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ABSTRACT 

Dragonflies are widely distributed in the tropical rainforests of the island of Borneo. Dragonflies can be 
differentiated morphologically at the species level. Study on the morphological variations of four selected 
species in the genus Orthetrum (i.e. Orthetrum glaucum , Orthetrum testaceum, Orthetrum chrysis, and 
OrthetnJm sabina) from the suborder Anisoptera in Sarawak was conducted by using voucher specimens 
deposited in UNIMAS Zoological Museum, Sarawak Forestry Research Centre, and Sarawak Biodiversity 
Centre. This study was done to determine the morphological variations among dragonflies species based on 
morphometric characters and to identify the important characters that differentiate the individuals at the 
species level. A total number of 89 adult individuals were morphologically analysed with 15 morphometric 
measurements. Cluster Analysis (CA) and Discriminant Function Analysis (DF A) showed that Orthetrum 
sabina can be discriminated from Orthetrum glaucum, Orthetrum testaceum, and Orthetrum chrysis mainly 
based on four major diagnostic characters; length of abdomen, length of thorax, width of thorax, and length 
of tarsus (hind leg). However, none of the canonical coefficients estimated from the measured characters are 
suitable to distinguish Orthetrum glaucum, Orthetrum testaceum, and Orthetrum chrysis from each other. 
The knowledge from this morphometric analysis will assist researchers to choose the best characters to 
discriminate between the Orthetrum species for future research. 

Keywords: Morphological variation, Genus Orthetnlm, Morphometric measurement, Cluster Analysis, 
Discriminant Function Analysis. 

ABSTRAK 

Pepa/ung tersebar dengan meluasnya di kepulauan Borneo yang terdiri daripada hutan hujan tropika. 
Pepatung dapat dibezakan secara morfologi pada peringkat spesis. Kajian mengenai variasi morfologi bagi 
empat spe is yang terpilih dalam genus Orthetrum (i.e. Orthetrum glaucum. Orthetrum testaceum, Orthetrum 
chrysis, dan Orthetrum sabina) daripada suborder Anisoptera yang terdapat di Sarawak telah dijalankan 
dengan menggunakan specimen-specimen yang disimpan di Muzium Zoologi UNIMAS, Pusat Penyelidikan 
Hutan $arawak, dan Pusat Biodiversiti Sarawak. Kajian ini dijalankan untuk menentukan variasi mOljologi 
antara !lpesies pepatung berdasarkan ciri-ciri morfometrik dan mengenal pasti ciri-ciri penting yang dapat 
membezakan individu-individu tersebut pada peringkat spes is. Sebanyak 89 individu dewasa telah dianalisis 
secara morfologi dan 15 ukuran morfometrik telah direkodkan. Analisis Kluster dan Analisis Fungsi 
Diskriminasi telah menunjukkan bahawa Orthetrum sabina dapat dibezakan daripada Orthetrum glaucum, 
Orthemlm testaceum, dan Orthetrum chrysis berdasarkan empat ciri diagnostik yang utama; panjang 
abdomen, panjang thorax, kelebaran thorax, dan panjang tarsus (kaki belakang). Walaubagaimanapun, 
tiada anggaran koefisien kanonikal daripada ciri-ciri yang diukur adalah sesuai untuk membezakan 
Orthetrum glaucum, Orthetrum testaceum, dan Orthetrum chrysis antara satu sama lain. Pengetahuan 
daripada allalisis morfometrik ini dapat membantu para penyelidik dalam memilih ciri-ciri yang terbaik bagi 
membezakan antara Orthetrum spesies untuk kajian pada masa hadapan. 

Kata Iamei: Variasi morfologi, Genus Orthetrum , Ukuran mOljometrik, Analisis Kluster, Analisis Fungsi 
Diskriminasi. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of study 

Dragonflies are insects belonging to the order Odonata and are distributed worldwide 

according to Corbet (1980). They are widely studied in the areas of morphology, ecology, 

. 
behavior, molecular, and evolution (Corbet, 1999). The two suborders of Odonata are 

, 

Zygoptera (Damselflies) and Anisoptera (Dragonflies). Their natural history is still less 

well known (Miller, 1995; Paulson, 2009). Manwar et al. (2012) also stated that order 

Odonata is one of the most popular insect groups. The genus Orthetrum, under suborder 

Anisoptera in Libellulidae family, is the largest family of dragonfly in the world (Hill and 

Abang, 2005; Manwar et al., 2012). 

