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ABSTRACT 
 

 Fruit flies are important pest of many economically significant agricultural 

crops. However, little attention has been paid on biodiversity of these insects in 

northeastern Thailand. The objectives of this study are to examine species diversity, 

host plants and development of DNA barcoding marker of fruit flies in northeastern 

Thailand. Nine fruit fly species including five members of Bactrocera dorsalis complex 

(B. caryeae, B. occipitalis, B. philippinensis, B. dorsalis, B. invadens), B. correcta,  

B. cucurbitae, B. latifrons, and B. tau complex were found. These fruit flies infested 19 

host plant species in 10 families. Bactrocera cucurbitae and B. tau complex was 

significantly associated with plants family Cucurbitaceae and B. latifrons was 

significantly associated with plants family Solanaceae. Other species used diverse host 

plants. A total of 140 mitochondrial cytochrome oxidase I barcoding sequences were 

obtained from nine fruit fly species. Seventy seven mt DNA haplotypes were identified. 

Haplotype diversity range from 0.834 in B. latifrons to 1.000 in B. cucurbitae, B. 

dorsalis, B. invadens and B. philippinensis. Nucleotide diversity in each species ranged 

from 0.004 in B. cucurbitae to 0.018 in B. invadens. The results indicated high genetic 

diversity of tephritid fruit flies in northeastern Thailand. DNA barcode revealed 100% 

correct identification of B. correcta, B. cucurbitae, B. latifrons and B. tau. However, 

DNA barcode could not differentiate five members of B. dorsalis complex. Despite this, 

DNA barcode is useful to differentiate B. dorsalis complex from other species. 

Therefore, DNA barcode is useful for species identification of fruit fly. Genetic 

variation and genetic structure were investigated in more details for B. latifrons. Higher 

level of genetic variation and genetic structure of Thai populations compare to other 
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geographic regions were revealed consistent with the hypothesis that B. latifrons was a 

native species of tropical Asian area. Both an ongoing process (i.e. ongoing gene flow) 

and historical factor (i.e. Pleistocene climatic change) played roles in determining the 

genetic structure and diversity of this species. Information gathering from this study will 

provide significant data for ongoing effort to management and control these 

economically important insects. It is also strengthen our knowledge of biodiversity in 

Thailand.  
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ชื่อเรื่อง    ความหลากชนิด พืชอาศัย และดีเอ็นเอบารโคด ของแมลงวันผลไม  
    (Diptera: Tephritidae) ในภาคตะวันออกเฉียงเหนือของประเทศไทย 
ผูวิจัย    นายโกวิทย  มีเย็น 
ปริญญา    วิทยาศาสตรมหาบัณฑิต      สาขาวิชา    ชีววิทยา 
กรรมการควบคุม รองศาสตราจารย ดร. ไพโรจน ประมวล 
    ผูชวยศาสตราจารย ดร. ปยมาศ นานอก โสภาลดาวัลย 
มหาวิทยาลยั   มหาวิทยาลัยมหาสารคาม     ปท่ีพิมพ    2556 
 

บทคัดยอ 
 

 แมลงวันผลไมเปนแมลงศัตรูพืชที่สรางความเสียหายตอผลผลิตทางการเกษตร อยางไรก็ตาม 
ขอมูลเกี่ยวกับความหลากชนิดของแมลงวันผลไมในภาคตะวันออกเฉียงเหนือของประเทศไทยยังนอย 
มากการศึกษาน้ีมีวัตถุประสงคเพื่อศึกษาความหลากชนิด พืชอาศัยรวมถึงเพื่อพฒันาเครื่องหมายทาง 
พันธุกรรมดีเอ็นเอบารโคดในการระบุชนิดของแมลงวันผลไมในภาคตะวันออกเฉียงเหนือของประเทศ
ไทย จากการศึกษาพบแมลงวันผลไมจํานวน 9 ชนิด ไดแก แมลงวันผลไมในกลุมสปชีสซับซอน
Bactrocer adorsalis จํานวน 5 ชนิด (B.caryeae, B. occipitalis, B. philippinensis, B. dorsalis, 
B. invadens), B. correcta, B. cucurbitae, B. latifrons, และกลุมสปชีสซบัซอน B. tau ในพืช
อาศัย 19 ชนิด จาก 10 วงศ จากการวิเคราะหความสมัพันธระหวางชนิดของแมลงวันผลไมกบัพืชอาศัย
พบวา B. cucurbitae และ B. tau complex มีความสัมพนัธอยางมีนัยสําคัญทางสถิติกับพืชวงศ 
Cucurbitaceae สวน B. latifrons มีความสัมพันธอยางมีนัยสําคัญทางสถิติกบัพืชวงศ Solanaceae
แมลงวันผลไมอกี 6 ชนิดที่เหลือไมพบความสัมพันธอยางมีนัยสําคัญกับพืชอาศัย การวิเคราะหลําดับนิ
วคลีโอไทดในตําแหนงยีน cytochrome oxidase I (COI) ของแมลงวันผลไม 140 ตัวอยาง จาก
แมลงวันผลไม 9 ชนิดพบรปูแบบจําเพาะของลําดับนิวคลีโอไทด 77 รูปแบบ คาความหลากหลายของ
แฮพโพลไทปอยูในชวงระหวาง 0.834 ใน B. latifrons ถึง 1.000 ใน B. cucurbitae, B. dorsalis, B. 
invadens และ B. philippinensis คาความหลากหลายของลําดับนิวคลโีอไทดแตละชนิดมีคาระหวาง
0.004 ใน B. cucurbitae ถึง 0.018 ใน B. invadens ผลการศึกษาแสดงใหเห็นวาแมลงวันผลไมใน
ภาคตะวันออกเฉียงเหนือของประเทศไทยมีคาความแปรผันทางพันธุกรรมสูงการพฒันาเครือ่งหมาย
พันธุกรรมดีเอ็นเอบารโคดแสดงใหเห็นวาเครือ่งหมายพันธุกรรมดีเอ็นเอบารโคดสามารถใชในการระบุ
ชนิดของแมลงวันผลไมชนิด B. correcta, B. cucurbitae, B. latifrons และ B. tau ไดอยางถูกตอง 
100% แตไมสามารถใชระบุชนิดของแมลงวันผลไมอกี 5 ชนิด ซึ่งอยูในกลุมสปชีสซบัซอน B. dorsalis
ได อยางไรก็ตามการศึกษาน้ีแสดงใหเห็นวาเครื่องหมายทางพันธุกรรมดีเอ็นเอบารโคดมปีระโยชนอยาง
ย่ิงในการใชระบุชนิดของแมลงวันผลไม โดยเฉพาะใชชวยในการระบุชนิดของแมลงวันผลไมในระยะตัว
ออน ซึ่งการระบุชนิดโดยใชลักษณะทางสัณฐานวิทยาไดยาก จากการศึกษาความแปรผันทางพันธุกรรม 
และโครงสรางทางพันธุกรรมของแมลงวันผลไมชนิด B. latifrons โดยใชลําดับนิวคลีโอไทดของยีน COI
แสดงใหเห็นวาแมลงวันผลไมชนิด B. latifrons ในประเทศไทยมีความแปรผันทางพันธุกรรม และ
โครงสรางทางพันธุกรรมทีสู่งกวาภูมิภาคอื่นของโลก ซึ่งสอดคลองกบัสมมติฐานที่วาแมลงวันผลไมชนิดน้ี
มีถ่ินกําเนิดอยูในเขตรอนช้ืนของทวีปเอเชีย โครงสรางทางพนัธุกรรม และความหลากหลายทาง
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พันธุกรรมของแมลงวันผลไมชนิดน้ีไดรับอิทธิพลจากเหตุการณปจจุบันเชน การเกิดยีนโฟลว รวมถึง
ประวัติศาสตรประชากร และเหตุการณทีเ่กิดข้ึนในอดีต เชน การเปลี่ยนแปลงสภาพภูมิอากาศและ
สภาพแวดลอมของโลกในยุคไพลสโทซีนขอมูลที่ไดรับจากการศึกษาครั้งน้ีเปนพื้นฐานสําคัญในการ
บรหิารจัดการและควบคุมแมลงศัตรูพืช และสรางความเขาใจความหลากหลายทางชีวภาพของ 
ประเทศไทย 
 
คําสําคัญ: แมลงวันผลไม, Bactrocera, พืชอาศัย, เครือ่งหมายพันธุกรรมดีเอ็นเอบารโคด  
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Chapter 1 
 

Introduction 
 
1.1 Background  

 

 The tephritid fruit flies, which are often called the “true fruit fly,” belong to the 

family Tephritidae. This family composes of more than 4,000 described species in 

almost 500 genera. Approximately 350 species of tephritid fruit flies in the five genera 

(Anastrepha, Bactrocera, Ceratitis, Dacus, and Rhagoletis) are the most economically 

important. These genera are serious pests of agricultural crops (White and Elson-Harris, 

1992; Houdt et al., 2010; Plant Health Australia, 2011). Female fruit flies pierce and lay 

eggs in unripe or ripe fruits. After that, the larvae feed on the internal tissue for their 

development. This renders the fruit unsuitable for consumption leading to a loss of 

economic revenue. The genus Bactrocera is the most economically important pests. 

This genus is one of the largest genera within Tephritidae with about 500 described 

species arranged in 28 subgenera (Drew, 1989; Drew and Hancock, 2000). Several 

species (e.g., the Oriental fruit fly, Bactrocera dorsalis; the Queensland fruit fly,  

B. tryoni; melon fly, B. cucurbitae) capable of attacking a wide variety of commercially 

produced fruits (White and Elson-Harris, 1992; Allwood et al., 1999; Clarke et al., 

2005). The economic values loss due to the fruit flies were very high. For examples, the 

horticultural industry was destroyed $4.8 billion in Australia, $300 million in Hawaii, 

$350 million in California (Armstrong and Jang, 1996; Jang, 2007; Plant Health 

Australia, 2011).  

 Basic knowledge on taxonomy, biology, ecology and genetic are crucial for 

insect pest control. Accurate species identification is critical for understanding all 

aspects of fruit fly biology and implementing effective control programs (Miller and 

Rossman, 1995). The traditional taxonomy of fruit flies based mainly on adult 

morphology. However, morphological identification is complicated by a high level of 

structural homogeneity and often found misidentification in species complex or closely 

related species (Drew and Hancock, 1994a; Kapoor, 2005).  

 Cytological technique was also applied for fruit fly taxonomy. These insects 

have the giant polytene chromosomes. However, polytene chromosomes of the tephritid 

fruit flies are inefficiency to use for taxonomy (Baimai, 2010). Variation in the 
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heterochromatin in mitotic chromosomes can be used to differerntiate members of some 

species complex (e.g. Bactrocera tau complex) (Baimai et al., 1999a, b; 2000a, b). 

However, this limited to some species and are requiring highly experienced staff. 

Furthermore, specimens used for mitotic chromosome are only workable in larval stage 

(Bush, 1962; Baimai et al., 1999a, b; 2000a, b).  

 Molecular techniques have been used effectively complementarity to 

morphological identification (Ball et al., 2005; Timm et al., 2007; 2008). Recently, 

DNA barcoding was proposed as one of the solution of the limitation of traditional 

taxonomy (Hebert et al., 2003a). Several reports revealed the successful of DNA 

barcode in taxonomic study in many organisms. For examples, springtails, mayflies, 

spiders, fish, mosquitos, birds, blackflies. (Hogg and Hebert, 2004; Ball et al., 2005; 

Barrett and Hebert, 2005; Ward et al., 2005; Cywinska et al., 2006; Kerr et al., 2007; 

Rivera and Currie, 2009; Pramual et al. 2011b).  

 DNA barcoding of the Tephritidae have been developed as an international 

project (i.e. Tephritidae Barcoding Initiative, TBI) in 2006. Several trials have started to 

develop DNA barcodes for three main pest genera occurring in Africa including 

Bactrocera, Ceratitis and Dacus (Houdt et al., 2010). Recent studies revealed that DNA 

barcode was successful to differentiate fruit flies species (Armstrong and Ball, 2005; 

Liu et al., 2011; Blacket et al., 2012). DNA barcoding could also reveal cryptic 

biodiversity of the fruit flies, especially the genus Bactrocera which has several species 

as complex species (Hancock et al., 2000; Armstorng and Ball, 2005; Clarke et al., 

2005; Liu et al., 2011).  

 In Thailand and bordering countries (i.e. Cambodia, Laos, Vietnam, Malaysia, 

and Tenasserim, Lower Burma) 211 species of fruit flies have been reported. These 

species are arranged in 4 subfamilies, 13 tribes, 69 genera, and 7 subgenera (Hardy, 

1973). Of these, 182 species are belong to genus Bactrocera (Drew and Hancock, 

2001a). Several aspects of fruit flies in Thailand have been reported such as biological, 

behavioral and control method (e.g. Poramarcom et al., 1994; Poramarcom and Baimai, 

1996; Kitthawee, 2000; Aemprapa, 2007; Jaturat, 2007; Orankanok et al., 2006; 2007; 

Rattanapun et al., 2009; Aketarawong et al., 2011). However, less attention have been 

paid to the population genetic and evolution (e.g. Bush, 1962; Hunwattanakul and 

Baimai, 1994; Baimai et al., 1995; 1996d; 1999a,b; 2000a,b;  
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Jamnongluk et al., 2003a,b; Aketarawong et al., 2006; Saelee et al., 2006). There is 

only one report on DNA barcoding of the fruit flies in Thailand (Nopparat et al., 2011). 

 The host plant relationship is another important aspect of the fruit fly biology. 

There are some reports on the associations between fruit fly species and host plants in 

Thailand (Clarke et al., 2001; Baimai et al., 2002). It has been hypothesize that different 

host usage could play a significant role in evolution of the fruit fly in Thailand 

(Jamnongluk et al., 2003a,b).  

 In this study, species diversity, genetic variation, host plant associations and 

DNA barcoding of the fruit fly genus Bactrocera Macquart (1835) in northeastern 

Thailand were determined. In addition, intraspecific phylogeography based on COI 

barcoding sequences were used to infer the population genetic structure of Solanum 

fruit fly B. latifrons (Hendel) in Thailand. This basic knowledge will be useful for 

effective management of the fruit fly. Information gathering from this study could also 

strengthening our knowledge of biodiversity in Thailand.  

 

1.2 Objectives of the research 

 

 The objectives of the present study are: 

1) to examine species diversity of the fruit fly in northeastern Thailand.  

2) to examine the association between fruit fly and host plant species.  

3) to assessment level of genetic variation of fruit flies in northeastern  

Thailand. 

4) to develop DNA barcoding marker for fruit flies in northeastern  

Thailand. 

5) to infer population genetic structure and population history of Bactrocera 

latifronsin Thailand using COI barcoding sequences.   
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1.3 Scope of the research 

 

 In this study both adults and larvae of tephritid fruit fly of the genus 

Bactrocera were collected from various host plants throughout northeastern Thailand. 

The larvae were reared into adult in the laboratory. Adults were identified based on 

morphology. DNA was extracted from adult flies. The cytochrome oxidase subunit I 

(COI) gene barcoding region was amplified using polymerase chain reaction (PCR). 

PCR products were checked, purified and sequencing. Intraspecific and interspecific 

genetic divergences were calculated based on COI sequences. The present or absent of 

the fruit fly species in each host plant was recorded for further analysis of the 

relationship between the fruit fly species and their hosts. In addition, COI sequences of 

B. latifrons throughout northern and northeastern Thailand were used to investigate 

genetic variation, population genetic structure and population history of this species. 
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Chapter 2 

 

Literature Review   

 

2.1 Classification of the genus Bactrocera 

 

  Phylum: Arthropoda 

    Class: Insecta 

      Order: Diptera 

       Suborder: Brachycera 

         Infraorder: Muscomorpha 

          Superfamily: Tephritoidae 

             Family: Tephritidae 

               Subfamily: Dacinae 

                 Tribe: Dacini 

                  (Macquart, 1835) 

 

 Common name: true fruit fly 

   True fruit flies (Tephritid fruit flies) are a group of insects forming the 

family Tephritidae of the order Diptera. The following higher classification revealed 

that there are 6 subfamilies including Tachiniscinae, Blepharoneurinae, Phytalmiinae, 

Dacinae, Trypetinae, and Tephritinae, which compose of 27 tribes, in the family 

Tephritidae (Korneyev, 1999; Norrbom et al., 1999). There are more than 4,000 

described species arranged in 500 genera within Tephritidae. This making it one of the 

largest families within Diptera (White and Elson-Harris, 1992; Norrbom et al., 1998; 

Houdt et al., 2010; Plant Health Australia, 2011). 

  Dacini is one of three tribes in the subfamily Dacinae. This tribe contains 

approximately 770 described species in 4 genera (i.e. two small genera, Ichneumonopsis 

Hardy (one sp.) and Monacrostichus Bezzi (two spp.), and two very large genera, Dacus 

Fabricius (245 spp.) and Bactrocera Macquart (528 spp.) (Drew 1989; Drew and 

Hancock 2000). These genera were divided based on adult morphology (Table 2.1) 

(Drew and Hand cock, 2001a).The tribe Dacini is very important because it contains 
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many genera that are the serious pests of agricultural crops such as Bactrocera, and 

Dacus (White and Elson-Harris, 1992).  

  The genus Bactrocera Macquart (Diptera: Tephritidae: Dacini) is the largest 

and most important genus of the family Tephritidae. This genus contains 528 described 

species arranged in 28 subgenera. Members of the Tephritidae cause serious reductions 

in yields and quality of fruits and vegetables in many countries (Hardy, 1973; White and 

Elson-Harris, 1992; Allwood et al., 1999; Clarke et al., 2005; Plant Health Australia, 

2011). Moreover, the subgenera of the genus Bactrocera were divided into four groups 

based on morphological characters (i.e. length of lateral surstylus and shape of 

abdominal tergum V of male) such as Bactrocera, Melanodacus, Queenslandacus, and 

Zeugodacus (Drew, 1989) (Table 2.2).The genus Bactrocera has the most 

geographically widespread. They can be found in the tropical and subtropical rain 

forests in West Africa, coastal East Africa, Madagascar and the Mascarene Islands, 

southwest India, Southeast Asia from Nepal to southern China in the north to the 

Indonesian islands in the south, Papua New Guinea, northeastern Australia, and some 

South Pacific islands (Drew and Hand cock, 2001a). In Southeast Asia and Australia the 

Bactrocera spp. are dominate group (Drew 1989; Drew and Hancock 2000; Drew, 

2004). In Thailand and bordering countries 211 species of fruit flies have been reported. 

These species are arranged in 4 subfamilies, 13 tribes, 69 genera, and 7 subgenera 

(Hardy, 1973). 
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Table 2.1 Character states in the genera of Dacini. 
 

