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Buffer zones for placing baited traps in grasslands bordering
forests and availability of riparian reserves of trees in grasslands:
A preliminary study for dung beetle assemblages in East Kalimantan, Indonesia

Akira UEDA"", Woro A. NOERDJITO?, Dhian DWIBADRA?, SUGIARTO”, Masahiro KON,
Teruo OCHI”, Masayoshi TAKAHASHI”, Tetsuya IGARASHI” and Kenji FUKUYAMA"®

Abstract

Dung beetles are useful indicators of habitat quality in tropical regions. When we evaluate habitat quality
with using baited traps that attract insects for a distance, traps need to be placed to limit immigration of insects
from outside the study area. To determine the minimum distance from a forest edge into grassland needed to
limit immigration of forest dung beetle species, we set baited pitfall traps on transects of 100, 200, and 300 m
into grassland from the edge of an Acacia mangium plantation with a small secondary forest in East Kalimantan.
Additionally, to evaluate the availability of riparian reserves of trees along the margins of grasslands as habitat for
forest species, we placed traps in a riparian reserve next to the grassland. Since the species found to be most abundant
in the plantation were not collected in the grassland, we suggested that 100 m buffer zone should be sufficient to limit
the unwanted capture of forest beetles in baited grassland traps. Moreover, since the species that were abundant in
the plantation were also abundant in the riparian reserve, we argued that riparian reserves in grasslands might act as
a habitat patch for forest species. Since distance from both forest edge and riparian reserve did not relate to the result
of the ordination of species composition at each trapping location in the grassland, these distances did not generally
affect the communities of dung beetles in the grassland.

Key words : baited pitfall trap, carrion, coprophagous group of Scarabaeoidea, distance, Imperata cylindrica, Scarabaeidae,

stream corridor

1. Introduction

Dung beetles (Coprophagous group of Scarabacoidea:
Bolboceratidae and parts of Scarabaeidae (Scarabaeinae and
Aphodiinae) in the present study) represent an important
indicator of habitat quality and environmental change in
tropical regions, because they are significantly influenced
by environmental disturbance (McGeoch et al. 2002,
Aguilar-Amuchastegui and Henebry 2007, Barlow et al.
2007, Gardner et al. 2008, Nichols and Gardner 2011). Dung
beetles also serve important ecological functions, such as
promoting rapid decomposition of dung and carcasses, as
well as influencing nutrient cycling, bioturbation, plant
growth enhancement, secondary seed dispersal, and parasite
control (Davis 1996, Andresen 2003, Larsen et al. 2005,
Slade et al. 2007, 2011, Nichols et al. 2008). Thus, a higher
diversity of beetles is usually indicative of a more active,

complex, and perhaps resilient forest ecosystem.

Received 23 March 2015, Accepted 17 July 2015

When investigating insect communities for particular
habitats, it is essential to take into account the distance of
study plots from nearby, differing habitats so as to limit
contamination from immigrating insects (Fahrig 2003).
This is especially the case when comparing habitat quality
among different environments using baited traps that attract
insects for a distance. Communities of dung beetles are
normally assessed using baited pitfall traps. Larsen and
Forsyth (2005) observed in mark and recapture studies
involving baited pitfall traps that the flight distance of a
tropical forest dung beetle species can be as high as 50 m
per day and as 100 m per four days from the release point.
Wille et al. (1974) also observed that a tropical forest dung
beetle was able to fly 50 - 75 m, although the recapture
period after release was not determined. These results
suggest that trapping sites should be placed at least 100

m from borders of habitats to eliminate immigration from
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surrounding environments. Although importance of this
buffer is suggested through studies measuring the flight
distance of the dung beetles (Wille et al. 1974, Larsen and
Forsyth 2005), no studies have formally established that the
100 m is sufficient to eliminate immigration.

Riparian reserves of trees along stream running across
oil palm plantations on Borneo Island are known to act
as a refuge of forest species of dung beetles (Gray et al.
2014). In Washington, USA, such riparian reserves also act
as a refuge of wildlife that provide food resources (dung
and carrion) for dung beetles (Budd et al. 1987), and as
a corridor that connects habitat patches of an endangered
butterfly (Milko et al. 2012). There are many streams
running across grasslands and agricultural lands that spread
largely in the lowlands of East Kalimantan on Borneo
Island, and the streams often enclosed in riparian reserves
of trees. Such riparian reserves in grasslands or agricultural
lands may act as refuges and corridors of organisms
living in forests although their availability has never been
evaluated.

The objectives of this study were to: 1) determine
the buffer distance needed for baited traps from a forest

edge into grassland to limit contamination of traps from

Borneo Is.
()

Balikpapan

forest™

'

'y natural

Fig. 1 Location of study area and transect sites

Albizia falcataria
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immigrant dung beetles, and 2) evaluate whether a riparian
reserve of trees along a stream running across a grassland
could have availability as a potential habitat patch for forest

dung beetle species.

2. Methods
2.1 Study sites

This study was carried out in a rural landscape of
lowland of East Kalimantan, Indonesia where there was
Acacia mangium and Albizia falcataria plantations with a
small secondary forest (S1°06°30”, E116°54°20”,35m asl.)
and its surrounding grasslands and agricultural lands near
the Sungai Wain Protection Forest, located 23 km north of
Balikpapan (Fig. 1).

Five 90-m transect sites were set in the study area
(Fig. 1). Sites G1, G2, and G3 were located, respectively,
100, 200, and 300 m outside from the forest edge into an
Imperata cylindrica grassland (Fig. 1 and 2A). Site PL
was located about 100 m inside from the forest edge of the
A. mangium plantation (Fig. 1). The area and age of the
plantation were 9.5 ha and 9 years old. The mean diameter
of breast height of 4. mangium trees, the tree density, and

the trunk basal area were, respectively, 17.1 cm, 835 per

-
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Locations of transect sites and their names are indicated by thick lines and bold italic characters. PL: plantation
site, RR: riparian reserve site, G1, G2, and G3: grassland sites located 100, 200, and 300 m away from the forest
edge, respectively. The ‘SPOTSS5’ satellite took this picture at 2:27:04 (GMT) on 19 June, 2005.
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Acacia mangium plantation

Secondary forest

4

Riparian reserve

r"

Imperata 'cylindrica grassland

N

Fig. 2 View of each site

A: sites G1 and G2 in Imperata cylindrica grassland, B: site PL in Acacia mangium plantation, C: site RR along the steam.

ha, and 20.2 m’ per ha (Fig. 2B). Site RR was located along
the stream running across grasslands and open lands and
accompanying with the narrow riparian reserve of trees (Fig.
1 and 2C). The widths of the riparian reserve were 0 to 5 m
on each side of the stream bank. The cultivated lands were
about 10 - 20 m in width and were scattered behind the
bank (Fig. 2C).

2.2 Collection of dung beetles

Baited and flight intercepting pitfall traps were used
to collect the beetles because they tend to capture a larger
number of dung beetle species than do normal baited pitfall
traps (Ueda et al. 2015). For each trap, a plastic cup (8.4 cm
in open diameter, 5.6 cm in minimum diameter, and 12.2-
cm high) was driven into the ground to set up each trap
with its opening level with the ground surface. Two B5-size
transparent plastic sheets that crossed each other were then
laid over the cup, upon which a plastic bowl (ceiling: 20 cm
in diameter and 5-cm high) was placed upside down. Each
trap contained a 50-ml glass bottle (4.3 cm in diameter and
8.0-cm high) with a perforated lid (having six holes, each
5 mm in diameter) and was baited to attract beetles. Fresh
human excrement (10 g) and raw jack fish (Carangidae sp.)
(30 g) were used as bait because these baits attract large
number of dung beetles, both species and individuals (Ueda

et al. 2015). A cut nylon net (with a 0.5-mm mesh) was

|Bulletin of FFPRI, Vol.14, No.3, 2015

placed between the lid and bottle to prevent small beetles
from entering. The traps also contained a 30% solution of
propylene glycol to kill and preserve the beetles collected.
All traps were set in the morning on 17 December 2007,
with all captured insects being collected five days after trap
installation, since in general a five day trapping period is
enough to assess the beetle community when using traps
baited with human excrement and raw fish (Ueda et al.
2015). Ten traps were distributed along a 90-m transect
at intervals of 10 m for each site, with human excrement
and raw fish used alternately as the attractant. Traps baited
with human excrement and raw fish were numbered from
north to south, respectively, at each site as the northernmost
pair of traps baited with human excrement and raw fish

“1”

was numbered as whereas the southernmost pair was
numbered as “5”. Total number of individuals of each beetle
species collected per the pair was used in analyses.

The distances from traps in the grassland to the forest
edge and the riparian reserve were different between traps
by their locations (Fig. 1). The distances from traps in
the riparian reserve to the forest edge were also different
between traps (Fig. 1). To situate each trapping location in
the grassland and the riparian reserve, the distance from
the middle point of each pair to the forest edge and/or the
riparian reserve was measured using a satellite image taken

by the 'SPOTSS5' at 2:27:04 (GMT) on 19 June, 2005.
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2.3 Identification and storage of specimens

All beetles captured in the present study were dried on
absorbent cotton and identified by their morphology using
a binocular (Nikon Nature Scope) and the taxonomic key
provided by Ochi and Kon (1995, 1996, 2002, 2006), and
Ochi et al. (1997). Some beetles were pinned and sent to
the University of Shiga Prefecture, Japan to ensure their
identity. Females of two Catharsius species (C. dayacus
Lansberge and C. renaudpauliani Ochi et Kon) were
difficult to distinguish from one another. However, since
all of 20 Catharsius males collected in the present study
were C. renaudpauliani, all of 15 Catharsius females were
subsequently treated as C. renaudpauliani. All beetles were
stored in the insect specimen room of Research Center for
Biology, Indonesian Institute of Science (LIPI), Cibinong,

Indonesia.

2.4 Measurement of body size and data analyses

It is known that body size affects flight distance
potential of longicorn beetles (Holland et al. 2005). Larger
species of dung beetles are expected to fly longer distance
than smaller species (Larsen and Forsyth 2005, Larsen et al.
2008), suggesting that the absence of large forest species in
trap catches in the grasslands explains the enough distance
of the trap location from the nearest forest edge to limit
immigration of forest species more persuasively compared
with the absence of small forest species does. Thus we used
the dry weight of the beetles to determine their body sizes
as the representatives of their flight distances. Dry weight
was assessed after the collected beetles of ecach species
were dried for seven days at 70°C and then for a final day
at 105°C. Since not all beetles were permitted for shipping,
numbers of beetles weighed were less than those collected.
For rare species, the beetles from multiple sites were pooled
together and weighed.

Mean number of dung beetles collected by a pair of
traps baited with human excrement and raw fish at each site
was compared with using Kruskal-Wallis test (N = 5). IMP
8 (SAS Institute 2009) was used for the analysis. Species
abundance in each environment was assessed only when the
total number of species collected exceeded 5 individuals.
Species for which more than 80 % individuals were
collected at sites PL and RR were categorized as “abundant
in both plantation and riparian reserve”, species for which
more than 80 % individuals were collected at sites RR, G1,
G2, and G3 were categorized as “abundant in both grassland
and riparian reserve”, and species for which more than 80
% individuals were collected at sites G1, G2, and G3 were
categorized as “abundant in grassland”.

Nonmetric multidimensional scaling (NMS) was

used for the ordination of species composition at each
trapping location to analyze the similarities of beetle
communities between pairs of the traps using the abundance
data of each species per pair of traps and the distance
measure of Serensen. Multivariate Response Permutation
Procedure (MRPP) was applied to measure the stability of
beetle communities between three vegetation categories
(plantation, riparian reserve, and grassland) using the
abundance data of each species per pair of traps and the
distance measure of Serensen. Since there were a lot of
zero data, before these two analyses all data were modified
to the square root values after adding 0.5 to each (McCune
and Grace 2002). PC-ORD ver. 6.07 (MJM Software
Design 2011) and this adjusted data were used for these two
analyses. To analyze the factors contributing the score on
each axis of the NMS, we used linear regression to assess
relationships between the scores of all pairs and pairs in
the grassland and species richness, total abundance, and
abundances of each species and category. JMP 8 (SAS
Institute 2009) was used for the analyses.

To evaluate the effect of distance from each trapping
location in the grassland to both the forest edge and
the riparian reserve, we used linear regression to assess
relationships between distances and the score on each
axis of the NMS, species richness, total abundance, and
abundances of each species and category. JMP 8 (SAS

Institute 2009) was used for the analyses.

3. Results and discussion

3.1 Effects of distances from the forest edge to the
grassland sites and the plantation site

A total of 17 species (Table 1) and 347 individuals of
dung beetles were collected in our study. Mean number
of dung beetles collected by a pair of traps baited with
human excrement and raw fish at each site was significantly
differed on C. renaudpauliani, Onthophagus lilliptanus
Lansberge, and Onthophagus uedai Ochi et Kon (Table
1). The species most abundant in the plantation (site PL),
C. renaudpauliani, was never captured in the grassland
sites (G1, G2, and G3) (Table 1). Six species collected
in the plantation, Onthophagus schwaneri Lansberge,
Onthophagus semiaureus Lansberge, Onthophagus
semicupreus Harold, Onthophagus obscurior Boucomont,
Onthophagus incisus Harold, and Onthophagus rutilans
Sharp were also never captured in the grassland sites
(Table 1). These seven species are normally abundant in
the disturbed forests, such as burnt forests and secondary
forests (Ueda, unpublished data). The five of these seven
species were the large species in the present study and

their dry weights were over 40 mg (Table 1). They also had

TR SIS 55 14 % 3 5, 2015]
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Table 1. Mean dried body weight and mean number + SE with the result of Kruskal-Wallis test of dung beetles collected by a pair of
traps baited with human excrement and raw fish in the present study

Tendancy of abundance Species Body weight Number of beetles collected at each transect sites (N = 5)° Result of
in each environment” P (mg)b PL RR Gl G2 G3 Kruskal-Wallis test
Abundant in both plantation Catharsius renaudpauliani Ochi et Kon 740.5 (3) 38+1.2 32+1.8 0 0 0 P =0.008
and riparian reserve Onthophagus schwaneri Lansberge 162.5 (9) 04+02 0.6+04 0 0 0 ns
Abundant in both grassland  Caccobius unicornis (Fabricius) 1.3 (20) 02+02 1.8+1.0 04+£02 02+02 32+£20 ns
and riparian reserve Onthophagus lilliputanus Lansberge 22 (3) 0 32+15 6.6+£22 144+23 44+14 P =0.002
Onthophagus trituber (Wiedemann) 9.6 (20) 04+02 28+16 26+14 20+£0.7 3.8+27 ns
Abundant in grassland Panelus sp. 1.1 (1) 0 02+02 04+04 06+04 0 ns
Onthophagus limbatus (Herbst) 8.6 (20) 04+04 04+02 08+£06 20+13 3.0+£23 ns
Onthophagus uedai Ochi et Kon 33 (4 0 0 14+£0.7 34+14 08+04 P =0.005
Unknown because of low  Bolbochromus catenatus (Lansberge) 319 (5) 0 02+0.2 0 0 0 ns
number of data Onthophagus semiaureus Lansberge 441 (2) 0.2+0.2 0 0 0 0 ns
(1 or 2 indivisuals) Onthophagus semicupreus Harold 5.7 (2) 02+0.2 0 0 0 0 ns
Onthophagus obscurior Boucomont 8.0 (2) 0.4+0.2 0 0 0 0 ns
Onthophagus papulatus Boucomont 2.3 (20) 0 02+0.2 0 0 0 ns
Onthophagus armatus Blanchard 43 (1) 0 0 0.2+0.2 0 0 ns
Onthophagus incisus Harold 98.9 (2) 0.2+0.2 0 0 0 0 ns
Onthophagus rutilans Sharp 552 (5) 02+0.2 0 0 0 0 ns
Onthophagus sp. 43 (1) 0 0 0.2+0.2 0 0 ns

“Species collected exceed 5 individuals and for which more than 80 % individuals were collected at sites PL and RR, sites RR, G1, G2, and G3, and sites G1, G2,
and G3 were categorized as abundant in both plantation and riparian reserve, abundant in both grassland and riparian reserve, and abundant in grassland,

respectively.

"Numbers of beetles used for weighing are indicated in parenthesis. For rare species, the beetles from multiple sites were pooled together and weighed.

°PL: plantation site, RR: riparian reserve site, G1, G2, and G3: grassland sites located 100, 200, and 300 m away from the forest edge, respectively.

well developed wings. It is known that larger longicorn
beetle species are able to fly longer distances (Holland et
al. 2005), and larger dung beetle species are expected to
fly longer distance compared with smaller species (Larsen
and Forsyth 2005, Larsen et al. 2008). These suggest that
the five large species are able to fly for long distances even
though they were not collected in any of our grassland
traps. Thus, our results suggest that a 100 m buffer from
the forest edge into grassland is enough far for bait trap
catch to eliminate immigration of dung beetles from nearby
forests, even if the beetles are able to fly for long distances.

Site PL was located about 100 m inside from the
forest edge of the plantation but a few beetles of grassland,
Caccobius unicornis (Fabricius), Onthophagus trituber
(Wiedemann), and Onthophagus limbatus (Herbst), were
collected there (Table 1). A road dividing the plantation
ran near the site PL (Fig. 1) and the grassland species may
facilitate easy entry into the plantation along the road.
It is known that logging roads running across the intact
natural forest in lowland of Peninsular Malaysia facilitates
grassland species dispersal into the forest area, including
O. lilliptanus that is listed in Table 1 (Hosaka et al. 2014).
However, the short distance (about 20 m) from the roadside
is enough to eliminate the grassland species, because the
canopy openness strongly affects the beetle assemblage
and it at 20 m inside from the roadside reaches that at 60
m inside (Hosaka et al. 2014). From the present study,
it is difficult to determine whether the grassland species
collected in the plantation entered into the plantation from

the road or whether they naturally inhabited the plantation

|Bulletin of FEPRI, Vol. 14, No.3, 2015
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Fig. 3 Numbers of beetles abundant in both plantation and

riparian reserve and beetles abundant in both grassland
and riparian reserve collected from pairs of traps baited
with human excrement and raw fish in the riparian
reserve site (RR)

Ten traps were distributed along the 90-m transect at
intervals of 10 m for site RR, with human excrement
and raw fish used alternately as the attractant. The
northernmost pair of traps was numbered as “RR1”
whereas the southernmost pair was numbered as “RR5”.
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Fig. 4 Results of NMS analysis as applied to ordinate trapping
locations with the similarities of beetle’ s communities
for all pairs of traps baited with human excrement and
raw fish
Trapping locations written beside some coordinates are
the same with Fig. 3. Final stress = 15.37.
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Results of linear regression analyses are shown in figures.

r2=0.293
P=0.037

Number of C. unicornis collected
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:
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250

Fig. 6 Relationship between distance from riparian reserve and
number of Caccobius unicornis (Fabricius) collected at
each trapping location in the grassland
A result of linear regression analysis is shown in figure.

where the canopy might have been more open compared
to that of an intact natural forest. Further study is need to
determine what is a sufficient distance inside from the edge
of the plantation forests to eliminate immigration of dung

beetles living in grasslands.

3.2 Availability of riparian reserves of trees

The species most abundant in the plantation (site PL), C.
renaudpauliani, was also abundant in the riparian reserve
of trees (site RR) (Table 1). Species abundant in both
plantation and riparian reserve were collected irrespective
with locations on site RR (Fig. 3) except for the center
of the site (RR3 in Fig. 3 where species abundant in both
plantation and riparian reserve were not collected). These
results suggest that the riparian reserve in the grassland
may act as a refuge and a corridor for the forest dung beetle
species, as well as riparian reserves in oil palm plantations
(Gray et al. 2014). These results also coincide with the
results of Diaz et al. (2009) who showed that living fences

of trees in pastures were able to act as corridors to facilitate
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dispersal of forest dung beetles. However, because there
was only one site of the riparian reserve in the present
study, further study is needed to confirm its availability as a

refuge and a corridor of the forest species.

3.3 Effect of distance from each trapping location to
the forest edge and the riparian reserve

The analysis of NMS as applied to ordinate trapping
locations with the similarities of beetle communities
recommended a two-dimensional solution. The coordinates
of trap pairs in the grassland and plantation were clearly
apart each other along axis 1 that explained 77.3 % of the
ordination (Fig. 4). The analysis result of MRPP (A = 0.170,
P = 9E-5) indicated that beetle communities were different
between three types of vegetation. The scores on axes 1 and
2 of NMS related to the abundance of beetles categorized
as “abundant in both grassland and riparian reserve” (r* =
0.798, P < 0.0001) and the abundance of C. renaudpauliani
(r’ = 0.454, P = 0.0002) with the highest correlation
coefficients, respectively. These results indicated that
abundance of both species abundant in plantation and
species abundant in grassland largely affected the dung
beetle communities in the study area.