Odonata is widely distributed in Peninsular Malaysia and Borneo. Malaysia consists of 

tropical rainforests that are rich in ecosystems and have the greatest species diversity of 

Odonata (Manwar et al., 2012). According to Orr (2003), six species of genus Orthetrum 

that are commonly found in Borneo include 0. glaucum, 0. testaceum, 0. sabina, 0. 

chrysis, 0. borneensis, and 0. pruinosum. However, it is contradicted with Norma-Rashid 

(2010) as there is inadequate information on Odonata species status locally. 
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Morphometric characters served as an important taxonomic key to differentiate the taxa at 

the species and genus level (Stafford and Szalay, 2000). This method can be applied to 

discriminate the Orthetrum species by their characters. Factors like different types of 

habitats, availability of food sources, foraging behavior, seasonal, and biogeographically 

will lead to the morphological variation ofthe species (Vadivalagan et at., 2012). 

Nowadays, taxonomists like to use modem method like molecular technique for species 

identification and classification rather than classical method due to the high accuracy and 

efficiency of modem method (Hillis, 1987). Direct effects on environment also contribute 

to the classification of species such as phylogenetic variation (Sazali et aI., 2008a; 2008b). 

However, study based on conventional morphological measurement is still important due 

to the high practicability, faster and low costs. Compared to the molecula~ genetics method, 

the effort in terms of data collectiorts only need minimum of equipments and supplies for 

morphometric techniques (Hillis, 1987). 

There is a lack of information and on the morphological variations of this species under the 

genus Orthetrum, suborder Anisoptera. Therefore, this research is aimed to provide 

information and increase the knowledge on the genus Orthetrum (i.e. 0. gtaucum, 0. 

testaceum, 0. sabina, and 0. chrysis) at adult stage and thus useful as a reference data for 

future research. Furthermore, the morphological analysis subsequently can also help to 

reveal some misidentified species. This study was conducted based on morphometric 

analysis for species classification. For this research, the morphometric relationship between 

these four Orthetrum species was studied. 

3 


l 



1.2 Objectives 

The objectives of this research are as follow: 

1. 	 To detennine the morphological variations among the four examined species (i.e. 

0. glaucum, 0. testaceum, 0. sabina, and 0. chrysis) of genus Orthetrum, suborder 

Anisoptera based on morphometric characters. 

2. 	 To find out the diagnostic characters that could differentiate these four examined 

species. 

4 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction to dragonflies 

According to Miller (1995) and Bouchard (2004), dragonflies (Order: Odonata) consist of 

two major suborders, Zygoptera (damselflies) and Anisoptera (dragonflies), which includes 

the larger dragonflies. Dragonflies are abundant insects and worldwide distributed. Orr 
• 

(2003) noted that Borneo has one of the richest dragonflies faunas in the world with about 

275 species compared to nearly 6,000 species of Odonata worldwide (Orr, 2006). Choong 

(2010) stated that more than 300 species of Odonata were found in Malaysia. Taxonomy 

and classification of the Orthetrum species is shown in Table 2.1 . 

Table 2.1 : Taxonomy and classification of four examined Orthetrum species. 

Animal taxonomy 
Kingdom 
Phylum 
Class 
Order 
Suborder 
Family 
Genus 
Species 

Animalia 
Arthropoda 
Insecta 
Odonata 
Anisoptera 
Libellulidae 
Orthetrum 
• Orthetrum glaucum (Brauer, 1865) 
• Orthetrum testaceum (Burmeister, 1839) 
• Orthetrum sabina (Drury, 1773) 
• Orthetrum chrysis (Selys, 1891) 

5 




Previous study by Dow and Reels (2010) showed that dragonflies were widely found in 

tropical rainforests. Tropical forests are rich ecosystems that contain the greatest species 

diversity of the dragonflies (Kalkman et aI., 2008; Dolny et aI., 2011; Manwar et al., 

2012). Eight super families, 29 families, and some 58 sub-families of dragonflies with 

approximately 600 genera (Silsby, 2001; Manwar et al., 2012) and around 6000 species are 

distributed around the world (Silsby, 2001; Choong, 2010; Manwar et al., 2012). The 

genus Orthetrum includes about 60 of species around the world (Dijkstra and Kalkman, 

2012). 

