, C – Lapago Cave; MN – 
Mist net, HT – Harp trap. 
 
Four individuals of Emballonura monticola, were caught during cave mist netting near 
Lapago Camp. This species is known roost in cave entrances and is easily found together 
with other bat species such as Dobsonia viridis. Seven individuals of Dobsonia viridis were 
caught during mist netting night in farmland near Labundo-bundo village. Further mist 
netting caught mainly fruit bats that inhabit non-forest habitat (deforested or agricultural 
zone): Cynopterus brachyotis, Nyctimene cephalotes, and Rousettus amplexicaudatus.   
The initial results of studies of bat diet show that Coleoptera (41.7%) were the most 
common prey items followed by Lepidoptera (32.5%) and Hymenoptera (17.5% ). 
Homoptera, Hemiptera, Acaris, and Trichoptera were also recorded. 4 parasite morpho-
types were found on microbats in Kakenauwe: bat flies, mites, ticks, and burrowing 
parasites. Parasites on all bat species were dominated by Streblidae (bat flies) and these 
were especially prevalent in Hipposideros cervinus.  

 
Conclusions 
Most insectivorous bats captured in Kakenauwe Nature Reserve and Lambusango Forest 
Reserve are forest specialists. Hipposideros cervinus and Rhinolophus euryotis still represent 
the most common species in Kakenauwe forest. The capture rate during survey period was 
very low compared with previous study years. This may be due to the effect of the 2010 La 
Nina event. However it is possible that the low capture rates are a result of the thicker lines 
used in some of the traps. Many species of bats especially those with high echolocation 
frequencies tend to avoid traps with thicker lines. Further analysis of these data and data on 
forest structure will begin to elucidate the determinants of bat abundance and distribution 
in this forest.  

No. Species Name Number Habitat 
Trap 
Type 

Feeding guild 

1.  Cynopterus brachyotis 1 V MN Frugivorous 
2.  Dobsonia viridis 7 V MN Frugivorous 
3.  Emballonura monticola 4 C MN Insectivorous 
4.  Hipposideros cervinus 73 F HT Insectivorous 
5.  Hipposideros cineraceus 1 F HT Insectivorous 
6.  Hipposideros diadema 5 F HT Insectivorous 
7.  Kerivoula hardwickii 13 F HT Insectivorous 
8.  Kerivoula papillosa 9 F HT Insectivorous 
9.  Miniopterus australis 1 F HT Insectivorous 
10.  Nyctimene cephalotes 1 V MN Frugivorous 
11.  Rhinolophus celebensis 14 F HT Insectivorous 
12.  Rhinolophus euryotis  22 F HT Insectivorous 

13.  
Rhinolophus philippinensis  
(Small Type) 

3 F HT Insectivorous 

14.  Rousettus amplexicaudatus 2 V MN Frugivorous 
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Monitoring herpetofauna and small mammal communities 

Concept 

Herpetofauna and small mammals have been surveyed at sites in the LFMA for eleven years. 
These data are providing a picture of the dynamics of small vertebrate communities in 
tropical forests and their relationship with forest change and disturbance. This trapping has 
also produced a number of species new to science. Continuing this work will maintain the 
long term community dataset and potentially add to the list of novel species or provide 
specimens of those poorly described. 

 

Objectives 

To trap herpetofauna and small terrestrial mammals on pit lines and with mammal traps in 
LFMA 
To assess changes in community composition between years and along a gradient of forest 
disturbance. 
 

Methods 

A series of 60 pitfall trap lines were established in the forest at varying levels of 
anthropogenic disturbance in order to determine the effects which this disturbance had on 
herpetofaunal community assemblage. Traps were arranged at points running from the 
Kakenauwe forest through to the Lapago camp, at the Anoa camp and at the Bala camp. 
Traps consisted of five buckets of varying volumes (40, 60, and 70 litres, randomly assigned 
in the traplines) set flush into the ground with a plastic tarp running through the centre 
acting as a drift net. Each pitfall trap was checked every day between 07:30 and 14:00 for up 
to 40 trap days, and the herpetofauna and small mammals captured in each bucket were 
recorded and sexed. A rainfall gauge was set up at each trap using a 1.5 litre bottle and a 
funnel, tied 1.5m above the ground. Rainfall was checked daily. Maximum and minimum 
temperature were recorded using a thermometer located approximately midway along the 
trapping area. In association with each of these pitlines, ten mammal traps of four types 
(Large Elliott, Small Elliott, Tomahawk, and small, locally-produced cage traps) were placed, 
baited with a mixture of oats, peanut butter and banana food flavouring. Traps were 
checked on a daily basis and captured individuals measured, sexed and released. 
Several species of particular interest (Sphenomorphus variegans, Sphenomorphus temmincki, 
Sphenomorphus sp 3, Eutropis rudis, Eutropis grandis, Eutropis multifasciata, long-tailed 
shrew, brown shrew, white-footed shrew, and tree mouse) had body measurements taken 
using digital callipers and a scale. Included in these measurements were snout to vent 
length, vent to tail length, mass, sex (when possible), and foot length in the case of the 
shrew species.  All specimens released after identification. Identification was undertaken 
using Graeme Gillespie’s Guide to the Frogs and Reptiles of Sulawesi Tenggara offshore 
islands (2009), and The snakes of Sulawesi (de Lang and Vogel 2005). 
Habitat structure at each trap was recorded using standardized habitat measurements: CBH 
of trees > 30cm in circumference; diameter of logs > 30cm in diameter within a 20m radius 
of the centre bucket. Additionally, two 5m X 5m quadrats were established at either end of 
each transect. Within each of these quadrats the following measurements were taken: CBH 
of trees > 4m in height; CBH of vines > 4cm in circumference; circumference of every log > 
10cm in circumference; leaf litter depth (at 9 points per quadrat, corners, midpoints, and 
center); vegetation density using a 2m pole with bands drawn on it every 2 cm (held at 1.5m 
height by one participant while another stood at the opposite end of the square with one 
eye closed and counted the visible bands). 
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Results 
Over the 47-day trap period there were 1166 herpetofauna captures or incidental sightings 
(within 20m of traps) involving at least 35 species (Table 4). 
 
Table 4. Identity and abundance of captures/incidental sightings made in pit traps over a 47-
day period. 
 

Family Species Pitfall  Incidental 

Amphibians  

Bufonidae Bufo celebensis · · 
Microhylidae Kaloula baleata ·  
Microhylidae Oreophryne sp. · · 
Ranidae Limnonectes grunniens · · 
Ranidae Limnonectes modestus · · 
Ranidae Rana mocquardi · · 
Rhacophoridae Rhacophorus georgii  · 

Reptiles  

Bataguridae Cuora amboinensis  · 
Agamidae Broncochella cristatella   
Agamidae Cyrtodactylus jellesmae · · 
Agamidae Draco beccarii · · 
Scincidae Eutropis grandis · · 
Scincidae Eutropis multifasciata  · 
Scincidae Eutropis rudis · · 
Scincidae Lipinia cf. quadrivittata  · 
Scincidae Lamprolepis smaragdinum ·  
Scincidae Lygosoma bowringi   
Scincidae Sphenomorphus sp.3 · · 
Scincidae Sphenomorphus temminckii · · 
Scincidae Sphenomorphus tropidonotus · · 
Scincidae Sphenomorphus variegans · · 
Varanidae Varanus salvator · · 
Dibamidae Dibamus novaeguinea   
Colubridae Ahaetulla prasina  · 
Colubridae Amphiesma celebicum ·  
Colubridae Boiga irregularis  · 
Colubridae Calamaria brongersmai ·  
Colubridae Calamaria butonensis · · 
Colubridae Calamaria nuchalis ·  
Colubridae Oligodon waandersi · · 
Colubridae Psammodynastes pulverulentus · · 
Colubridae Rhabdophis chrysargoides  · 
Cylindrophiidae Cylindrophis melanotus · · 
Typhlopidae Cyclotyphlops deharvengi · · 
Crotalidae Tropidolaemus wagleri  · 
Xenopeltidae Xenopeltis unicolor  · 

Total 24 28 

 
In addition to the herpetofauna captured in pit buckets, several small mammal species were 
also captured (Table 5). 
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Table 5. Number of small mammals captured in pit buckets. 

