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The Sumatran rhinoceros in Way Kambas National Park,

Indonesia: a study of a population exposed to catastrophic

events.,

PHILIP WELLS

Summary

(]

The Way Kambas National Park holds one of the 13 known populations of the
critically endangered and crvptic Sumatran rhinoceros (Dicerorhimues sumatrensis).
Ihe park suffered severe drought and forest fires in 1997 as a result of the El Niifio
Southern Oscillation. The abundance of other species in the park was known to
have been reduced but the effect on the rhino population was unknown.

. As part of an ecological study of the Sumatran tiger (Panthera tigris sumatrae)

camera traps were operated in 29 locations from 1995 up to the present which also
successfullv photographed Sumatran rhino 130 times.  Independently rhino
protection units collected field observations on rhino sign found within the park.

. The rhino photographs were analysed to identify the minimum number of rhino

and the density of rhino was calculated using an effective sampling area of the
camera traps. The total population within the park was estimated by extrapolation
using the distribution of rhino inferred by the rhino sign collected by the rhino
protection tcams. An annual index of relative abundance was also caleulated using

number of photographic events per unit effort.

. From 93 independent photographic events ten adult Sumatran rhinos and one calf

were identified from the photographs. In the period up to and including 1997 (pre-
El Nifio) the rhine population was estimated to be 20 10 33 individuals with an
estimated carrving capacity of 60 individuals. After the El Nifio event the
population was estimated o be 7 to 16 individuals, a reduction of at least 50
percent.  The annual index of relative abundance also showed a reduction of

between 54 to BT percent in the period immediately following the El Nifio event

. Even in the absence of rhino poaching in the park climatic evenls were found 1o

lead to catastrophic reductions in the rhino population.

Key-words; Sumatran rhinoceros, camera trap, El Nifio.
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Introduction

The Sumatran rhinoceros (Dicerorhinus sumatrensis, Fischer 1814) is a solitary
cryptic rainforest dwelling browser that naturally lives at low densities (Strien 1986),
The species in the wild is rarely seen making any study relying on direct observation
impossible. Previous population and ecological studies of the Sumatran rhino have
used indirect signs such as footprints (Reilly ef al. 1997, Wells ef af 1994, van Stnien
1986, Flynn & Abdullah 1984, Borner 1979), The advent of relatively cheap remote
operated cameras has provided an altemative methodology.

The Sumatran rhino is classified as eritically endangered (IUCN 2002). The world
population of Sumatran rhino has under gone a 50 percent decline in the 1980°s and
1990°s mainly due to poaching for their homn (Foose & Strien 1997) with only an
estimated 208 1o 320 individuals in 13 isolated locations remaining in the wild {Foose
& Strien 1998).

The Sumatran rhino in the 1970's was believed to have become locallv extinet in Way
Kambas National Park {Borner 1979, Wind er af 1979). The area of what has now
become the national park was intensively logged between 1954 and 1974 (Franklin
2003) and was subjected to illegal hunting including the Sumatran rhine (Wind ef al,
1979, N. Franklin pers. comm.). In 1993 the Sumatran rhino was ‘rediscovered’
(Reilly et @l 1997) and the population was estimated to be approximaiely 30
individuals (Foose & Strien 1998). In response to the existence of Sumatran rhino in
the park the Indonesian Rhino Conservation Program (IRCP) deploved three rhino
protection units (RPUs) in 1998 whose function was to protect and collect field data
on the Sumatran rhino (Wells 2000). The collected field data has been used in this
study to establish the distribution of the Sumatran rhino within the park.

In 1997 the entire Indonesian archipelago suffered from serious draughts associated
with the El Nifio Southern Oscillation (El Nifio) resulting in an unprecedented fire
gpisode where more than nine million hectares of land were bumt (Stolle & Tomich
1999). At least 17 of Indonesia’s national parks were affected (Kinnaird & O'Brian
1998) including the Way Kambas National Park. During the latter half of 1997 in
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Way Kambas National Park the drought led to a majority of water sources to dry up or
become saline due to the ingress of seawater and the wildfires affected 63 percent of
the park (Franklin 2003). In the arcas affected by fire the number of tree saplings,
the primary food source of the Sumatran rhine, was found to have been significanily
reduced (Franklin 2003}, Franklin (2003} also found that despite Little direct evidence
of mortalities the abundance of Sumatran tiger (Pamthera tigris sumarrae) and their
prey species were negatively affected in the vears following the El Nifio evenl. The
effect on the population of Sumatran rhino in the park was not known although there
was evidence of disruption to the population due to the finding of rhino sign outside
the area they would normally be found (Wells 2000,

In 1995 the Sumatran Tiger Program (STP) established a study site in the park using
remole camera traps o investigate the ecology, status, and distnbution of the
Sumatran tiger (Franklin ef al. 1999). In the latter part of 1995 a Sumatran rhino was
photographed by a camera trap (Siswomartono ef @, 1996). Since that date a total of
130 photographs of Sumatran rhino have been collected within the park. This data
has been used in this study to establish @ minimum number of Sumatran rhino in the
park.