Previous study by Norma-Rashid et al. (2001) successfully collected 59 species of Odonata 

at Tasek Bera, Pahang. The result indicated an increase in the numbers of species to 78 

species from 12 families. Norma-Rashid (2010a) stated that there a,re 16 species of 

Odonata found at Bachok, Kelantan' with 75% of them belong to Libellulidae family. She 

also noted that, males are more abundance than females at coastal area. The four Orthetrum 

species (i .e. 0. glaucum, 0. testaceum, 0. sabina, and 0. chrysis) that used in this study 

are commonly found in Borneo, Singapore (Norma-Rashid et al., 2008) and Peninsular 

Malaysia. Dragonflies are also widely distributed in Sarawak and Sabah. As mentioned by 

Choong (2010), Odonata fauna is rich in Imbak Canyon Conservation Area in Sabah as 

some of them are endemic species in Borneo. Sarawak also provide suitable habitat for 

population of dragonflies. Three national parks (i.e. Kubah National Park, Similajau 

National Park, and Lambir Hills National Park) in Sarawak have abundance of Odonata 

species (Dow and Reels, 2010; Dolny et aI., 2011). Dow (2012) listed out all the collection 

specimens of dragonflies, which include 0. sabina, 0. testaceum, 0. glaucum and 0. 

chrysis in the recent fieldwork at Gunung Penrissen, Sarawak. 
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Dragonflies usually used to study about the other taxa as they are diurnal species (Cannings 

et aI., 2000). According to Corbet (1999), they act as an insect model in terms of behavior 

and ecology studies. Orr (2003) and Bedjanic et al. (2007) noted that dragonflies are good 

indicator for aquatic ecosystem as they may be sensitive to the disturbance by logging or 

pollution while the larvae act as bio-control agents. Higher diversity of dragonflies 

indicated the higher of water quality. However, 0. testaceum are commonly found in 

poorer water quality habitat. 

Odonata undergo incomplete metamorphosis with three life stages, which are egg, nymph, 

and adult. The life cycles of dragonflies start from mating, egg-laying, larval development, 

last-moulting (emergence) and finally, become adult insects. Larvae will become adults 

after one or two years. The period of mounting process will depe?ds on the species. 

Sometimes, they undergo mounting process for about six to 10 years (Carle et al., 2008; 

Trueman et al.. 2009). Trueman et al. (2009) also noted that most of adult dragonflies have 

long lived. 

Adults Odonata have territorial behavior (Miller, 1995; Corbet, 1999) while larvae prefer 

aquatic environment. Dragonflies mostly like to fly near the water. They are commonly 

found around the area of freshwater, streams, ponds, and swamps. However, some species 

are less fQund at the stream area during the larvae stage like common Skimmer dragonflies 

(Bouchard, 2004). Hill and Abang (2005) stated that dragonflies normally focused only on 

one particular aquatic habitats such as still water, flowing water, and terrestrial habitats. 

Most of them preferred still water compare to flowing water (Cannings et al., 2000; 

Bouchard, 2004; Hill and Abang, 2005). 

7 



Based on Miller (1995) and Corbet (1999), the reproduction will occur in their territories 

near the water. Males spend most of their time in feeding and searching for females. 

Dragonflies mate in special position called wheel position. Cannings et al. (2000) and 

Klass (2008) noted that they are the only insects that mate in that position. According to 

Cannings et al. (2000), males dragonflies guard the reproduction site as females lay eggs in 

plant tissues or into the water directly (Triplehorn and Johnson, 2005; Bedjanic et al., 

2007). Chacon (2013) noted that most of dragonflies restrict their habitat and breeding 

sites. 

Miller (1995) stated that dragonflies are opportunistic feeders and all of them are predators. 

Miller (1995) also noted that some of dragonflies are specialized in preying. For example, 

O. cancel/atum will feed on one type of prey at a time. Their feeding, activity is greatest 

during the period of maturation (Miller, 1995). They commonly prey on other smaller 

moving insects like tiny flies, small moths, small aquatic insects, mosquitoes, fish, 

leafhoppers, spiders and even beetles (Cannings et al., 2000; Bouchard, 2004; Hill and 

Abang, 2005; Triplehorn and Johnson, 2005; Tang et al., 2010; Manwar et al., 2012). 