Species Number 

Brown shrew 48 
Long-tailed shrew 5 
Rat (unidentified) 8 
Tree mouse 1 
White-footed shrew 29 

Total 91 

 
Small mammal live trap success was very low. In the Anoa, Bala and Lapago regions no small 
mammals were caught in any of the live small mammal traps. In the Kakenauwe and Jalan 
Kodok areas one species of rat was captured, but capture rates were still very low with 
fewer than 10 individuals being trapped. No shrews were caught in the live traps.  
6 additional species of herpetofauna were found during nocturnal surveys or incidental 
sightings within or around the LFMA, but not within 20 metres of the traplines (Table 6). 
 
Table 6. Species recorded away from traplines. 

Family Species 

Amphibians 

Rhacophoridae Rhacophorus cf. monticola 

Reptiles 

Gekkonidae Gehyra mutilata 
Colubridae Boiga dendrophila gemmicincta 
Colubridae Cerberus rhyncops 
Colubridae Dendrolaphis pictus pictus 
Pythonidae Python reticulatus 

 
Conclusions 
The herpetofaunal community of the Lambusango forest has been sampled since 2000 using 
pitfall traps. This year is the eleventh year of this study on the effects of deforestation and 
other anthropogenic activities on herpetofauna by relating species capture rates to 
variations in forest structure. The findings of this study can also be related to the global 
understanding of the effects of deforestation on rainforest communities, providing grounds 
for conservation management practice in threatened rainforest ecosystems. 
Habitat structure has different implications for different species. For example, most skink 
species are heliotherms so may be found in areas with an open canopy suitable for basking, 
whereas small snakes such as Calamaria spp. are often thigmotherms which rely on 
substrate and ambient air temperature to maintain optimum body temperature. 
Anthropogenic disturbance therefore may have a negative effect on some species whilst at 
the same time having a positive effect on others, thus altering the ecology of the area and 
affecting species diversity. This highlights the need for long term studies in this area as the 
effects of disturbance may not have time to fully manifest themselves within the community 
during one season’s study period.  Long term monitoring of habitat structure and species 
diversity in this location can be applied to other areas and hopefully will enable better global 
understanding of herpetofaunal community assemblage within different habitat structures.  
This is also important for directing conservation efforts to ensure maximum diversity is 
maintained by having a better understanding of the fundamental ecology of the forest. 
The very low capture rates for both herpetofauna and small mammals in 2011 may be a 
result of the impact of the 2010 La Nina event which resulted in very wet weather through 
the typical dry season. Many species of small vertebrates are thought to time their breeding 
to co-incide with the beginning of the dry season, and the uncharacteristically wet weather 
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in 2010 may have affected breeding and hence recruitment in a suite of small terrestrial 
vertebrates. 
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Butterfly community dynamics 

Concept 

There are 557 known species of butterfly recorded in the Sulawesi region (Vane Wright and 
DeJong, 2003), with 175 of those recorded from Buton. Recent systematic surveys in the 
Lambusango area focussing on the large, easily identifiable families Papilionidae, Pieridae 
and Nymphalidae have recorded 76 species (Winarni & Jones 2008). Butterflies are regularly 
used as biodiversity indicators as their diversity is relatively well described, they are 
reasonably abundant and readily observed. Understanding the relationship between 
butterfly diversity and the varying elements of forest disturbance is critical to understanding 
their role as biodiversity indicators. 
Butterfly studies in 2011 examined the effects of forest disturbance on butterfly 
communities at a range of scales. Studies explored microhabitat variation in communities, 
variation between disturbed forest, undisturbed forest and non-forest/farm habitats. 

 

Methods 

Effects of forest disturbance on butterfly communities 
Butterfly diversity was assessed along nine 1km long Pollard walks separated by at least 
100m from each other in the Kakenauwe study grid, on the Lapago study transects and in 
farmland around Labundo bundo village. Butterflies were recorded while walking transects 
and during 10 minute point counts at 200m intervals. Habitat data were also collected for 
each 200m interval. 
 
Effects of microclimate and microhabitat variation on butterfly communities 
Butterfly diversity was assessed at ten 50mx50m plots, 5 in the Kakenauwe forest (more 
disturbed) and 5 in the Lapago area of the Lambusango forest. At each plot 10 minute point 
counts were carried out at each of the four corners on a daily basis for each of 10 days. Data 
loggers which recorded temperature, light and humidity were positioned in each plot. 
Habitat surveys were carried out in 10mx10m quadrats in each plot corner. 
 

Results 

1742 individuals of 73 species belonging to 45 genera were recorded on Pollard walks (Table 
7). Point counts around 50mx50m plots revealed 955 individuals of 75 species in 43 genera 
(Table 8). There were some discrepancies in butterfly diversity and abundance between 
studies: Pollard walks produced slightly more genera and individuals in the Kakenauwe area 
than the Lapago area, while point counts revealed substantially more individuals and more 
genera in Lapago than Kakenauwe. This is perhaps a reflection of the larger spatial scale of 
Pollard walks which encompassed a range of forest types in Lapago, including some 
disturbed areas, whereas point counts were carried out in areas with low levels of 
anthropogenic disturbance and well-established forest. 
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Genus Labundo Kakenauwe Lapago 

Abisara  
  

2 

Acraea 
 

1 
 Amathuxidia 

 
1 2 

Aoa 
 

6 1 

Appias 5 5 1 

Athyma 1 1 
 Cepora 

  
2 

Cethosia 
 

2 1 

Charaxes 
 

1 2 

Chersonesia 
 

2 
 Cirrochroa 

 
1 1 

Cupha 7 256 115 

Cyrestis 2 9 
 Danaus 7 8 3 

Dichorragia 
 

2 
 Discophora 

  
7 

Dophla 
  

18 

Elymnias 2 
 

34 

Euploea 5 20 9 

Eurema 
 

1 5 

Euthalia 1 1 
 Faunis 6 153 112 

Gandaca 2 18 8 

Graphium  7 68 36 

Hebomoia 3 2 1 

Hypolimnas 1 7 1 

Idea 
 

5 24 

Ideopsis 40 63 3 

Junonia 33 7 
 Lassipa 

 
22 7 

Lexias 5 27 16 

Lohora 4 86 160 

Melantis 
 

1 1 

Moduza 3 6 1 

Mycalesis 7 9 9 

Pantoporia 2 40 11 

Papilio 22 19 42 

Parantica 2 4 1 

Pareronia 5 36 6 

Rohana 
  

2 

Terinos 
 

1 
 Tirumala 1 

 
1 

Troides 3 3 1 

Vindula 12 1 12 

Yoma 
 

1 
 Total Individuals 188 896 658 

Total Genera 26 38 36 

Table 7 Numbers of each genus encountered on Pollard walks.  



 

17 
 

 
 

GENUS Kakenauwe Lapago 

Abisara 
 

1 

Aoa 3 12 

Appias 6 14 

Ariadne 
 

1 

Athyma 1 
 Belenois 

 
7 

Cepora 
 

1 

Cethosia 
 

3 

Charaxes 
 

1 

Chersonesia 
 

1 

Cupha 109 117 

Cyrestis 5 
 Danaus 

 
5 

Dichorragia 1 
 Discophora 

 
2 

Elymnias 4 6 

Euploea 14 23 

Eurema 2 5 

Faunis 35 58 

Gandaca 4 6 

Graphium 14 40 

Hebomoia 4 2 

Hypolimnas 
 

3 

Idea 1 18 

Ideopsis 16 19 

Junonia 12 4 

Lasippa 16 8 

Lexias 2 9 

Lohora 30 35 

Melanitis 2 2 

Moduza 13 17 

Pachliopta 1 
 Pantoporia 26 62 

Papilio 8 45 

Parantica 3 4 

Pareronia 18 34 

Polytes 
 

2 

Pseudergolis 
 

1 

Terinos 
 

1 

Tirumala 2 6 

Troides 1 9 

Vindula 4 9 

Yoma 4 1 

Total Individuals 361 594 

Total Genera 30 39 

Table 8 Numbers of each genus encountered in point counts 
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Conclusion 

There is no consistent pattern in butterfly diversity in relation to forest disturbance, at least 
at a large spatial scale. However, when examining the detail, clearer patterns may emerge. 
These may be explained by differences in forest structure and microclimate that become 
apparent with a full analysis of the data. In the first instance it appears that there are clear 
differences in diversity (at the genus level) and abundance between sites which were a priori 
selected to represent disturbed and relatively undisturbed forest (Table 8). Differences in 
abundance were especially apparent in the three Papilionid genera represented Papilio, 
Graphium and Troides all of which were far more abundant in the Lapago (undisturbed) area 
than in Kakenauwe. 
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Monitoring anoa and wild pig populations 

Concept 

The anoa Bubalus depressicornis is the largest native animal on Buton. It is a highly 
endangered Sulawesi endemic. The population within the LFMA is probably a significant 
proportion of the world population of this species. Anoa surveys have been carried out for 
the past seven years, demonstrating stable populations in some areas and declines in others. 
Monitoring the status of this species is important in understanding continuing threats to 
their persistence. Sulawesi wild pigs Sus celebensis are also endemic species that are 
important ecosystem engineers – they play a vital role in seed predation, dispersal and 
regeneration. Wild pigs in Sulawesi are very poorly studied, and monitoring of the species in 
Lambusango is the only long-term population research being carried out on them. 

