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Abstract.Rifaie F, Sugardjito J, Fitriana YS 2015.Spatial point pattern analysis of the Sumatran tiger (Panthera tigris sumatrag)
poaching cases in and around Kerinci Seblat National Park, Sumatra. Biodiversitas 16: 311-319.Wild Sumatran tigers are in a critica
state with around 250 adult tigers remain in their habitat in Sumatra Island. Despite the fact that this subspeciesis an elusive animal with
very wide home range, Sumatran tigers are facing two serious threats, the depletion of its habitats and preys in one side and the increase
of tiger hunt for illegal wildlife market. Improving the capacity and effectiveness of law enforcement in reducing poaching of tigersis
an immediate priority protecting the remaining wild populations in their habitat. Enforcement monitoring was established under the
Tiger conservation program. During their patrols, the anti-poaching team recorded various data including poaching incidents. We
analyzed secondary data of Sumatran tiger poaching cases around Kerinci Seblat National Park that have been documented from 2000 to
2012. Georeferencing process was performed to transform locality data of 87 poaching cases into geographic position. The Nearest
Neighbor (NN) analysis suggested a strong clustering pattern with the observed mean distance was 4.9 km, much lower than the
expected mean distance (10.9 km).Similarly, The Ripley's K analysis also showed the aggregation of the points along the observed
distances. On the other hand, about 35.6% of points were located outside the standard deviational ellipse. The pattern indicated that

poaching incidents were spread in all corner of the region but excessive cases were observed in the center of the park.
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INTRODUCTION

Sumatran tiger (Panthera tigris sumatrae) is the only
tiger subspecies that live outside the continent (Tilson et al.
1994), following the extinction of the Bali tiger (P. t.
balica) in 1940s and the Javan tiger (P. t. sondaica) in
1980s (Seidensticker et al. 1999). Similar to its relatives in
the mainland, this subspecies existence is threatened and
the International Union for Conservation of Nature (IUCN)
has categorized it as critically endangered (Tilson et al.
1994). Indonesian government has passed Law N0.5/1990,
Government Regulation No0.7/1999 and Government
Regulation N0.8/1999 which stipulated that Sumatran tiger
is a protected animal. Although its presence is till
observed across the Sumatra Island (Wibisono and
Pusparini 2010), but the exact population has never been
revealed since it is amost impossible to census this
solitary, cryptic animal. The latest assessment estimated
that at least there are 250 adult tigers inhabit Sumatra
Island (Wibisono and Pusparini 2010).

The fundamental impediment for Sumatran tiger survey
is the secretive nature of this animal combines with the low
density and very large home range (Wibisono et al. 2011).
This makes the detection of its presence a very difficult
task. The tiger existence was mostly exposed by their scats,
tracts, urine smell and growl (Tilson and Nyhus 2010).
Sumatran tiger population assessments have been

conducted by mean of questionnaire surveys (Wibisono et
al. 2011), occupancy surveys and camera trap surveys
(Linkie et a. 2010).

Twelve Tiger Conservation Landscapes (TCL) have
been recognized across Sumatra Idand to determine
habitats that support tiger populations (Wikramanayake et
al. 1999; Sanderson et a. 2010; Seidensticker 2010).
However, there are only two landscapes (Kerinci Seblat
and Bukit Tigapuluh) that are included in global priority
TCL, while three other landscapes, i.e. Leuser, Sibolga and
Berbak, are categorized to class IV TCL (insufficient
information) due to lack of data (Sanderson et al. 2010).
Furthermore, Wibisono and Pusparini (2010) evaluated 33
forest patches in Sumatra to understand their distribution
and revealed that tigers present in 27 forest patches. Those
patches are mainly located in the western parts of theisland
that have mountainous terrain. Only several patches are
expanding eastward, reach the east coast of Sumatra Island
in Riau and Jambi Provinces. These forests are covering
area of 140,226 km?, where only 29% are protected
(Wibisono and Pusparini 2010).