The coordinates of trap pairs in the grassland were
scattered along both axes 1 and 2 (Fig. 4). Their scores on
axes 1 and 2 of NMS related to the abundance of beetles
categorized as “abundant in grassland” (r’ = 0.802, P <
0.0001) and the abundance of C. unicornis (r’ = 0.543,
P =0.0017) with the highest correlation coefficients,
respectively. These results indicated that abundance
of species abundant in plantation did not affected the
dung beetle communities in the grassland. There was no
significant relationship between distance from both forest
edge and riparian reserve to each trapping location in the
grassland and the score of NMS on both axes 1 and 2 (Fig.
5). There were also no significant relationships between
these distances and species richness, total abundance, and
abundances of each species and each category (P > 0.05),
except for the relationship between the distances from the
riparian reserve and the numbers of C. unicornis collected,
which were positively correlated (Fig. 6). These results
indicate that the distance from both the forest edge and the
riparian reserve did not generally affect the communities of
dung beetles in the grassland. C. unicornis is abundant in
the heavily disturbed locations, such as urban areas (Kawai
et al. 2005), which may indicate that it thrives away from
forest conditions.

The distance from each trapping location in site RR
to the forest edge varied from 66 m to 139 m. We did not

analyze the relationship between distance from forest
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edge and the numbers of beetles collected by trap pairs
due to the low sample size in that site (N = 5). However,
the coordinates of the three northernmost locations (RR1
to RR3) of site RR were distributed within the range of
those in the grassland on axis 1, while those of the two
southernmost locations (RR4 and RRS) were within the
range of those in the plantation (Fig. 4). This difference
was caused by the beetles abundant in both grassland
and riparian reserve that were not collected at the two
southernmost locations (Fig. 3). Unfortunately, since we
did not investigate the environmental variables such as
the width of the riparian reserve and the canopy openness
at each trapping location, it was not known whether
the different distances from the trapping location to the
plantation or other environmental factors affected the
numbers of beetles abundant in both grassland and riparian

reserve collected.

3.4 Reliability of data

Studies have shown that dung beetle communities can
be effectively assessed using data from a single baited trap
over several days or from several baited traps for one day
(Nichols and Gardner 2011). Similarly, the communities
of dung and carrion beetles attracted by carrion can also
be assessed with data from a single baited trap (Ueda
2015). In the present study we used 5 traps per bait per
site and installed these for 5 days. Our intensive trap catch
system should be reliable for analyses despite the relatively
short research period. Our research was performed only
in December, although it may be better to have several
months of trapping design in order to determine the full
beetle community. However, annual data of dung beetle
captures in tropical regions with no severe dry season
have showed little variation in species richness and/or
abundance (Peck and Forsyth 1982, Hanski and Krikken
1991). In tropical regions with a severe dry season beetle
captures are generally highest in the wet season with few
species collected in the dry season (Janzen 1983, Andresen
2005, Neves et al. 2010). Mean monthly rainfall in the
Bukit Soeharto Grand Forest Park (BSGFP), located about
20 km northwest from our study area, is between 120 mm
in August and 220 mm in December (Toma et al. 2000).
This indicates that our study area is located in a tropical
region with no severe dry season where we might expect
little seasonal variation in dung beetle captures. Moreover,
December has the largest rainfall in a year in BSGFP,
suggesting that the large species richness and abundance
of dung beetles may occur during the wet season. Because
there was no severe dry season and considerable rain

during December in our study area, our trapping period
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should be adequate for comparative studies of dung beetles
communities.

It should be noted that this study was a preliminary
study carried out in only one area. Due to the paucity of
data in this study, we were forced during data analysis
to pool the data from trap pairs for providing proper
replication though they came from the same transect. As
such, further study is needed to confirm the results of this

study.
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Effects of distance from devastated forests and topography
on dung beetle assemblages in burned forests of East Kalimantan, Indonesia

Akira UEDA"", Woro A. NOERDJITO?, Dhian DWIBADRA?, SUGIARTO”, Masahiro KON,
Teruo OCHI”, Masayoshi TAKAHASHI?, Tetsuya IGARASHI” and Kenji FUKUYAMA"

Abstract

To evaluate the effects of distance from human living area and topography on dung beetle assemblages in burned natural
forests, we set baited pitfall traps on 3 valleys and 3 ridges in a protected but burned forest along with the transect beginning
from the border of the protected forest in East Kalimantan. Species richness and the logarithm of the number of beetles
collected significantly decreased as sites approached the border. The Morisita’ s indices of similarity (C,) between each site
and the control site set in the artificially devastated forest with fire outside the border significantly increased as sites approached
the border. Thsese results suggest that more severe fire near human living areas degrades dung beetle diversity more
significantly. All valley sites were considered as remnants of previous fires but the similarity index to the another control site
set in the large unburned natural forest was apparently low at two valley sites near the border suggesting that the dung beetle
diversity separated from the large unburned forest by burned ridges was severely degraded even if the forests were unburned.

Key words : baited pitfall trap, Borneo Island, forest fire, ridge, Scarabaeidae, Sungai Wain Protection Forest, valley

1. Introduction

Dung beetles (Coprophagous group of Scarabaeoidea:
Bolboceratidae, Hybosoridae, and parts of Scarabaeidae
(Scarabaeinae and Aphodiinae) in the present study) are
superior indicators of habitat quality and environmental
change in tropical regions (McGeoch et al. 2002, Aguilar-
Amuchastegui and Henebry 2007, Gardner et al. 2008,
Nichols and Gardner 2011). These beectles also serve
important ecological functions, such as promoting the rapid
decomposition of dung and carcasses that affects nutrient
cycling, bioturbation, plant growth enhancement, secondary
seed dispersal, and maggot control (Davis 1996, Andressen
2003, Larsen et al. 2005, Slade et al. 2007, 2011, Nichols
et al. 2008). Thus, a higher diversity of beetles indicates a
more active, complicated forest ecosystem.

Forest fire in primary forests have degraded tropical
biodiversity especially for arthropods in Asia (Gibson et
al. 2011). In East Kalimantan, Indonesia, a vast forest fire
occurred in 1983 and 1998 (Taylor et al. 1999, Yamaguchi
and Tsuyuki 2001). Yamaguchi and Tsuyuki (2001) showed
that the intensity of fire damage was higher on ridges than
in valleys and decreased in accordance with the distance

from human living areas because forests near human living
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areas were not only burned naturally but also artificially.

In past studies carried out in East Kalimantan,
studies comparing butterfly assemblages between burned
and unburned forests have shown that fire may reduce
species richness and/or changed the community structure
(Cleary 2003, Cleary and Genner 2004, 2006, Cleary and
Grill 2004, Cleary and Mooers 2004, Cleary et al. 2004,
Hirowatari et al. 2007). Fire may also reduce genetic
diversity of forest butterfly species because of the habitat
loss (Cleary et al. 2006, Fauvelot et al. 2006a); however, on
the other hand, fire may increase genetic diversity of other
forest butterfly species dispersing among habitats (Fauvelot
et al. 2006b). Fire may also reduce both species richness
and number of individuals of braconid parasitic wasps
(Maeto et al. 2009), and species richness of ground beetles
and bark and ambrosia beetles (Makihara et al. 2000). On
odonates and longicorn beetles, fire generally does not
affect species richness but may change community structure
(Cleary et al. 2004, Makihara 2013). Also, with regard to
soil animals and floor invertebrates, fire does not often
affect species richness (Yajima 1988). However, few past
studies have taken into account topography and distance

from human living areas that affected the burning level in
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East Kalimantan (Yamaguchi and Tsuyuki 2001). Moreover,
no studies to date have evaluated the effect of forest fire on
dung beetle assemblages in tropical Asia.

In the case of a protected forest area surrounded
by artificially devastated forest, such as often occurs
for agricultural land and grassland after slash-and-
burn agriculture, the distance from where humans live is
represented by the distance from the border of the protected
forest area since the most artificial effects are typically
protected at the border if the protected forest is fenced off
from the devastated forest. The purpose of this study was
to evaluate the effects of the distance from the border of a
protected forest area, as well as topography, on dung beetle
communities in the protected but burned natural forest of

East Kalimantan.

2. Methods
2.1 Study sites
A burned area of Sungai Wain Protection Forest
(SWPF), located 24 km north of Balikpapan in the lowlands

Sungai Wain
“ {Protec
. [Forest

Borneo Is.

Burned naturgl "
forest area i

Fig. 1. Location of study area and transect sites

of East Kalimantan, Indonesia, was selected as study area
(Fig. 1). The east part of SWPF was burned in 1983 and
1998 (Taylor et al. 1999) and the fire produced banded
structures of ground cover that were made by burned forests
on ridges and remnant forests in valleys (Yamaguchi and
Tsuyuki 2001) (Fig. 1).

We established a 1000 m main transect beginning at
the fenced border of SWPF and which crossed through
the SWPF, covering three valleys and three ridges in the
study area (from S1°03°53”, E116°54°04”to S1°04°21”,
E116°53°38”) (Fig. 1 and Fig. 2-a). Six-secondary transects
(trap transects) of about 90 m in lengh on the actual ground
surface (not-horizontal length) were distributed on the
main transect with the center points of the transects being
located on the tips of ridges or the bottoms of valleys.
These were named sites V1, V2, and V3 for valley transects
and sites R1, R2, and R3 for ridge transects in relation to
the distance from the border of SWPF (Fig. 1 and Fig. 2-a).
As one exception, site V3 was set vertically to the main

transect (Fig. 1) for two reasons. First, we could not set

Locations of transect sites and their names are indicated by thick lines and bold italic characters. Locations of the cotrol sites
(site HBF in the artificailly destructed forest and site INF in the large unburned natural forest) are indicated by open circles.
The ‘SPOTSS' satellite took this picture at 2:27:04 (GMT) on 19 June, 2005.
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traps on the slope of the west side of the valley for site V3
since the slope was too steep. Second, we wanted to ensure
there was no trap interference. Larsen and Forsyth (2005)
recommended that baited pitfall traps should be kept at least
50 m apart in order to minimize interference among traps.
If site V3 was set along the main transect, the distance
between sites R3 and V3 became shorter than 50 m, and
thus site V3 had to be set vertically to the main transect.
The center of V1 was shifted 15 m outer from the bottom of
valley since the slope of the west side was too steep to set
traps (Fig 2-a).

To investigate relationships between dung beectle
diversity and forest condition, we measured and identified
all trees that had diameters at breast height (DBH) larger
than 5 cm in a 100 m® quadrat before we set traps. The
quadrats were set around the center and at both ends of each
trap transect (three quadrats per site) except for site V3
where the quadrat was set only the center of the transect.

So as to collect the control data from artificially
devastated forest areas, we also made a 90 m trap transect
at 800 m outside from the border of SWPF (site HBF:
S1°03°34”, E116°54°10”) (Fig. 1). The forest condition
was also measured there using the same methods as for
the burned forest sites, except that the transect for forest
condition was located about 80 m south from the one used
for trapping.

We also made a 90 m control trap transect at 1 km
inside of the large unburned natural forest area of SWPF
(site INF: S1°06°50”, E116°49°40”) (Fig. 1) to compare the
similarities of beetle assemblages between the burned forest
sites and a site in the large unburned area. Bukit Bangkirai
Forest (BBF) was the nearest unburned natural forest from
the study area but a vast artificially degraded area lay
between BBF and the study area (Fig. 1), suggesting that
the forest dung beetle populations were divided between
BBF and the study area. Since the unburned area of SWPF
and the study area were connected by the burned natural
forests without artifificial disturbances (Fig. 1), suggesting
that the unburned area of SWPF can provide forest dung
beetles for the study area, we made the control trap transect
in the unburned forest area of SWPF, althuough the forest

condition was not measured there.

2.2 Collection of dung beetles

Baited and flight intercepting pitfall traps were used
to collect the beetles because they catch a larger number of
dung beetle species than normal baited pitfall traps (Ueda
et al. 2015). A plastic cup (8.4 cm in open diameter, 5.6 cm
in minimum diameter, and 12.2-cm high) was driven into

the ground to set up each trap with its opening level with
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the ground surface. Two B5-size transparent plastic sheets
that crossed each other were then laid over the cup, upon
which a plastic bowl (ceiling: 20 cm in diameter and 5-cm
high) was placed upside down. Each trap contained a 50-
ml glass bottle (4.3 cm in diameter and 8.0-cm high) with
a perforated lid (having six holes, each 5 mm in diameter),
and was baited to attract beetles. Fresh human excrement (10
g) and raw jack fish (30 g) were used as bait because these
baits attract large number of species and individuals of
dung beetles (Ueda et al. 2015). A cut nylon net (with a 0.5-
mm mesh) was placed between the lid and bottle to prevent
small beetles from entering. The traps also contained a 30%
solution of propylene glycol to kill and preserve the beetles
collected. All traps in the burned area and site INF were
set in the morning on 14 December 2007 and 15 December
2007, respectively, with all captured insects being collected
five days after trap installation. In general, five days of
trapping is enough to assess the beetle community using the
traps baited with human excrement and raw fish (Ueda et al.
2015). For site HBF, we were oblidged to use the trapping
data obtained in 2006, since the staff of SWPF reccomended
that we did not conduct research outside of the SWPF in
December 2007 due to the potential dangers associated with
people engaged in illegal logging and coal mine: indeed,
all trees outside the border, including the HBF site, were
logged illegally in 2008. Traps in the HBF site were set for
five days from 18 December 2006 with the same methods
as in 2007.

Because of the short period provided to carry out this
research, we installed the intensive trap catch system in
order to collect as many beetles as possible; that is, 10 traps
were distributed along a 90-m transect at intervals of 10
m for each site, with human excrement and raw fish used
alternately as the attractant. Total numbers of species and

individuals from the ten traps were pooled in one data set.

2.3 Identification and storage of specimen

All beetles captured in the present study were dried on
absorbent cotton and identified using a binocular (Nikon
Nature Scope). Some beetles were pinned and sent to Japan
to ensure their identity. Females of two Catharsius species
(C. dayacus Lansberge and C. renaudpauliani Ochi et Kon)
were difficult to distinguish from each other; however,
since all of 15 Catharsius males collected in SWPF, that is,
the burned forests sites and site INF, were C. dayacus, all of
12 Catharsius females were treated as C. dayacus. On the
contrary, since all of 6 Catharsius males collected in site
HBF were C. renaudpauliani, all of 6 Catharsius females
were treated as C. renaudpauliani.

All beetles were stored in the insect specimen room
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Fig. 2. Topography on the transect set in the study area (a) and species richness (b), the logarithm of abundance (number of beetle
collected) (c), the Morisita’s index of similarity (C,) to site HBF (d), and the Morisita’ s index of similarity (C,) to site INF
(e) of the dung beetles collected at each site
Topographies of trap transects were indicated with black lines in figure a. Data on control sites HBF and INF are shown as
the dotted horizontal lines and the gray horizontal lines, respectively in figures. Closed circles and open circles indicate data
in valley sites and data on ridge sites, respectively, and black lines in figures b, ¢, and d indicate data linear regression lines.
Results of linear regression analyses are shown in figures b, ¢, d, and e.
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of Research Center for Biology, Indonesian Institute of

Science (LIPI), Cibinong, Indonesia.

2.4 Reliability of data

Studies have shown that dung beetle communities can
be effectively assessed using data from a single baited trap
over several days or from several baited traps for one day
(Nichols and Gardner 2011). Carrion beetle communities
are also efficiently and accurately assessed with data from
one baited trap (Ueda 2015). In the present study we used
5 traps per bait per site installed for a 5 days period. Our
intensive trap catch system should thus be reliable for
analyses despite the relatively short research period. Our
research, however, was performed only in December, and
it is likely that longer studies would be needed in order
to assess full beetle community. Annual data of the dung
beetle catch in tropical regions with no severe dry season
showed little variation in species richness and/or abundance
(Peck and Forsyth 1982, Hanski and Krikken 1991). In
tropical regions with severe dry season, beetles are most
often captured during the wet season, whereas relatively
few species are collected during the dry season (Janzen
1983, Andressen 2005, Neves et al. 2010). Mean monthly
rainfall in the Bukit Soeharto Grand Forest Park (BSGFP)
that is located about 20 km northwest from the study area
is between 120 mm in August and 220 mm in December
(Toma et al. 2000). This indicates that our research area is
in a tropical region with no severe dry season and the dung
beetle catch should have little seasonal variation. Moreover,
our study was carried out in December, which has the
largest rainfall of the year in BSGFP, suggesting that the
large species richness and abundance of dung beetles are
most likely to occur during the wet season. Because there
was no severe dry season and copious rain in December in
our study area, our data from December should be adequate

for comparative studies of communities of the dung beetles.

2.5 Data analysis

To compare the degradation and conservation levels
of the dung beetle communities in the burned area, the
Morisita’s indices of similarity (C;) between site HBT
and each site in the burned area and between site INF and
each site in the burned area were calculated, respectively.
To evaluate the distance from the border and the effect of
forest condition on the beetle communities, the relations
between the distance from the border, indices of the beetle
communities, and indices of forest condition were analyzed
using linear regression. JMP 8 (SAS Institute 2009) was
used for the linear regression analyses to test whether

the distance from the border significantly related to the
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indices of beetle communities that were species richness,
abundance (total number of beetles collected), C, values to
sites HBF and INF, and the indices of forest condition that
were mean DBH, maximum DBH, tree density, total basal
area of all tree and of both Macaranga species and Vernonia
arborea, and the basal area ratio of Macaranga species
and V. arborea to all trees. Most of Macaranga species in
East Kalimantan were pioneer tree species and they are
superior indicators of forest condition degraded by fire
(Slik et al. 2003). V. arborea is also a pioneer tree species
on the severely burned area in East Kalimantan (Yassir et
al. 2010) and was also abundant in the present study. JMP 8
(SAS Institute 2009) was also used for the linear regression
analyses to test the significances of relationships between
the indices of beetle communities and the indices of forest
conditions. Prior to these analysis, abundances of the
beetles were converted by using a logarithm so as to reduce

their discrepancies.

3. Results

A total of 39 species and 1,047 individuals of dung beetles
were collected (Appendix table 1). Species richness was highest
at INF and it significantly increased in accordance with distance
from the border in the burned area (Fig. 2-b). Abundance was
highest at R3 and its logarithm significantly increased with the
distance from the border, with higher values occurring at ridge
sites than at valley sites (Fig. 2-c). The C, value to HBF was
highest at V1 and significantly decreased with the distance from
the border (Fig. 2-d). The C, value to INF was highest at V3
and tended to increase with the distance from the border, with
higher values occuring at ridge sites than at valley sites (Fig.
2-e).

There were no significant relations between the distance
from the border and indices of forest conditions (P > 0.05).
However, the mean DBHs, tree densities, and basal areas of
trees tended to increase with the distance from the border, with
higher values occurring at valley sites than at ridge sites (Table
1). The basal area ratios of Macaranga species and V. arborea
to all trees were apparently higher at ridge sites than those at
valley sites, and for the ridge sites, the ratios tended to decrease
with the distance from the border (Table 1). There were no
significant relations between indices of the beetle communities

and indices of forest conditions (P > 0.05).

4. Discussion
In the present study, forest fire appeared to reduce the dung
beetle diversity as species richness was highest at site INF.
This same trend has been observed for butterflies, braconids,
ground beetles and bark and ambrosia beetles (Makihara et al.
2000, Cleary 2003, Cleary and Grill 2004, Cleary and Mooers
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Table 1. Forest condition of each site

Maxi- Mean tree Mean basal BA of BA ratio (%) of
Mean . .
. mum density area (BA)  Macaranga spp.  Macaranga spp. Most dominant
Site DBH DBH (Number of of trees and Vernonia and V. arborea tree species on BA
(cm) (cm) trees per ha) (m’/ha) arborea (m’/ha) to all trees
HBF 7.1 15.2 1067 6.0 3.7 59.5 Vernonia arborea
R1 8.8 27.3 1067 9.3 5.7 62.0 Vernonia arborea
\2! 10.2 40.5 1000 12.0 0.2 1.5 Alseodaphne falcata
R2 8.2 15.8 833 5.1 2.9 57.3 Macaranga trichocarpa
V2 11.1 473 1133 18.4 3.0 16.2 Artocarpus glaucus
R3 10.0 25.1 1333 13.3 73 54.8 Glochidion rubrum
V3 11.0 25.8 2100 26.1 0.0 0.0 Madhuca kingiana

100 m* quadrats were set around the center and both ends of each site (three quadrats per site) except for site V3 where the quadrat was set
only on the center of the site. Trees more than 5 cm in their DBH (diameter of breast height) were measured.

2004, Cleary et al. 2004, Cleary and Genner 2006, Hirowatari
et al. 2007, Maeto et al. 2009). The trend of decreases in
basal area ratios of Macaranga species and V. arborea to
all trees at ridge sites with the distance from the border of
SWPF (Table 1) suggests that fire damage decreases with the
distance from the border. This coinsides with Yamaguchi and
Tsuyuki (2001) who showed that the intensity of fire damage
decreased in accordance with the distance from human living
areas. Decreases in both species richness and the logarithm
of abundance and increases in C, values to site HBF as sites
approached the border (Fig. 2) suggest that more severe fire near
human living areas (Yamaguchi and Tsuyuki 2001) degrades the
dung beetle diversity more acutely.