 

Introduction 

Both species of anoa, lowland Bubalus depressicornis and upland B. quarlesi are classified as 
Endangered by the International Union for the Conservation of Nature (IUCN 2005) and 
protected under Indonesian law.  The two species are also listed under Appendix I in the 
Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES; 
UNEP-WCMC 2005). Previous studies on anoas have largely concerned their taxonomy and 
biology, and many have been conducted on captive animals (e.g. Marsono et al. 2001, 
Schreiber et al. 1999, Tanaka et al. 1996). Consequently very little is known about the 
ecology of these highly endangered species. The recommendations of the two assessments 
of anoa status and conservation requirements (Burton et al. 2005; Manansang et al. 1996) as 
well as the recent National Anoa Action Plan (Mustari et al. 2010) were to protect anoas 
from hunting, and prevent habitat loss and degradation in all key areas by enforcing existing 
laws, to complete the genetic studies in order to determine how many anoa taxa exist, and 
to determine the status of the remaining anoa population in Sulawesi.   
The last recommendation included the requirement to do an island-wide survey to confirm 
their presence and estimate the density of anoas in key areas to identify where sufficient 
numbers are present for likely population viability in the long term (Burton et al. 2005). This 
study is part of a multiannual monitoring programme that is seeking to demonstrate 
effective methods for anoa population surveying and identify threats to the species in the 
Lambusango forest. 
Sulawesi wild pigs are only extensively hunted by non-Islamic communities in Sulawesi and 
Buton. These are predominantly those in north Sulawesi and local transmigrant populations. 
However, there are reports of extensive shipping of forest animals from regions where the 
local population do not eat pigs to those where they are sold in local markets. 

Objectives 

To survey the distribution of anoa and wild pigs at sites around LFMA. 
To estimate occupancy rates of anoa and wild pigs in LFMA 

Methods 

The distribution and relative abundance of anoa and pigs was determined from the presence 
of their tracks at each of the node camp transects. Tracks of the three forest ungulates likely 
to be encountered (anoa, wild pigs, feral cows) can be readily distinguished from eachother 
on the basis of their size and shape. Tracks were recorded every 50 metres along the 
transect lines between July and August. Each transect line was walked twice at a pace of 
approximately 800 m per hour to look for tracks. A set of tracks was recorded as a single 
count when moving across the transect or clearly following the transect line.  
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For analysis, 3km transects were divided into 500m sections. To avoid spatial 
autocorrelation, only alternate 500m sections were used in the analysis. Within each section 
alternate 50m sections were used as independent replicate sampling points since tracks of 
no species were observed to follow the transect for more than 50m. The presence (1) or 
absence (0) of anoa or pig tracks was recorded within each 50 m sampling point. Thus a 
maximum of 36 sampling sites from 3 node camps each with 5 replicate sampling points 
were surveyed. Each transect was surveyed twice. 
A failure to survey some parts of the transect lines was regarded as missing data. Data were 
analysed using programme PRESENCE (MacKenzie et al. 2006). Changes in both proportion 
of area occupied (ψ) and probability of detecting anoa or pigs (p) across the study sites are a 
reflection of changes in abundance. Royle and Nichols (2003) suggest that variations in 
abundance at different times and places are probably the most important reason for 
variation in detection probability. Lower numbers of animals usually result in lower 
detection probability during surveys. Bayle et al. (2004) found that density of salamanders in 
their study area affected the probability of detection for most species. They reported that as 
density increased, the probability of detection of individual salamanders also increased. 
Conversely differences in proportion of area occupied relate to changes in the distribution of 
the species. 

 

Results 

24 transect walks were carried out: two surveys of each of 36 sites. 
While anoa occupancy remained high in the Anoa and Lapago areas, it has dropped 
markedly in the Bala area (Fig. 3). The decline in Bala is likely a function of ongoing hunting 
in this area which has caused a steady decline in anoa detection probability since monitoring 
there started (see LFRP 2009 report). The decline in occupancy apparent in 2011 is an 
indication that the anoa in this region is on the verge of local extinction. 
 

 
Figure 3: Probability of site occupancy for anoa at three node camps surveyed in 2011. 
 
Best fitting models for wild pig data indicated a constant and high rate of occupancy across 
the three sites (98%) but variable detection probabilities, which can be interpreted as 
differences in density between sites (Fig. 4). 
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Figure 4: Probability of detection for Sulawesi wild pigs at three node camps surveyed in 
2011. 
 
Lapago had highest detection probability while Anoa and Bala were relatively similar. The 
data demonstrate that wild pigs in the Lambusango forest remain both abundant and 
widespread. 
 

Conclusion 

The 2011 anoa data paint the same picture as those from previous years of catastrophic 
local declines, probably driven by hunting pressure. It is unclear whether the absence of 
anoa from the Lawele/Bala area will in time see hunting pressure increase elsewhere. If that 
is the case, the future for the anoa in Lambusango is indeed bleak. The regional forestry 
authorities must be urged in the strongest possible terms to ramp up policing and 
enforcement of illegal forest activities, including anoa hunting to stop the Lambusango anoa 
population becoming increasingly threatened.  
The picture for wild pigs is more optimistic, with 2011 figures representing a substantial 
increase on 2009 figures in pig detection probability at the three sites surveyed and a small 
increase in occupancy probability. This may be a local effect of shifting forest resources or a 
short-term increase in pig abundance, perhaps driven by the prolonged 2010 wet season. 
Further monitoring at these and other sites will be necessary to assess whether these figures 
are indicative of short-term or longer-term trends. 

  



 

22 
 

Habitat associations and sleeping site characteristics of Buton tarsiers. 

Concept 
Spectral tarsiers Tarsius spectrum are poorly studied Primates. There is some evidence that 
individuals on Buton are reproductively isolated from those on the mainland and may be a 
distinct subspecies or species. Previous work on tarsiers in Buton has examined populations 
and distributions. To support this a study of tarsier sleeping sites is required as this is a 
major potential limiting factor on population size. 
 

Objectives 
To identify locations of tarsier sleeping sites 
To identify habitat variables relating to suitable sleeping sites 
 

Introduction 
Tarisers are nocturnal, roosting in trees and crevices during the day. They are the only extant 
obligatory carnivorous primates eating mostly invertebrates such as crickets, moths and 
beetles. The roosting and sleeping site of tarsiers will vary on their surrounding habitats.  In 
primary forest tarsiers can be found sleeping in the cavities of strangler figs and other large 
trees, whereas in secondary forest they may frequent shrubs, tree cavities and even 
bamboo. 
 
Sleeping site selection has been established as a critical factor when assessing primate 
habitat suitability. It is thought that prosimians, such as tarsiers, that are inactive during the 
day have a high requirement for protection against predation when selecting their sleeping 
sites, as sleeping in tree cavities can act as a defensive strategy to these small mammals. 
Predators that seek terrestrial mammals would mostly move along the ground and although 
they may possess arboreal agility, these mammals select sites above ground providing them 
a relatively inaccessible roosting site. 
Tarsiers are well adapted to their predatory role, they have independently directionally 
mobile ears with acute acoustic ability that can detect prey, followed up with interlocking 
incisors that hold onto prey once caught. This morphology, along with their well adapted 
limbs for climbing and leaping, such as their elongated tarsus and a fused tibia and fibula, 
complements their ‘sit and wait’ predation technique.  In fact, tarsiers can leap many times 
their own body length, up to 1.4m for Tarsius spectrum and there is no doubt that fine 
tuning of these survival and predation skills has a part to play in their sleeping site choice. 
 