Despite their elusive behavior, Sumatran tigers are
facing two serious threats, the depletion of its habitats and
preys in one side and the increase of tiger hunt due to body
parts trade or retaliation of predation cases (Nyhus and
Tilson 2004; Nugraha and Sugardjito 2009; Wibisono et a.
2009). The habitat loss and fragmentation in Sumatra



312

Island have reached an alarming rate, varied between 0.8%
and 9.8% per year (Wibisono et al. 2011). O'Brien et al.
(2003) found numerous types of poaching signs in Bukit
Barisan Selatan National Park (BBSNP), such as snares,
cartridges, discarded batteries, gunshots, bush meat and
wildlife parts market. One hundred and seventy two snare
traps that were mainly targeted for muntjac, mouse deer,
sambar and serow, were also spotted in Kerinci Seblat
National Park (KSNP) (Linkie et a. 2003).

This top predator actually has no natural enemy, only
human beings that disproportionately hunt and kill them to
sell their body parts or to take revenge. The pressure of
their habitats creates conflicts between human and tigers
across the island. Between 1978 and 1997, the conflicts
caused 146 people died, 30 people injured and more than
870 cattle became prey (Nyhus and Tilson 2004).During
these 20 years period, 265 tigers were killed and 97 others
were captured as a result of the retaliation (Nyhus and
Tilson 2004). Additionally, 16 others became victims of
retaliation between 2000 and 2004 in which later
investigations revealed the involvement of professional
hunters/poachers on some cases (Nugraha and Sugardjito
2009). This big cat is also hunted due to their body parts
value (Plowden and Bowles 1997) and a police officer was
involved in an organized poacher (Tilson and Nyhus 2010).
More importantly, these poaching activities took place
inside national park and almost no law enforcement for the
offenders (Linkie et al. 2003; O'Brien et al. 2003; Tilson
and Nyhus 2010).

This illicit act has long been recognized as the most
imminent threat for tiger survival and appropriate measures
could halt the declining trend of tiger populations (Galster
and Elliot 2000; Damania et al. 2003; Gopal et a. 2010).In
Sumatra, anti-poaching unit has been established in KSNP
since 2000 (Hartana and Martyr 2001; Linkie et al. 2003),
named the Tiger Protection and Conservation Unit (TPCU).
The main objective of this unit isto assist the national park
management to detect, prevent and deter tiger poaching
activities in and around KSNP (Hartana and Martyr 2001).
This unit also recordstiger signs, arrests illegal loggers and
wildlife poachers, confiscates chainsaws and dismantles
wildlife traps (Linkie et al. 2003).

Most studies about tiger poaching investigated the
relation of this illicit activity with tiger population or its
survival. There has not been any research about the tiger
poaching incidents related to their spatial context. The
location where poaching cases occur can be plotted into map.
The arrangement of the points can be studied spatially. One
method for the study of spatial configuration of observed
events within a two-dimensional space is point pattern
analysis (Gatrell et al. 1996; L oosmore and Ford 2006).

This analysis has been widely utilized for epidemiology
studies (Gatrell et al. 1996; Siqueira et al. 2004; Ngowi et
a. 2010; Liebman et a. 2012; Simarro et a. 2012). This
technique was successfully applied to understand clumping
pattern of morbidity and mortality, spatial and temporal
dynamic and modeling the raised incidence of diseases
(Gatrell et al. 1996). This method is also popular in studies
of spatia patterns of plant communities (Haase 1995;
Loosmore and Ford 2006; Perry et al. 2002, 2006).
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Applications range from seed dispersal (Seidler and Plotkin
2006), plants coexistence (Liu et a. 2014), plants
competition (Gray and He 2009) and plant disease (Dallot
et a. 2003). Even though almost al animals are non-
sedentary, but this analysis has been used to study the
occurrences, lethal incidences and stationary constructions
such as ant hills or birds' nests (Ramp et al. 2005; Hengl et
al. 2009; Cogalniceanu et a. 2013; losif et a. 2013). Other
disciplines that harness benefits from this method include
soil science (Huo et al. 2012), volcanology (Bishop 2007)
and urban studies (Zhang et al. 2014).