Photographic techniques have been used previously to siudy cryptic species by
wentifying individual animals within a population such as rhine and tiger (Franklin
2003, Franklin er af. 1999, Poleti e af. 1999, Karanth & Nichols 1998, Karanth 19935,
Griffiths 1994, Griffiths 1993, Dinerstien 1991). They have also been used to
investigate periods of activity (Lizcano & Cavelier 2000, Schaik & Griffiths 1996,
Grifliths 1993, Grifliths & Schaik 1993) and as a measure of relative abundance
iKinnaird ¢t af. 2003, Carbone ef af. 2001},

The identification of rhine from photographs when using remote camera techniques is
considered difficult due 1o the lack of obvious identifying features unlike the unique
pattems of stripes on individeal tigers. In a previous study of the Javan rhino
( Rhinoceros sondaicuy) individuals have been identified using various morphological
features (Griffiths 1993). With the absence of distinctive skin texture and plates the
Sumatran rhino is generally considered more featureless than the Javan rhino,
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The hypothesis central to this study is that individual adult Sumatran rhino can be
distinguished from one another by morphological features which will be
demonstrated. From the photographs collected by STP a minimum number of rhino
and an estimated population density will be established and the data collected by the
RPLU"s will be used to describe the rhino distribution and hence the estimated total
population within the park. The combined data sets will be analysed with respect 1o
the 1997 El Nifio event to examine what impact the drought and fires have had on the
rhino population.
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Materials and Methods

STUDY AREA

Way Kambas National Park in the province of Lampung is situated on the south
eastern end of the island of Sumatra in the Indonesian archipelago (4°37 1o 5716 §;
105933 to 105°54' E), The park is almost entirely flat with an elevation of 0-60
metres as.l. typical of the castern coastal plains of Sumatra. It is bounded by the Java
Sea to the cast and the remaining areas a bounded by intensive agriculture separated
to the north, east and southeast by rivers (Fig. 1.). The castern side of the park
ncludes large areas of swamp including mangroves (Avicemia maring, Rhizophora
spp.) and nippa (Nypa frudicans). The western side of the park 15 dominated by
grasslands (fmperata cviindrical) and scrub. The more central arcas are covered by
lowland tropical forest with some open grass swamps. The western edges of the
forest tend 1o be more open without a closed canopy. In this study the vegetation map
has been created using a 1996 Landsat® image. The vegetation types were broadly
classified as grassland, scrub, open forest, closed forest, open swamps and closed
swamps. The vegetation map has been integrated into a GIS map (geographic
information system) of the park created from digitising 1:50,000 topographical maps
using Maplnfo®.

CAMERA TRAPPING

Infrared beam activated camera traps (TRAILMASTER® TR-1500) were situated at
29 locations optimised 1o capture tigers and their prey as described in Franklin (2003)
and Franklin ef al. (1999), When an animal passes in between the infrared transmitter
and receiver the camera is automatically activated and the time and date is registered
in the data logger. All cameras were programmed to operate 24 hours per day for
between seven and ten davs when the film and battery were changed. A small time
delay was programmed 10 prevent unnecessary repetitious photographs. The exact
location of all cameras was noted using a global positioning system (GPS) entered
into the GIS map (Fig. 1.). The cameras were operational from August 1995 to
September 2000 producing a combined total of 13,297 camera days, and since that
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date some have been operated by the Way Kambas National Park staff on a more
informal basis. The initial period up 1o the end of 1995 was considered by Franklin
(2003) as a trial period over which the camera systems were tested 1o find the optimal
methods. Photographs of rhino taken in the initial period and post September 2000
have been included in the rhino identification process but excluded from analvses
relating to trapping effort. Anv series photographs of the same individual taken
within a six hour period at the same location were considered a single photographic

event

SURVEY DATA

The RPU's have conducted fulltime operations in the park since 1998 routinely
collecting data on rhino during all their foot patrols. They are experienced and fully
trained trackers able to differentiate between signs made by rhine and those made
from other species (Wells 2000). All direct sightings and secondary sign including
prints, dung, active wallows and feeding sign are noted in standard patrol reports with
the position established using a handheld GPS. A data base of all rhino sign and other
observations including illegal activities is maintained.

FEATURES USED TO IDENTIFY INDIVIDUALS

The hom, sex, skin folds, facial wrinkles, ears, hoof pigmentation, and other wrinkles
were used variously to identify individual thinos. The photographs were sorted in a
systematic manner using these features to allocate as many photographs as possible to
individuals,

The two homs are the most obvious feature ol a Sumatran rhino. The homns of a rhino
will grow throughout its life, and be wom down at a rate depending on the
characteristics of an individual rhino's behaviour, and the mechanical properties of
the horn itself. The resulting size and shape of homs from these processes is believed
to be relatively stable over time for adult rthino. The size and morphology of homns
were found to be highly variable in the photographic collection. The profile shape of
the anterior horn can be broadly described as being alternatively: double convex
(bullet shaped), convexo concaved (sabre shaped), or high convexo concaved
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{classic). The posterior hom was significantly smaller in all cases and sometimes
appearing absent altogether in profile. The posterior hom was described alternatively:
absent, square, triangular, and cylindrical. The bilateral symmetry of the hormn when
viewed in profile facilitated in matching right handed and left handed pictures of the
same animal. It was however hard to determine the true shape of the horn when
viewed from the front.

