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Diversity of Beetles (Order: Coleoptera) at R.E.A.C.H Biodiversity Centre

Forest, Cameron Highland

ABSTRACT

R.E.A.C.H Biodiversity Centre Forest, Cameron Highland is a 16 years old
rehabilitated forest that was cleared for agricultural activities. This forest is managed
by Regional Environmental Awareness Cameron Highland (R.E.A.C.H). This study
was conducted at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland from
July 2016 until August 2016. Coleopterans were sampled using four methods which
are sheet light trap, yellow pan trap, pitfall trap and manual collection. A total of 34
specimens of Coleopterans comprising 16 species from eight families were
assembled in this study. Light trap was the most efficient method in collecting all the
sampled specimens. The diversity of Coleopterans at R.E.A.C.H Biodiversity Centre
Forest, Cameron Highland was high with H’=2.51 (Shannon-Wiener Diversity Index)
and the species richness recorded also high with Dyg=4.25 (Margalef’s Index). The
most diverse beetles collected was the scarab beetles (family Scarabaeidae) followed
by family Carabidae. Only one species of Coleopteran is diurnal which is
Thaumastopeus pugnator, known as green flower beetle. Pictorial identification key
was constructed to differentiate the family and genera of Order Coleoptera.
Coleopterans diversity and species richness at R.E.A.C.H Biodiversity Centre Forest,
Cameron Highland are influenced by habitat changes, forest modification and
fragmentations. As a conclusion, the diversity and species richness of Coleopterans
species were high for a new rehabilitated forest such as R.E.A.C.H Biodiversity
Centre Forest, Cameron Highland. Future scientific studies are strongly encouraged
to study the diversity of ecosystem at R.E.A.C.H Biodiversity Centre Forest,
Cameron Highland.



Diversity of Beetles (Order: Coleoptera) at R.E.A.C.H Biodiversity Centre

Forest, Cameron Highland

ABSTRAK

Hutan R.E.A.C.H Pusat Kepelbagaian Biologi, Tanah Tinggi Cameron adalah
pusat penanaman semula hutan yang telah berusia 16 tahun dimana dahulunya telah
ditebang untuk aktiviti pertanian. Hutan ini telah dikendalikan oleh Persatuan
Kesedaran Alam Sekitar Cameron Highland (R.E.A.C.H). Kajian ini telah dijalankan
di Hutan R.E.A.C.H Pusat Kepelbagaian Biologi, Tanah Tinggi Cameron dari Julai
hingga Ogos 2016. Kumbang telah disampel menggunakan empat kaedah iaitu
perangkap cahaya, perangkap pan kuning, perangkap pitfal dan kutipan secara
manual. Sebanyak 34 spesimen Coleopterans yang terdiri daripada 16 spesies dan
lapan keluarga telah disampel dalam kajian ini. Perangkap cahaya adalah kaedah
yang paling berkesan dalam mengumpul semua spesimen. Kepelbagaian kumbang di
Hutan R.E.A.C.H Pusat Kepelbagaian Biologi, Tanah Tinggi Cameron adalah tinggi
dengan nilai H’=2,51 (Indeks Kepelbagaian Shannon-Wiener) dan kekayaan spesies
direkodkan juga tinggi dengan nilai Dyc=4.25 (Indeks Margalef). Kumbang yang
mempunyai kepelbagaian paling tinggi adalah kumbang scarab (famili Scarabaeidae)
diikuti dengan kumbang dari famili Carabidae. Hanya satu spesies Coleoptera yang
merupakan diurnal iaitu Thaumastopeus pugnator, yang dikenali sebagai kumbang
bunga hijau. Kekunci bergambar telah dilakar untuk mengenalpasti perbezaan famili
dan genera bagi Order Coleoptera. Kepelbagaian dan kekayaan spesies kumbang
dipengaruhi oleh perubahan habitat, pengubahsuaian hutan dan fragmentasi.
Kesimpulannya, hutan baru yang ditanam semula seperti Hutan R.E.A.C.H Pusat
Kepelbagaian Biologi, Tanah Tinggi Cameron mempunyai kepelbagaian spesies dan
kekayaan spesies kumbang yang tinggi. Kajian saintifik pada masa hadapan amat
digalakkan untuk mengkaji kepelbagaian ekosistem di Hutan R.E.A.C.H Pusat
Kepelbagaian Biologi, Tanah Tinggi Cameron.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Beetle is classified under order Coleoptera, which derived from the Greek
words "koleos™, means cover and "ptera™, means wing. It refers to the front wings of
the beetles that are modified into elytra (hardened wings) to protect the membranous
hind wings (Meyer, 2009). Species in Coleopterans often characterize by its hard
exoskeleton and hard forewings (elytra). The species of Coleopterans are vast than
any other order of animals, range in size from 1-100 mm constituting by most 25%

of all forms of animal life in the world (Rosenzweig, 1995).

Coleopterans representing about 40% of all known insects and consist about
450,000 species (Hammond, 1992). Beetles consist of small to very large insects of
variable colour and shape and they are compact, mostly strongly sclerotized and
more or less flattened (Arnett, 1973). Coleopterans can be found in all natural
habitats, including aquatic habitats, freshwater, vegetation, from trees and their bark
to leaves, flowers, in all plant tissue, including decaying plant (Foottit & Adler,

2009).



Coleopterans have a total four suborders which are Polyphaga, Adephaga,
Archostemata and Myxophaga. Polyphaga is the largest suborder, followed by
Adephaga, Archostemata and Myxophaga (Benisch & Christoph, 2010).
Coleopterans are very wide-ranging and are distributed all over the continent.
Ecologist had discovered two factors that defined the species diversity which are
species richness and species evenness. Species richness defines the number of
species in an ecosystem. The ecosystem is said to be rich when many species
presence in the ecosystem. Species evenness defines the relative richness of
difference species which make up the abundance of an ecosystem (Magurran &
McGill, 2011). Even at the family level, there are total of 166 families worldwide

and more than half were recorded in Malaysia (Chung, 2005).

The diversity of beetles may vary due to the differences in agro-ecosystem.
Previous research studies in Tropical Africa showed that the highest diversity of
beetles, family Chrysomelidae was found numerous in the mixed-crop fields
followed by secondary forests (Dagobert et al., 2008). Besides, beetles abundance
and diversity are affected by the latitude and altitude of their habitat (La Salle &
Gauld, 1993). Williams et al (2008) found that different elevation influenced the
community structure and flight periodicity of bark beetles (family Scolytidae) in
ponderosa pine forest of Arizona. Insects are found abundantly diverse in the tropics,

and Coleopterans are among the well-known orders in the class Insecta.



Coleopterans are exceedingly variable both biologically and ecologically.
Coleopterans are majority terrestrial herbivores but they are highly specialized host
ranges or life cycles that make them well known as a predator. Although the activity
and identity of a few forest beetles are well known, excluding the major pests, most
of those have been little studied (Scudder et al., 2005). Coleopterans play important
roles in ecological system. Examples is the small hive beetles (SHB), they are
scavengers of honey bee and other social native sub-Saharan Africa bee colonies and
also known as parasites where they are usually considered as a minor pest only
(Lundie, 1940; Neumann & Ellis, 2008). Even though they are known as pests, they
can also be beneficial, especially in controlling the populations of pests. For example,
Ground beetles (family Carabidae) are mutual predators of many different insects
and other arthropods, such as wireworms, caterpillars, fly eggs, and others (Kromp,

1999).

1.2 Problem Statement

Research on diversity of Coleopterans has been conducted in R.E.A.C.H
Biodiversity Centre Forest, Cameron Highland. R.E.A.C.H Biodiversity Centre
Forest was established in 2012 in order to conduct research on flora and fauna
around the biodiversity centre. It has been 16 years since the forest around the
biodiversity centre have been rehabilitated. Previously, the forest was cleared for
agricultural activity by local farmers. Regional Environmental Awareness Cameron
Highland (R.E.A.C.H) was established in 2001 by local people to bring back the
endemic species and replanted the plants in the forest. Lack of information about the
diversity of Coleopterans in Malaysia especially in Cameron Highland lead this study

to be conducted in R.E.A.C.H Biodiversity Centre Forest, Cameron Highland.