With the increasing awareness of importance of spatial
pattern in biology, a variety of dtatistical tests have
emerged (Haase 1995, Perry et al. 2006). Researchers with
limited experience must carefully explore suitable
approaches base on the characteristic of their data and the
relevant questions regarding the spatia information (Perry
et a. 2002, 2006). Consequently, it is a good practice
employing different techniques so that they will
complement each other and avoid partial conclusion about
the gpatial data (Perry et al. 2002, 2006). Edge effects are
other pitfalls in spatial statistic and needs some form of
correction. The cause of the edge effect is the assumption
of an unbounded area for spatial point distributions, but
observed distributions are calculated from a defined region
(Dixon 2002a; Wiegand and Moloney 2004; Perry et al.
2006). Edge effects should not be neglected because can
lead to overestimation and alter the conclusion (Dixon
20023). The addition of a buffer zone around the plot is a
popular method to account for edge effects (Dixon 2002a;
Haase 1995).

This paper aimed to investigate the tiger poaching
pattern by analyzing the spatial point pattern of the tiger
poaching incidents in KSNP and surrounded area. The
main objective of this study was to evaluate the capability
of spatial analysis in exploring the pattern of tiger poaching
Ccases.

MATERIALSAND METHODS

Tiger poaching data

The tiger poaching data were obtained from the Fauna
& Fora International (FFI), a non-governmental
organization focus on biodiversity conservation across the
globe. They compiled tiger poaching incidents in and
around KSNP reported monthly by the field manager of
TPCU to the head of KSNP. The data was stored in a
spreadsheet file format and contains date of the incident,
location, poaching methods, detail of the case and
enforcement actions. There were 87 incidents recorded
between October 2000 and September 2012. The record
only reported the administrative locations of the incidents.
Twenty-six cases revealed the locations up to village level,
59 records only reported the sub district and two others
only mentioned the name of the district.

Georeferencing spatial data

The process of transforming text base locality
infformation into geographic coordinates is called
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georeferencing  (Garcia-Milagros and Funk 2010).
Common sources of reference of geographic coordinates
for georeferencing process include gazetteers and maps.
However, assigning a single point to a locdity is
commonly neglecting the quality of the representation of a
point over actual locality (Wieczorek et a. 2004).
Wieczorek et al. (2004) proposed point radius method to
calculate the potential errors or uncertainties adhered to
descriptive localities.

Georeferencing locality data is time consuming
particularly on the error checking and correcting processes.
Numerous tools have been developed to make this process
become less tedious. Garcia-Milagros and Funk (2010)
proposed the use of Google Earth® to georeference
biological specimen locality data. Google Earth displays
high-resol ution satellite imagery with WGS84 datum as the
coordinate system and NASA Shuttle Radar Topography
Mission (SRTM) data as Digital Elevation Model (DEM).
The advantage of utilizing this application is that the
interface allows overlying maps, drawing paths, adding
information marks, measuring distances, checking the
elevation of a point and moving a point to another position
(Garcia-Milagros and Funk 2010).

In order to determine the position of a poaching
incident and calculate the uncertainty, administrative map
of the study area was first uploaded into Google Earth. The
administrative map was only up to sub-district level
because the lack of reliable village map. The determination
of the position of a poaching incident was done by
following steps. Firstly, the point was placed in the middle
of an administrative region if the locality was a sub district
or district. Next, the case were located near or on the point
of a village indicated by Google Earth when the locality
indicates the name of a village. Lastly, the position of the
poaching was placed in a forested area when the data
specifies the habitat is the national park or the tiger
conservation landscape.

The uncertainty calculation on the Google Earth
application was adapting Garcia-Milagros and Funk (2010)
based on steps described by Wieczorek et al. (2004). The
points was then exported into shapefile format and
processed into open source GIS software, QGIS (QGIS
Development Team 2014).

Spatial point pattern analysis

Every point process has a basic property called intensity
(A(s)). It can be described as the expected number of events
per unit area at the point s (Perry et al. 2006; Stoyan and
Penttinen 2000).The simplest spatial process is complete
spatiadl randomness (CSR), named the homogeneous
Poisson Process with intensity A. CSR is commonly used as
null model, and a disproving event would exhibit either (i)
clustering (aggregation in the bivariate case), or (ii)
regularity (segregation) (Wiegand and Moloney 2004,
Perry et a. 2006).