2.2 Morphology of dragonflies 

Generally, there are three main parts of dragonflies, which are head, thorax, and 10 

segments of abdomen. Adult and larvae dragonflies are distinguished based on the patterns 

and shapes of each character (refer to Figure 2.1 and Figure 2.2). There are also certain 

species that very similar to one another in term of colour of abdomen, shape, and pattern of 

wings like 0. testaceum, 0. pruinosum, and 0. ch rys is. 
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Dragonflies have two pair of wings but unequal in size. Both of the wings are attached to 

the thorax part. Both Anisoptera and Zygoptera have different patterns of wings with 

variable of shapes. Miller (1995) stated that Anisoptera use the wing to generate forces. For 

example, 0. cancellatum has higher wing mass as the protection from damaging during the 

take-off (Miller, 1995). They can fly after the wings expand during the adult stage 

(Bouchard, 2004). The hind wings are broader than forewings, hence causing them to be 

strong, fast fliers and able to fly long distance (Snodgrass, 1993; Miller, 1995; Cannings et 

al., 2000; Bouchard, 2004; Norma-Rashid, 2010a; 2010b). 

Furthennore, dragonflies have three pairs of legs. One pair of legs is located at the 

prothorax and the other two pairs at the synthorax. The legs are made up of five segments, 

which are the coxa, trochanter, femur~ tibia, and tarsus. The larva has l~rge hinged labium 

(Cannings et al., 2000) while adult has huge biting mouthpart with the strong mandibles 

that are used for capturing the prey (Cannings et al., 2000; Hill and Abang, 2005; 

Triplehorn and Johnson, 2005). Dragonflies are sensitive to the small movement and could 

see better for the movement below them due to tiny antennae but huge and well-developed 

compound eyes for vision (Snodgrass, 1993; Miller, 1995; Hill and Abang, 2005; 

Triplehorn and Johnson, 2005; Tang et al., 2010). For example, the eyes of 0. glaucum 

that are barely touching at a center point help them to see at all direction. Generally, 

females are larger than males but different in body colour. Males are brighter than females. 

They also use colouration for camouflage to avoid predators. Most of Orthetrum species 

have clear wings and coloured body. Male 0. testaceum have an orange-brown thorax 

while females have more yellowish brown thorax. Thorax of male 0. chrysis is dark brown 

while female is reddish brown (Tang et al., 2010). 
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Figure 2.1: General morphology of a larvae dragonfly at dorsal View (Adapted from 
Bouchard, 2004). 

Compound eye 


Antenm, \. 

F"ons 


CI~lleus 
Lllbruln 

Coxa 
T .. och~lDtel·s 

Femur 


Tibia -~--'~ 

Pa'etm"sus 


Tat"sus 


~\. 

Lnbium ---~H 

Figure 2.2: General morphology of an adult dragonfly at the lateral View of female 
(Adapted from Kondratieff, n.d). 
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2.1.1 Morphological measurement of dragonflies 

Generally, suborder Anispotera (dragonflies) consists of larger insect compared to suborder 

Zygoptera (damselfly). Anisoptera vary in length from 20 to 135 mm while species under 

Libellulidae family is large groups that vary in length from 20 to 75 mm (Triplehorn and 

Johnson, 2(05). Trueman et al. (2009) noted that the wingspan of modern anisopterans in 

family Libellulidae is less than 20 mm. Total body length of 0. testaceum, 0. ch rysis , 0. 

gJaucum, and 0. sabina vary in length from 43 to 48 mm, 41 to 48 mm, 41 to 46 mm, and 

47 to 52 mm, respectively (Tang et al., 2010). 

Wilson (1995) stated that the abdomen length of male 0. sabina is 30 to 36 mm, longer 

than male 0. chrysis, 0. glaucum, and 0. testaceum that vary in length fI:om 28 to 33 mm, 

29 to 35 mm, and 26 to 35 mm, respectively. Female abdomen of 0. sabina, 0. chrysis, 0. 

glaucum, and 0. testaceum vary in length from 32 to 35 mm, 25 to 30 mm, 28 to 32 mm, 

and 30 mm, respectively. 

According to Wilson (1995), the hind wing length of male 0. glaucum is 33 to 40 mm 

while male 0. testaceum and 0. sabina vary in length from 32 to 40 mm and 30 to 36 mm, 

respectively. Male 0. chrysis has the longest hind wing that vary in length from 31 to 38 

mm. Hind wing of female 0. sabina, 0. chrysis, 0. glaucum, and 0. testaceum vary in 

length from 31 to 35 mm, 25 to 30 mm, 33 to 40 mm, and 36 mm, respectively. However, 

Tang et al. (2010) stated that male 0. testaceum and 0. glaucum share the same range of 

hind wing, which is 32 to 35 mm in length compared to 0. chrysis, and 0. sabina, which is 

34 to 38 mm, and 31 to 34 mm, respectively. 
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2.3 Identification and classification of the species (Odonata: Anisoptera) 

Morphometric analysis is an important tool to evaluate the variations of dragonflies at 

genus and species level (Alvarenga et al., 2011). Dijkstra and Kalkman (2012) stated that 

Libel/ula and Orthetrum are part of the largely tropical 'libelluline' diversification. 

