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Abstract

An insect diversity survey was carried out in May, 2011 in the Crocker Range Forest
Reserve. This is a Class VI Forest Reserve (Virgin Jungle Reserve), gazetted in 1967
and then regazetted in 1984. It comprises an area of 3,279 ha. The nocturnal insect
diversity was very high, with an average of 148 insect species from 207 individuals
in a square metre of the light-trapping cloth. The mean Shannon, Simpson and
Fisher Alpha indices are H’ = 4.77 (>3.0), D = 322.49 and S = 417.04 respectively.
Apart from having the highest diversity of nocturnal insects in all the 20 forest
reserves surveyed within the Heart of Borneo area in Sabah, it has also recorded a
number of endemic species. Some beetles are hyper-endemics, such as
Cyclommatus chewi, Odontolabis schenki and Odontolabis katsurai (all Lucanidae
beetles) which are found only in Mt. Alab of the Crocker Range F.R. At least 10
butterfly species are known to be confined to the Crocker Range, including the
Kinabalu Tiger, Parantica crowleyi, which was sampled during the survey. A stick
insect, Orthonecrosia felix, was recorded and it is only confined to the Crocker
Range. New species are still being described. Such interesting scientific insect data
from this survey and also from past records support the need to enhance
biodiversity conservation in this Virgin Forest Reserve. In view of the high diversity
and intriguing insect fauna, Crocker Range F.R. has potential in nature tourism for
special interest tourists who contribute to Sabah’s economy. A private initiative,
Kipandi Park set up adjacent to the forest reserve, not only showcases the
diversity of insects in Sabah but is also doing its part in studying the life cycle of
rare and endemic insects which contributes towards insect conservation. The park
also cooperates with government agencies in promoting conservation of biodiversity.
In this paper, some of the issues pertaining to insect diversity and conservation are
discussed.
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Introduction
Insects are among the most diverse and abundant organisms in tropical

ecosystems and they are ecologically important in the tropics (Chung, 2013). It
has been estimated that some 6,000 insect species can be found in one acre of
rainforest (Williams, 2012). In terms of biomass, insects are also overwhelming
(Holldobler & Wilson, 1994). Insects in the Bornean rainforests are interesting,
rare and many are only confined to this island. Hence, biodiversity
conservation is important.

Various efforts have been taken to document the diversity of flora and fauna in
Sabah, including insects. Among the key contributions towards the success of
Sabah’s efforts in conservation is the implementation of the Heart of Borneo
(HoB) Initiative. It is the epitome of Sabah’s high profile and phenomenal
achievement in the management and conservation of its old world tropical
rainforests. Initiated by WWF, the three countries, namely Indonesia, Malaysia
and Brunei have committed through the HoB Declaration in 2007 to a common
conservation vision to ensure the effective management of forest resources
and the creation of protected area networks, sustainable-managed forests and
land-use zones across the 22 million hectares. Following this declaration, the
Sabah State Government with support from the Federal Government through
the Ministry of Natural Resources and Environment, is very committed in the
implementation of the HoB Initiative, with the Sabah Forestry Department
taking the lead. The Sabah State Government has designated about 39,000 km?
of the state’s landmass, comprising mainly the important inland and highland
forest ecosystems, as part of HoB (Nilus et al., 2014).

The insect diversity survey in the Crocker Range Forest Reserve was one of the
programmes on biodiversity documentation under HoB. Apart from
documentation, the study was also carried out to investigate issues affecting
insect diversity, as well as to provide recommendations that would contribute
towards biodiversity conservation of the study area.

Study Area

Crocker Range Forest Reserve is a Virgin Jungle Reserve (VJR) Class VI, located
at N 05° 53’ E 116°16’, at the western part of Sabah. It is conveniently situated
along the right hand side of the Tambunan-Kota Kinabalu highway. This
dragon-like shape reserve extends from 16 km southeast of Kota Kinabalu city
to 16 km north of Tambunan town.
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The forest was first gazetted in 1967 and then regazetted in 1984 (SFD 2015).
It covers an area of 3,279 ha (Figure 1) which forms a small part of the Crocker
Range. The bulk of the Crocker Range encompassing 139,919 ha has been
gazetted as the Crocker Range Park (Taman Banjaran Crocker), managed by
Sabah Parks. The Crocker Range serves as the water catchment area for the
west coast and interior of Sabah. In the district forest management, Crocker
Range F.R. is located mostly within the Kota Kinabalu district and only a small
portion in the south is under Tambunan district.
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Figure 1. Location of Crocker Range Forest Reserve in Sabah.
Two major forest formations occur in the reserve, i.e. upland mixed

dipterocarp forest (MDF) and lower montane forest. The differentiation of
these formations is approximately at 1,000 m whereby beyond this elevation,
the forest is classified as montane. Between 500 to 1,000 m, it is classified as
upland MDF. However, most of the lowland and upland and some of the
montane areas are degraded and overgrown by secondary plant species. The
heavy clearing through nomadic agricultural practices by villagers living at the
surrounding area of the forest reserve have had a major impact to the
surrounding landscape (CAIMS, 2005).
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This study was conducted from 11 to 21 of May, 2011. The expedition base
camp was at the Rafflesia Forest Reserve (N 05° 46°25.3” E 116°21°00.2” at
1,274 m.a.s.l.), adjacent to the Tambunan District Forestry Office and the
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Crocker Range F.R., located beside the Tambunan-Kota Kinabalu highway.
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Figure 2. The forest types of Crocker Range F.R. and sampling sites during the survey.