It is considered that all valley sites were remnants from fire
because of the low ratio of Macaranga species and V. arborea
(Table 1). This coincides with Yamaguchi and Tsuyuki (2001)
who showed that the intensity of fire damage was higher on
ridges than in valleys. However, the fire damage changing
with topography did not coincide with the changes of the dung
beetle diversity. C, value to site INF was lower at sites V1
and V2 compared with sites R1 and R2 although the distance
from the border was greater at site V1 than at site R1 and site
V2 than at site R2, respectively (Fig. 2). This suggests that
dung beetle diversity was severely degraded in valleys that
were near to human living areas and separated from unburned
forests even if the valleys were not ever previously burned.
Higher C, values to site INF on ridge sites might be derived
from the high abundance of the beetles that made feasible to
collect more species increasing the opportunity to collect the
species in unburned forests (Fig. 2). Doi (1988) observed that
large herbivorous mammals, which provide dung and carcases
to dung beetles, were abundant in burned forests compared
with unburned forests in East Kalimantan. Although no studies
compared the abundance of herbivorous mammals between
ridge and valley in burned forests, higher diversities of the
beetles on the burned ridges may be associated with the higher
abundance of wildlife. Bedick et al. (2004) observed that

the carrion-baited pitfall traps placed on the ridges attracted
significant more burying beetles than the traps placed in the
valleys, and discussed that greater trap captures on ridges
may have resulted from greater movement of odors from baits
or warmer temperatures on ridges compared with in valleys,
or from the beetles flying over intervending ridges between
valleys. These predictions concerning with the flight activities
of beetles are also plausible to the higher diversities of dung
beetles on ridges in the present study. However, it is difficult
to clear the reason why the diversities of dung beetles were
higher on ridge compared with in valleys in the present study.
Results of our study were from one study area. Future studies
concerning with the higher diversities of dung beetles on ridges
are needed to investigate the dung beetle communities on
another study areas including several valleys and ridges in the

burned forests of East Kalimantan.
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Appendix table 1. Dung beetles collected at each aite in this study
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HBF R1 \%2! R2 V2 R3 V3 INF
Bolbochromus catenatus (Lansberge) 0 4 0 0 0 0 0 0
Phaeochrous emarginatus Castelnau 0 0 0 0 1 0 0 2
Phaeocroops sp. 0 0 0 0 0 0 0 6
Ochicanton simboroni Ochi et Kon 0 0 0 0 1 0 0 0
Ochicanton woroae Ochi et Kon 0 0 0 0 0 1 0 0
Panelus sp. 3 0 0 0 0 0 0 2
Paragymnopleurus maurus (Sharp) 0 9 1 30 3 170 114 41
Sisyphus thoracicus Sharp 0 0 0 3 1 17 13 29
Synapsis cambeforti Krikken 0 0 0 0 0 0 0 2
Catharsius dayacus Lansberge (male) 0 1 0 3 0 5 4 2
Catharsius renaudpauliani Ochi et Kon (male) 6 0 0 0 0 0 0 0
Catharsius spp. (female: dayacus or renaudpauliani’) 6 2 0 1 0 3 2 4
Copris gibbulus Lansberge 0 0 0 0 0 0 0 1
Microcopris fujiokai Ochi et Kon 0 0 0 0 0 0 0 1
Caccobius unicornis (Fabricius) 9 0 0 0 0 0 0 0
Caccobius binodulus Harold 0 0 0 0 0 0 0 1
Onthophagus (Parascatonomus) dux Sharp 0 2 2 5 8 35 4 16
Onthophagus (Parascatonomus) rudis Sharp 1 0 0 2 1 1 9 0
Onthophagus (Parascatonomus) aurifex Harold 0 0 0 0 4 2 1 0
Onthophagus (Parascatonomus) semiaureus Lansberge 0 0 1 3 10 3 2 0
Onthophagus (Parascatonomus) semicupreus Harold 4 1 0 0 6 6 4 4
Onthophagus (Proagoderus) schwaneri Lansberge 65 17 9 19 13 61 30 6
Onthophagus (Gibbonthophagus) fujiii Ochi et Kon 0 2 0 2 2 2 1 1
Onthophagus (Gibbonthophagus) obscurior Boucomont 4 0 0 0 0 1 4 0
Onthophagus (Gibbonthophagus) cervicapra Boucomont 0 0 0 0 0 4 11 4
Onthophagus (Serrophorus) laevis Harold 0 0 0 0 0 13 9 3
Onthophagus (Indachorius) woroae Ochi et Kon 0 0 0 0 0 3 2 0
Onthophagus (Pseudophanaeomophus) chandrai Ochi 0 0 0 0 0 0 0 2
Onthophagus (Onthophagus) aphodioides Lansberge 0 0 0 1 0 0 5 1
Onthophagus (Onthophagus) vulpes Harold 0 1 0 1 2 16 14 10
Onthophagus (Onthophagus) incisus Harold 0 0 0 1 0 4 17 1
Onthophagus (Onthophagus) infucatus Harold 0 0 1 0 0 1 1 0
Onthophagus (Onthophagus) pastillatus Boucomont 0 0 0 0 0 0 2 12
Onthophagus (Onthophagus) simboroni Ochi et Kon 0 0 0 0 1 0 1 3
Onthophagus (Onthophagus) waterstradti Boucomont 0 0 0 0 1 3 5 0
Onthophagus (Onthophagus) bonorae Zunino 0 0 0 0 0 0 0 1
Onthophagus (Onthophagus) borneensis Harold 0 0 0 0 0 0 0 3
Onthophagus (Onthophagus) pacificus Lansberge 0 0 0 0 1 1 1 0
Onthophagus (Onthophagus) semipacificus Ochi et Kon 0 0 0 0 0 1 2 0
Onthophagus (Onthophagus) sp. 0 0 0 0 0 0 0 1
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Destructive sampling method for estimating the biomasses of African
oil palm (Elaeis guineensis) plantations on tropical peatland

Yoshiyuki KIYONO"", Yukako MONDA?, Jumpei TORIYAMA?,
Auldry CHADDY?”, Kah Joo GOH", Lulie MELLING”

Abstract

We aimed to determine methods to estimate African oil palm (Elaeis guineensis) biomass on tropical peatlands. In this
study we established a study plot in a 12-year-old African oil palm plantation in Sarawak, Malaysia. After measuring the stem
diameters, heights, etc., of the palms in the plot, an average-sized palm was selected and its aboveground and belowground parts
were destructively sampled to measure its biomass. Consequently, a destructive sampling method for estimating African oil
palm plantation biomass on tropical peatlands was developed, based on the results of the field study. In addition, we discuss the

ecological traits of African oil palms grown on tropical peatlands.

Key words : aboveground biomass, belowground biomass, root-to-shoot ratio, diameter at breast height, tropical peatland,

African oil palm plantation

1. Introduction

The African oil palm (Elaeis guineensis) (hereafter
referred to as oil palm) is believed to have originated in
Africa (Corley and Tinker 2003), but is now cultivated as
a plantation or cash crop in the tropical regions of Asia,
Africa, and America, because its nuts contain high levels of
good-quality vegetable oil. Malaysian palm oil production
accounted for 36% of the global palm oil production
between 2011 and 2013, and together with Indonesian
palm oil is projected to account for 84% of the global
production in 2013 (FAO 2015). Oil palm plantations are
usually established on mineral soils; however, due to lack
of land, peat soils are being developed on the basis of Good
Agricultural Practice (GAP) (FAO 2003), in accordance
with the sustainability of peatland functions (Ministry of
Agriculture of Indonesia 2009). In addition, land with
peat soil is often close to ports and towns with better
infrastructure which are important for exporting the heavy
commodity palm oil. In Malaysia, oil palms have been
successfully planted on peat soils for two generations, and
are into their third generation (Melling et al. 2011).

Oil palm production has been alluded to cause
substantial, and often irreversible, damage to the natural
environment (Clay 2004), because large amounts of

carbon dioxide are released into the atmosphere when

Received 2 March 2015, Accepted 29 June 2015

tropical peat swamp forests are converted into oil palm
plantations. Carbon dioxide emissions from biomass have
been estimated using biomass data from tropical rainforests
and oil palm plantations on mineral soils (Fargione et al.
2008). However, those data may differ from the data of
the biomasses of tropical peat swamp forests and oil palms
cultivated on tropical peatlands. No data are available in the
literature about biomass of oil palm on tropical peatland.
To evaluate the effects of converting peat swamp forests to
oil palm plantations, knowledge of the biomasses of peat
swamp forests and oil palms cultivated on tropical peatlands
is required.

Therefore, a method of estimating the biomasses of
peat swamp forests was developed (Monda et al. 2015 in
press). In this study, a destructive sampling method was
developed that was based on a field study of a 12-year-old

oil palm plantation in Sarawak, Malaysia.

2. Plot establishment and selection of sample
individuals
2.1 Plot establishment
A study plot was established to select palms for
destructive biomass sampling, in order to estimate their dry
mass per unit of land area. Oil production begins around

2.5 years after planting (Corley and Tinker 2003), and the
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Fig. 1. Plot establishment

economic life of a plantation is about 25 years. Oil palm
biomass depends on plantation age. Although no statistical
data are available, 12-year-old oil palms are considered
to be the oldest age group in Sarawak, so we selected a
12-year-old plantation (2°8'43.11"N — 111°55'14.00"E).
Even in the same plantation, the oil palm size usually
differs among individuals; the required number of sample
palms depends upon the variation in oil palm size in the
plantation. From the perspective of revenue or yield, the
optimal oil palm density is considered to be in the range
119-228 palms ha™' (Corley and Tinker 2003), although it
may depend on the cultivation period, soil conditions, etc.
The study plot was 30 m in breadth and 80 m in length (Fig.
1, left), with a typical stand structure in spatial and girth
at breast height (GBH) values. The average diameter at
breast height (DBH, obtained by dividing GBH by =; Fig.
2) and its coefficient of variation varied considerably when
a small number of palms were measured (Fig. 3). However,
the variation in the average DBH decreased after 20 palms
had been measured, and the coefficient of variation was
low after 30 had been measured. This indicated that at least
30, and preferably 40 or more palms, were required in the
study plot, in order to obtain unbiased biomass data per
unit of land area. In the study plot, the stand density was
approximately 160 palms ha '; therefore, the optimal plot
area was approximately 0.25 ha (about 40 palms) or larger.
The plot did not necessarily have to be rectangular (Fig. 1,
left); parallelogram- (Fig. 1, right), square-, or hexagon-
shaped plots are also acceptable. More importantly, the

plot boundary should pass through the center between

One ordinary
Young frond in each
frond \ class specifying
frond number
_—" (e.g. nos. 6, 18,
Medium  30)

/ frond /
old
frond
Total
ht.
(TH)

DBH 1.3 m from the

original ground

I Subsidence

Fig. 2. Oil palm (Elaeis guineensis) measurements

the planting rows, to avoid an overestimation (Fig. 1
middle-left, alternating long and short dashed line) or
an underestimation (Fig. 1 middle-left, dashed line) of
biomass.

Oil palm biomass can be estimated using simple parameters
that represent the shape of each oil palm and allometry
equations or conversion factors that are appropriate for the
characteristics of the palm. The parameter that is usually used
in allometry equations for calculating palm biomass is stem
height (Khalid et al. 1999a, Thenkabail et al. 2004, Goodman
et al. 2013), which is combined with the total height (Fig. 2) or
stem diameter (Yulianti 2010). Specific plant parts can also be
used, such as fronds, for more accurate aboveground biomass
estimation (Aholoukp¢ et al. 2013, Asari et al. 2013). In our
study, stem height (height of the apex of the stem) was difficult
to determine, because petioles obscured the apex. For the oil
palm that was destructively investigated (see below), the stem
height was visually estimated before destructive sampling was
conducted based on the stem diameter that tapered to a point
inside the petioles at 5.3 m. However, the actual stem height
measured during the destructive sampling procedure was 4.4
m, which was 0.9 m shorter than the estimate. The accurate
measurement of the oil palm stem height is difficult. The GBH,
total height (TH), and the lowest living frond height (LLFH)*
were measured easily in all of the oil palms in the plot. A steel
tape and a Vertex III clinometer (Haglof, Sweden) were used for

the measurements.

*The LLFH depends on TH and the number of living

fronds from the top to the lowest living frond. The number of
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of variation of average DBH
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Accumulated number of oil palms

Fig. 3. Accumulated number of oil palms (Elaeis guineensis),
average diameter at breast height (DBH), and
coefficient of variation of the average DBH in the study
plot

fronds is usually controlled in managed plantations (36 in the
study plantation). Because frond biomass is dependent upon
the number of fronds present, the inclusion of frond number,
or the distance from TH to LLFH, as a parameter in allometry
estimation may improve the accuracy of frond biomass

estimates.

The ground just beneath the oil palm stems is often raised
to a mound shape in plantations that are several years old
because of ground subsidence. The GBH, TH, and LLFH from
the mound (Fig. 2) were measured. Oil palms tend to lean over
when they are planted in uncompacted peat (Mutert et al. 1999).
For leaning or fallen palms (Fig. 4), the stem diameter at 1.3
m from the transition point between the stem and the root was
measured in place of DBH. In the study plot, 12 palms (out of
the 40 palms in the plot) were leaning.

In the study plot, the mean DBH was 68.6 &= 7.8 cm (mean
= standard deviation), the mean TH was 9.9 == 1.0 m, and the
mean LLFH was 3.3 &= 1.0 m. The stand’ s basal area at breast
height was 62.2 m* ha .

Plants other than oil palms also grew in the oil palm
plantation. However, weeding is usually quite intensive in oil
palm plantations; therefore, the biomasses of plants other than

oil palms were negligible, and were ignored in this study.

2.2 Selecting sample oil palms

There are two methods of estimating tree biomass per unit
of land area from an individual tree’s biomass: (1) the basal
area ratio method (Satoo 1973), and (2) the allometry equation
method (Henry et al. 2013). Both are suitable for estimating

|Bulletin of FEPRI, Vol.14, No.3, 2015

Fig. 4. Measuring an oil palm (Elaeis guineensis) that is
leaning

oil palm biomass. For the first method, biomass is estimated in
the plot using the following equation: the sum of the stem basal
areas of all of the palms in the plot/the sum of the stem basal
areas of sampled palms X the biomass of sampled palms; the
result is converted from biomass per plot to biomass per unit
of land area. If the sample is only one palm, a palm that has an
area close to the average basal area is selected. If the sample
contains several palms (this is more accurate than using only
one palm), the sample should contain palms from the largest
size group to the smallest size group. For the second method, an
allometry equation is developed by obtaining the biomass data
of palms sampled from the largest to the smallest size groups in
the plot. The biomass of every palm in the plot is estimated by
using the allometry equation. The palm biomass in the plot is
summed and then converted to biomass per unit of land area.
No allometry equations exist for estimating the biomass
of oil palms cultivated on peatlands that include belowground
biomass. Therefore, in this study, the basal area ratio method
was used, and a palm that had close to the average stem basal
area (for the plot) was selected for destructive sampling. The
selected palm was the 19" largest in the plot; the 20™ and 21**
largest palms were not selected because both were leaning and
not representative of the other palms in the plot. The selected
palm had a DBH of 70.3 cm, a basal area of 0.393 m’, a TH of
10.14 m, a LLFH of 3.7 m, and a maximum crown diameter of
12.6 m. The number of fronds per palm had been maintained
at around 36 in the study plot. This number can differ in other
plantations under different managements and can influence the

values of LLFH and maximum crown diameter.
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3. Destructive sampling methods for aboveground and
belowground organs
The destructive sampling procedure was as follows:

. All of the fronds and inflorescences (flowers and fruit) were
pruned, numbered, and weighed, including the remaining
petiole bases (Fig. 5).

. An ordinary frond from each of the young-, medium-, and
old-frond groups, e.g., frond nos. 6, 18, and 30 in Fig. 2
were selected, and a subsample of petioles, rachises, and
pinnae (Fig. 6, right) were obtained for each group and
weighed (frond sample sets). The no. 20 frond was selected
in this study because nos. 18 and 19 had lost a part of the
pinnae and were not representative of the other fronds in the
medium-frond group.

. All of the inflorescences were weighed and samples were
taken (inflorescence samples).

. Snips of plant parts were collected and weighed to improve
the accuracy of the biomass estimates (Fig. 7a).

. The stem was felled and cut into logs (Fig. 7b, c, d). The total
stem volumes (with frond base and without frond base) were
calculated using the Smalian method, by multiplying the
length by the cross-sectional areas of stem (with frond base
and without frond base) of each log. The discs were cut, and
their volumes and weights were measured (Fig. 7e, f) (stem
samples). The required number of discs depended on the
stem length. In this study, five discs at various heights (0.7,
1.2, 1.6,2.5, and 3.4 m) were considered samples.

. The lengths and weights of spears were recorded (Fig. 7g).

For the biomass estimation, spears were included as fronds.

St

Fig. 5. Destructive sampling of oil palm (Elaeis guineensis)
fronds and inflorescences

KIYONO, Y. et al.

7. The belowground stem was dug up and cut into small pieces

to weigh and to obtain samples (belowground stem samples)
(Fig. 8a, b, ¢).

8. Two trenches that were 4 m long from the stem edge, 0.3

m wide, and 0.9 m deep, or deeper, were made using a
chainsaw (Fig. 8d, e¢). A drainage pump was used when
necessary. The alignments of the trenches are shown in Fig.
9. The effects of different land uses (paths with possible soil
compaction vs. frond piling) and the distance to neighboring
oil palms (near to N1 and N2, far from F1 and F2) were
considered; therefore, the trenches ran between N1 and F1
and between N2 and F2. N1 and N2 could be replaced by N3
and N4. Because oil palm roots do not penetrate below the
level of a permanent water table (Corley and Tinker 2003),
and the planned water-table depth was 0.5-0.75 m in the
study plantation, soil sampling to a depth of 0.9 m appeared
to be deep enough for collecting all of the roots. However,
in reality, the roots penetrated to a depth of below 0.9 m;
therefore, soil-sampling depth should be determined based

on the actual root distribution.

9. Each sample block of soil was 1 m long, 0.3 m wide, and

0.3 m deep to a depth of 0.9 m, or deeper (Fig. 8d). The

collected roots were weighed.

10. For roots under the belowground stem, a short trench that

was as long as the stem diameter at ground level, 0.3 m
wide, and 0.3 m deep to a depth of 0.9 m or deeper, was
made using a chainsaw and an edged tool in order to collect

and weigh roots every 0.3 m in depth (Fig. 8e).

ey

Petiole Rachis Pinnae

Fig. 6. Measuring oil palm (Elaeis guineensis) fronds to obtain

sub-samples of petioles, rachises, and pinnae
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11. Sub-samples of the roots were taken, if required (Fig. 8f). 12. All of the samples and sub-samples were taken to the
The minimum fresh weight of a sub-sample should be 200 g laboratory to determine the dry/fresh weight ratios. The
(root samples). samples were oven-dried at 75°C to a constant weight.

Fig. 7. Destructive sampling of an oil palm (Elaeis guineensis) stem
i: stem diameter with frond base, ii : stem diameter without frond base.

-
e TR .. T el

Fig. 8. Destructive sampling of oil palm (Elaeis guineensis) belowground organs
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Fig. 9. Establishing trenches for the destructive sampling of oil palm (Elaeis guineensis)

belowground organs

4. A case study in measuring and estimating oil palm
organs on peatland
4.1 Root distribution

The roots were classified into three types (Fig. 10a), which
corresponded to the primary, secondary, and tertiary roots
(Corley and Tinker 2003): thick roots (5-7 mm in diameter)
were primary roots, medium roots (2-3 mm in diameter)
were secondary roots that sprouted from the primary roots,
and tertiary roots (0.6-1.3 mm in diameter) sprouted from the
secondary roots. Most of the primary roots were lignified. The
root samples were collected at a depth of 0-0.3 m, just below
the stem. Secondary roots accounted for the majority of the
roots. This sample was obtained in soil far from the stem, both
horizontally and vertically. Ratios of the projected root areas
of the primary, secondary, and tertiary roots to the total were
approximated when sampling (Fig. 10D, c).

The amount of root biomass per unit of soil volume was
greatest near the stem and decreased with increasing distance
from the stem, both horizontally and vertically (Table 1). The
influence of land use (path or piled fronds) was unclear. Roots
below the stem were considered deeper than 0.9 m from the
surface. However, in dry land soil oil palm plantations, the
root biomass is lower under the paths along the planting lines
(Corley and Tinker 2003). The quantity of roots per palm is
reduced when the rooting volume is reduced by a corresponding
quantity of concretionary gravel (Tan 1979). On peatland, no

clear difference was found in the root biomass between the path

and the frond-piled sites, in contrast to that found on dry land
soils. Because peat soil is spongy, soil compaction is weak, even
on paths, and any impact on root growth may have been small.

