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Abstract —Bactrocera carambolae and B. papayae are major fruit fly pests

and sympatric sibling species of the B. dorsalis complex. They possess

distinct differences in male pheromonal components. In the 1990_s, wild

Bactrocera fruit flies with morphological traits intermediate between those of

B. carambolae and B. papayae were often captured in traps baited with

methyl eugenol (ME). Chemical analyses of rectal glands of ME-fed males

revealed that the laboratory F1, F2, and backcross hybrids possessed ME-

derived sex pheromonal components ranging from that typical of B. papayae

to that of B. carambolae without any specific trend, which included a

combination of pheromonal components from both parental species within an

individual hybrid. ME-fed hybrids without any ME-derived pheromonal

components were also detected. Further chemical analysis of rectal glands

from wild Bactrocera males, after ME feeding in the laboratory, showed a

combination of pheromonal components similar to that found in the ME-fed,

laboratory-bred hybrids. These findings present circumstantial evidence for

the occurrence of a natural hybrid of the two Bactrocera species.

Key WordsVBactrocera carambolae, B. papayae (=B. dorsalis), hybrid,
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INTRODUCTION

Two sibling species of the Bactrocera dorsalis complex (Diptera: Tephritidae),

B. carambolae Drew and Hancock and B. papayae Drew and Hancock, are

major fruit pests in Southeast Asia, particularly Malaysia, Thailand, and

Indonesia. These sympatric species are found readily throughout the peninsular

Malaysia, with B. carambolae and B. papayae being more abundant in the

southern and central regions, respectively (Tan and Nishida, 1996).

Following a taxonomic revision by Drew and Hancock (1994), B. carambolae

can be differentiated morphologically from B. papayae by three key traits: (1)

wing costal band slightly enlarged at apex of R4+5, (2) the presence of a dark spot

on foreleg femora, and (3) the appearance of a bar-shaped pattern of the lateral

abdominal band on terga IIIYV. Subsequently, Iwaizumi et al. (1997) proposed the

use of genital characters to differentiate sibling species within the B. dorsalis

complex. However, identification of wild fruit flies based on these morphological

and genitalia traits has been difficult and unreliable because they often show

considerable variation (Iwaizumi et al., 1997; Iwahashi, 1999). Nevertheless,

distinctive differences were found in volatile components of the male rectal gland,

genetic polymorphism in intron sequences, and ribosomal DNA analyses (Perkins

et al., 1990; He and Haymer, 1997; Armstrong and Cameron, 2000).

Both species are strongly attracted to and compulsively feed on methyl

eugenol (ME), a potent male attractant frequently used in area-wide fruit fly

control programs. Males of B. papayae, after consuming ME, produced 2-allyl-

4,5-dimethoxyphenol (DMP) and (E )-coniferyl alcohol (CF) (Nishida et al.,

1988; Tan and Nishida, 1996), whereas males of B. carambolae produced only

CF (Tan and Nishida, 1996; Wee, 2000) in addition to their major endogenous

rectal gland component, 6-oxo-1-nonanol (OXO), and other minor components

(Perkins et al., 1990). These pheromonal compounds are sequestered and stored

in the rectal gland prior to release during courtship at dusk.

Since the early 1990’s, wild Bactrocera fruit flies with intermediate mor-

phological traits between B. carambolae and B. papayae (hereafter referred to

as intermediates) often have been recovered from traps baited with ME in

Malaysian ecosystems where these species are known to coexist (Wee, 2000).

This has raised speculation that natural hybridization might have occurred. Ne-

vertheless, the intermediates have been regarded as morphological variants of their

respective species (Iwahashi, 1999). Attempts to mate the two sibling species in

the laboratory yielded viable hybrids with similar morphological traits to those

of the field intermediates (Wee and Tan, 2000a; Wee, 2000). However, to date,

there is no conclusive evidence as to whether natural hybridization between the

sibling species occurs in the wild.

Here, we report evidence of natural hybrids between B. carambolae and

B. papayae using gas chromatographic analyses of pheromonal components
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accumulated in the male rectal glands after ME consumption, involving lab-

oratory-bred hybrids and wild flies, respectively.