In addition, there is no scientific studies have been conducted here (Regional
Environmental Awareness Cameron Highland, 2016). The collected data will support
the forest conservation effort by R.E.A.C.H in Cameron Highland.

Besides, pictorial identification key for non-taxonomic and non-entomologist
to identify the species of Coleopterans is not available for R.E.A.C.H Biodiversity
Centre Forest, Cameron Highland. Thus, pictorial identification key was constructed
to identify the species of Coleopterans collected for R.E.A.C.H Biodiversity Centre
Forest, Cameron Highland. It is very helpful for future scientific studies at

R.E.A.C.H Biodiversity Centre Forest, Cameron Highland.

1.3 Objectives

The objectives of this study are:

a) To identify the diversity of Coleopterans species at R.E.A.C.H Biodiversity

Centre Forest, Cameron Highland.

b) To construct a pictorial identification key of Coleopterans in R.E.A.C.H

Biodiversity Centre Forest, Cameron Highland.

1.4 Scope of Study

All the species of Coleopterans have been collected using light trap, pitfall
trap, yellow pan trap and manual collection at R.E.A.C.H Biodiversity Centre Forest,
Cameron Highland. Construction of pictorial identification key was focused for only
collected Coleopterans species in R.E.A.C.H Biodiversity Centre Forest, Cameron

Highland.



1.5

b)

Significance of Study

From this study:

Acquired the essential information about the species diversity of
Coleopterans in R.E.A.C.H Biodiversity Centre, Cameron Highland.
Provide the pictorial identification key of the species diversity of

Coleopterans to R.E.A.C.H Biodiversity Centre, Cameron Highland.



CHAPTER 2

LITERATURE REVIEW

2.1  Morphology of Coleoptera

The morphology of the Coleopterans has a uniform scheme. The
Coleopterans body is segmented into three major fragments which are head, thorax
and abdomen as shown in Figure 2.1. Coleopterans are often characterized by a
predominantly rigid exoskeleton and rigid forewings (elytra) that act as protective
covers to protect the membranous hind wings (Benisch & Christoph, 2007).
Numerous plates which made up the Coleopterans exoskeletons which are called
sclerites, were separated by thin sutures and the elytra will covered the abdomen.
Both elytra will meet laterally in the central of the back and formed a straight line
when the Coleopterans are at rest, making it most likely the most distinguishing
characteristics of the order. On the other hand, the elytra are seized out to the sides of
the body when the Coleopterans flight, where they provide a definite amount of
aerodynamic stability (Meyer, 2009). The elytra play an important role in beetle

identification, as they often display characteristic maculation or shapes.
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Figure 2.1: The Morphology of Beetle
(source: modified from Ratcliffe, 1991)

2.1.1 Head

The head that attached to the thorax by the cervix is likely more or less
flexible. The head consist of a rigid capsule which contains the eyes (oculi),
mouthparts and antennae (Benisch & Christoph, 2007). The mouthparts sticking out
forward or sometimes downturned the head, is usually varies in size and profoundly
sclerotized. Some whirligig beetles (family Gyrinidae) and longhorn beetle (family
Cerambycidae) have divided and split eyes to allow a view of above and below the
waterline (Gillott, 1995). Both larvae and adults of Coleopterans have strong
mandibulate mouthparts (Meyer, 2009). The sense organ of Coleopterans, antennae
is a primarily organ of smell, used to sense a physically beetle’s environment, during
mating and also for defence. Males and females may have altered forms of antennae.

Antennae could be moniliform, filiform, geniculate, clavate (lamellate and flabellate



are subforms of clavate), serrate or pectinate (Gillott, 1995). Coleopterans also have
similarity to those of grasshoppers which is mouthparts where the mandibles are
possibly most commonly known, which look as if large forceps on the front of
particular Coleopterans. The mandibles are a pair of rigid and having tooth-like
structures that move horizontally to grip, crush, or cut food and enemies. The
mandibles are sexually dimorphic in many species of Coleopterans, with the males
enlarged massively compared to females of the same species (Gillott, 1995).
Herbivorous species use their mandibles to bite into and crush their food, while
predator species have pointy and edged mandibles to seizure and hold their prey. In
particular species, for example is the male of the stag beetles, Lucanus cervus, their
mandibles are not functional for food intake. Instead, they are used for fights
between male opponents as their mandibles are formed like antlers (Benisch &

Christoph, 2007).

2.1.2 Thorax

The thorax consists of three sections which are prothorax, mesothorax and
metathorax. The front pair of Coleopterans legs abides by the prothorax and always
clearly separated. The episternum separated the articulation from the thorax and the
thorax segment which is located directly behind the articulation is called epimerum.
Mesothorax is attached to the prothorax which abides the middle pair of the
Coleopterans legs. The last section of the thorax is the metathorax which abides the

rear pair of Coleopterans legs (Benisch & Christoph, 2007).

2.1.3 Abdomen

The third main fragment of the body is the abdomen. The elytra covered the

upper side of the body and the venter formed in the lower side. The abdomen



comprises of 89 segments. The abdomen is the segment located behind the
metathorax, made up of a sequence of rings. They are comprised with a hole for each
ring for respiration and breathing, so-called a spiracle and constituting three different
segmented sclerites which are the tergum, pleura, and the sternum. The tergum is soft
and membranous in almost all species and usually covered by the elytra and wings
when the Coleopterans are not flying. In some species, a small or hidden pleura
usually have a single spiracle in each pleuron. The sternum, which being a more or
less sclerotized is the most widely observable part of the abdomen. The abdomen
itself does not have any attachments (lvie & Michael, 2002). The elytra are strongly
and rigid sclerotized forewings of the Coleopterans. The elytra functioned as a
protective cover of the rear part of the body and protect the second pair of wings
(alae) when at rest and does not used for flight. To move the hind flight wings, the
elytra must be raised (Carpenter & Herbert, 1899). In most cases, the abdomen was
covered by elytra. However Coleoptera species such as rove beetles (family
Staphylinidae) have shortened elytra in which the tergites are at least partially visible.
Some "true weevils" (family Curculionidae) and round beetles (family Carabidae)
have their elytra attached together and form a closed covering. Thus, the
membranous wings (alae) are reduced or completely missing and these are flightless

(Benisch & Christoph, 2007).

2.2  Taxonomy and Identification

Coleoptera is divided into four suborders which are Polyphaga, Adephaga,
Archostemata and Myxophaga. The largest suborder which is Polyphaga, comprises
beyond 300,000 defined species in more than 170 families, including blister beetles

(Meloidae), scarab beetles (Scarabaeidae), rove beetles (Staphylinidae), true weevils

9



(Curculionidae) and stag beetles (Lucanidae) (Benisch & Christoph, 2010). The
existence of the cervical sclerites (hardened parts of the head used as points of
attachment for muscles) is the main character of beetles in the Polyphaga suborder
which is absent in the other suborders. Largely predatory beetles comprised about 10
families in Adephaga suborder, includes whirligig beetles (Gyrinidae), ground
beetles (Carabidae), and Dytiscidae. The characteristics that are necessary to identify
these beetles are the first abdominal sternum (a plate of the exoskeleton) is separated
by the rear coxae (the basal joints of the beetle's legs) and the testes are tubular.
Archostemata comprises four families of predominantly wood-eating beetles,
including the telephone-pole beetle and reticulated beetles (Cupedidae). Myxophaga
comprises four families of 100 species and they are mostly very tiny, including

Sphaerius and Hydroscaphidae (Benisch & Christoph, 2010).

Fireflies (family Lampyridae) and glow-worms (family Phengodidae) are the
two families of Coleoptera which are bioluminescent (able to produce light). Their
organs in the abdomen can function as a light-producing. In some species, the
females larviform and wingless. The fringed ant beetle, Nanosella fungi (family
Ptiliidae) was classified as the smallest beetles species as shown in Figure 2.2. It has
length of 0.25 mm and it is approximately 16 million times slighter in size than the
largest beetle, Goliathus giganteus (family Scarabaeidae), which body length may

increase up to 10 cm (Meyer, 2009).