The water content of the roots tended to be low near
the stem (Table 2, shown in italic). The primary roots were
distributed in the soil near the stem, where the water content of
the roots was low (Table 3a). The primary roots were also found
in deeper soil, away from the stem (Table 3a). Secondary roots
appeared to be distributed outside of the primary roots (Table
3b). Tertiary roots were mainly located at a depth of 0.6-0.9 m
below the stem and in shallow peat away from the stem (Table
3c). Tertiary roots, which are important in nutrient and water
absorption, appeared to be more prevalent under the frond-piled
sites than under the paths. Although a clear difference was not
found in root biomass in peat soils, root function appeared to
differ between the paths and the frond-piled sites.

The root biomass of the sampled oil palm was estimated
using the following procedure: the number of roots in the soil at a
depth of 0-0.9 m per unit of land area decreased with increasing
distance from the center of the stem (Fig. 11). This trend is similar
to that observed in dry land soils (Khalid et al 1999a). However,
compared to dry land soils, there were more roots near the stem
and fewer at 2—4 m from the center of the stem.

The average root biomass per unit of land area (kg-m °) (at
a depth of 0-0.9 m in this study) under the paths and frond-piled
sites was then calculated for the following (Fig. 12): (a) a circle

with a radius of r m (0.41 m in this study) that corresponded
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Fig. 10. Patterns of root growth and different root types of the oil palm (Elaeis guineensis)

Table 1. Oil palm (Elaeis guineensis) root biomass (kg m°)

[

I

I___._,_t. e A

Distance from bole edge (m)

Distance from bole edge (m)

Depth 4 3 2 1 Bole 1 2 3 4
(m) Trench?2 (frond piled) Trench1 (path)
0-0.3 0.1 0.2 0.5 1.3 6.4 1.4 0.1 0.1 0.0
0.3-06 0.0 0.1 0.5 1.1 5.2 1.0 0.2 0.1 0.0
0.6-09 0.1 0.0 0.0 0.7 2.3 04 0.2 0.1 0.1

Table 2. Oil palm (Elaeis guineensis) root water content ratio (0.0—1.0)

Distance from bole edge (

m)

Distance from bole edge (m)

Depth 4 3 2 1 Bole 1 2 3 4
(m) Trench?2 (frond piled) Trench1 (path)
0-03 08 0.9 0.8 07 06 06 0.8 0.8 0.8
0.3-06 09 0.8 0.9 0.8 07 07 0.8 0.9 0.9
0.6-09 09 0.9 0.9 0.9 0.8 07 0.9 1.0 0.8

Table 3a. Oil palm (Elaeis guineensis) primary root volume ratio (0.0-1.0)

Distance from bole edge (m)

Distance from bole edge (m)

Depth 4 3 2 1 Bole 1 2 3 4
(m) Trench?2 (frond piled) Trenchl (path)
0-0.3 0.1 0.1 0.0 05 09 09 0.2 0.1 0.3
0.3-0.6 0.1 0.1 0.3 07 09 08 05 0.3 0.3
06-09 0.2 04 05 0.1 0.3 0.3 0.3 05 06

Table 3b. Oil palm (Elaeis guineensis) secondary root volume ratio (0.0-1.0)

Distance from bole edge (m)

Distance from bole edge (m)

Depth 4 3 2 1 Bole 1 2 3 4
(m) Trench2 (frond piled) Trench1 (path)
0-0.3 0.1 0.1 0.2 0.2 0.0 0.1 0.0 05 0.3
0.3-0.6 0.1 0.1 04 0.2 0.0 0.1 06 04 0.3
06-09 07 0.2 0.3 0.3 0.2 0.1 06 04 0.3

Table 3c. Oil palm (Elaeis guineensis) tertiary root volume ratio (0.0-1.0)

Distance from bole edge (m)

Distance from bole edge (m)

Depth 4 3 2 1 Bole 1 2 3 4
(m) Trench?2 (frond piled) Trench1 (path)

0-03 08 09 08 0.3 0.1 0.0 08 04 05

03-06 08 08 0.3 0.1 0.1 0.2 0.3 0.2 0.3

0.6-0.9 0.1 04 0.2 06 05 06 0.1 0.1 0.1
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to the area just below the stem; (b) concentric circles of r —
1 +rm (0.41-1.41 m), including the nearest 1-m trenches to
the stem; (c) concentric circles of 1 +1r—2 +rm (1.41-2.41
m), including the second-nearest 1-m trenches to the stem; (d)
concentric circles of 2 +r — 3 + r m (2.41-3.41 m), including
the third-nearest 1-m trenches to the stem; and (e) concentric
circles of 3 +r — 4 + r m (3.41-4.41 m), including the fourth-
nearest 1-m trenches to the stem. The relationship between the
distance from the center of the stem (x, m) and the cumulative
root biomass (y, kg) in the circle was approximated by a power
equation: y = 95.0600 x**"* (R? = 0.9967) (Eq. 1) (Fig. 13). The

1000

o

£ 100 |[@

[=1]

=

w

g 10 -

£

S

0

5 °

2 l;]
0.1 T T T T

0 1 2 3 a 5

Distance from the center of stem (m)

Fig. 11. Relationship between the distance from the center of
the stem and the root biomass of an oil palm (Elaeis

guineensis)

[, path; @ , frond pile (this study); x, dry land soil

path; A , dry land soil frond pile (drawn by the authors,

using original data from Khalid et al. 1999a, b).
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relationship was statistically significant (P = 0.0001).

By assuming that the sampled oil palm occupied the area
corresponding to the stem basal area of the sampled palm
divided by the sum of the stem basal areas per unit land area,
and the root distribution of the oil palm occupied the same
area of the circle, which was estimated to have a radius of 4.49
m. The root biomass at a radius of 4.49 m estimated using
Eq. 1 was 198.8 kg. Because the root biomass in soil deeper

than 0.9 m was ignored, the root biomass in this study was

underestimated.
250
Yy = 95.0600 x0-4913

£ R?=0.9967
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Fig. 13. Relationship between the distance from the center

of the stem and the cumulative root biomass of an
oil palm (Elaeis guineensis)
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Fig. 12. Root samples used to estimate root biomass per unit of land area
(a) a circle with a radius of r m corresponding to the land just below the stem; (b) concentric circles of r — 1 + r m,
including the nearest 1-m trenches to the stem; (c) concentric circles of 1 +r — 2 + r m, including the second-nearest 1-m
trenches to the stem; (d) concentric circles of 2 +r — 3 + r m, including the third-nearest 1-m trenches to the stem; and ()
concentric circles of 3 +r — 4 + r m, including the fourth-nearest 1-m trenches to the stem.
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4.2 Characteristics of aboveground and belowground
organs of oil palms planted in peat soils

Table 4 presents the characteristics of each organ of the
sampled palm. According to the basal area ratio method (the
sum of the stem basal areas per unit of land area (62.2 m” ha ")
divided by the stem basal area of the sampled palm (0.393 m?)),
was 158.1. The aboveground biomass of the study plantation
was estimated to be 69.1 Mg ha ', and the belowground biomass
was estimated to be 33.8 Mg ha . The root-to-shoot ratio
[belowground/aboveground biomass ratio for the vegetation type
(IPCC 2003)] was 0.49, which is large compared to the values
obtained in other studies (Fig. 14). The highest ratio has been
found in the drier climate of the Ivory Coast, West Africa (0.67)
(Dufrene and Saugier 1989). The value obtained in the present
study was smaller, but was nearly double the values found
for dry land soil stands with rainforest climates in Malaysia,
Indonesia, and Nigeria (Corley et al. 1971, Khalid et al. 1999a,
b, Lamade and Setiyo 1996, Ng et al. 1968, Rees and Tinker
1963). Oil palms cultivated on the tropical peatland appear to
allocate a larger ratio of photosynthetic products to belowground
organs (belowground/aboveground biomass ratio of 0.49) than
those on dry land soils with tropical rainforest climates (0.11—
0.32) (Corley et al. 1971, Khalid et al. 1999; Lamade and Setiyo
1996; Ng et al. 1968, Rees and Tinker 1963).

5. Issues related to the biomass measurements and
the estimation method

5.1 Issues related to the biomass measurements

Stem height is the commonly used predictor variable for
palm mass (Goodman et al. 2013). The inclusion of stem height
as a predictor variable for oil palm biomass may improve the
accuracy of biomass estimates. However, stem height (the
height of the apex of the stem) of oil palm was difficult to
determine non-destructively (2.1). Khalid et al. (1999a) defined
stem height (palm height in the original paper) of oil palm
as the distance from the ground to the base of no. 33 frond.
Thenkabail et al. (2004) defined stem height as the distance
from the ground to the point of the oil palm where the new
rachis was developing within the protection of the established
rachis. Because the definition of stem height of oil palm differed
among the literatures, consistency of the definition is required
when developing allometry equations using stem height as a
parameter. Stem height (height of the apex of the stem) could
be indirectly estimated by determining the relationship between
stem height and other heights that were easily measurable (e.g.,
TH and LLFH). Using TH and LLFH instead of stem height
as additional parameters to DBH will be a practical method of
improving the accuracy of estimating oil palm biomass.

Soil sampling to a depth of 0.9 m was not deep enough for

collecting all of the roots of the sampled oil palm. The roots
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Fig. 14. Root-to-shoot ratios in oil palm (Elaeis guineensis)
stands
O, Dry land soils with a tropical rainforest climate
in Malaysia, Indonesia, and Nigeria (Corley et al.
1971; Khalid et al. 1999a, b; Lamade and Setiyo
1996; Ng et al. 1968; Rees and Tinker 1963); x, dry
land soils with a tropical dry climate in the Ivory
Coast, West Africa (Dufrene and Saugier 1989); @
, peat soils with a tropical rainforest climate (this
study).

Table 4. General characteristics of a destructively
sampled oil palm

Block 105, Sibu,
Sarawak.

Location 2° 8'43.11"N -

111° 55'14.00"E

Date August 2012

Species Elaeis guineensis

Age (y) 12

Stem density (n ha ") 166

DBH (cm) 70.8

Crown diameter (m) 12.6

Lowest living frond height (m) 3.7

Total height (m) 10.14

Biomass (kg palm™")

Leaf 198.6
Pinnae 51.7
Rachis 36.3
Petiole 110.5

Inflorescence 75.0

Stem 163.7

Blowground stem 149

Root 198.8

Aboveground biomass (AGB) 4373

Belowground biomass (BGB) 213.6

Total 650.9

BGB/AGB 0.49
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below the stem were found to be deeper than 0.9 m, although
the planned depth of the water table was 0.5-0.75 m. Root
biomass is large at a depth of 0.2—0.6 m in dry land soils (Taillez
1971). However, root distribution depends on soil type (Chan
1977) and water-table management is important on peatland;
therefore, to ascertain the root-distribution characteristics of
peat soils, the roots should be collected from deeper than 0.9 m

on the basis of the actual root distribution.

5.2 Issues related to the biomass estimation

At present, no published biomass data regarding allometry
equations and root-to-shoot ratios are available for oil palms
cultivated on tropical peatlands. The development of allometry
equations and root-to-shoot ratios that are suitable for oil
palms in peat soils is required because their growth may differ
from those in dry land soils due to the larger belowground
biomass/aboveground biomass ratio in peat soils (Fig. 14). The
destructive sampling method of aboveground and belowground
organs described in this study will help in the estimation of the
biomasses of oil palm plantations on tropical peatlands.

Collecting data from palms older than the one sampled in
this study (12 years old) would provide a fuller picture of oil
palm biomass on peatlands. However, the history of oil palm
cultivation in peat soils is short in Sarawak, and there are only
a small number of plantations that are older than 12 years. Data
collected from older palms would elucidate oil palm biomass
characteristics throughout the entire range of the plants’
economic life, particularly those that will be 20-25 years old in

the future.
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20 fE{K, GEF 1495 A TH S (£ 1), X, BHD
PR U O IERIC BT 2 AN H] - TiTb iz E
TR, ARG, FC X 2 BEARIC K > TIEHiE
DRI THEHT ER BNz, HEINZLED
£HH., KEBEHALTHD, BEARIPE, F (HR
FERR < ). dtBEED & OXBAPESZATIC, HALED & DI
HALSZANICRE LT3, FEBNEDE DITDN T,
2015 4F 2 HIC TR R AR O IR IC F5 i U 72,

TINS5 ORI, TUE TEICHEMEETIZLRT O
REICK > THEAE N, REEEFZIWSE (shibashi
and Saitoh 2004, Ohnishi et al. 2007, 2009, 2011, Saitoh et al.
2001, Yamamoto et al. 2012), {F{KHEE 22 IIFSE (<7
5 2008, KH 5 2008, 0i 2009), #FHEHIC BT % B 5%

%*xﬁ\+mﬂﬁ%ﬁzsﬁ

A
2) FRMER AW AT AL P
3) RS S BFSE AT BE 7 SZ P
4) BB EGRAIRI—T 32— &
5) HRURZE KRG R an B 22w oe R
6) )WL KAV B IR ER B 250 (BT e)

Fm@ SERK 2747 H 24 H

Z T,

VEUT EEEA MHARE, RAARE, GEFHME F

(1l 5 1990, Oi and Furusawa 2008, Kitamura and Ohnishi
2011), TEREZ MW %% (KB 5 2001, 2003, Amano et al.
2004, FHE 2008, 252 5 2015, FFRGIEE 2005, RRGLEES 2002,
Shimoinaba et al. 2004, 2006, Shimoinaba and Oi 2015) 7% &
THRZEHM L TE I, REBEFIIIZE. BHiO
FRHRE 2 RN . (EARES P22 AR A o
HERICKZEMECE L LI, B2V EE %
MRIcITb Nz, TN D DWFZEIC X DR IE. HADK
NIRRT Y F /T 7 < OBV R O f7 A
WKHT 5 b dic, REEHEI= Y FORE. SR
e, (AATEBIEOHEE & EBIMRITIRZ EICBIT 5
VE TS OREBERMRICERAENTE I, LML,
BHEOBEEY:, [ARDOKE. RO 2L ¥
EDMFR I RFAOREN L < H O, HHKES
P TCHR L TWABEEARIE, THIKEHTESEEZXD
N3, ARG INESRESNZEEFOY A M2,
AN OFFEEZ X 2 &2 B VERR LTz,
URORBEBEZ, EARES, MMEEA. WS
Fre HERL. FRPERk. (AE, ERE. HETdH 5, i
EH. WG, M. SLEREHIE . RFR O SRR
BE., &L RHEIcED > MBI X - THTEDR
BREICGIHEINTZEDTH B, TITHNAIEHIEROE D
T. &I EDERWIZGELH 5, £z, HHID
BRI o Fe—ERDOMAR ( FERRT # K024, K067, K068,
K222, K229, K236, & LR E TY025. TY040, TYO042,
TY047. TY057) IZ DWW TI&, PCRIEIC KD Y ik -
D SRY MIZ T DHEIFEDH % » 7z L THRZiER L I
BEIFIZ, DNA T —ZRXR—RAICBHFENTVE LT

* RS EYEIESAE T 921-8836 A4 11ELEF &4 H T RAL 1-308
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Ursus arctos D SRY 115 T D RLEY] (DDBI#AY424666)
EIICKF LI T T4 —xEflio Tiro Tz (EIREY
1,150 HEEE ),

RE, BEHIAEICDOW TR, FZME & #HERME (g
) BT Teh, FRCHEAEIC DWW TR, iz Tn
EOEBONBIDHIE U e DI TERVEEN S E
NTWBGEEND S, ZDIDBEHE L TERSHE
W%, %ﬁflﬁ:@%%&bcci Z DA DSV ERETHHIME AR
BENTVWBREAEH D, HREETHIER. H20iE%
FRDFARIRFENT NS

B E, THEE4/DNAE,. WREOE AV
HHFlgz i A S C LI X D HIE U 7z fF i (Coy and
Garshelis 1992, J/\# « K] 1994) I U T, ROD 5
Table 1. FEHIAI, 1 - FFERPEH A DAY

FRICX D U720 Tl 0 %
I01 : il 11-20 3%, IV @i 21 rxLJ\Lo
[ IEY AN EIn %Y 7N

DI 1-3 0%, 10 3G 4-10 R
Bl 1 Lk A B (A
FIE—HT 2D (Frilis 1996,
NS 1994) | MﬂuuhwE NG ZE Y Lz E
VI T EDIFHRERDERIEZ RV, 3EES LRV
BIEME, 1A U EW=8EE, 3 A LAV,
AR PED & D72 BR < ASARD FERIF], 1 - AP O
BIE10EOTH S,
SHEEARZINT 20, FRAICHz> TE. AR
BT 2 NERFEEHCHE > TV a2, e, ThZzFIH
UCTHRZEFHET BT, SR E 72 A SIS AR kR
B WFFEFT (Forestry and Forest Products Research Institute)
N, TERLTZEARTH B BICOW TRl 2 BEWT %,

W% P, b R
I Il 11 v A gF
(PRI, ) [E54
F A 25 48 120 76 3 0 272
IN=15 AR 18 30 86 99 2 0 235
(2001 ~ 2013) R 0 0 0 0 0 0 0
it 43 78 206 175 5 0 507
xR 1 1 1 0 0 5 8
SEUR AR 0 0 3 4 0 4 11
(2002 ~ 2006) T 0 1 3 0 0 3 7
it 1 2 7 4 0 12 26
F X 0 0 0 2 0 9 11
SRR AR 1 0 0 3 0 2 6
(1996 ~ 2000) R 0 0 0 0 0 2 2
al 1 0 0 5 0 4 19
xR 8 33 62 25 1 1 130
SERIE AR 14 20 40 31 0 1 106
(1991 ~ 2013) N 0 1 3 0 0 0 4
it 22 54 105 56 1 2 240
F X 0 2 1 2 0 0 5
W A 0 0 3 0 0 0 3
(1999 ~ 2006) R 0 0 0 0 0 0 0
al 0 2 4 2 0 0 8
F X 10 5 11 7 0 1 34
IR AR 1 2 12 8 0 2 25
(2004 ~ 2006) ARAA 5 2 2 3 0 4 16
it 16 9 25 18 0 7 75
F A 0 1 11 11 1 2 26
LR AR 1 6 9 12 1 1 30
(2004 ~ 2006) A 0 0 1 0 0 0 1
al 1 7 21 23 2 3 57
xR 11 62 140 40 0 56 309
aFiR AR 6 36 78 16 0 33 169
(1988 ~ 2004) A 1 8 31 8 0 10 58
&t 18 106 249 64 0 99 536
Z 2 0 6 6 1 2 0 15
AR AR 1 0 1 1 0 0 3
(2008 ~ 2009) T 0 0 2 0 0 0 2
it 1 6 9 2 2 0 20
*AEMRPER 0 D 0. T: -3 %, I w5 4-10 ik, IIT i 11-20 8%, TV - i 21 % -
*RBRRE, SEURRE, SR, Wéﬁ'ﬁf‘\ BHERE, B PE OREAITBIPSATIC, STIRRE,
AR PE ORI LT ATIC IR & 11T
* HUERI F@F’fzmemﬁlﬁkiff’ﬁ/\fﬁ%ﬁﬁkWﬁé ncn3
* TORIHEK U728 OOfM, ZxFLIRGE 3 ik, —HIFE | Ak, FKEIRE 3 @kD S 5,

BKR BB 55 14 %3 5, 2015]



Table 2. JEBRFEY X /U V<HEEEAY Ak (FD 1)

