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Abstract. Studies on home ranges and movement patterns have scarcely been conducted for crocodilians so far. Herein
we present observations on movement patterns as preliminary home range size estimates for the endangered Tomistoma
schlegelii (Crocodylia). Fieldwork was conducted at the Sekonyer Kanan River (Tanjung Puting National Park, Central Ka-
limantan, Indonesia). Three specimens were caught using a snare-pole, fitted with VHF radio tracking transmitters, and
studied for a duration of two months between 31 August 2009 and 28 October 2009. Within this period, the individuals
were relocated between 23 and 42 times, respectively. We analysed movement patterns by determining the animals’ lin-
ear range sizes (LR), minimum convex polygon ranges (MCP), kernel density estimators (50% and 90% KDEs), and local
a-convex hulls (50% and 90% LoCoH). Linear range sizes (LR) were 0.104, 0.276 and 0.739 km while minimum convex
polygon sizes (100% MCP) were 0.1, 0.577 and 1.758 ha. The study animals’ kernel range sizes (9o% KDE) were 0.094,
0.663 and 2.08 ha. Core areas (50% KDE) were 0.02, 0.211 and 0.639 ha in size. Local a-convex hull range sizes (90% Lo-
CoH) were 0.025, 0.323 and 0.821 ha whereby core areas (50% LoCoH) for two study animals measured 0.103 and 0.34 ha.
Although, our study was limited to a single dry season and therefore likely underestimates full range sizes for the species
- our results provide important baseline data for urgently required follow-up studies on movement patterns of this endan-
gered crocodile species.
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Introduction

The knowledge of activity ranges and movement rates, es-
pecially of top predators such as crocodilians, is essential
to understand habitat use patterns and the related impacts
affecting lower trophic levels (ROSENBLATT et al. 2013).
Although crocodilians represent important keystone spe-
cies in wetland ecosystems (MazzoTTI et al. 2009), radio
telemetry studies have been sparse due to cryptic behav-
iour, wide geographic distributions, and sensitivity to hu-
man disturbance (READ et al. 2007). Radio telemetry stud-
ies were conducted on Alligator mississippiensis, Caiman
crocodilus yacare, Crocodylus acutus, Crocodylus poro-
sus, Crocodylus intermedius, Crocodylus niloticus, Gavialis
gangeticus, Melanosuchus niger and Paleosuchus trigonatus
(RoppA 1984a, b, HUTTON 1989, MAGNUSSON & LIMA 1991,
HocuTtrT et al. 1992, MARTIN & DA SILVA 1998, MUNOZ &
THORBJARNARSON 2000, KAY 2004, CAMPOS et al. 2006,
STRAUSS et al. 2008, LANG & WHITAKER 2010, ROSEN-

BLATT et al. 2013). Transmitter attachment techniques ap-
plied in previous studies comprise ingestion, tethering,
surgical implantation, as well as the use of collars and bone
pins combined with epoxy glue (STRAUSS et al. 2008).
Tomistoma schlegelii (MULLER, 1838) is a very reclusive
species predominantly restricted to freshwater swamp for-
ests (peat swamps) in Southeast Asia (TRUTNAU & SOM-
MERLAD 2006, BEZUIJEN et al. 2010, RODDER et al. 2010).
Overexploitation, habitat loss and fragmentation form
the key threat for the species. Recent studies suggest that
the global population amounts to approximately 3,000 in-
dividuals (RODDER et al. 2010). Due to the species’ pref-
erence for anthropogenically less disturbed, remote ar-
eas, which are difficult to access, knowledge on distribu-
tion and ecology in the wild remains poor (BEZUIJEN et
al. 2010, RODDER et al. 2010). Therefore, T. schlegelii is one
of the world’s most endangered and at the same time least
known crocodilian species. Although previous studies pro-
vided first ecological insights into the ecology of this spe-
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cies (BEZUTJEN et al. 1998, Ross et al. 1998, SIMPSON et al.
1998, AULIYA 2000, BEZUIJEN et al. 2001, AULIYA 200243, b,
AULIYA 2003, SIMPSON 2004, STUEBING et al. 2004, AULI-
YA et al. 2006), no long-term studies have been conducted.
Except for a few unpublished internal reports hardly any
literature exists (see STUEBING et al. 2006).