10



Figure 2.2: Fringed ant beetles under microscope (the smallest beetles)

(source: Meyer, 2009)

2.3 Diversity and Distribution

The most often targeted level is the species diversity. However, if the species
rich and their taxa to be involved are difficult to identify, like many invertebrate taxa,
it is practically impossible to conduct a species level survey (Stork, 1994; Baldi,
1999). Advanced trapping, handling and identification skills might be required
(Nielsen & West, 1994). Coleopterans are the largest order of insects, range in size
from one to 100 mm with 350,000 to 400,000 species in four suborders (Adephaga,
Archostemata, Myxophaga, and Polyphaga), assemble more or less of 40% of all
insect species, and approximately 30% of all animals life forms (Gillott, 1995;
Bouchard et al., 2011). The overall amount of Coleoptera species on the world is first
assessed based on field data and probably as many as 12 million species was
analysed then it was reviewed with 850,000 to 4,000,000 species proposed was

estimated.

11



The Coleopterans is not correspondingly well acknowledged in all parts of
the world. For example, 23,000 species in 3265 classes and 121 families of known
Coleopterans diversity of Australia was estimated. To some extent, it is lower than
North America, which has 25,160 species in 3526 classes and 129 families with a

terrestrial mass of similar size (Foottit & Adler, 2009).

There are 166 families of Coleopteran species worldwide and more than half
have been recorded in Malaysia where the common families founds are Scarabaeidae
and Cerambycidae (Chung, 2005). However, there is a great void of information on
Coleopterans in Malaysia. Although some groups have been relatively well-studied,
example is family Chrysomelidae, on the whole there is very little documentation of
the taxonomy of most groups of Coleopterans especially in Peninsular Malaysia

(Cheng & Laurence, 2007).

Based on research studies that have been conducted by Abdullah et al.,
(2012), total of 348 beetle specimens comprising 113 species from 34 families were
collected at Gunung Benom, Pahang. Meanwhile, according to Abdullah et al.,
(2001), total of 98 specimens of beetles from 16 family beetles compromising of 68
species were collected which the most abundance beetles were found in Gunung
Brinchang compared to Tanah Rata at Cameron Highland. The most abundant and
diverse beetle collected in Gunung Brinchang was the leaf beetles (family
Chrysomelidae) while the least diverse family caught was from family Scolytidae

(Abdullah et al., 2001).

The diversity of beetles also may vary due to the different in ecosystem.
Previous research studies in Tropical Africa indicated that the highest diversity of

beetles was found in the mixed-crop fields followed by secondary forests and it is

12



found that the family Chrysomelidae was most numerous and better represented in
primary and secondary forests (Dagobert et al., 2008). Besides, in comparison
between deciduous forest and reforested forest in determining the diversity of ground
beetles, beetles are found most abundance in deciduous forest (Magura et al., 2002).
In recent times where the plantation established, species distinctive of open habitats,
small and winged Coleoptera were found abundantly and they declined or
disappeared in density after closure of the canopy layer suggesting the process of the
secondary succession after reforestation and the colonization of new habitats
(Magura et al., 2002). The overall diversity of Coleopterans in different habitat type
in Sabah was particularly high, with 1711 species recorded from only 81 families and
8028 individuals (115 family and subfamily groups) where the most abundance
species of beetles found in primary forest compared to logged forest and oil palm

plantation (Chung et al., 2000).

Beetles abundance and diversity also are affected by the latitude and altitude
of their habitat (La Salle & Gauld, 1993). Williams et al., (2008) found that different
elevation influenced the community structure and flight periodicity of bark beetles

(family Scolytidae) in ponderosa pine forest of Arizona.

2.4  Ecological Importances of Coleoptera

Beetles not only play critical roles as herbivore, predator, fungiform and
detritivore of ecosystems in the web food structure and the flow of energy, but also
used as source of food for mammals, birds, reptiles and amphibians (Holland, 2002;
Triplehorn & Johnson, 2004). Moreover, beetles are used as biological indicator

species to evaluate forest management, the segmentation of mountain forest,

13



deforestation, and forest fire (Werner & Raffa, 2000). Approximately, 75% of
Coleopteran species are phytophagous in both the larval and adult stages, and live in
or on plants, fungi, wood and a variation of stored products, including dried fruits,

cereals, and tobacco.

Coleopterans can be considered pests as a lot of these plants are significant
for forestry, agriculture and the household. For example, other pests include the
coconut hispine beetle, Brontispa longissima, which forages on damages seedlings,
young leaves and mature coconut palms. Philippines’ Metro Manila and 26 provinces
were set apart on 27 September 2007, to save the $800million Philippine coconut
industry as they have been infected with this pest (Remo & Amy, 2007). Invasive
species are a major threat to biodiversity and agriculture globally (Nentwig, 2007). It
is not surprising that this is true for apiculture as well. For example, small hive
beetles (SHB) known to be a threat to beekeeping. They are scavengers of honey bee
and other social native sub-Saharan Africa bee colonies and also known as parasites
where they are usually considered as a minor pest only (Lundie, 1940; Neumann &

Ellis, 2008).

Although they are known as pests, they can also be beneficial, especially in
controlling the populations of pests. Ground beetles (family Carabidae) are mutual
predators of many different insects and other arthropods, including wireworms,
caterpillars, fly eggs, and others (Kromp, 1999). Although these beetles were
beneficial to agriculture, human activities such as insecticide usage at the plantation
may affect abundance and diversity of beetles especially the leaf beetles (Abdullah et

al., 2001).

14



2.5 Identification Key

There are various types of identification keys in order to classify the living
organism. The most traditional biological identification keys are dichotomous (every
choice has two options) or polytomous (two or more options at each choice) forms.
The structure of these keys normally comprises of a series of alternative statements,
called “leads”. All leads that need to be evaluated for a single decision form a
“couplet” (Hagedorn et al., 2010). Besides, a “single-access key” that consists of a
combination of simple polytomous and complex dichotomous elections could be
used (Winston, 1999). Dichotomous key is said to be useful and simple than any
other keys because it used only two alternative choices of characters in identifying
the type of species thus make it easy to characterize the species of an organism
(Hagedorn et al.,, 2010). Meanwhile, the pictorial identification key will be
constructed and used to assist the dichotomous key to give a clear view on
determining the characteristic of species identified also to ease the non-taxonomic
and non-entomologist to identify the species of Coleopteran collected in R.E.A.C.H

Biodiversity Centre Forest, Cameron Highland.

The free-access key (also known as matrix key, multi-access key or synoptic
key) is a substitute to a single-access key. Although printable free-access keys exist,
they are utmost fit for computer-aided identification tools. A single key access can be
printed in various styles such as linked style, nestled style and graphical style
(Pankhurst, 1991). A reticulated key used in lead styles where couplets may
comprise of a question, with the leads providing different answers. The case will
often simply be handled by true duplication, multiple references to whole branches of
a decision tree turn a “tree” structure into a directed reticulated identification key

(Hagedorn, 2007).
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Serious consequences in both pure and applied disciplines, including ecology,
pest control, forensics and medical diagnosis may happen due to the error in
identification key (Bland & Jaques, 2010). Therefore in order to reduce the incidence
of such errors, identification keys must be assembled with prodigious attention. The
identification acquired from a key should be regarded as only a suggestion of the
species real identity. The specimens that need to be compared with some
authoritative source, such as a complete and precise description of the species, will
be required for full identification preferably in a monograph. Brief descriptions are
mostly required in many keys to allow more certain identification, but these should

not be assumed sufficient for authentication (Bland & Jaques, 2010).

There is very lack of information on research studies of Coleopterans in
Malaysia and very little documentation of the taxonomy of most groups of
Coleopterans especially in Peninsular Malaysia (Cheng & Laurence, 2007). Despite
of the lack of studies on Coleopterans in Malaysia, therefore there is less
identification key were recorded for species of Coleopterans in Malaysia. Thus, the
identification key from other sources as shown in Table 2.1 can be made as

references to identified species of Coleopterans in Malaysian.