Materials and Methods

Light trap was used to sample nocturnal insects while sweep net and forceps

were used to sample diurnal insects.
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Light trap

The trap consisted of a vertical white sheet (2 X 2 m) illuminated by a 250W
mercury-lithium bulb. It was set up in an open area facing the forest reserve,
from 7:00 to 9:00 p.m. for four nights as indicated in Table 1. Enumeration for
insect species and abundance (= 5 mm in length) within the 1 X 1 m square
was carried out from 8:30 to 9:00 pm, to evaluate diversity of the sampling
area. This is a standardized enumeration for half an hour (towards the end of
the two-hour light trapping) that was also applied to other samplings in the
past. It is a rapid biodiversity assessment method because by the end of the
sampling time, species and individual numbers could be obtained, and the data
could be used to calculate diversity indices. This method is simple, fast and
can be carried out by a non-insect specialist. To avoid compounding human
error, the same staff was assigned to count the species and individual numbers
throughout the sampling period, and also for other sampling sites. Light-
trapping sites are shown in Table 1 and Figure 2. A GPS (Model: Garmin
GPSMAP 60CSx) was used to determine the coordinates of each sampling site.
Temperature and humidity were recorded using a digital gadget from Oregon
Scientific (model no. ETHG-912).

Diversity indices

The diversity indices, namely Shannon Wiener, Simpson and Fisher Alpha were
calculated through a diversity analysis software by Henderson & Seaby (1998),
based on Magurran (2004) and Southwood and Henderson (2000).

Shannon Wiener Index (H’)
This index is calculated in the following way:

H"=-2p;np;

Where p; is the proportion of individuals found in species i. For a well-sampled
community, we can estimate this proportion as p; = n;/N, where n; is the
number of individuals in species i and N is the total number of individuals in
the community. Since by definition the p;s will all be between zero and one,
the natural log makes all of the terms of the summation negative, which is why
we take the inverse of the sum. Typical values are generally between 1.5 and
3.5 in most ecological studies, and the index is rarely greater than 4. The
Shannon index increases as both the richness and the evenness of the
community increase.
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Simpson Index (D)
This index is based on the probability of any two individuals drawn at random
from an infinitely large community belonging to the same species:

D;= X piz

Where again p; is the proportion of individuals found in species i. For a finite
community, this is

D=3 ny(n;- 1)/N(N - 1)

D is a measure of dominance, so as D increases, diversity (in the sense of
evenness) decreases. Thus, Simpson’s index is usually reported as its
complement 1-D (or sometimes 1/D or -lnD). Since D takes on values between
zero and one and approaches one in the limit of a monoculture, (1-D) provides
an intuitive proportional measure of diversity that is much less sensitive to
species richness.

Fisher Alpha Index (S)
This is a parametric index of diversity that assumes that the abundance of
species follows the log series distribution:

ax, ax’/2, ax’/3, ... ax"/n
Where each term gives the number of species predicted to have 1,2,3,....n
individuals in the sample. The index is the alpha parameter. This is a useful

index, which has been widely used. It is estimated by an iterative procedure
that may take an appreciable amount of time with large data sets.

Table 1. Light-trapping sites in Crocker Range F.R.

Sampling Coordinates Elevation Temp. Humidity Sampling Remarks
site (m) (°C) (%) date

Light trap was set

N 05° 49°48.2” up next to the TM

L E 116° 0’30.1” U2 1= 85 iz telecommunication
tower on Mt. Alab.
Light trap was set
N 05° 49°45.7” up next to the Digi
A2 E 116° 0°29.5” 1,955 18 89 19 May transmission tower
on Mt. Alab.
0 & » Light trap was set
B1 N0 050,55‘4,, 1,600 18 94 17 May up next to the
E 116°9°21.9 .
forest fire tower.
Same as above but
N 05° 50°55.6” . .
B2 E116° 921.7” 1,600 19 91 18 May facing different

direction.
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Sweep net and manual collection

Sweep nets were used to collect flying insects, such as butterflies and
dragonflies while other insects were sampled using fine forceps. Butterflies
and dragonflies were put in triangle papers while other specimens were put in
vials with 75% ethanol solution. Sampling was conducted along the road, open
and riverine areas within the forest, and also along trails established by the
Botany and Ecology teams of the Forest Research Centre. Details of the
daytime sampling sites are listed in Table 2 and Figure 2.

Table 2. Daytime sampling sites in Crocker Range F.R.

Sampling site Starting point coordinates Elevation (m)
1 N 05° 55’55.3” 692
(Kg. Kibunut) E 116° 14°20.0”
2 N 05°51’10.8” 1588
(Forest fire tower area) E116°19°15.1” ’
3 N 05° 49°48.2” 1.957
(Mt. Alab area) E 116° 20°30.1” ?

Insect specimens and identification

In this survey, focus was given to certain insect groups, i.e. butterflies, moths,
beetles, ants and dragonflies. Only interesting and potential indicator insect
species were sampled to minimize the workload at the laboratory in preparing
the specimens for identification. Photographs were taken with a DSLR Nikon
D300 and a compact Nikon Coolpix to facilitate identification. Common insects
were not sampled but photographs were taken for record purposes.

