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Abstract: Problem statement: In Asia, four elephant subspecies have been idedtiElephas
maximus maximus from Sri Lanka,Elephas maximus summatranus from SumatraElephas maximus
borneensis (based on recent DNA analysis) from Borneo Bhgbhas maximus indicus, from mainland
Asia. The Bornean elephant has a limited distrdyutind is found only in the northeastern part ef th
island, (Malaysian Sabah and Indonesian Kalimant®ng¢vious estimations for the population in
Sabah have ranged between 500-2000 elephants. €ktis®@tions have been carried out through a
non-systematic approach, either via interview amfrdirect sightings or extrapolating population
count data from limited sites. In order to prepue conservation plan for this species in Sabareth

is a need to establish reliable information onrtldeinsity and population size. The main objectife o
this study was to determine the elephant densitly @opulation size in five main elephant managed
ranges in SabalApproach: In this study, relative distribution and spatiandity of the Bornean
elephant was developed and established, using tansgtc line transect survey and a long term
monitoring of dung decay rates. We conducted thphant population census in Sabah between July
2007 and December 2008. Using a line-transect dongt methodology, we surveyed 216 line
transects; with a total distance of 186.12 km,iwve fnain elephant managed ranges. Namely (i) Tabin
Wildlife Reserve, (ii) Lower Kinabatangan, (iii) 6&al Forest, (iv) North Kinabatangan and (v) Ulu
Kalumpang.Results: We presented the elephant density estimate usimgterm monitoring of dung
decay rates. In each range, the elephant’s devaitgd depending on the size of the suitable habita
The size of the suitable habitat was derived fromViis study report (WWF-Malaysia, 2008).
Densities were analyzed following line-transect Igsia guidelines and were computed using the
software Distance v6.@onclusion: Our survey indicated that approximately 2,040 (95%61,184-
3,652) elephants remain in the five main rangeSabah, with the largest population being in the
unprotected central forests. Elephant density wgbkelst in ranges where habitat has been removed
and elephants are concentrated in remaining farests. These results provide new baseline data for
the elephant population in Sabah.
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INTRODUCTION Indonesia and (4)Elephas maximus borneensis in
Malaysian and Indonesian Borneo (Bucklahdl., 2001).

Conservation and management of endangered The origin of the Bornean elephant is still very

. . _ . controversial, despite the publication of a genstizly
species in the wild requires adequate knowledgeedf 1 Fernandet al. (2003) indicating the distinctiveness

distribution and population size (Sukumar, 1989). of the Bornean elephant and its derivation fromdsim
Currently, the Bornean elephant is one of fourstock. Fernandat al. (2003) recognizes the Bornean

subspecies present in Asia: @lgphas maximusindicus  elephant as a separate evolutionary significartt amd

in mainland Asia; (2Elephas maximus maximusin Sri claims that independent evolution has occurred for

Lanka; (3)Elephas maximus sumatrensis in Sumatra, some 300,000 years since Pleistocene colonization.
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However, the presence of this taxon in Borneo forsurveys were conducted in this study. The size of
more than 300,000 years is questionable. There hamiitable habitat for a population was determined
been no authentication or confirmed finds of Asianthrough a key habitat suitability assessment, u#fireg
elephant in any excavation, including in Niah cavedata derived from a state-wide survey on the peEsen
(Sarawak) and in Madai cave (Sabah, within theand absence of Bornean elephant in all key habitats
species’ present range) although other large utegila Sabah (WWF-Malaysia, 2008).

(Rhinocerus sondaicus, Dicerorhinus sumatrensis and This study is the first effort in determining the
Tapirus indicus) were represented. Another theory is elephant density and population size in Sabah uaing
that the elephants are descended from importedystematic line transect survey method and long ter
domestic elephants that originate from Java ande wermonitoring of dung decay rates.

released in northeast Borneo (Cranbrabkl., 2008).