From captive Sumatran rhinos it can be seen that morphologically there is litile
difference between males and females although males will be generally larger.
Positive identification of the sex of an animal can only be obtained from direct
observation of the genitalia, or in the case of a female if a calf is accompanying it.
When pictures are taken of a male from the side the penal sheath can be seen
protruding from the rear if the nearside hind leg is in the forward position. For a
female photographed in a similar position the absence of a penal sheath can enable the

sex to be determined even if the genitalia are not visible,

The skin of rhino is relatively inelastic (Shadwick ef al 1992). Additional flexibility
is obtained in a similar manner to a concertina via skin folds especially in the neck
and the upper front legs where good mobility is required. The size and shape of the
folds changes depending on the position of the head and legs. However, consistent
patterns made by the folds can be found between photographs of the same individual
when the posture of the rhino is the same. As the position of the head relative to the
body during locomotion tends to be relatively the same, the neck folds were more
commonly used to identify individuals. In the neck there are three main folds:
primary (from behind the ear down to the throat latch), secondary (starting from the
upper shoulder and behind the ear forming a collar hanging under the neck often in
the form of a ¥ when seen from the side), and tertiary (starting from the chest and
lower shoulder to the mid neck). The secondary fold is the most visible and
voluminous with the lower pant of the Y shape sometimes coiling in on itself. The
silhouette of the shape of the neck folds hanging under the neck are a bilateral feature
in a similar manner 1o the horns,

Each rhino has a unigque pattern of facial wrinkles predominantly around the eves but
also running from the mouth and nostril towards the eve and up from the eye towards
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the ear. The visibility of different wrinkles was found to be strongly dependant on the
clarity of the photograph and the lighting conditions. It was however felt to be the
most constant feature as the patterns were independent of posture and orientation of
the head relative to the camera.

There was some vanation found in the shape of the ears and the hairs on the inner side
and outer edge of the car that could be used as diagnostic features. The colour of the
hooves tended to vary between black, dark grey and brown and was subject 1o lighting
conditions. However, some rhino appeared to have consistently lighter or darker
coloured hooves. More importantly the inner hooves of the front and hind legs
sometimes had light coloured pigmentations that formed distinctive patterns that
could be used as an identifving leature.

Oher wrinkles on the body could be used to support identification of individuals
especially in the region of the flank and buttocks. The visibility and position of the
wrinkles were found to vary with posture and the orientation of the camera but in a

number of cases was useful.

THE PROCESS OF IDENTIFICATION

The use of morphometric analysis was considered as a means of identifying rhino
from the photographs. However any picture of sufficient quality for which reliable
measurements could be taken were rare and readily identifiable making the technique
redundant. The photographs were examined and sorted into groups with consistent
identifving features. The homn of the Sumatran rhino being its most obvious feature
was used 1o initially sort the photographs into groups using general horn shapes. Each
group was further examined to look for consistent and inconsistent features as a basis
to subdivide the group. This process was continued exhaustively until a large number
of groups existed. The majority of these groups consisted mainly of photographs
taken of the lefi or right side of an animal. These left and right handed groups were
combined via a linking photograph when an individual had turned or partially turned
during a photographic series, or by the bilateral features such as the hom and neck
fold profiles.
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The groups were considered to represent individual animals when they were found to
be consistent within themselves and positively distinguishable from all other groups.
Within the remaining photographs that could not be assigned to individuals a picture
appearing to be of a previously unidentified individuoal, but could not be positively
excluded as being one of the identificd rhino, was treated as a “possible individual .

The photographs were examined without reference to spatial and temporal
information with the exception of those series within a single photographic event.
Omnly after the all the groups of photographs of the individuals had been finalised were
the locations of each photograph plotied. Any photograph within a group which had a

position inconsistent with the others of that group was re-examined.

A plot of the cumulative number of identified rhino against cumulative effort should
be in the form of a logistic curve if all rhino present in the sampling area have been
detecied under conditions of demographic closure.  Sumatran rhino have an inter-calf
interval of at least 3 vears and do not reach matunty until about 7 vears (Strien 1986)
so if only adult rhino are considered then the assumption of demographic closure can
be used for periods of up to 3 years. The cumulative numbers of identified adult rhino
were plotied independently for the period from 1996 to 1997 and for the period 1998
to 2000 and tested by visual inspection.