METHODS AND MATERIALS

Chemicals. 1,2-Dimethoxy-4-[2-propenyl]benzene (methyl eugenol; >99.8%

purity) was obtained from Agrisense-BCS Ltd. (UK). Authentic samples (>96%

purity) of CF (96% trans), DMP, and OXO were synthesized and supplied by R.

Nishida (Kyoto University, Japan).

Insects. Laboratory strains of B. carambolae and B. papayae were pure-

bred lines for more than 30 generations. These fruit fly species possessed the

phenotypic traits typical of B. carambolae or B. papayae, respectively, accor-

ding to Drew and Hancock (1994). Fruit fly colonies were cultured as described

in Wee and Tan (2000b). Male and female flies were segregated by the fourth

day after adult eclosion. Virgin males and females of each species were kept in

separate cages with food and water in an insectary that had 12 D:12 L regimes

with room temperature of 25Y29-C and 83Y90% RH.

Laboratory Crosses. All crosses were conducted in a screen cage (40� 40�
40 cm3) placed indoors. Equal numbers (50Y100) of sexually mature males of

one species and females of the other species were transferred into the experimental

cage in the morning and were acclimatized for at least 8 hr before courtship began.

At 21:00 hr, under red light, each mating pair was carefully collected in a

specimen vial, labeled, and allowed to continue mating until dawn.

The pure-bred lines of B. carambolae (BC) and B. papayae (BP) were

crossed reciprocally to produce F1 hybrids (BC 9� BP S and BP 9� BC

S). Six additional sources of flies, comprising a variety of the three key mor-

phological traits in combination (that is, pattern of wing costal band at R4 + 5 and

abdominal band at terga IIIYV, and absence/presence of a femoral spot on

prothoracic legs) between BC and BP, were obtained from the following crosses

of flies: (1) reciprocal crosses of F1 hybrids were self-crossed to produce F2

generations; (2) F1 hybrids (from BP 9� BC S) were backcrossed with the

parental species (BP 9� hybrid S and hybrid 9� BC S); and (3) F1 hybrids

(from BC 9� BP S) were backcrossed with the parental species.

The emerged flies were maintained on artificial diet until sexual maturity

(Wee and Tan, 2000b; Wee, 2000) and then allowed to feed on ME. This was

performed on 30Y74 male flies for each of the above crosses.

Wild Fruit Fly Collections. Wild fruit flies were obtained either by field

trapping using ME-baited trap or collecting field-infested fruits from various

locations in peninsular Malaysia (northern region: Penang; central region: Perak;

and southern region: Johor), which were subsequently reared in the laboratory.
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For field trapping, improved and modified clear traps from Tan (1985)

(Figure 1) baited with ME were set up at sites located near hillside forests. The

trap was designed in such a way as to prevent the trapped flies from feeding on

the ME source, thus avoiding regurgitation and anal feeding behavior (Tan,

2000). These traps were used only once (trapping conducted between 08:00 and

14:00 hr) and discarded after use. Trapping was conducted on different dates in

July 2000. Occasionally, flies were caught using specimen vials before they

could enter the trap. In contrast, male flies raised from rotten fruits were

maintained until sexual maturity (20Y28 d), and allowed to feed on ME for

FIG. 1. Methyl eugenol-baited trap used to trap wild Bactrocera fruit fly males.
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subsequent pheromonal analysis. A total of 167 wild males (Penang, 106; Perak,

11; and Johor, 50) were analyzed for pheromonal components.

Consumption of ME. In the laboratory, each male fruit fly was allowed to

feed on 0.1 ml ME dispensed on a small piece of filter paper (1 � 1 cm2;

Whatman\ No. 1) for 10 min during their peak response to ME (10:00Y11:00

hr) (Tan, 1985). After 24 hr, male rectal glands were excised and soaked

individually in 20Y50 ml of redistilled ethanol spiked with an internal standard

(1-dodecanol to monitor evaporation of sample solvent and not for quantifica-

tion) placed in a screw-cap glass vial, and stored at j20-C for further analysis.

Rectal gland samples were obtained from (1) parental males of B. caram-

bolae and B. papayae (N = 30 each), (2) males of laboratory hybrids from F1

and F2 generations plus backcrosses, and (3) wild males from both field trapping

and male flies raised from field-infested fruits.