Adult Coleopterans identification can be subject to certain features of
external morphology and their terminology. Many keys use the “tarsal formula”. It
refers to the expression of the number of tarsal segments on each of the legs. For
example, a formula of 4-5-5 designates 4 segments in the front tarsi, 5 in the middle
tarsi, and 5 in the hind tarsi. The tarsal formula sometimes differs in the sexes of the
same species, in which case it is almost always the male which has the lower formula
(Crowson, 1956). Antennal morphology is also convenient and a familiarity with the

various types of antennae is vigorous to keying numerous species of the
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Coleopterans (Bland & Jaques, 2010). Any other morphological characteristics to

identify Coleopterans includes mouthparts (labial and maxillary palpi), antennal

shapes, ventral characters (sterna, pleura, coxae) and tarsi (shapes of segments)

(Choate, 1999). The number of taxa in biology is very huge. For example, 900,000

insect taxa alone are currently recognized (Hagedorn et al., 2010).

Table 2.1: List of Sources on Identification of Beetles worldwide

No Title Description Sources
An Introduction to The Identification key of all insects  Borror & DelLong
1.
Study of Insects in the world (1971)
Introduction to The
2. Identification of Beetles  Identification key of beetles Choate (1999)
(Coleoptera)
Borror and Delong’s Identification key of insects
Triplehorn &
3. introduction to the study  refer to Borror and Delong’s
Johnson (2004)
of insects study
Benisch &
4.  Beetle Morphology The morphology of beetles
Christoph (2007)
How to Know The The morphology and Bland & Jaques
5.
Insects identification key of all insects  (2010)
Key to Families of Identification key to families of Key to Families of
6.

Coleoptera

Coleoptera

Coleoptera (n.d.)
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2.6 Cameron Highland

Cameron Highland is the smallest district in Pahang and was first discovered
by Sir William Cameron in 1885. Cameron Highland was named after Sir William
Cameron’s name (Moore & Khadijah, 2004). It is one of Malaysia’s most wide-
ranging hill station located at 4°31°45”’ N 101°20°20” E and inhabits an area of 712
square kilometres (275 sq mi) as shown in Figure 2.3. The settlement consists of
three regions, Ulu Telom (63,981 hectares), Ringlet (5,165 hectares) and Tanah Rata
(2,081 hectares) (De Souza & Roy, 2010). All the three regions are burrowed at
elevations ranging from 1,100 metres (3,600 ft) to 1,600 metres (5,200 ft) above sea
level. The humidity is high with no patent dry seasons. Its wettest months are from
October to November whereas it’s “driest” period is from January to February. The
mean annual temperature is about 18°C (64°F). During the day, the temperature
occasionally rises over 25°C (77°F) and it hardly ever drops to as low as 9°C

whereas at night (48°F) (De Souza & Roy, 2010).

KOTA BMARU
< S
Z ’
LANGKAWT

KUALA
TERENGGANU

=} CAMERON
HIGHLAND

» KUALA
LUMPUR

KELANG

PORT
DICKSON

Figure 2.3: Map of Cameron Highland in Malaysia
(source: modified from De Souza & Roy, 2010)
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The Cameron Highlands is different from any other constituency in Malaysia.
Cameron Highland is one of the few places in Malaysia that assists as a habitat for a
wide diversity of flora and fauna. There are more than 700 species of plants that
grow here. As the mountain ascend, the vegetation altered in each level. The district
is known for its flower nurseries, vegetable farms and tea growing. Its forests form
the fundamental natural ecosystem within and all over the area. It is a home for
hundreds of tropical rare floral species, and it is also an area with a markedly
different ecosystem. In 1958, the settlement was acknowledged as a reserve for deer.
Four years later, it became a place giving protection to animals and birds (Rodrigo &
Jennifer, 1996). From year 1957 to 1973, during the Post-Independence Period,
massive regions of land were cleared for agriculture and infrastructure development.
After 1974, more land was cleared for agriculture, logging activities, livestock
farming, hotel construction, housing projects, human resettlement, power plants,

small-scale industries, and road building (De Souza & Roy, 2010).
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CHAPTER 3

MATERIALS AND METHODS

3.1  Study Site

This research has been conducted in month of July to August 2016 (24 days)
at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland. The biodiversity centre
is located on an edge of Gunung Brinchang at an elevation of 1781 metres above sea
level (N 04°31°12.17, E 101°23°40.1”) as shown in Figure 3.1. R.E.A.C.H
Biodiversity Centre Forest was established in 2012 in order to reforest the flora and
fauna around the biodiversity centre (Regional Environmental Awareness Cameron
Highland, 2016). R.E.A.C.H is a community founded organisation formed in 2001 by
a group of Cameron Highland’s residents. It was illegally cleared in 2000 by the
local farmers for agricultural activities. An official permission was given to
R.E.A.C.H in 2002 to reforest it and it has been 16 years since the forest around this
biodiversity centre have been rehabilitated centre. The total area of this place is 50
hectares and the area has two trails with 380 metres and 350 metres length of each

trail (Regional Environmental Awareness Cameron Highland, 2016).

Considered to rapidly declining environment especially the declining forests
and water quality, R.E.A.C.H with the help of volunteers managed to cover about
80% of the site by planting some local plants. Since then, more than 9200 trees were
planted and they are all from endemic species such as Gerok, Eugenia,
Rhododendrons and Nepenthes. Birds, insects and small mammals has been started to
move into the area. This is one of the first reforestation sites at such a high elevation.

(Regional Environmental Awareness Cameron Highland, 2016). A group of
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volunteers is now running the organisation with fund from membership, reforestation

activities, small grants, donations and sales of souvenirs.
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Figure 3.1: Map of Gunung Brinchang in Cameron Highland
(source: modified from De Souza & Roy, 2010)
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3.2 Materials

Table 3.1 below shows list of materials for collecting, preservation and mounting of

beetles specimens.

Table 3.1: List of materials for collecting and preservation of beetles specimens

NO. MATERIAL

DESCRIPTION

1. Light trap, pitfall trap & yellow pan

trap

2. Falcon tube

3. Ethyl Acetate

4. Small jar

5. Insect pin

6. Insect label

To attract beetle species

To immobilize collected insects

Killing agent that produce a toxic
atmosphere that make the insects cannot

breathe

Placing specimens for dry preservation

method

To pin the insects

Information or data about the insects to be

pinned together with the insects

specimens
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3.3 Methods

3.3.1 Data Collection
a) Light Sheet Trap

All samples of Coleopterans in the study area have been collected by using
light traps (Figure 3.2 and 3.3). Insects are positively phototrophic and use of light
traps for insect catches produces valuable faunistic data. Ramamurthy et al., (2010)
used Mercury, Black and Ultra-violet light traps for insect capture and found that
Coleopterans dominate the catches followed by Hemipterans, Hymenopterans and
Lepidopterans. Lamps rich in their output of ultraviolet light is the most efficient
light traps (Steiner & Hauser, 1991).

The main advantage of light-trapping is the large number of species which
can be recorded during a relatively short period. In this research study, two light
sheet traps has been used where it were installed in Trail 1 and Trail 2 at R.E.A.C.H.
The lamp was placed in front of a vertical white sheet which serves as a good
reflector and also allows insects to settle near the lamp. As Steiner & Hauser (1991)
said, this method is the simplest among the other light traps. A cloth sheet, usually a
white bed sheet, was hung outdoors at night with a proper light source. During this
experiment, spiral bulbs and fluorescent lamp were used as a light source and it were
connected to car battery as an electrical source. Then the sheet was pinned to a rope
tied between two trees, with the bottom edge of the sheet will be spread out on the

ground below the light.
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Figure 3.2: Light sheet trap (Trail 1)

Figure 3.3: Light sheet trap (Trail 2)
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The light traps have been set up on the trail before the experiment was
conducted. The light traps were installed in the evening and the time range for this
experiment being conducted was from 6.30pm to 11.30pm. The light traps were
installed at Trail 1 and Trail 2 and they were installed for 12 days at each of the trail.
The moon phase condition had been taken into account as the moon phase may
effects the attraction of insects to the artificial light (Barr, 1963). The light source
will compete with the bright moon which may results in a reduced catch. The most
suitable time for collecting insects for each month is from the fifth night after the full
moon until about a week before the next full moon occur (Barr, 1963). The samples
collected were kept in a falcon tube which has been poured with ethyl acetate to
immobilize the beetles. The samples collected were carried back safely to Natural

Resources Museum, Universiti Malaysia Kelantan, Jeli Campus for preservation.