 

Character Ichneumonopsis Monacrostichus Dacus Bactrocera  
Abdomen shape Elongate  oval Elongate  oval Elongate  oval or oval Generally  oval 
Abdomen shape Terga not fused Terga not fused Elongate-oval or oval Terga not fused 
Abdomen fusion Absent Absent Terga fused ** Usually present * 
Petcen on male tergum III Absent Absent Present * or absent Usually present * 
Ceromata on tergum V Short but distinct Short but distinct Present * Vestigial, disassociated * 
Female tergite VI Very long Short Vestigial, disassociated * Short or long 
Oviscape Rounded Convoluted *^ Short or long Convoluted *^ 
Spermathecae Long Short Convoluted *^ Long or short 
Posterior lobe of lateral surstylus With moderate 

concavity 
With moderate concavity Long or short With shallow to moderate or 

deep concavity 
Posterior margin of male sternite V Short Elongate and broad ** With shallow to 

moderate concavity 
Short 

Wing cell sc With a transverse 
sclerotized line ** 

Without sclerotized line Short Without sclerotized line 

Wing cell r1 Narrow and not 
broadened 

Narrow, basally 
broadened * 

Without sclerotized line Broad * 

Wing cell bm Broad Basally narrow *** Broad * Broad 
Wing cell dm Setose Bare *^ Broad Bare *^ 
Vein R4+5 Ends at wing margin Ends well before wing 

margin ** 
Bare *^ Ends at wing margin 

Vein A1+Cu2 Present Present Ends at wing margin Absent 
Ventroapical spines on forefemur Short and broad Short and broad Present or absent Subtriangular 
Scutellum shape Absent Absent Usually short and broad Usually present *** 
Prescutellar acrostichal bristles Vestigial ** Present Absent Present 
Inner postalar bristle Present Present Present Present or absent 
Supra-alar bristle One pair (apical) One pair (apical) Present or absent One or two pairs 
     

7 
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Table 2.1 (Continued). 

 
* = Shared apomorphy (^ = character state occurs outside tribe but presumed convergent); ** = apomorphy unique to genus;  
*** = possible apomorphy for genus within Dacini (character state also occurs outside tribe). 
 

(From: Drew and Hand cock, 2001a) 

Character Ichneumonopsis Monacrostichus Dacus Bactrocera 
Scutellar bristles Absent Present ** One pair (apical) Absent 
Facial and scutal furrows Much reduced *^ Much reduced *^ Absent Much reduced *^ 
Chaetotaxy of head and thorax Absent or with 1 

vestigial pair * 
Absent * Much reduced *^ Usually 2 pairs present 

Frontal bristles Plumose Bare *^ Usually 2 pairs present Bare *^ 
Arista SE Asia SE Asia Bare *^ Primarily SE Asia–Pacific 
Distribution Unknown Rutaceae (Citrus spp.) Primarily Africa and SE 

Asia 
Primarily tropical and 
subtropical rain forest 
fruits 

Host plants   Primarily 
Asclepiadaceae, 
Passifloraceae, and 
Cucurbitaceae 
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Table 2.2 Four groups and their subgenera of Bactrocera. 

 

Bactrocera group 
 

‘Afrodacus’ 
Apodacus 
Bactrocera 
Bulladacus 
‘Gymnodacus’ 
Notodacus 
Semicallantra 
Tetradacus 
Trypetidacus 

 

Zeugodacus group 
 

Asiadacus 
Austrodacus 
Diplodacus 
Hemigymnodacus 
Heminotodacus 
Hemiparatridacus 
Javadacus 
Nesodacus 
Niuginidacus 
Papuodacus 
Paradacus 
Paratridacus 
Parazeugodacus 
Sinodacus 
Zeugodacus 

Melanodacus group 
 

Hemisurstylus 
Hemizeugodacus 
Melanodacus 

 
Queenslandacus group 

 
Queenslandacus 

 
 

(Modified from: Drew, 1989) 

 
2.2 Biology of tephritid fruit fly 

 

 The life cycle of the tephritid fruit fly (Fig. 2.1) composed of four basic stages, 

egg, larva, pupa and adult. These stages may be divided into three parts, host fruits, soil 

and aerial. The female fruit flies lay eggs into host fruits, and these eggs hatch to larvae. 

The larvae that hatch initially are small and delicate first instar larvae. They molt into 

slightly more robust second instar larvae, and these in turn molt into quite stout and 

tough third instar larvae. Every stages of larva feed on the internal tissue of the fruits for 

their development. When the third instars have finished feeding they leave the fruits, 

fall to the ground, and crawl away to a sheltered spot (usually in the soil) where they 

pupate. The larval skin becomes barrel-shaped, tanned brown and hard, and is known as 

the puparium. The true pupa is formed inside this puparium “shell”. The pupa turns into 

an adult fly, which escapes from the puparium by splitting open the anterior end and 
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squeezing out (Christenson and Foote, 1960; Ferrar, 2010). Many reports indicated that 

the several species of fruit fly capable of attacking a wide variety of host fruits (e.g., the 

Oriental fruit fly, Bactrocera dorsalis; the Queensland fruit fly, B. tryoni; melon fly, B. 

cucurbitae) (White and Elson-Harris, 1992; Allwood et al., 1999; Clarke et al., 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Life cycle of the fruit fly (from: Swan, 1949) 

 

 Although tephritid fruit flies have numerous species but the life cycle of them  

follows a closely similar pattern. 

  2.2.1 Egg 

   Eggs of the fruit fly (Fig. 2.2) are small usually 0.5 – 1.0 mm in length. 

The egg shape is spindle and color of the egg vary from creamy to white. The female 

fruit fly selects ripe or ripening fruit to lay the eggs. The ovipositor is used to puncture 

the fruit for laying (Fig. 2.3). The bacteria around the fruit surface are pushed into the 

fruit and cause fruit decay, providing a medium in which the larvae feed. A small group 

of the eggs is laid in an egg pocket just beneath the skin of fruit. Several egg pockets 
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may be found in a single fruit, and the same or different flies may later lay more eggs 

into the same pocket (Swan, 1949). Moreover, the clutch size of the fruit flies may be 

depends on species of fruit fly and number of host crop. Fitt (1990) suggested that 

generalist species produced smaller clutch sizes and specialists larger clutch sizes and 

that this may be a result of exploitation of a diverse range of wild fruits by generalist fly 

species. The egg deposition and diapause depend on type of fruit fly and environmental 

temperature. However, several reports revealed that their eggs will hatch within one or 

two days at room temperature (Swan, 1949; Christenson and Foote, 1960). For the egg 

deposition, the individual of female fruit fly can produce the eggs about 400 to 1,000 

eggs (Oriental fruit fly, Mediterranean fruit fly and Melon fruit fly can deposit more 

than 1,000 eggs 700 eggs and 400 eggs respectively).  

 

 

 
 

 

 

 

 

 

Figure 2.2 Eggs of the fruit fly (from: Jaturat, 2007) 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Females fruit fly, Bactrocera, are punching the fruit using oviporsitor to  

          lays their eggs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Mahasarakham University 



12 

 

  2.2.2 Larva 

   The larva of various kinds of the fruit flies follows a closely similar 

pattern. A larva is cylindrical-maggot shape, elongate, anterior end narrowed and 

curved ventrally, with anterior mouth hooks, ventral fusiform areas and flattened caudal 

end (Fig. 2.4). Size of the larvae are varying from 7.0 to 11.0 mm and color varies from 

creamy white to pale yellow depend on the stage of the larva. In general, the larvae have 

fluid-feeding mouthpart structures and in Bactrocera species they inhabit the bacterial 

soup in the decaying areas of infested fruit. Drew and Lloyd (1987) revealed that the 

bacteria fed to flies as the only protein source were distributed onto fruit surfaces when 

the flies were released into a caged netcarine tree. The bacteria were the only 

microorganisms in oviposition holes, the fruit rot, alimentary tracts of larvae, pupae, 

and the next generation of adults. Most larval diets contain hydrolyzed protein and some 

vitamins (in the form of yeast), sucrose as a carbohydrate source and antimicrobial 

agents (Tsitsipis, 1989). The larvae feed on the internal tissue of fruit and grow in size 

by molting twice, defining three larval stages. The larva lived in host fruit about 10 – 14 

days and when the lava is fully grown, it escapes from the fruit and drops onto the 

ground below, burrowing into the soil or organic matter (Leblanc et al., 2001).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 The structure of fruit fly larva: (a) tephritid fruit fly larva (b) compare with  

      Drosophila larva (from: http://jojo-pestexclusion.blogspot.com) 

 

(a) (b) 
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  2.2.3 Pupa 

   After the mature larva burrowed into the soil or the organic matter, 

except in Dacus, especially the Asclepiadaceae feeders, the larvae pupate withinthe 

fruiting body. This characteristic is rare in the Bactrocera with the only known records 

being Bactrocera oleae which can pupate in fruit or soil (Koveos and Tzanakakis, 1993) 

and B. melastomatos Drew and Hancock which pupates in the fruiting body which is the 

base of the flower of Melastomatos malabathricum (Drew and Romig, 2001b), the 

larval skin thickens and hardens to form a shell called a puparium where thelarva turns 

into adult (Norrbom et al., 1999). The pupa is light brown, shining, seed like structure, 

about 5 – 8 mm. long. Similar the other insect pupa they does not need the nutrients for 

development. The pupa is changed to nigger brown coulor. They remain in the soil for 

varying periods, depends on temperature. Under average summer conditions this stage 

lasts 12 – 14 days; in the winter it may last 25 – 50 days (Swan, 1949). The pupa turns 

into an adult fly, which escapes from the puparium by splitting open the anterior end 

and squeezing out. The general structure of the pupa is shown in Figure 2.5. 

 

 

 

 

 

 

 

 

 

 
 

Figure 2.5 The structure of fruit fly pupa  

 

  2.2.4 Adults 

   The adult stage is started when it emerged from the pupa. The adult fruit 

fly is capable of forcing its way through surprising depths of soil and flies to the aerial 

(Swan, 1949). The common physical morphological features of Dacini fruit flies are as 

presented in Figure 2.6. Size of adults about house fly (Allwood and Leblanc, 1997),  
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the thorax length and width about 2 mm while abdomen width about 3 mm (Arita and 

Kaneshiro, 1988; http://forecast.doae.go.th/web/mango/218-insect-pests-of-mango/921-

oriental-fruit-fly.html; 22 September 2012). The lifespans of the adult fruit flies range 

between 2 – 300 days depend on various factors e.g. body size, food abundance, mating 

behavior etc. (Sivinski, 1993; Jaturat, 2007).       

   Newly emerged fruit flies return to the shelter of vegetation. They are 

anautogenous (after emerged from puparia as sexually immature adults) thus, many 

nutrients are required for their survival and reproduction (Raghu, 2003). The basic 

nutrients which are required by adult fruit flies have long been defined as protein (in the 

form of free amino acids), minerals, sugars, B-complex vitamins, and water (Hagen, 

1953). Moreover, the most fruit flies have a high reproductive rate due to a large 

number of ovarioles per ovary (20 to 40), short life cycles allowing many generations 

per year (six to eight in the subtropics to tropics as long as host plants are available) and 

having multiple host species (about 50% being polyphagous) Thus, the adult female 

fruit flies require many nutrients to produce their eggs especially protein and lipids 

(Drew and Romig, 2001b). Because most fruit flies are polyphagous, there are various 

resources for them e.g. sugar sources include honeydew and other plant exudate, protein 

from phylloplane bacteria and bird faeces etc. (Bateman, 1972; Drew et al., 1983; 

Courtice and Drew, 1984; Drew and Romig, 2001b). The adult fruit flies feed in this 

way for 7 – 10 days before the first eggs are laid (Leblanc et al., 2001). 

   In Dacini fruit fly, probably the most important behavioral characteristic 

that influences both survival of the species and the process of speciation is host plant 

mating. Zwölfer (1974) reported that 45 species of Tephritidae from 18 genera 

participated in courtship and mating behavior on their host plants. Moreover, Drew and 

Lloyd (1987) recorded mating pairs of Bactrocera tryoni in a fruiting peach tree over a 

14 day period. Bactrocera cacuminata, a monophagous species in eastern Australia, has 

been recorded mating in its host plant Solanum mauritianum Scop. In the peach tree 

study, Drew and Lloyd (1987) recorded a semipermanent population of B. tryoni with a 

range of behavioral patterns that were dependent on the host plant, namely, adult 

feeding, courtship and mating, oviposition, and larval feeding (refer in Drew and 

Romig, 2001b).  
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Figure 2.6 The structure of fruit fly adult 

  (from: http://www.faculty.ucr.edu/~legneref/cover/fruitfly.htm)  
 

2.3 Distribution of the fruit flies 

 

 Although there are approximately 4,500 known species in 27 tribes of the 

family Tephritidae worldwide, the tribe Dacini is very important because it contains the 

most genera which are serious pests of crops (White and Elson-Harris, 1992). Dacini 

contains approximately 770 described fruit fly species in 4 genera such as Bactrocera, 

Dacus, Ichneumonopsis, and Monacrostichus (Drew 1989; Drew and Hancock, 2000). 

They distribute in the tropical and subtropical rain forests around the world such as in 

West Africa, coastal East Africa, Madagascar and the Mascarene Islands, southwest 

India, Southeast Asia from Nepal to southern China in the north to the Indonesian 

islands in the south, Papua New Guinea, northeastern Australia, and some South Pacific 

islands (Drew and Handcock, 2001a). In general, the rain forests of Southeast Asia 

possess the greatest species richness, while those of Melanesia (e.g., Solomon Islands) 

are less rich and there is increasing floristic poverty eastward into the Pacific 

(Whitmore, 1986). In contrast, there are no extremely floristically rich rain forests in 

Africa (e.g. those of Ghana, Nigeria, and Mauritius; Whitmore, 1986). The distribution 
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of species in each of the generais listed in Table 2.3. Approximately 68% belong to 

Bactrocera and 32% to Dacus. It is noteworthy that the greatest speciation in genus 

Dacus has occurred in Africa while prolific speciation in genus Bactrocera has occurred 

in Southeast Asia and Papua New Guinea (Drew and Hand cock, 2001a).  

 In Southeast Asia and the Pacific region the major fruit fly pest species are the 

genus Bactrocera (Drew 1989; Drew and Hancock, 2000; Kittayapong et al., 2000; 

Plant Health Australia, 2011). The important pest species that damage to most fruit and 

vegetable crops such as Bactrocera dorsalis complex (B. dorsalis, B. carambolae,  

B. occipitalis, B. papayae, B. philippinensis, B. pyrifoliae, B. caryeae, B. kandiensis),  

B. cucurbitae, B. correcta, B. latifrons, B. zonata, B.tau are distributed throughout these 

areas (Drew and Romig, 1996).  

 In Thailand and bordering countries about 221 Dacini fruit fly species have 

been reported.Of these 182 species belong to genus Bactrocera. The most important 

member of this genus is B. dorsalis complex which composed of at least 51 species 

(Drew and Hand cock, 2001a; Clarke et al., 2001). Clarke et al. (2001) studied 

distribution of seven Bactrocera species (i.e. B. dorsalis, B. correcta, B. papayae,  

B. carambolae, B. cucurbitae, B. latifrons and B. umbrosa), which are important pest 

species, in Thailand and Peninsular Malaysia. The result revealed that B. dorsalis and  

B. correcta were found in northern and central Thailand, B. papayae, B. carambolae 

and B. umbrosa were restricted to southern Thailand and Malaysia, while B. cucurbitae 

was widespread, although more abundant in the northern. For B. latifrons, they were not 

trapped.  

 The distribution and abundance of the fruit fly species depended on various 

factor (e.g. seasonal, temperature, distribution of host plants etc.). The polyphagous 

species usually have wider geographic distribution than monophagous species (Drew 

and Romig, 2001b).    
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Table 2.3 Worldwide geographic distribution of species of Dacini in each of the four  

    genera. 

 

(From: Drew and Handcock, 2001a) 

 

 

 

 

 

 

 

Areas 

Total 
No. 
of 

Species 

No. of 
Species 

of 
Bactrocera 

No. of 
Species 

of 
Dacus 

Ichneumonopsis Monacrostichus 

Africa 
(including 
Madagascar 
and Mascarene 
Islands) 

182 10 172 0 0 

Southeast Asia 229 182 44 1 2 
Papua New 
Guinea 

168 155 13 0 0 

Australia 87 75 12 0 0 
Solomons 
(including 
Bougainville) 

56 54 2 0 0 

Vanuatu 13 12 1 0 0 
New Caledonia 11 10 1 0 0 
Fiji 4 4 0 0 0 
Tonga 6 6 0 0 0 
Samoa 7 7 0 0 0 
Niue 2 2 0 0 0 
Cook Islands 2 2 0 0 0 
Austral Islands 2 2 0 0 0 
Society Islands 2 2 0 0 0 
Marquesas 
Islands 

1 1 0 0 0 

Tuamotu 
Archipelago 

2 2 0 0 0 

Micronesia/N. 
Pacific 

2 2 0 0 0 
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2.4 Pest status and economic impact of the fruit flies 

 

 Because the life cycle of the fruit fly required host fruit for their development 

thus, they are very important pest of crops. Most fruit flies have courtship, mating and 

oviposition behavior at their host plants (Drew and Lloyd, 1987). After the eggs were 

fertilized, female fruit fly punches the target fruit to lays its eggs. The target fruit, which 

is selected by the female, is considered from physical characteristics for example, there 

was an attraction to the leeward side of fruit, shade rather than sunlight, soft rather than 

hard areas, rough rather than smooth surfaces and a preference for cracks and broken 

fruit surfaces, and the oviposition holes of the other flies (Bateman, 1972). There has to 

be doubt over the choice of prior oviposition holes as some observations have indicated 

that females avoid such encounters (Drew and Romig, 2001b). When the fruit was 

pierced by the ovipositor, the bacteria in the ovipositor and around the surface of fruit 

are pushed into the fruit and cause fruit decay, providing a medium in which the larvae 

feed. Moreover, after the larvae hatched they feed on the internal tissue of fruit. This 

renders the fruit unsuitable for consumption, leading to a loss of economic revenue 

(Drew and Lloyd, 1987; White and Elson-Harris, 1992; Allwood et al., 1999; Clarke  

et al., 2005).  

 Fruit flies are cause of the export barrier limiting a potential multimillion dollar 

worldwide trade. They impose a significant cost on horticultural production every year. 

The world market for fresh fruit has been estimated at US$ 772 billion in 1995 

(Armstrong and Jang, 1996). Especially the genus Bactrocera cause economic losses 

from direct fruit damage as well as from quarantine regulations that restrict the 

movement of fruits and vegetables from infested areas. The hosts of Bactrocera spp. 

belong to a wide variety of plant families including many major commercial crops such 

as citrus, mango, apples, cucurbits, tomatoes, and many others (Cugola and Mangana, 

2009). 

 Several countries that have the horticultural industry, loss of economic 

revenue. For example, in Hawaii the direct impact of fruit flies was 15 million dollars 

(Nakahara et al., 1977), which did not include the costs or impacts of insecticide use to 

control these pests. Twenty-four years later, Staples and Cowie (2001) reported 

potential impacts of 300 million dollars due to fruit flies in Hawaii (Jang, 2007).  
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For South Africa, the export was dropped by 80% in 2008 (Ekesi et al., 2009). 