Pheromone Analyses. Rectal glands in ethanol (see above) were carefully

homogenized with a fine glass rod followed by 5 min sonication. After centrifu-

gation at õ1,000 g for 2Y3 min, 1 ml aliquots of the supernatant were subjected

to gas chromatography (GC) and gas chromatography-mass spectrometry (GC-

MS) analyses, respectively.

Analysis of rectal gland volatiles was conducted using splitless injections

on a Shimadzu GC-14A gas chromatograph, with an HP Ultra-1 column

(Agilent, 25 m� 0.25 mm� 0.33 mm) programmed from 80-C/1 min to 240-C
at 10-C/min. The peak areas were calibrated with those of the authentic

standard samples using a C-R6A integrator (Shimadzu). Chemical identification

was performed by comparison with the retention time, use of authentic internal

standards, and mass spectral fragmentation patterns of authentic standards.

GC-MS analyses were performed with an HP 5989B mass spectrometer

(electron impact at 70 eV) connected to an HP-5MS column (30 m � 0.25 mm,

0.33 mm film thickness) using the same running conditions as above.

RESULTS

The rectal gland of laboratory-reared B. papayae males following ME

consumption contained CF and DMP, whereas CF was detected in the rectal

gland of B. carambolae male along with its endogenously produced rectal gland

component, OXO (Figure 2A and B). Identification of the rectal gland compo-

nents was confirmed by comparison with the mass spectra of authentic standards

(Figure 3A, B, and C).

Rectal gland analysis of ME-fed laboratory hybrids revealed the presence of

various combinations of components between the two parental species (Table 1).

A majority of the ME-fed F1 hybrid males (68Y84%) contained only CF in their
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FIG. 2. Gas chromatograms of laboratory male rectal gland of (A) Bactrocera papayae

and (B) B. carambolae, 24 hr after methyl eugenol consumption. (1) 2-Allyl-4,5-

dimethoxyphenol, (2) (E )-coniferyl alcohol, and (3) 6-oxo-1-nonanol.
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rectal glands, whereas these percentages showed gradual decrease to below 30%

when the respective F1’s were self-crossed (i.e., F2) or backcrossed to the pa-

rental species (Table 1).

Between 14 and 18% of F1 males possessed both CF and DMP in their

rectal gland, which is typical for B. papayae males which have consumed ME.

Percentages of hybrids that possessed this combination increased when they

were subjected to self-crossing (Table 1). Backcrossing F1 hybrids with parental

B. papayae further increased the percentages of individuals bearing the B.

papayae rectal gland blend (Table 1).

Similarly, the occurrence of B. carambolae blend (OXO + CF) was low

among the F1 hybrids but showed an increase in the F2 generation. Backcrossing

to the parental B. carambolae increased the percentage of hybrids having the

B. carambolae rectal gland blend (Table 1).

FIG. 3. Mass spectra of (A) 2-allyl-4,5-dimethoxyphenol and (B) (E )-coniferyl alcohol,

the methyl eugenol-derived sex pheromonal components in male rectal gland of B.

papayae and B. carambolae (with absence of A); and (C) 6-oxo-1-nonanol, the major

endogenous component of sexually mature male B. carambolae.
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FIG. 4. Gas chromatograms of wild Bactrocera male rectal gland, 24 hr after methyl

eugenol feeding in the laboratory: (A) pheromone profile featuring a combination of both

B. carambolae and B. papayae pheromonal components and (B) pheromone profile

containing DMP only. (1) 2-Allyl-4,5-dimethoxyphenol, (2) (E )-coniferyl alcohol, (3) 6-

oxo-1-nonanol, and (4) 1-dodecanol as internal standard.
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A unique rectal gland blend that featured the combination of both parental

species, i.e., OXO + CF + DMP, was detected among the F1 and F2 generations

as well as when hybrids of B. carambolae female and B. papayae male were

backcrossed with their parental species (Table 1). A low percentage (1Y4%) of

hybrids possessed DMP only in their rectal glands when B. carambolae females

interbred with B. papayae males, and when their F1 hybrids were backcrossed to

the male parental species (Table 1). Hybrids with OXO component only or

without any rectal gland production were not found in F1 or F2 generations, but

appeared in the backcrossed hybrids of B. papayae females and B. carambolae

males (Table 1).