Selected specimens were dry-mounted and sorted to family and some to the
generic and species level. The specimens sampled from this study are
deposited at the Forest Research Centre, Sepilok, Sabah. Dry-mounted
specimens were identified based on the FRC Entomology Collection and various
reference materials, e.g. Otsuka (1988 & 2001) and Corbet & Pendlebury (1992)
for butterflies; Holloway (1983, 1985, 1986, 1988, 1989, 1993, 1996a, 1997,
1998a & b, 1999, 2001, 2003, 2005, 2008 & 2009) and Robinson et al. (1994) for
moths; Mizunuma & Nagai (1994), Makihara (1999) and Tung (1983) for beetles;
Orr (2003) and Tang et al. (2010) for dragonflies.
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Results and Discussion

Overall insect diversity

The nocturnal insect diversity was exceptionally high, compared to the
diversity recorded from Gn. Lumaku F.R. in Tenom and Bukit Hampuan F.R. in
Ranau and Milian Labau F.R. in Keningau (Table 3). An average of 148 insect
species from 207 individuals were recorded in a square metre of the light-
trapping cloth. The mean Shannon, Simpson and Fisher Alpha indices are 4.77,
322.49 and 417.04 respectively. All light-trapping sites recorded more than 130
insect species, with Site A2 recording the highest number with 170 species in
one square metre. In terms of individuals, Site A2 also recorded the highest,
with 310 individuals. In diversity values, however, Site A2 was the lowest
among all the Crocker Range sampling sites. This is because of the high
abundance of a few dominant species (see Figure 3). It is also significantly
reflected in the Simpson’s diversity index which is sensitive towards dominant
species.

Table 3. Insect diversity within a one-square-metre, as sampled through light-trapping in
Crocker Range F.R. (Sites A1, A2, B1 & B2) compared to selected sites of Milian Labau,
Bukit Hampuan and Gn. Lumaku F.Rs.

L . Shannon Simpson Fisher Alpha

No. Sampling site  Species Ind. H) (D) )
Gt 131 146 4.81 392.04 614.91
2 M 170 310 459 61.25 154.35
g 159 178 5.03 716.05 717.3
4 B2 131 192 4.65 120.63 181.59

Mean 148120 207+72 4.77+0.2 322.49+299.3 417.04+290.8
5  MilianLabau g 122 4.05 45.56 97.03

(Site 1)

Bukit
6 Hampuan 119 142 4.61 111.23 346.35

(Site 2)

Gn. Lumaku
7 (southern 124 163 4.56 90.43 236.60

part - Site 5)




Insects in Crocker Range Forest Reserve 143

Most of the montane and upper montane forests in the light-trapping sites are
still intact although certain parts were burnt or disturbed in the past before
2003 (Figure 2). Hence, the condition of the forest would have improved when
the survey was carried out in 2011. Light trapping was not conducted in the
more disturbed area, i.e. in Kg. Kibunut area, due to logistics difficulties at
night and distance from the base camp.

The high insect diversity shows that the Crocker Range F.R. provides a
conducive environment with an elevation from 1,500 to 2,000 m a.s.l. (based.
on light-trapping sites) and a cool atmosphere of 15-19 °C and relatively high
humidity of 85-91 %, suitable for nocturnal insects. The distribution of
nocturnal insect species from the light-trapping sites is reflected in the
species-rank abundance curves in Figure 3.

Log
abundance
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Figure 3. Species-rank abundance curves of the light-trapping sites in Crocker Range F.R.
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Butterfly (Lepidoptera) diversity

Despite the high diversity of nocturnal insects, not many butterflies were
sampled during the survey. Only 20 species were recorded, including the
Bornean endemic Kinabalu Tiger, Parantica crowleyi which was frequently seen
foraging at Mt. Alab area. The low butterfly number was partly due to erratic
weather during the sampling period. Too much rain and the lower-than-usual
temperature had adversely affected about 50 % of the butterfly population in
the Kipandi Park (Steven Bosuang, pers. comm.). Some eggs were not able to
hatch and some pupae could not emerge as adults due to the drastic
microclimatic changes. Besides P. crowleyi, there are nine other species of
Bornean endemic butterflies that are confined to the Crocker Range, as listed
in Appendix 1.

Moth (Lepidoptera) diversity

Various moth species were attracted to the light trap set up at two locations
facing the Crocker Range F.R. at 1,955 m (Sites A1 & A2) and 1,600 m a.s.l.
(Sites B1 & B2) respectively. From observation, the species richness was very
high, surpassing those at other forest sites sampled under the Heart of Borneo
(HoB) programme in Sabah. At least 24 Bornean endemic moth species were
recorded from this survey, as listed in Appendix 1.

Beetle (Coleoptera) diversity

A total of 23 species of macro-beetles were recorded. The most spectacular
species was the Stag Beetle, Cyclommatus montanellus (Lucanidae) which is
endemic to Borneo and is only confined to the Crocker Range. Measuring up to
70 mm, it is a handsome beetle with conspicuously long antler-like mandibles.
There are also various variations of the mandibles. Another species which is
somewhat similar to C. montanellus is Cyclommatus chewi. This hyper-
endemic and rare species is only found in Mt. Alab of the Crocker Range. Other
hyper-endemic species of Mt. Alab are Odontolabis schenki and Odontolabis
katsurai. These species, however, were not sampled during the survey but
their presence were recorded previously (Steven Bosuang, pers. comm.). A list
of the Bornean endemic beetles (25 species) that are found in the Crocker
Range is provided in Appendix 1.

Other interesting beetles sampled from the Crocker Range F.R. were the Giant
Weevil, Protocerius sp. (Curculionidae) and the Trilobite Larva, Platerodrilus
sp. (Lycidae). The elytra and pronotum of the Giant Weevil are almost entirely
red. The male was larger, with a body length up to 8.5 cm while the female
was about 6 cm. The forelegs of the male were longer than the mid and hind
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legs. When disturbed, the weevil would raise and widely open its forelegs as a
defensive posture. It looks similar to Macrochirus praetor Gyllenhal, found in
Peninsular Malaysia (Tung, 1983). They were not attracted to the light trap but
a few adult weevils were entangled on the mist nets for trapping birds and
bats set up by the villagers at Kg. Kibunut, about 690 m a.s.l. The Trilobite
Larva is so called because of the wingless larva-like female which resembles
the extinct trilobite. It glows in the dark to attract the flying male which is
smaller in size at about 8-9 mm. This sluggish insect can be seen moving slowly
over the moist forest floor, feeding on rotten wood.