Especially in the Southeast Asia and Pacific region which the genus Bactrocera is the 

dominant species, the economic cost of fruit flies to Australia alone is estimated to be 

$4.8 billion (Plant Health Australia, 2011). Only in South Australia, there are over three 

outbreaks of the Queensland fruit fly and one to two outbreaks of the Medfly each year 

(Bailey and Cartwright, 1994). 

 Southeast Asian countries such as Brunei, Cambodia, Indonesia, Laos, 

Malaysia, Myanmar, the Philippines, Singapore, Thailand and Vietnam are also a center 

for tropical fruit production, with approximately 400 edible tropical fruit and nut species 

being grown (Verheij and Coronel, 1992). These countries are the center of distribution 

of the B. dorsalis complex, with 51 of the 75 species being found there and other 

species. Bactrocera species in Southeast Asia such as B. dorsalis, B. papayae,  

B. carambolae, B. cucurbitae, B. latifrons, B. minax, B. occipitalis, B. philippinensis,  

B. tau, B. umbrosa, B. zonata, B. irvingiae, B. pyrifoliae, B. raiensisand B. trivialis have 

been reared from 27 commercial fruits (Table 2.4) (Clarke et al., 2005; Ferrar, 2010).  

 In Thailand and bordering countries the fruit crops are attacked, especially the 

mango, guava and starfruit which are major commercial crops (Mahmood, 2004; 

Aemprapa, 2007; Orankanok et al.,2007). In Malaysia fruit flies incur severe damage to 

certain potential fruit crops like starfruit and guava. Fruit crops may suffer 100% 

damage if not protected owing to the fact that these are the polyphagous pests and losses 

can run several million dollars annually (Singh, 1991). In Thailand, although mangoes 

are cultivated in up to 300,000 hectares, most of the fruit product is currently lost due to 

fruit fly infestation. The consequences are a significant reduction to yields and market 

shares, leading to an estimated loss of millions of dollars annually (Orankanok et al., 

2006; 2007). 
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Table 2.4 Fruits of economic importance to South-east Asia and the members of the  

    Bactrocera species that infest them. 

 

 

 

Fruit species (common name) 

Countries in which 
crop 

is economically 
importanta 

Fly species recorded 
to 

infest fruit in SE 
Asiab 

Abelmoschus esculentus (okra) I - 
Actinidia chinensis (kiwi fruit) i, n - 
Ananas comosus (pineapple) c, d, g, h, i, m, n, q, r - 
Annona spp. (custard apple) m, q car, dor, pap 
Artocarpus altilis (breadfruit) c, i, g, m, n, q  car, dor, pap, phi, rai, 

umb 
Artocarpus heterophyllus (jackfruit) c, i, g, m, n, q, r car, dor, irv, pap, umb 
Averrhoa carambola (carambola) I car, dor, pap 
Capsicum spp. (chillie) c, e, f, g, i, k, m, n, o, 

p, q, r 
car, dor, lat, pap, tri 

Carica papaya (papaya) g, i, m, n, q, r dor, pap, phi 
Chrysophyllum spp. (star apple) m, r car, dor, pap 
Citrullus lanatus (watermelon) c, f, g, i, k, m, n, o, p, 

q, r 
cuc 

Citrus spp. (orange, lemon, lime, etc.) c, d, g, h, i, m, n, q, r car, dor, occ, pap, tri 
Cucumis melo (cantaloupe) g, h, i, m, n, q dor 
Cucumis sativus (cucumber) b, c, d, e, f, g, h, i, k, 

m, n, o, p, q, r 
cuc, dor, pap, tau 

Cucurbita spp. (pumpkin, gourd) g, i, m, q - 
Dimocarpus longan (longan) q, r dor 
Durio zibethinus (durian) g, i, m, q, r - 
Ficus carica (fig) G - 
Fragaria spp. (strawberry) g, i, n, q - 
Garcinia mangostana (mangosteen) g, i, m, q, rı car, pap 
Litchi chinensi s(litchi) q, r dor 
Lycopersicon esculentum (tomato) g, i, m, n, q car, pap 
Malus domestica (apple) g, i, m, n, q dor 
Mangifera indica (mango) g, h, i, m, n, q, r car, dor, occ, pap, phi 
Manilkara zapota (sapodilla) i, m, q car, dor, pap 
Musa spp. (banana and plantain) b, c, d, e, f, g, h, i, j, k, 

m, n, p, q, r 
dor, pap, tua 

Nephelium lappaceum (rambutan) g, i, m, q, r dor, pap 
Passiflora edulis (passion fruit) I pap 
Persea americana (avocado) g, i, m, n, q car, dor, pap 
Phoenix dactylifera (date) g, i, n - 
Pouteria sapota (sapote) R pap 
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Table 2.4  (Continued). 

 

 
a Location only includes countries within each species’ natural range. Country Codes: a, 

Australia; b, Bhutan; c, Brunei; d, Cambodia; e, China; f, India; g, Indonesia; h, Laos; i , 

Malaysia; j, Myanmar; k, Nepal; l, Papua New Guinea; m, Philippines; n, Singapore; o, 

Sri Lanka; p, Taiwan; q, Thailand; r, Vietnam. 

 
bBactrocera species infesting South-east Asian fruit derived from. car – B. carambolae; 

cuc - B. cucurbitae; dor – B. dorsalis; irv – B. irvingiae; lat - B. latifrons; occ – B. 

occipitalis; pap – B. papayae; phi – B. philippinensis; pyr - B. pyrifoliae; rai - B. 

raiensis; tau - B. tau;  tri – B. trivialis; umb -B.umbrosa; zon – B. zonata. 

 

2.5 Fruit flies management 

 

 Because the high economical impact of fruit flies several agencies for example, 

Australian Centre for International Agricultural Research (ACIAR), Regional 

Management of Fruit Fly Project (RMFFP) funded by the United Nations Development 

Programme, the Food and Agriculture Organization (FAO) of the United Nations were 

support the regional fruit fly management projects. The projects include identification, 

development of the control methods and management and quarantine systems for fruit 

flies. These projects capably help several countries (e.g. Fiji, Samoa, Vanuatu, Tonga 

etc.) to solve the fruit fly problems and can export commercial crops again (Mcleod, 

2005). 

Fruit species (common name) 

Countries in which 
crop 

is economically 
importanta 

Fly species recorded 
to 

infest fruit in SE 
Asiab 

Prunus armeniaca (apricot) g, n - 
Prunus avium (cherry) g, i, n dor 
Prunus domestica (plum) i, n, q dor 
Prunus persica (peaches, netcarine) f, h, i, k, n, p, q, r dor, pap, pyr, tri, zon 
Rubus idaeus (raspberry) M - 
Solanum melongena (aubergine) g, i, m, q pap 
Tamarindus indica (tamarind) m, r - 
Vitis vinifera (grape) g, i, m, n, q, r - 
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 Integrated pest management (IPM) was employed to control many pest species, 

especial fruit flies, which damage the vegetable and fruit crops. IPM is environmental 

friendly methods that reduce insecticides problems because they integrated physical 

control, biological control and chemical control to find the best proportion for pest 

control and protect the crops. The common techniques used for the fruit flies IPM 

(Allwood, 2000; Kumar et al., 2011) such as: 

  Biological control: The eggs and larvae are target stage. Hymenopteran 

parasitoids are commonly employed. However, biological control alone does not 

provide high degree of control on sustainable basis. 

  Crop hygiene/sanitation: removal of fallen fruits/old crops; each fruit can 

produce up to 400 fruit fly adults. Removal and destruction is very import for fruit fly 

IPM; collected fruits should be buried 6 inches deep in soil; some part of China 

achieved good success in reducing population of fruit flies using sanitation.       

  Bagging/ netting: young fruits should be completely bagged; bags must not 

have any holes; prevent oviposition. Initially labor intensive; increases cosmetic value 

of fruits; age of bagging of different fruits varies. 

  Insecticides: Not recommended in IPM as there are other robust tools 

available; however in citrus fruits fruit flies can be suppressed by a single spray; limited 

use of pesticides in protein baits. 

  Bait sprays: adult fruit fly needs protein for their reproductive functions; 

beer waste based protein baits or other mixed with insecticide have been successfully 

used in Vietnam. 

  Early harvesting: Due to color preferences for oviposition, some fruits at 

early stage are not host, in such cases this method could be employed; e.g. Green mango 

are not hosts of fruit flies. 

  Male annihilation: using lures (methyl eugenal) and cuelures; large number 

of traps are needed; traps are excellent tools for ministering flies population. 

  Sterile Insect Technique (SIT): available in some countries like in Thailand; 

good when working with a low population; can also be used in combination of other 

methods. 
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 In Thailand, area wide integrated pest management (AW-IPM) using SIT was 

used to control fruit flies, Bactrocera dorsalis and B. correcta which are considered to 

be the key insect pests of fruit production in Thailand. The result revealed that in 

Ratchaburi Province (western of Thailand) the integrated approach has been effective in 

controlling fruit flies by reducing damage from over 80% before programme 

implementation to an average of less than 3.6% in the five years period (2000 to 2004). 

In Pichit Province (northern of Thailand) where the control programme has been carried 

out for only two year (2003 and 2004), the infestation has been reduced from 42.9 to 

15.5%. These clearly shows that fruit fly control in Thailand using an integrated area-

wide approach with an SIT component could be expanded to other production areas 

with significant economic returns (Orankanok et al., 2007). 

 

2.6 Identification of the fruit flies 

 

 The identification of the fruit flies can separate in three levels including 

morphological level, cytological level and molecular level. These levels have different 

efficiency and different limitation.  

  2.6.1 Morphological identification 

   Approximately 90% of the dacinepest species can be identify using 

microscopic examination of the adult morphology. The key features (Fig. 2.7, Fig. 2.8, 

Fig. 2.9, Fig. 2.10) used for the morphological diagnosis of adult fruit flies include wing 

morphology and infuscation, presence or absence of various setae and relative setae 

size, overall color and color patterning, and presence, shape and color of thoracic vittae 

(band or stripe of color) (Plant Health Australia, 2011). However, several species that 

are closely related, especial Bactrocera dorsalis complex, are morphological very 

similar and difficult to differentiate morphologically (Clarke et al., 2005; Ferrar, 2010; 

Liu et al., 2011). Moreover, the number of specialists is very limited worldwide and the 

immature stages (egg, larva and pupa) were difficult to identify morphologically (Houdt 

et al., 2010; Asokan et al., 2011). A key to known fruit fly larvae has been given by 

White and Elson-Harris (1992), and some information on the larvae of four Asian 

species (B. cucurbitae, B. dorsalis, B. umbrosa, B. tau) has been given by Rohani 

(1987) (Ferrare, 2010). 
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Figure 2.7 Adult morphology: head (top) and wing (bottom) (White and Elson-Harris  

     1992) 
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Figure 2.8 Adult morphology, Thorax: Dorsal features (White and Elson-Harris 1992) 
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See Figure 2.7 for abbreviations 

Figure 2.9 Adult morphology, thorax: lateral features (White and Elson-Harris 1992) 

 

 
Figure 2.10 Adult morphology, abdomen: male with features of typical dacini (left),  

       Female, with extended ovipositor (right) (White and Elson-Harris 1992) 
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  2.6.2 Cytological identification 

   In general, the polytene chromosomes are an excellent material for 

studying chromosome structure and identification of many Dipteran species because 

they have stable and specific banding patterns. Moreover, the chromosome inversions of 

the polytene chromosomes can be used to assess phylogenetic relationships among 

closely related species or to distinguish members of a species-complex group (Zhimulev 

et al., 2004). For example, several species in common fruit fly (Drosophilidae), black 

fly (Simuliidae), non-biting midge (Chironomidae) (e.g. Brncic et al., 1971; Bedo, 

1975; Michailova, 1996: Hamada and Adler, 1999; Michailova et al., 2001; 

Kuvangkadilok et al., 2008; Jitklang et al., 2008; Pramual et al., 2008; Tangkawanit et 

al., 2009 etc.). Although several polytene chromosome studies of the true fruit fly have 

been reported (Bedo, 1986; 1987; Zacharopoulou et al., 1990; 1992; Mavragani et al., 

1992; Zambetaki et al., 1995; Zhao et al., 1998; Gariou Papalexiou et al., 2002), 

polytene chromosomes aredifficult to prepare and of the low quality. Therefore, 

polytene chromosomes are excluded or non popular for fruit flies identification. Baimai 

(2010) presumed that the confusion of fruit fly polytene chromosomes as a results of 

high inversion and/or translocation between chromosomes. However, many reports 

indicated that the high efficiency of the mitotic metaphase chromosome for fruit fly 

identification and revealing sibling species of a species-complex group. Bush (1962) 

use the mitotic chromosomes for identification of fruit flies genus Anastrepha. Baimai 

et al. (1999a, b; 2000a, b) differentiate sibling species of Bactrocera dorsalis complex 

and B. tau complex in Thailand according to variation in heterochromatin in mitotic 

chromosomes. The results revealed that the patterns of mitotic karyotype are useful as 

diagnostic characters for separation of these closely related species (Bush, 1962; Baimai 

et al., 1995; 1996d; 1999a, b; 2000a, b). Although the mitotic chromosomes are an 

excellent material for fruit flies identification, this method required specialists, 

experiences and specimens are limited only in third instar larva stage. 

  2.6.3 Molecular identification 

   Molecular identification was proposed as a solution to the limitation of 

traditional taxonomy. The advantage of using molecular identification are listed as that 

it is fast, suitable for use with a little material (in insect may be use only head, leg, 

antenna or other tissues) and can be used even with stored, dry, frozen or old samples. 
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In addition, all developmental stages can be identified using molecular techniques (e.g. 

Leh, 2004; Floyd et al., 2010; Asoka et al., 2011; Stur, 2011 etc.). The molecular 

identification include with molecular markers. There is a wide range of molecular 

markers available for entomological studies (Loxdale and Lushai, 1998). The protein 

markers are represented using allozymes or isozymes, while DNA markers can be 

represented using nuclear DNA or mitochondrial DNA (Leh, 2004).  

    2.6.3.1 Protein markers     

     Protein markers are employed before the presence of DNA 

markers. However, the protein markers have many limitations such as some markers 

may be tissue-specific. Isozymes are also phenotypic markers and its efficiency can be 

affected by the tissue, growth stage and conditions of the organisms. Moreover, in the 

oftentimes polymorphism of isozymes is so low and difficult to detect, as a result 

closely related species may not be differentiated (Feraday and Leonhardt, 1989; Godwin 

et al., 2001). In tephritid fruit flies both success and not success for detection of 

polymorphism have been reports. For example, electrophoretic data was used initially 

with limited success to distinguish between five species of the Bactrocera dorsalis 

complex, with B. dorsalis, B. carambolae and B. papaya (Yong, 1993), while allozyme 

electrophoresis success to distinguish complex species within the B. tau group in 

Thailand (Saelee et al., 2006). 

    2.6.3.2 DNA markers  

     DNA marker may be come from nuclear DNA, ribosomal DNA, 

mitochondrial DNA (in the animal), chloroplast DNA (in the plants) or the other genetic 

materials. The species identification and evolution studies of the organisms are revealed 

using genetic divergences base on these markers. The choosing genetic marker depends 

on propose of the study, property of the marker and molecular techniques. However, 

several reports revealed that DNA marker used to identify the animal species from 

mitochondrial DNA and some ribosomal DNA regions.  

     In tephritid fruit flies the first is a draft molecular genetic marker 

protocol developed by McKenzie et al. (2004). Restriction Fragment Length 

Polymorphism (RFLP) tests of internal transcribed spacer region (ITS1), part of the 

nuclear rRNA gene cluster, were used to identify the fruit fly species. The result 

revealed that the ITS1 products which were digested using various restriction enzymes 
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can be used for identification of at least 30 fruit fly species (McKenzie et al., 2004). 

Moreover, in 1997 the 18S and the ITS1 genes were tests by PCR – RFLP, similar the 

first time, by Armstrong et al. (1997). The result revealed that at least 31 economically 

significant fruit fly species can be identified. Several reports revealed about 

identification of fruit flies using PCR – RFLP based on both ribosomal DNA and 

mitochondrial DNA (e.g. Nakahara et al., 2000; 2001; Muraji and Nakahara, 2001; 

2002). Although PCR – RFLP as a powerful method for fruit flies identification, some 

closely related species or complex species were not success e.g. Bactrocera carambolae 

and B. papayae, B. dorsalis complex species etc. (Muraji and Nakahara, 2002; Clarke et 

al., 2005). One molecular technique which popular and was developed to solve the 

problems of identification is DNA barcoding (see the details in 2.7).     

 

2.7 DNA barcoding 

 

 DNA barcode is a short nucleotide sequence (500 – 600 bp) which can be used 

for species identification. It was developed to solve the limitation of traditional 

taxonomy (Hebert et al., 2003a). Intraspecific and interspecific genetic divergences of 

the DNA sequences are used to identify species. The genetic distances between the 

sequence of an unknown specimen and a collection of well-identified reference 

sequences in DNA barcode library are compared and assigning to the query species 

name of the reference sequence with the smallest genetic distance (Hebert, 2007). 

Because the efficiency of identification base on DNA barcode depends on the 

distinction between intraspecific and interspecific genetic divergences thus, the standard 

sequence or gene region which is used to be barcoding sequence must suitable and has 

sufficient variation to identify specie. Each type of organism has different standard 

sequence or gene region for DNA barcoding. In the animal the mitochondrial 

cytochrome c oxidase subunit I (COI gene) is employed while the internal transcribed 

spacer (ITS) region of ribosomal DNA, the ribulose-bisphosphate carboxylase (rbcL) 

and maturase K (matK) genes of chloroplast DNA are used as the barcode of fungal and 

plant, respectively (http://www.boldsystems.org /index. php/IDS_OpenIdEngine; 10 

April 2013). Although DNA barcode is the powerful method for species identification, 

some reports revealed unsuccessful of this technique. The ambiguous taxonomy bases 
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on DNA barcode as a result from overlapping of intraspecific and interspecific genetic 

divergence values which are influenced by two major factors such as time since species 

and effective population size (Avise, 2000; Meyer and Paulay, 2005; Pramual et al., 

2011b).  

 DNA barcode of the animals, using COI gene, was used to identify animal 

species throughout the world. Several reports revealed the successful of DNA barcode 

based on COI sequences to identify many groups of animals, for examples , springtails, 

mayflies, spiders, fish, mosquitos, birds, blackflies, etc. (Hogg and Hebert, 2004; Ball et 

al., 2005; Barrett and Hebert, 2005; Ward et al., 2005; Cywinska et al., 2006; Kerr et 

al., 2007; Rivera and Currie, 2009). However, at present (10 April 2013) DNA barcode 

data in Barcode of Life Data Systems (BOLD), which is online databases, have only 

2,093,306 specimens from 177,105species which less than 10% of all species in the 

world. This could leads to taxonomy limitation in some species using DNA barcoding.   