Rectal gland analyses revealed that several wild males with intermediate

morphological traits possessed the unique rectal gland blend from the combina-

tion of both B. carambolae and B. papayae parents, i.e., OXO + CF + DMP (one

male each from Penang and Johor; Figure 4A). Apart from this, there were also

males detected with DMP only (one male from Perak and two males from

Johor; Figure 4B) and without any pheromonal components (three males from

Johor).

Interestingly, two wild males collected from Johor of the typical B.

papayae phenotype were found to possess OXO + CF, which are the typical

rectal gland blend of a B. carambolae male. In addition, there was a male with

the B. carambolae-like morphology that contained CF and DMP (typical rectal

gland blend of B. papayae) in its rectal gland.

DISCUSSION

Among the 52 sibling species in the B. dorsalis complex, four (B.

carambolae, B. dorsalis, B. papayae, and B. philippinensis) have been observed

to interbreed in the laboratory. B. carambolae interbreeds with B. dorsalis

(McInnis et al., 1999) and with B. papayae (Wee and Tan, 2000a), and B.

dorsalis interbreeds with B. papayae (Tan, 2000). Sexual compatibility was also

observed between wild B. dorsalis and wild B. philippinensis (Medina et al.,

1998). However, to date, there is no documented evidence of interspecific

mating of these species in the field.

Whereas pheromonal analyses were suggested to be of use in chemotax-

onomy of Bactrocera flies (Krohn et al., 1992), this paper describes for the first

time the use of pheromonal analyses to detect evidence of natural hybrids of the

ME-attracted Bactrocera species. The distinctive pheromonal components,

together with the common phenylpropanoid CF, detected in B. carambolae and

B. papayae were consistent with previous reports (Nishida et al., 1988; Perkins

et al., 1990; Tan and Nishida, 1996; Wee, 2000). Therefore, the detection of

pheromonal combinations between that of B. papayae and B. carambolae in a
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wild Bactrocera fruit fly similar to that of the laboratory hybrids suggests that

natural hybridization between B. carambolae and B. papayae had occurred in

the wild.

Wild Bactrocera species with intermediate morphological characteristics

have been observed regularly since the 1990_s (Wee, 2000). Therefore, if natural

hybridization happened in the past, some degree of self-crossing among the F1

or backcrossing to the parental species must have occurred throughout many

generations. Laboratory studies have shown that intermediate pheromone com-

bination, such as OXO + CF + DMP, even though at low percentages, persist in

F1, F2, and backcross generations. Thus, the detection of two wild males with

OXO + CF + DMP rectal gland combination in the northern (Penang) and

southern region (Johor) of peninsular Malaysia is consistent with the results of

our laboratory studies.

The fact that low percentages of captured wild males possessed com-

binations of pheromonal components may reflect the rarity of the inter-

breeding that occurs in the wild. However, based on the sample size of trapped

wild males, a low capture of those that do interbreed in the field cannot be

discounted. Fewer hybrids would suggest higher chances of the hybrid

individuals backcrossing with the parental species than among the hybrid

themselves. In this study, a higher number of wild males was detected con-

taining DMP only or without any pheromonal components compared with

intermediates detected that possess OXO, DMP, and CF. This is also consistent

with the laboratory interbreeding results that showed a higher percentage for

such occurrence when the F1 hybrids were backcrossed with the parental

species.

The results showed that more hybrids were detected in Johor. Both B.

carambolae and B. papayae are dusk-mating species and exhibit similar mating

behavior (Wee, 2000). Although B. papayae preceded B. carambolae in mating

at a slightly higher light intensity (1,000 versus 600 lx), their courtship and

mating period overlapped (Wee, 2000). A wind tunnel study has shown that

females of both species respond by upwind anemotactic flight to conspecific and

heterospecific males during courtship period (Wee and Tan, 2000a). In field

cages that simulated heterospecific sexual encounters of females, B. papayae

females showed a much higher prereproductive isolation than B. carambolae

females (Wee and Tan, 2000a; unpublished data). This suggests that females are

able to distinguish between conspecific and heterospecific males at close range/

contact during courtship encounters. However, B. carambolae females were less

discriminating than B. papayae females in interspecific encounters (Wee and

Tan, 2000a). The fact that B. carambolae is more abundant in Johor, and that

B. carambolae females are nonselective in mate preference may account for

natural interbreeding in the field. Moreover, B. papayae males are more ag-

gressive in mating behavior than B. carambolae males, which could lead to
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higher chances of securing a female, be it a conspecific or a heterospecific

female (Wee, 2000; Wee and Tan, 2000a). This may explain the higher inci-

dence of wild hybrids captured in Johor.