The behavior of a general spatia stochastic process can
be characterized in terms of its first-order and second-order
properties (Gatrell et al. 1996; Wiegand and Moloney
2004; Perry et al. 2006). First-order properties are
described in term of intensity of a point pattern, in which
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intensity is defined as the mean value of the distribution at
locations throughout the region of interest (Gatrell et al.
1996; Zhang et al. 2014). On the other hand, second-order
properties of a spatial point process define the small-scale
spatia correlation structure of the point pattern and they
are based on the distribution of distances of al pairs of
points (Gatrell et a. 1996; Wiegand and Moloney 2004;
Perry et al. 2006; Zhang et al. 2014).

Numerous spatial dstatistic methods have been
developed to study the point pattern characteristic. Perry et
al. (2006) compared six types of univariate analyses in
order to provide a guidance concerning the appropriate
selection and use of each method. Each analysis has its
own strengths and weaknesses, and the application of these
tests should complement each other (Perry et al. 2006).
They also added that the tests generally could be divided
into first-order and refined for those derived from Nearest
Neighbor (NN) and second-order summary statistics.

NN test is a simple first-order analysis that determined
the intensity based on distances between two closest points
(Stoyan and Penttinen 2000; Perry et a. 2006). This test
represents a logical first step in analysis and useful for
analyzing spatial point patterns (Perry et a. 2006).
However, this method has limitation to the scale in which
events beyond nearest neighbors are ignored (Stoyan and
Penttinen 2000). Nearest neighbor index (r) can be
explained with the following formula:

r= [1]

Where is the observed mean distance to nearest
neighbor and is the expected mean distance to nearest
neighbor for a random distribution. Furthermore, the
observed and expected mean nearest distances can be
explained as follow:

g, =1 [2;
a'E=T [3]

Where, X istota distance to nearest neighbor, n is the
number of points and A is the size of the area. Finaly, the
Z score of the observed mean distance to nearest neighbor
is:

Fu

z="% [4]

where SE is the standard deviation. The index will
show a tatistically significant at level 5% when the Z score
islessthan -1.96 or bigger than 1.96.

On the contrary, Ripley's K function is one of most
commonly use second-order statistic which able to detect
mixed pattern due to difference of the distance scale. This
test considers al inter-point distances and produces more
information on the scale of the pattern (Wiegand and
Moloney 2004). The K function represents the expected
number of points within radius r from a randomly chosen
point (Dixon 2002b; Zhang et al. 2014), and is defined as:
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K(r)=1"*E [5]

Where, A isthe density (number per unit area) of points,
and E is the expected other points within distance r of a
randomly chosen event. The expected other points within
distance r from a randomly chosen point in a process with
no spatial dependency is also expressed as Anr?, K(r) for a
homogeneous Poisson process can be defined as:

K()=: [6]

In addition, the empirical function  Fis a ratio of
numeration and the density of events, A\. The density of
events is the ratio between the number of events and the
size of the area. The estimation of numerator should
consider the edge effects. These effects appear when the
numerator does not consider points outside the boundary.
One of commonly used estimator that count in the edge
correction (Haase 1995; Dixon 2002b; Zhang et a. 2014)
is

R(G)=n"2AX", ?=1w1-}1](: (7]

Jet

This study examined the applicability of these two
spatial statistic tests for tiger poaching incidents. QGIS and
R spatstat (Baddeley and Turner 2005; R Development
Core Team 2012), were used to perform these analyses.
Most freeware are modular where new additional packages
can be attached to the main program as a library, add on or
plug-in. Two different free programs can also be combined
performing a series of operations as has been demonstrated
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by Hengl et al. (2010). Unlike their work, which optimized
a scripting language, this study used a combination
between QGIS as the main software and R packages as
plug-ins so that all the work can be done in a graphical user
interface (GUI) environment.