 In tephritid fruit flies, Armstrong and Ball (2005) studied the efficiency of 

DNA barcode for fruit flies identification. One hundred and ninety three sequences, 

representing 60 species were used to create a tephritid COI reference profile. The result 

revealed the high rates of success for DNA barcode to differentiate fruit fly species, but 

also mentioned some difficulties with the identification of few species (e.g., Bactrocera 

dorsalis, B. tryoni, Anastrepha fraterculus), where the occurrence of cryptic species and 

high levels of geographic differentiation might complicate identification. After that 

several organizations and researchers interest to study fruit flies identification base on 

DNA barcode. The Tephritid Barcoding Initiative (TBI) was initiated in 2006 by the 

Consortium for the Barcode of Life (CBOL). The TBI aims to barcode 10,000 

specimens representing 2,000 species of fruit flies, including all taxa (about 350 

species) of major and minor economic importance. (Houdt et al., 2010; 

http://www.bolinfonet.org /casestudy/index.php/display/study/30; 21 september, 2012). 

Several trials have started to develop DNA barcodes for three of the main pest genera 

occurring in Africa: Bactrocera, Ceratitis and Dacus (Houdt et al., 2010).  

 DNA barcode of the fruit flies are continuously studied especially economic 

important species. Asokan et al. (2011) employed COI sequence to identify and study 

phylogenetic of Bactrocera species. The results revealed that B. dorsalis, B. tau, B. 

correcta and B. zonata can identify using DNA barcode. Phylogenetic analysis showed 
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that the subgenus Bactrocera is monophyletic. Samie and Fiky (2011) success to use 

DNA barcode for B. zonata identification. Moreover, DNA barcode revealed the high 

efficiency identification of B. invadens, a new species of fruit fly reported in the year 

2005 belongs to the B. dorsalis complex. This species difficult to diagnose based on 

morphological characters (Liu et al., 2011). However, DNA barcode is limited when 

dealing with species complexes of tephritid fruit flies; where it appears that insufficient 

lineage sorting of COI variation and ⁄ or inadequate current taxonomic knowledge 

hampers molecular identification of currently recognized species within several 

tephritid complexes (Armstrong and Ball, 2005). Recent study, the problems of 

Queensland fruit flies (B. tryoni) identification were revealed (Blacket et al., 2012) 

because B. tryoni is a closely related species in B. tryoni complex (i.e. B. tryoni,  

B. neohumeralis, B. aquilonis, B. melas) which have broad host ranges (Hancock et al., 

2000) as a result of overlapping of intraspecific and interspecific genetic divergence 

values and polyphyly were found in this group. Moreover, a nuclear copy (a numt 

pseudogene) of the barcoding region of COI was found (Blacket et al., 2012). DNA 

barcode database of fruit fly species is very limit compared with other organisms. Only 

7,113 specimens within 747 Tephritidae species and 1,597 DNA barcodes specimens in 

163 Bactrocera species are presented (http://www.barcodinglife.com/index.php/ 

Taxbrowser_Taxonpage?taxid=6515; 10 April, 2013). 

 In Thailand, there is only one report of DNA barcode of fruit fly. Nopparat et 

al. (2011) reported COI gene sequences from five larvae of fruit fly which collected in 

guava fruit. The result shown that these samples of fruit fly larvae were identified as  

B .correcta (Nopparat et al., 2011). 

 
2.8 Mitochondrial cytochrome oxidase subunit I (COI) gene 

 
 Mitochondrial DNA (mtDNA) of animals is a close circular molecule. It 

contains 37 genes including13 protein coding genes, 2 ribosomal genes, a non – protein 

coding control region and several tRNAs (Fig. 2.11) (Boore, 1999). The mtDNA has 

been used widely as a genetic marker for species identification and evolutionary studies 

because it lacks of repetitive DNA, transposable elements, pseudogene and  
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intron so gene organization is sample. The mtDNA evolve rapidly because it has high 

mutation rate. Moreover, there is not recombination or other genetic rearrangement in 

almost mtDNA (Avise et al., 1987). These characters are advantages of mtDNA to use 

as DNA barcode marker causeit requires a gene that haslow level of intraspecific but 

high interspecific genetic divergences (Hebert et al., 2003a).  

 COI gene encodes protein products which are play important role in both 

electron transport and the associated translocation of proton across mitochondrial 

membrane (Saraste, 1990; Gennis, 1992; Lent et al., 1996; refer in Pramual, 2006). The 

nucleotide composition of this gene is A – T bias; for example, in insects have the A – T 

content of 68 – 76% (Lent et al., 1996; refer in Pramual, 2006). The COI gene contains 

both highly conserve site and variable region. Its nucleotides reveal enough variation to 

differentiate between species. Moreover, less than 10% of intraspecific variation has 

been detected in this gene (Blaxter, 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.11 The mitochondrial genome of a eukaryote (from: Wauhh, 2011) 
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2.9 Bactrocera latifrons (Hendel) 

 
 Solanum fruit fly, Bactrocera latifrons belongs to the subgenus Bactrocera. 

Bactrocera latifrons is a medium sized species; face fulvous with a pair of large oval 

black spots; postpronotal lobes and notopleura yellow; scutum dull black; lateral 

postsutural vittae present; medial postsutural vitta absent; mesopleural stripe extending 

to anterior npl. seta dorsally; scutellum yellow; wing with a narrow fuscous costal band 

overlapping R2+3 and expanding into a small spot around apex of R4+5, a medium 

width fuscous anal streak; cells bc and c colorless; microtrichia in outer corner of cell c 

only; all abdominal terga entirely dark orange-brown, posterior lobe of male surstylus 

short; female with apex of aculeus trilobed (Plant Health Australia, 2011). The adult 

morphology of B. latifrons shown in Figure 2.12. Bactrocer alatifrons is native to South 

and Southeast Asia (White and Elson-Harris, 1992) and recently invaded other 

geographic regions such as Japan, Hawaii, Tonga and Tanzania (Kaneta et al., 1985; 

Vargas and Nishida 1985; Wang, 1996; Mwatawala et al., 2007). Bactrocera latifrons is 

a major pest of the important commercial crops in the family Solanaceae such, as chili 

(Capsicum annuum L.), eggplant (Solanum melongena L.), turkey berry (Solanum 

torvum Sw.) and tomato (Lycopersicon esculentum M.)(Vijaysegran and Osman, 1991; 

Liquidoet al., 1994; Harris et al., 2001; McQuate et al., 2007). Especially in chill crops, 

60% to 80% were infested in Malaysia (Vijaysegaran and Osman, 1991). 

 

 

 

  

 

 

 

 

Figure 2.12 Adults of Bactrocera latifrons: (a) male (b) female 
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2.10 Genetic variation of Bactrocera latifrons (Hendel) 

 
 Thelittle information on genetic variation and genetic structure of this species 

is available. To the best of our knowledge, there is only one report on population 

genetics of this species from Peninsular Malaysia based on allozyme electrophoresis 

(Yong, 1993). Yong (1993) recovered B. latifrons from four solanaceous fruits 

including Capsicum annuum L., Lycopersicon esculentum Mill., Solanum 

pseudocapsicum L. and Solanum melongena L. and analyzed for a total of 15 gene-

enzyme systems comprising 21 loci. The results revealed 11 loci including aAdh, Aldox, 

Ald, Est-F, Est-S, Hk-F, Ldh, cMdh, Me, Pep-A and Pep-Cwere invariant. The 

polymorphic loci, cathodal alcohol dehydrogenase, glucose phosphate isomerase, 

glycerol-3-phosphate dehydrogenase, hydroxybutyrate dehydrogenase, isocitrate 

dehydrogenase, anodal malate dehydrogenase and phosphoglucomutase were 

represented by two alleles each, while hexokinase-S, peptidase-B and phosphogluconate 

dehydrogenase were represented by three alleles each. The proportion of polymorphic 

loci ranged from 0.28 to 0.33, while the mean heterozygosity ranged from 0.04 to 

0.13.This study found comparable levels of genetic variation in B. latifrons in Malaysia 

with B. cucurbitae but these were lower than those of B. caudata and B. dorsalis 

complexes. And different levels of genetic variations of B. latifrons from different host 

plants were reported.  
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Chapter 3 

 

Research Methodology 

 

3.1 Sample collections 

 

 Both adults and larvae of tephritid fruit fly (Bactrocera spp.) were collected  

from natural habitats throughout northeastern Thailand, which covers more than  

168,000 km2. The fruit fly samples were collected from 19 host plant species including  

Baby Jackfruit (Momordica cochinchinensis Lour.),Carambola (Averrhoac arambola 

L.), Chilli (Capsicum annuum L.), Eggplant (Solanum melongena L.), Golden apple  

(Diospyrosdecandra Lour.), Guava (Psidium guajava L.), Ivy gourd (Cocciniagrandis 

L.), Japanese Cucumber (Cucumis sativas L.), Jujube (Ziziphus mauritiana Lam.), Kayu 

(Irvingia malayana Oliv. Ex A. Benn.), Keledang (Artocarpus lanceifolius Roxb.),  

Mango (Mangifera indica L.), Pumpkin (Cucurbita moschata Decne.), Rose apple  

(Syzygiumsp.), Snake gourd (Trichosanthes cucumerina L.),Solanum trilobatum, Sugar  

apple (Annona squamosa L.), Trichosanthes tricuspidata and Turkey berry (Solanum 

torvum Sw.), 18 locations, in 12 provinces (Fig. 3.1, Table 3.1).Geographic location  

(latitude, longitude, and altitude) were recorded. Some adult flies were also collected 

from natural habitats using sweep net. Adult flies were also obtained from fruit fly 

reared in laboratory. The ripen or rotten fruits which were pierced by female were 

harvested to find fruit fly larvae in laboratory. The larval samples were collected by 

hand from fruits only one or two larvae from each fruit to avoid potential sampling of 

sibling individuals (Fig. 3.2). The larval and adult specimens were preserved in 80% 

ethanol and were maintained at a low temperature (≈ - 20 to 4 °C) for further studies. 

The remaining larvae were reared using the ripe fruits from their natural habitats. Fruits 

were placed on sawdust in a plastic box which covered by calico (Fig. 3.3). To reveal 

population genetic structure of  B. latifrons. Additional of B. latifron specimens were 

also obtained fromchili (Capsicum annuum L.), turkey berry (Solanum torvumSw.) and 

S. trilobatum L. from four populations in northern Thailand. The sample collection sites 

(Figure 3.4), host plant species and number of COI sequences of B. latifrons were 

shown in Table 3.2. 
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Figure 3.1 Sampling locations of the fruit flies in northeastern Thailand: BK – Bueng 

     Kan, CP – Chaiyaphum, KK – Khon Kean, KS – Kalasin, LO – Loei, MS –  

      Maha Sarakham, NK – Nong Khai, NR – Nakhon Ratchasima, RE – Roi Et,  

      SK – Si Sa Ket, UR – Ubon Ratchathani, YT – Yasothon (details in Table  

      3.1) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 Collection larva samples of fruit flies using forceps 
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Figure 3.3 Fruit flies were reared by put the infested fruit in the plastic box that  

      contained sawdust at the bottom and covered by calico. The plastic box was  

       kept under the room condition.  
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Table 3.1 Sample collection sites and host plant species in this study. 

 

Location Code 
Host plant species 

Common name (Scientific name: Familly) 

Latitude/ 

longitude 

Altitude 

(m) 
Collection date 

So Phisai, 

Bueng Kan 

 

 

 

Kaset Sombun, 

Chaiyaphum 

 

 

 

Khonsan, Chaiyaphum 

 

 

Kham Muang, Kalasin 

 

 

Tha Khantho, Kalasin 

BK 

 

 

 

 

CP1 

 

 

 

 

CP2 

 

 

KS1 

 

 

KS2 

- Chilli 

   (Capsicum annuum  L.: Solanaceae) 

- Eggplant 

   (Solanum melongena  L.: Solanaceae) 

 

- Carambola/ star fruit 

   (Averrhoa carambola  L.: Oxalidaceae) 

- Rose apple 

   (Syzygiumsp.: Myrtaceae) 

 

- Keledang 

   (Artocarpus lanceifolius Roxb.: Moraceae) 

 

- Jujube 

   (Ziziphus mauritiana Lam.: Rhamnaceae) 

 

- Kayu (Irvingia malayana Oliv. Ex A. Benn.:  

Irvingiaceae) 

18º04´42´´N 

103º26´36´´E 

18º04´42´´N 

103º26´36´´E 

 

16º22´55´´N 

101º58´21´´E 

16º22´55´´N 

  101º58´21´´E 

 

16º36´25´´N 

  101º54´35´´E 

 

16º55´24´´N 

103º37´54´´E 

 

16º56´24´´N 

103º14´40´´E 

167 

 

167 

 

 

234 

 

234 

 

 

260 

 

 

201 

 

 

171 

 

02/ 10/ 2012 

 

02/ 10/ 2012 

 

 

21/ 07/ 2012 

 

21/ 07/ 2012 

 

 

19/ 01/ 2013 

 

 

13/ 08/ 2012 

 

 

14/ 08/ 2012 
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Table 3.1 (Continued). 

Location Code Host plant species 

Common name (Scientific name: Familly) 

Latitude/ 

longitude 

Altitude 

(m) 

Collection date 

Mueang Khon Kaen, 

Khon Kaen 

 

Chiang Khan, Loei 

 

 

Na Haeo, Loei 

 

 

 

 

Pak Chom, Loei 

 

 

Kantharawichai, 

Maha Sarakham 

 

 

KK 

 

 

LO1 

 

 

LO2 

 

 

 

 

LO3 

 

 

MS1 

- Baby Jackfruit (Momordica cochinchinensis 

Lour.: Cucurbitaceae) 

 

- Carambola/ star fruit 

   (Averrhoa carambola L.: Oxalidaceae) 

 

- Pumpkin (Cucurbita moschata Decne.: 

Cucurbitaceae) 

- Trichosanthes tricuspidataLour. 

   (Cucurbitaceae) 

 

- Chilli 

   (Capsicum annuum L.: Solanaceae) 

 

- Carambola/ star fruit 

   (Averrhoa carambola L.: Oxalidaceae) 

- Chilli 

   (Capsicum annuum L.: Solanaceae) 

16º26´18´´N 

102º50´20´´E 

 

17º53´53´´N 

101º39´59´´E 

 

17º28´29´´N 

1010º58´32´´E 

17º28´29´´N 

1010º58´32´´E 

 

18º01´18´´N 

101º53´18´´E 

 

16º14´58´´N 

103º15´52´´E 

16º14´58´´N 

103º15´52´´E 

 

158 

 

 

213 

 

 

629 

 

629 

 

 

209 

 

 

166 

 

166 

 

 

24/ 09/ 2012 

 

 

06/ 08/ 2012 

 

 

19/ 11/ 2012 

 

19/ 11/ 2012 

 

 

31/ 10/ 2012 

 

 

19/ 07/ 2012 

 

18/ 07/ 2012 

26/ 07/ 2012 

17/ 08/ 2012 
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Table 3.1 (Continued). 

Location Code Host plant species 

Common name (Scientific name: Familly) 

Latitude/ 

longitude 

Altitude 

(m) 

Collection date 

Kantharawichai, 

Maha Sarakham 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mueang Maha  

Sarakham, Maha 

Sarakham 

MS1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MS2 

- Guava 

(Psidium guajava L.: Myrtaceae) 

- Ivy gourd  

(Coccinia grandis L.: Cucurbitaceae) 

 

 

- Mango 

(Mangifera indica L.: Anacardiaceae) 

- Sugar apple 

(Annona squamosa L.: Annonaceae) 

- Turkey berry 

(Solanum torvumSw.: Solanaceae) 

- Japanese Cucumber  

(Cucumis sativas L.: Cucurbitaceae) 

 

- Ivy gourd  

(Coccinia grandis L.: Cucurbitaceae) 

 

 

16º14´58´´N 

103º15´52´´E 

16º16´46´´N 

103º14´36´´E 

16º19´22´´N 

103º17´48´´E 

16º15´17´´N 

103º13´50´´E 

16º14´58´´N 

103º15´52´´E 

16º14´58´´N 

103º15´52´´E 

16º14´45´´N 

103º14´52´´E 

 

16º11´03´´N 

103º18´04´´E 

16º08´32´´N 

103º18´30´´E 

166 

 

150 

 

148 

 

150 

 

166 

 

166 

 

150 

 

 

146 

 

158 

 

28/ 07/ 2012 

20/ 08/ 2012 

31/ 07/ 2012 

 

13/ 12/ 2012 

 

19/ 07/ 2012 

20/ 07/ 2012 

11/ 07/ 2012 

 

15/ 07/ 2012 

01/ 08/ 2012 

19/ 12/ 2012 

 

 

13/ 12/ 2012 

 

13/ 12/ 2012 
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Table  3.1 (Continued). 

Location   Code Host plant species 

Common name (Scientific name: Familly) 

Latitude/ 

longitude 

Altitude 

(m) 

Collection date 

Mueang Maha 

Sarakham, Maha 

Sarakham 

 

 

Na Dun, Maha 

Sarakham 

 

Si Chiang Mai,  

Nong Khai 

 

 

 

Mueang Nakhon 

Ratchasima, Nakhon 

Ratchasima 

MS2 

 

 

 

 

MS3 

 

 

NK 

 

 

 

 

NR 

 

- Rose apple 

(Syzygiumsp.: Myrtaceae) 

- Solanum trilobatum L.  

(Solanaceae) 

 

- Kayu (Irvingia malayana Oliv. Ex A. Benn.:  

Irvingiaceae) 

 

- Chilli 

(Capsicum annuum L.: Solanaceae) 

- Eggplant 

(Solanum melongena L.: Solanaceae) 

 

- Mango 

(Mangifera indica L.: Anacardiaceae) 

- Sugar apple 

(Annona squamosa L.: Annonaceae) 

16º08´06´´N 

103º18´34´´E 

16º12´39´´N 

103º18´24´´E 

 

15º42´50´´N 

103º13´37´´E 

 

17º57´23´´N 

102º35´22´´E 

17º57´23´´N 

102º35´22´´E 

 

14º58´16´´N 

102º05´59´´E 

14º58´16´´N 

102º05´59´´E 

157 

 

149 

 

 

162 

 

 

172 

 

172 

 

 

197 

 

197 

 

13/ 03/ 2013 

 

18/ 11/ 2012 

 

 

08/ 08/ 2012 

 

 

26/ 08/ 2012 

30/ 10/ 2012 

26/ 08/ 2012 

 

 

09/ 09/ 2012 

 

16/ 07/ 2012 
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Table 3.1 (Continued).