Other insects

The Green-banded Cicada, Tacua speciosa, was among the interesting montane
forest insects sampled from the Crocker Range F.R. It is a magnificent cicada,
measuring about 5-6 cm long. The band is sometimes yellow in colour. This
species was not attracted to the light trap but was sampled in the daytime,
perching on tree branches or shrubs.

Various ant species were sampled and the most common group was from the
genus Myrmicaria. Bakhtiar et al. (2009) noted that Myrmicaria ants are found
at high altitudes above 1,500 m where the temperature is generally low
throughout the year and fluctuates during the day. Other ant species sampled
were from the genera Polyrhachis, Crematogaster and Dolichoderus.

A pair of Stalk-eyed Flies was spotted at the forested area of Site 2 (forest fire
tower) at about 1,570 m a.s.l. They belong to a very small family of peculiar
flies (Diopsidae), found mainly in East Africa and South-east Asia; only seven
species were recorded from Borneo. The eyes are borne on long, lateral stalks.
The larvae are phytophagous or saprophagous. Diopsis is the most common
genus found in South-east Asia (Hill & Abang, 2005).

Only a few dragonfly species were recorded from this survey. Montane forest
habitats for dragonflies are confined to small streams, and the number of
species restricted to the zone at 1,000-2,000 m are few (Orr, 2003). Those
recorded in this study were from Kg. Kibunut area at about 700 m a.s.l. which
included Orthetrum sabina, O. glaucum, O. testaceum, O. pruinosum and
Cratilla metallica.

A colourful stick insect was sampled at Site 2 during the day, about 1,570 m
a.s.l. It was identified as Orthonecrosia felix, and it is endemic to the Crocker
Range (Francis Seow Choen, pers. comm.).
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Insect geographical ranges

The Crocker Range F.R. is a haven for insects. Besides having the highest
diversity of nocturnal insects in all the 20 forest reserves surveyed within HoB,
it has also recorded the highest number of endemic species (Chung et al., 2015;
Chung et al., 2013). More than 27 insect species were documented during the
survey compared to 19 endemic species from Bukit Hampuan F.R. From
previous records and references, there are a number of insect species which
are confined to the Crocker Range (including Crocker Range Park and Kinabalu
Park under the management of Sabah Parks). These are hyper-endemics since
they do not occur in any other parts of Borneo. A few are restricted to certain
areas in the Crocker Range, such as Cyclommatus chewi, Odontolabis katsurai
and Odontolabis schenki found only at Mt. Alab. At least seven endemic
species of lantern bugs were recorded in the past in Crocker Range. The
endemic insect species from previous records and also those from this survey
are listed in Appendix 1.

Apart from endemic species, many new species have been described from the
Crocker Range quite recently. For example, 14 new species of flower beetles
(Scarabaeidae: Cetoniinae) have been described by Legrand & Chew (2010),
and 7 new species of long-horned beetles (Cerambycidae: Callichromatini)
have been described by Vives et al. (2009). All the new species are endemic to
Borneo, and many are found in the Crocker Range. A long-horned beetle,
Gressittichroma sammannani was named after Sabah Forestry Department
Director, Datuk Sam Mannan while Gressittichroma tengkuadlini was named
after former Sabah Tourism Board Chairman, Datuk Tengku Zainal Adlin.
Heudepoliana masidimanjuni is another long-horned beetle named after the
Sabah Minister of Tourism, Culture and Environment, Datuk Masidi Manjun.

Current issues on insect diversity and conservation in Crocker Range F.R.

Crocker Range is home to many rare and endemic species, and various new
species have been and are still being described for this area. Although the
erratic weather (too much rain and drastic change in temperature) had
adversely affected some of the insect populations in the first quarter of 2011,
the conducive cooling temperature and high elevation (650-2,000 m a.s.l.) are
generally suitable for various insect species. This is reflected in the highest
species richness and insect diversity values assessed from the nocturnal insects
in this survey, surpassing all those recorded from previous HoB forest surveys.
In view of the high insect diversity with many rare, endemic and interesting
species, it is subjected to illegal encroachment and collection of specimens
since the Crocker Range F.R. is conveniently located along the Tambunan-Kota
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Kinabalu highway. The encroachment issue is not on insects alone but also on
plants and other wildlife, such as mammals (bats) and birds. At some of the
forest ridges, the vegetation was cleared to set up mist nets and light traps to
collect birds, bats and insects. Under the Sabah Forest Enactment 1968, it is
illegal to enter a forest reserve and to take its resources without permission
from the Director of the Sabah Forestry Department. Collection for scientific
purposes is allowed, with approval from the Forestry Director. The Forestry
Department is monitoring the situation and warnings have been issued to
suspects. Some traps, however, were set up outside the forest reserve, within
villages and state land.

During the survey, it was observed that ‘Forest Reserve’ signages had been
erected at certain locations to denote the boundary of the forest. It is
important to have more of such signages, especially at areas adjacent to the
villages which are prone to encroachment. Public awareness and
environmental education are crucial in educating villagers and the younger
generation on the importance of conservation of biodiversity and forest
services to mankind. The Crocker Range is the water catchment area for the
west coast and interior of Sabah. Any disturbances on the streams and riverine
areas would affect the quality of the water, and this will also affect the
butterfly population. Various public awareness and environmental education
activities have been conducted by the Sabah Forestry Department, Sabah Parks
as well as NGOs, and should be continued and further enhanced.