b) Pitfall Trap

All samples of Coleopterans in the study area were collected by using Pitfall
trap (Figure 3.4 and 3.5). It is another simple and effective yet a useful type of
interception trap consists of a can, jar, or dish sunk in ground. A cover must be
placed over the open top of the jar to prevent raindrop and small vertebrate enter the
jar while allowing insects to enter it (Briggs, 1971; Clark & Blom, 1992). Pitfall
traps may be lured with various substances. In this research, soaps water has been
used to trap beetle specimens. Even though the specimens that fall into the trap will
remain there, it should be checked daily and desired specimens will be relocated and
placed in a killing bottle or alcohol while they are in their best state (Clark & Blom,

1992).
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Pitfall traps which made up from plastic bottles have been set up along the
Trail 1 and Trail 2 in the research areas before the experiment was conducted. A total
of 15 pitfall traps were used in this experiment. Each trail was installed with pitfall
traps and the distance between each trap is 20 meters. The pitfall trap has been
installed for 24 days at both trails. The pitfall traps were checked every day in the
morning and the evening. The samples collected were kept in a falcon tube which has
been poured with ethyl acetate to immobilize the beetles. The samples collected were
carried back safely to Natural Resources Museum, Universiti Malaysia Kelantan, Jeli

Campus for preservation.

Figure 3.4: Pitfall trap
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c) Yellow Pan Trap

Coleopterans specimens were also collected by using yellow pan trap at the
research area. Yellow pan trap are used broadly by some collectors. A plastic or an
aluminium pan is painted yellow and placed on the ground and filled with some non-
toxic fluid (Granger, 1970). In this research, yellow pan trap was made up from
plastic container and soaps water has been used as the substance filled in the trap.
The yellow pan traps have been set up along the Trail 1 and Trail 2 before the
experiment was conducted as each distance between the trap is 20 metres. A total of
15 yellow pan traps were used in this experiment. The installation of yellow pan trap
also took 24 days at each trail. The yellow pan traps were checked every day in the
morning and the evening like pitfall traps. The samples collected were kept in a
falcon tube which has been poured with ethyl acetate to immobilize the beetles. The
samples collected were carried back safely to Natural Resources Museum, Universiti

Malaysia Kelantan, Jeli Campus.

Figure 3.6: Yellow pan trap
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d) Manual Collection
Several Coleopterans were manually collected on the ground during the
research study conducted at R.E.A.C.H Biodiversity Centre Forest, Cameron
Highland. The Coleopterans were collected using forceps and the collection time was
in the morning and night. The samples collected were kept in a falcon tube which has
been poured with ethyl acetate to immobilize the beetles. The samples collected were
carried back safely to Natural Resources Museum, Universiti Malaysia Kelantan, Jeli

Campus for preservation method.

3.3.2 Identification and Preservation

The samples have been identified through the identification key by following
Borror & DelLong (1971). The existing identification key of Coleopterans was used
to identify the species of Coleopterans collected in R.E.A.C.H Biodiversity Centre
Forest, Cameron Highland. In need for identification of beetles collected in
R.E.A.C.H Biodiversity Centre Forest, Cameron Highland, prior knowledge towards
certain features of external morphology and their terminology is needed such as the
antennal shape, mouthparts, tarsal and other characters (Lane, 1965). After the
Coleopterans specimens have been identified according to their suborders, families
and species, they will be mounted on spreading board. Before dry insects need to be
pinned, they need to be relaxed, that is, remoistened enough so that it will not halt
when the pin is inserted or the specimens be rearranged or repositioned (Lane, 1965).

The samples were preserved using dry preservation method. In this research,
a manual dry preservation method has been applied where all the samples collected
were dried under sunlight in the morning till evening about two to four days based on

size of organism. The preserved specimens were labelled with complete collection
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data (Tindale, 1962). Then, Coleopterans specimens were kept in Natural Resources

Museum of Universiti Malaysia Kelantan, Jeli Campus.

3.3.3 Construction of Pictorial Identification Key

Coleopteran species identification requires prior knowledge to become
acquainted with tarsi (shapes of segments), mouthparts (labial and maxillary palpi),
antennal shapes, ventral characters (sterna, pleura, coxae), and other morphological
characters (Bland & Jaques, 2010). Many keys use the “tarsal formula”. Antennal
morphology is also useful and understanding with the various types of antennae is
vital to keying many of the Coleopteran species (Bland & Jaques, 2010). The
characters that will take into account in order to identify the type of Coleoptera
species collected at R.E.A.C.H Biodiversity Forest are the by looking at their
protothorax, antenna, abdominal segment and their coxae (Crowson, 1956).

The type of identification key that has been constructed is dichotomous,
meaning that each couplet has 2 paragraphs of characters from which the best match
was picked. Through process of elimination of the unneeded characteristic, a
reasonable identification choice has been made through this key. If it is found that if
every couplet seems to be a problematic choice, an error is probably have been made
or the specimen that are tried to be identify belongs in a family which are not
encompassed in the key (Choate, 1999).

Pictures of specific morphological characters of identified Coleopterans were
drawn under the dichotomous key identification. It is to ease the non-entomologist

and non-taxonomist at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland in
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order to identify and differentiate the species of Coleopteras collected in further

research studies.

3.3.4 Statistical Analysis

a) Species Accumulation Curve

The species accumulation curve was used to find out how many species
characterizing an assemblage, which means the specimens will be sampled to a
greater extent until no new species are found and the species accumulation curve will

reaches an asymptote (Choate et al, 2009).
b) Rarefaction Curve

After the species accumulation curve was constructed, a rarefaction curve
also was constructed to compensate for sample-size differences in the measurement
of richness in ecological studies. The rarefaction curve consists of the number of
species as a function of the number of a sample (Sanders, 1968). Generally, as the
most common species are found, rarefaction curve grow promptly at first, but as only
the rarest species remain to be sampled, the curve will become plateau (Gotelli &

Colwell, 2001).

C) Shannon-Wiener Diversity Index

The data collected was analysed using Shannon-Wiener Diversity Index (H)
to determine the diversity of the Coleopterans. This data analysis was chosen because
it is believed to emphasize the richness component of diversity. According to
Magurran (2004), this index assumed that each species was represented in each

sample and that there was random sampling of individuals from an infinitely large
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population. Diversity increases with the increase in the value of the index. Shannon-
Wiener Index has a maximum value of 5 (Magurran, 2004). This index also can be
used to calculate diversity of families among the Coleopterans (Abdullah et al., 2001;
Abdullah et al., 2012). In other words, the Shannon—Wiener Index (Shannon &

Weaver, 1948) is defined as in Equation 3.1:

H =-[(n/N) In(m/N)] Equation 3.1
where the range is between 0 — H’ ax

Hwex=IS Equation 3.2

Where;

H’ = Shannon-Wiener Index

N = Total individual in a population
n; = Total individual for n; species

S = Number of species

d) Pielou’s Evenness Index
According to Mulder et al., (2004), the evenness of a community also can be

calculated by Pielou’s evenness index.

=H/Mmax . Equation 3.3
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Where:

J> = value inhibited between 0 and 1, the less variation in communities
between the species (similar proportion of species), the higher J” is.