Therefore, Borneo could be the refuge of the Javan MATERIALS AND METHODS

elephant and Elephas maximus borneensis  the Our survey was conducted in five main elephant

descendant dE. m. sondaicus. DNA analysis of ancient managed ranges (4°30'N-5°45N, 117°00'E-119°00°E),
bones from Sulu elephants and/or from Javan elephannamely.

and comparison with DNA from the Bornean elephants
could assist in determining the origin of the B@me « Tabin Range

elephant. _ _ _ * Lower Kinabatangan Range
In 1992, the estimated population size for the,  central forest Range (Ulu Segama, Danum Valley,
elephants in Sabah ranged from 500-2,000 (Artial, Malua, Kuamut, Gunung Rara and Kalabakan)

1992). These estimations were based on survey work North
conducted in three forest areas only, namely (Difa
Wildlife Reserve, (ii) Lower Kinabatangan and (iii) ,
Deramakot Forest Reserve (Forest Management Unit
19) and then extrapolated to cover the centralstooé Three of the ranges, Tabin Range (Wildlife
Sabah. The second effort to provide elephant ptipnla Reserve), Lower Kinabatangan Range (Wildlife
numbers was during the preparation of the Elepharganctuary) and Ulu Kalumpang Range (Protected
Action Plan for Sabah in 2002. The elephant dengity  Forest), are protected forest. It should be nated the
estimated using survey data gathered by Boonratangrotected forest of the Lower Kinabatangan Range is
(1997), but as the size of the suitable habitat mats fragmented into ten blocks along the Kinabatangan
determined, the figures are likely to be an appnation.  River. The other two ranges are commercial forest f
The elephant population estimation for Sabah &lyiko  timber production.

be inaccurate due to (i) the lack of a systemafr@ach Figure 1 shows the location of the five main
across all key habitat areas and (i) elephant fatipns  elephant managed ranges, where field surveys were
were estimated in certain areas only and themrarried out.

extrapolated to cover the central forest of Sabah.

Dung counts are the most common type of indirect
census method for counting elephants in the wildce&s
the early 1980s, as interest quickened in the stafu
elephants in the forests of west and central Afnicare
and more dung counts have been conducted. In the la
1980s researchers in India and then in south-esist A _
turned to dung counts for estimating the numbers of
Asian elephantsklephant maximus. The proliferation {'a
of forest elephant surveys on both continents has
stimulated the rapid evolution of dung survey
techniques. These methods have been describei
previously by Barnes and Jensen (1987) and Dawsor
and Dekker (1992). Line transect techniques haes be
further improved by Burnhanmet al. (1980) and
Meredith, (2008).

To determine the elephant population numbers anéfig. 1: Location of elephant managed ranges, where
density in different forest habitat, detailed limansect field survey was carried out
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Line transect survey: Dung counts are the most Q
common type of indirect census method for counting o
elephants. The dung count method requires a ttansla Dung-pile Q
of the data into the number of elephants. To eséma @
elephant numbers and density, the following data wa
acquired:

Line Transect

q Perpendicular
*, Distance

e Estimation of the number of dung-piles, or the
density of dung-piles per Km

« Estimation of the defecation rate of elephants

« Estimation of the mean rate of dung decay

* Combination of the three estimates above 0 giverig, 2: Diagrammatic representation of a line tears
an estimate of elephant numbers and density of

elephant per kfor per ha Table 1: Dung-pile categories based on conditiothefdung
Categories Description
Estimation of the number of dung-piles per kn: S1 Boli intact, very fresh, moist, with odor
The line transect sampling technique developed b2 Boli intact, fresh but dry, no odor
Burnhamet al. (1980) and Meredith (2008) was used to>3 Some of the boli have disintegrated,
. . . others are still recognizable as boli
estimate dung density. Line transects were systeatigt g, All boli completely disintegrated:
placed 3 km apart along a predetermined compass Dung pile now forms an amorphous flat mass
bearing, oriented perpendicular to roads, majoisfra S5 Decayed to the stage where it would be unlikely

rivers or streams in forested areas. Transects placed to be detected at a range of 2 m from the ceintee |

on both sides of the roads, trails and rivers. Jtaeting o )
point of the first transect was selected at randomEStimation of the defecation rate of elephantsbung
Topographic features like rivers and roads werecseti ~ defecation rate of elephants depends on the eléphan
as they allowed accessibility and adequate covesége diet, which in turn depends on the habitat type tved
a large census area within a limited time-frameisTh Season (Dawson, 1992). Obtaining data on defecation
could however bias the data due to the behavidhef rates of wild elephants was not possible due to the
elephants, since in certain forest areas the efeplame  difficulty of tracking elephants for long periodstone.
likely to use the logging roads for access trdilse of SO for this study, the monitoring of defecatioresabf
logging roads by elephants has been frequentlFaptive Bornean el_ephants was uqdertaken. Mongorin
observed during field work. The effect on the data@ctivities were carried out, both night and dayeros
accuracy will be discussed further. continuous 12 hour time bloc;k_, over a minimum of 10
Transects were walked only once and data walime blocks. At least one individual from each age/
collected while simultaneously preparing the tratse Class was included in the monitoring as recommended