HOME RANGES AND CORE AREAS

The home ranges of rhino is defined as the total area a rhino may utilise, and core area
is defined as the arca a rhino would normally be found within. The home range and
core area was calculated for only one individual as the remainder were photographed
too infrequently (<10 times) and’or at only three or less locations. A minimum
convex polygon (MCP) was thought to be an inappropriate means of estimantng the
home range and core areas as their outer extremities cannot be determined, and do not
take into account the frequency of observations at the different cameras. The Kernel
method of estimating home ranges (Worton 1989) offers an alternative means of
determining home ranges and core areas, The method uses a non-parametric
statistical procedure to calculate probabilities of an animal being in various locations
in two-dimensional space, without making prior assumptions of the probability
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distnbution. A 90% Kemnel was used to describe the home range (90% probability of
being found within the area) and 60%% Kemel was used to describe the core area. The
locations of the animal was imported into ArcView® and the home range and core
areas were calculated using the Animal Movement Extension® (developed by the LIS

Geological Survey) with a least squares cross validation method of smoothing.
EFFECTIVE SAMPLING AREA AND POPULATION DENSITY

In order to calculate the density of rhino it is necessary to estimate the effective
sampling arca of the camera traps. It is usual to define effective sampling arca as a
MCP surrounding the trap locations with an additional buffer 10 take into account the
animals that live in part outside the MCP (Franklin 2003, Karanth & Nichols 1998,
White ef af. 1982). However this does assume that the spatial distibution of the
cameras 15 sufficient to capture all ammals within the area bounded by the MCP and
they are set appropriately to capture the target species. In this case the camera
locations were optimised to capture pictures of tigers and their prey and not to capture
rhinos with six oul of the 29 traps classified as being located in open areas which
Sumatran rhino would not normally be expected to be found. Other factors may also
affect the success of a trap for rhino such as a lack of “topographic compression’
{Griffiths 1993) where natural obstacles and features or well established pame trails
will lead the rhino into a camera trap. In this paper it is assumed that only those
camera traps that over the course of the entire study photographed a rhino were indeed
appropriately located. The union of a buffer surrounding all successful camera traps
was used to estimate the effective sampling area therefore nol requiring the
assumption of sufficient camera coverage. The width of a buffer used in previous
studies of tigers (Franklin 2003, Karanth & Nichols 1998) has been calculated on an
adl hoc basis as the hall the mean maximum distance moved for animals trapped on
more than one occasion and is repeated here. In addition the expected radius (3.09
km} of a male home range (30 km®) (Strien 1986) is also used as a buffer width to
estimate the sampling area. The male home range is larger than the female so this is

expected to provide a conservative estimate of rhino density.
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The population density was calculated by using the minimum number of identified
rhino within the effective sampling area. Upper and lower estimates were created
using the different effective areas with or without the inclusion of possible individuals
beyvond the minimum known individuals,

RHINO DISTRIBUTION AND POPULATION ESTIMATE

To establish the rhino distribution within the park the data base of observations of all
rhino sign collected by the RPLI"s was entered into the GIS map separately for each
vear of operations from 1998 to 2001, The amount of effort (kilometres walked and
hours spent) collecting the data for each part of the park is not known. The RPUs do
concentrate their efforts on the areas of the park that have rhino as well as those where
illegal activities are known or suspected to have occurred. The distribution of the
rhino sign was compared 1o all observations including other mammal species and
illegal activities to ensure that the entire park has been covered. An inferred rhino
distribution was estimated from the distnbution and number of observations taking
inte account the different vegetation types. The distribution was classified as a core
and peripheral areas. The core rhino area is the area in which the rhinos will spend a
majority of their time and the peripheral areas are those which may at times be
utilised or visited by the rhino (c.f. individual rhino home range and core area). The
population densities calculated were applied to the core rhino arca to provide
estimates for the number of rhino in the entire park.

PHOTOGRAPHIC RATES AND RELATIVE ABUNDANCE

Carbone et al. (2001) found a good correlation between photographic capture rates of
tigers and their density between different studies with varving methodologies and
terrain. The author (unpublished data) has shown that the number of photographs per
unit ¢ffort can be predicted using a mathematical random walk model for a given
population density, mean distance travelled per dav, and the effective area of a trap.
The number of photographic events including identified and unidentified rhine per
unit effort was calculated for each of the yvears 1996 1o 2000 as an index of relative
abundance using all camera traps and only those that successfully photographed a
rhino, Mini-max approach was used to estimate of the range in the percentage
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reduction of rhino numbers using maximum and minimum values of the index of

relative abundance pre and post El Nifio and vice versa.

DAILY ACTIVITY

The number of photographs taken for each hour of the day was counted 1o establish
the parts of the day when rhino were most active. The difference between nocturnal
and diumal activity was tested for significance using the non-parametric Mann-
Whitney U Test. Each hour of the day was assigned to either day or night with the
period of dawn being assigned 1o day and the period of dusk being assigned 1o night,
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Fig. 1. Vegetation map of Way Kambas MNational Park. The vegetafion cover was mnpped from o
|5 Londsat® image. The pork & bounded to the east by the Java Sen and to the west by intensive
agriculiure separated by rivers to the nonh, northwest and southwest. The castern edge of the park is
predominantly swamp; the western side ks mainly grass lands. Centrally forested area is closed forest
with more open forest on its western edges, The location of the camera traps are indicated by the red
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Results

IDENTIFICATION OF INDIVIDUALS

A total of ten adult rhine and one calf were identified (Table 1) from a total of 130
photographs constituting 93 independent photographic events between 1993 and
2002, A total of 26 photographic events could not be positively included as being one
of the eleven individual rhinos, Nine of the adults were photographed prior and/or
duning the 1997 El Nifio event of which only three were re-photographed afler this
date. A new individual L3 was photographed once post El Nifio in July 2000). The
male rhine M1 was photographed significantly more times (n = 29) and more
locations (n = 9) than any other rhino. Of the ten adults four were found to be male,
three female, and three of unknown sex.