Herein we report on the first successful transmitter at-
tachment and radio tracking of T. schlegelii and present
observations on movement patterns as preliminary home
range size estimates for three individuals from Tan-
jung Puting National Park, Central Kalimantan in Indo-
nesia. Fieldwork and data collection were conducted in
the course of the senior author’s PhD thesis, which deals
with the population ecology of T. schlegelii in the Tanjung
Puting National Park.

Materials and methods
Study site

Tanjung Puting National Park (TPNP) (2°35'-3°35’S, 111°45 -
112°45’ E) is situated in Central Kalimantan Province, In-
donesia, on the south coast of Borneo island and covers

— Sekonyer River
River distance of the Sekonyer Kanan River surveyed
Camp Leakey
Pondok Ambung
T. schlegelii #1/ Capture locality
T. schlegelii #2/ Capture locality
T. schlegelii #3/ Capture locality
T. schlegelii #3/ Release locality

Figure 1. Details of the T. schlegelii study area.

3,040 km?. It is the largest protected forest in the province of
Central Kalimantan and one of the largest protected heath
and peat swamp forests in Southeast Asia. The vegetation of
the area comprises expansive dry dipterocarp and second-
ary forests as well as coastal forests with mangroves. The na-
tional park is characterized by daytime temperatures reach-
ing up to 30°C while nighttime temperatures rarely decrease
below 21°C. The area has an annual precipitation of 2.000-
3.000 mm (GALDIKAS & SHAPIRO 1994).

A network of interconnected black-water rivers stretch-
es throughout the national park. In the north and west,
the TPNP is bordered by the Sekonyer River. Extensive
mining activities in the north turn the stream into muddy;,
tarnished water of dark colour. Forest habitats bordering
the national park have been completely destroyed. A re-
search camp (Pondok Ambung Tropical Forest Research
Station) was established by the Orangutan Foundation,
UK, a sub-organization of the Orangutan Foundation In-
ternational (OFI), and is situated close to the junction of
the Sekonyer River and its tributary, the Sekonyer Kanan
River. The Pondok Ambung Tropical Forest Research Sta-
tion provided infrastructure and logistics during the study

(Fig. 1).
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Capture and transmitter attachment

Spotlight surveys and capture trials by boat were carried
out along both the Sekonyer River and the Sekonyer Kanan
River. Animals of suitable size for transmitter attachment
were captured solely in the Sekonyer Kanan tributary, as
lower water levels allowed locating specimens even when
they were submerged.

Spotlight surveys along the Sekonyer Kanan River
were of 7.5 km in length with durations varying from 2:07
to 2:42 h. Detecting crocodilians based on eyeshine is a
standard technique (MAGNUSSON et al. 1982). Small-sized
T. schlegelii (< 100 cm total length (TL)) were manually
captured while larger individuals were caught using a large
landing net or a self-constructed snare-pole. The snare-
pole consisted of a wooden pole (length: 2 m, diameter:
50 mm) holding a wire-snare (diameter: 8 mm; min. break-
ing force 500 kg) at its terminal end. Capture points of all
individuals were recorded using a handheld GPS (Global
Positioning System) device (Magellan® Triton s00™). All
specimens captured were physically restrained using dra-
peries and duct tape and taken back to the research camp
for morphometric data collection prior to their release. Al-
though we tried to identify the sexes of captured specimens
using a speculum, unambiguous identification was not
possible. Three specimens of T. schlegelii (#1: total length:
118 cm, body mass: 3.8 kg; #2: 178 cm, 12.8 kg, #3: 134 cm,
5.4 kg) were selected for very high-frequency (VHF) radio
tracking transmitter attachment.