Information gathered was recorded onto standard daPy Dawson and Dekker (1992). The defecation rate
recording sheets. Perpendicular distances wer@bservations were carried out using seven domeéstica

measured from the centre of the transect line & th€lephants, located at Lok Kawi Botanical Zoo, Sabah

centre of the dung pile (Fig. 2). Location of tracis o

were determined using a Garmin 76SC x globafFStimation of the mean rate of dung decayThe rate

positioning system, a Suunto compass and 1: 50,000 dung decay depends on a combination of several

topographic maps. Dung-piles observed while walking@ctors that include the action of dung beetlegpsure

the transects were identified, counted and agedgusi t© different climatic factors and the compositidntie

the categories described in Table 1. dung itself. Ideally, 50 fresh dung-piles of knodates
The observer walked along the centre-line of the?f deposition from different habitats, representing

transect. Whenever a dung_p”e was Spotted, thgifferent diets, should be monitored from the ddy (0]

perpendicular distance of the dung-pile from theeli deposition until they completely disappear (Dawson

transect was recorded. Some dung-piles, especialignd Dekker, 1992).

those further from the centre-line, may not haverbe The rate of decay measurements was carried out

seen at all. using 90 dung piles, in Ulu Segama Malua Forest
Dung-piles were classified according to theirReserve. The dung piles were located in forests of

shape, i.e., the probability of being seen from theadifferent condition, which included (i) closed-cayo

centre-line of transect. Only dung-piles in catégor (forest canopy ranged between 80-100%, which

S1-S4 are used to estimate dung-pile density. normally represents undisturbed forest), (ii) sefosed
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canopy (forest canopy ranged between 40-80%, which The methods for estimating the variance of D and
normally represents secondary forest or loggedsfpre the confidence limits are given by Burnhatal. (1980)
and (iii) open canopy (forest canopy ranged betwen and Meredith (2008). F (0) is the probability dénsi
40%, which represents treeless or heavily loggedunction of detected distances from the line, eatd at
forest). The decay condition was recorded every twaero distances. The calculation is done autombtibgl
weeks based on categories identified in Table e Ththe programme distance 6.0.
dung decay observations were carried out from Jgnua Density (D) is estimated for each area and the
2007- November 2007. population size (N) is computed based on the ditkeo
suitable habitat area. Often an encounter rateis/L
Estimation of elephant density: A new programme, computed as an index for sample size considerations
DISTANCE, which allows the selection of different even as a crude relative density index.
models and also includes a range of different optibas
been prepared by Burnhaenal. (1980). Densities were  sjze of suitable habitat in each forest reserve and
analysed following line-transect analysis guidedim®d |anduse activities: Elephants’ presence and absence
were computed using the software Distance V6.Qjata were recorded in the Geographical Information
(Meredith, 2008). In a first exploratory phaseréhis a  System (GIS). For each record, the ecological
need to build up boxplots of perpendicular distanite  parameters were derived from the location where the
|dent|fy outliers. These outliers were then d|SM(|f elephant occurrence Signs were found_ A tota| dma
necessary) from the data set in setting up a propgjf 767.76 km has been surveyed in the study areas
truncation level. In a second step, the probabiify ejther on foot or by vehicle and the survey routes
next detection was estimated using seven modelg|iowed wildlife trails, logging roads and abaneoin
combining probability density function (uniform, Ifa  |ogging roads. The occurrence trend for the elefshian
normal and hazard-rate) with adjustments (cosinesyresented for each ecological parameter, namely (i)
simple and hermite polynomials). The model with theterrain elevation, (i) slope pattern, (iii) foregpe and
lowest Akaike’s Information Criterion (AIC) was (jy) distance of the area from the nearest permtanen
selected for each sampling zone unit. water sources (main river), with a pre-determined
There is a need to create a data-file contairtileg t weight (WWF-Malaysia, 2008).
data on perpendicular distances. The programme will Taple 2 shows the size of the suitable habitat
read this file and use the perpendicular distartoes ayajlable in each elephant managed range in Sabah,
calculate f (0). This is an estimate of the reasatoof  hased on the habitat suitability study (WWF-Malaysi
the ‘Effective Strip Width’ (ESW). This is define@s  2008). During the survey period, the existing laselu
the perpendicular distance for which the number ofctivities in and adjacent to the forest areas vedse
dung-piles missed between the line and the ESW igecorded for reference in order to verify the statd

equal to the number of dung-pi|eS beyond the ESAY th the e|ephant density in the Surveyed range.
are detected.