H’ = Shannon-Wiener Index

H’max = Maximum possible value of H’(calculated using Equation 3.2)

e) Margalef’s Diversity Index

Besides using Shannon-Wiener Index to calculate species richness,
Margalef’s Diversity Index (Margalef, 1951) also was used. This index is simply
scale the number of species to calculate diversity and how the closely related species
does not take into account. Abundance increased proportionally with the value of

Margalef’s Diversity Index. Margalef’s Diversity Index is defined as in Equation 3.4:
Dmg=(S-1)/InN Equation 3.4
where:

S = Number of species

N = Number of individuals (of all species)
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CHAPTER 4
RESULTS AND DISCUSSION

4.1  Coleopterans Assemblage

A total of 34 Coleopterans specimens that comprised of 16 species (Appendix
A) were collected at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland
(R.E.A.C.H B.C.F). Recorded Coleopterans were comprised of eight families which
are Silphidae, Cerambycidae, Scarabaeidae, Cetoniidae, Carabidae, Curculionidae,
Lucanidae and Colydiidae. The study at R.E.A.C.H Biodiversity Centre Forest,
Cameron Highland have been carried out for 24 days and species accumulation curve
was used to make sure the data is reliable and significant for species collected at

R.E.A.C.H B.C.F as shown in Figure 4.1 below:
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Figure 4.1: Graph of species accumulation curve of species of Coleopterans collected
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Rarefaction curve also was constructed to give the general view of the
number of species and the number of individuals of Coleopterans at R.E.A.C.H
Biodiversity Centre Forest, Cameron Highland. The rarefaction curve grows
promptly as there are most common species of Coleopterans found. Figure 4.2

showed the rarefaction curve of the Coleopterans collected.
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Figure 4.2: Rarefaction curve of Coleopterans collected

From Table 4.1, it has been found that family Scarabaeidae has the largest
population at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland where it
contains of eight species which are, Anomala sp. 1, Anomala sp. 2, Adorefus sp. 1,
Phyllopertha sp., Blitopertha sp., Apogonia sp. 1, Apogonia sp. 2 and Ectinohoplia
sp. The second largest population at R.E.A.C.H B.C.F is family Carabidae, where
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there are two species found which are Pterostichus sp. and Amara sp. There is one
species that have been recognized in family Silphidae which is Nicrophorus
nepalensis. It is also known as burying beetle. One species from family Cetoniidae
was collected which is Thaumastopeus pugnator, known as green flower beetle.
There is also one species of longhorn beetle found in family Cerambycidae which is
Sciades sp. There is only one species of weevil beetle found in family Curculionidae
which is Telephae sp. One species of family Colydiidae was found which is
Ascetoderes sp. Stag beetle also was found in that area, Macrodorcas sp. which

classified in family Lucanidae.

Table 4.1: List of Coleopterans species in R.E.A.C.H Biodiversity Centre, Forest
Cameron Highland.

No. Family Species Common name

1. Carabidae Amara sp. Ground beetle

2. Pterostichus sp.

3. Cerambycidae Sciades sp. Longhorn beetle

4. Cetoniidae Thaumastopeus pugnator Green  flower
beetle

5. Colydiidae Ascetoderes sp. Bark beetle

6. Curculionidae Telephae sp. Weevil beetle

7. Lucanidae Macrodorcas sp. Stag beetle

8. Scarabaeidae Adorefus sp. 1 Dung beetle

9. Anomala sp. 1

10. Anomala sp. 2

11. Phyllopertha sp.

12. Blitopertha sp.

13. Apogonia sp. 1

14. Apogonia sp. 2

15. Ectinohoplia sp.

16. Silphidae Nicrophorus nepalansis Burrying beetle

TOTAL 8 16
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4.2  Diversity of Coleopterans

In this study, nine specimens of beetles were identified to species levels
which are Thaumastopeus pugnator from family Cetoniidae and Nicrophorus
nepalansis from family Silphidae. There were 29 specimens of beetles were
identified to genus level only. There is only one species of Coleopterans collected
which is diurnal that is Thaumastopeus pugnator, green flower beetle. All the species
in this study are new published records of R.E.A.C.H Biodiversity Centre Forest,
Cameron Highland since no study has been conducted at R.E.A.C.H B.C.F before.
Besides, the collected Coleopterans species were not recorded under International

Union for Conservation Nature (IUCN) Red List (IUCN Red List, 2016).

Coleopterans in family Scarabaeidae, Carabidae, Cetoniidae, Curculionidae,
Cerambycidae and Silphidae are commonly found in Malaysia (Abdullah et al., 2001;
Abdullah et al., 2012). The distributions of these Coleopterans families are mostly in
Southeast Asia (Malaysia, Indochinese Peninsular, Philipine, and Thailand). They
also can be found in Australia, Japan and China (Maeto et al., 2002; Dalgleish &
Elgar, 2005; Kojima & Morimoto, 2011). The other families of Coleopterans,
Lucanidae was merely found in Myanmar and Thailand which is the neighboring
country to Malaysia (Nagai, 2000). They also can be found in Indochinese Peninsular
and in East Asia (Taiwan, China and Japan) (Nagai, 2000). Only family Colydiidae
was distributed in continent Australia, East Asia (Taiwan and Japan) and Southeast

Asia (Philipines) (Pope, 1961; Fauna Europaea, 2011).

Figure 4.3 showed the number of species sampled from each family of

Coleopterans at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland.
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Figure 4.3: Number of Species Sampled from Each Family of Beetles sampled at
R.E.A.C.H Biodiversity Centre Forest, Cameron Highland.

Based on Figure 4.3, the most number of species collected were from family
Scarabaeidae (s=8) followed by Carabidae (s=2). The least number of species were
collected from family Cetoniidae, Curculionidae, Colydiidae, Cerambycidae,

Silphidae and Lucanidae which only one species collected from each of the family.

Two ecological indices were used which are Shannon-Wiener Diversity Index
and Margalef’s Diversity Index. Shannon-Wiener Diversity Index was used to
determine the diversity of the Coleopterans at R.E.A.C.H Biodiversity Centre Forest,
Cameron Highland. All the Coleopterans species that have been collected were
counted and being calculated in the Shannon-Wiener Diversity Index (Appendix B)

and the result was shown in Table 4.2.
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Table 4.2: Shannon-Wiener Diversity Index

SYMBOL RESULT
H’ 2.51
H’max 3.53

Based on the table above, the Shannon-Wiener Diversity Index (H”) value is
2.51 while value of H’max is 3.53. The range of Shannon-Wiener Diversity Index (H’)
should be in between 0 and H’ma. Through the calculation above, the value of
Shannon-Wiener Diversity Index showed a high diversity of Coleopterans at

R.E.A.C.H Biodiversity Centre Forest, Cameron Highland.

Margalef’s Diversity Index was also used to estimate the species richness of
Coleopterans in the research areas. The value of species richness was presented as in

the Table 4.3 below:

Table 4.3: Margalef’s Diversity Index

SYMBOLS RESULT

By 4.25

The calculated value of Dyg of Coleopterans at R.E.A.C.H. Biodiversity

Centre Forest, Cameron Highland is 4.25.

Using ecological indices, the diversity of beetles collected at R.E.A.C.H
Biodiversity Centre Forest, Cameron Highland is better presented. Significantly,
result from Shannon-Wiener Diversity Index showed the diversity of the
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Coleopterans at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland was high.

The results showed a positive and successful succession of Coleopterans in a new

rehabilitated forest which only aged 16 years since it is reforesting in year 2000. The

insects were able to migrate and reoccupy the new ecosystem at R.E.A.C.H

Biodiversity Centre Forest, Cameron Highland.

Table 4.4 gives the ecological indices for different families of Coleopterans

collected at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland. The family of

Coleopterans that most diverse and high in species richness was Scarabaeidae

(Shannon-Wiener Index, 0.35; Margalef’s Index, 2.52) and followed by Carabidae

(Shannon-Wiener Index, 0.26; Margalef’s Index, 0.36).

Table 4.4: Summary of ecological indices according to beetle family at R.E.A.C.H

Biodiversity Centre Forest, Cameron Highland.

Family

Shannon-Wiener Index

Margalef Index

Scarabaeidae

Carabidae

Cetoniidae

Curculionidae

Colydiidae

Cerambycidae

Silphidae

Lucanidae

0.35

0.26

0.17

0.17

0.17

0.17

0.17

0.17

2.52

0.36
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4.2.1 Evenness of Coleopterans

The evenness of Coleopterans at R.E.A.C.H Biodiversity Centre Forest,
Cameron Highland was calculated using Pielou’s Evenness Index. The result shown

in the Table 4.5 below:

Table 4.5: Piclou’s Evenness Index

SYMBOL RESULT

r 0.71

The value of the species evenness (J°) of Coleopterans at R.E.A.C.H.
Biodiversity Centre Forest, Cameron Highland obtained was 0.71. Value of J’ should
be in the range between 0 and 1 and the much higher the value of J is, the similar the
proportion of species of Coleopterans at R.E.A.C.H B.C.F. Thus, based on the value
of species evenness obtained using Pielou’s Evenness Index, the Coleopterans are
evenly distributed in abundance among them at R.E.A.C.H Biodiversity Centre

Forest, Cameron Highland.