We used ear-tag transmitters (TX-124E, 150 MHz,
TELENAX, Mexico) that have originally been designed for
tracking livestock, but were also successfully used to track
aquatic species such as Dahl’s toad-headed turtle Meso-
clemmys dahli (FORERO-MEDINA 2011). This transmitter
was selected due to its expedient dimensions (size: 27 x
11 mm; weight: 17 g) and shape, which would not interfere
with the study animals’ movements. As an added advan-
tage, these transmitters were equipped with an activity/
mortality detection sensor, facilitating the assessment of
movements even if our study animals were submerged. Af-
ter a functional test, the tail scutes were cleaned with 70%
ethanol, and a tiny hole (diameter: 6 mm) was punched
out using punching pliers. Transmitters were then at-
tached by piercing the transmitter’s steel plug (diameter:
4 mm) through the hole and securing it with a counter disk
(Fig. 2). While two study animals were released at their re-
spective capture points, we translocated the third to a small
secondary branch of the Sekonyer Kanan River at a dis-
tance of approximately 1 km from its capture point to ana-
lyse potential site fidelity, which has been reported from
other crocodilian species (see READ et al. 2007).

Radio telemetry and data collection
Fieldwork was carried out between 31 August and 28 Oc-
tober 2009. The study animals were relocated by boat dur-

ing daytime. The tracking intervals were dependent on the
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availability of survey vessels. The crocodilians were relo-
cated almost daily, using a hand-held receiver unit RX-
TLNX (TELENAX, Mexico) and a three-element foldable
Yagi antenna (TELENAX, Mexico). Locations were direct-
ly recorded as latitude / longitude (WGS 84). Due to the
muddy water, exact locations could rarely be confirmed by
sight.

Data analysis

Movement area sizes were determined as linear range siz-
es (LR), minimum convex polygons (100% MCP), kernel
density estimators (50% and 9o% KDE) and local a-convex
hulls (50% and 90% LoCoH). We used Quantum GIS 1.8.0
(Quantum GIS Development Team 2012) to quantify linear
range sizes (LR) as the direct distance between the most
distant locations of each T. schlegelii (SEXTON 1959, PLU-
TO & BELLIS 1988, LUE & CHEN 1999). MCPs, KDEs and
LoCoHs were quantified using the adehabitatHR package
(CALENGE 2006) for Cran R 2.15.2 (R Core Team 2012).

Figure 2. Tomistoma schlegelii, animal #1 (TL 118 cm) with ID tag
and radio-tracking transmitter attached to its tail scutes.
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Maps displaying the study area and spatial range analyses
of T. schlegelii were created using the Georeferencer plugin
and Google Satellite OpenLayers plugin of Quantum GIS
1.8.0 (Quantum GIS Development Team 2012).

Although MCPs revealed to be highly affected by the
number of fixes, they are one of the most frequently used
approaches to analyse animal movement in general and
hence, were used to facilitate comparisons with previous
studies (JENNRICH & TURNER 1969, HARRIS et al. 1990,
WHITE & GARROTT 1990, POWELL 2000, NILSEN et al.
2008).

By computing a probability range for each location
through assigning more frequently used areas with a higher
value, KDEs provide quantitative information on the inten-
sity of habitat use and selection (Row & BLOUIN-DEMERS
2006). As numerous studies found least square cross vali-
dation (LSCV) to yield most accurate results and besides
perform best for distributions composed of tight clusters of
locations, we identified individual bandwidths, k, through
LSCV (WORTON 1989, SEAMAN & POWELL 1996, SEAMAN et
al. 1998, 1999, GITZEN et al. 2006, ROow & BLOUIN-DEMERS
2006, CALENGE 2006) using the adehabitatHR package for
Cran R (Fig. 3).

LoCoHs facilitate the identification of distinct bound-
aries such as river banks in our particular case (GETZ &
WILMERS 2004, GETZ et al. 2007). In LoCoH algorithms,
a utilization distribution (UD) is obtained by creating con-
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Figure 3. LSCV-identified bandwidth for the three study animals.