The density of dung-piles, D, is then: RESULTS
D = n.f (0)/2L _ _
Line transects survey: Two hundred and sixteen
Where: (n = 216) straight line transects covering a tdislance
n = The number of droppings of 186.12 km were walked in five main elephant
L = The total length of the transects in which thesre ~ managed ranges. The average length of transetie in
recorded five ranges was 862 m.
Table 2: Size and status of key elephant habitatdoh forest
No. Name of elephant range Size of the key hahits used by elephant (Rm Current land use activities
1 Tabin Range (Tabin Wildlife Reserve) 569.10 Wildlife reserve
2 Lower Kinabatangan Range 138.15 Fragmented forest reserve
3 Central forest of Sabah (Ulu Segama, 953.45 Commercial forest (logging ongoing,
Danum Valley, Malua, Kuamut, Gunung forest conversion to mono plantation,
Rara Kalabakan and Sapulut Forest Reserves) silvi-culture and restoration ongoing)
4 North Kinabatangan Range (Deramakot, 458.30 Commercial forest (logging, silvi-
Tangkulap and Segaliud Forest Reserves) culture and restoration ongoing)
5 Ulu Kalumpang Range (Ulu Kalumpang Forest 91.60 Protected forest (encroachment by
Reserve) oil palm plantation)

Source: WWF-Malaysia, 2008
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Table 3: Summary of the number of transects, aegmanimum and maximum surveyed distance

No. Survey site No. of transect  Average (km) Mimjk Max (km) Total (km) ESW (m)
1 Tabin range 55 0.68 0.50 1.00 37.30 1.06
2 Lower Kinabatangan range 16 0.84 0.40 1.00 13.49 0.52

3 central forest of Sabah 104 0.93 0.50 1.10 97.14 1.85

(Ulu Segama, Danum Valley,
Malua, Kuamut, Gunung Rara
and Kalabakan)
4 North Kinabatangan range 34 0.97 0.4 1.20 33.05 .86 1
(Deramakot, Tangkulap and
Segaliud forest reserve)
5 Ulu Kalumpang range 7 0.96 0.70 1.00 6.70 1.19

Table 4: Elephant dung defecation rate per day
Elephant Sex* Age (years) Day1l Day 2 Day3 Day4 ayb Day6 Day7 Day8 Day9 Dayl10 Mean

Limba F 24 8 9 11 11 9 11 12 9 9 10 9.9
Rocco M 22 9 9 11 9 8 11 10 10 10 11 9.8
Komali F 15 6 8 8 10 8 9 9 9 9 11 8.7
Miss F 21 7 8 10 10 8 8 10 10 10 12 9.3
Boy M 5 6 6 7 8 8 9 7 10 10 11 8.2
Tikiri M 7 6 6 5 8 7 9 6 8 8 11 7.5

Girl F 7 6 8 7 8 7 8 6 7 7 10 7.4

Note: M = Male, F = Female. Overall mean dung defecatiate: 8.68; Min: 6; Max: 12; Range: 6; Standardia#on/ standard error:
1.67/0.199. The mean dung defecation rate is 8.88+4%D = 1.67)

Table 5: Dung decay rate observed in three diffeyenlity forests

Number of dung samples Canopy status /forest dondit Emergent trees Dung decay rate (days)
30 Closed canopy/stratum 1-2 more than 9 113.08%67.

30 Semi canopy/stratum 3-4 1-8 130.133+£11.883

30 Open area near logging road/stratum 5 0 156 BEA50

A higher average transect length could not beEstimation of the elephant density in five main
achieved due to steepness of the terrain, or taEkof elephant ranges:A new programme, distance 6.0 was
the undergrowth at sites with secondary forestther ysed, which allows the selection of different madel
difficulty in crossing large rivers. (key function) and also a range of different opsiaf

Table 3 provides a summary of the number Ofyyj stment terms. Data was prepared as a data-file

transects, average, minimum and maximum surVeyegontaining the data on perpendicular distances. The

distance including total surveyed distance in each e .
range programme uses this file and use the perpendicular

distances to calculate f (0) and estimate the recid
Estimation of the defecation rate of elephantsThe  of the Effective Strip Width (ESW).