The high diversity of insects in Crocker Range attracts special interest tourists
from all over the world to visit Sabah, and this nature tourism contributes to
the economy of the state. The Kipandi Park located beside the Crocker Range
F.R., some 40 minutes’ drive from Kota Kinabalu, was set up by a Sabahan, Dr
Steven Bosuang. The park showcases the diversity of insects in Sabah and also
studieses the life cycle of various rare and endemic insect species.
Understanding the life cycle and food plants of these insects would enable
conservation of insects to be more effective. For example, Aristolochia spp.
which are food plants for many birdwing butterflies (including the Rajah
Brooke’s Birdwing, Trogonoptera brookiana) are not only propagated in the
park but are also planted at various areas outside the park to increase the
population of the birdwing butterflies. About 30% of butterflies from the park
are released back to their natural habitat. These are some of the conservation
efforts carried out by Kipandi Park. The Sabah Forestry Department is working
with Kipandi Park on beetle diversity and conservation in Sabah, as well as
plant diversity. A memorandum of understanding was signed in 2014 to
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enhance such collaboration (SFD, 2014). This is a smart partnership between a
private initiative and the State Government in the conservation of biodiversity.

Various new species of insects were discovered from Crocker Range, in
collaboration with international researchers. Discovery of new species (which
is part of biodiversity documentation) is utmost important and is a piece of
hallmark information to support and enhance the need for conservation of an
area, e.g. in preparation of the Forest Management Plan (FMP). This confirms
the wealth of biodiversity in Sabah’s rainforests and would significantly elevate
their conservation status, and one such example is the Crocker Range.

Forest fire is a threat to any forest reserves and the Crocker Range F.R. is no
exception, especially in areas adjacent to villages. Previously, there were
slash-and-burn problems caused by villagers along the highway for agricultural
purposes (see Figure 2, CAIMS 2005). For monitoring purposes, a forest fire
tower was built some 10 years ago at about 1,600 m a.s.l. overlooking the
Crocker Range F.R. In the recent years, the incidences of forest fires in the
Crocker Range F.R. are less compared to forest reserves in the lowlands. The
high humidity and rainfall in the reserve reduce the risk of forest fires.

Conclusion

From the survey, the nocturnal insect diversity in Crocker Range F.R. was very
high, surpassing all those recorded from previous HoB forest surveys. In
addition, there are a number of rare and endemic insect species from this
forest and the surrounding areas. Various new insect species have been
described. As such, these are important scientific information to support the
need and effort in biodiversity conservation of the Crocker Range F.R. The
diurnal insect species richness during the survey, e.g. butterflies, was below
expectation. This was due to the unconducive weather during the sampling
period which had adversely affected many of the insect populations.

In view of the high diversity and interesting insect fauna, Crocker Range F.R.
has potential in nature tourism for special interest tourists who contribute to
the state’s economy. A private initiative, Kipandi Park set up adjacent to the
forest reserve not only showcases the diversity of insects in Sabah but is also
doing its part in studying the life cycle of rare and endemic insects which
provides salient information for insect conservation. The park also works hand-
in-hand with the Sabah Forestry Department in promoting conservation of
biodiversity.
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Due to the interesting fauna and flora of Crocker Range, illegal encroachment
and collection of specimens are among threats within this forest reserve. The
Forestry Department is aware of this matter and is monitoring the situation.
Based on feedback from some people staying adjacent to the Crocker Range
F.R., the boundary of some parts of the reserve is still not clear. Hence, it is
important to have more signboards to denote the forest reserve boundary.
Public awareness and environmental education plays an important role among
so that local communities understand the significance of biodiversity
conservation of forest resources. Forest fires were a problem in the past. In
recent years, however, the incidences of forest fires are under control.

Acknowledgements

This is part of the Heart of Borneo (HoB) programme is made possible with
funding from the 10" Malaysia Plan through the Ministry of Natural Resources &
Environment (NRE). Within the Sabah Forestry Department, this programme is
managed under the Deputy Director (Forest Sector Planning), Frederick Kugan.
We thank John Lee Yukang, M.A. Tajuddin Mustapha, Petronella Dasim, Nurul
Aqidah Ibrahim and Narti Alias (practical student) for helping out in this study.
We also thank the DFO KK (Roslan Abdillah), ADFO KK (Valentine Sebastian)
and their staff for assistance during the expedition, and DFO Tambunan (Mohd.
Noor Jiran) and his staff (Marjjah Othman and Paul Francis) for logistics and
field support. The FRM Division (Valeria Linggok) and Jumri Abd. Hamid of FRC
provided the maps. The Deputy Director (R&D), Dr Lee Ying Fah and former
Head of FRC Insect Diversity Programme, Dr Chey Vun Khen are also
acknowledged for their support.



150 Chung et al.

References

Bakhtiar EY, Yamane S, Maryati M. 2009. Morphological and behavioral characters
of the two species groups of the ant genus Myrmicaria (Insecta:
Hymenoptera: Formicidae: Myrmicinae) from Southeast Asia. Species
Diversity 14:249-265

CAIMS. 2005. Conservation Assessment and Information Management System.
Sabah Forestry Department. Http://www.forest.sabah.gov.my/caims

Chung AYC, Chew SKF, Majapun R, Nilus R. 2013. Insect diversity of Bukit
Hampuan Forest Reserve, Sabah, Malaysia. Journal of Threatened Taxa
5(10):4461-4473

Chung AYC, Nilus R, Kugan F. 2015. Sabah’s rainforests: a treasure trove of
fascinating insects. Paper presented at the International Conference on
Rainforest Ecology, Diversity and Conservation in Borneo, Kota Kinabalu,
Sabah. 9-11t™" June, 2015

Chung AYC. 2013. Insect diversity and forest management in the tropics. In K.
Kitayama (ed.), Co-benefits of Sustainable Forestry: Ecological Studies of a
Certified Bornean Tropical Rain Forest, Ecological Research Monographs,
Springer Japan. Pp. 83-87

Henderson PA, Seaby RMH. 1998. Diversity ver. 2. Pisces Conservation Ltd.,
Lymington, UK

Hill DS, Abang F. 2005. The insects of Borneo (including South-east and East Asia).
Universiti Malaysia Sarawak, Sarawak.