RESULTSAND DISCUSSION

There have been 87 poaching cases recorded by the
TPCU between 2000 and 2012. Most cases were dominated
by snare traps (72 cases) in which 166 tiger snares were
found and destroyed. This record revealed that there were
33 tiger casualties because of poaching activities. While
most of the active traps were found and destroyed by the
team, around thirteen traps took victims. In addition, one
tiger were poisoned in 2000 and three other were shot in
2010 and 2012. On the contrary, body parts (smoked flesh,
skeleton, pelts or skins) from 16 tigers were discovered
during investigations, either on poaching sites or in
poachers stash houses, without exact information about
how the tigers were killed. However, when the TPCU
found the tiger body part from a poacher, their
investigation revealed where the location of the poaching
was. For example, on January 2005 the team observed tiger
skins and skeleton from poachers in Batang Merangin,
Kerinci. Nevertheless, the TPCU team revealed that the
poaching took place in Gunung Raya, Kerinci.
Unfortunately, most of the identified poachers could not be
arrested. Table 1 shows the summary of poaching cases
reported by the TPCU team.

Figure 1. A. Case number one (October 2000) was placed on the Renah Kayu Embun Village indicated by Google Earth with
uncertainty of 5 km. B. The record only indicates that case number 72 (January 2010) occurred in Malin Deman Sub district and the
habitat is the nationa park. It was then placed in the forested area of this sub district and shows uncertainty of 9.2 km. The bright lines

are sub district’s boundaries.
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Figure 2.The distribution map of tiger poaching incidents between 2000 and 2012 in Kerinci Seblat National Park and surrounding area.
The coordinate reference system (CRS) of the map isWGS 84/UTM zone 47S.

Table 1. Tiger poaching incidents recorded by the TPCU between
2000 and 2012 and compiled by TRAFFIC.

Year Poaching  Snares Tiger Tigers  Tigers
cases found  poisoned shot killed
2000 1 0 1 0 1
2001 12 27 0 0 6
2002 3 0 0 0 4
2003 8 4 0 0 6
2004 8 21 0 0 1
2005 8 21 0 0 3
2006 9 31 0 0 0
2007 5 6 0 0 0
2008 4 7 0 0 0
2009 12 18 0 0 2
2010 9 11 0 1 2
2011 5 12 0 0 6
2012 3 8 0 2 2
Total 87 166 1 3 33

The georeferencing of al 87 poaching locations were
successfully done by using the Google Earth. Almost all
locality names listed in the report were easily found and
plotted; only several locations could not be determined
promptly. For example, the report mentioned several
incidents were occurred in Lempur area, Gunung Raya Sub
District, Kerinci. However, there are four localities started
with Lempur found from Google Earth website, i.e.
Lempur Danau, Lempur Tengah, Lempur Hilir and Lempur
Mudik. Since these villages were closely located, the points
were located in the middle of these villages. The inclusion
of a more specific locality detail was another example that
made Google Earth could not identify the exact position.
One case was reported to take place in an area that belongs
to a government institution property in Curup, Bengkulu.
Two other incidents happened in a concession forest belong
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Figure 3. The mean center and standard deviational ellipse of the tiger poaching cases showing that the poaching incidents were
occurred along the national park, and there were many outliers especially in the southeast and northwest of the ellipse. This forest cover
map in 2011 was obtained from the Ministry of Forestry GIS website (http://appgis.dephut.go.id/appgis/downl oad.aspx).

to a private company. When a locality was unsuccessfully
determined based on the most specific location, it would be
plotted based on the higher administrative region. The
uncertainty of points determination were varied between 5
and 20 km and mostly caused by the extent of
administrative boundaries. Uncertainty in mapping is
something that cannot be avoid due to the complexity of
the nature and measurement methods and should be taken
into account (Rocchini et al. 2011). Figure 1 illustrates two
examples of points determination and uncertainty calculation.
Garcia-Milagros and Funk (2010) demonstrated the use
of expedition map to decrease the uncertainty from 7.5 km
to only 0.85 km. unfortunately, such data could not be
obtained because of concerns that tiger occurrence will be
exposed to hunter syndicates. Other spatial data that could
decrease the uncertainty are village maps. However,
accurate village maps have not been readily available in
Indonesia. The uncertainties may seem showing low

accuracy of point mapping, but these values indicate
overestimation (Wieczorek et al. 2004). Moreover, the
uncertainties are relatively small figures when it is
compared to the study area which extent about 39.000 km?.
It is more likely that the statistical analysis would not
change significantly when more precise positions can be
identified. Figure 2 shows the distribution of the points
where tiger poaching incidentsin KSNP area occurred.