defecation rate was observed for 24 hours, for dys.d Table 6 shows the summary of ‘Key Function’ and
The observation was taken from 6.00-6.00 am (nextAdjustment Terms’ used to generate the lowest AIC’
day). Table 4 shows the defecation rate for thesjye, using the software distance 6.

elephants. The mean _defecatlon rate was 8.68+0/19 By using the distance 6.0 software, various
(SD =1.67). The defecation rate for the elephahtesa combinations of the key and adjustment function

(less than 8 years old) was less than the adaltes 1 provide flexibility in modeling the detection fumnat g

Estimation of mean rate of dung decayBased on 90 (x). If the distance data are distributed in a more
dung piles, gathered and placed in 3 different sareaspiked form, the choice of model (Key function and

(closed-canopy, semi open canopy and open-canopyhdjustments term) is more difficult and estimatioh

the mean dung decay rate was estimated as @ensity more tenuous. The models recommended in
133.29+6.284 days. this computation are likely to perform reasonably

The decay rate for the elephant dung in the diose . :
canopy forest)?s faster than in gpen canogpy fORESAS well, since the value for A.IC thaF is generatedelagch
(Table 5). This is likely to be due to a greatember model is used as a selection guideline, where aleiph

and type of decomposition agents present in theeibet density estimated by using a model that could gerer
quality forest (closed canopy) compared to degradethe lowest value of AIC will be considered as a
forest (open-canopy). reasonable density.
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Table 7 provides a summary of the estimatedollowed by the Danum Valley Conservation Area,52.3
elephant density for the ranges and Table 8 for thelephants per kmand Lower Kinabatangan Wildlife
reserves areas within these ranges. This is basélleo Reserve, 2.15 elephants per *riTangkulap Wildlife
value of the lowest Akaike’s Information Criteriais a Reserve 1.26 elephants perzkemd Deramakot Forest
selection guideline. A combination of key functiand  Reserve which is adjacent to Tangkulap Forest Reser
adjustment terms was assessed and identified,dier or o g6 elephants per Km

to provide more accurate analyses. Malua Forest Reserve which is contiguous with

The central forest has the highest estimated numb L
of elephants, followed by Tabin Wildlife Reservathw Kuamut Forest Reserve and Malubuk Virgin Jungle

a population of 1,132 (95% CI: 748-1,713) and 34oReserve has a density of 1.41 elephants pér km

(95% Cl: 152-774) respectively. The third highest ~ Ulu Kalumpang Forest Reserve and Kalabakan-
population is in Lower Kinabatangan Range followedSapulut-Maliau Forest Range have the lowest denéity
by North Kinabatangan and Ulu Kalumpang, with aelephants, 0.12 and 0.28 elephants petrespectively.
population 298 (95% CI: 152-581), 258 (95% CI: 131-The elephant density results for all reserves hoava
511) and 10 (95% CI: 1-73) respectively. in Table 8 and Fig. 3.

_ However, in terms of elephant density, Lower  Ajthough during transect surveys in the northern
Kinabatangan range has thf(e highest density 0Of,4 of Ulu Segama Forest Reserve and Telupid-
elephants, 2.15 individuals per km Tongod Forest Reserve, no elephant dung was foitind,
Elephant abundance in each forest reserveUpper is known from sightings that 2-3 elephants are gues
catchment of Ulu Segama Forest Reserve (Fitch) has the area. Elephant tracks were also observengalo
the highest density of elephants 3.69 elephant&mpgér transects, elephant trails and logging roads iratkeas.

Table 6: Summary of models used in density estonatbmputation

No. Location of survey Key function Adjustmentrtey

1 Tabin range Half-normal Cosine

2 Lower Kinabatangan range Uniform Cosine

3 Central forest of Sabah (Ulu Segama, Danum vallatua, Kuamut, Half-normal Simple-polynomial
Gunung Rara and Kalabakan)

4 North Kinabatangan range (Deramakot, TangkulapbSeygaliud forest reserve) Uniform Simple-polyndmia

5 Ulu Kalumpang range Uniform Cosine

Table 7: Estimated elephant density and populatieach survey range

D (density) parameter N (humber) parameter
Point estimate Standard Percent coef. Point esirgaandard
No. Survey site (ind. Ki) error of variation (No of ind.)  error 95% CI
1  Tabinrange 0.60 0.28 46.24 342 158.13 152 774
2 Lower Kinabatangan range 2.15 0.84 38.87 298 8u15. 152 581
3 Central forest of Sabah (Ulu Segama, Danum 1.18 340 28.52 1,132 322.85 748 1,713
Valley, Malua, Kuamut, Gunung Rara and
Kalabakan)
4 North Kinabatangan range (Deramakot, 0.56 0.22 4639 258 101.81 131 511
Tangkulap and Segaliud forest reserve)
5 Ulu Kalumpang range 0.12 0.11 99.46 10 9.95 1 73