Holldobler B, Wilson EO. 1994. Journey to the ants: a story of scientific
explorations. The Belknap Press of Harvard University Press, Cambridge, UK

Holloway JD. 1983. Moths of Borneo (part 4): family Notodontidae. Malayan
Nature Journal 37:1-107

Holloway JD. 1985. Moths of Borneo (part 14): Family Noctuidae: subfamilies
Euteliinae, Stictopterinae, Plusiinae, Pantheinae. Malayan Nature Journal
38:157-317

Holloway JD. 1986. Moths of Borneo (part 1): key to families: families Cossidae,
Metarbelidae, Ratardidae, Dudgeoneidae, Epipyropidae and Limacodidae.
Malayan Nature Journal 40:1-166

Holloway JD. 1988. The moths of Borneo (part 6): family Arctiidae, subfamilies
Syntominae, Euchromiinae, Arctiinae; Noctuidae misplaced in Arctiidae
(Camptoloma, Aganainae). Southene Sdn. Bhd., Kuala Lumpur

Holloway JD. 1989. The moths of Borneo (part 12): family Noctuidae, trifine
subfamilies: Noctuinae, Heliothinae, Hadeninae, Acronictinae,
Amphipyrinae, Agaristinae. Southene Sdn. Bhd., Kuala Lumpur

Holloway JD. 1993. The moths of Borneo (part 11): family Geometridae,
subfamily Ennominae. Southene Sdn. Bhd., Kuala Lumpur



Insects in Crocker Range Forest Reserve 151

Holloway JD. 1996. The moths of Borneo (part 9): family Geometridae, subfamilies
Oenochrominae, Desmobathrinae and Geometrinae. Malayan Nature Journal
49:147-326

Holloway JD. 1997. The moths of Borneo (part 10): family Geometridae,
subfamilies Sterrhinae & Larentiinae. Malayan Nature Journal 51:1-242

Holloway JD. 1998a. The moths of Borneo (part 8): families Castniidae,
Callidulidae, Drepanidae & Uraniidae. Malayan Nature Journal 52:1-155

Holloway JD. 1998b. The moths of Borneo (part 3): superfamily Bombycoidea:
families  Lasiocampidae, Eupterotidae, Bombycidae, Brahmaeidae,
Saturniidae, Sphingidae. Southene Sdn. Bhd., Kuala Lumpur

Holloway JD. 1999. The moths of Borneo (part 5): family Lymantriidae. Malayan
Nature Journal 53:1-188

Holloway JD. 2001. The moths of Borneo (part 7): family Arctiidae, subfamily
Lithosiinae. Southene Sdn. Bhd., Kuala Lumpur

Holloway JD. 2003. The moths of Borneo (part 18): family Nolidae. Southene Sdn.
Bhd., Kuala Lumpur

Holloway JD. 2005. The moths of Borneo: family Noctuidae, subfamily Catocalinae.
Malayan Nature Journal 58(1-4):1-529

Holloway JD. 2008. The moths of Borneo: family Noctuidae, subfamilies Rivulinae,
Phytometrinae, Herminiinae, Hypeninae and Hypenodinae. Malayan Nature
Journal 60(1-4):1-268

Holloway JD. 2009. The moths of Borneo (part 13): family Noctuidae, subfamily
Pantheinae (part), Bagisarinae, Acontiinae, Aediinae, Eustrotiinae,
Bryophilinae, Araeopteroninae, Aventiinae, Eublemminae and further
miscellaneous genera. Malayan Nature Journal 62(1&2):1-240

Legrand J-P, Chew SKF. 2010. Cetoniidae du Sabah. Collection Ex Natura vol. 1,
Magellanes

Magurran, AE. 2004. Meausuring biological diversity. Blackwell, UK

Makihara H. 1999. Atlas of longicorn beetles in Bukit Soeharto Education Forest,
Mulawarman University, East Kalimantan, Indonesia. PUSREHUT Special
Publication No. 7. Mulawarman University & JICA

Mizunuma T, Nagai S. 1994. The lucanid beetles of the world. Mushi-sha, Tokyo,
Japan

Nilus R, Pereira JT, Chung AYC, Sugau JB, Sabran S, Prudente C, Kugan F. 2014.
Inventory of biodiversity in the Heart of Borneo (HoB), Sabah. In Proceedings
of the International Conference on Heart of Borneo’s Natural Capital:
Unleashing their Potential for Sustainable Growth in Sabah. 11-12 November,
2013, Kota Kinabalu, Sabah:170-190

Orr AG. 2003. A guide to the dragonflies of Borneo: their identification and
biology. Natural History Publications (Borneo), Kota Kinabalu

Otsuka K. 1988. Butterflies of Borneo. Vol. |. Tobishima Corporation, Tokyo,
Japan



152 Chung et al.

Otsuka K. 2001. A field guide to the butterflies of Borneo and South East Asia.
Hornbill Books

Robinson GS, Tuck KR, Shaffer M. 1994. A field guide to smaller moths of South-
east Asia. The Natural History Museum, London & Malaysian Nature Society

SFD. 2014. Annual Report 2014. Sabah Forestry Department, Sandakan, Sabah

SFD. 2015. Fact sheets of forest reserves in Sabah. Sabah Forestry Department

Southwood TRE, Henderson PA. 2000. Ecological methods. Blackwell, UK

Tang HB, Wang LK, Hamalainen M. 2010. A photographic guide to the dragonflies
of Singapore. The Raffles Museum of Biodiversity Research, Singapore