Method 
A sample of 37 one hectare plots were surveyed for tarsier sleeping sites. These plots were 
pre-chosen to include a variety of forest types, from primary forest to moderately disturbed 
secondary forest. This offers a gradient with respect to forest type within which the habitats 
can be studied. Surveys were carried out early in the morning, between 05:30 and 06:15, 
when the tarsiers are returning to roost. Triangulation was used to hone in on sleeping sites 
by moving towards the shrill duet calls that the tarseirs make when returning to roost.  The 
aim was to identify and survey confirmed sleeping sites.  Where possible, a count of the 
number of individuals animals observed was noted to gain an estimation of population 
density. Due to the timid and fast moving characteristics of the tarsiers, this was not always 
possible. 
 
Each of the plots was mapped in terms of elevation, aspect, distance from human 
disturbance, slope, density of vegetation, vegetation analysis and percentage canopy cover 
and characterized according to the ecology and geography of the environment. When a 
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sleeping site was identified its location was recorded with GPS. Suspected sleeping sites 
were relocated and visited before dusk to see whether tarsiers emerged. 
 

Results 
Tarsier roosting sites were found in one third of plots. On three occasions two roost sites 
were located within one 100m quadrat. Over half of the roost sites recorded were strangler 
fig trees, though dense vine tangles were also frequently selected. The Kakenauwe forest 
showed the highest density of tarsiers. 
 

No. Tarsiers seen Roost Type Location 

2 Vine Tangles Kakenauwe 

3 Strangler Fig tree Kakenauwe 

1 Strangler Fig Tree Bala Node Camp 

1 Hollow Tree Bala Node Camp 

2 Dense Vine Tangle Bala Node Camp 

2 Strangler Fig Tree Bala Node Camp 

2 Strangler Fig Tree Kakenauwe 

3 Rock Crevice Kakenauwe 

1 Strangler Fig Tree Kakenauwe 

2 Strangler Fig Tree Kakenauwe 

2 Strangler Fig Tree Kakenauwe 

1 Dense Vine Tangle La Pago Node Camp 

2 Strangler Fig Tree La Pago Node Camp 

1 Strangler Fig Tree La Pago Node Camp 

3 Tree with vine tangles Kakenauwe 

2 Tree with hollow crevices Kakenauwe 

Table 9: Roost site type and location 
 
There was some evidence that tarsier roost sites were associated with high-density low-level 
vegetation, though this was not clear (Fig. 5) 

Figure 5: Vegetation density at roost sites and random sites at each 0.5 metre intervals  
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Behaviour of Buton macaques 

Concept 

Buton macaques are a range-restricted species whose behaviour is relatively unstudied. 
They are also important seed dispersers and crop raiders. Studies of the behaviour of this 

species can provide information on their role in forest dynamics and conflict with humans. 
 

Introduction 

The Buton macaque, Macaca ochreata brunnescens, is found only on the islands of Buton 
and Muna. The majority of Muna has been deforested, and the last stronghold of the species 
is on Buton. Large-scale habitat destruction on Buton through logging and farming has 
reduced potential habitat for these medium sized mammals. There is a paucity of 
information available regarding the behaviour and ecology of the Buton macaque and 
indeed the wild Sulawesi macaques in general (Kohlhass 1993, Reed et al 1997 cited in 
O’Brien & Kinnaird, 1997).  Information on the ecology and behaviour of Buton macaques, in 
addition to that on population, is essential for successful management plans to be designed 
to conserve this endemic primate (O’Brien et al 1997). Further, specific data on habitat 
requirements, minimum areas for conservation, diet, and details of appropriate social and 
breeding systems are necessary for the implementation of such plans (Sutherland 1998). 
Data on key food resources and habitat features are essential to allow recommendations of 
areas suitable for conserving macaques. In addition, macaques are seed dispersers, and as 
such are important agents of forest regeneration. Knowledge of food resources is essential 
in understanding habitat and food resource needs of these macaques for their continued 
survival.  
 
The wild-foraging and crop-raiding macaques have different foods available to them and 
different activity budgets (O’Brien and Kinnaird 1997, Weyher et al. 2006).  Crop-raiding 
macaques spend less energy finding food and have a higher caloric intake then the wild-
foraging macaques that have to find fruit and invertebrates scattered over a larger area 
(Weyher et al 2006). 
 

Objectives 

 To gather information on the behavioural ecology of the Buton macaque 

 To assess the effects of forest structure on the behaviour of Buton Macaques by 
comparing behavioural data and vegetation data from two troops, one in secondary 
forest and one in disturbed primary forest. 

 To compare age and sex class differences in social behaviour between troops 
 

Introduction 

The Sulawesi Macaques 
The Sulawesi Macaques are a unique radiation within the macaques, 7 of the 19 species exist 
on this island’s relatively small area and are endemic *Fooden, 1980, Groves, 
1980,Rosenbaum et al., 1998]. The Buton Macaque (Macaca ochreata brunnescens) inhabits 
the islands of Buton and Muna. Its taxonomy has been debated and it has been classified as 
a sub-species of M. ochreata [Groves, 1980] which inhabits the south-easterly corner of 
Sulawesi, off which these islands lie. M. brunnescens is distinguished by a brown dorsal 
colour, shorter, mat fur and a shorter face than M. ochreata [as described by Fooden, 1969, 
1980, Groves, 1980, Hamada et al., 1988]. The separation of these species can be no more 
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than 10, 000 years, owing to the emergence of these islands in the Holocene [Groves, 1980]. 
In light of this fact and in view of personal observations, which seemed to indicate no 
distinguishing brown coloration Groves’ classification of Macaca ochreata brunnescens will 
be used in this study. 
 

 
Figure 6. Dominant Adult male in fields, showing lack of brown dorsal colouration and classic 
grey “boots” of Macaca ochreata.  
 
Sulawesi macaques are found in lowland and hill forest (Mackinnon, 1986), and have been 
sighted as high as 2000m, but are probably not common above 1500m (Whitten et al, 1987). 
Pythons, Python reticulatus and P. molurus, are their only predators other than humans, 
who hunt them as crop-pests over most of the island and occasionally for food (Whitten et al 
1987). The main threat to Sulawesi macaques is habitat loss through deforestation due to 
agriculture, logging, transmigration camps (MacKinnon, 1986; Whitten et al, 1987; 
Rosenbaum et al, 1998). More than 67% of productive wet lowland forest on Sulawesi has 
been lost over two decades (Whitten et al, 1987; O’Brien and Kinnaird, 1996). Diversity of 
fruit tree species is likely to decline after logging, and food resources become lower in 
quality and quantity (Rosenbaum et al 1998). Sulawesi crested black macaques, M. nigra, 
have been shown to occur at significantly lower densities in logged than primary forest 
(Rosenbaum et al 1998). Behavioural observations of this species living in secondary forest 
suggest that they travel further, socialise less, and eat less fruit than conspecifics in better 
quality primary forest with minimal disturbance and canopy-sized trees (O’Brien and 
Kinnaird, 1997; Rosenbaum et al, 1998). 
 
In comparison to other Sulawesi macaques very little is known about the distribution or 
conservation status of the booted, M. ochreata ochreata, and Buton macaques M. o. 
brunnescens. Moreover there are few captive Buton macaques, and no captive breeding 
programme. The Buton macaque is endemic to the islands of Buton and Muna. Both islands 
have undergone extensive de-forestation in recent years, due to logging and farming, and 
these macaques are consequently under threat. Muna has lost the majority of its primary 
forest, and the largest population of macaques survives on Buton. The Lambusango and 
Kakenauwe forest areas in central Buton island represent a substantial remaining stand of 
forest and may support the largest remaining population of this endemic species.   
 