Table 8: The summary of the estimated elephantityenseach forest reserve
D (density) parameter

No. Survey site Point estimate (ind. per Kn  Standard error Percent coef. of variation
1 Tabin wildlife reserve 0.60 0.28 46.240
2 Lower Kinabatangan wildlife reserve 2.15 0.84 .838

3 Ulu Segama forest reserve (lower catchment) 0.93 0.34 36.640

4 Malua forest reserve 141 0.62 43.890
5 Kalabakan forest reserve and Sapulut forestveser  0.28 0.14 48.920

6 Danum valley conservation area 2.35 1.30 55.670
7 Deramakot forest reserve 0.86 0.12 135.96
8 Gunung Rara and Kuamut forest reserve 1.18 0.69 8.658

9 Tangkulap forest reserve 1.26 0.64 50.620
10 Segaliud Lokan forest reserve 141 0.62 44.390
11 Ulu Kalumpang forest reserve 0.12 0.11 99.460
12 Ulu Segama forest reserve (upper catchment) 3.69 1.84 49.980
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Table 9: Mean rainfall and mean temperature fro®622008
Year Wet days Mean rainfall (mm)  Mean temperati@) (

2006 183 2,618 26.5
2007 185 2,310 26.7
2008 185 2,185 26.6

Source: Malaysian Meteorological Department, 2006

decay rates would remain constant for a period that
includes both drought and non-drought periods given
that rainfall is widely recognized as a major facto
p—— affecting decay rates (White, 1995; Bareeal., 1997;

o PR Nchanji and Plumptre, 2001).

[ C entral Forest Rangs

£ oty Krabatangm Ranor The average annual rainfall across the study sites
ol reomnaniy i i varies from 2,185.4-2,618.3 mm, with temperature
&) oy between 26.5-26.7°C (Table 9). The constant clienati
conditions throughout the year and throughout thdys
area are unlikely to have a great seasonal effedung
decay rate since there is no defined wet seasan tha
would increase the activity of the insects (Wangjsan
DISCUSSION and Boonkird, 2004). Therefore the effect of the

weather on the decay rate is considered to have a

Estimation of mean rate of dung decayThe rates of ~Minimal effectin this study. _ _
dung decomposition were variable due to several '€ presence of ground feeding birds such as

factors; (i) type of vegetation consumed by theletent  Jungle fowl, partridges, quails etc can accelerdue
(diet of elephants), (ii) type of forest cover afiii) deterioration rate of elephant dung piles. Theyallgu

weather condition during the study period. The datd@nSack dung for insects they prey upon (Wanghongsa
indicates that the mean rate of the dung decay i&nd Boonkird, 2004). , ,
significantly different in different quality forest(refer _ The mean dung decay rate calculated is considered
to Table 5). In closed forest (undisturbed) forggt  Suitable for the analysis.

mean rate of dung decay is faster (113.1 days) #han pefecation rate of elephants’ dungThe dung survey
more open forest (degraded) (156.7 days, Ratesrgf d ,qgumed that all elephants defecate at the samelmat
decomposition recorded  previously in  tropical tyct the rate of defecation remains inconclusiviee
rainforests of Southeast Asia (140.8-153.8 days) armean dung defecation rate was calculated as 8.68+0.
similar to the rate recorded in disturbed foresthis _ per day. The dung defecation rate used in eartiasity
study, It is unknown whether these rates were @driv 5,4 nonylation surveys in Tabin Wildlife Reserve by
from studies conducted in different quality forestspy, . son (1992) was higher (13.2033+0.789 dung piles

(Boonratana, 1997; Dawson, 1992). _ﬁ]er day). The defecation rate study was carriedirout
In this study dung decay rates were undertaken iy,o rainforests of Southern India. This defecatiate

three different forest categories (poor, moderatd a a5 reportedly similar to the rate obtained for tivep

good). As most of the survey area is covered with &jephants in Thailand that were fed with naturaldier
combination of the three forest categories, the rr’nea(D(,MSon 1992).

dung decay rate calculated should not vary becafise
different forest categories.