Tangah J, Wong KM. 1995. A Sabah gazetteer. Sabah Forestry Department &
Forest Research Institute Malaysia

Tung, V W-Y. 1983. Common Malaysian beetles. Longman, Kuala Lumpur

Vives E, Bentanachs J, Chew SKF. 2009. Notes sur les Callichromatini asiatiques
(IV). New genera and species of Callichromatini from South-East Asia
(Coleoptera, Cerambycidae). Les Cahiers Magellanes 100:1-16

Williams SCP. 2012. 6,000 insects species found in one acre of rainforest.
ScienceNOW.http://www.wired.com/2012/12/panama-bug-count/.
Dowloaded on 8 March 2016



153

Insects in Crocker Range Forest Reserve

(a6pd 3xau uo panupjuo))

afuey J49y10J1) JO dLWSpuU] JeUlLU0}D) aeplaeqeJeds (so1eg) sadlpLiiA Dayjod)pydopnasd /1
aSuey 492019 JO dLWSpul SeullU01D) aeplaeqeleds (so1eg) D4af1)ny3pds DaY102)DYI0PN3Sd 91
aSuey 492019 JO dLWSpul aepLuedn JapLq snuLis1) sn)1o030doso.d Sl
afuey Jaxd0J) JO dLWSpU] aepLuedn Aired 1USAOYU3]]OA SIGD)OIUOPO vl
qely "IW jo dtwspul depluednT Yuayds Puayss sigojojuopo €l
asuey Jax204) JO dlWApUT aepLuedn neajlog 113Uy3na) sigpjojuopQO 7
qely "IW jo dtwspul sepluedn epay| 'H IDIns)DY SIqD]OJUOPO L
afuey Jayd0J) JO dLWSpU] aepLuedn 1edeN woj1y siqojojuopO ol
a5uey 49X20.19) JO dLWwSpul aepluesn An83s 313 Jalpiq 11dA> sigpjojuopo 6
oaulog }o Jlwapul aepLuedn uep.uor sn1p5u0)a 1A1ipd snLiylIpxaH 8
afuey Jay201) JO dLWwapul aepLuedn dweyua)ow snjjaupjuow snIpwiwo)dA) /
qely "Iw o owwspul aepLuedn ewinuNZLy IMaYD sNIDWIWO)IA) 9
yeqes Jo dlwapul aepldAquela) M3U) B Sydeueiuag ‘SIALA 1A3Y2 bwo.uyd0uals g
afuey Jay201) JO dLWwapul aepidAquela) M3YD B Sydeueludg ‘SIALA wnf{ubwipisow pubijodapany ¥
afuey J9y20J1) JO dLWwapul aepiodAquesa) M3YD B Sydeureludg ‘SIALA 1UI)pPDNY5US] DWOIYI1331SSAID) €
yeqes Jo dlwapul aeploAquiess) M3Y) B sydeueijudg ‘SSAIA IUDUUDWIWDS DWOJYD133ISSAID) z
afuey Jay201) JO dLWwdpul aepidAquela) M3YD B Sydeueludg ‘SIALA 1ubAbu pwoaysmay) l
(Suensog UaAS1S :921n0s) Sa)399g
afuey Jay201) JO dLWwdpul U1001MES UeaUJIog aepLald USA30YU3)10A DI)aulod S1auoLld (Ol
afuey 49X20.19) JO dLWwSpuUl di] a8uelQ MO)OA aepLiald 1911ng snappun spix| 6
afuey 492019 Jo dLWwapul 1999z ueauJog aepLald yuws-asoln adjowna spi)ag 8
afuey 492019 JO dLWwapul 1999zar njeqeuty aepLald SIIW Sua3spJauld sbi)ad /
aguery 492047 JO J1wapul SuimpJig ueaulog aepiuoljided Ja8uipnels aY>pwo.pub aydDWOoIpuD Sap1o.J | 9
afuey 49X20.19) JO dLWwSpuUl uouwaw ueaulog aepiuoljided UIIWS-950.45) uoJaydp ol)idod G
afuey J9¥D0J) JO DLIWSPUT  |lB] PJOMS njegeury aepluoljided yuws-3soin sajo13pJ3s wniydpio ¥
afuey JayD0J) JO dIWSpPUT  3)330gan|g Njeqeury aepluoljided ypws-9s0.19 sa)20.4d wniydo.ao €
afuey 492019 JO dWwSpuUl 13311 meqeury aeplieydwAN JI9M-Jauuar 1A3)M0.1D DO13UDIDY z
a8uey 492017 JO dLwapul A4 wied njeqeuty aeplieydwAn Jajioisyni4 ppion))ad spiuwAh)g l
(Suensog

UDA3]S :32.N0S) Saljjienng

aweN uowwo)

ety / Aweygns

Awe4 Joyiny saads  °‘oN

*.(34ed Neqeury B *Y°4 a5uey J9xD01) “Yied JeUOLIRN S5URY J9YD0.4)) S5URY JS¥D04) WO} sa1dads 309sul dwspul ‘) xipuaddy



Chung et al.