Threatened species and sub-species such as the Buton macaque should be monitored within 
reserves and managed to maintain adequate populations (MacKinnon, 1986).  Information 
on the ecology and behaviour of the Buton macaque, in addition to that on population, is 
essential for successful management plans to be designed to conserve this endemic primate 
(O’Brien et al, 1997). Further, specific data on habitat requirements, minimum areas for 
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conservation, diet, and details of appropriate social and breeding systems, and conflict with 
people are necessary for the implementation of such plans (Sutherland, 1998).  
 
Consequently this project aims to collect data on habitat use, behavioural ecology, and diet 
of three groups of macaques, one of which is a known crop-raiding group to enable a 
comparison of crop-raiding macaques with non-crop-raiding macaques living within the 
forests surrounding the Lambusango and Kakenauwe protected areas. The data will also 
enable a comparison of the ecology of macaques living in different types of forest, as the 
Kawelli group inhabit a matrix of heavily logged secondary forest and agricultural land, the 
group at Kakenauwe a later-stage secondary forest, and the third group at La Pago inhabit 
higher canopy, secondary forest.  

Methods 

Behavioural data 
Behavioural data were collected from all study groups. The macaques at Kawelli crop-raided 
and their behaviour was recorded both in the forest and when raiding. In order to locate 
troops, the previous study day’s last location was visited, followed by known sleeping trees 
and other known areas (for example the river and farmland). If they were lost during the day 
the home range was walked until the monkeys were found. The alpha male’s distinctive 
‘clucking’ call could be used to locate groups as could the presence of ‘monkey birds’. 
‘Monkey birds’ actually comprise two species (the fiery-billed Malkoha, Phaenicophaeus 
calyorhynchus, and the Hair-crested Drongo, Dicurus leucops; which follow the monkeys 
feeding on insects flushed out by their passage, and discarded fruit/seeds. This phenomenon 
has been noted in other macaque species in Sulawesi (Matsumura 2001). The macaques 
were followed for as long as possible from dawn to dusk.  
 
Instantaneous scan sampling was used to record behaviour (Altmann 1974; Martin and 
Bateson 2001) typically taken at ten-minute intervals (variation is detailed where 
appropriate). Scan sampling was used owing to its practical advantages and the quality and 
quantity of the results obtained (quantitative, instantaneous samples of state). Data were 
recorded from left to right to avoid re-recording the same animal within the duration of a 
single scan. Each scan took a maximum of two minutes to complete. If an individual entered 
the field of view during the course of a scan it was included in that sample, however if it 
entered after the scan was completed, even only a few seconds, it was not included. If, 
during a scan an individual’s class could not be positively and certainly identified it was 
recorded as unknown (or as adult if only sex was undetermined). Further observation of the 
individual in between scans often resulted in a positive identification. A total of 16 mutually 
exclusive categories of behaviour and activity were defined  (after Bertrand 1969; Cooper 
2001) and distinction was made between major activity categories and social and non-social 
behaviour.  
 
In addition to recording the animals’ behaviour, their position was also noted as either 
terrestrial (on the ground or fallen logs) or arboreal. Weather conditions (dry or wet) were 
recorded, as was the monkeys’ presence in either farm or forest land. 
The following age-sex categories were used: adult male, adult female, sub-adult, juvenile, 
infant.   
Behaviours were categorised and recorded as per the following ethogram (Priston, 2005) 
 

 Feeding (Fe) – Active consumption of food items, chewing, placing food items in 
mouth including handling prior to eating. Where possible the food eaten was noted 
and the number of items. 
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 Foraging (Fo) - searching for food, i.e. moving slowly with attention directed towards 
a potential food source. It includes digging for tubers and insects – i.e. extractive 
foraging. Where possible the food being foraged for was noted and the quantity. 

 Carrying Food (CF) – Holding a food item and locomoting. Whether the item was 
held in the mouth was noted, as was whether the individual was locomoting bi or tri-
pedally.  

 Locomotion (L) – Terrestrial movement where no other behaviour was apparent. 
Bipedal movement was noted. In the farms a distinction was made between walking 
(Lwa) and running (Lr). 

 Climbing (C) - Any arboreal movement, including swinging, jumping and climbing. 
 Resting (R) – When an individual was not moving or performing any other 

behaviours. This included subcategories of standing (Rst) and sitting (Rs). 
 Self-grooming (Seg) – Involved an individual picking at its fur, scratching or 

otherwise running its hands through its fur. Almost always occurred when seated. 
 Social Grooming (Sog) – As in self-grooming except directed at another individual. 

Those involved were recorded as either actor (a) or  recipient (r). 
 Play (P) – characterised by open-mouthed facial expression and lack of agonistic 

vocalisations, involving chasing, jumping, play-fighting etc. 
 Alarm (Al) - Alarm calling, characterised by grunting or barking.  
 Vigilance - An individual actively paying attention top the surroundings, staring 

intently in a particular direction. Could be sitting or standing. 
 Threat (Th) – Aggressive displays with another individual (including the observer). 

These include branch shaking, eyebrow flashes, ears back, eyebrows raised posture 
and bared teeth, often accompanied by a crouched position such that its rear was 
raised and its front low to the ground 

 Fighting (Fi) - Aggressive interactions between individuals or groups usually 
accompanied by loud grunting, snarling-barks vocalisations. Characterised by open 
mouth threats and submissive grimaces. Includes chasing, biting, scratching, pawing 
and slapping. 

 Other – specified e.g. Copulation, intergroup encounter 
 

Results 

General behaviour data 
The Kakenauwe troop spent significantly more time (p < 0.05) feeding than travelling, than 
the Kawelli troop perhaps because the Kaweli troop live in a disturbed area so have easy 
access to a lot of food on the farms whereas the troops in Kakenauwe need to spend more 
time searching for food. This leaves more time for the Kawelli troops to spend on other 
behaviours such as social and resting behaviours (Fig 7). 
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Figure 7. Behaviour of Kakenauwe and Kaweli macaques. 
 
Group size and Aggressive behaviour 
On average, the macaques in Kakenauwe were observed in larger groups than the macaques 
in La Pago. This is probably due to food being more readily available near farms and less 
need to divide up into smaller sub-groups for foraging (Fig. 8). Preliminary results suggest 
that more aggressive behaviours occur in areas with higher levels of disturbance than areas 
containing undisturbed forest (Fig. 9; Chi-sq test, p <0.01).  Adult males were found to be the 
most aggressive sex/class of the troops, with sub adults receiving the most aggression from 
other group members, followed by adult males.  
 

 
Figure 8. The difference in average group size between the two study sites. 
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Figure 9. Number of aggressive interactions. 
 

Conclusions 
There appear to be clear habitat-mediated differences in behaviours of the troops studied, 
with forest structure commensurate with the characteristics of disturbed forests, sustaining 
larger groups, and perhaps as a consequence producing more aggressive encounters. It is 
possible that shifts in the spatial aggregation of resources associated with forest disturbance 
and farmland affect group organisation and interactions, though it is unclear whether this 
has wider individual or population-level effects. 
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Population dynamics and spatial ecology of Malay civets 

Concept 

Malay civets Viverra tangalunga are the main mammalian predator in the forests of Buton; 
they are also an introduced species. Understanding their population dynamics and use of 
landscape and habitats is important for understanding their potential impact on native 
forest species and on broader scale forest dynamics. 
Malay civet populations have been surveyed through trapping for the past 8 years in Buton. 
This dataset is becoming one of the longest-running sets of detailed population data on a 
rainforest carnivore anywhere in the world. Continuing this trapping programme is vital to 
understand the dynamics of this introduced species on the forests of Buton.  