Location Code Host plant species 

Common name (Scientific name: Familly) 

Latitude/ 

longitude 

Altitude 

(m) 

Collection date 

Nong Phok, Roi Et 

 

 

 

 

Prang Ku, Si Sa Ket 

 

 

RE 

 

 

 

 

SK 

 

- Eggplant 

(Solanum melongena L.: Solanaceae) 

- Mango 

(Mangifera indica L.: Anacardiaceae) 

 

- Carambola/ star fruit 

(Averrhoa carambola L.: Oxalidaceae) 

- Chilli 

(Capsicum annuum L.: Solanaceae) 

- Eggplant 

(Solanum melongena L.: Solanaceae) 

- Golden apple 

(Diospyros decandraLour.: Ebenaceae) 

- Ivy gourd  

(Cocciniagrandis L.: Cucurbitaceae) 

- Jujube 

(Ziziphus mauritiana Lam.: Rhamnaceae) 

- Kayu (Irvingia malayanaOliv. Ex A. Benn.:  

Irvingiaceae) 

16º18´35´´N 

104º12´11´´E 

16º18´35´´N 

104º12´11´´E 

 

14º48´59´´N 

104º04´00´´E 

14º49´53´´N 

104º03´38´´E 

14º48´59´´N 

104º04´00´´E 

14º49´48´´N 

104º03´38´´E 

14º48´59´´N 

104º04´00´´E 

14º50´26´´N 

104º03´32´´E 

14º49´48´´N 

104º03´38´´E 

179 

 

179 

 

 

139 

 

173 

 

139 

 

138 

 

139 

 

139 

 

138 

 

06/ 08/ 2012 

 

06/ 08/ 2012 

 

 

11/ 08/ 2012 

 

11/ 08/ 2012 

 

11/ 08/ 2012 

 

12/ 08/ 2012 

 

11/ 08/ 2012 

 

11/ 08/ 2012 

 

11/ 08/ 2012 
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Table 3.1 (Continued). 

Location Code Host plant species 

Common name (Scientific name: Familly) 

Latitude/ 

longitude 

Altitude 

(m) 

Collection date 

Mueang Ubon 

Ratchathani, Ubon 

Ratchathani 

 

 

 

 

PaTew, Yasothon 

 

UR 

 

 

 

 

 

 

YT 

- Guava 

(Psidium guajava L.: Myrtaceae) 

- Rose apple 

(Syzygiumsp.: Myrtaceae) 

- Sugar apple 

(Annona squamosa L.: Annonaceae) 

 

- Chilli 

(Capsicum annuum L.: Solanaceae) 

- Snake gourd (Trichosanthes cucumerina L.:  

Cucurbitaceae) 

- Turkey berry 

(Solanum torvumSw.: Solanaceae) 

15º13´44´´N 

104º51´15´´E 

15º13´44´´N 

104º51´15´´E 

15º13´44´´N 

104º51´15´´E 

 

15º49´35´´N 

104º21´50´´E 

15º49´35´´N 

104º21´50´´E 

15º49´35´´N 

104º21´50´´E 

121 

 

121 

 

121 

 

 

140 

 

140 

 

140 

04/ 08/ 2012 

 

04/ 08/ 2012 

 

04/ 08/ 2012 

 

 

30/ 08/ 2012 

 

30/ 08/ 2012 

 

30/ 08/ 2012 

 

 

Solanum trilobatum L. and  Trichosanthes tricuspidata Lour. were not reported common name . 
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Figure 3.4 Collection sites of 11 populations of  Bactrocera latifrons from Thailand:  

      Details of the sampling locations are given in Table 3.2.
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Table 3.2 Sample collection sites, host plant species and number of COI sequences of Bactrocera latifrons from Thailand. 

 

Location Code Latitude/ 
longitude Altitude (m) Host plant species N Collection date 

 CM 19º01´01´´N 
99º18´14´´E 

  618 Solanum torvum   6 24 November 2012 

Chiang Muan, Phayao PY 18º55´11´´N 
100º12´04´´E 

  401 S. trilobatum 10 21 November 2012 

Phu Kha, Pua, Nan NN1 19º11´19´´N 
101º04´40´´E 

1,142 Capsicum annuum 10 20 November 2012 

Ban Luang, Nan NN2 18º54´42´´N 
100º27´49´´E 

  382 C. annuum   5 21 November 2012 

Si Chiang Mai,  
Nong Khai 

NK 17º57´23´´N 
102º35´22´´E 
 

  172 C. annuum 
C. annuum 
S. melongena 

  4 
  2 
  3 

26 August 2012 
30 October 2012 
26 August 2012 

Pak Chom, Loei LO3 18º01´18´´N 
101º53´18´´E 

  209 C. annuum   4 31 October 2012 
 

So Phisai, 
Bueng Kan 
 
Kantharawichai, 
Maha Sarakham 

BK 
 
 
MS1 

18º04´42´´N 
103º26´36´´E 
 
16º14´58´´N 
103º15´52´´E 

  167 
 

 
 166 

C. annuum 
S. melongena 
 
C. annuum 
C. annuum 
C. annuum 
S. torvum 
S. torvum 

  7 
  1 
 
2 
  4 
  3 
  2 
  3 

2 October 2012 
2 October 2012 
 
18 July 2012 
26 July 2012 
17 August 2012 
15 July 2012 
1 August 2012 

Mueang, Maha Sarakham MS2 16º12´39´´N 
103º18´24´´E 

  149 S. trilobatum 10 18 November 2012 

Prang Ku, Si Sa Ket SK 14º49´53´´N 
104º03´38´´E 

  173 
 

C. annuum 
S. melongena 

  9 
  2 

11 August 2012 
11 August 2012 

Pa Tew, Yasothon YT 15º49´35´´N 
104º21´50´´E 

  140 C. annuum 
S. torvum 

  4 
  2 

30 August 2012 
30 August 2012 
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3.2 Identification of the fruit flies 

 

 Morphological criteria, includingwing morphology, setae, overall color and 

color patterns, shape and color of thoracic vittae, were employed for species 

identification. Only adult specimens were used for morphological identification because 

other stages (egg, larva and pupa) are very difficult or cannot be used to identify based 

on morphological characters (Houdtet al., 2010; Asokanet al., 2011).  Adult specimens 

were identified to the species using the keys of Drew and Hancock (1994a) and Plant 

Health Australia (2011). 

 

3.3 DNA extraction, polymerase chain reaction (PCR) and DNA sequencing 

 

 DNA samples were obtained from both adults and larvae. DNA was extracted 

using the GF-1 Tissue DNA Extraction Kit (Vivantis, Malaysia) followed the 

manufacturing protocol. DNA samples were stored at -20º C until use. The 

mitochondrial cytochrome oxidase I (COI) gene were amplified by polymerase chain 

reaction (PCR). PCR primers developed by Folmer et al. (1994) were used to amplify 

about 700-bp long target region of the COI gene. These same primers are considered the 

standard for DNA barcoding by Hebert et al. (2003a): LCO1490 (5′ 

GGTCAACAAATCATAAAGATATTGG-3′) and HCO2198 (5′-TAAACTTCAG 

GGTGACCAAAAAATCA-3′). A total volume of 50 µl PCRs reaction contained 2 µl 

of DNA template 2 µl of each primer (10 µM), 3 µl of 50 mM MgCl2, 5 µl of 10X PCR 

buffer, 1.6 µl of  10 µM dNTPs, 0.4 µl of Taq DNA polymerase (5 U/ µl). Temperature 

profile as follow; an initial denaturation at 96 °C for 1 min followed by 35 cycles of 94 

°C for 1 min, 55 °C for 1 min and 72 °C for 1.5 min with the final extension  at 72 °C 

for 7 min. 

 PCR products were checked by 1% argarose gel electrophoresis which 

contained 0.5 µg/ml of ethidium bromide (Sambrook et al., 1987). Five microliters of 

PCR products were mixed with 1 µl of 6× loading buffer. The mixture was carefully 

loaded into a well of the submerged (in 0.5× TBE buffer) agarose gel using a disposable 

micropipette tip. The outermost wells were loaded with a DNA marker (Invitrogen).  
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^ 

A voltage of 100 volts was applied for 30 – 40 minutes and the gel was visualized under 

ultraviolet (UV) light using UV – transilluminator. PCR products were purified by using 

the HiYield Gel/PCR DNA Fragments Extraction Kit (RBC BIOSCIENCE, Xindian 

City, Taiwan) followed the manufacturing protocol. The purified DNA was sequenced 

using the same primers as in the PCR by Macrogen sequencing service (Seoul, Korea).  

 

3.4 Data analysis  

 

 3.4.1 Genetic diversity 

  Haplotype diversity and nucleotide diversity were calculated for each 

species using ARLEQUIN 3.5.1.2 (Excoffier and Lischer, 2010). The haplotype 

diversity (h) was calculated following the equation: 

 

ℎ =
݊

݊ − 1
൭1 −  ܲ

ଶ


ୀଵ

൱ 

 

with the variance: 

 

ܸ(ℎ) =
2

݊(݊ − 1) 2(݊ − 2)  ܲ
ଷ



ୀଵ

− ൭ ܲ
ଶ



ୀଵ

൱

ଶ

 +  ܲ
ଶ



ୀଵ

− ൭ ܲ
ଶ



ୀଵ

൱

ଶ

 

  

  where n is the number of gene copies in the sample, k is the number of 

haplotypes and ܲ is the sample frequency of the ݅-th haplotype (Nei, 1987; Arlequin 3.5 

Manual).  

  The nucleotide diversity (ߨ) was calculated using the equation:  

 

ߨ =  
∑ ∑ ܲ ܲ݀ழଵ


ୀଵ

ܮ  
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^ 

with the variance: 

 

(ߨ) ܸ =
݊ + 1

3(݊ − ܮ(1 ߨ +
2(݊ଶ + ݊ + 3)

9݊(݊ − 1) ߨ
ଶ 

 

  where ݀  is the number of mutations having occurred since the divergence 

of haplotype ݅ and ݆, ݇ is the number of the haplotypes, ܲ is the frequency of the 

haplotype ݅ (Tajima, 1993; Arlequin 3.5 Manual). 

  Intraspecific and interspecific sequence divergences, based on Kimura’s 2- 

Parameter (K2P) model, were calculated using MEGA 5 (Tamura et al., 2011).     

 3.4.2 Phylogenetic analysis 

  The neighbor – joining (NJ), maximum parsimony (MP), and Bayesian 

analysis were used to construct the phylogenetic relationships between species of the 

Tephritidae in northeastern Thailand. The NJ and MP trees were estimated in PAUP 

4.0b10 (Swofford, 2002). For Bayesian analysis MRBAYES 3.0.4b (Huelsenbeck and 

Ronquist, 2001) was used. The Kimura’s 2- Parameter (K2P) model was used for NJ 

and Bayesian analyses. The COI sequences of Anastrepha luden and Ceratitis capitata 

from GenBank under accession numbers DQ116207 and DQ116368 were use as 

outgroups. 

 3.4.3 Fruit fly and host plant species association 

  Chi – square goodness of fit test (߯ଶ-test) was used to analyze the 

relationship between fruit fly and host plant species. The present or absent of a species 

in a host plant was expressed on a binary scale (0 = species absent, 1 = species present). 

These tests were used to test the appearance of fruit fly species is random or non-

random with respected to the host plant species: 

   HO: The appearance of fruit fly species with host plant species is  

      randomization. 

   HA: The appearance of fruit fly species with host plant species is  

      non –randomization.  
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  The chi – square value (߯ଶ) was calculated using SPSS statistic package  

(SPSS Inc) by the equation: 


(ܱ − ଶ(ܧ

ܧ



ୀଵ

 

 

  whereܱ is the frequency of the appearance of fruit fly species from 

observation, ܧ is the frequency of the appearance of fruit fly species from expectation 

and ݇ is the number of the fruit fly species. 

The expected frequency is calculated by: 

 

ܧ = ൫ܨ( ௨ܻ) − )ܨ ூܻ)൯ܭ 

 

  whereF is  the cumulative distribution function for the distribution being 

tested, Yu is the upper limit for class i, Yl is the lower limit for class i, and K = the 

sample size.  

  The ߯ଶ value can be compared to the chi-squared distribution to determine 

the goodness of fit. In order to determine the degrees of freedom of the chi-squared 

distribution, one takes the total number of observed frequencies and subtracts one. The 

test statistic follows, approximately, a chi-square distribution with (k − c) degrees of 

freedom where k is the number of non-empty cells and c is the number of estimated 

parameters (including location and scale parameters and shape parameters) for the 

distribution + 1(Pearson, 1990). 

 3.4.4 Genetic variation at population level: a case study of Bactrocera 

latifronsin Thailand 

  Haplotype diversity (h) and nucleotide diversity (π) were calculated using 

Arlequin 3.5.1.2 (Excoffier and Lischer, 2010).The median joining (MJ) network 

(Bandelt et al., 1999) was used toestimate the genealogical relationships of the 

haplotypes. In addition to 93 sequences from this study, 11 sequences reported in 

Genbank (GenBank accession no. GQ154140-42 from Japan; GQ154144, GQ154146 

from Tanzania; GQ154143, FJ009203 from Kenya; DQ116296-97, GQ154138 from 

Hawaii, U.S.A.; and FJ903490 from Malaysia) and one in the Barcode of Life Database 
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(www.boldsystems.org ) (Sequence ID: MVTBI006-08 from Tanzania) were included 

in the haplotype network analysis. The MJ network was calculated using NETWORK 

ver. 4.6.1.0 (www.fluxus-engineering.com). 

  Genetic structure was estimated by population pairwise FST. The 

significance of test statistic was obtained by 1023 permutations. The sequential 

Bonferroni correction (Rice, 1989) was applied for the multiple tests. Analysis of 

molecular variance (AMOVA)was used to test the genetic differentiation among groups 

of populations from different host plants. Both population pairwise FST and AMOVA 

analysis were performed in Arlequin using the Kimura’s 2-parameter model (K2P). A 

Mantel test (1967) was used to determine the relationship between genetic distance (FST 

from Arlequin) and geographical distance (km) to test an isolation-by-distance model. 

The Mantel test was implemented in IBD 1.52 (Bohonak, 2002) using 1000 

randomizations. 

  Mismatch distribution was used to test the signature of population 

expansion. Populations that have undergone recentpast demographic expansion showna 

unimodal mismatch distribution (Roger and Harpending, 1992). The sum-of-squares 

deviation and Harpending’s raggedness index (Harpending, 1994) were used to test 

deviation from the sudden expansion model. Mismatch distribution was estimated using 

Arlequin. If the mismatch distribution revealed a signature of population expansion, the 

expansion time was calculated from τ = 2ut (where u = mTµ and mT are the length of 

nucleotides sequences under study, µ is the mutation rate per nucleotide and t is the 

generation time; Roger and Harpending, 1992), assuming a divergence rate of 2.3% per 

million years for insectmt DNA (Brower, 1994).Fu’s FS test (Fu, 1997) and Tajima’s D 

(Tajima, 1989) statistical tests were used to test the population equilibrium. Large 

negative values from these tests were expected for the demographics of population 

expansion. 
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Chapter 4 

 

Results 

 

4.1 Species diversity and host plants of tephritid fruit flies in northeastern 

Thailand  

 A total of 940 fruit flies represent nine species were obtained. These fruit flies 

infested 19 host plant species from 10 families (Table 4.1). All fruit flies belong to the 

genus Bactrocera Macquart which had been reported in previous studies including B. 

caryeae (Kapoor), B. correcta (Bezzi), B. cucurbitae (Coquillett), B. dorsalis (Hendel) 

complex, B. invadens (Drew), B. latifrons (Hendel), B. occipitalis (Bezzi),  

B. philippinensis (Drew and Hancock) and B. tau (Walker) complex (Fig. 4.1 – 4.12). 

According to the morphological variation based on thoracic vittae and abdomen color 

patterns, B. correcta was further divided into four forms (A, B, C, D) (Fig. 4.2 – 4.5).  

 Bactrocera correcta A and B. invadens were the most geographically 

widespread. These species was found in nine locations, B. correcta A was found in 13 

locations whereas B. invadens was found in 19 locations (Table 4.1). Bactrocera 

correcta A was found in Chaiyaphum, Kalasin,Maha Sarakham, Roi Et, Si Sa Ket and 

Ubon Ratchathani provinces. Bactrocera invadens was found in Chaiyaphum, Kalasin, 

Loei, Maha Sarakham, Nakhon Ratchasima, Si Sa Ket and Ubon Ratchathani provinces. 

Bactrocera occipitalis was the most limited in geographic distribution. This species was 

found in only two locations one in Si Sa Ket and one in Ubon Ratchathani provinces. 

 A total of 19 host plant species from 10 families were found infested by fruit 

flies (Table 4.1 Figure 4.13). 

 Numbers of host plant species infested by fruit fly species range from two in  

B. occipitalis to eight in B. correcta A, B. dorsalis and B. invadens (Table 4.1). 

Bactrocera correcta infested highest number of host plants. This species was found in 

nine host plant species from eight families. Bactrocera correcta A infested eight host 

plant species from seven families including Artocarpus lanceifolius Roxb. (Moraceae), 

Averrhoa carambola  L. (Oxalidaceae), Diospyros decandra Lour. (Ebenaceae), 

Irvingia malayana Oliv. Ex A. Benn. (Irvingiaceae), Mangifera indica L.  
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(Anacardiaceae), Psidium guajava L. (Myrtaceae), Syzygium sp. (Myrtaceae) and 

Ziziphus mauritiana Lam. (Rhamnaceae).  

 Bactrocera correcta B infested six host plants from five families, B. correcta C 

and B. correcta D infested four host plants from three families. Bactrocera correcta B 

shared host plants with B. correcta A except Artocarpus lanceifolius Roxb. (Moraceae), 

Irvingia malayana Oliv. Ex A. Benn. (Irvingiaceae) and M. indica L. (Anacardiaceae), 

which found infested only by B. correcta A. In contrast, one individual of B. correcta B 

was found infested Annona squamosa L. (Annonaceae) where B. correcta A was not 

found in this plant. Bactrocera correcta C was detected in A. carambola L. 

(Oxalidaceae), P. guajava L. (Myrtaceae), Syzygiumsp. (Myrtaceae) and Z. mauritiana 

Lam. (Rhamnaceae) while B. correcta D was found in D. decandra Lour. (Ebenaceae), 

P. guajava L. (Myrtaceae), Syzygiumsp. (Myrtaceae) and Z. Mauritiana Lam. 

(Rhamnaceae).  

 Bactrocera caryeae was detected in five host plants from five families 

including A. squamosa L. (Annonaceae), A. carambola L. (Oxalidaceae), M. indica L. 

(Anacardiaceae), P. guajava L. (Myrtaceae) and Z. mauritiana Lam. (Rhamnaceae).  

 Bactrocera cucurbitae, B. latifrons, B. occipitalis and B. tauwere found in 

limited host plants. Bactrocera cucurbitae and B. tau were found only in plants family 

Cucurbitaceae. Bactrocera cucurbitae was found in three host plant species including 

Coccinia grandis L., Cucumis sativas L. and Trichosanthes cucumerina L. while B. tau 

was found in Cucurbita moschata Decne., Momordica cochinchinensis Lour. and 

Trichosanthe stricuspidata Lour.. 

 Bactrocera latifrons was found in four host plant species all were from family 

Solanaceae including Capsicum annuum L., Solanum melongena L., Solanum 

trilobatum L. and Solanum  torvum Sw. Bactrocerao ccipitalis was detected in limit 

numbers only seven individuals were obtained in this study. This species was found 

infested A. squamosa L. (Annonaceae) and I. malayana Oliv. Ex A. Benn. 