The location of the photographs for each individual was examined using the GIS map
{Fig. 2.). All those photographs of an individual whose position appeared inconsistent
were re-inspected to ensure that the correct identification had been made. None of
those photographs was found to be incorrectly identified.

Table 1. List of the cleven rhinos identified bepaeen 1995 and 2002, OF the nine adults photographed
before the end of 1997 only three were pholographed post 1997, A pew individual U3 was
photographed once in July 2000

Miumber ol Mo, af Survived post
Name Sex Ape Photo Events First Phoio  Lnst Phobo locations 1997
il mle acdult 29 [T 199 10022002 9 YEE
M2 male adult 3 2051 9% | 809 1P | b
M3 male adult B ZTON199T7 D4R 1999 3 ¥O5
4 male aclualt B 19 1996 15700/ 1997 i +
F1 female ncludt 5 1997 Z0NENTERT | T
F2 female aduli 4 P 1908 197107 1996 2 »
F3 femmle ncdult 3 0501995 | 906 9T £ 7
]| unknown  aduli 3 71997 21702/ 1998 2 e
L2 unknown  adult . M9 16081957 F 1 7
K] unknown  adul i 22000 22072000 i Yes
Fl | umknown  call’ a 091 11997 047121997 1 ?

vt nm for publication or distrifeelon 14



Within the 29 photographs that remained unidentified it is thought possible that there
are three as vetl not positively identified individuals but could not be positively
excluded as being the same those already idenmtified due to lack of clarity or
photographic angle. Two of the possible individuals were photographed during the
1997 El Nifio event {an adult and a sub-adult) but not re-photographed afierwards, and
one was photographed once in 2000.

e N o ) L JI:.‘-\
& Camera locations with identified rhing
* Ceher camera locabons

Fig- 2. The location of the 10 pdult rhino and one calf identified The stars indicate the location of all
cnmern traps. with the ones coloured red indicating traps that had phowographed identified dhino,
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The cumulative number of adult individuals identified was plotted against the
cumulative trapping ¢ffort (camera days) for the period 1996 to the end of 1997 (pre-
El Nifin) and for the period 1998 to 2000 (post-El Nifio) (Fig. 3). For the pre-El Nifio
period the shape of the curve has the appearance of being logistic in shape with the
exception of two individuals identified for the first time during the climax of the
draught and forest fires. The curve for the posi-El Nifo period is logistic in form
which would be expected if all individuals had been identified.
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Fig. 3. The cumulative number of adult individuals identified plotted against cumulative tropping
effort for a. pre-El Nifo and b post-El Nifie, Both graphs appear logistic in form except at the end of
the pre-El Mifio period suggesting that all rhino that exist in the sampling area hivve been pholographed.
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CONSISTENCY OF IDENTIFYING FEATURES

The shape and size of the horns of the rhino identified were found not to change over
timee for the adult rhing. The horng of M1 best illustrate the case as the rhino was
photographed over the longest period.  The horns of M1 are shown in Fig. 4 with a
time imerval of 57 months and are compared to two other male rhino M2 and M3
which can be seen to be easily distinguishable. Only 28 of the 93 photographic events
(30%%) could the sex be directly determined of the animal photographed and one case
due 10 an adult female being accompanied by a calf.

The skin folds of the upper leg and neck were found to be consistent for M1 over the
period it was photographed. The differences in skin folds between individuals are
demonstrated in Fig. 5 between M3 and M4, M3 had a very large and distinctive
primary neck fold that allowed the animal to be casily identified. The facial wrinkles
were also found to be consistent over time and unique to all individuals, Fig. 6 clearly
demonstrates the point with comparisons made between M1 and U1.

The shape of the hoof pigmentations on the inner hooves when clearly visible proved
o be vital in making a positive identification in a small number of cases. However, it
is inconclusive whether the patterns of hoof pigmentations are permanent or whether
they vary over time as all photographs in which pigmentations were clearly visible
were taken onlyv months apar,
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Fig. 4. The homs of three differcnt male rhing.  The male M1 i shown photographed in a. and b,
{separaied by a perfod of 57 months), M2 B shown in ¢, and M3 ind,.  The relotive size and shape of
MI's hom are shown to remain constant over time and distinctly different from the homs of M2 thai
are small and rounded. M3 has superficially similar homs o M1 bul the anterior hom 15 mose curved
and the posterior hom lncks the distimctive trimngakar shape of M1
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Flp,. 5 Lomparslive pholographs o upper leg and neck skin folds of two mdividunls M4 w. & b, and
M3 e & d.. In the photographs of M4 the Y shaped secondary neck fold is seen although less clearky
visibbe in b, as the animpls head i fuming away from the camera stretching the neck but the general
shapes of the folds of the neck and upper leg gre maindained. M3 has a distinctive primary neck fold
thigl mgikes the ansmal n:a-:lll}' whentilable

-~ -
.