The tiger poaching incidents took place in 9 out of 13
districts that surround KSNP. The districts where incidents
were found were distributed in three provinces of West
Sumatra, Jambi and Bengkulu. The mean center of the 87
points were located at 101° 43' 21.62"E and 2° 24' 16.45"
S, with the standard distance of 71.7 km. This center point
is located in Jangkat, Merangin, Jambi only about 55 km
South East of Sungai Penuh where the national park office
is situated. Standard deviationa €llipse (SDE) calculated
from the poaching incidents indicates the main orientation
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Table 2. The cumulative poaching cases recorded in each districts

District Total incidents
Bengkulu Utara 5

Bungo 5

Kerinci 28

Lebong 6

Merangin 20

Mukomuko 11

Pesisir Selatan 5

Rejanglebong 6

Solok Selatan 1

of the poaching distribution (Gong 2002). The bearing of
the major axis of this ellipse was 147° South East with the
length of 184.3 km. There were 56 points or only 64.4% of
total points that were situated inside the SDE area. Most of
outliers (16 points) were located in Bengkulu Province (see
Figure 3).

The NN test applied to this data showed that the
distribution of tiger poaching incidents had the NN index
of 0.451973869542. The observed mean distance was
4,967.646 m, while the expected mean distance was
10,991.003 m, with the Z-score -9.77893987179 far less
than the critical value of -1.96. This suggested that the
cases distribution were significantly clustered. The second
order test, Ripley's K, verified this clustering pattern.
Figure 4shows that the empirical K function (solid line)
was constantly higher than the expected value representing
a homogenous Poisson process (dashed blue ling). It can be
viewed that the K value soared significantly from the finest
scale (0-20 km). The dope was then noticeably ascending
as the distance rose. This rise can be observed at the
medium scale (about 25 km) and at the longer scale (35
km).
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The gpatial statistic analysis of secondary data of
Sumatran tiger poaching incidents in and around KSNP
area showed the extent and pattern of the tiger poaching.
This vast extent of areas where this illicit activity took
place can be seen from the outlier points and administrative
distribution. The furthest outlier point in Air Duku, Rejang
Lebong District was 62 km away from the SDE boundary.
The outliers were not only scattered in both ends of the
SDE but aso in northwest and northeast of the standard
deviational area. The hunt for tigers by poachers were
stretched from Sangir Sub district, Solok Selatan, West
Sumatra in the north to Air Duku, Bengkulu in the south,
and Muara Sako Village, Pancung Soal, Pesisir Selatan in
the west to Tabir Hulu, Merangin, Jambi in the east. This
vast extent of outliers illustrated how pervasive the threat
of Sumatran tiger in this region.

On the other hand, both NN and Ripley's K tests that
represent first and second-order spatial statistic analyses
indicated that the poaching incidents were significantly
clustered. There were three reasons why this pattern was
appeared in this region. First, the georeferencing procedure
was merely based on the administration data. This made
some data were georeferencing in the same or very close
position. The clustering points were visibly apparent in
some districts with several incidents found. Secondly, the
limited resources forced the TPCU to manage their patrol
carefully (Linkie et a. 2003). The TPCU teams put more
focus on areas that have been recognized as the prime tiger
habitat and area with imminent threat of illegal logging and
encroachment (Fauna & Flora International 2008). Several
sub-districts, Gunung Raya and Jangkat sub-districts in
Jambi for instance, were areas where TPCU teams seized
more poaching activities than any other regions. Finaly,
the conspicuous clustering point pattern in this area was as
aresult of the poachers activities pattern. They commonly
set tiger traps on the animal trails and on certain time when
they think the anti-poaching team did not guard the park
intensively (Fauna & Flora International 2008). On August
2004, TPCU team recorded two snares have been replaced
by poachers in Tapus, Lebong, Bengkulu. One of
previously found snares (July 2004) in the same area took
one tiger life. Moreover, the aggregation of the poaching
cases was also clearly observed from the districts level.
Table 2 shows the accumulation of the recorded poaching
in each district during this 12 years period. This table
shows that there were three districts, which had high
poaching incidents. There were 28, 20 and 11 cases
recorded in Kerinci, Merangin and Mukomuko districts
respectively. These administrative regions are located in
the center of this national park. In contrast, administrative
regions that are located in the fringe of the protected park
such as Solok Selatan, Pesisir Selatan, Bungo and
Bengkulu Utara had very low poaching cases.