(Irvingiaceae) (Table 4.1).     

 Bactrocera caryeae, B. correcta, B. dorsalis, B. invadens and B. philippinensis 

shared the major host plants. For examples, B. dorsalis and B. invadens shared all host 

plant species. Both species found infested eight species from seven families, including 

A. squamosa L. (Annonaceae), A. carambola L. (Oxalidaceae), 
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D. decandra Lour. (Ebenaceae), I. malayana Oliv. Ex A. Benn. (Irvingiaceae), M. 

indica L. (Anacardiaceae),P. guajava L. (Myrtaceae), Syzygiumsp. (Myrtaceae)and  

Z. mauritiana Lam. (Rhamnaceae). Bactrocera philippinensis shared six host plant 

species from five families with B. dorsalis and B. invadens.  

 Although many host plants were shared by several fruit fly species, some host 

plants did not. Analysis of the association between host plants and fruit fly species 

revealed that the fruit flies which are polyphagous are not specifically associated to host 

plants including B. correcta A (߯ଶ = 0.474, P = 0.491), B. correcta B (߯ଶ = 2.579, P = 

0.108), B. dorsalis (߯ଶ = 0.474, P = 0.491), B. invadens (߯ଶ = 0.474, P = 0.491) and  

B. philippinensis (߯ଶ = 2.579, P = 0.108) (Table 4.2). In contrast, fruit fly species which 

are oligophagous shown some degree of association to host plant species including B. 

caryeae (߯ଶ = 4.263, P = 0.039), B. correctaC (߯ଶ = 6.368, P = 0.012), B. correctaD 

(߯ଶ = 6.368, P = 0.012),B. cucurbitae (߯ଶ = 8.895, P = 0.003), B. latifrons (߯ଶ = 6.368, 

P = 0.012),B. occipitalis (߯ଶ = 11.842, P = 0.001) and B. tau (߯ଶ = 8.895, P = 0.003) 

(Table 4.2). 
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Table 4.1 Fruit fly species and their host plant species in northeastern Thailand.      

                The details of location code were shown in Table 3.1.  

 

Fruit fly species 
Host plant 

Family 
Host plant species Location code 

Bactrocera caryeae Anacardiaceae 

 

Annonaceae 

 

Myrtaceae 

 

Oxalidaceae 

 

Rhamnaceae 

 

Mango  

(Mangifera indica L.) 

Sugar apple  

      (Annona squamosa L.) 

Guava  

    (Psidium guajava L.) 

Carambola/ star fruit  

(Averrhoa carambola L.) 

Jujube (Ziziphus 

mauritiana Lam.) 

MS1 (3) 

 

NR   (2) 

 

MS1 (7) 

UR   (1) 

CP1 (2) 

 

KS1 (2) 

SK   (16) 

Total 5 families 5 species n = 33 

Bactrocera correcta 

A 

 

Anacardiaceae 

 

Ebenaceae 

 

Irvingiaceae 

 

Moraceae 

 

Myrtaceae 

 

 

 

Oxalidaceae 

 

Mango  

(Mangifera indica L.) 

Golden apple (Diospyros 

decandra Lour.) 

Kayu (Irvingia malayana 

      Oliv. Ex A. Benn.) 

Keledang (Artocarpus 

lanceifolius Roxb.) 

Guava  

(Psidium guajava L.) 

Rose apple  

      (Syzygiumsp.) 

Carambola/ star fruit 

(Averrhoa carambola L.) 

 

RE   (1) 

 

SK   (4) 

 

MS3 (3) 

SK   (10) 

CP2 (1) 

 

MS1 (11) 

UR   (3) 

CP1 (10) 

MS2 (10) 

CP1 (2) 

SK   (7) 

 

n, represent number of adult fruit fly. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Mahasarakham University 



55 

Table 4.1  (Continued). 

 

Fruit fly species 
Host plant 

Family 
Host plant species Location code 

Bactrocera correcta 

A 

Rhamnaceae 

 

     Jujube (Ziziphus 

     mauritiana Lam.) 

KS1 (33) 

   SK   (61) 

Total 7 families 8 species n = 156 

Bactrocera correcta 

B 

 

 

Annonaceae 

 

Ebenaceae 

 

Myrtaceae 

 

 

 

Oxalidaceae 

 

Rhamnaceae 

 

Sugar apple  

     (Annona squamosa L.) 

Golden apple (Diospyros 

decandra Lour.) 

Guava  

     (Psidium guajava L.) 

Rose apple  

(Syzygiumsp.) 

Carambola/ star fruit 

(Averrhoa carambola L.) 

Jujube (Ziziphus 

mauritiana Lam.) 

 

MS1 (1) 

 

SK   (1) 

 

MS1 (4) 

UR   (13) 

MS2 (8) 

 

SK   (12) 

 

KS1 (18) 

SK   (9) 

Total 5 families 6 species n = 68 

Bactrocera correcta 

C 

 

Myrtaceae 

 

 

 

Oxalidaceae 

 

Rhamnaceae 

 

Guava  

      (Psidium guajava L.) 

Rose apple  

      (Syzygiumsp.) 

Carambola/ star fruit 

(Averrhoa carambola L.) 

Jujube (Ziziphus 

mauritiana Lam.) 

 

MS1 (3) 

 

MS2 (4) 

 

SK   (2) 

 

KS1 (3) 

SK   (1) 

Total 3 families 4 species n = 13 

 

n, represent number of adult fruit fly. 
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Table 4.1 (Continued). 

 

Fruit fly species 
Host plant 

Family 
Host plant species Location code 

Bactrocera correcta 

D 

 

 

Ebenaceae 

 

Myrtaceae 

 

 

 

Rhamnaceae 

 

Golden apple (Diospyros 

decandra Lour.) 

Guava  

      (Psidium guajava L.) 

Rose apple 

      (Syzygium sp.) 

Jujube (Ziziphu 

smauritiana Lam.) 

 

SK   (4) 

 

MS1 (13) 

 

MS2 (4) 

 

KS1 (15) 

SK   (24) 

Total 3 families 4 species n = 60 

Bactrocera cucurbitae Cucurbitaceae 

 

Ivy gourd  

(Coccinia grandis L.) 

 

Japanese Cucumber 

(Cucumis sativas L.) 

Snake gourd 

(Trichosanthes cucumerina 

L.) 

MS1 (98) 

MS2 (18) 

SK   (30) 

MS1 (12) 

 

YT   (1) 

Total 1 family 3 species n = 159 

 
n, represent number of adult fruit fly. 
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Table 4.1 (Continued). 

 

Fruit fly species 
Host plant 

Family 
Host plant species Location code 

Bactrocera dorsalis Anacardiaceae 

 

 

Annonaceae 

 

Ebenaceae 

 

Irvingiaceae 

 

Myrtaceae 

 

 

 

Oxalidaceae 

 

Rhamnaceae 

 

Mango  

(Mangifera indica L.) 

 

Sugar apple  

(Annona squamosa L.) 

Golden apple (Diospyros 

decandra Lour.) 

Kayu (Irvingia malayana 

Oliv. Ex A. Benn.) 

Guava  

     (Psidium guajava L.) 

Rose apple  

(Syzygium sp.) 

Carambola/ star fruit 

(Averrhoa carambola L.) 

Jujube (Ziziphus 

mauritiana Lam.) 

MS1 (5) 

NR   (6) 

RE   (2) 

MS1 (2) 

NR   (2) 

SK   (10) 

 

MS3 (1) 

SK   (4) 

MS1 (1) 

UR   (14)   

CP1 (1) 

 

CP1 (1) 

MS1 (4)  

SK   (8)  

Total 7 families 8 species n = 61 

Bactrocera invadens Anacardiaceae 

 

Annonaceae 

 

 

Ebenaceae 

 

 

Mango  

(Mangifera indica L.) 

Sugar apple  

  (Annona squamosa L.) 

 

Golden apple (Diospyros 

decandra Lour.) 

 

MS1 (5) 

NR   (3) 

MS1 (3) 

NR   (4) 

UR   (4) 

SK   (17) 

 

 

n, represent number of adult fruit fly. 
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Table 4.1 (Continued). 

 

Fruit fly species 
Host plant 

Family 
Host plant species 

Location code 

 

Bactrocera invadens Irvingiaceae 

 

 

Myrtaceae 

 

 

 

Oxalidaceae 

 

 

 

Rhamnaceae 

 

Kayu (Irvingia malayana 

Oliv. Ex A. Benn.) 

 

Guava  

      (Psidium guajava L.) 

Rose apple  

(Syzygium sp.) 

Carambola/ star fruit 

(Averrhoa carambola L.) 

 

 

Jujube (Ziziphus 

mauritiana Lam.) 

KS2  (2) 

MS3 (5) 

SK   (4) 

MS1 (22) 

UR   (47) 

CP1 (13) 

UR   (1) 

CP1 (9) 

LO1 (3) 

MS1 (15) 

SK   (4) 

KS1 (1) 

   SK   (16) 

Total 7 families 8 species n = 178 

Bactrocera latifrons Solanaceae 

 

Chilli 

(Capsicum annuum L.) 

 

 

 

 

Eggplant 

(Solanum melongena L.) 

 

 

Solanum trilobatum L. 

Turkey berry  

  (Solanum torvum Sw.) 

BK   (26) 

MS1 (15) 

LO3 (4) 

NK   (13) 

SK    (33) 

YT   (5) 

BK   (1) 

RE   (1) 

SK   (2) 

NK   (3) 

MS2 (15) 

MS1 (15) 

YT    (2) 

 

n, represent number of adult fruit fly. 
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Table 4.1 (Continued). 

 

Fruit fly species 
Host plant 

Family 
Host plant species 

Location code 

 

Total 1 family 4 host plant species n = 135 

Bactrocera occipitalis Annonaceae 

 

Irvingiaceae 

 

Sugar apple  

(Annona squamosa L.) 

Kayu (Irvingia malayana 

Oliv. Ex A. Benn.) 

UR   (6) 

 

SK  (1) 

 

Total 2 families 2  species n = 7 

Bactrocera 

philippinensis 

Anacardiaceae 

 

Annonaceae 

 

Irvingiaceae 

 

Myrtaceae 

 

 

 

Oxalidaceae 

 

Mango 

     (Mangifera indica L.) 

Sugar apple 

  (Annona squamosa L.) 

Kayu (Irvingia malayana 

Oliv. Ex A. Benn.) 

Guava  

(Psidium guajava L.) 

Rose apple  

(Syzygiumsp.) 

Carambola/ star fruit 

(Averrhoa carambola L.) 

MS1 (4) 

NR   (6) 

MS1 (6) 

NR   (1) 

MS3 (2) 

SK   (1) 

MS1 (3) 

UR   (9) 

CP1 (3) 

 

LO1 (1) 

MS1 (7) 

SK   (5) 

Total  5 families 6 species n = 48 

 
n, represent number of adult fruit fly. 
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Table 4.1  (Continued). 

 

Fruit fly species 
Host plant 

Family 
Host plant species Location code 

Bactrocera tau Cucurbitaceae 

 

Baby Jackfruit (Momordica 

cochinchinensis Lour.) 

Pumpkin (Cucurbita 

moschata Decne.) 

Trichosanthes tricuspidata 

Lour. 

KK   (5) 

 

 

LO2 (14) 

 

LO2 (3) 

Total 1 family 3 species n = 22 

Total  10 families 19 species n = 940 

 
n, represent number of adult fruit fly. 
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Table 4.2 Chi – square goodness of fit test (߯ଶ-test) to reveal the relationship between  

    fruit fly and host plants species in the northeastern Thailand. 

 

Fruit fly species  ߯ଶ value P - value Resulta 

Bactrocera caryeae 4.263 0.039* non - random  

Bactrocera correcta 0.053 0.819 random 

Bactrocera correcta A 0.474 0.491 random 

Bactrocera correcta B 2.579 0.108 random 

Bactrocera correcta C 6.368 0.012* non - random 

Bactrocera correcta D 6.368 0.012* non - random 

Bactrocera cucurbitae 8.895 0.003* non - random 

Bactrocera dorsalis 0.474 0.491 random 

Bactrocera invadens 0.474 0.491 random 

Bactrocera latifrons 6.368 0.012* non - random 

Bactrocera occipitalis 11.842 0.001* non - random 

Bactrocera philippinensis 2.579 0.108 random 

Bactrocera tau 8.895 0.003* non - random 

 

*P < 0.05. 
a random = The appearance of fruit fly species with host plant species is randomization. 

non - random = The appearance of fruit fly species with host plant species is non -  

randomization. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Mahasarakham University 



62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.1 Bactrocera caryeae: (a) male (dorsal view), (b) female (dorsal view), 

     (c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

      abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.2 Bactrocera correcta form A: (a) male (dorsal view), (b) female (dorsal  

     view), (c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

     abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.3 Bactrocera correcta form B: (a) male (dorsal view), (b) female (dorsal  

     view), (c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

     abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.4 Bactrocera correcta form C: (a) male (dorsal view), (b) female (dorsal 

    view) (c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

     abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.5 Bactrocera correcta form D: (a) male (dorsal view), (b) female (dorsal 

    view), (c) male (lateral view), (d) female (lateral view), (e) thorax, 

     (f) male’s  abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.6 Bactrocera cucurbitae: (a) male (dorsal view), (b) female (dorsal view), 

(c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.7 Bactrocera dorsalis: (a) male (dorsal view), (b) female (dorsal view), 

                  (c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.8 Bactrocera invadens: (a) male (dorsal view), (b) female (dorsal view), 

      (c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

      abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.9 Bactrocera latifrons: (a) male (dorsal view), (b) female (dorsal view), 

(c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.10 Bactrocera occipitalis: (a) male (dorsal view), (b) female (dorsal view), 

(c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.11 Bactrocera philippinensis: (a) male (dorsal view), (b) female (dorsal view), 

(c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.12 Bactrocera tau: (a) male (dorsal view), (b) female (dorsal view), 

(c) male (lateral view), (d) female (lateral view), (e) thorax, (f) male’s  

abdomen, (g) female’s abdomen, and(h) right wing 
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Figure 4.13 Host plant species infested by fruit flies: (a) Annona squamosa L.,  

   (b) Artocarpus lanceifolius Roxb.,(c) Averrhoa carambola L.,  

   (d) Capsicum annuum L., (e) Cocciniagrandis L., (f) Cucurbita moschata 

   Decne., (g) Cucumis sativas L., (h) Diospyros decandraLour., 

   (i) Irvingia malayana Oliv. Ex A. Benn., (j) Mangifera indica L.,  

   (k) Momordica cochinchinensis Lour., (l) Psidium guajava L.,  

   (m) Solanum melongena L., (n) Solanum torvum Sw., (o) Solanum  

   trilobatum L., (p) Syzygium sp., (q) Trichosanthes cucumerina L.,  

   (r) Trichosanthes tricuspidata Lour. and (s) Ziziphus mauritiana Lam. 
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4.2 COI sequences diversity 

 
 A total of 109 COI sequences were obtained from nine fruit fly species in 

northeastern Thailand. Additional of 31 COI sequences were also obtained from four 

populations of Bactrocera latifrons from northern Thailand (Table 4.3). Thus, there are 

140 COI sequences of the nine Bactroceras pecies included in this study. There are 217 

variable sites, 178 are parsimony-informative characters and 39 areparsimony-

uninformative. Seventy-seven haplotypes were identified. Haplotype diversity in each 

fruit fly species ranged from 0.834 in B. latifrons to 1.000 in B. caryeae, B. cucurbitae, 

B. dorsalis, B. invadens and B. philippinensis (Table 4.3). Nucleotide diversity in each 

fruit fly species ranged from 0.004 in B. cucurbitae to 0.018 in B. invadens (Table 4.3). 

 The average intraspecific genetic divergence based on K2P model ranges from 

0.42% in B. cucurbitae to 1.84% in B. invadens. Species that show low intraspecific 

genetic divergence in addition to B. cucurbitae is B. latifrons (0.48%). Species that 

possess high intraspecific genetic divergence in addition to B. invadens including B. 

caryeae (1.22%), B. correcta (1.10%), B. dorsalis (1.00%), B. occipitalis (1.01%),  

B. philippinensis (1.14%) and B. tau (1.10%) (Table 4.3). 

 Interspecific genetic divergence between individual sequences ranged from 0% 

between B. caryeae and B. invadens, B. dorsalis and B. occipitalis, B. dorsalis and B. 

philippinensis, B. occipitalis and B. philippinensisto 22.3% between B. cucurbitae and 

B. latifronswith the average value of 11.2%. The average interspecific genetic 

divergence was lowest between B. dorsalis and B. philipinensis with the value of 

0.90%. The greatest interspecific genetic divergence was a comparison between B. 

latifrons and B. cucurbitae with the value of 21.9%. Another comparison that reveals 

relatively high level of genetic divergence between species was B. latifrons and B. tau 

(21.5%). Interspecific genetic divergence between B. cucurbitae and other species often 

revealed high values (>17%) (Table 4.4). The only exception is comparison with B. tau 

with the interspecific genetic divergence of only 5.2%. Bactroceralatifrons also show 

high level of interspecific genetic divergences. Levels of genetic differentiation between 

B. latifrons and other species always greater than 14% indicated that this species is 

genetically distinct from other Bactrocera species included in this study. Bactrocera tau 

also show considerable interspecific genetic divergences. Comparisons between this 
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species and other often revealed the values greater than 17% genetic divergence. The 

exception is comparison with B. cucurbitae as pointed out above. Although most of the 

interspecific genetic divergence are high but these values are overlap with intraspecific 

genetic divergence in five species including B. caryeae, B. dorsalis, B. invadens, B. 

occipitalis and B. philippinensis (Fig. 4.14).  

 

4.3 Phylogenetic relationships 

 
 A total of 77 haplotypes from nine species were used for phylogenetic analysis. 

The COI sequences of Anastrepha luden and Ceratitis capitata from GenBank under 

accession numbers DQ116207 and DQ116368 were use as outgroups. All three 

phylogenetic analysis methods (MP, NJ andBayesian) revealed similar tree topologies; 

thus, only the MP tree was showed (Fig. 4.15). Four fruit fly species were monophyletic 

where five species were not. Bactrocera correcta, B. cucurbitae, B. latifrons and B. tau 

were monophyletic with high bootstrap support (100%). Although B. correcta was 

divided into four forms (A, B, C, D) based on the morphological variation, they stilled 

group in one clade. Bactroceracu curbitae and B. tau were belong to Zeugodacus 

species group. These species were separated from other Bactrocera species group with 

high bootstrap support (100%). Bactrocera caryeae, B. dorsalis, B. invadens, B. 

occipitalis and B. philippinensis were polyphyletic species. All of these species were 

belong to B. dorsalis complex therefore, they were monophyletic with high bootstrap 

support (100%) in a wider sense (i.e. species complex).
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Table 4.3 Fruit fly species, host plant species, number of cytochrome c oxidase subunit 1 (COI) sequences, haplotype diversity, nucleotide 

diversity and mean and maximum intraspecific genetic divergence based on Kimura 2-parameter.  