Fig. &. Comparison of facial wrmkles between a. M1 and be M2, Good quality pictures are required io
chearly see the facial wrinkles but each animal was found to have unique patterns around the eve and
the more Internl wrinkbes manning from the nostril and mooth iowards the ear
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HOME RANGES AND CORE AREAS

Only one rhino (M1) was photographed ofien enough (n = 29) and at a sufficient
number of locations (n = 9) to warrant estimating the home range and core arca. M1
was found to have its core area in the north-eastern comer of the sampling area, but it
also made infrequent visits to the central arca. As it was photographed only five times
after the El Nifio event it is not possible to judge whether there has been any shift in it
core area or home range. The core arca was found to be 30,1 km® (60% Kemnel),
home range 96.9 km® {90% Kemel), and a MCP bounding all the locations it was
found to be an area of 41.2 km® (Fig. 7. On one occasion M1 was photographed at
the most western southern point during the day and that night re-photographed at its
most eastern point that are separated by o Euclidian distance of 6.6 km.

EFFECTIVE SAMPLING AREA AND POPULATION DENSITY

The number of photographs per 100 camera days for every camera trap was calculated
for the period 1996 to the end of 1997 (pre-El Nifio) and the traps were classified as
being in either an open area or closed forest as per Franklin (2003). The number of
photographs per 100 camera days for open areas (n = 6, mean = 0.3468, 5 = 0.7748)
and closed forest (n = 21, mean = 1.0278, 5 = 1.322) were tested with a One-Way
ANOVA and found not 1o be significantly different (F) 35 = 1,424, P = 0.244).

The maximum Euclidian distance between locations of photographs taken for each
adult rhino was calculated (n = 10, mean = 3.795 km, s = 3.65). A buffer within the
primary rhino habitat was created using the half of the mean maximum distance {pre-
El Nifio 89 km”; post-El Nifio 84 km®), and the expected radius of a male Sumatran
rhino (144 km®; 142 km") (Fig. 8). This gave a density range of 6.23 to 12.35 rhinos
per 100 km” pre-El Nifio and 2.83 1o 5.97 rhino per 100 km® post-El Nifio (Table 2).
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Table 2. Estimates of rhino density in the primary rhino habitat pre and post El Niflo. The number of
rhino and the estimated effective sampling area are used to caleulate the density. The minimum

mumber of rhino identified within the period and the minimum number plus the possible rhino provide
o range of estimates, The effective sampling area is caleulated using a buffer around the successful

camers traps using both the hall mean maximum distance moved for rhino and the mdiss of an

expected male home range.
12 Mean Maximum Male Home
_Pre-El Nifio [Histance Range
Buffer width (km) |.B98 ER
Effective trapping area (km’) R0.07 144.4
Density with min. no, of rhino per 100 km® (nine
rhinn) ; [ 10 .23
Density with max. . of chino per [0 km®
{eleven rhimno) 12.35 162
12 Mean Maximum Male Home
Post-El Miflo == Dristance Range
Buifer width (km) |.208 ER L
Effective trapping area (km’) e K381 1415
Diendity with min. no. of dhino per 100 km® {four
rhino) ! 477 .83
Density with min. no. of rhino per 100 km™ (five
rhino) 5487 3.53
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ely. The MCP

The home range, core area, and MCP of rhino M1_ The home range (96.9 km®) and core aren
M1 was photographed nre indicated ns n red star

(30,1 km") of the male M1 were calculnted using a 90 and 60 percent Kemel respectiv

was 41.2 km®. The locations where

Fig. 7.

22

Lhrepft mw for patslication ar disteibonfon.



=3 12 Ve e bt [

) viaw e wgp il |
W S e L1 PR

L =
F=3 17 M s 2 Y
| mocm ETRERTTO T b....

Faa ety AP FE R
LML rEukd Y R

F T - :

Fig. 8. Buffers indicating the effective sample arca of the successful camera traps for s, pre-El Nifio,
and b. post-El Mifio. The region filled with disgonal lines with o solid outline has n width of the radies
of & male home range (3,09 km), The region Tilled with a croshaich and a stippled sutline has a width
of holf the mean maximum distance between phatographs for all chino (.1 Framklin 2003, Kammnth &
Michols 1998 The red stars represent successful camerm traps and the black sars indicate

urnsaccessful camiera traps.
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RHINO DISTRIBUTION AND POPULATION ESTIMATE

The distribution of rhino sign found by the RPLs for the vears 1998, 2000, and 2001
{Fig. 9) was found to be consistently concentrated in the central forested area bounded
bv the Wako River to the north and the Kalibatin River to the south designated the
core area. [he areas adjacent to the core area in which sign was occasionally found
was designated the peripheral rhine area (Fig. 10). The number of observations
outside the core area in 1998 was the largest and this number decreased during the

following years.