The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute

2. BT A L

161

BEAE S  WET  fEA S PER B AE (kg) BEHIE (cm) fifi%&
HRO01 2001 5 E=>dll} Z X 11 52 85
HR002 2001 5 THHHT Z Z il 78 94
HRO004 2001 8 ANETHET Z Z 11 66 87
HRO005 2001 8 ) AR 11 42 77
HR006 2001 9 il Z Z 11 54 80
HRO007 2001 9 il F A 11 95 96
HR008 2001 9 ESEHT AR il 56 75
HR009 2001 11 iUl AR 11 55 80
HRO10 2001 11 il Z A Il (50) 76
HRO11 2001 11 TR AR 11 40 76
HRO12 2001 10 AR AR 11 50 80
HRO13 2001 12 IN=T) Z Z 11 77 88
HRO14 2002 4 Ity Z A I 60 85
HRO15 2002 5 Bkl %+ A 11 60 80
HRO16 2002 5 il Z A I 30 72
HRO17 2002 6 FRINET AR I 34 65 T DH
HRO18 2002 6 TR s I 105 104 T DI
HRO19 2002 6 Gl A A 111 38 73
HR020 2002 7 KEHET * 2 11 82 98
HRO021 2002 7 pacil) FS Il 52 86
HR022 2002 7 AR X Il 55 65
HR023 2002 7 kT F A 11 68 90
HR024 2002 7 E=Slal] 7 A 11 83 107
HR025 2002 8 AT s Il 45 80
HR026 2002 8 FEARRTEAE 1] EZs I 59 100
HRO027 2002 8 AN ET AR 11 54 78
HR028 2002 8 AT 7z 11 75 87
HR029 2002 8 RN AR 111 57 73
HRO030 2002 8 E=S el AR 111 56 83
HRO31 2002 8 E=Sali] 7z I 56 102
HR032 2002 8 E=S (i} F A i 82 87
HRO033 2002 8 E=S el s II 41 71
HRO034 2002 8 ] AT 7 A I 41 79
HR035 2002 8 E=S (i} 7 Z 111 86 98
HRO036 2002 8 freAamT s 1 77 75
HRO037 2002 8 REANT A Il 65 85
HRO038 2002 8 Z]ehy X 111 100 86
HRO039 2002 8 iRl AR II 50 74
HRO040 2002 8 AR s 11 78 80
HR042 2002 8 AR AR 11 48 70
HRO043 2002 9 iRl F A II 55 80
HR044 2002 9 [EIER) F X 11 62 91
HR045 2002 9 E=3[ i} AR 11 42 73
HRO046 2002 9 A AT A A II 65 77
HR047 2002 9 E=S1dll} F A 11 84 97
HR048 2002 9 RHHHT #* A 11 62 90
HR049 2002 9 fEArmT AR 11 27 68
HRO050 2002 9 ] LHT A Il 55 77
HRO51 2002 9 KEANT AR 11 76 81
HR052 2002 9 AR 7 Z 11 88 92
HR053 2002 9 A AT F A 11 74 83
HRO054 2002 10 AR F A 11 95 93
HRO056 2002 10 E 7 Z 11 36 77
HRO057 2002 10 R AT Z Z 11 110 93
HRO58 2002 10 [EE=tx) AR II 80 82
HR059 2002 11 AT PAHT A 1 63 77
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Table 2. [JLEEEY F /U FEEEA) Ak (FD2)

EATES  WEST ¥R HES T PR Fib AE (kg) FHIE (cm) fii%&
HR060 2002 11 HOEHIT = Z Z I 54 74
HRO61 2002 11 BT AR I 37 90
HRO062 2002 11 Iy *+ R I 37 70
HR063 2002 11 [EEER) Z Z I 40 68
HRO64 2002 11 el A Z 11 47 80
HRO065 2002 11 N3] AR I 45 81
HR066 2002 11 AR AR I 47 70
HR067 2003 2 IN=T AR Il 66 85
HR069 2003 5 E=Sdll} FS I 35 81
HRO070 2003 6 F AT * A 11 88 98
HRO71 2003 7 HHM F A 11 70 95
HRO072 2003 7 E=Sdli) FS Il 40 96
HRO073 2003 7 HHEf 7 2 1l 50 85
HRO74 2003 7 PR # Z Il 46 78
HRO75 2003 9 RN ET AR 11 60 65
HRO76 2003 9 HHE 7 A II 33 84
HRO77 2003 9 HHM * X 1l 65 85
HRO078 2003 9 s F X 111 59 80
HRO080 2003 10 Bkl AR 11 29 70
HRO81 2003 12 JIERLIVAN A II 83 98
HR082 2003 12 PERIET F A 1l 55 80
HRO083 2003 12 AT S 11 100 84
HRO084 2003 12 BT A II 80 70
HRO85 2004 2 [EE=D) AR 111 60 74
HRO086 2004 5 el AR I 29 67
HRO087 2004 6 AT AHT 7z I 35 73
HRO88 2004 6 R X 1T 34 74
HRO089 2004 6 E=S ] AR 111 54 93
HR090 2004 7 ] AT 7 A 11 31 69
HR091 2004 7 PRI AR 11 45 73
HR092 2004 7 e[ diil} * 2 11 90 93
HR093 2004 7 fET AT 7 A I 63 81
HR094 2004 7 A AT F A 11 58 80
HR095 2004 7 KEAHT Z 2 il 74 90
HRO096 2004 8 Bkl A Il 60 81
HR097 2004 8 JATFRHT 7 Z I 52 76
HR098 2004 8 ISREhn Z Z 11 61 87
HR099 2004 8 E=>[qi] AR 11 49 75
HR100 2004 8 HHE #* Z 11 59 88
HR101 2004 8 FAR My s 1 94 100
HR102 2004 8 HH Z A II 73 85
HR103 2004 8 E=sal] #* A I 24 67
HR104 2004 8 g AR I 35 74
HR105 2004 8 E=>[i] AR I 27 70
HR106 2004 9 U] AR I 45 74
HR107 2004 9 PR AR 11 59 80
HR108 2004 9 THMM 7 2 11 125 75
HR109 2004 9 FR AT FS 11 78 95
HR110 2004 9 E=> (il F A 11 62 92
HR111 2004 10 LR HET Z Z il 70 80
HR112 2004 10 L K HNT AR I 45 79
HR113 2004 10 HHEH A 11 35 65
HR114 2004 10 LR T F A I 76 86
HR115 2004 10 B HT F 2 II 55 120
HR116 2004 10 ey NG:L) #* A 11 55 86
HR117 2004 10 LR T A v 65 86
HR118 2004 10 LR HET Z Z I 40 70
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The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute

Table 2. JLGURFEY F /U I EFIEAY A b (D 3)

163

EATES WEST  fEA HES T PR Fib AE (kg) FHIE (cm) fii%&
HR119 2004 10 HH F A 11 83 95
HR120 2004 10 ISRt A 11 53 82
HRI121 2004 10 L N HMT Z X II 56 79
HR122 2004 10 LK F A I 38 68
HR123 2004 10 LR MY Z A 11 50 88
HR124 2004 10 L N HNT AR I 27 61
HR125 2004 10 L KT AR 11 68 80
HR126 2004 10 THM AR 11 84 95
HR127 2004 10 HH AR 11 58 80
HR128 2004 10 HHm s 0 12 45
HR129 2004 10 HHM AR 0 15 50
HR130 2004 10 Gkl A I 82 100
HR131 2004 10 LK HHHET AR 11 40 88
HR132 2004 10 LK HINT F A 11 80 82
HR133 2004 10 E=Sldiil} AR 11 67 103
HR134 2004 10 HHT AR 111 50 65
HR135 2004 10 HHM AR 111 48 85
HR136 2004 10 BT AR 1 60 88
HR137 2004 10 =y Niili AR 11 31 78
HR138 2004 10 LT Z & 1l 53 78
HR139 2004 10 LR T A X 11 73 78
HR 140 2004 10 -e=yNEl 7 A 111 83 102
HR141 2004 10 pail] Z Z 1 70 85
HR142 2004 10 LR T A 11 61 70
HR143 2004 10 REHHT AR Il 56 86
HR144 2004 10 BT 7z II 80 97
HR145 2004 11 LR A II 40 80
HR 146 2004 11 E=S ) AR 111 98 90
HR147 2004 11 Ll XA I 55 83
HR148 2004 11 LR 7 Z 111 90 90
HR149 2004 11 E=S[diil} A 0 16 56
HR150 2004 11 -e=yNiil) Z A I 32 65
HR151 2004 11 e[} AR 11 69 90
HR152 2004 11 =y Nl AR 1 80 90
HR153 2004 11 LR T F+ Z I 57 77
HR154 2004 11 E= ] A II 29 80
HR155 2004 10 -e=yNEii] s 11 75 88
HR156 2004 11 E=>[ai] AR I 59 80
HR157 2004 11 LK HNT F* Z I 27 74
HR158 2004 11 E=s i) 7 Z Il 45 90
HR159 2004 11 E=>[4i] F 2 II 70 110
HR160 2004 11 LK HNT AR 11 50 80
HR161 2004 11 THM AR 11 70 75
HR162 2004 11 KAl AR 0 18 59
HR163 2004 11 RHEAHT AR 111 60 88
HR164 2004 11 THHHT 7 Z I\% 86 94
HR165 2004 11 el AR I 40 72
HR166 2004 11 L NN Z A II 39 88
HR167 2004 11 KREANT AR 0 16 56
HR168 2004 11 eS|l F A I 40 67
HR169 2004 11 L= KT AR I 48 70
HR170 2004 11 BT 7z 11 95 100
HR171 2004 11 TR My s 1 125 103
HR172 2005 3 =i AR 11 50 96
HR173 2005 5 s [dVN =110 Z Z 11 77 98
HR174 2005 5 B|d/N=1) A I 25 69
HR175 2005 9 JCILEHT A Il 58 84
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Table 2. [JLEBEEY X /U FHEEEA) Ak (FD4)

EATES  WEST ¥R HES T PR Fib AE (kg) FHIE (cm) fii%&
HR176 2005 11 ==y il ] Z Z I 102 110
HR177 2005 11 INiEhiti Z Z 11 85 90
HR178 2006 4 JR ST F+ Z I 37 70
HR179 2006 4 S| A7N =0 Z Z 11 73 92
HR180 2006 4 = Z A I - -
HR181 2006 5 JR T FS I 36 70
HR182 2006 6 | 7N =110 7 X 11 110 155
HR183 2006 6 JEIL ST AR Il 43 76
HR184 2006 7 BN =i AR 11 41 86
HR185 2006 7 |7 =110 7+ X 11 69 92
HR186 2006 7 o=y Nl Z A I 25 67
HR187 2006 7 R T S I 64 105
HR188 2006 8 o=y Niili) s 0 15 50
HR189 2006 8 LK HINT AR 0 16 56
HR190 2006 8 re=y Nl F 2 11 81 113
HR191 2006 8 bR ST 7 A Il 46 91
HR192 2006 8 -e=y Nl AR 11 35 92
HR193 2006 8 JEIL ST Z A II 88 100
HR194 2006 8 =y NEili FS 11 70 104
HR195 2006 8 JCIER ST AR 111 89 91
HR196 2006 8 e=y Nl F A 11 54 107
HR197 2006 8 -e=y il 7 A 111 70 98
HR198 2006 8 HH A 1l 44 80
HR199 2006 8 JCIL ST Z Z il 73 81
HR200 2006 8 | YN =110 A I 31 59
HR201 2006 8 IN=T5] F* Z 11 70 132
HR202 2006 9 B|d/N =) AR 11 67 92
HR203 2006 9 o=y Nl A il 44 82
HR204 2006 9 ey Nl * Z I 26 71
HR205 2006 9 LR 7 Z il 54 100
HR206 2006 9 LR T AR II 48 89
HR207 2006 9 -e=yNiili) Z+ Z I 34 81
HR208 2006 9 HH AR 111 50 70
HR209 2006 9 |y =10 AR I 31 70
HR210 2006 9 L= KT AR Il 46 81
HR211 2006 9 HHE AR 11 45 80
HR212 2006 9 IN=Ti51 A 11 43 92
HR213 2006 9 HHE F X I 76 100
HR214 2006 9 LR AT # A 11 59 94
HR215 2006 9 LR T A I 34 63
HR216 2006 9 LERKHET AR il 51 72
HR217 2006 9 ey Nai| ] #* A 11 46 85
HR218 2006 9 B|d/N=1) A 11 38 86
HR219 2006 9 JCIL ST Z 2 0 10 47
HR220 2006 9 s |dVN =110 Es 0 10 49
HR221 2006 9 HHEmTER AR II 41 72
HR222 2006 9 [y =110 X R I 44 76
HR223 2006 9 L NN A I 31 90
HR224 2006 9 JCIR T F A 11 82 100
HR225 2006 9 [y =10 s 11 40 74
HR226 2006 9 L= KT AR I 55 80
HR227 2006 9 s [d/N =110 A I 56 80
HR228 2006 9 THMT Z Z 11 70 103
HR229 2006 9 HrH S I 53 74
HR230 2006 9 LN HNT # A 11 65 107
HR231 2006 10 HHMT AR 1I 40 80
HR232 2006 9 JUIL ST AR il 62 90
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The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute

Table 2. JLBGURFEY F /T I REFIEAY A b (ZD5)

165

EATES WEST  fEA HES T PR Fib AE (kg) FHIE (cm) fii%&
HR233 2006 10 LK F A 11 58 9
HR234 2006 10 ISRt A II 38 75
HR235 2006 10 HH #+ R I 51 91
HR236 2006 10 S| A7N = AR 11 55 93
HR237 2006 10 INNEhil AR 11 60 87
HR238 2006 10 T HE FS Il 62 95
HR239 2006 10 | 7N =10 F Z II 56 75
HR240 2006 10 THM AR 11 51 86
HR241 2006 10 HH AR 111 40 85
HR242 2006 10 HHEH s 0 9 48
HR243 2006 10 HHM AR 0 7 45
HR244 2006 10 THMWM 7 2 11 53 97
HR245 2006 10 HHf AR 111 50 83
HR246 2006 10 LK A A 11 40 82
HR247 2006 10 THMM AR Il 67 80
HR248 2006 10 RSN AR 11 52 88
HR249 2006 10 HHEH A A 11 40 72
HR250 2006 10 N Ehi Z X il 76 38
HR251 2006 10 LN HNT AR 0 18 62
HR252 2006 10 L KT AR 11 40 87
HR253 2006 10 e=y Nl A X I 45 95
HR254 2006 10 -e=yNEli FS Il 44 92
HR255 2006 10 HHm AR 111 75 74
HR256 2006 10 JCIR ST xR I 93 104
HR257 2006 10 HH 7 A 1 71 87
HR258 2006 10 |y =110 s II 35 79
HR259 2006 10 =y Nl A I 37 74
HR260 2006 10 THMM A I 42 82
HR261 2006 10 HHm 7 A 11 74 92
HR262 2006 10 JCIR ST AR 111 59 92
HR263 2006 10 JCILSHT * Z 0 18 58
HR264 2006 10 | A7N =110 Z Z 0 17 57
HR265 2006 10 LK F A 1 63 90
HR266 2006 10 |y =10 7 2 II 87 110
HR267 2006 10 L KT A I 39 73
HR268 2006 10 HHEfd A 11 62 91
HR269 2006 10 IS Ehh Z Z 11 53 79
HR270 2006 10 HH A II 76 95
HR271 2006 10 o=y Nt 7z II 46 89
HR272 2006 10 -e=y Nt AR II 35 80
HR273 2006 10 HH AR I 54 84
HR274 2006 10 HHEfh AR 11 55 92
HR275 2006 10 o=y Nl AR 0 13 44
HR276 2006 10 =/ 5] s II 93 94
HR277 2006 10 HHE AR I 49 82
HR278 2006 10 THE 7 Z i 52 88
HR279 2006 10 ey NEli] A X 0 14 50
HR280 2006 10 | dYN =110 A I 34 89
HR281 2006 10 LR HNT AR II 42 86
HR282 2006 10 LR HET A 11 40 70
HR283 2006 10 L= K HNT AR I 48 75
HR284 2006 10 HHf Z Z 11 90 90
HR285 2006 10 JCIL ST A i 56 106
HR286 2006 10 LR HET AR 0 6 37
HR287 2006 10 HHEf Z+ Z i 162 115
HR288 2006 10 LR T AR 11 36 70
HR290 2006 10 RS Z 2 il 74 93
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Table 2. JLGURFEY F /U I BEFIEAY A b (D 6)

EATES  WEST ¥R HES T PR Fib AE (kg) FHIE (cm) fii%&
HR291 2006 10 LR F A I 35 64
HR292 2006 10 AL Bl AR II 49 80
HR293 2006 10 L= N MY AR 111 42 82
HR294 2006 10 S| A7N = 7z 0 12 50
HR295 2006 10 |y =i0 AR 11 42 84
HR296 2006 10 L K HNT AR Il 57 82
HR297 2006 10 HHEfH AR 11 60 84
HR298 2006 10 THMM Z Z I 90 96
HR299 2006 10 HrH FS Il 144 91
HR300 2006 10 LK #+ Z 0 14 42
HR301 2006 10 THMT Z Z il 90 85
HR302 2006 10 LR HET AR 11 39 75
HR303 2006 10 HHEf A I 31 65
HR304 2006 10 HHEMT F Z I 60 85
HR305 2006 10 1N E il 7 2 Il 103 100
HR306 2006 10 L N HNT 7 A Il 53 83
HR307 2006 10 LK F A I 40 70
HR308 2006 10 |/ xR 0 13 50
HR309 2006 10 B[ 7N =110 F R II 89 100
HR310 2006 11 LK F A Il 47 90
HR311 2006 11 LR MY AR 11 53 97
HR312 2006 11 |7 =110 AR 11 62 80
HR313 2006 11 | A7N =110 7 X 0 22 53
HR314 2006 11 JEIL ST AR 11 55 97
HR315 2006 11 LN HNT FS Il 94 102
HR316 2006 11 |7 =110 AR 11 60 97
HR317 2006 11 -e=y Nl AR 11 66 96
HR318 2006 11 s F 2 I 61 95
HR319 2006 11 HHTT A 11 50 75
HR320 2006 11 =/ 4] A 0 18 57
HR321 2006 11 LK T A Il 69 98
HR322 2006 11 -e=yNili 7 A I 72 84
HR323 2006 11 JCI ST Z+ Z I 70 108
HR324 2006 11 s A 1l 57 75
HR325 2006 11 =y il 7 A II 53 81
HR326 2006 11 LK T AR 111 46 80
HR327 2006 11 e=yNEili] s 0 5 43
HR328 2006 11 -e=yNEli) AR 11 52 70
HR329 2006 11 o=y Nl 7 Z 0 14 45
HR330 2006 11 INZT AR 111 60 118
HR331 2006 11 | YN =110 AR 111 83 100
HR332 2007 7 JE T 7 Z I 12 93
HR333 2007 8 INZT 7 Z 111 80 147
HR334 2007 9 o=y Nl A I 31 100
HR335 2007 9 IN=T5] 7 A 11 75 80
HR336 2007 11 |71 7 Z 0 18 59
HR337 2008 5 JCILSHT AR 1 77 82
HR338 2008 5 s |dYN =110 A 0 4 32
HR339 2008 7 | 4/N=l) 7 Z i 48 97
HR340 2008 9 s Z 2 11 83 97
HR341 2008 9 L= K HNT s 11 64 100
HR342 2008 9 IN=156 #* A 11 65 91
HR343 2008 9 THMT Z Z I 78 98
HR344 2008 9 LR HET AR Il 55 91
HR345 2008 10 | A7N =10 A 11 48 86
HR346 2008 10 JN=T) AR 1I 50 85
HR347 2008 11 LR HET Z Z I 66 90
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Table 2. JEBWRFEY X /U F<HEEEAY A~ (FD7)

The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute

167

EATES WEST  fEA HES T PR Fib AE (kg) FHIE (cm) fii%&
HR348 2008 11 LK AR 11 80 86
HR349 2008 11 =i AR 1T 78 85
HR350 2008 11 N=T] #+ Z I 58 80
HR351 2008 11 LK AR I 43 97
HR352 2008 11 LR MY X R I 27 74
HR353 2008 11 L N HNT FS Il 75 94
HR354 2008 11 | 7N =10 AR I 58 89
HR355 2008 11 JEIL ST AR Il 74 98
HR356 2008 11 IN=1f] 7 2 I 55 88
HR357 2008 11 IN=156 7+ X I 45 74
HR358 2008 11 IN=TF AR Il 71 90
HR359 2008 11 IN= 107 7 2 0 20 60
HR360 2008 11 IN=I56] AR 0 19 58
HR361 2008 11 IN=f F Z 0 21 59
HR362 2008 11 L EHT 7 2 il 112 93
HR363 2008 11 INEI5] AR II 68 62
HR364 2008 11 ==y iU} # Z II 57 78
HR365 2008 12 |7 =i AR 111 95 88
HR366 2008 12 |7 =110 AR 111 80 90
HR367 2008 12 L KT 7 Z 0 22 52
HR368 2008 12 e=y Nl S 0 24 54
HR369 2008 12 LN HNT AR 0 20 53
HR370 2008 11 IN=156] s I 65 80
HR371 2008 12 -e=y Nl S Il 70 78
HR372 2008 12 e=yNEli AR 111 60 72
HR373 2008 12 -e=y Nl AR 11 69 77
HR374 2008 12 =/ ] FZS I 52 -
HR375 2009 6 JEILSHT AR Il 50 85
HR376 2009 7 |y =110 7 A 11 25 70
HR377 2010 1 o=y Nl A 111 61 81
HR378 2010 1 o=y Nl F 2 0 28 62
HR379 2010 5 IN=13] 7 A II 34 82
HR380 2010 5 INZTf Z Z 1l 80 92
HR381 2010 6 ey Nl A I 20 62
HR382 2010 6 =y il 7 A I 20 68
HR383 2010 6 LK HNT AR 111 38 82
HR384 2010 7 NN Ehih Z Z I 24 65
HR385 2010 8 -e=y Nl A 1 92 90
HR386 2010 8 o=y Niili] A I 52 80
HR387 2010 8 B|d/N= A 11 64 79
HR388 2010 8 | YN =110 s 1 71 91
HR389 2010 8 s [d7N =100 7z II 50 87
HR390 2010 8 ==y NEi ] A 11 48 85
HR391 2010 8 JCILSHT F A 11 84 87
HR392 2010 7 = A 11 85 92
HR393 2010 8 S|d/N=) 7 Z i 95 93
HR394 2010 8 JE A 11 49 84
HR395 2010 9 IN=15 Z A Il 64 80
HR396 2010 9 LR HET F Z 11 100 92
HR397 2010 9 [y =10 A 11 40 71
HR398 2010 9 L= K HNT AR 11 71 91
HR399 2010 9 LK HET AR I 25 62
HR400 2010 9 JCIR ST AR 11 70 97
HR401 2010 9 LR HET AR Il 38 72
HR402 2010 9 | 7N =10 * Z 11 78 73
HR403 2010 9 JEIL ST AR 11 48 79
HR404 2010 9 LERKHET 7 2 I 54 92
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Table 2. JLBURFEY F /U I BEFIEAY A b (D 8)