Objectives 

To trap a number of Malay civets and record details of condition and status 
To continue an ongoing mark-recapture survey of Malay civets 

Methods 

Trapping was carried out from 6th June to 10th August 2011 with 27 cage traps (140 x 40 x 
40cm) set throughout the forest. The trapping grid that had been established in previous 
years was altered because a section of the forest where trapping had occurred had been 
logged and was being used as farmland. Trap locations were therefore shifted to extend the 
two remaining intact trap lines further into the Kakenauwe forest. 
Traps were baited with salt fish and cereal balls (peanut butter, oats, strawberry flavouring 
and banana flavouring wrapped in muslin), and checked daily in the mornings.  When a civet 
was trapped, it was immobilised inside the cage using a “squeeze panel”, which gently 
pressed the animal against the end of the cage. It was then injected intramuscularly with a 
mixture of 0.8ml Ketaset (Ketamine HCl, Parke, Davis & Co., Detroit, Mich.) and 0.2ml 
Rompum (Xylazine HCl, Bayer). Most civets were ataxic within 10 minutes and remained so 
for at least 20 minutes. While sedated the civets were weighed and measured. The following 
body measurements were taken: head and body length, tail length, neck circumference, 
right ear length, right hind foot length, right fore-footpads (length and width), right canine 
length (upper and lower). The age of each animal was estimated from body size and 
condition of the teeth. The age categories were: juvenile (< 2 kg, milk teeth present), 
subadult (usually < 3 kg and no signs of sexual maturity), young adult (sexually mature and 
teeth in very good condition), adult (sexually mature and teeth in fair condition) and old 
adult (showing signs of pronounced tooth wear).  Gender and reproductive status was 
determined by checking the condition of the nipples in females and testicles in males. Any 
parasites or scars were noted. Numbered plastic eartags were tagged to one ear if the 
animal did not already have one and animals were fitted with a unique PIT tag. Photographs 
were taken of both sides of each animal. Animals were placed back into the trap, provided 
with water and allowed to fully recover for 2-3 hours before being released. 
 

Results 

709 trap nights were carried out.  During this time there were 46 capture events involving 16 
individuals.  Animals were captured between 1 and 9 times (mean capture frequency was 
2.9 captures).  The sex ration of captures was exactly 50% (i.e. 8 females, 8 males). 
 
56% (n=9) of individuals captured in 2011 had also been captured in previous years and 
could be identified from their eartags. However, a further 2 civets had damaged ears 
indicating that they had had eartags in the past which had been lost. Therefore a total of 
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69% (11) of the civets caught had been caught in previous years. Unfortunately the PIT tag 
reader we had available to us was not functioning and it was therefore impossible to identify 
individuals who had lost ear tags from their PIT tags. Of the 5 civets caught for the first time 
in 2011 2 were juveniles, the remainder being adults. 
Trap success in terms of both captures per trap night and number of individuals caught per 
trap night was similar to 2010 but relatively low in comparison to the previous 7 years (Fig. 
10). 
 

 
Figure 10. Capture rate and individuals caught per trap night over the period of the study. 
 

Conclusion 
The 2011 trapping season was the 8th year of trapping in this location. Results are broadly 
similar to previous years, indicating a high level of consistency in the methods used. The 
changes in captures per trap night and individuals per trap in 2011 are possibly a result of 
the 2010 La Nina event which appears to have impacted a range of the small terrestrial 
vertebrate community. Certainly the numbers of individuals caught was one of the lowest in 
the last 8 years, and the capture rate was the third lowest in the period of the study. There 
appears to be a clear peak in trapping success in 2008 with reductions in the years preceding 
it and after it. Further years’ study are required to assess whether such a pattern is cyclic, 
representing predator-prey interactions or whether climate and meteorological factors 
determine capture success and possibly civet abundance. 
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Monitoring forest structure and diversity 

Concept 
The primary aim of this project’s work in 2011 has been to resurvey a set of permanent 
vegetation survey plots first established in 2009. Over the coming years these plots will 
enable in-depth investigations into the factors driving spatial variation in forest structure, 
tree biomass and species composition, and allow monitoring of forest dynamics. 

 
Objectives 
The broader objectives of this project are to tackle the following questions: 

 How do geology, soils and topography influence forest characteristics and forest 
dynamics? 

 How does the conservation value of Production Forest compare to that of 
Conservation Forest? 

 How is the forest responding to changes in human activities (e.g. earlier forest-based 
settlement and shifting agriculture)? 

 What are the long-term effects of climate change on forest characteristics? 

 
Introduction 
Previous research in 2004 and 2005 involved rapid assessment of the variation in structure, 
biomass and tree species composition across the Lambusango forest. The focus was on 
maximising the number of locations surveyed by using relatively small 50m by 10m plots, 
and recording a wide range of variables. The outputs of this rapid assessment have been 
used to select a smaller number of locations for larger permanent plots (50m by 50m = 
0.25ha), which give a representative sampling of the range of forest characteristics found in 
Lambusango, and to select a restricted set of key variables which best capture the variation 
in forest characteristics found in Lambusango. 14 plots were surveyed in 2009, and 7 of 
these were resurveyed in 2011. The 2011 data will allow an initial assessment of the rate of 
change, and help inform the survey interval required in the future to capture tree growth 
and mortality and growth rates in sufficient detail. 

 
Methods 
Previous work identified 50m by 50m to be the maximum practical plot size in the highly 
variable terrain of Lambusango. In 2009, for each node camp, 2 or 3 representative locations 
were selected. The location of each plot was recorded using GPS readings averaged over a 
one hour period to increase accuracy to less than 5m. The 50m by 50m plot was marked out 
and then sub-divided into 25 10m by 10m sub-plots. Within each sub-plot the following key 
variables were recorded: 

 Basal area of each tree greater than 5cm diameter at breast height (dbh) 

 Local name of each tree greater than 5cm dbh 

 Height of tallest tree 

 Number of saplings within a 5m by 5m quadrant of the sub-plot 

 Number of seedlings within a 2m by 2m area of the sub-plot 

 Percentage cover of the ground vegetation layer (less than 1m above ground) 

 Percentage cover of the shrub layer (from 1m to 3m above ground) 

 Percentage cover of the lower canopy (from 3m to 20m above ground) 

 Percentage cover of the upper canopy (more than 20m above ground) 
 
Photographs and descriptions of tree leaves, and fruit and flowers when available, were 
taken to assist with ongoing work to develop a database matching local tree names to 
scientific species names. Every tree greater than 10cm dbh was marked with a uniquely 
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numbered aluminium tag, and the location of every tree greater than 5cm dbh was marked 
on a diagram of each sub-plot. This was to facilitate repeat measurements of basal area in 
future years and to monitor tree recruitment and mortality. 
 
In 2011, 7 of the 14 permanent plots were resurveyed at the Anoa, Bala and Lapago camps. 
Only tree diameters, number of saplings and seedlings, and local tree names were recorded, 
as these are the variables of central interest to the forest dynamics work.  

 
Results 
A team of 4 people undertook the 2011 survey, spending 1.5 to 2 weeks at each of the 3 
camps. The permanent plot methodology works well, in that the plots were successfully 
found, and the individual trees could be located and remeasured. Most tree tags remained 
in tact, although approximately 150 out of 700 had to be replaced. The 7 resurveyed plots 
are the more northerly ones at camps Anoa, Lawele and Lapago, shown in Fig 11. 
 
A large amount of data has been collected and it will take several months for all information 
to be collated and analysed. In-the-field interpretation of the data suggests the following key 
points: 

 A few larger trees have fallen 

 Several young trees have died 

 Most trees had measurable increase in dbh, but the rate of growth was quite 
variable 

 There seems to be differences between the 7 resurveyed plots in terms of growth 
rates and tree mortality 

 These differences may reflect the contrasting dynamics of old growth plots versus 
plots recovering from previous human impacts, particularly shifting agriculture and 
settlement prior to 1975 
 

 
Figure 11: Location of Lambusango’s Permanent Forest Plots 
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It is planned that the other permanent plots are re-surveyed in two years time. Work on 
short term dynamics will focus on the frequency of tree fall and the forest’s rate of 
regeneration after tree fall events. Longer term dynamics (response to cessation of forest 
dwelling and shifting cultivation, and effects of climate change) will need much longer term 
data sets covering 10 or more years and based on surveys approximately every 3 or 4 years. 
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Rattan ecology and growth 

Introduction 
The overall aim of these projects is to help towards the further understanding of the growth 
rates and distributions of different species of rattan under different environmental factors 
and harvesting regimes. This is important as rattan is the area’s most valuable non-timber 
forest product and constitutes a significant proportion of the local economy. Rattan stems 
are collected by local men from the forests for sale to the furniture trade, providing a useful 
source of income for many families. Although laws are in place to limit excessive harvesting 
of the rattan canes, these laws are not necessarily followed and it is not fully understood to 
what extent rattan can be harvested whilst ensuring sustainability. For this question of 
sustainability to be answered effectively more is needed to be understood about the ecology 
of the rattans themselves. Because of the economic importance of rattans work has been in 
progress for many years to study their growth rates and their ecology. A previous study of 
the rattan species called Lambang (Calamus ornatus) showed that it grew twice as fast in 
one location (Jalan Kodok) than in a second location (Lapago). This year an attempt was 
made to study the physiology of Lambang plants in the two locations by recording the 
chlorophyll contents of their leaves, in the expectation that the slower growing plants might 
have less chlorophyll than the faster growing plants. A separate study of rattan ecology in 
2010 showed that different rattan species grow in forests of different densities, as measured 
by sizes (basal areas) of tree trunks in the study quadrats. An attempt was made this year to 
measure forest densities by a different method, namely by quantifying the canopy cover at 
the quadrats using digital photography. 