 

Fruit fly species Host plant species (locality)  

NO. of 

samples 

(haplotypes) 

Haplotype diversity 

(h) 

Nucleotide diversity 

(π) 

Mean 

divergence 

(%) (max) 

Bactrocera caryeae 

(Kapoor ) 

Mangifera indica L.(MS1) 

Psidium guajava L.  (MS1) 

Ziziphus mauritiana Lam. (SK) 

Total 

2 

1 

2 

5(5) 

 

 

 

1.000 ± 0.126 

 

 

 

0.012 ±   0.008 

 

 

 

1.22 (1.90) 

Bactrocera correcta 

(Bezzi) From A 

Syzygium sp. (CP1) 

Ziziphus mauritiana Lam.(KS1, SK) 

Total 

3 

3 (2, 1) 

6 (3) 

 

 

0.733 ± 0.155 

 

 

0.012 ±    0.007 

 

 

1.03 (1.90) 

Bactrocera correcta 

(Bezzi) From B 

Ziziphus mauritiana Lam.(KS1) 

Total 

2 

2 (2) 

 

1.000 ± 0.500 

 

0.012 ±  0.013 

 

1.30 (1.30) 

Bactrocera correcta 

(Bezzi) From C 

Psidium guajava L.  (MS1) 

Total 

2 

2 (2) 

 

1.000 ± 0.500 

 

0.006 ± 0.007 

 

0.42 (0.42) 

Bactrocera correcta 

(Bezzi) From D 

Psidium guajava L.  (MS1) 

Ziziphus mauritiana Lam. (SK) 

Total 

3 

2 

5 (5) 

 

 

1.000 ± 0.127 

 

 

0.010 ±   0.007 

 

 

0.89 (1.70) 

77 
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Table 4.3 (Continued). 

 

Fruit fly species Host plant species (locality) 

NO. of 

samples 

(haplotypes) 

Haplotype diversity 

(h) 

Nucleotide diversity 

(π) 

Mean 

divergence 

(%) (max) 

Total of Bactrocera 

correcta (Bezzi) 

(From A - D) 

  

 

15 (12) 

 

 

0.962 ± 0.040 

 

 

0.015 ± 0.008 

 

 

1.10 (2.30) 

Bactrocera cucurbitae 

(Coquillett) 

Coccinia grandis L. (MS1) 

 

Total 

2 

 

2 (2) 

 

 

1.000 ± 0.500 

 

 

0.004 ± 0.005 

 

 

0.42 (0.42) 

Bactrocera dorsalis 

(Hendel) 

Annona squamosa L. (MS1) 

Averrhoa carambola L. (MS1) 

Mangifera indica L. (MS1) 

Syzygium sp.  (CP1) 

Total 

1 

1 

2 

1 

5 (5) 

 

 

 

 

1.000 ±  0.127 

 

 

 

 

0.010 ± 0.006 

 

 

 

 

1.00 (1.80) 

Bactrocera invadens 

(Drew) 

Diospyros decandra Lour. (SK) 

Mangifera indica L. (MS1) 

Syzygium sp.  (CP1) 

Total 

1 

2 

1 

4 (4) 

 

 

 

1.000 ± 0.177 

 

 

 

0.018 ± 0.013 

 

 

 

1.84 (2.60) 

78 
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Table 4.3 (Continued). 

 

Fruit fly species Host plant species (locality)  

NO. of 

samples 

(haplotypes) 

Haplotype diversity 

(h) 

Nucleotide diversity 

(π) 

Mean 

divergence 

(%) (max) 

Bactrocera latifronsa 

(Hendel) 

Capsicum annuum L.(BK, LO3, NN1, 

NN2, MS1, NK, SK, YT) 

Solanum melongena L.(BK, NK, RE, 

SK) 

Solanum trilobatum L. (MS2, PY) 

Solanum torvumSw. (CM, MS1, YT) 

Total 

54 (7, 4, 10, 

5, 9, 6, 9, 4) 

7 (1, 3, 1, 2 ) 

 

20 (10, 10) 

13 (6, 5, 2) 

94 (41) 

 

 

 

 

 

 

0.834 ± 0.040 

 

 

 

 

 

 

0.005 ±   0.003 

 

 

 

 

 

 

0.48 (2.95) 

Bactrocera occipitalis 

(Bezzi) 

Annona squamosa L. (UR) 

Irvingia malayana Oliv. Ex A. Benn. 

(SK)  

Total 

4 

 

1 

5 (4) 

 

 

 

0.900 ± 0.161 

 

 

 

0.010 ±   0.007 

 

 

 

1.01 (1.70) 

Bactrocera 

philippinensis 

(Drew and Hancock) 

Annona squamosa L. (MS1) 

Averrhoa carambola L. (MS1) 

Psidium guajava L.  (MS1) 

Total 

2 

2 

1 

5(5) 

 

 

 

1.000 ± 0.127 

 

 

 

0.011 ± 0.008 

 

 

 

1.14 (2.60) 

79 
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Table 4.3 (Continued). 

 

Fruit fly species Host plant species (locality)  

NO. of 

samples 

(haplotypes) 

Haplotype diversity 

(h) 

Nucleotide diversity 

(π) 

Mean 

divergence 

(%) (max) 

Bactrocera tau 

(Walker) 

Momordica cochinchinensis Lour. (KK) 

Trichosanthes tricuspidata Lour. (LO2) 

Total 

2 

 

3 

 

5 (4) 

 

 

 

 

0.900  ± 0.161 

 

 

 

 

0.010 ± 0.007 

 

 

 

 

1.10 (1.50) 

 Total 140 (77)    

 
Haplotypes were shared between some species (details shown in the results).  
aAdditional of 31 COI sequences were also obtained from populations of B. latifrons from 4 populations in northern Thailand : CM = 
Doisaket, Chiang Mai; PY = Chiang Muan, Phayao; NN1 = Pua, Nan and NN2 = Ban Luang, Nan. 
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Table 4.4 Average of interspecific genetic divergences between nine Bactrocera species in northeastern Thailand, based on Kimura 2- 

   parameter. Values below diagonal are average percentage of interspecific genetic divergence and values above diagonal are  

   standard error of the mean. 

 

Species B. caryeae B.correcta B. cucurbitae B. dorsalis B. invadens B. latifrons B. occipitalis B. philippinensis 
B. caryeae         
B. correcta 9.5 ± 1.3        
B. cucurbitae 18.3 ± 2.1 18.5 ± 2.0       
B. dorsalis 1.0 ± 0.2 9.2 ± 1.3 17.8 ± 2.0      
B. invadens 1.6 ± 0.3 9.6 ± 1.3 18.4 ± 2.1 1.5 ± 0.3     
B. latifrons 16.4 ± 1.9 14.3 ± 1.7 21.9 ± 2.2 15.8 ± 1.9 16.7 ± 1.9    
B. occipitalis 1.5 ± 0.4 9.0 ± 1.3 18.2 ± 2.0 1.2 ± 0.3 1.6 ± 0.4 15.9 ± 1.9   
B. philippinensis 1.2 ± 0.3 9.3 ± 1.3 18.1 ± 2.0 0.9 ± 0.2 1.7 ± 0.3 16.0 ± 1.9 1.3 ± 0.3  
B. tau 17.6 ± 2.1 18.4 ± 2.0 5.2 ±1.0 17.2 ± 2.0 17.7 ± 2.0 21.5 ± 2.2 17.4 ± 2.0 17.4 ± 2.0 
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Figure 4.14 Range of intraspecific and interspecific genetic divergences based on  

  Kimura 2-parameter of the cytochrome c oxidase subunit 1 (COI)  

  sequences for nine species of fruit flies in northeastern Thailand 
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Figure 4.15 Maximum parsimony tree for cytochrome c oxidase subunit 1 (COI)  

  barcoding sequences of nine fruit fly species in northeastern Thailand.  

  Bootstrap values for maximum-parsimony, neighbor-joining and posterior  

  probability from Bayesian analyses are shown above the branch. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Mahasarakham University 



84 

 

4.4 DNA barcoding of tephritid fruit flies in northeastern Thailand 

 
 One hundred and forty COI barcoding sequences were obtained from nine fruit 

fly species. Of these, 109 sequences were from northeastern Thailand and 31 sequences 

were from Bactrocera latifrons in northern Thailand. The best match and best close 

match algorithms in TaxonDNA software (Meier et al., 2006) were used to identify 

species wiyh the sequence divergence threshold value of 3.0%. The results shown that 

the correct identifications according to "Best Match" were 124 sequences (88.57%), 

ambiguous identifications 3 sequences (2.14%) and incorrect identifications 13 

sequences (9.28%). Similar results were obtained from the best close match method. 

The ambiguous and incorrect identifications were due to five species from B. dorsalis 

complex including B. caryeae, B. dorsalis, B. invadens, B. occipitalis and B. 

philippinensis. However, the best match and best close match revealed 100% correct 

identification when sequences of B. dorsalis complex were excluded.  

 To test the efficiency of the COI sequences for species identification of 

Bactrocera, 140 sequences obtained from this study were subjected to identify in 

Barcode of Life Data Systems (BOLD). The results revealed that all of 116 sequences 

from four species including B. correcta, B. cucurbitae, B. latifrons and B. tau were 

correctly identified. However, five species in B. dorsalis complex were unable to find 

the best match species in BOLD database. Five sequences of B. caryeae were identified 

as B. dorsalis, B. invadens, B. irvingiae and B. papayea with genetic similarity range 

between 99.02% to 99.49%. Five sequences of B. dorsalis were identified as B. 

dorsalis, B. invadens, B. irvingiae, B. papayae, B. verbascifoliae and B. zonata with 

genetic similarity range between 99.66 and 100%.Four sequences of B. invadens were 

identified as B. dorsalis, B. invadens, B. irvingiae, B. papayae and B. verbascifoliae 

with genetic similarity range between 98.33% and 99.33%. Five sequences of B. 

occipitalis were identified as B. dorsalis, B. invadens, B. papayae, B. philippinensis, B. 

verbascifoliae and B. zonata with genetic similarity range between 98.53% and 100%. 

Five sequences of B. philippinensis were identified as B. dorsalis, B. invadens, B. 

papayae and B. philippinensis with genetic similarity range between 98.33% and 100%.  
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4.5 Genetic variation at population level: a case study of Bactrocera latifronsin 

Thailand 

 

 4.5.1 Mitochondrial DNA sequence variation 

  A total of 93 sequences of the mitochondrial COI gene of B. latifrons were 

obtained from 11 populations in Thailand. Representative haplotypes were deposited in 

Genbank under accession numbers KC812832 – KC812871. There were 51 base 

substitutions including 33 transitions and 18 transversions. According to the DNA 

sequence variations, 40 haplotypes were identified. The most common haplotype was 

found throughout Thailand and also other geographic regions including Malaysia and 

Hawaii. Average haplotype diversity was 0.8308 (Table 4.5). Haplotype diversity in 

each population ranged from 0.25 in BK to 1.000 in CM and LO3 (Table 4.5). The 

average nucleotide diversity was 0.0048 with the range in each population between 

0.0009 in BK and 0.0086 in N2 (Table 4.5). Average haplotype and nucleotide diversity 

were greater in the northern populations compare to the upper and lower northeastern 

populations (Table 4.5). 

 4.5.2 Mitochondrial DNA genealogy  

  A MJ network of 105 sequences (93 sequences from the present study and 

12 sequences previously published) revealed no major divergence lineage (Fig. 4.16, 

4.17). Most haplotypes connected with a short branch length. Haplotype clusters were 

associated neither with geographic origins (Fig. 4.16) nor with host plant species (Fig. 

4.17). Overall, the network is a star-like shape, characteristic of population expansion 

(Slatkin and Hudson, 1991). The central haplotype has the highest frequency. Several 

geographically widespread populations and samples from all host plant species shared 

this haplotype (Fig. 4.16, 4.17).  

  The relationships between Thai B. latifrons and sequences from other 

geographic regions are as follows. Mitochondrial COI sequence from Malaysia belongs 

to the central haplotype. Sequences from Hawaii also shared the central haplotype but 

one was connected to the central haplotype by one mutation step. Five African 

(Tanzania and Kenya) specimens were made up of two haplotypes. One haplotype was 

shared with three specimens from Thailand and connected to the central haplotype by 
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one mutation step. Another haplotype was unique to Africa where it was shared by two 

individuals. A relatively divergent haplotype from Japan was connected to the central 

haplotype by six mutation steps. This haplotype was unique to Japan. 

 

Table 4.5 Estimates of haplotype diversity (h) and nucleotide diversity (π) of 11  

   populations of Bactrocera latifrons in Thailand. Details of the sampling  

   locations are given in Table 3.2.  

 

Location 
Number of 

samples 

Geographic 

region 

Haplotype 

diversity (h) 

Nucleotide 

diversity (π) 

CM   6 North 1.0000 ± 0.0962 0.0057 ± 0.0039 

PY 10 North 0.9556  ±  0.059 0.0048 ± 0.0031 

NN1 10 North 0.9778 ± 0.0540 0.0038 ± 0.0026 

NN2   5 North 0.9000 ±  0.1610 0.0086 ± 0.0059 

North 31  0.9700 ±  0.0170 0.0066 ± 0.0040 

NK   9 Upper Northeast 0.8056 ± 0.1196 0.0029 ± 0.0021 

LO3   4 Upper Northeast 1.0000 ± 0.1768 0.0060 ± 0.0046 

BK   8 Upper Northeast 0.2500 ± 0.1802 0.0009 ± 0.0009 

Upper Northeast 21  0.6760 ± 0.1110 0.0027 ± 0.0020 

MS1 14 
Lower 

Northeast 
0.7692 ± 0.1198 0.0048 ± 0.0030 

MS2 10 
Lower 

Northeast 
0.9333 ± 0.0620 0.0061 ± 0.0038 

SK 11 
Lower 

Northeast 
0.4727 ± 0.1617 0.0012 ± 0.0011 

YT   6 
Lower 

Northeast 
0.3333 ± 0.2152 0.0017 ± 0.0015 

Lower Northeast 41  0.7130 ± 0.0790 0.0041 ± 0.0030 

Total 93  0.8308 ± 0.0400 0.0048 ± 0.0028 
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Figure 4.16 Median joining network of the 105 COI sequences (93 sequences from  

  Thailand and 12 from other geographic regions) of Bactrocera latifrons. 

  Circles represent haplotypes and sizes are relative to the number of  

  individuals sharing the specific haplotype. Haplotypes labeled according to  

  geographic origins.  
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Figure 4.17 Median joining network of the 105 COI sequences (93 sequences from  

  Thailand and 12 from other geographic regions) of Bactrocera latifrons. 

  Circles represent haplotypes and sizes are relative to the number of  

  individuals sharing the specific haplotype. Haplotypes labeled according to  

  host plants. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Mahasarakham University 



89 

 

 4.5.3 Population genetic structure 

  Population pairwise FST analysis revealed that most (65%) populations were 

genetically not significantly different (Table 4.6). The exceptions to this were 

comparisons between NN2 with other populations where all comparisons were 

significantly different. Mantel’s test revealed no significant relationships (r2 = 0.033 P = 

0.135) between genetic and geographic distances. AMOVA analysis by grouping 

populations according to the host plant species also revealed no significant genetic 

differentiation among groups (FCT = 0.032, P = 0.206) (Table 4.7).  

  4.5.4 Demographic history 

  Mismatch distribution analysis revealed aunimodal mode of the mismatch 

graph (Fig. 4.18), a characteristic of recent population demographic expansion. This is 

consistent with the star-like shape of the mtDNA genealogy. Both sum-of-squares 

deviation (SSD = 0.0051, P = 0.65) and Harpending’s raggedness index (0.0222, P = 

0.84) were not significantly different from the simulated data under the sudden 

population expansion model (Fig. 4.18). Population expansion was also support by 

highly significant negative values of both Tajima’s D (-2.2696, P< 0.001) and Fu’s FS(-

26.6256, P< 0.001) tests. Population expansion time, estimated based on 2.3% sequence 

divergence for insect mitochondrial DNA (Brower, 1994) and assuming six generations 

per year for B. latifrons (Peck and McQuate, 2004), was estimated to be 16,000 years 

ago.
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Table 4.6 Population pairwise FST between 11 populations of Bactrocera latifrons in Thailand. Details of the sampling sites are shown in  

  Table 3.2. 

 

Population MS1 SK NK YT LO3 BK MS2 CM PY NN1 NN2 

MS1 -           

SK 0.002 -          

NK 0.016 0.128 -         

YT -0.071 0.001 0.075 -        

LO3 0.004 0.161 -0.028 0.057 -       

BK -0.016 0.024 0.101 0.016 0.054 -      

MS2 0.153* 0.242* 0.081 0.167 -0.054 0.207 -     

CM 0.078 0.189* 0.182* 0.071 0.003 0.120 0.209* -    

PY 0.140* 0.243* 0.128 0.173 0.070 0.194 0.116* 0.198 -   

NN1 0.079* 0.164 0.093 0.091 0.054 0.153 0.062 0.150 0.101 -  

NN2 0.461* 0.608* 0.477* 0.501* 0.333* 0.575* 0.326* 0.418* 0.404* 0.352* - 

 

*P < 0.05. 
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Table 4.7 Results of the AMOVA analyses of 11 populations of Bactrocera latifrons 

   from Thailand, with grouping according to geographic origins and host  

   plants. 

 

Source of variation d.f. SSD 
Percentage of 

variation 
F-statistic 

Geographic origin     

Among groups   2   7.005   0.01 FCT= 0.001 

Among populations within 

group 

  8 26.660 18.47 FST = 0.185** 

Within population 82 95.372 81.52 FSC = 0.185** 

Host plant species     

Among groups   3   9.639   3.16 FCT = 0.032 

Among populations within 

group 

12 28.198 14.29 FST = 0.175** 

Within population 77 91.200 82.54 FSC = 0.148** 

 

**P < 0.001. 
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Figure 4.18 Mismatch distribution of 93 COI sequences of Bactrocera latifrons from  

  Thailand representing the observed and expected pairwise differences  

  under the sudden population expansion model. Mismatch distribution of B.  

  latifrons was consistent with the sudden population expansion model (SSD  

  = 0.0051, P = 0.6500; Harpending’s raggedness index = 0.0222, P =  

  0.8400). 
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Chapter 5 

 

Discussion 

 

5.1 Species diversity and host plants relationship of tephritid fruit flies in 

northeastern Thailand  

 

 A total of nine species of tephritid fruit fly of the genus Bactrocera Macquart 

were detected from 19 host plant species. The genus Bactrocera was the most diverse 

fruit fly in the Pacific and Southeast Asia (Drew and Handcock, 2001a). In Thailand 

and bordering countries approximately 221 fruit fly species have been reported. Of 

these, 182 species were belong to genus Bactrocera. Baimaiet al. (2002) reported 87 

fruit fly species throughout Thailand. Among these, 18 Bactrocera species from 20 host 

plants were found in northeastern Thailand.  The aim of the present study was 

concentrate on the species diversity of fruit fly in agricultural significant plants. A total 

of 19 host plant species were found. Fourteen species were agricultural crops including 

Annona squamosa L., Averrhoa carambola L., Capsicum annuum L.,Cucurbita 

moschata Decne.,Cucumis sativas L., Diospyros decandra Lour., Mangifera indica L., 

Psidium guajava L., Solanum melongena L., Solanum trilobatum L.,Solanum torvum 

Sw., Syzygium sp., Trichosanthes cucumerina L. and Ziziphus mauritiana Lam.. Five 

species were wild plants including Artocarpus lanceifolius Roxb.,Coccinia grandis L., 

Irvingia malayana Oliv. Ex A. Benn., Momordica cochinchinensis Lour. and 

Trichosanthes tricuspidata Lour.. 