vex polygons (i.e., convex hulls) around each sample point
with its n nearest neighbours (GETzZ & WILMERS 2004,
GETZ et al. 2007). Currently, three methods for selecting
the nearest points for each convex hull exist: k-LoCoH, r-
LoCoH and a-LoCoH (GEeTz et al. 2007). Herein, we ap-
plied the recently developed alpha-convex hull (a-Lo-
CoH), which represents a modification of the more basic
k-LoCoH. The a-LoCoH approach was selected as it has
been found to generally perform better than k- and r-Lo-
CoHs and be less affected by highly variable sample sizes
(GeTz et al. 2007). As in KDEs, LoCoHs are based on a
user-selected parameter. We followed RyaN et al. (2006)
in performing a parameter optimisation in which a-values
are plotted against range size. Therefore, parameter optimi-
sation steps of 10 m (#1, #3) and 30 m (#2) were selected.
Asymptotes suggest range estimates to be stable (Fig. 4).
If more than one plateau was observed, we followed Kor-
TE (2008) in selecting a-values that eliminated areas not
utilized within ranges, because the physical borders of the
study area were known (Fig. 5). This procedure followed
the “minimum spurious hole-covering” (MSHC) rule pro-
posed by GETz & WILMERS (2004). Individuals’ band-
width, h, and selected a-LoCoH values, as well as selected
MCP, KDE and LoCoH range sizes are summarized in Ta-
ble 1. For both KDE and LoCoH, we used the 90% isopleth
to estimate the total range sizes while the 50% isopleth was
used to estimate core areas.

B, #2
7
O
<
w
L -
g
7
€ 31
3%
.
7
O
4
el
I
T T T T T T
20 40 60 80 100 120

h parameter

43



RENE BONKE et al.

. | #1
o
(=3
w
(=3
o
(=]
<
(=3
88 -
E ™
()
j=2}
=
[
[ =}
S
5<
I
o
o ]
]
o 4
T T T T T T
0 100 200 300 400 500
Value of a
_ | #3
8 4
R
S 4
©
(=3
S 4
w
@
Qo
cQ
P <
[
f =
<
(o=
ES 7
o
I
(=3
8 4
N
(=3
8
T T T T
50 100 150 200
Value of a

#2

Home range area
4000 6000 8000 10000 12000
1 1 1 1

2000
1

0
1

0 200 400 600 800 1000
Value of a

Figure 4. Parameter optimisation plots for the a-LoCoH values of the three study animals.

Results and discussion

Between 31 August and 28 October 2009, a total number of
110 fixes were collected ranging between 29 and 42 fixes per
specimen. A total of 104 fixes were used to perform range
size estimates. Capture and release dates, capture locations,
and body mass (BM) of study animals are compiled in Ta-
ble 2. The translocated individual (#3) returned to its origi-
nal capture site after 17 days. For range size analyses, we
only used fixes obtained after the study animal had suc-
cessfully returned to the initial capture locality.
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Comparisons of methods

Transmitter performance was generally high without tech-
nical failures. Dense vegetation and water reduced signal
strength to approximately 350 m. Activity detection sen-
sors performed well, providing information on movement
and status of the study animals. Although previous stud-
ies mentioned constrains when attaching transmitters to
tail scutes in C. niloticus this transmitter attachment tech-
nique has proven highly suitable in our study (STrAUSS et
al. 2008). While in C. niloticus, transmitters were placed
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Table 1. Bandwidth h, a-LoCoH values, MCP, KDE and LoCoH range sizes calculated for T. schlegelii.

Animal h a MCP 100% KDE 90% KDE 50% a-LoCoH 90% a-LoCoH 50%
[ha] [ha] [ha] [ha] [ha]

#1 6.315 310 0.577 0.663 0.211 0.323 0.103

#2 10.023 720 1.758 2.080 0.639 0.821 0.340

#3 3.687 100 0.100 0.094 0.020 0.025 NA

Table 2. Table summarizing capture and release dates and sites as well as body proportions of T. schlegelii equipped with VHF trans-
mitters. * total number of VHF fixes collected / **VHEF fixes used to perform range size estimates.

Animal Capture date Capture location Release date Release point TL [cm] BM [kg] No. of fixes
#1 31.08.2009 S 2°45°25.5” 01.09.2009 Identical to 118 3.799 42
E 111°55°35.8” capture point
#2 03.09.2009 S 2°44’58.3” 05.09.2009 Identical to 178 12.792 39
E 111°5522.4” capture point
#3 16.09.2009 S 2°45°09.6” 17.09.2009 S 2°44°37.6” 134 5.389 29%(23)**

E 111°5524.8”

E 111°55'20.0”

into PVC tubes and subsequently attached to the tail scutes
with cable ties, which are likely prone to disintegration
from UV radiation (STRAUSS et al. 2008), ear tag transmit-
ters could be attached directly to the tail scutes without us-
ing additional attachment material. The simplified attach-
ment in combination with the small housing dimensions
minimized the risk of the transmitter breaking off in the
dense riparian vegetation. Besides, intraspecific aggressive
behaviour was considered the prime cause of transmitter
loss in C. niloticus (STRAUSS et al. 2008), but was not ob-
served during this study.