The distribution of all RPU observations including other species and illegal activities
demonstrates that all areas of the park have been covered except the swamps with an
apparent bias of effort within the core rhino area (Fig. 9). The core area was found to
be 264 km®, 49 percent of available closed forest. Using the calculated densities of
rhuno over the core area, the total population for the park was calculated to be within
the range of 20-33 rhino pre-El Nifio and 7-16 rhino post-El Nifio event, indicating an
approximate 50 percent reduction in rhing numbers.
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Fig. 9. Maps showing the distribution of rhino sign found by the RPU"s m, 19598 b, 2000 and ¢ 2001,
The distribution of all observigions incleding other species is shown in d. which demonstrates that the
RPFLI"s have patrelled the entire park except the swamp arens.
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Fig. 10, Map of the rhing core (cross hatehed) and peripheral (striped) areas. The core aren represents
the area were thing sign are considenly Found all of which is ¢losed forest. The FI'HI'|'.||'EI.1| HreNN S
arens where rhino sign is occasionally found and may be closed or open forest.
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PHOTOGRAPHIC RATES AND RELATIVE ABUNDANCE

The annual index of relative abundance for the vears 1996 10 2000 shows a marked
reduction post-El Nifio (Fig. 11). The mini-max approach for all traps and only
successful traps indicate a maximum reduction of between 87-77 percent and a
minimum reduction of 54-55 percent (Table 3). The minimum reduction is in close
agreement with the reduction in the estimated rhino densities calculated from the
identification of individuals.

1508 1508 1847 1088 1898 2000

Fig. 11, Ciraph showing the index of relative abundance of rhine lrom 199 10 2000, The index of
relative sbundance was calculated from the number of photogmphic events divided by the camera trap
days. The dimmonds and solid line represent the density index calculnted from only those traps thai
ever cauglhi a rhino, and the dashed line represemts a density index calculnied from all traps. The groph
indicates a large drop in the rhino density after the 1997 El Nifio event.

Tabke 3. The maximum and minimum decling in the rhine populations estimated from the mdex of
relmtive phbundance for a. oll traps and b. enly successful traps.

a.  Density index all raps b Density index using successful traps
Pl rem Rinimasm Pelax i rmiem Mldrmm
|G- 1907 0412 007 0006 0.2
1 FER- 2000 0.0:03 0.002 0005 0.0
Max. decline BT T1%%
Min. decline 54%n 55%
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DAILY ACTIVITY

The number of photographic events for each hour of the day was counted (Fig. 12).
The mean ranks of the counts during the day and night hours were compared using the
Mann-Whitney U test and found to be highly significantly different (£ = -2.639, P =
(.008) with the majority of activity being between dusk and midnight.

Night Day i Nigm

| .Lli.

1 23 3 & B &8 T lH'I'III'I1II"I]'I-1-I!II1T1B1I-I'I:II'I.EE.I'I-
Time (18 b ol )

Fig 12, The number of photographic events counted for esch hour of the day., The number of
photographic events al night was found to be significamly greater than during the day.
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Discussion

The photographing of the Sumatran rhinos was a rare event with only 93 independent
photographic events recorded over an excess of 13,500 camera days. Franklin (2003)
over the a similar period 1996 1o 2000 recorded 435 photographic events of Sumatran
tigers which in turn was small relative to a number of other species such as 2,104
photographs of muntjak (Mumtiacus muntjak). Ten adult rhinoe and one calf could be
identified from 67 of the 93 photographic events using the techniques described. The
large amount of effort expended to obtain these photographs may appear prohibitive if
the sole purpose was to catalogue the rhinos present in the sample area. However,
prior 1o the 1997 El Nifio event 80 percent of the individuals had been photographed
within 2,500 camera days (Fig. 3). This could be reduced further if the camera traps
were sel 10 specifically capture rhino rather than tiger and their prey as in this case.
Also once a catnlogue of sufficient numbers of photographs has been collected the
amount of annual effort could be reduced further such that the continued presence of
individuals can be monitored. The amount of effort required using camera traps is
probably comparable to other methods such as identifying rhino from plaster casts of
fool prints, bul photographs are considerably quicker to analyse (Strien 1986; 700

field days over 6 vears, and 2000 hours of analysis).

The process of making an estimate of the number of rhino in the Way Kambas
National Park is subject o a number of unquantifiable errors. The range of the
estimates only gives an indication of the expected error (pre-El Nifio 20-33; post-El
Nifio 7-16). The groups of photographs of identified rhino were exclusive, but 26 of
the 93 photographic evenis that could not be assigned 1o individuals may include
other rhino, and inspection of the unassigned photographs suggests that there were at
least three more possible rhino. However, the logistic form of the cumulative total of
rhino plotted independently in the periods before and after 1997 against the
cumulative effort suggests all the rhino had been identified, with the exception of
towards the end of the first period when two more rhino were photographed (Fig. 3).
These two rhing may have been forced by the drought and forest fires into the
sampling area where they would not normally be found, The number of rhino
therefore could be under or overestimated.
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The effective sampling area is another potential source of error. The half mean
maximum distance had a large standard deviation, and the radius of an expected male
home range from an ecologically distinct region of Sumatra used to estimate the
sampling area was questionable. The core area of the home range of the rhino MI
(30,1 km') was, however, consistent with the conservative home range estimated by
van Strien (1986) using MCP's which he noted may be as large as 50 to 60 km®
similar to the MCP of M1 {41.2 km"), but less than the 96.9 km’ estimated using the
90 percent Kernel.  If the home ranges and core areas of a number of rhino could be
established then there would be greater certainty that the buffer used to create the

effective sampling arca was appropriate.