In contrast, in areas where B. carambolae population density is low, high

prereproductive isolation in the case of B. papayae females may also contribute

to the low recovery of hybrids in the wild. However, in the absence of

conspecific males, females of both B. papayae and B. carambolae mate with

heterospecific males (Wee, 2000; Wee and Tan, 2000a). In addition, the

production of a common ME-derived sex pheromone, in both B. papayae and B.

carambolae males, would further promote and facilitate interspecific encounters

and mating in the wild because natural sources of ME are plentiful, especially in

the tropics where there are many plant species that contain ME (Tan and

Nishida, 2000; Tan et al., 2002; Nishida et al., 2004). ME, as a pheromone

precursor (Tan and Nishida, 1996, 1998), enhances male mating competitive-

ness in B. dorsalis, B. papayae, and B. philippinenses after ME consumption

(Shelly and Dewire, 1994; Shelly et al., 1996; Tan and Nishida, 1996, 1998;

Hee and Tan, 1998; Shelly, 2000). This may account for the occurrence of the

two hybrid flies in the Perak and Penang regions.

Pheromonal analysis also showed that even a wild Bactrocera species with

the typical phenotype of B. carambolae can possess a typical rectal gland blend

of a B. papayae male and vice versa. Thus, species identification based solely

on morphological traits may not be totally reliable, at least in the B. dorsalis

complex, and especially for the two sympatric species. The discovery of this

phenomenon certainly further complicates the existing problem in the

taxonomic status of B. carambolae and B. papayae, the latter of which was

recently shown to be neither a distinct biological nor genetic species from

B. dorsalis (Hendel) (Naeole and Haymer, 2003; Tan, 2003).

Interbreeding between a B. carambolae female and B. papayae male

produced F1 males with rectal gland blends closer to a B. papayae male.

However, backcrossing this F1 male to B. carambolae female parent yielded a

high percentage (75%) of hybrids having B. carambolae rectal gland blend.

Therefore, pheromone production in the Bactrocera species appears to be a sex-

limited trait whereby genes responsible for pheromone production show a 100%

penetrance in males only, and although females inherited the same gene, the

gene was not expressed in the female progeny.

In contrast, based on these laboratory interbreeding results, backcrossing of

the hybrids to the parental species over many generations may produce not only

higher percentages of hybrids that resemble the parental species in terms of

rectal gland blend, but also, in terms of morphological traits. Therefore, at

the time of this investigation, a true hybrid may look like the parental species in

all aspects, and, thus, escape any morphological/pheromonal means of screen-

ing. Only those minority categories with unique intermediate rectal gland blends
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may be detected by pheromone analysis. A more sensitive molecular technique

may help in the determination of the hybrids’ polymorphism/genetic make-up.

In B. papayae, the in vitro conversion of ME into its metabolites involves

the cytochrome P-450 mixed-function monooxygenases (Lim et al., 1998). Hy-

bridization has resulted in a lower penetrance observed in more than 80% of the

F1 hybrids of the reciprocal crosses, and in some cases, a low percentage of the

backcross offspring has been found not to produce either CF or DMP after ME

consumption. This lowered and Bzero^ penetrance may have resulted from the

complex interaction between segregated maternal and paternal genes during

hybridization of sibling species, causing alteration/deletion or inhibition of the

gene responsible for ME conversion, thus disabling the respective gene(s).

However, this does not discount other possibilities that may contribute to this

lowered penetrance for the sex-limited trait.

AcknowledgementsVWe are grateful to R. Nishida (Kyoto University, Japan) for providing

the various chemical compounds, and we also thank Agrisense-BCS Ltd. (UK) for the supply of

synthetic methyl eugenol. This work was funded by Malaysian IRPA grant (NO: 01-02-05-9007) and

partly supported by the International Atomic Energy Agency (Contract No. 10570).