As can be seen, dtatistical analysis performed in this
paper suggested that rampant poaching activities occurred
in the heart of this national park. Even though the anti-
poaching team has been established since 2000 and actively
patrolling the park, this has not been stopping poachers
hunting Sumatran tigers. Strengthening the TPCU is an
urgent measure. Two simple mechanisms of the TPCU
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enhancement are adding more personnel and increasing the
frequency of patrols. The addition of patrolling team
members will expand the area covered with regular patrol.
Correspondingly, the intensification of patrols will reduce
the possibility of tigers being trapped, poisoned or shot.
However, it is more critical improving the law enforcement
for any illegal act toward wildlife in Indonesia. Very weak
law enforcement and government commitment to
conservation made Indonesia fell far behind than other
developing countries in term of protecting wildlife
(Meijaard 2014).

This study has shown the applicability of two spatial
point pattern analyses for Sumatran tiger poaching pattern
study. Both first-order (NN) and second-order (Ripley's K)
tests were chosen among other spatial statistics based on
their simplicity and popularity to use (Perry et a. 2006).
Perry et al. (2006) elaborated the strengths and weaknesses
of both techniques. The employment of different testsin a
study is not only to combine various results but also to
avoid false deduction due to the weakness of a method
(Perry et al. 2002, 2006). These two purposes of applying
different tests have been reflected by the congenial results
from the two statistics.

As shown above, spatial statistics are robust tools for
animal ecology study especialy in Indonesia. Nevertheless,
the collection of point position is the first major problem
that scientists must deal with (Stoyan and Penttinen 2000).
Enormous species occurrences which can be gathered from
museum collections, published data or field records
(Cogalniceanu et al. 2013) have assorted level of locality
precision. Even with most recent locality data acquired
with GPS devices, certain amount of uncertainty occurred
because of GPS inaccuracy, unknown datum and
coordinate imprecision (Wieczorek et al. 2004). This most
likely happened when biologists with limited GPS
knowledge copy coordinates data manually, ignoring the
datum information.

Correspondingly, the exploration of statistical tests to
answer different questions will advance the adoption of this
method in Indonesia. New approaches have also gained
significant consideration to link the spatial structure to
process (Perry et a. 2006).Perry et al. (2006) suggested
that we should use a priori hypotheses and generate testable
hypotheses as an outcome of the spatial analyses. More
importantly, a good multidisciplinary teamwork between
ecologists and spatial statisticians must be established to
attain the goals (Stoyan and Penttinen 2000).

Two spatial point pattern analyses performed in this
paper showed a significant clustered pattern of Sumatran
tiger poaching. Although the points were generated from
georeferencing process and have some degree of
uncertainty, they represent the position of the poaching
incidents quite well. The aggregation of the tiger poaching
demonstrates the enormous pressure to this subspecies
especialy in the central parts of the park. On the contrary,
the extent of the points suggests that poachers were lurking
for any opportunity to catch and kill this majestic animal.

While the subject of this study is the poaching activity
of an endangered species, the occurrence of a species itself
should become the target of investigations in the future. It
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would be very valuable to perform point pattern analysis of
Sumatran tiger presence based on their scats, scratch
marks, tracks and other signs. In addition, species
occurrence records from museum collections provide
immense opportunity to be explored. Finaly, the point
pattern analysis is multivariate in nature, therefore bivariate
and multivariate analyses are potential approaches to study
i nter-species coexistence or competition.
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