EATES  WEST ¥R HES T PR Fib AE (kg) FHIE (cm) fii%&
HR405 2010 9 LR F A I 34 72
HR406 2010 9 AL Bl AR Il 48 79
HR407 2010 9 HH AR 11 60 70
HR408 2010 9 LT # A 11 65 95
HR409 2010 9 LR MY F A I 20 60
HR410 2010 9 JR T AR I 34 115
HR411 2010 9 LK #* A I 22 56
HR412 2010 9 LR HMT AR 11 44 71
HR413 2010 9 HH AR I 27 77
HR414 2010 9 T AR Il 46 77
HR415 2010 9 JCIL ST F X II 82 104
HR416 2010 9 LR SHT 7 2 il 42 86
HR417 2010 9 RSN AR 111 69 80
HR418 2010 9 ZrE T F A I 35 67
HR419 2010 9 IN=Tf 7 2 v 77 86
HR420 2010 10 |7 =110 AR II 76 91
HR421 2010 10 JCIL ST * X I 25 61
HR422 2010 10 s F 2 0 10 43
HR423 2010 10 HHTd 7 A 0 12 44
HR424 2010 10 HEm s Il 72 110
HR425 2010 10 IN=155] F X I 45 118
HR426 2010 10 -e=yNEl FS Il 61 87
HR427 2010 10 LK HINT F A 1l 35 74
HR428 2010 10 THW AR 1 46 106
HR429 2010 10 |7 =110 S 11 113 92
HR430 2010 10 LR SN AR I 75 78
HR431 2010 10 =y Nl S Il 74 80
HR432 2010 10 LK HHHT F 2 111 72 82
HR433 2010 10 Ry A2 111 60 80
HR434 2010 10 JCIER ST A I 33 72
HR435 2010 10 JCILSHT A 111 89 90
HR436 2010 10 -e=yNiili) AR II 48 77
HR437 2010 10 LK AR 1 47 80
HR438 2010 10 IN=Ti5] AR 11 90 90
HR439 2010 10 HHH 7 A II 67 85
HR440 2010 10 LK HNT AR 1 33 86
HR441 2010 10 IN=Ti5] Z Z 1 100 86
HR442 2010 10 IN=IG] A 1 75 90
HR443 2010 11 o=y atinil 7z II 100 103
HR444 2010 11 THW Z Z 111 103 110
HR445 2010 11 o=y Nl Z 2 il 52 78
HR446 2010 11 IN=T5] F Z 11 85 93
HR447 2010 11 LR A II 43 83
HR448 2010 11 o=y Nl A 0 12 42
HR449 2010 11 | 7N =110 A v 80 90
HR450 2010 11 TH AR 11 55 72
HR451 2010 11 ey NEli] F A II 68 83
HR452 2010 11 s |dVN =110 Z+ Z I 55 77
HR453 2010 11 LT AR 11 48 74
HR454 2010 11 [y =110 S 11 98 102
HR455 2010 11 L K HNT X 0 10 49
HR456 2010 11 HHTfh 7 Z I 43 64
HR457 2010 11 JCIL ST A 0 17 51
HR458 2010 11 | VN =111 AR 1 54 82
HR459 2010 11 LK HET AR 1 50 83
HR460 2010 11 ZrEE T AR 11 78 78
HR461 2010 11 THMM A 11 41 84
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The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute

Table 2. JLGURFEY F /U I EFIEAY A b (£D9)
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EATES WEST  fEA HES T PR Fib AE (kg) FHIE (cm) fii%&
HR462 2010 11 HHM AR 11 47 79
HR463 2010 11 LR MY AR II 55 91
HR464 2010 11 N=T Z X II 110 100
HR465 2010 11 HHET Z Z Il 65 97
HR466 2010 11 LR MY F A v 95 113
HR467 2010 11 N=T] AR Il 51 72
HR468 2010 11 LK HMT # A 111 97 87
HR469 2010 11 =X AR Il (60) (120)
HR470 2010 11 RS AR 1I - -
HR471 2010 11 IN=156 * Z Il 70 80
HR472 2010 11 HHmT F Z 1l 64 66
HR473 2010 12 LR HET 7 2 11 65 90
HR474 2010 12 HH A 11 - -
HR475 2011 4 L KT # A 0 7 40
HR476 2011 7 e F Z 11 54 97
HR477 2011 5 BN =i AR 111 75 102
HR478 2011 9 LT A 0 20 64
HR479 2011 9 JCIL ST F Z il 57 84
HR480 2011 11 UL EHT AR 11 50 90
HR481 2011 11 IN=T) * A 111 91 75
HR482 2011 12 =/ 4] AR I 45 80
HR483 2011 11 bR ST Z A II 85 100
HR484 2011 12 |7 =110 AR 111 91 89
HR485 2011 12 JCI ST AR 1 71 95
HR486 2011 12 |7 =i xR 0 25 59
HR487 2011 12 IN=Ti) * A II 51 68
HR488 2011 12 IN=156] AR 1l 50 86
HR489 2012 6 THEEMT * X Il - 81
HR490 2012 8 AL ST AR 11 54 84
HR491 2012 8 o=y Nl s II 58 80
HR492 2012 8 -e=y Nl s 1 58 78
HR493 2012 8 e=yNEli 7 A II 58 81
HR494 2012 9 o=y Nl AR 11 38 78
HR495 2012 9 -e=y Nl FZS 0 9 46
HR496 2012 9 THWM A 111 56 78
HR497 2012 9 o=y Nili) AR 111 53 80
HR498 2012 9 JCIE ST A 0 10 44
HR499 2012 9 LK HHET A 1T 38 73
HR500 2012 9 L KT AR 11 51 76
HR501 2012 9 HHM A 1l 27 62
HR502 2012 9 HHm A2 11 47 83
HR503 2013 9 JCIES ST 7+ Z 1l 51 79
HR504 2013 9 THW AR 11 66 79
HR505 2013 10 JCILSHT * 2 11 57 82
HR506 2013 10 | 7N 7 A II 90 106
HR507 2013 11 HHE A 11 83 84
HR508 2013 11 LK T Z Z i 58 84
HR509 2013 11 | YN =110 7 A II 75 9]
HR510 2013 11 o=y Nl s I 100 90
HRS511 2013 11 [dVN =100 A II 65 85
HR512 2013 12 =i FZs I 125 79
HR513 2014 1 JCL ST % 2 11 200 107

RRLIE DTS i SR ND)

*RE, AR ORINE S HEEME, - - A
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Table 3. SHURFEY F /) U V< EHEEAY X b

OI, T. et al.

AT S fEY  Hi¥A ST PER]  FEnPEk  HEOERE kg BERE (m) i
TTO17 2002 8 FA R F X II 67 121
TTO19 2002 8 J\BHHT AR 111 60 110
TT024 2002 J\HHEAR - I -
TT025 2002 J\BHER I
TT032 2001 - e - II
TT033 2003 8 iy e T AR il
TT034 2003 12 FH T A I -

TT039 2004 10 FiR BAl T AR il 30 -
TT040 2004 9 [ HT AR 111 - 122
TT042 2004 10 Fi R T AR 11 40
TT043 2004 10 FiR Bal T Z X 0 25 -
TT046 2004 10 ARSI AR 11 30 103
TT055 2004 10 FiR e T AR I -
TT057 2004 10 BB - I
TT059 2004 12 H r iy * A
TT060 2005 9 S T * Z
TTO61 2006 9 - F A
TT062 - 10 - - -
TT063 2006 10 pay Al AR -
TT064 2006 11 pav Al AR -
TT065 2006 11 pay A 7 2 -
TT066 2006 11 ANz AR -
TT067 2006 11 pay AUl AR -
TT068 2006 11 Py i) 7 2 -
TT069 2006 12 FH T - - A
TT070 2006 - HE - RS T

* TR, fESRFOE D

*pRE, BEIREOFINE S 3HEEM, - @ T~

Table 4. SRR Y F /) U REFEAD X b

RES  ETE HEA e TR ERMER A (kg)  TEIE (cm) fii%&

HO001 - - - - - - -
H002 - - - - - -
H003 1996 7 R e T Z Z - - -
HO005 1996 11 FOEH LK F+ Z - 91 -
H006 1996 11 Hof it T s - - -
H007 1996 11 J\JEEMT F A - 87
HO008 1996 11 J\JEEHT F A - 90
H009 1996 12 A e T Z A -
HO10 1997 9 Hifah XA -
HO11 1998 6 TR T F A - (50)
HO12 1998 10 J\JEEHT S -
HO13 1998 10 T F Z (100)
HO14 1998 9 eyl AR - (40)
HO15 1998 9 Esya1li] A 0 (12)
HO16 2000 7 T-FeEHT F* Z 11 62 78
HO17 2000 10 T F A 11 60 120
HO18 2000 10 BE T A 11 60 120
HO19 2000 10 WY AR 111 40 103
H020 2000 10 L) A 11 45 100

*THTA AL, SRR & D

* A, BHAREOFINE E 3 HEE . - 1 A
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Table 5. FESHFFEY F /T R BEEEARY A (Z2D 1)

The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute
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EAES HIEE  HEA HIES T PR FEEmbER AE (kg EFE (cm) fifi%=
K001 1991 6 ALY S 11 40 80
K002 1991 6 preldil 7 X I 40 95
K004 1991 8 AL FS I 48 120
K005 1991 8 EHILTT S 11 68 140
K006 1991 9 L AR Il 50 120
K007 1991 9 REFHT AR 11 80 160
K008 1991 10 HET AR Il 45 160
K009 1991 11 AFEYEMT F A I (40) 100
K011 1992 7 Sy AR Il 50 80
K012 1992 7 P NEFHT AR 11 - -
K013 1992 7 ESINiy AR Il 50 110
K014 1992 - Ly A I 35 105
K015 1992 7 jrelali] 7 2 I 28 100
K016 1992 8 AGEYEHT 7z I 40 105
K017 1992 8 AGEIEMT F A I 40 100
K018 1992 8 &Ly % 2 II 60 120
K019 1992 8 AT 7 Z Il 70 116
K020 1992 8 AGEIEMT AR I 50 100
K021 1992 8 ZE =l 7 A I 90 113
K022 1992 9 NGEEHT F* Z 11 110 130
K023 1992 9 ST AR 111 70 100
K024 1992 9 e AR 0 15 -
K025 1992 9 Z €=l A 11 60 100
K027 1992 10 ST AR 111 49 125
K029 1994 3 FE Ly A X 0 - -
K030 1994 3 Ly A 11 - -
K031 1994 5 hnfmy A Il - -
K032 1994 7 TUEHT Z 2 Il - -
K033 1994 8 NFERMT A 11 - -
K034 1994 8 KRYLHT AR Il - -
K035 1994 8 HUERT Z Z I - -
K036 1994 8 HUEHT X II - -
K037 1994 8 AT AR I - -
K038 1994 8 ATEUEHT 7 Z I - -
K039 1994 8 AL s I - -
K040 1994 9 jrsldll} AR 1l - -
K041 1994 9 AFEUEHT 7 Z I - -
K042 1994 9 FELly AR 111 - -
K043 1994 9 KRYLHT A 1 - -
K044 1994 9 f=2e ) 7 Z I - -
K045 1994 9 fzeei) % Z Il - -
K046 1995 7 Rl A I - -
K047 1995 8 LU F A I - -
K048 1995 7 BN Z 2 I - -
K049 1995 7 ESINL) *+ Z I - -
K050 1995 8 SAEHT F A I - -
K051 1995 7 ESINiN Z A Il - -
K052 1995 7 ESJuNL) A I - -
K053 1995 7 SACHT # A I - -
K054 1995 8 SEHT F A - - -
K055 1995 8 ey S Il - -
K056 1995 - KYLHT - 11 - -
K057 1995 9 ey S I - -
K058 1995 9 Ly A Il - -
K059 1995 9 (LT A I . .
K060 1995 11 HET 7 A I - -
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Table 5. FLESHFFEY F /T T RBEEEARY A+ (ZD 2)

EAES HIEE  HEA HIES T PR FEEmbER AE (kg EFE (cm) fifi%=
K061 1995 11 eIy S I - -
K062 1996 8 PEEG T 7 2 0 - -
K063 1996 7 &Ly FS 1l - -
K064 1996 7 ESINiy S I - -
K065 1996 8 s AR I - -
K066 1996 8 g LT 7 A 11 - -
K067 1996 8 e il AR 0 - -
K068 1996 8 s A2 0 - -
K069 1996 8 T A Il - -
K070 1996 8 KYLHT * A I - -
K071 1996 8 AFEYEHT Z Z I - -
K072 1996 8 BT F 2 I - -
K073 1996 9 T * Z I - -
K074 1996 9 F%nmT 7 A I - -
K075 1996 10 wEHEIL A | - -
K076 1996 10 fEHLTE AR 111 - -
K077 1996 10 g Lyiy F Z 0 - -
K078 1996 11 wEHEL s 111 - -
K079 1996 11 fEHLTE A Il - -
K080 1996 11 FE Ly AR Il - -
K082 1997 6 el i) F+ A I (31 118
K083 1997 6 g Ly F 2 Il (85) 125
K084 1997 8 T A 11 60 140
K085 1997 8 HEET Z Z 1 40 110
K086 1997 9 g Ly Z Z 0 ) 69
K089 1997 8 HALHT AR 1 (45) 110
K090 1998 6 Ly AR 111 49 111
K091 1998 7 FELmy A I (30) 83
K092 1998 7 FE Ly F A II (70) 125
K093 1998 7 g LT AR I (45) 102
K094 1998 7 LT F A 1T (70) 111
K095 1998 8 = AR 11 80 128
K096 1998 9 LT AR 1 (45) 90
K097 1998 9 HUERT A I 28 109
K098 1998 9 NGEENT Z 2 II 50 120
K099 1998 9 el 7 Z II 32 108
K100 1998 9 TRNETHT AR I (70) 100
K101 1998 8 | LT AR 11 (75) 110
K102 1998 9 FE Ly A I 25 96
K106 1998 9 AFEUEHT A Il 50 110
K107 1998 10 fEANLT AR 11 57 120
K108 1998 9 [ZeE ] 7z II 60 130
K109 1998 10 g LT AR I 60 120
K110 1998 10 [Z8E 0] A A II 65 110
K111 1998 10 (e F A Il (110) 140
K112 1998 10 g Ly s 0 15 83
K113 1998 10 KT A 11 60 120
K115 1998 10 - AR I (45) 91
K116 1998 10 wEHEL AR 11 68 125
K117 1998 10 P 1[H] Z A I 110 170
K118 1998 10 T AR I 50 120
K119 1998 11 HET s Il 120 120
K120 1998 10 s #+ Z I 120 130
K121 1998 11 R A 11 79 120
K122 1998 11 KYLHT A I 37 110
K124 1998 11 Lageallg F A 11 (100) 130
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Table 5. BLESHFREY F /T U RBEEEARY A+ (ZD 3)

The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute
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EARS HIEE HiEA iR PR ERBERR R (kg)  BEIRE (cm) fii#
K125 1998 11 wEHEnL AR Il 42 110
K126 1998 11 wHIL %+ A 0 13 75
K127 1998 11 (=850 - 0 5 70
K128 1998 11 REFHT AR 11 (50) 140
K129 1998 11 ST # A Il (85) 120
K130 1998 11 hnfdmT 7 2 Il 60 100
K131 1998 11 HORHT F A II 50 110
K132 1999 3 Ly AR I (30) 80
K133 1999 3 ESTNl} AR 0 (5) 40
K134 1999 3 = LHT AR 0 (5) 40
K135 1999 5 fEEBT # A I (30) 90
K136 1999 6 SPER [T AR II (50) 100
K137 1999 6 P[] Z A 0 (25) 80
K138 1999 6 S5 ) 1T F A II (110) 140
K139 1999 6 FELHT #+ X i (100) 135
K140 1999 6 FELy A A I (50) 102
K141 1999 6 AT AR 11 (50) 100
K142 1999 6 T AR I (40) 110
K143 1999 7 FELmy A A Il (60) 98
K144 1999 7 Ly # A Il (33) 90
K145 1999 7 FELLmT # A Il (30) 90
K146 1999 7 | LT * A i (50) 100
K147 1999 8 pre[dli] AR I (30) 60
K148 1999 9 Ly AR I (60) 100
K149 1999 9 FE Ly s I 16 72
K150 1999 10 ST AR 11 (60) 125
K151 1999 10 AFEYEMT AR I (60) 110
K152 1999 10 AFEEMT 7 A I (40) (70)
K153 1999 10 s AR 111 (10 -
K154 1999 11 HE 7+ A I (40) 100
K155 2000 4 &Ly F A il (60) 115
K156 2000 4 SHEETH FS 11 (80) 145
K157 2000 5 fEEs A I (50) 140
K158 1998 7 S FS I 41 108
K159 1998 7 FE Ly F Il 60 130
K160 1998 7 (LT Z Z 1l 71 125
K161 2000 7 AFHEMT - I (60) 100
K162 2000 8 il F 2 111 (75) 130
K163 2000 9 g LT Z Z 11 90 135
K164 2000 10 &Ly AR I (40) 85
K165 2000 10 3 0Tl F A 11 68 167
K166 2000 10 ZE=N) 7z 11 79 100
K167 2000 10 iAoy A Il 90 130
K168 2000 10 | LiHT AR 111 (100) 120
K169 2000 10 P17 AR 1l (75) 100
K170 2000 11 TS AR | (40) 70
K171 2000 11 KALHT AR 0 13 75
K172 2000 11 fEHLTT FS II 65 130
K173 2001 5 BT %+ R Il 50 145
K174 2001 5 FELLmT A I (40) 90
K175 2001 7 (LT Z A I (30) 130
K176 2001 7 ST F A 0 - -
K177 2001 7 2Ly AR I (45) 120
K178 2001 7 FE Ly A 11 50 110
K179 2001 9 (LT - I (30) 90
K180 2001 9 BT AR I 31 70
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Table 5. FESHFFEY F /T U RBEEEARY A+ (ZD 4)

EAES HIEE  HEA HIES T PR FEEmbER AE (kg EFE (cm) fifi%=
K181 2001 9 preldli] S I (40) 100
K182 2001 10 - F A I (20) 100
K183 2002 5 pani] 7+ 2 I 30 113
K184 2002 6 fExEnL AR Il 34 119
K185 2002 9 s AR 11 - -
K186 2002 9 gzl A 0 10 60
K187 2002 11 LT AR 11 43 112
K188 2003 5 eIy F+ Z I 80 110
K189 2003 7 FE Ly s I (40) 35
K190 2003 11 HET AR 11 (60) 120
K191 2003 12 ST # Z 11 159 -
K192 2004 5 HCHET * 2 I 48 92
K193 2004 7 SHEETH IR II 80 128
K194 2004 7 HET S 11 80-85 150
K195 2004 8 HUCHET XA Il (60) 115
K196 2004 8 jrelali] A I (50) 118
K197 2004 10 LT F A il (60) 110
K198 2004 10 LT A 111 (120) 130
K199 2004 10 PG AR Il 64 -
K200 2004 10 (LT AR 11 50 100
K201 2004 10 ST A 111 45 -
K202 2004 10 Mg F A Il 130 135
K203 2004 11 FE Ly - Il - -
K204 2004 11 FIRH AT AR 0 8 71
K205 2004 11 &Ly AR I 40 -
K206 2004 12 =Sty AR 0 6 60
K207 2004 10 eIy AR 11 50 -
K216 2006 6 HET F A I (25) 110
K217 2006 8 sUEAAENT XX I 45 120
K218 2006 8 T AR I (50) 120
K219 2006 9 T Z A 111 79 130
K220 2006 10 FH&h 7 A 111 103 95
K221 2006 10 [Eap Rt AR I 41 70
K222 2006 11 gl * X 0 - -
K223 2007 5 T FS Il 90 120 AR
K224 2007 7 el AR 0 10 70
K225 2007 7 s F X I 40 110
K226 2007 8 AT 7 A Il 55 122
K227 2008 8 et 7z 11 60 120
K228 2008 9 HET AR il 50 119
K229 2008 9 T Z A 111 85 135
K230 2008 10 FHRIEBIRESERN X R I - -
K231 2008 11 wEHEL AR I 63 122
K232 2008 11 BT F 2 I\% 112 138
K233 2008 11 EHLT A - - -
K236 2010 7 FaFt S I (50) (100)
K240 2010 8 P& F 2 il 48 75
K241 2010 9 SxEagly F 11 76 129
K242 2010 9 EHEnL 7 X Il 62 77
K243 2010 9 wEHRIL 7 X 11 91 81
K244 2010 9 AL FS Il 41 70
K245 2010 9 BT s Il 64 80
K246 2010 9 RaFt F A 11 76 92
K247 2010 9 hnsdmy AR 11 48 113
K248 2011 6 [RZERNIf] AR I 33 66
K249 2011 7 [EpRNf A A 11 41 73
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Table 5. FLESIFFEY F /T U RBEEEARY A+ (Z2D 5)

The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute
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EAES HIEE  HEA HIES T PR FEEmbER AE (kg EFE (cm) fifi%=
K250 2011 10 ST AR 0 15 49
K251 2011 10 PEEGTH AR 11 54 73
K252 2012 8 LUPHETT 7 A Il 49 78
K253 2012 9 HHERS: 7 X Il 49 72
K254 2012 9 5.3EynT F A Il 65 136
K255 2013 7 HPHE&T Z A 111 89 144
K256 2013 8 JrOREE ) 7+ X I 30 64
K257 2013 8 5.3y F A Il 87 140
K258 2013 8 T A il 40 71
K259 2013 9 HET * A 11 84 82
K260 2013 9 HE F A 11 53 75
K261 2013 10 5T F A 11 83 130
K262 2013 10 SPHET AR 111 73 82
K263 2013 11 JrOREE- ) F A 11 121 92
K264 2013 11 5T A X 0 19 50
K265 2013 12 ey kol AR 111 67 -

* TR A, LR & D

*RE, IR ORINE S 3HEEE, - - AP
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Table 6. WRERFEY F /) T < EHEEAY X b

OI, T. et al.