 
Objectives 

  Re-sample the rattan plots set out by Dr Atiek Widayati in 2007. 

 Compare the results from this year with the results from the first and subsequent 
surveys conducted on the same plots. 

 Assess the influence of specific forest and terrain characteristics on different species 
of rattan. 

 Assess the extent that harvesting is influencing the growth rates and population 
distribution of rattan throughout the plots, with the specific focus on the most 
common and economically viable species.  

 Examine microhabitat and soil factors that may impact growth rates. 

 
Methods 
Rattan distribution 
As this project is essentially a continuation of the work started by Widayati in 2007, the 
methods used are the same as previously used to enable the data sets from various years to 
be compared with data collected in 2011. 
Widayati’s plots are on or near the numerous rattan trails that run through Lambusango 
forest reserve, and were chosen as they were representative of the range of habitats and 
previous harvesting regimes. 
Each plot consists of five 10m x 10m quadrats (Fig. 12).  

 
Figure 12. Layout of 50x10m plots.  
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The locations of the middle point of the middle plot were stored on GPS and were used to 
locate the plots this year, with compasses used to work out the orientation and tape-
measures to mark out the overall plot and individual quadrats.  
At the middle of each quadrat the canopy cover was measured, using a canopy scope made 
from a square of clear plastic with 25 equidistant dots drawn on with permanent marker. 
The number of dots exposed to sunlight are counted and used to calculate the canopy cover 
as a percentage. In conjunction with this the Braun-Blanquet method was employed to 
estimate the cover for different vegetation layers. 
Dr Widayati took samples of soil from each quadrat for lab analysis when she did her 
fieldwork, and new tests would be impractical and unnecessary, however, at the centre of 
each quadrat soil colour was noted and the sausage test was used to roughly calculate clay 
content. 
For each quadrat the slope angle, from highest point to lowest point, was calculated using a 
clinometer. 
Leaf litter cover was estimated and recorded. 
Forest maturity measurements were taken by recording the diameter, at 1.3m along the 
trunk, of all trees with a circumference of over 30 cm, at that height. These trees were then 
identified by a guide and their local name recorded. 
Rattan was measured in accordance with the method used by Dr Widayati (Fig 13). 

 
Figure 13. Rattan measurement method from Widyati 2007. 
 
Rattan growth 
Chlorophyll contents of rattan leaflets were measured using a Hansatech chlorophyll meter. 
It illuminates a leaf with light of two different wavelengths, one absorbed by chlorophyll, 
one not. From the differential absorbance a figure for the relative chlorophyll content of the 
leaf is calculated. The meter was applied to five leaflets of four leaves for each rattan plant, 
the second, third, fourth and fifth leaves from the growing tip. Twenty actively growing 
plants at each site were measured. 
Canopy cover percentages were measured by taking eight digital photographs of the canopy 
at each quadrat site. Gaps in the canopy were deliberately targeted in order to best measure 
the amount of light reaching the lower levels of the forest. The photographs were later 
processed using the program ‘Image J’. Each photograph was converted to binary so that 
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leaves were represented by black pixels and sky by white pixels, then the percentage of 
black pixels was recorded. 
 

Results 
Rattan distribution 
The distribution of species found at each site is shown in Table 10. There is still some 
discussion over local names, and some rattans appear to have more than one local name, as 
is the case with Kadeasa/ Kansesau/ Dariasa/Kaisisau which is the same species. There is also 
much debate over whether Mombi and Batang are the same species, but for the purposes of 
this report and further discussion it is planned to treat them as different species, on the 
advice of our guides. 
Overall, the most common species were Lambang, Mombi, Batang and Kabe. This 
corresponds to the species of the highest commercial value. 
 
Table 10. Distribution of rattan species across three study sites. 

ALL SITES Anoa Bala Lapago 

Lambang X X X 

Kadeasa/ Kansesau/ 
Dariasa/Kaisisau 

X  X 

Mombi X X X 

Torompu X X  

Batang X  X 

Tohitinasa X  X 

Daramasi X   

Kabe X X  

Bulurusa   X 

Batu X  X 

Akito X   

Nasa  X X 

Tikus  X  

Halumanu  X  

Tohiti    X 

 
 
Rattan growth 
The results of the chlorophyll measurements were investigated using Analysis of Variance. 
No significant difference was found between the chlorophyll contents of Lambang plants 
growing at Jalan Kodok and Lapago. Further results of chlorophyll contents on plants of the 
rattan species Buta (Calamus siphonospathus) growing at two sites, Lapago and Kakenauwe, 
have yet to be analysed. 
The figures for percentage canopy cover were analysed by the Kruskal-Wallis non-parametric 
statistical technique. It showed significant differences in canopy covers at the different 
forest sites where ecological studies were conducted in 2010. Differences were also found 
when the skew in the distributions of measurements at different sites was calculated using 
the Excel program. These results allow the different sites to be ordered from most to least 
dense with respect to canopy cover. 

 
Discussion 
The lack of difference in chlorophyll contents of Lambang plants growing at the different 
sites shows that chlorophyll contents cannot be used as a proxy measure for growth rate, 
and therefore as a proxy measure for plant health and adaptation to different soils and 
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environments. It might be that plants only grow when their leaves have attained the 
requisite (full) chlorophyll contents, with plants in less suitable environments taking longer 
to achieve this and therefore growing more slowly than plants in more suitable 
environments. The measurement of chlorophyll contents is, however, a method that could 
be used to investigate other aspects of rattan ecology in the future, particularly the response 
of different species to different degrees of shading. 
The results of the canopy cover measurements will be used to investigate whether rattan 
species show the same differential response to canopy covers as they do to forest density as 
measured by tree trunk size measurements. Such a response would indicate that forest 
density as measured by canopy cover is an important niche axis along which rattan species 
are distributed, so helping to explain how the many species of rattan can co-exist in the 
Lambusango forest. 
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Macaque crop-raiding behaviour 

Concept 

Buton macaques are endemic subspecies with a very restricted range. They come into 
conflict with humans as they raid crops. This project seeks to understand that conflict and 
aims to develop means to avoid it occurring in the future for the benefit of farmers and 
macaques. 

 
Introduction 
The human perception of primates is often one of contradiction, typified by extremes. 
Whilst for many cultures primates are a symbol of religion and are sacred e.g. Hindus of 
India, in others such as Japan, they are mythical creatures viewed as cunning and devious. 
However for most of the world’s subsistence and plantation farmers living in close proximity 
to these animals, they are a significant crop pest. In many cultures these views overlap 
resulting in both a love and loathing of them such that they may be worshipped at a temple 
but shot on the field next door. Cultural tolerance alone is protecting many species of 
primate, but as this begins to wane in the face of increasing human populations, 
demographic movements and habitat destruction, it is vital that the conflict that exists be 
understood. Conservation depends on local perceptions, economy and social factors and it is 
within these limitations that it must work and against this background that this project has 
been set. 
 
Human-wildlife conflict is of increasing concern in all parts of the world and has been the 
focus of recent conservation efforts (see for example Bell 1984; Else and Lee 1986; Hill 1998, 
Hoare 2000, Infield 1988, Naughton Treves 1998; Newmark et al, 1994). With increasing 
human populations, especially in the developing world, more human and wildlife 
populations are coming into direct competition (Eudey 1986; Strum 1987a, b, 1994; 
Tchamba 1996). 
 