Animal movement analyses

The linear range sizes (LR) of #1, #2 and #3 were 0.276,
0.739 and o.104 km, respectively. KDEs produced the larg-
est range size estimates, followed by MCPs and LoCoHs.
One exception of these findings was observed in #3 in
which MCP and KDE were of similar sizes. LoCoHs yield-
ed core area estimates (50% LoCoH) of approximately half
the size of the corresponding KDE core area (50% KDE).
Due to the limited number of fixes, no LoCoH core area es-
timate could be performed for #3. Range overlap was only
observed between #2 and #3 at 90% KDE (1.89%). MCP,
KDE and LoCoH range sizes are compiled in Table 1. Con-
tours of MCPs (100% isopleth), KDE, LoCoH range areas
(90% isopleth), and KDE, LoCoH core areas (50% isopleth)
are illustrated in Figure 6.

Numerous methods for animal movement pattern anal-
yses exist with the minimum convex polygon (MCP) and
the kernel density estimator (KDE) being the most wide-
ly applied approaches (WORTON 1987, LAVER et al. 2008).
MCPs connect the outermost locations, and therefore
provide a maximum size estimate without information

on intensity of use (HAYNE 1949, KENWARD 2001, Row &
BLOUIN-DEMERS 2006, RYAN et al. 2006). Therefore, MCPs
tend to overestimate ranges by including habitats that are
not utilized (KENWARD 2001, RYAN et al. 2006). Besides,
MCPs have been suggested to be subject to unpredicta-
ble bias (BORGER et al. 2006). NILSON et al. (2008) ques-
tions the value of MCPs for ecological applications. De-
spite these shortcomings, MCPs are still widely used for
animals’ range size estimations and consequently had to
be used to facilitate comparisons with previous studies. In
concordance with KENWARD (2001) and RyaN et al. (2006),
MCPs were found to slightly overestimate range sizes for
T. schlegelii by including unused terrestrial habitat and
hence, are considered a maximum range size estimate.
Due to its accuracy and consistency, the KDE is current-
ly the most widely used approach to estimate animals’ range
sizes and intensity of use (WORTON 1995, SEAMAN & Pow-
ELL 1996, SEAMAN et al. 1999). However, Row & BLOUIN-
DEMERS (2006) argue that KDEs might not accurately per-
form for herpetofauna due to the multiple use of locations,
which may lead to spatial autocorrelation. However, as the
studied T. schlegelii always had sufficient time between sub-
sequent fixes, the influence of spatial autocorrelation was
considered negligible. Besides, correction techniques to
remove spatial autocorrelation were found to reduce the
biological relevance of range size estimates, while constant
tracking intervals reduced the impact of such spatial auto-
correlation without compromising the validity of range
size estimates (DE SOLLA et al. 1999). Furthermore, KDEs
have been demonstrated to perform poorly in creating dis-
tributions in landscapes with distinctive boundaries (GETz
& WILMERS 2004, HUCK et al. 2008), which also was the
case in our study. Despite the 95%-density isopleth being
widely used to identify the boundaries of animals’ range
sizes (GETZ et al. 2007), we rather followed BORGER et al.
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(2006) and used the 90%-KDE, which had been identified
to reduce biases in area calculations especially when sam-
ple sizes are limited.