EATS HEE HEA HHIES AT PR EERRERR RE kg)  FEAFE (ecm) fifi%&
SG003 1999 7 FIARKS A 1l 40 100
SG004 2000 6 FiARKS A 1I 25 -
SG005 2000 11 (LERHT F X I 18 -
SG010 2004 10 LA A II 41 -
SGO11 2004 11 Il 7 Z 1 49 -
SG026 2004 10 K % 2 111 100 -
SG035 2004 11 PHEHHHT Z 2 11 53 76
SG048 2006 6 FiARKS 7 Z I -
AT, RSO S O
* (R, FNEOREINE 2 IIHEEM, - @ T~
Table 7. ZRRIBEB XU =FEREY F /U VBEEEARY X
AT S T e e T PRI FinPEk AE (kg BERE (m) fifi%&
NO009 REE - - 85 -
NO10 BRI - - 85
NO11 HEIE - - 9]
MO001 — - - -

*RE, BHIFEORINE S 3HEEE, - - A
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The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute

Table 8. fBHIRFEY /) U V<EEEAY Ak (FD 1)

177

BAES WEE  WEA ST PR AFRBER A (kg) BEIRE (cm) fii#
F001 1991 6 A 7 Z Il 70 129
F002 1991 7 RS Z 2 I 34 108
F003 1992 6 R *+ Z II 46 124
F004 1992 9 AT A - 29 112
F005 - - - - - - -
F006 1996 2 - - - - -
F007 1997 9 LR Z Z - 50 145
F008 1997 1 - - - -

F009 2001 6 S HFERS Z 2 11 36 119
F010 2004 11 /N A 11 - -
FO11 2004 11 SN * Z 0 . B}
F012 2004 11 /INEETH F A 0 - -
F013 2004 10 WL A I (50) 110 EIER oD
FO14 2004 11 4 FERT AR I - -
FO015 2004 10 FLRE MY F A 11 (90) 140
Fo0l6 2004 11 /N - 0 - -
FO017 2004 11 /N - 11 - -
F018 2004 11 WL F 2 11 (100) 150
F019 2004 11 =51 F A 11 (80) 120
F020 2004 11 4 HERT A II (50) 130
F021 2004 11 fEF F+ A i (120) -
F022 - - AN - I - -
F023 2004 11 /N AR 11 - -
F024 2004 11 NG - 0 - -
F025 - - /N - I - -
F026 2004 10 REFT 7z I (90) 145
F027 - - - - - - -
F028 2006 6 EH * 2 I 45 108
F029 2006 6 R A - 35 95
F030 2006 7 BBVLHT Z A I - -
F031 2006 9 e F A II 60 100
F032 2006 9 T Z+ Z Il 78 142
F033 2006 9 EH A il 52 131
F034 2006 9 EH Z+ Z 0 11 71
F035 2006 9 fEH Z Z 0 9 74
F036 2006 9 fEH 7z il 45 120
F037 2006 9 TSR Z Z I 46 110
F038 2006 9 KA AR II 40 90
F039 2006 9 A 7z 0 10 60
F040 2006 10 G Z Z 111 120 115
F041 2006 10 kT A 111 46 120
F042 2006 10 fEFH Z Z 11 70 120
F043 - - - - Il - -
F048 2006 10 TRESFHT AR 0 4 66
F049 2006 10 REFh Z A 11 90 120
F050 2006 10 KEFh A 11 60 110
F051 2006 10 KEFThi F A I 60 110
F052 2006 10 T A Il 50 115
F053 2006 10 EH F & 111 15 75
F054 2006 10 EH A il 15 75
F055 2006 10 fEHh AR I 45 105
F056 2006 10 R BRTIT A II 45 115
F057 2006 10 [EEp il s II 85 140
F058 2006 10 IRESFHT # A 0 (10) 70
F059 2006 10 TRPSEHT AR I 60 130
F060 2006 10 G A i 39 113
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Table 8. fBHIRFEY &+ /U V< EEEAY Ak (FD2)

BEAEKS RS HiEA T PER FEBER RE (kg) BHIHE (cm) 1%
F061 - - R AGHET - I - -
F062 2006 10 VT #+ A 0 17 72
F063 2006 10 R BRI A II (55) 120
FO64 2006 10 rE gl - 0 (10) 65
F065 2006 10 R AR 11 (55) 120
F066 2006 10 P BRI 7z I (50) 112
F067 2006 11 FaBAGHT A X 1T (60) 120
F069 2006 11 G *+ & II 89 130
F070 2006 11 [ AR 11 45 118
F071 2006 11 Ra G F A 0 (20) 80
F072 2006 11 25l AR 11 (60) 110
F073 2006 11 BT Z Z 0 (10) 65
F074 2006 11 G AR 111 37 115
F075 - - fEH - 11 - -
F076 - - ACESFHT - 0 - -
F077 2006 11 eI - 0 15 60
F078 2006 11 fEH AR Il (50) 100
F079 2006 11 fEFH F Z 0 (15) 70
F081 - - - 11 - -

*TETA AR, LR D E D
*REH, BIREORINE Z 3HEEE, - @ A
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The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by
Forestry and Forest Products Research Institute

Table 9. B ILEMEY F /T 7 EHEEAD A

179

EARE  HEE  EA R R FERPER AE (kg)  FHME (cm) %
TYO001 2004 9 FEEHT A2 I - -
TY002 2004 10 fEemy AR I (75) -
TY003 2004 10 WwIH A2 v 65 110 AR
TY004 2004 10 Al 7 A 11 - -
TY005 2004 10 T 7 2 111 85 -
TY007 2004 10 ST LT xR il - -
TY009 2004 11 Dok HT AR m - -
TY010 2004 11 Al Z A v - -
TYO11 2004 11 T Z A 11 - -
TYO12 2004 11 Yy A2 I 79 125
TYO15 2004 4 FARETH A2 11 - -
TY016 2005 11 FAERETT Z X 111 - - AT FED FH
TY017 2005 12 sl A X I 50 -
TYO18 2005 12 JEEREi] A2 I 35 124
TY019 2005 12 FAWE T 7+ 2 Il - -
TY020 2005 11 mat T AR 11 81 -
TY021 2005 12 matTH A X I 38 100
TY024 2006 5 il AR i (50)
TY025 2006 4 FAbGTH XA I 125 148
TY029 2006 8 FER T FS I 92 104
TY030 2006 9 FE T 7+ A 11 93 132
TYO031 2006 9 FEMETH AR 11 71 125
TYO032 2006 9 FAMATH A2 11 72 126
TY033 2006 10 R T AR I 60 120
TY034 2006 10 FEl T AR I 50 115
TYO035 2006 10 FEMITH - I - -
TY036 2006 10 =(1n6 7 A 11 56 120
TY037 2006 10 Eilrh 7 2 - 84 140
TY038 2006 10 il A Z 1l 55 95
TY039 2006 10 E=(1n F 2 1I 75 135
TY040 2006 10 SHE T A 11 100 130
TY041 2006 10 ={1InH Z A I 45 100
TY042 2006 10 sl AR 35 80
TY043 2006 10 STLLHT xR I 80 120
TY044 2006 10 E=(In 7+ A - 40 110
TY045 2006 11 =N AR 111 80 130
TY046 2006 10 S E T AR 11 85 125
TY047 2006 10 STLLHT F A 11 85 117
TY048 2006 10 =(In A2 11 45 118
TY049 2006 10 A7 LLIT 7+ A 111 100 120
TY050 2006 11 =i A X 11 62 110
TYO051 2006 10 =il A X 111 80 130
TY052 2005 10 EAENT 7 2 11 100 147
TY053 2006 10 EEIEL) 7 2 111 150 145
TY054 2006 10 CEIEL) 7 A 11 150 154
TY055 2006 11 i 7+ A I 110 145
TY057 2006 9 faETH A X - 80 143
TY058 2006 10 EEIEL) A 11 80 116
TY070 2006 9 GH AT A 11 60 125 THEDH
TY071 2006 10 =i 7 A Il 55 120 TEHD I
TY072 2006 10 FHE T A2 I 80 130 TEED M
TY073 2006 10 g HHT A2 111 70 130 THDOH
TY074 2006 10 A7 Y 7 A 111 80 110 TEHDH
TYO075 2006 10 A7 Ly 7 A II 80 130 NEHD I
TY076 2006 10 A7 LLHT 7 A II 90 130 D I
TYO078 2006 10 A7 LT A X 11 70 120 NEHD F
TYO081 2006 10 A7 LT xR 11 100 120

TR AL, YOS O

*RE, BIREORINE S 3HEEE, - 0 A
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Table 10. A FREYF ) T FEBEA) XA+ (F0D 1)

BAES HEFE  HEH g5 PR RS AE (kg HEHE (cm) fii%&
8801 1988 4 K3EHT AR I 20 95
8802 1988 4 Nz ae L] AR II 45 150 EHD I
8803 1988 8 ST s II 90 155
8804 1988 8 B2 F* Z I 30 100
8805 1988 8 I AR 11 54 115 ED I
8806 1988 8 ) s Il 96 127
8807 1988 8 PEARIT AR Il 70 160
8808 1988 8 —F T F A Il 100 180
8809 1988 8 HHESET Z 2 Il 100 120 THEDH
8810 1988 9 T AR Il 60 115
8811 1988 9 Kamy FZs 11 63 132 DI
8812 1988 9 KaHy AR Il 43 122 DI
8813 1988 8 BT # A Il 110 130
8814 1988 9 pe=Lif AR Il 51 115 THHDH
8815 1988 9 I A I 50 110 TEHOD I
8816 1988 9 IRPIAY Z A 111 80 130 THHD I
8817 1988 9 SR AR I 40 100
8818 1988 9 FKamy AR II 39 125 TEAD I
8819 1988 9 peLaani] Z 2 Il 80 170 TEHD I
8820 1988 9 et Al AR II 60 158 TEHDH
8821 1988 9 pELL AT Z Z 1 78 140 REHD H
8822 1988 9 p=Laani 7 A Il 80 140 TEED I
8823 1988 9 Lot * Z I 80 165 THODOH
8824 1988 10 JUFHAS Z Z 1l 85 173 D
8825 1988 10 =L 5N 7 2 II 100 143 TEEDH
8826 1988 10 —BT * A 1 100 150
8827 1988 9 BT F A 1I 130 130
8828 1988 9 HEBEER 7 2 il 94 125
8829 1988 10 2T AR I 70 120
8901 1989 7 MY - II 35 90 THEDH
8902 1989 8 &= AR 11 80 130 REHD H
8903 1989 8 TE&T 7+ 2 1 75 130 NEHOH
8904 1989 7 FERMT Z A 11 75 130 TEEDH
8905 1989 9 IR AR II 60 115 TEHDH
8906 1989 9 —Bh 7 A 11 100 152
8907 1989 8 SRUTHT F A 11 105 123
8908 1989 9 HIRMT S I 70 125
8909 1989 9 FH ST A A F 2 Il 70 110
8910 1989 9 TESRHT AR 11 65 120
8911 1989 9 ATEMT A I 35 90
8912 1989 9 —EATH A I 60 117
8913 1989 9 pE:L AN} S II 100 130 NEHDOH
8914 1989 9 LA s II 70 125 NHEDOH
8915 1989 9 et XA I 80 130 TEHDH
8916 1989 9 L) A I 50 130 NEHDH
8917 1989 9 pELANe] AR II 60 120 DI
8918 1989 9 pEL e AR I 50 140 THHDH
8919 1989 9 b=s L] A II 50 110
8920 1989 4 LARHT AR I 43 106
8921 1989 9 JUHAS A 11 40 130 THHDH
8922 1989 6 JUFHAF Z 2 I 45 110 THEHD I
8935 1989 5 B2 F* Z I 35 90
8923 1989 5 E4) 7 Z I 115 140
8924 1989 8 ES) A I 50 100
8925 1989 9 Ry Es | 90 140
8926 1989 4 LI AR I 45 130
8927 1989 9 SRUGHT A A I 70 95
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The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by

Forestry and Forest Products Research Institute

Table 10. 5 FEpEY S ) U IREBEARAY X+ (F0D2)
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EAES HEST  HEAH &S T PER] b AE (kg BEAE (cm) fifi%&
8928 1989 4 ZRHT Z Z I 45 120
8929 1989 9 ST s 11 95 125
8930 1989 10 —Bdi F Z 111 160 154
8931 1989 11 —Bah Z Z I 80 130
8932 1989 10 St s II 80 140
8933 1989 11 peLHAle] AR II 100 125 EHDH
8934 1989 10 BT F A - - -
8935 1989 10 e T * 2 Il - -
8936 1989 9 JUFHAT 7z I - -
8937 1989 9 JUFHAS A I - - THDH
9003 - - - - - - -
9101 1991 8 {E& - - - -
9102 1991 8 {E&T - - - -
9201 1992 12 JUFHAS AR Il 70 120
9202 1992 11 JUFEAF A I 35 86
9203 1992 12 JUFHAY AR 11 80 83
9205 1992 11 KABHT AR 1l 60 120
9206 1992 11 pNii Z Z 0 30 70
9208 1992 11 KhaHy F* Z Il 50 110
9209 1992 11 HrEss 7 Z Il 134 152
9210 1992 11 JUFHEAF AR Il 100 92
9212 1992 11 R AR I 80 150
9213 1992 11 p=E AUl AR 0 20 80
9214 1992 11 A RAT % 2 0 25 90
9216 1992 12 T * A Il 50 110
9301 1993 1 Hi AR il 90 120
9302 - - - - I - -
9303 1993 1 T A I 20 80
9304 1993 1 EORET AR I 20 80
9305 - - p=E L] - 0 - -
9306 - - T - Il - -
9307 1993 8 {3 T A II 70 105
9308 1993 8 {:FHET F A 11 75 122
9309 1993 8 3 FEHT PP Il 75 125
9310 1993 8 SEAHT #* A Il 70 130
9311 - - - - il - -
9312 - - pay=EaNiiy - 1l - -
9313 - - ST - Il - -
9314 - - FHEF AT - I - -
9315 - - AR - Il - -
9316 - - FHEF KA - II - -
9317 1993 8 e A Il 80 130
9318 1993 8 {E&m F A 1l 50 120
9319 - - 7 IRFHT - 11 - -
9320 1992 12 (LT F A 11 120 130
9321 1993 1 LM Z A 11 90 100
9322 1993 9 5 FAY FS 111 104 150
9323 - - - - Il - -
9324 1993 9 p=p Ul A I 60 -
9325 - - HIRHT - II - -
9326 1993 9 JUFHAS F Z i 100 150
9327 - - p=p AU - 11 - -
9328 1993 9 (LR F A Il 80 150
9329 1993 9 E it AR I 70 123
9330 1993 9 JUFHAS 7 Z 11 110 160
9331 1993 9 A - 11 70 120
9332 - - T - 11 - -
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Table 10. A FREYF /7 FEBEAD A+ (F0D 3)

AT S HET HEAH eSS T PER]  Fib  AE (kg BEAE (cm) fifi%
9333 - - p=2 U - 11 - -
9334 1993 9 PR Z 2 11 95 120
9335 - - R T - 11 - -
9336 - - p=E AU - 11 - -
9337 - - BEESZAIET) - II - -
9338 1993 9 AT AR 11 70 120
9339 1993 10 JUFHAS AR 11 50 110
9340 1993 9 EZavi A 11 69 125
9341 1993 9 LACHT * Z 11 60 110
9342 1993 10 N s 11 115 140
9343 1993 10 KApET A Il 72 126
9344 1993 10 E& AR 11 80 120
9345 - - LAl - 11 - -
9346 - - RERE T - Il - -
9347 1993 9 eI AR 11 76 120
9348 1993 10 KAy 7 Z 1l 97 149
9349 1993 11 SRUGHT - Il 100 130
9350 1993 11 /NEEVT] F X II 120 190
9351 - - - - I - -
9353 1993 10 KR Z Z I 72 125
9354 1993 12 P F A I 45 80
9355 1993 12 e T Es 11 93 125
9356 1993 11 KABIT AR il 80 110
9357 1993 11 EZ=tifl AR I 70 120
9358 1993 12 KA Z Z I 90 121
9359 1993 11 JUFHAY AR 11 80 115
9360 1993 11 FHBHT AR II 75 120
9361 1993 11 P A 0 45 80
9362 1993 11 KABHT F A 0 45 80
9363 1993 11 KEamT A 11 80 110
9364 1994 1 EZ=nit] A I 35 90
9365 1994 1 Zhh A 11 80 120
9366 1994 1 e xR 0 30 70
9367 1994 1 R F A II 100 150
9368 - - - - I - -
9369 1993 12 - - I - -
9370 - - - - I - -
9371 - - - - Il - -
9401 - - —Bdr - Il - -
9402 - - pay=Eaviiy - I - -
9403 1994 8 & Z Z I 50 100
9404 - - ARy - Il - -
9405 - - SRUGHT - I - -
9406 1994 8 {3 T X 1 75 125
9407 1994 7 Jt krfi s 11 100 200
9408 1994 7 e F A I 50 100
9409 - - - - Il - -
9410 - - ST - 111 - -
9411 1994 8 {: iy AR Il 70 120
9412 1994 8 {3 T S 11 85 140
9413 - - {E& - II - -
9414 1995 1 KhelT Z Z I 50 120
9415 1994 9 pay=Eavii] * 2 I 40 80
9416 1994 9 LACHT #* Z I 50 130
9417 1994 9 N s 1 100 130
9418 1995 5 AEET F 2 I 90 120
9419 1994 12 BT AR II 70 120
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The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by

Forestry and Forest Products Research Institute

Table 10. A FREYF /T FEBIEAD) A+ (F0D 4)
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BEAES HET HEAH eSS T PER] b AE (kg BEAE (cm) fifi%
9420 19994 12 PHARET xR I (70-80) 180
9421 1994 6 - Z 2 0 - -
9422 1994 9 £ 4 IRFHT A II 80 140
9501 - - - - - - -
9502 - - - - - - -
9601 1996 9 #ili A I 70 107
9602 1996 9 REIRHT xR II 130 140
9603 1996 9 A RAT AR II 70 120
9604 1996 8 {3 FHHT 7z 11 93 140
9605 1996 8 AT s 11 102 151
9606 1996 8 pay=EaNiiy A Il 65 110
9607 1996 9 EEESZAIVT) A Il 55 110
9608 1996 9 Jt ki FZs 11 70 160
9609 1996 9 dt b AR 11 60 150
9610 1996 12 A asll] Es I 65 120
9611 1996 8 T F S Il 85 125
9612 1996 9 {E&T F A II 80 120
9613 1996 7 FHEF AT Z X II 60 130
9614 1996 9 NFEili A II 80 120
9615 1996 9 [EEESZAIET) AR 1 55 100
9616 1996 9 EEESZ VD) AR I 45 100
9617 1996 9 p=E il AR II 65 100
9618 1994 12 {E&T AR II 80 110
9619 1995 10 3 T AR II 70 120
9620 1996 9 p=pnil] - II - -
9621 1996 9 AR - I - -
9622 1996 - - - 1L - -
9623 1995 9 - - 11 - -
9624 1996 2 FERHT F A 111 150 175
9625 1996 9 & 4 IR F A I 60 130
9626 1996 9 £ 7 IRFHT Z R II 120 143
9627 1996 12 BT F A 1l 120 145
9628 1996 11 {E&H AR II 70 143
9629 1996 11 e AR II 70 140
9630 1996 11 NFiti - Il 40 120
9631 1996 1 KA AR il 65 140
9632 - - RERET - II - -
9633 - - - - I - -
9634 1995 9 NEETH Z A I 120 120
9635 1996 11 ZZARHT - I - -
9636 1995 12 RHEHT 7+ X I 100 135
9637 1996 8 JiIEVNUIE # Z II 160 150
9638 1996 8 = [T xR 11 83 125
9639 1995 9 NFili 7 A 11 120 120
9640 1994 12 E&T X I 80 110
9641 1997 9 FHEF A - I - -
9642 1995 11 JUFHEAR R Z 11 75 100
9643 1995 12 5 T S I 100 140
9645 1995 12 KEElT Z Z Il 130 140
9646 1995 12 s T A II 50 100
9647 1996 11 Khahy AR I 40 100
9648 1996 11 KEelT AR 11 75 120
9649 1995 9 FIRET * 2 11 90 150
9650 1995 12 JUFHAS A I 70 113
9651 1994 11 KhEy 7 Z Il 100 120
9652 1995 12 LT s II 90 145
9653 1994 12 EZ=hit] 7 A I 40 100
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Table 10. A FREYF /) T FEBIEA) XA+ (F0D5)