4.3  Abundance of Coleopterans

Abundance is measured as the number of individuals found per sample
(Bartelt et al., 2001). R.E.A.C.H Biodiversity Centre Forest, Cameron Highland has
high diversity of Coleopterans. Unfortunately, the Coleopterans were least

abundance in individuals. Figure 4.4 showed numbers of individuals of Coleopterans
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sampled at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland which showed

the least abundance of Coleopterans.

18 17

16
14
12
10 8

No of individuals

o N b O
N

Figure 4.4: Number of Individuals of Each Family of Beetles Sampled at R.E.A.C.H
Biodiversity Centre Forest, Cameron Highland.

Based on Figure 4.4, the most number of Coleopterans specimens collected
belongs to family Scarabaeidae (n=17), followed by Cetoniidae (n=8), Carabidae
(n=3) and Cerambycidae (n=2). The least number of Coleopterans specimens
collected belongs to family Curculionidae, Colydiidae, Silphidae and Lucanidae with

each of the family consist only one specimen.

There are several factors that may contribute in least abundance of
Coleopterans collected at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland.
Rainfall interference during the experiment being conducted may affect the

abundance of beetles in R.E.A.C.H B.C.F. William & Liebhold (2002) reported that
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warmer temperature and climate change may not only increase the period of flight
activity and increase the number of generation per year, but also protracted the range
of abundance of lower elevation beetles to higher elevation beetles. Besides, beetle
scavenging season was peak in the mid-August to mid-September (Bai et al., 2008).
This factor may cause a bias result in abundance of Coleopterans at R.E.A.C.H

Biodiversity Centre Forest, Cameron Highland.

Cameron Highland is one of the last refugees for several of Asia’s large
characteristic species. Unfortunately, due to its popularity with tourist and visitors,
plentiful harm has been done to the forest over the year and the mountain is still
reeling from the effects of land clearing and over pollution (Abdullah et al., 2001).
There are parts of Cameron Highland comprised of tea plantations, flower nurseries,
vegetable farms and orchards. Human activities such as pesticides usage at the

plantation may affect abundance and diversity of beetle (Abdullah et al., 2001).

4.4  Comparison with Previous Study

Apart from this research study, there is previous study on Coleopterans at
Gunung Brinchang where it is the nearest location to R.E.A.C.H Biodiversity Centre
Forest, Cameron Highland. The recent study can be used to compare with
Coleopterans at R.E.A.C.H Biodiversity Centre Forest in term of its diversity,
species richness and their abundance. It is also to investigate whether R.E.A.C.H
Biodiversity Centre Forest, Cameron Highland as it is a rehabilitated forest success

or not in bringing backs the ecosystem of the Coleopterans back in the forest.

In comparison with recent study that has been done at Gunung Brinchang by

Abdullah et al (2001), it is favourable to compare with R.E.A.C.H Biodiversity
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Centre Forest, Cameron Highland as this study site located near Gunung Brinchang.
The study found that the beetle abundance and diversity at different elevation was
different at Cameron Highland. R.E.A.C.H Biodiversity Centre Forest, Cameron
Highland which is located on the edge of Gunung Brinchang has elevation of 1781
metres above sea level while elevation of Gunung Brinchang is 2032 metres above
sea level (Abdullah et al.,, 2001). Thus, Gunung Brinchang which has higher
elevation showed high abundance and species richness of Coleopterans where 73 of
beetle specimens collected comprised of 54 species from 15 different families
(Abdullah et al., 2001) while species of Coleopterans at R.E.A.C.H Biodiversity
Centre Forest, Cameron Highland that managed to be sampled only contains of 34

beetles comprised of 16 species from 8 families.

From perspective of ecological indices calculation, the value of Shannon-
Wiener Index of Coleopterans collected at Gunung Brinchang was 3.81 and the value
of Margalef Index was 12.35 (Abdullah et al., 2001) while the values of Shannon-
Wiener Index and Margalef’s Diversity Index of R.E.A.C.H Biodiversity Centre
Forest, Cameron Highland were 2.51 and 4.25 respectively. The greatest difference
in both values of Shannon-Wiener Diversity Index and Margalef’s Diversity Index
showed that Gunung Brinchang has the most diverse and abundance in species
richness of Coleopterans. Nevertheless, factor such as size of areas for both of
Gunung Brinchang and R.E.A.C.H Biodiversity Centre Forest should be taken into
account as both areas have different sizes. As for R.E.A.C.H Biodiversity Centre
Forest which has smaller area compared to Gunung Brinchang, thus the value for
diversity of Coleopterans at R.E.A.C.H B.C.F showed rather high result for
Coleopterans collected there. Since R.E.A.C.H Biodiversity Centre Forest was a

rehabilitation forest, it is natural that the number of beetles found is less than the
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number of beetles found in primary forest. This is because they are influenced by

habitat changes, synergistic effect of forest modification and fragmentation.

Previously, Coleopterans loss their habitat in the original forest at R.E.A.C.H
Biodiversity Centre Forest, Cameron Highland due to deforestation for agricultural
activities and Coleopterans in that site were declined in numbers decades ago. After
the biodiversity centre was reforest back, the Coleopterans were starting to increase
in numbers as they migrate into the forest and adapt to the new surroundings
ecosystem. This explains why the beetles specimens collected at R.E.A.C.H
Biodiversity Centre Forest, Cameron Highland were less than beetles collected at

Gunung Brinchang.

This result may happen due to several factors such as the forest modification,
elevation of their habitat, habitat changes and environmental changes. The alteration
of natural landscape by humans is the main cause of global biodiversity loss through
all major taxonomy groups (Coleman & Hendrix, 2000). The higher diversity and
abundance values were related with the highest habitat diversity, with more abundant
of ecological functions supporting insect development and their trophic desires.
Cultivated landscapes are vastly diverse and provide numerous kinds of habitats

suitable for a countless number of species (Jeanner et al., 2003).

Different gradations of environmental changes had varying effects on the
beetle species richness and abundance such as number of leaf litter, plant species,
ground cover and soil pH (Chung et al., 2000). Leaf litter associated with abundance,
species richness and composition of underground beetles. Plant species richness, tree
and sapling densities interconnected with abundance and species richness of

understory beetles while ground cover interrelated only with the species richness and
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abundance of these beetles (underground & understory beetle). Canopy covers
associated only with arboreal beetles (Chung et al., 2000). The Coleopterans
collected at R.E.A.C.H Biodiversity Centre Forest, Cameron Highland were mostly
underground and understory beetle such as Scarabaeidae, Carabidae, Cerambycidae

and Lucanidae.

R.E.AC.H Biodiveristy Centre Forest, Cameron Highland is the rehabilitation
forest aged 16 years after the forest has been cleared for agriculture purpose. The
endemic species of plants such as Gerok, Eugenia, Rhododendrons and Nepenthes
were replanted in the forest to attract back all the animals include insects and create a
new environmental ecosystem. Assemblage distribution of Coleopterans was mainly

influenced by the position of sites, aged of ecosystem and spatial heterogeneity.

However, the various ecosystems in Gunung Brinchang and R.E.A.C.H
Biodiversity Centre Forest, Cameron Highland may have some families and species
in common. These similarities may be due to the species of beetles that favour
disturbed habitats were advance compounded by the capability to fly and therefore
migrate to neighbouring habitats in search for shelter, foods and mates (Coleman &
Hendrix, 2000). For example, there are four similar families of Coleopterans found at
both sites which are Scarabaeidae, Carabidae, Cerambycidae and Curculionidae.
Significantly, R.E.A.C.H Biodiversity Centre Forest, Cameron Highland managed to
attract some of the Coleopterans species in the neighbouring areas and create a new

environmentally ecosystem for the Coleopterans.
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4.5 Identification Key of Coleopterans

All the species of Coleopterans collected at R.E.A.C.H Biodiversity Centre
Forest, Cameron Highland were identified using ‘An Introduction to The Study of
Insects’ by Borror & DeLong (1971). This key was constructed as no pictorial key
available for beetle of Cameron Highland as can be seen in journal of Beetle Fauna
of Cameron Highland Montane Forest by Abdullah et al. (2001). Key to families and
genera levels of Coleopterans collected at R.E.A.C.H Biodiversity Centre Forest,
were constructed. For Scarabaeidae and Carabidae, the key was constructed to genus
level as other families of Coleopterans collected at R.E.A.C.H B.C.F consist only
one genera per family. The pictures of morphological characteristics of Coleopterans

were modified and redrawn manually using 0.8 Artline Drawing System pen.