 Five fruit fly species belong to Bactrocera dorsalis complex including  

B. caryeae, B. dorsalis, B. invadens, B. occipitalis, B. philippinensis. These species are 

polyphagous, infest on plants of many families or even different orders (Aluja and 

Mangan, 2008). Among the members of B. dorsalis complex, B. dorsalis infested the 

greatest diverse host plants where 124 host plant species from 79 genera in 42 families 

were reported (Allwood et al., 1999; Clarke et al. 2005).  
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 Bactrocera invadens attacks more than 44 host plant species from 13 families 

(Allwoodet al., 1999; Clarke et al. 2005; Mwatawala et al., 2006). Although  

B. invadens originates from Asia, this species invaded to various part of Africa and 

other regions (Goergen et al., 2011). Eight plant species from seven families were found 

infested by B. invadens in the present study. Among these, five host plants including   

A. squamosa L., A. carambola L., M. indica L., P. guajava L. and Syzygium sp.were 

previously reported and three host plants including D. decandra Lour., I. malayana 

Oliv. Ex A. Benn. and Z. mauritiana Lam. were reported for the first time.  

 Bactrocera occipitalis infests three host plants from three families. This 

species was record in Brunei, Malaysia and Philippine from plants of the family 

Anacardiaceae, Myrtaceae and Rutaceae (Allwood et al., 1999; Clarke et al., 2005).  

In the present studyonly seven individuals of B. occipitalis was found from A. squamosa 

L. (Annonaceae) and I. malayana Oliv. Ex A. Benn. (Irvingiaceae). 

 Bactrocera philippinensis infests six host plants from five families (Allwood et 

al., 1999; Clarke et al. 2005; Mwatawala et al., 2006). Bactrocera philippinensis is the 

major pest of mango in Philippine. This species has not been reported in other 

geographic regions except Palau. This species was found in Anacardiaceae, Caricaceae, 

Moraceae, Myrtaceae and Sapotaceae (Allwood et al., 1999; Clarke et al., 2005; Plant 

Health Australia, 2011). The detection of B. philippinensis in this study, is the first 

report of this species in Thailand. A total of six host plant species from five families 

(Anacardiaceae, Annonaceae, Irvingiaceae, Myrtaceae and Oxalidaceae) were found 

infested by B. philippinensis. Among these plants, three families were first report as the 

host of B. philippinensis. 

 Bactrocera caryeae was reported to infest 10 host plant species from eight 

genera in six families. In this study B. caryeae was detected in five host plants from five 

families including A. squamosa L. (Annonaceae), A. carambola L.(Oxalidaceae), M. 

indica L. (Anacardiaceae), P. guajava L. (Myrtaceae) and Z. mauritiana Lam. 

(Rhamnaceae). Allwood et al. (1999) reported B. caryeae infests six host plant families 

including Anacardiaceae, Lecythidaceae, Malpighiaceae, Myrtaceae, Rutaceae and 

Sapotaceae and this fruit fly species distributes in southern India and Sri Lanka. Thus, 

this is first report of B. caryeae in Thailand. Three new host plant families 

(Annonaceae, Oxalidaceae, Rhamnaceae) were also report for the first time.  
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 Although members of B. dorsalis complex infest diverse host plants but the 

major plant families include Anacardiaceae, Annonaceae, Clusiaceae, Lauraceae, 

Moraceae, Myrtaceae, Rutaceae, Sapotaceae and Solanaceae (Clarke et al., 2005). In 

this study fruit fly species in B. dorsali scomplex and B. correcta shared the major host 

plants. A large number of adults B. dorsalis and B. correcta wer found in Psidium 

guajava L.. This result supports previous finding which found that P. guajava L. is the 

most favorite host of B. dorsalis complex (Allwood et al., 1999; Hancock et al., 2000; 

Clarke et al. 2001).  

 Bactrocera correcta had a very similar host use pattern to B. dorsalis complex 

in Thailand. Although this species was recorded from more than 25 plant families, the 

major host species restricted to only a few families including Anacardiaceae, 

Combretaceae, Myrtaceae and Rhamnaceae (Clarke et al., 2001). In this study an 

additional host plant species, Ziziphus mauritiana Lam. that has not yet been reported 

was found infested by B. correcta at high frequency (Table 4.1). According to thoracic 

vittae and abdomen color patterns the present study divided B. correcta into four forms 

(A, B, C, D) (Fig. 4.2 – 4.5). No association between the morphological form and host 

plant usage were revealed. All forms were found in P. guajava and Syzygium spp. which 

consistent with previous study (Clarke et al., 2001). However, if different 

morphological forms of B. correcta were test separately, form C and D shown some 

degree of association to host plant (Table 4.1, 4.2).  

 Chi – square goodness of fit test revealed that B. dorsalis complex species and 

B. correcta were not significantly associated to host plants (߯ଶ = 0.474: P = 0.491, ߯ଶ = 

0.053: P = 0.819). These results consist with previous host range record of these species 

as they were polyphagous which are not specifically associated to host plants (Clarke et 

al., 2001; 2005).  

 Bactrocera cucurbitae was found inthree host plant species of the family 

Cucurbitaceae including Coccinia grandis L., Cucumis sativas L. and Trichosanthes 

cucumerinaL.. Thus, high degree of association to host plant species was revealed  

(߯ଶ = 8.895, P = 0.003). Previous reports recorded more than 125 host plants infested 

by B. cucurbitae. Most host plant species were belong to the Cucurbitaceae and 

Solanaceae (Pinero et al., 2006; Hu et al., 2008). In Thailand almost all of B. cucurbitae 

were found in Cucurbitaceae (Baimai et al., 2002).  
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 Bactrocera tau complex infested fruits of many species of the family 

Cucurbitaceae. Although they have also been found infesting fruits from other families, 

e.g., Leguminoseae (Phaseolus vulgaris L.), Moraceae (Ficus racemosa L.), Myrtaceae 

(Psidium guajava L.), Oleaceae (Myxopyrum smilacifolium), and Sapotaceae 

(Manilkara zapota L.), but in Southeast Asia Cucurbitaceae is the major host plant 

family (Drew and Romig, 1996; Allwood et al., 1999). Bactrocera tau complex was 

cytologically divided into seven forms (A-G) (Baimai et al., 2000a). In addition recent 

reports revealed some cytoforms (e.g. cytoform A) of this species shown relationship 

with geographic origin and host plant species (Kitthawee and Dujardin, 2010; Dujardin 

and Kitthawee, 2013). In this study B. tau complex was not assigned into cytological 

forms. This species was collected from three host plants including Cucurbita moschata 

Decne., Momordica cochinchinensis Lour. and Trichosanthes tricuspidata Lour. (Table 

4.1). This species shown highly significant association to host plant species (߯ଶ = 8.895, 

P = 0.003).    

 Bactrocera latifrons is the major pest of plants in family Solanaceae and some 

species in Cucurbitaceae (Liquido et al., 1994; Harris et al., 2001; McQuate et al., 

2007). This study found B. latifrons in four host plants including Capsicum annuum L., 

Solanum melongena L., Solanum torvum Sw. and Solanum trilobatum L. especially 

Capsicum annuum L. was infested with high frequency (Table 4.1). High rate of infest 

of B. latifrons in C. annuum was reported in Malaysia (Vijaysegaran and Osman, 1991). 

Therefore, significant association (߯ଶ = 6.368, P = 0.012) to host plant species was 

found for B. latifrons.   

 

5.2 COI sequences diversity and DNA barcoding of tephritid fruit flies in 

northeastern Thailand 

 
 A total of 77 mtDNA haplotypes were identified from 140 COI sequences of 

the nine Bactrocera species. Haplotype diversity range from 0.834 in B. latifrons to 

1.000 in B. cucurbitae, B. dorsalis, B. invadens and B. philippinensis. Nucleotide 

diversity in each species ranged from 0.004 in B. cucurbitae to 0.018 in B. invadens. 

The results indicated high genetic diversity of tephritid fruit flies in northeastern 

Thailand. Species complex often revealed higher nucleotide diversity.  
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In this study B. dorsalis complex (five species), B. tau complex revealed higher 

nucleotide diversity than B. cucurbitae and B. latifrons. Previous studies reported 

nucleotide diversity of B. latifrons (0.001 – 0.009) and B. cucurbitae (0.001 – 0.003) 

were lower than the Bactrocera species complex such as B. dosalis (0.007 – 0.02) and 

B. tryoni (0.005 – 0.018) (Hu et al., 2008; Blacket et al., 2012; Prabhakar et al., 2012; 

Shi et al., 2012). Bactrocera correcta also showed considerable nucleotide diversity 

(0.015). This species was divided into two sibling species (Jamnongluk et al. 2003b) 

thus this species should be considered as species complex.  

 Level of intraspecific genetic divergence of nine fruit fly species in this study 

ranges from 0.42% in B. cucurbitae to 1.84% in B. invadense (Table 4.3). High 

intraspecific genetic divergence was found in B. dorsalis complex, B. correcta and  

B. tau. Low intraspecific genetic divergence was found in B. cucurbitae and  

B. latifrons. Among the nine species included in this study, four species (B. tau,  

B. cucurbitae, B. correcta, B. latifrons) were clearly differentiated based on DNA 

barcode. These species show clear distinction between intraspecific and interspecific 

genetic divergence. In addition, these species also received monophyletic supported 

based on phylogenetic analyses. The remaining five species, all are members of  

B. dorsalis complex (B. caryeae, B. dorsalis, B. invadens, B. occipitalis and  

B. philippinensis) were not successful for DNA barcoding. These species show large 

overlap between intraspecific and interspecific genetic divergences. They are also not 

received reciprocal monophyletic support in phylogenetic analyses. Limitation of the 

DNA barcode to differentiate members of the species complex has been reported 

previously. Armstrong and Ball (2005) found that DNA barcode appear to be limited in 

their ability to distinguish taxa within the species complexes of B. dorsalis and  

B. tryoni. 

 Given that, DNA barcode relies on the distinction between intraspecific and 

interspecific sequence divergence. Overlap could lead to errors in species identification 

(Meyer and Paulay, 2005; Cognato, 2006; Meier et al., 2006). Overlapping of 

intraspecific and interspecific genetic divergence values could due to several factors. 

Among these, the two major factors are incomplete lineage sorting and imperfect 

taxonomy. Both of these factors could leading to species non-monophyly  
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(i.e., paraphyly, polyphyly) (Avise, 2000; Meyer and Paulay, 2005; Pramual et al., 

2011b). 

 The reason of unsuccessful identification based on DNA barcode of Bactrocera 

dorsalis complex is most likely due to imperfect taxonomy. Morphological criteria of 

several fruit fly species have been described based on host plant species and geographic 

regions (Jamnongluk et al., 2003b; Clarke et al., 2005). Generally, the different 

geographic regions compose of both general plant species and native, some as endemic 

species. Bactrocera dorsalis complex is a large group that could infest several plant 

families (except some species). Therefore, the host plant use patterns depend on host 

plants availability in each geographic region. Little variations in morphological 

characters, host use patterns and geographic regions were used to recognized new 

species (e.g. B. papayae, B. philippinensis, B. invadens) (Drew and Hancock, 1994a; 

Drew et al., 2005). Recent molecular study suggested that B. dorsalis, B. papayae and 

B. philippinensis should be merged into genetically single species because no genetic 

differentiation was found among these species (Schutze et al., 2012). Consistent with 

molecular genetic study, their close morphological, genetic, physiological and 

behavioral similarities have also been reported (Medina et al., 1998; Iwahashi, 2001; 

Smith et al., 2003; Tan, 2003).  

 

5.3 Genetic variation at population level: a case study of Bactrocera latifronsin 

Thailand 

 
 Phylogenetic analysis revealed that B. latifrons was monophyletic species. The 

MJ mitochondrial haplotype network that included sequences from Thailand and other 

geographic regions including Malaysia, Japan, Tanzania, Kenya and Hawaii revealed no 

major divergent lineage. Thus, our data indicates that B. latifrons is a single phyletic 

unit. Genetically closely related between individuals from far geographic regions (e.g. 

Southeast Asia, Japan, Africa, Hawaii) was consistent with information on the time of 

the invasion. Bactrocera latifrons was suspected to have originated in South and 

Southeast Asia (White and Elson-Harris, 1992; Liquido et al., 1994). This species 

recently invaded other geographic regions. It was found in Yonaguni Island, Japan, in 

1984 where it is now present throughout the island (Shimizu et al., 2007). 
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About the same time (1983), this species was first detected in Hawaii (Vargas and 

Nishida, 1985). Bactrocera latifrons was recently detected in Tanzania. Mwatawala et 

al. (2007) reported that this species was found for the first time in Africa in 2006. Due 

to the short time span since the invasion, low genetic differentiation would be expected.  

 Genetic variation of B. latifrons was reported previously based on allozyme 

markers. Yong (1993) found comparable levels of genetic variation in B. latifrons in 

Malaysia with B. cucurbitae but these were lower than those of B. caudata and  

B. dorsalis complexes. Consistent with the allozyme marker, genetic variation of  

B. latifrons based on COI sequences (0.12% - 0.60%) was lower than the Bactrocera 

species complex such as B. dorsalis (0.7% - 2.0%) (Shi et al., 2012) and B. tryoni (0.5% 

- 1.8%) (Blacket et al., 2012). However, it was found that genetic variation of B. 

latifrons in Thailand based on COI sequences is higher than B. cucurbitae (0.1% - 

0.3%) (Hu et al., 2008; Prabhakar et al., 2012) and B. oleae (0.09% - 0.48%) (Dogac et 

al., 2013). 

 Levels of genetic variations across the host plant species were similar. The 

exception to this is low genetic variation in Solanum melongena. This could be due to 

limitations of the sample size and sampling area as only six individuals from a single 

location were examined. In addition to the similar levels of genetic variation, several 

haplotype were also shared by flies from different host plants. AMOVA result revealed 

no genetic differentiation among B. latifrons from different host species. These results 

indicated that B. latifrons move freely across these host plants. This is not unexpected 

given that all four host plants belong to the same family, Solanaceae, and are commonly 

found in the same area. However, many other host plants were reported for B. latifrons 

(Allwood et al., 1999), but not included in the present study, such as the families 

Cucurbitae (Liquido et al., 1994) and Combretaceae (Somta et al., 2010). Thus, it would 

be interesting for further study to investigate genetic differentiation between B. latifrons 

from different host plants, particularly plants from different families.  

 Population pairwise FST values indicated overall low level of genetic structure 

in B. latifrons in Thailand. Most (65%) of the population pairwise FST comparisons 

were not significant. This suggests considerable gene flow between populations. Since 

the host plants for B. latifrons (C.annuum, S. torvum, S. trilobatum and S. melongena) 

are very common in Thailand thus continuous habitats of this species would be 
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expected. This could promote gene flow between populations. The exception to the 

overall low level of genetic structure is the location NN2 where all comparisons with 

other sites were significantly different. This is due to highly divergent haplotypes found 

in this site. Among the four haplotype, three were divergent haplotypes unique to this 

location. Another haplotype was shared with location NN1, the geographically close 

sampling site. The NN2 site was geographically adjacent to the large natural tropical 

forest. Thus, it could be possible that the private, divergent haplotypes found in this site 

were derived from the wild host plants. Many host plant species reported for B. latifrons 

(Allwood et al., 1999) are native plant species commonly found in the natural forest in 

Thailand. Therefore, the private, divergent haplotypes found in the NN2 could be 

derived from adjacent natural forest. Shared haplotype between NN1 and NN2 indicated 

that they were gene flow among these locations. Geographically, these two sites were 

approximately 72 km apart and were isolated by large mountain ranges. Because the 

geographic distance between these sites was far greater than the dispersal ability of  

B. latifrons (200 m, Peck and McQuate, 2004) and the mountain ranges could also be 

the effective barrier for gene flow as has been reported in other fruit flies (Shi et al., 

2005). Thus, haplotype that shared between these locations most likely due to long 

distance migration. This could be a result of either the historical population expansion 

or human-mediate gene flow. In both cases, it must happen not often otherwise no 

genetic differentiation between these populations would be expected.  

 The overall low level of genetic differentiation between populations could also 

due to recent history of this species. Demographic history analyses indicated that B. 

latifrons in Thailand has experienced recent population expansion dating back to be at 

the end of the last glaciations (16,000 years ago). Previous studies in several insects 

have revealed the significant role of the Pleistocene climatic change on genetic structure 

and diversity in the Southeast Asian mainland, including Thailand (Pramual et al., 2005; 

Morgan et al., 2011; Pramual and Kuvangkadilok, 2012). Similar historical 

demographic patterns among geographically co-distributed species indicated that they 

were experiencing the same historical event, the Pleistocene climatic change. The 

results thus support previous views on the importance of this historical event in shaping 

genetic structure and diversity of the Southeast Asian mainland faunas. 
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Chapter 6 

 

Conclusion 

 
 The present study examined species diversity, host plant association and DNA 

barcode of tephritid fruit flies in northeastern Thailand. Nine fruit fly species in the 

genus Bactrocera were detected from 19 host plants that almost all plants are 

economically important species. Four fruit fly species including B. caryeae, B.invadens, 

B. occipitalis and B. philippinensis are first record in Thailand. However, they are 

closely related with B. dorsalisand ambiguous identification based on morphological 

criteria was found. The association between fruit fly species with family of host plants 

were found in B. cucurbitae, B. latifrons and B. tau.  

 DNA barcode is useful for species identification of fruit flies. Although the 

ambiguous identification of the members of B. dorsalis complex were found, however, 

at the wider sense (i.e. to differentiate B. dorsalis complex from other species) DNA 

barcode is of great efficiency. The COI barcoding sequences report in this study will be 

very useful for species identification of the immature stage where morphological 

identification is problemetic. In addition, the results revealed COI barcoding sequences 

can use to infer population genetic structure and population history of fruit fly species. 

In this case, both ongoing (i.e. ongoing gene flow) and historical factor (i.e. Pleistocene 

climatic change) played significant roles in determining genetic structure and diversity 

of fruit fly species in Thailand. Given that 87 species of Bactrocera fruit flies were 

reported in Thailand, the results of this study represent small fraction of such diversity. 

Further study should emphasize on remaining species that will enable us to fully 

understanding of biodiversity of these economically important pests. It is also equally 

important to study other aspects such as biology and ecology. These studies will provide 

significant information for effective management program for these economically 

important insects. 
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