In subsistence agricultural societies the nuisance value of wildlife, from crop damage and 
livestock depredation, is often pronounced in people’s minds (Ranjitsinh 1984). People feel 
threatened by wildlife, both in terms of crop loss and personal safety (Eley and Else 1984; 
Hill 1999; Malic and Johnson 1994; Priston 2001, 2005). Such losses can be enormous, both 
in direct economic terms and through indirect costs on time and energy devoted to 
protection and re-planting after damage (Hill 1998, 1999), as well as the cost of potential 
conflicts between activities and less time to complete other work. (Lee and Priston 2005). 
Estimates of damage reach 90% in some areas (Mishra 1984), representing an annual value 
of $500 per farmer which, though of little national importance, causes the individual farmer 
much suffering (Barnes 1996).  
 
Primates dominate amongst pests that damage crops, particularly around African and Asian 
reserves, being responsible for over 70% of the damage events and 50% of the area 
damaged (Naughton Treves 1998). Because of their intelligence, opportunism, adaptability 
and manipulative abilities some species can easily turn to crop foraging and make 
formidable crop-raiders. The human and non-human primate niches overlap extensively 
making competition much higher between the two and posing many management problems 
(Strum 1987a). 
 
One fundamental factor is the cultural attitude of people towards primates. Levels of 
tolerance, acceptance and even demand for interactions vary with cultural context (Biquand 
et al. 1992; Gautier and Biquand 1994). For Hindus the monkey is sacred and in parts of 
Northern India, Indonesia and other areas, they are worshipped, protected and provisioned 
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by the villagers. Whilst showing remarkable tolerance, people are understandably still 
reluctant to share their crops (Eudey 1994; Malic and Johnson 1994; Southwick et al. 1961a, 
b; Strum and Southwick 1986). 
 
Traditional methods to prevent primate crop-raiding have limited success. The dexterity, 
deceptive skills, and intelligence of some primates make containment and control costly, 
inefficient and ultimately ineffective (Maples et al. 1976; Strum 1986, 1987a, 1994). 
 
Indonesia has the fifth largest human population in the world (Atmosoedarjo et al. 1984) 
and nowhere is there a greater variety and diversity of primates than in South and Southeast 
Asia (Roonwal and Mohnot 1977). Sulawesi itself is one of the most distinctive islands with 
127 indigenous mammals, 79 of which are endemic (Whitten et al. 1988). Legal protection of 
species and forested land is poor. As with almost every other primate species, the Sulawesi 
macaques are facing loss of habitat due to subsistence farming and logging, as well as 
subsistence hunting and “pest” control measures in some areas (O'Brien and Kinnaird 1997; 
Rosenbaum et al. 1998). Macaques are adaptable and opportunistic and thus can cope with 
these problems better than some species (Richard et al. 1989), but even within Sulawesi 
population declines of 75% have been witnessed (Macaca nigra) (Rosenbaum et al. 1998). 
An understanding of their foraging behaviour is essential to the formation of a suitable 
management strategy. 
 
The Buton macaque is only one of several pests who damage crops, yet they typically receive 
much of the blame (Priston, 2001, 2005). Richard, et al (1989) proposed categorisation of 
certain macaques as “weed macaques” based on their “differing abilities to tolerate and 
even prosper in close association with human settlements.” These macaques may choose to 
raid crops and/or human dwellings because benefits gained by eating readily available, 
highly nutritious and digestible foods outweigh any risks associated with human contact. 
Benefits such as better health, higher reproductive rates, and increased time for socialising 
have been shown to result from this type of strategy when used by vervet monkeys 
(Cercopithecus aethiops) in Africa (Strum, 1994). Other researchers have taken this idea 
further by questioning whether primates are capable of diversionary strategies to outwit 
farmers guarding their crops. Maples, et al (1976) studied crop-raiding baboons and found 
that, while their behaviour in the field may have appeared to be a deliberate strategy to 
maximise crop-raiding success, their behaviour was actually reflected by the shape of the 
margins between forest and farm. In addition, the type and frequency of raids were directly 
affected by factors including degree of farmer vigilance and crop availability. On Buton 
Island, some farms suffer heavy damage by macaques while others are never or rarely 
raided. Similar conclusions to those found by Maples, et al (1976) may apply to Buton Island, 
wherein type and frequency of crop raiding may be predicted based on factors such as 
farmer vigilance, state of crop availability and the geography of the farms.  

 

Objectives 

To study the behaviour of crop-raiding macaques 
To assess farmer vigilance strategies 

Methods 

Crop raiding census 
Focal farm watches were conducted on 13 farms in Kaweli, from 6:30am until 4:00pm every 
day.  
 

 The farms were mapped and the following information recorded: 



 

41 
 

 Size and shape of farms and which margins are forested 

 Distance from farm edge to forest (the margin) 

 Adjoining land use 

 Positions of guarding huts and any monkey deterrents   

 Crops grown on each farm and their state of availability to primates (on a weekly 
basis) 

 Weather (daily) 
 
Whilst monitoring farms, the following data were recorded using continuous sampling: 
 

 Start time and duration of each raid 

 All human activity 

 Presence and activity of dogs 

 Other external noises  
 
Behavioural scans were conducted every two minutes utilising standard behavioural 
observation methodology from first sighting of the monkeys outside the farm, until they left 
the farm area.    
 
The following details were recorded: 

 Time  

 Age-sex class of the first individual seen  

 Location (relative to farm boundary) 

 Position – Tree (Tr), Ground (Gr), Fence (Fen) 

 Time of first entrance to farm 

 Location of entrance 

 Age-sex class of first entrant 

 All entry points used by the monkeys  

 Time last individual leaves farm 

 Age-sex Class last individual to leave farm 

 Time of last sighting of monkeys outside the farm area 
 
At each scan the following were recorded for all visible individuals: 

 Age-sex Class 

 Position of each individual: bordering trees, bordering ground, Fence, <5m from 
forest, <10m from nearest forest, <20m from forest, <30m from forest, <40m from 
forest, <50m from forest , >50m from forest  

 Activity of each individual  

 The number and type of food items fed on or carried 
 

Results 

Over the 24 days spent on the farms, 18 crop raids were recorded and a total of 2042 
monkey behaviours collected from in and around the farms. Some farms visited had no raids 
recorded, whereas others showed frequent raids.  
One of the most obvious deterrents affecting whether monkeys actually enter the farm was 
the presence and absence of humans within that farm. When humans were present 
monkeys only entered 22% of total crop raiding time, compared to 77.3% when humans 
were absent showing a significant effect of human presence/absence (X2=227.216, df=2, 
p<<0.001). Farms with very high human activity were found to have little or no raids. If 
monkeys were present in surrounding forests farm workers often walk over to the farm edge 
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and shout to prevent the monkeys from entering their farm. When monkeys did enter with 
humans present in the farms it was usually when humans were resting in the farms and they 
entered from an edge of the farm where there were no humans or dogs. Once inside the 
farm the most effective deterrent was human shouting whilst moving towards the monkeys 
or occasionally a dog barking.  Fences with mesh are placed around many farms and clothing 
items hung in the farms to act as a deterrent, these show no effect and are more likely to be 
aimed to prevent pigs rather than macaques. 
 
The three habitats which monkeys could enter the farms from were forest, scrubland or 
neighbouring farm. Over 80% of the time the monkeys entered from a forested edge and 
never from a neighbouring farm. 
 

 
Figure 14 Entry habitat of monkeys into farms 
 
Entering from scrubland means the monkeys more exposed before they enter the farm 
which explains why they preferred to enter from the forest. Also it is likely that they spend 
more time in forest than scrubland generally. Although they were never seen to enter from a 
neighbouring farm, behaviour was exhibited once after a short raid where they went back 
into the forest then re-entered the neighbouring farm.  
Regarding behaviour, more than 80% of the adult males entered the farm first. Significantly 
different behaviours are exhibited between age/sex classes (X2=65.601, df=9, p<<0.001). 
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Figure 15. All recorded behaviours by age/sex class 
 

 
Figure 16. Distribution of grouped behaviours by age/sex class. 
 
Figs 15 and 16 show that males exhibit the highest number of behaviours in most of the 
behavioural groups, however when groups and separated into behaviours, it was found that 
although males spend the most time feeding, females spend more time foraging and 
although males have the highest social behaviour, females spend more time social grooming 
than any other age/sex class. Further analysis is to be carried, looking at which other factors 
effect raiding and how raids and behaviours differ between farms.  
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