Other factors in this study that could have affdcte
the estimation of the dung decay rate are differeni The age and sex of elephants, including the
climatic conditions and the type of animals presant elephant’s body size

each forest area. e The spatial and temporal variations of weather
Wanghongsa and Boonkird (2004) found that  within the elephants’ habitat

weather conditions had a significant effect on dung.  The amount of food that is given or provided to the

Fig. 3: Location of the specific forest sites whéisdd
survey was carried out (Table 8)

The defecation rate for the elephants may depend
on:

decay rates; they decayed 2.14 times faster inwite domesticated elephant per day
season. This is probably due to the high activity o
insects in the wet season. About 29 families oédts In studying the defecation rate of

were retrieved from 100 dung piles (Wanghongsa andomesticated elephants, Wanghongsa and Boonkird
Boonkird, 2004). It is extremely unlikely thaiy-pile ~ (2004) discovered significant difference in defemat
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rate between age and sex of elephants. These A total of 1,057 dung-piles were encountered along
differences can be attributed to physiology of blags, the remaining 200 transects that were placed
which is different based on age and sex (Galeiya.,  perpendicular to logging roads. 64.7% of the tdtaig-
2003). piles were encountered within the first 500 m of th
In addition, spatial and temporal variations havetransect, 35.3% of the dung-piles were encountered
been found in elephant’s defecation rate. In Africa more than 500 m from the road (Fig. 5).
elephants defecated more in the rainy season thide i The observations indicate that, the density
dry season (Ruggiero, 1992), a factor of 1.5 (Jactim estimates for elephants are likely to be over-estah
and Bell, 1984). Sivaganesan and Kumar (1994jrhe elephant's dung observations were recorded near
investigated defecation rates in humid zones ofaAsi\yhere there is the greatest density of elephargs, i
and found that the rates were >184% higher thamearhy major roads and rivers. Thus, densitiestter
defecation rates in a dry zone examined DYyhole reserve could be a gross over-estimate. This

(Wanghongsa and Boonkird, 2004). ;
The defecation rate calculated in this study Waﬁmhza:jniist;r;séi?;re%are likely to be far less elejshenatn

based on seven domestic elephants t_hat were kept in However, this argument is only true if the density
closed zoo. These elephants were chained and dlitowve . g .
of roads in the forest is low. Most of the survegaain

feed on natural fodder only in the daytime (12-13 hthis study was logged 30 years ago (except Danum

within the radius of their confinement. At nighteth Vallev R 4 h ¢ th h
were chained. This output cannot be compared witth w Y2lley Range) and hence most of the survey are@has

elephants that feed 17-19 h a day (Vancuylenb&7)L high density Qf roads, including abandqned logging
We believe that use of a much lower defecatiofoads. The distance between one logging road and
rate calculated from captive animals, may lead aus tanother is between 1-3 km. Therefore we considatr th
overestimate elephant density in the study area. Odhe estimated elephant population is not likeloéoan
calculated dung defecation rate was much lowepverestimation.
compared to the one that was gathered from a giftidy
free-ranging elephants in Way Kambas National ParkElephant abundance in each forest reserve and the
Sumatera, Indonesia (Tysenal., 2002). effect of forest conversion, forest fragmentation rad
, habitat limits: Malua Forest Reserve which is
Status of elephant's dung along the survey coniguous to Kuamut Forest Reserve and Malubuk
transect:’ In order to determine the status of theVirgin Jungle Reserve has a density of 1.41 elefshan
elephant's dung d|_str|but|on in the SUrvVey: ared t.h per knf. In 1997, the elephant density in Malua Forest
g_umbers of dung-piles were calculated with Incregsi poqore was calculated at 0.79 elephants pet km
istance from the rivers and roads. 16 out of al tot Boonratana, 1997). The increase of the density of
216 transect lines were placed perpendicular to thg S ) ' . -nsity
Kinabatangan River and its major tributaries. Fram eIephar_1ts in Malua may be due to logging activities
éhe adjacent forest reserves (namely Kuamut Forest

total of 81 dung-piles encountered along these 1 e . .
transects, 67.9% of the dung piles were withinftrs Reserve and within Malua Forest Reserve itselfjs Th

500 m and 32.10% of the total dung-piles weredrgument is supported by the evidence that elephant

recorded more than 500 m away from the riversidegroups moved outside Malua range into the oil palm
Figure 4 shows the percentage and distance of durgantations during the survey period.
piles from the main river.
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Fig. 6: Location of suitable habitat for elephaintshe northern part of DVCA and upper catchmenthf Segama
Forest Reserve