Common and visible morphological characteristics were used to differentiate
all the Coleopterans collected at R.E.A.C.H B.C.F, therefore is used to construct
pictorial identification key. Characters that are being used are body shape and size,
head, antenna, mouth, scutellum and pattern on elytra. Current available
identification key (Borror & DelLong, 1971) which used specific and more detail
characteristics to identify the Coleopterans were used as a guide in the construction
of this pictorial identification key. The pictorial identification key was constructed
based on common characteristic that can be easily observed on Coleopterans
collected at R.E.A.C.H Biodiversity Centre. Thus it can be easily recognized and
identified by common people at Cameron Highland and this pictorial identification

key will be helpful for future studies.
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45.1 Key to Families Level of Coleopterans

1. a) The elytra have a smooth surface and does not have emerging pattern (i)........ 2
b) The elytra have a rough surface and have an emerging pattern (ii)................ 5
pattern
(i) (ii)
2. 2) Body S1Z€ 1S CONVEX (1)1 v uueneiniiiiieieae e et eeeee e Scarabaeidae
b) Body size is elongated (11)..........oueuineerinieiriiet e 3

convex
body

— elongated body

(i)
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.................................................................................... Carabidae
b) The antenna is clubbed and it usually has bright colors (ii)......................... 4
’ (
f (
[ \
(i) (ii)
4. a) The elytra is straight along the body and the color is orange-black (i)...............
.................................................................................... Silphidae
b) The elytra is curve at the edge of the body and the color is green (ii)...............
................................................................................... Cetoniidae
straight edge curve
elytra \
(i) (ii)
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5. a) Antenna usually longer than one half length of body (i)............. Cerambycidae

b) Antenna is short than the body size (i1)..........oooviiiiiiiiiii e 6
// antenna \
I" \\\
() (ii)
6. a) It has mandible like the antlers of the stag (i)...............cooeenvnn.n Lucanidae
b) It does not have mandible (11)...........oooviiriiiiii i, 7
mandible

[ \

[ / ‘ ‘\

\ ! H 3
() (ii)
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7. a) The head is more or less prolonged forward into snout (i)............... Lucanidae

b) The head absence of SNOUt (11).......c.ooviireiiriiniiiiiii e, Colydiidae

() (ii)
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4.5.2 Key to Genus of Family Carabidae
1.a) It has convex body SiZe (1).......oviriniiniiriitii e Amara

b) It has elongated body Size (11).......c.oveeriiriiriniiiiiiiiiieeeenen, Pterostichus

convex

/ body

—

_ elongated body
(i)

(i)
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4.5.3 Key to Genus of Family Scarabidae

1. a) It has square shape elytra and rough surface (i)......................... Ectinohoplia
b) It has oval shape elytra and smooth surface (i1)................ccoeiiiiiiiinia 2
elytra
(i) (ii)
2. a) Pronotum and elytra have black spots (1)..............ccoooiiiieiinin Blitopertha
b) Pronotum and elytra do not have black spots (ii)...............cccooiviiiiiinnn.n. 3

v." black spots

4
¥

(i) (ii)
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3 a) The head colour is dark green (1).........coveeviininiiieieeen, Phyllopertha

b) The head is absent of dark green colour (i1)............ccooeiiiiiiiiiiiiiiii i, 4
@ head %f
" \\‘ '_' ‘\‘
4 a) The body color is bright brown (1)............ccoiieiiiiiiiiiiiiiaan.. Adorefus
b) The body color is dark brown and dull (i1)..........c.oooooiiiiiiiii. 4
bright brown
color
Dark brown
color
(i) (ii)
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5 a) The scutellum shape is roundish (1)...........ccoveviiiiiiiiiiiienn.. Anomala

b) The scutellum shape is triangle (i1).........cccoeerivriiiiiiiiiiiiiaaa.. Apogonia

scutellum

() (ii)
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

51 Conclusion

A total of 34 specimens of Coleopterans comprising 16 species from eight
families were assembled in this study. R.E.A.C.H Biodiversity Centre Forest,
Cameron Highland which is a rehabilitated forest was managed to attract back
Coleopterans diversity to the forest and some common Coleopterans from
neighbouring area, Gunung Brinchang also can be found at R.E.A.C.H Biodiversity
Centre Forest, Cameron Highland. This shows that reforestation at R.E.A.C.H

Biodiversity Centre Forest, Cameron Highland was a success.

5.2 Recommendations

Further study of Coleopterans at R.E.A.C.H Biodiversity Centre Forest,
Cameron Highland should have entails a combination of different type of trapping
methods on sampling Coleopterans because restraint of a type of traps will
compliment other type of traps. This combination of trapping method will ensure a
better estimation of abundance, diversity and species richness of Coleopterans in
different land use type (Dagobert et al., 2010). Furthermore, the future research
should be conducted with detail physical parameter reading, location and altitude.
Noyes (1989) reported that in tropical lowland areas, insects was greater in number
at elevation of 1300 m to 1700 m as compared lower and high elevation. Besides, the
future studies should be conducted during wet and dry season as to compare the
diversity and abundance of Coleopterans at R.E.A.C.H Biodiversity Centre Forest,

Cameron Highland.
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APPENDIX A

This is the list figures of Coleopterans collected at R.E.A.C.H Biodiversity Centre
Forest, Cameron Highland.

Family: Scarabaeidae Family: Scarabaeidae
Species: Adorefus sp. 1 Species: Anomala sp. 1

Common name: Shining leaf chafer

ﬁ |

Family: Scarabaeidae Family: Scarabaeidae
Species: Anomala sp. 2 Species: Phyllopertha sp.

Common name: Shining leaf chafer
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Family: Scarabaeidae

Species: Blitopertha sp.

Family: Scarabaeidae

Species: Apogonia sp. 2
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Family: Scarabaeidae

Species: Apogonia sp. 1

Family: Scarabaeidae
Species: Ectinohoplia sp.

Common name: Monkey beetle



. " Family: Curculionidae
Family: Cetoniidae

. Species: Telephae sp.
Species: Thaumastopeus pugnator

Common name: Weevil bettle
Common name: Green flower beetle

Family: Carabidae Family: Carabidae

Species: Amara sp. Species: Pterostichus sp.

Common name: Ground beetle
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Family: Colydiidae

Species: Ascetoderes sp.

Family: Silphidae
Species: Nicrophorus nepalansis

Common name: Burrying beetle
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Family: Cerambycidae
Species: Sciades sp.

Common name: Longhorn beetle

Family: Lucanidae

Species: Macrodorcas sp.

Common name: Stag beetle



APPENDIX B

Table 1: Shannon-Wiener Diversity Index calculation table

Species n; ni/N In(ni/N)  (N/N)In(ni/N)
Adorefus sp. 1 4 0.1176 -2.1405 -0.2517
Anomala sp. 1 4 0.1176 -2.1405 -0.2517
Anomala sp. 2 2 0.0588 -2.8336 -0.1666
Phyllopertha sp. 2 0.0588 -2.8336 -0.1666
Blitopertha sp. 1 0.0294 -3.5268 -0.1037
Apogonia sp. 1 1 0.0294 -3.5268 -0.1037
Apogonia sp. 2 2 0.0588 -2.8336 -0.1666
Ectinohoplia sp. 1 0.0294 -3.5268 -0.1037
Thaumastopeus pugnator 8 0.2353 -1.4469 -0.3405
Telephae sp. 1 0.0294 -3.5268 -0.1037
Amara sp. 1 0.0294 -3.5268 -0.1037
Pterostichus sp. 2 0.0588 -2.8336 -0.1666
Ascetoderes sp. 1 0.0294 -3.5268 -0.1037
Sciades sp. 2 0.0588 -2.8336 -0.1666
Nicrophorus nepalensis 1 0.0294 -3.5268 -0.1037
Macrodorcas sp. 1 0.0294 -3.5268 -0.1037
TOTAL(N) 34 -2.5065
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