154

(asbd 3xau uo panuijuo))

0aulog 40 dlwapul aeulwouul 2epLI}aWoan In0.d oSupwiiADd DIYdAIquy 7|
oaulog 4o dlwapul aeulwouul 2epLIIdaWoan uaJiepm DIDNODAIAIUL SDXDIQY Ll
a5uey 192047 JO dIWSPU]  Seuliyieqowssaq 2epLIIaWoan Kemoy10H pupjuowgns bjozp 0Ol
oaulog Jo dlwapul aepioAquiog Kemoy10H 1)421p DI1ISNW 6
aSuey 132047 JO dLWApUT aeuLlsoyl] aeplLdly Kemo110H DaUI)1INSQO 3U3)IAT 8
yeqes 4o dlwapul aeutlsoyl] aepldly Kemoyj0H DaulND)IsaW aua)2A7] /
oaulog Jo dlwapul aeullsoyll] aepl1oy 19¥1em pup)nwiIs DLULPN.IDY 9
oaulog 4o dlwapul seullsoyli] aeplLdly j0Q1e] D3IDIUSNID DUDAD) [
oaulog 4o dlwapul QeULIIIY aeplLdly j0Q1e] SLI3UdALIGN. DWOSO)LdS %
a5uey 49y20.7) JO dlWwapul aeuly aepl1oy Yooy sisuan)pqouty DJawadAN €
oaulog Jo dlwapul aeutlyduy aeplLoy Aemo)oH pupjuowau.ioq biAwa] 14
oaulog 4o dlwapul QeULIIIY aeplLdly uosdwey pidaidns auisipg 1

(*¥°4 98uey J9y204) Woly ASAINS dY3 SuLiNp papJodal |18) SYIoW
yeqes Jo dlwapul aepLIogIng uoLiod B Mayd 15unfnquitipy DAIDS /
asuey 19y20.7) JO dlWwapul aepLioging uoLIod B Maqipny ‘Suensog 18oyaifupl pAdipAjod 9
a5uey 132047 JO dLWSpUT aepLIosnd 13qIpny B UOLIOG ‘M3ay) p3pUIO DAISIPAIO4 [
afuey 492049 JO dlWSpU] aepLIogIn4 uoLiod B legeN imayd pAipAjod ¥
0auJlog JO dlwapul aepLIogIn4 3JIYM B wepy pup3)ns sdo.uAd €
asuey 19y20.7) JO dLWwapul aepLiog)ng IpLwyds 15utiay sdoifq 4
yeqes 4o dlwapul aepLIosing jueIsig 1ppayaziym sdoifd ]

(Suensog uaAalS :92.n0S) BNg UlajueT]
a5uey 192049 JO dLWSpUT SBULLU03ID) aeplaeqeleds sajeg psoidads pqojousy Gt
a5uey 192049 JO dlWSpUT SeUILU03ID) seplaeqeleds 1eyes *y 1IDSDU DQOJOUdY T
a5uey 192049 JO dLWSpUT SBULLU03ID) aeplaeqeleds (so31eq) DIDINDIPLIIA DISOPO3Y | €7
afuey 492049 JO dlWSpuU] JeullU0}d) seplaeqeseds (soyeg) 4a/1)33 pisopoay | w7
a5uey 192047 Jo dlWapU] SeUILU03ID) seplaeqeleds 1eSeN 1ynAngou pisopoay | 1z
aSuey 192047 J0 dlWSpUT SeULLU0ID) seplarqeleds uepJor B PILYdy1oy poLfiuSbw pISopoay | 0z
aSuey 192049 JO dWSpU] SBUILU03IDD aeplaeqeleds (mouuy) puDnN)DqDLULY DISPOIUSD | 6l
a5uey 192049 JO dlWSpU] SBULLU03IDD aeplaeqeleds sajeg DWISSI3IP DI3POIUSD | 8l
syJeway SuleN uowiioy Awey Joyiny sapads  ‘oN

/ Anweygng ) )

(panurjuod) *| xipuaddy



155

Insects in Crocker Range Forest Reserve

‘(G66) ‘SUuOom B yeSue]) yed Negeuly pue 9AISSY 152404 SFURY J9)D04) “Yled JeuolieN asuey Jayd01) sapnjdul asuey Jayd04) ‘Ajeotydessoan,

a5ury 19%20.4) JO dlWwapul 2epIIWLSUO0I9I9H Jayoequalpay X1)8{ DIS0123U0Y310 L
(*¥°4 98uey 19¥201) WOy ASAINS Y3 SuLINp papJ0dal) 393sU] OIS
oaulog Jo dlwapul aepluinies Kemo)1oH 1U3))p DaDIAYIUY v
oaulog Jo dlwapul seurioydaoiyd 2eplIoN ua.liepm puLbw bubkj 4
oaulog Jo dlwapul seutioydao)yd 2eplIoN yhig s1)panp bajyalq w
oaulog Jo dlwapul seuljesoje) 2epINIooN 20UULMS D))aua{ saploudAsiadAy 17
oaulog Jo dlwapul aeuteuesy 2BpINIOON pIlYosyIoy sisuan)pqouty pjosy 0z
oaulog Jo dlwapul aepiLiuewAT Kemon0H DAD]JSUD.13; DOIDPUNS 6l
oaulog Jo dlwapul aepiLiuewAT Kemon0H Da3N)NIDLW; S3s030dAyY 8l
oaulog Jo dlwapul 2euLYLIa1S aepLIIaWoan Kemo)ioH DUSDWDAUIOG SIsda)qo.d /1l
oaulog Jo dlwapul aeuLI}aWOoan aepLIIaWoan Kemo)ioH sap10))a3pdp pJjuadoiupds 91
0auJog Jo dLwapul SeuLI}DWOoa9 2epLIIaWoan Kemon\o0H X143513]D DJidsousQ Gl
oaulog Jo dlwapul aeulwouul aepLIIaWoan ualiepm p30PNDOUL XA133dDINO vl
oaulog Jo dlwapul aeulwouul aepLIIaWoan Ino.d 164agaofw pwipg €1
(4’4 98uey 4a¥204) Wody ASAINS SY) SuLINp papJodal 11e) SyIoW
aweN uowwo) K
syJeway Awey Joyiny saldadg ON

/ Aiweygng

(panunuod) *| xipuaddy