Ulu Kalumpang Forest Reserve andEstimate of Sabah’s elephant populationThis study
Kalabakan-Sapulut-Maliau Range have the lbwesestimates the number of elephants remaining iriitiee
density of elephants, at 0.12 and 0.28 elephankmpér main elephant managed ranges in Sabah to be about
respectively. Boonratana (1997) estimated at 1@&xt 2,040 (95% CI 1,184-3,652). We believe the
elephant per kfin Kalabakan Forest Reserve. This differences between these population estimates and
indicates that the elephant density has increaséd w those of Dawson (1992); Andaat al. (1992) and
loss of key habitat due to conversion to largeescal Ambu et al. (2002) reflect the differences in survey
plantation. Elephants are now absent from the maimethods used. Ambet al. (2002) relied primarily on
Kalabakan Forest Reserve, especially in the Bentaterviews with forest managers and also on seagnda
Wawasan oil palm area as from 2005 key habitat hadata derived from brief field trips to come up with
been destroyed. estimates. Dawson (1992) and Andeual. (1992)

As habitat has been converted to agriculture (oiderived their estimate by extrapolating from their
palm and industrial tree plantations), it appedratt survey work in Lower Kinabatangan, Tabin Wildlife
there has been an increase in elephant densitiyiein Reserve and Deramakot Forest Resefverefore, we
remaining habitat in the northern part of Danumi&al believe that the methods used to estimate the ptipnl
Conservation Area (DVCA) and upper catchment ofsize in 1992 and 2002 may have led to an underatim
Ulu Segama Forest Reserve (known locally as Fitclof the elephant population size in Sabah.
area, south-west part of Danum Valley), as elephant
density is high, being 3.69 and 2.35 elephantskp®€r  Viable Habitat for elephants: Given the abundance of
respectively. the elephants in each forest range, the issue lufata

Figure 6 shows that the extent of suitable habitaviability for the elephants needs to be addres$hdre
for elephants remaining in these two areas, idedtidy  are three major habitat attributes, namely sizegity
the habitat suitability work. The elephant popwati and quality that have to be considered for the
density is high as the elephants are concentratesl i conservation of the elephant population. According
small area. Sukumar (2003), the minimum viable habitat area is
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related to the minimum viable population and the
capacity of the habitat (the density of elephanmtden
so-called equilibrium conditions). Sukumar (2003)
suggested that the viability of the habitat id gfdod if

an equilibrium density of the elephant ranges betwe
0.5-1.5 elephants per KmBased on this, Lower
Kinabatangan range may not be viable habitat aemte
for the elephants since the density of elephanthim
area is 2.15 elephants per %niinking habitat with
forest corridors will improve the habitat viabilitirhe
other forest habitat ranges (i) Tabin range, (iQrtN
Kinabatangan range, (iii) Central forest range @yl
Ulu Kalumpang range would be considered viable.

Viable elephant populations: According to Sukumar
(2003), a population of 1,000-3,000 elephants oremo
are a viable population to be targeted for longater

conservation. However, for Asian elephants, onesdoe

not have the luxury of many large populations. ur o
study, four of the five main populations are fevlgan
1,000 elephants. Only the central forest area stppo
elephant population of more than 1,000 individubls:
elephant conservation in Sababh it is necessaryote
all five key populations and to address where fbessi
limitations to the growth of these populations
particularly where habitat is the limiting factor.

CONCLUSION

We found that the central forest contains the
highest number of elephants (more than 1,000), lwhic
indicates the importance and viability of this plapion
to be conserved. This highlights the importance of
protecting the central forest which is intact and
contiguous with other forest to ensure the future
survival of the Bornean elephant.

The challenge now is to ensure that no furthes los
and habitat fragmentation occurs in these five key
habitat ranges. lllegal killing of elephants asault of
human-elephant conflict is also an ongoing threat f
the remaining small and fragmented populationss Thi
needs to be addressed through enhanced mitigation
efforts.
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Our survey showed that the minimum number of

elephants remaining in the five main elephant madag
ranges in Sabah is about 2,040 (95% CI 1,184-3,652
These results provide new baseline data for the&mor
elephant population.

The elephant density and population size varies

throughout the five key ranges affected by (i)
conversion of lowland forest; (ii) fragmentation of
habitat and (iii) existing land use activities suah
logging.
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census work in Sabah using a systematic approach.
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