LoCoHs have recently been applied for a range of aquat-
ic, semiaquatic and terrestrial animals (ELWEN et al. 2006,
RYAN et al. 2006, WITTEMYER et al. 2007, HUcCK et al. 2008,
KORTE 2008, WINNIE et al. 2008, LOVERIDGE et al. 2009,
MORSE et al. 2009, CASTELLANOS 2011, PETERS & NIBBE-
LINK 2011, VAN BEEST et al. 2011, SAWYER 2012, SCULL et
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al. 2012, LEUCHTENBERGER et al. 2013). As an advantage,
LoKoHs capture distinct boundaries such as river banks
(GETZ & WILMERS 2004, GETZ et al. 2007). While KDEs
were found to include a terrestrial portion, which is un-
inhabitable for the highly aquatic T. schlegelii, LoCoHs in
contrast performed well and therefore are considered su-
perior in our particular case. The LoCoH parameter opti-
misation performed well, with values coinciding with the
“rule of thumb” method suggested by GeTz et al. (2007)
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Figure 5. (A-C) Comparison of a-LoCoH values yielding range areas for T. schlegelii specimens #1, #2 (D-F) and #3 (G-J) following

the MSHC rule (GETZ & WILMERS 2004).
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in which a represents the maximum distance between any
two points of the dataset.

MCPs, KDEs and a-LoCoHs produced very different
range size estimates. Both MCP and KDE led to overes-
timations mainly because they incorporate unused terres-
trial habitat. Hence, the a-LoCoH was found to yield the
most realistic range size estimates for T. schlegelii due to its
ability to capture sharp boundaries and create utilization
distributions (UD).
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Figure 5. continued.

Constraints on spatial habitat use

Due to the restricted study period of two months, data ac-
quisition was limited and thus, movement patterns can only
provide preliminary range size estimates. Furthermore,
fieldwork was restricted to the dry season, so that no data
could be obtained regarding the extent of suitable habitat
during the wet season when up to 50% of the TPNP is tem-
porarily inundated (AULIYA 2006). As the area occupied by
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T. schlegelii is likely to expand during the wet season, our
seasonal range size estimates are valid only for the dry sea-
son and likely underestimate the species full home range.
While the largest range size was obtained for the larg-
est specimen (#2), body proportions (TL/BM) of the re-
maining two individuals are not in concordance with this
pattern. Therefore, no correlation between body size of
T. schlegelii and its range size could be demonstrated. Tomi-
stoma schlegelii reaches sexual maturity at approximately
twenty years and body sizes of 3 m in females and 4 m in
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Figure 5. continued.
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males (TRUTNAU & SOMMERLAD 2006). Our study animals
were considerably smaller. Hence, a sex dependent differ-
ence in range sizes appears to be unlikely.

The translocation of specimen #3 may have affected its
subsequent movement pattern and consequently its range
size estimate. Thus, the observed range overlap between
specimen #3 and specimen #2 should be interpreted with
caution. Due to the limited number of study animals, no
further studies on site fidelity could be carried out, but our
observations suggest the species to possess a homing ability
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Figure 6. Spatial range analyses for T. schlegelii. MCP, KDE and a-LoCoH range size estimates for study animals #1 (A,B), #2 (C,D),
and #3 (E). MCP 100% - solid line; KDE - dashed line (90%: A, C, E; 50%: B, D).
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as has already been observed in other crocodilians (Gor-
ZULA 1978, RODDA 1984a, RODDA 1985, READ et al. 2007).

Through decades of tremendous conservation efforts
the Orangutan Foundation (UK) has majorly contributed
to the establishment of this comparatively secure popula-
tion. As a result the Tanjung Puting population present-
ly possesses the highest population density documented
for the species (AULIYA et al. 2006, BEZUIJEN et al. 2010).
It therefore remains questionable if results of our study
are directly assignable to other study sites where resident
T. schlegelii populations are less protected and heavily ex-
posed to anthropogenic hazards.

Conclusions

Reliable conclusions on animal movements and home range
sizes require large sample sizes, collected across size and
age classes, as well as a broad temporal coverage (WHITE &
GARROT 1990, GARTON et al. 2001, KERNOHAN et al. 2001,
Kay 2004). Due to multiple limitations, our results can only
provide preliminary data regarding homing, movement
and range sizes of T. schlegelii. Additional extensive field-
work is urgently required to provide deeper insights into
the ecology and in particular the home range of this spe-
cies. Understanding these processes is relevant to shedding
light on niche segregation, habitat preferences, and season-
al movements, especially in the context of its reproductive
behaviour. All these aspects must be known for establishing
future in situ and ex situ conservation measures.
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