The maximum pre-El Nifio population density of 12,35 rhino per 100 km® is
comparable with the estimated 13-14 rhino per 100 km® of an undisturbed rhino
population (Strien 1986). No rhino poaching has been recorded in the park since
1961; however this high density would have required a rapid recovery of the remnant
population in the 1970°s.

The distribution of rhino sign found by the RPUs is relatively discrete covering 49
percent of available habitat. There is an autocorrelation in the density distribution of
the rhino sign found by the RPUs as they concentrate their efforts in the areas that
contain rhino but this should only strengthen the contrast between core and peripheral
arcas (Fig. 9). The distribution of all observations shows that the whole area of the
park has been covered except the areas of coastal swamps during the course of law
enforcement patrols. This indicates that all the arcas that contain rhino have been
recorded (Fig. 9d).

In 1998 some rhino sign were found at the extreme western edge of the park in sub-
optimal habitat about 14 km from the core arca, which during part of 1997 was
adjacent to the only drinkable water in the park (Fig.9a). Rhino were never
previously found in this area and have never been observed since. This is strong
evidence that the severe drought and forest fires in 1997 caused a large disruption o
rhino population. Also the number of rhino sign in the peripheral areas was greatest
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in 1998 and declined in the vears following suggesting the disruption caused by the El
Nifio event persisted for a period afier the event itself.

The population estimates for the Sumatran rhino of 20 1o 33 rhino pre-El Nifio and 7
te 16 rhino post-El Nifio is a best estimate. The annual index of relative abundance
showed a dramatic fall in the period immediately following the El Nifio event with no
significant recovery within the following three years (Fig. 11). Even with the absence
of dead rhino being found and the limitations imposed by the data and methodology,
the evidence for a significant reduction in rhino numbers resulting from the El Nifio
draught and forest fires is compelling. The upper range for a population reduction of
77-87 percent calculated from the index of relative abundance is probably wo high.
The maximum level of the index was in 1997 which may have been inflated by the act
of dispersion of the rhino population during the drought and fires, and depressed
afterwards as the population was already dispersed. The lower limit of 54 1w 35
percent reduction however is consistent with the reduction in the estimated population

H1Fe,

Some ecological information about the Sumatran rhino was gathered. The
distnbution of rhino 1s consistent with the preference for closed forest as expected.
van Strien (1986) noted that Sumatran rhino appeared to avoid of open areas.
Contrary 1o expectations there was no significant difference found between traps in
open (n = 6) and closed areas (n = 21). The lack of significance is probably due to an
imbalanced sample and confounded by other factors such as topographic compression
{Gniffiths 1993),

The activity of the rhinos was found to be significantly nocturnal (Fig. 12). Franklin
(2003) showed that tigers and their prey were aclive during the day (their prey
significantly so) making it unlikely that human disturbance is the cause of the
nocturnal behaviour (Griffiths & Schaik 1993). The data also corresponds with
observations of Sumatran rhino in the Gunung Leuser National Park (Griffiths 1993),
The Sumatran rhino may have a preference to nocturnal activity to aveid biting
insects often absent al night and spend much of the day wallowing as a protection
against them.
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The sex ratio of the adult rhinos is inconclusive (4 males, 3 females, 3 unknown) but
not inconsistent with the apparent even ratio found by van Strien (1986). One calf
(J1) was born during the study and was photographed twice in late 1997 once with his
mother and once independently, The calf was estimated from size and form to be
approximately eight to twelve months old by comparison with photographs of a calf
born at Cincinnati Zoo (T.L. Roth pers. comm.). The cow (F1) photographed with
calf at this time was still lactating from the appearance of the udder (N.J. van Strien
pers, comm.; T. Roth pers. comm.). Although the calf was photographed by itself
shortly after the first photograph it is considered most likely that the cow-calf pair had
not separated at this point but F1 appeared absent due to the programmed time delay
in the camera trap. One other photograph of an unidentified lactating cow was taken
prior to this, the timing of which can not exclude it as being F1 shortly before or just
after J1's parturition. None of the photographs of rhino post-El Nifio were identified
as females, however the sign of female and calf were found by the RPU in 2000
(Hutabarat er al. 2001 ).

The Sumatran rhino population in the park of 20 to 33 animals was a significant
portion of the world population prior to 1997, The present reduced population size of
7 to 16 Sumatran rhino raises serious concerns for its fulure survival. It appears that
the current population has passed through at least one bottle neck prior to the 1997 El
Mifio event. and is likely to do so again with the predicted increase in frequency and
magnitude of El Nifio events. With each bottle neck the risk of extinction of the
population due to stochastic and genetic factors increases which can be magnified
further by poaching. One young male rhino died in the park in 2000, possibly as a
result of wounds inflicted by illegal armed “sport” hunters highlighting the need for
protection. There is sufficient habitat within the park to enable a population of at least
60 rhino but even with protection from poaching it may never reach this target as a
result of episodic climatic induced catastrophes.
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