AT S HET HEAH eSS T PER]  Fib  AE (kg BEAE (cm) fifi%
9654 1994 12 e A I 30 90
9655 - - - - Il - -
9702 1996 1 KhamT AR 11 90 122
9703 - - = [T - 11 - -
9704 1997 5 YL AR Il 90 102
9705 1997 8 p=E il F* Z 0 40 115
9706 1997 8 E Y] F A 11 95 120
9707 1997 8 e an] * 2 I 50 110
9708 1997 8 Zhi Z Z II 130 135
9709 1997 8 AT s 11 87 125
9710 1997 8 pay=Eavii] A 11 90 150
9711 1997 8 =) Z 2 111 120 130
9712 1997 9 N3 s 11 90 105
9713 1997 9 AEET A 1l 80 90
9714 1997 9 IR T Es I 55 117
9715 1997 9 BN A i 90 120
9716 1997 9 p=2 A A 1 75 115
9717 1997 9 HIRHT A 1l 62 120
9718 1997 9 p=Enil] #* Z Il 60 115
9719 1997 9 Kamy F A 1 65 120
9720 1996 8 KEHT % 2 1l 75 130
9721 1997 11 Je b A I 40 85
9722 1997 11 EXan] A il 70 126
9723 1997 11 Khamy 7+ X II 130 130
9724 1997 11 KHaHT % 2 Il 130 115
9725 1997 11 Ay Z Z I 80 120
9726 1997 12 AT s 11 180 188
9727 1997 9 BT A 11 68 122
9801 1998 3 EZ=hifl Z A 11 69 105
9802 1998 5 {3 AT FZs 1T 82 130
9803 1998 5 YL s II 59 130
9804 1998 6 2= S II 65 110
9805 1998 7 (AR[EE]iin) F A 111 100 110
9806 1998 8 pay=ralily 7 Z Il 95 -
9807 1998 8 E2anil Z 2 1l 64 105
9808 1998 8 SR AR Il 80 110
9809 1998 8 & 4 IR F A II 70 125
9810 1998 8 HEIRMT AR II 60 90
9811 1998 8 [/N=2Y ) #* A 1l 100 183
9812 1998 8 —Brh F A 111 130 150
9813 1998 8 e 7 2 111 95 140
9814 1998 9 SRAHT AR Il 60 125
9815 1998 9 KA MY Z A 1T 80 140
9816 1998 8 E2any) 7 2 il 75 118
9817 1998 9 JUFHAS S 111 80 140
9818 1998 9 —Bdri F A i 120 155
9819 1998 11 LI FEHT Z A 111 120 150
9820 1998 11 RABHT AR II 60 110
9821 1998 11 RHEHT AR Il 75 120
9822 1998 11 KHBHT Z Z 0 25 80
9823 1998 11 s T 7 2 I 60 130
9824 1998 11 JUFHAS 7 Z I 120 121
9825 1998 11 KT AR I 80 95
9826 1998 11 KHEHT A 0 75 115
9827 1998 12 KR AR 11 150 130
9828 1998 12 HrERT 7z I 60 125
9829 1998 12 JUFAF 7 A I 50 90
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The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by

Forestry and Forest Products Research Institute

Table 10. A FREYF T FEBIEA) A+ (F0D6)
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EAES HES HEA e T PER]  Filbs  AE (kg BIHE (cm) fifi%&
9830 1998 12 e an] xR I 150 150
9831 1998 12 pNii Es 11 95 120
9832 1999 1 KAy AR I 75 115
9833 1999 1 KEely A Il 70 120
9834 1999 1 KHEHT A I 40 100
9835 1999 1 KAy F Z I 55 110
9836 1999 1 KEaly Z Z 0 (25) 90
9837 1998 12 AT s II 100 140
9838 1998 12 T - I 50 126
9839 1998 11 {E&T s 11 70 120
9840 1998 11 ST A I 30 100
9901 1999 4 IRAAY A 1l 80 160
9902 1999 4 ST 7 Z I 47 127
9903 1999 5 L] s II 50 107
9904 1999 5 iy Z+ Z Il 65 125
9905 1999 7 ST - I 35 95
9906 1999 7 EXani] Z 2 il 70 115
9907 1999 7 E 2=t S II 80 120
9908 1999 8 E=2atif] F X I 40 105
9909 1999 8 e T A Il - -
9910 1999 8 i SEmT *+ Z Il 130 145
9911 1999 8 EZanil EZs Il 75 120
9912 1999 8 £ 4 IR FZs 11 70 125
9913 1999 8 —B8ri 7+ 2 II 140 150
9914 1999 8 HEIRMT F A 11 120 160
9915 1999 8 =0l Z Z 111 95 128
9916 1999 8 E2anil AR 1l 45 103
9917 1999 8 HIRHT AR 11 50 120
9918 1999 8 —Bdri F A 1l 110 140
9919 1999 8 A RAT 7 2 1L 100 150
9920 1999 9 —BiT 7+ A I 100 130
9921 1999 9 —Bdri * Z I 110 135
9922 1999 9 3 Y xR II 80 128
9923 1999 9 T SRET 7 2 111 130 145
9924 1999 9 E=Yani EZS II 85 125
9925 1999 8 b b Z A 11 130 170
9926 1999 8 b b F R I 80 130
9927 1999 9 B |l 3 s II 80 145
9928 1999 9 NEET s I 50 115
9929 1999 8 EILT) 7 A II 140 150
9931 1999 9 wJF AR II 100 120
9932 1999 9 p=g AUl Z X il 130 140
9933 1999 9 FIRET A il 45 75
9934 1999 10 EEESFAIET) F A | 120 140
9935 1999 10 REIRET Z A I 150 160
9936 1999 10 & 7 A I 75 130
9937 1999 11 EZ=nit] 7 A Il 120 143
9938 1999 11 Khamy 7 & I 70 140
9939 1999 11 Zam F 2 I 66 133
9940 1999 12 St s 11 90 125
9942 1999 12 HrEAS 7z I 60 115
9943 2000 1 et AR 11 70 117
9944 2000 1 FIRET * 2 11 130 140
9945 2000 2 KT 7 Z I (180) 146
9946 2000 1 Khely AR 11 70 115
9947 2000 1 —EaTH 7+ A 11 150 150
0001 2000 5 {3 FHIT Es I 45 115
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Table 10. A FREYF ) T FEBEA) XA+ (FD17)

AT S HET HEAH eSS T PER]  Fib  AE (kg BEAE (cm) fifi%
0002 2000 5 B | 3] AR I 30 90
0003 2000 5 G HHET F & il 60 135
0004 2000 5 IR A I 50 105
0005 2000 5 IR A il 58 118
0006 2000 6 S s I - -
0007 2000 7 Khahy F Z 1l 70 130
0008 2000 7 (N 7 Z Il 80 80
0009 2000 7 eI s 11 - -
0010 2000 8 R T * Z 11 95 170
0011 2000 7 p=g Al AR 11 50 95
0012 2000 8 pay=Eavii] # & I 30 110
0013 2000 8 —Bar AR 11 60 125
0014 2000 8 —Bdrh F A 11 120 150
0015 2000 8 pay=Eavii] xR Il 70 130
0016 2000 8 Pt Al A Il - -
0017 2000 8 p=g iUl AR I 55 115
0018 2000 8 p=E M F A 11 110 145
0019 2000 8 R AR Il 65 105
0020 2000 9 KIEHT F Z 1l 60 100
0021 2000 9 BANMY Z Z I 62 130
0022 2000 9 AT A X 11 45 115
0023 2000 9 LAY AR 11 80 130
0024 2000 9 IRNFS 7 Z Il 70 120
0025 2000 9 IRINFS s Il 50 110
0026 2000 9 N3] A Il 75 120
0027 2000 11 IRNKS 7 Z I 100 -
0028 2000 11 IRINFS # A I 80 -
0029 2000 10 EZ=hit] 7 A 11 110 135 OS¢
0030 2000 12 KAy AR I 60 126
0031 2000 12 JUHEAS * 2 I 45 106
0034 2000 12 paiE] AR I 40 110
0035 2000 12 Zfah 7 Z 11 (150) 140
0037 2000 11 ST A I 60 115
0038 2000 12 L] Z+ Z 11 85 148
0040 2000 12 [LIFHET F Z I 60 120
0041 2000 12 Syl AR I 50 110
0101 2001 4 {E FHT s I 55 120
0102 2001 5 £ 4 IRFIT 7z I (70) 120
0103 2001 5 iy s I 55 135
0104 2001 5 s T F+ A II 63 123
0105 2001 6 BT 7z I (30) (100)
0106 2001 6 pe =L F Z 11 100 130
0107 2001 6 PEARMT F A I (50) 110
0108 2001 7 JUFHAS - I (40) (90)
0109 2001 7 & FZs 11 100 140
0110 2001 7 & Z & - 40 90
0111 2001 7 —B4fi Z+ Z Il (110) 130
0112 2001 7 £ 4 IREHT A 11 (65) 130
0113 2001 8 EVNU) s II 70 (130)
0114 2001 8 pLHARH] Z 2 11 (90) 150
0115 2001 8 K3EHT #* Z Il 80 120
0116 2001 8 {E& s 11 60 110
0117 2001 8 & F Z I 35 100
0118 2001 8 LAY 7z 11 (95) (135)
0119 2001 8 £ A IREHT s 11 90 145
0120 2001 8 £ 4 IREHT A X II 90 135
0121 2001 8 BT Z 2 Il 94 143




The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by

Forestry and Forest Products Research Institute

Table 10. A FREYF /7 FHEBIEA) A+ (F0D 8)
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BEAES HET HEAH eSS T PER] b AE (kg BEAE (cm) fifi%
0122 2001 8 y =L F A 11 130 140
0123 2001 8 bt aRH] Z 2 11 (80) 108
0124 2001 8 T A - (70) 120
0125 2001 8 KA F+ A 111 (100) 100
0126 2001 8 eI Z Z Il (110) 120
0127 2001 8 T A 0 (13) 70
0128 2001 8 L] AR I (70) 120
0129 2001 8 MY Z A Il 45 85
0130 2001 8 TRINFS AR Il (100) 146
0131 2001 8 LAyl AR 11 (100) 140
0132 2001 8 AT # A I (80) (130)
0134 2001 9 pay=2alll} AR 11 80 120
0135 2001 9 —F F 2 1 110 150
0136 2001 9 HFET AR - 75 125
0137 2001 9 T AR - (60) (100)
0138 2001 9 T RHT AR 1 (80) (100)
0139 2001 8 —Bm F A 1 (120) 140
0140 2001 9 —B8r Z X II (140) 150
0141 2001 9 S ASHT #* A I 80 120
0142 2001 9 —Fih F A 111 170 150
0143 2001 9 pay=EaNiiy #* A 111 120 150
0144 2001 9 HEIRMT A 11 160 180
0145 2001 9 Fedllin) AR 1 110 120
0146 2001 9 FEIRFT s I 70 120
0147 2001 9 {E M * Z I 85 98
0148 2001 9 Fay=Eanily AR 1l 65 115
0149 2001 8 AT # A 1l 80 130
0150 2001 8 Ecll F A 1 (110) 130
0151 2001 9 — My AR 1l 85 150
0152 2001 9 T F+ R II 80 140
0153 2001 8 IRPAAY s - - 130
0154 2001 10 Jb b F Z I 75 130
0155 2001 10 - F A II 120 130
0156 2001 10 E&m AR 1 110 165
0157 2001 10 TE&TT *+ & I 100 100
0158 2001 10 REIRMT F X II 100 120
0159 2001 10 Z=) * A 0 20 70
0160 2001 10 EE&T 7 X 0 20 70
0161 2001 10 b b # A - 150 150
0162 2001 10 {E&T 7 A 0 10 80
0163 2001 10 KA AR 0 22 100
0164 2001 10 Kfhig A2 11 118 120
0165 2001 11 B | 37 A II 80 140
0166 2001 11 YL 7+ X - 75 115
0167 2001 12 {EFHET #+ Z I 153 165

70126 2000 5 N REV Y AR 0 5 71
70141 2001 6 R T AR I 26 -

70142 2001 7 R T S I 44 116
70143 2001 7 &R Z 2 - 46 130
70144 2001 8 FIRA s I 60 130
70145 2001 8 —Bdi #* Z - (120) 140
70146 2001 8 TRIRA A - 80 140
70147 2001 8 [ZRimT % 2 - 100 145
70148 2001 8 BB T F* Z - 61 143
70150 2001 8 R T R - 82 145
70151 2001 8 IR AR I (35) -

70152 2001 8 IRAAS Z Z - 175 -
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Table 10. 5 FEFEYF ) T IREBEARAY X b (F0D9)

AT S HEF  HEAH ST PER]  Fimbs  AE (kg BEIAE (cm) fifi%&
70153 2001 8 BT A X - 68 142
70154 2001 8 T Z+ Z - 79 145
70155 2001 8 RERE T AR I 70 127
70156 2001 9 RERE T AR 11 80 140
70157 2001 8 BT AR - 85 136
Z0159 2001 5 R T 7z - 53 141
70161 - - - - - - -
7 =1 2001 2001 - - - - - -
0201 2002 4 pELH Al 7z - 40 100
0202 2002 6 gl #+ A - 65 135
0203 2002 6 7KIRTH AR - 58 132
0204 2002 6 TKIR T A - 20 92
0205 2002 7 KhaHT AR - 50 120
0206 2002 7 {3 T S - 48 114
0207 2002 8 Faay Es - 100 140
0208 2002 8 SR 7 Z - (130) 150
0209 2002 8 SR MY F R - (100) 145
0210 2002 8 & # Z - 50 100
0211 2002 8 T Es - 45 100
0212 2002 8 EORIT AR - 65 123
0213 2002 8 JHIRHT *+ Z - (100) 140
0214 2002 8 BRI AR - 55 118
0215 2002 8 p=E AUl A - 60 120
0216 2002 8 Wil F+ & - (80) 130
0217 2002 8 pELH Al 7z - 50 110 0218 ?
0218 2002 8 I T AR - 50 110 0217 ?
0219 2002 8 FIRET F A - 65 130
0220 2002 8 R Z 2 - 80 100 0221,0222 ?
0221 2002 8 EORHT 7 Z - 50 90 0220,0222 ?
0222 2002 8 b=l AR - 70 100 0220,0222 ?
0223 2002 8 ekt Es - (110) 133
0224 2002 9 I AR - 60 110
0225 2002 8 JNFERY AR - (60) 100
0226 2002 8 ERaa[l) AR - 50 (120)
0255 2002 8 3 FHET A - 57 122
0226 2002 8 A - - 67 76
0227 2002 8 N AR - 79 120
0228 2002 9 TRIRFS 7 Z - 100 155
0229 2002 8 AT AR - 90 143
0230 2002 9 JUFHAT A - (80) 120
0231 2002 6 REZREAR 7z - 130 -
0232 2002 9 —Bdrhi ES - 70 135
0233 2002 9 pEL A} * 2 - 90 120
0234 2002 9 LAy F A - 85 118
0235 2002 9 AFNT 7 R - 70 115
0236 2002 9 I * 2 - 75 120
0237 2002 9 ERET Z+ Z - 80 110
0238a 2002 9 T AR - 60 112
0238b 2002 9 =P AR - 50 112
0239 2002 9 AT A - 110 140
0240 2002 9 ERHT AR - 70 100
0241 2002 9 LR ES - 150 160
0242 2002 8 & F A - 40 100
0243 2002 9 ERHT F* Z - 90 120
0244 2002 9 KEHT ES - 120 160
0245 2002 8 LIS F A - (120) 140
0246 2002 8 LAS Z Z - (120) 145
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The list of skull specimens of Asiatic black bears (Ursus thibetanus) collected by

Forestry and Forest Products Research Institute

Table 10. B FREYF /T FEEEA) XA+ (F0D 10)
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EAES HET HEH eSS R FnbEk  AE (kg FRE (cm) fifi#
0247 2002 8 EILL] F+ A - (120) 130
0248 2002 9 LIS AR (100) 115
0249 2002 9 RJIAS A (110) 130
0253 2002 11 JUFHEAS A 40 105
0254 2002 11 JUFHEAS A 38 103
0255 2002 8 {3 FHET A 57 122
0256 2002 8 {EFHIT A 50 120
0257 2002 9 adzaln AR 60 100
0258 2002 11 TE& s (80) (105)
0259 2002 11 RS A X (100) (140)
0260 2002 8 Ry xR 55 120
0261 2002 11 TEE& AR 130 -
0262 2002 12 IR AR - (40) (100)
0263 2002 12 E-Zeni] XA - 70 (120)
0264 2002 12 JUFHAS A - (120) 131
0265 2002 12 E2ani) S - 118 135
0266 - - RERE T - - -
0267 2002 12 SRUGHT F A 75 104
0268 2002 2 JUFHAS AR (80) 120
0269 2002 11 FHEMY S - 34 (80)
0270 2002 11 KHamy S - (120) (120)
0271 2002 11 FhaT s - 180 145
0272 2003 1 [LIFNT 7 A - 50 90

* AT, YO L O

* fkEE, B E ORGNE E 3 HEEM, - @ R

Table 11. kAR EY &/ U F < HEEEAD X~

EATES HEFE e ST PR EEER RE (kg FEIE (cm) S

AKO1 - - - - - -
AKO02 - - - -
AKO3 - - - -

%1 ARAA

Table 12. HARIEFE Y /U 7 EHBEAD A b

BEAES  HEE  HEH T HR] FikER AE (kg FRE (cm) i

AMO1 2008 8 O 7z I 60 -
AMO02 2008 8 O s 11 -
AMO3 2008 8 O A I -
AMO4 2008 8 O AR II -
AMO5 2008 8 O F A 11 60
AMO06 2008 8 O A I 50
AMO7 2008 8 O Es II 130
AMOS 2008 8 o F A v -
AMO09 2008 8 O F+ & 111 -
AMI10 2008 8 O Es II -
AMI11 2008 8 o FZs I
AMI12 2008 8 IO s I
AM13 2008 8 Lo F X II
AM14 2008 8 O 7 Z I -
AM15 2008 9 O - Il -
AM16 2008 9 Lo - II -
AM17 2008 9 Ot A 111 - -
AM18 2009 7 Lo AR 0 35 -
AM19 2009 7 o Z A v 100 -
AM20 2009 8 Lo F A II -

* TR AR, LR O E D

*RE, FIREORINE Z IHEEME, - 0 A
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Toru OI" ", Teruki OKA", Naoki OHNISHI?, Yasuyuki ISHIBASHI”,
Hiroshi TAKAHASHI”, Takuya SHIMADA?, Yoshinori SUZUKI?,
Fumio YAMADA" and Toru KOIZUMI”

Abstract

Forestry and Forest Products Research Institute (FFPRI) collected 1495 heads of Asiatic black bears (Ursus thibetanus)
legally killed in the western Honshu (Chugoku, Kinki, Hokuriku) and the eastern Honshu (Tohoku) of Japan during 1985-
2013. 696 skull specimens from the western Honshu were stocked at Kansai Research Center, and 559 skull specimens from
the eastern Honshu were stocked at Tohoku Research Center. 240 skull specimens from Kyoto Prefecture were donated to
the Kyoto University Museum. These specimens have been utilized for the studies primarily by researchers of FFPRI, and
produced many scientific papers on conservation genetics, population management, and morphology and so on. Now, we
provide the list of these specimens in order to facilitate uses of the specimens by other researchers. The list includes specimen
ID, capture year and month, capture locality, sex, age-class, weight, head and body length of the bears.

Key words : Asiatic black bear, skull specimens, western Honshu population, eastern Honshu population, nuisance kills,
sports hunting
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