Morphometric analysis help to classify the species based on the morphological characters. 

It helps in species identification as well as the population and species classification (Sazali 

et al., 2008a; 2008b; Sazali and Aziz, 2012; Sazali et aI., 2012; Zainudin and Sazali, 2012). 

Moreover, the morphological methods are very applicable to museum specimen (Hillis, 

1987; Sazali and Aziz, 2012). It also can reveal some misidentified specimens. However, it 

is quite complicated to identify the species based on the morphometric characters. It is due 

to extem~1 changes of the features that were caused by several factors sUGh as environment 

conditions (Vadivalagan et al., 2012). 

Bouchard (2004) proved that the shape of antennal segment is an important key for 

identification ofOdonata. As said by Bouchard (2004), the shape of the lower labium is an 

important character that was used to classify damselflies and dragonflies to their families. 

Generally, the species can be identified by looking at the colour patterns, details of wing 

venation (Triplehorn and Johnson, 2005) appendages, differences in colour and pattern of 

thorax and abdomen, and also colour of eyes and stigma (Paulson, 2009; Tang et al., 2010). 

Paulson (2009) also discussed that taxonomists usually used the structure of the male sex 

organs, sRape, colour, vein patterns of the wings, the distance between the compound eyes, 

fonn and development of appendages, and the presence of an ovipositor to classify adult 

members of the order Odonata. 
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Colouration can help to detennine the age and sex of the species as well as the variation in 

body length size. Identification of female dragonflies is much more difficult as compared 

to male dragonflies. They can be differentiated according to the colour pattern of the wings 

or abdomen (Triplehorn and Johnson, 2005; Bedjanic et al., 2007). However, the 

variability of colour sometimes leads to the confusion to determine the species. It is 

because, the colour pattern will fade away after they died and alter as temperature changes 

(Triplehorn and Johnson, 2005; Bedjanic et al., 2007). 

Bedjanic et al. (2007) discussed that the sexual differences of species were recognized 

based on the shape of appendages at the abdomen tip. However, males of the related 

species often differ from one another as stated by Paulson (2009). 0. testaceum is more 

similar to O. chrysis compared to the other species. Therefore, taxon~mists used tuft of 

setae belqw the second abdominal segment in males as well as colour of thorax and eyes to 

distinguish both of the species (Tang et al., 20 I 0). However, other study showed that wing 

morphology of insect alone could be used to differentiate the species (Demayo et al., 

2011). 

1.4 Previous studies about morphometric analysis of insects. 

There are previous studies on the morphometric analyses of insects such as ants, 

grasshoppers, bugs, moth, and butterflies (Gray, 1971; Sesarini and Remis, 2008; Cruz et 

aI. 2011; Albutra et al., (2012). Gray (1971) worked on the morphometric study of the ant 

species, Mymecia dispar, based on six characters measured such as eye length, head length, 

and total length. All the characters that measured were reliable at the 5% level. 
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Study by Sesarini and Remis (2008) focused on the molecular and morphometric variation 

grasshopper, Sinipta dalmani. They measured only five morphological traits of the 

spaln'lcs by using ocular micrometer on the right side of insect, which were thorax length, 

ent l~gth, fastigium 3rdcoxa length, femur length, and tibia length. Cruz et al. (2011) 

'ed on the connectivity between the Rice black bugs with the varieties of rice hosts as 

the major insect pests of rice in Philippines. Cruz et at. (2011) compared the shape and 

sizes of the head, pronotum, abdominal segment, genital plate and scutellum of Rice black 

bugs, They found out that the rice host was significantly associated with the shape 

differences, 

Geometric morphometric analysis that focused on only one character of insects had also 

been done previously. For example, Demayo et at. (2011) focused on, the wing shape to 

distinguish among the closely related species of Neurothermis that were collected in 

Philippines, They concluded that geometric morphometric analysis and wing morphology 

contributed to the differentiation of the closely related species. Other example is the study 

f sexual dimorphism in wings of the white stem borer by Albutra et at. (2012). Their 

research focused on the variation in the shape of wings, which are forewings and hind 

wings. They noted the presence of localised shape variation in the outline of the wings 

between female and male of white stem borer in Philippines. Demayo et at. (2011) noted 

that geometric morphometric analysis helped to reveal the population among the species. 
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