REFERENCES

ARMSTRONG, K. F. and CAMERON, C. M. 2000. Species identification of Tephritids across a broad

taxonomic range using ribosomal DNA, pp. 703Y710, in K. H. Tan (ed.). Area-wide Control of

Fruit Flies and Other Insect Pests. Universiti Sains Malaysia, Penang, Malaysia.

DREW, R. A. I., HANCOCK, D. L. 1994. The Bactrocera dorsalis complex of fruit flies (Diptera:

Tephritidae: Dacinae) in Asia. Bull. Entomol. Res. Suppl. 2, 68 pp.

HE, M. and HAYMER, D. S. 1997. Polymorphic intron sequences detected within and between

populations of the Oriental fruit fly (Diptera: Tephritidae). Ann. Entomol. Soc. Am. 90:825Y831.

HEE, A. K. H. and TAN, K. H. 1998. Attraction of female and male Bactrocera papayae to

conspecific males fed with methyl eugenol and attraction of females to male sex pheromone

components. J. Chem. Ecol. 24:753Y764.

IWAHASHI, O. 1999. Distinguishing between the two sympatric species Bactrocera carambolae

and B. papayae (Diptera: Tephritidae) based on aedeagal length. Ann. Entomol. Soc. Am.

92:639Y643.

IWAIZUMI, R. M., KANEDO, M., and IWAHASHI, O. 1997. Correlation of length of terminalia of males

and females among nine species of Bactrocera (Diptera: Tephritidae) and differences among

sympatric species of B. dorsalis complex. Ann. Entomol. Soc. Am. 90:664Y666.

KROHN, S., FLETCHER, M. T., KITCHING, W., MOORE, C. J., DREW, R. A. I., and FRANCKE, W. 1992.

Chemistry of fruit flies: Glandular secretion of Bactrocera (Polistomimetes) visenda (Hardy).

J. Chem. Ecol. 18:2169Y2176.

LIM, C. L., TAN, K. H., and TAN, S. T. 1998. Enzymatic assay of a mixed-function monooxygenase

in Bactrocera papayae, p. 139, in Abstracts, The Fifth International Symposium on Fruit Flies

of Economic Importance, June 1Y5, 1998, Penang, Malaysia.

MCINNIS, D. O., RENDON, P., JANG, E. B., VAN SARUERS-MULLER, A., SUGAYAMA, R., and

MALAVASI, A. 1999. Interspecific mating of introduced, sterile Bactrocera dorsalis with wild

857EVIDENCE OF NATURAL HYBRIDIZATION



B. carambolae (Diptera: Tephritidae) in Suriname: A potential case for cross-species sterile

insect technique. Ann. Entomol. Soc. Am. 92:758Y765.

MEDINA, F. I. S., CARILLO, P. A. V., GREGORIO, J. S., and AGUILLAR, C. P. 1998. The mating

compatibility between Bactrocera philippinensis and Bactrocera dorsalis, p. 155, in Abstracts,

5th Int. Symp. on Fruit Flies of Economic Importance, June 1Y5, 1998, Penang, Malaysia.

NAEOLE, C. K. M. and HAYMER, D. S. 2003. Use of oligonucleotide arrays for molecular taxonomic

studies of closely related species in the oriental fruit fly (Bactrocera dorsalis) complex. Mol.

Ecol. Notes 3:662Y665.

NISHIDA, R., TAN, K. H., SERIT, M., LAJIS, N. H., SUKARI, A. M., TAKAHASHI, S., and FUKAMI, H.

1988. Accumulation of phenylpropanoids in the rectal glands of males of the Oriental fruit fly,

Dacus dorsalis. Experientia 44:534Y536.

NISHIDA, R., TAN, K. H., WEE, S. L., HEE, A. K. W., and TOONG, Y. C. 2004. Phenylpropanoids in

the fragrance of the fruit fly orchid, Bulbophyllum cheiri, and their relationship to the pollinator,

Bactrocera papayae. Biochem. Syst. Ecol. 32:245Y252.

PERKINS, M. V., FLETCHER, M. T., KITCHING, W., DREW, R. A. I., and MOORE, C. J. 1990. Chemical

studies of rectal gland secretions of some species of Bactrocera dorsalis complex of fruit flies

(Diptera: Tephritidae). J. Chem. Ecol. 16:2475Y2487.

SHELLY, T. E. 2000. Flower-feeding affects mating performance in male oriental fruit flies

Bactrocera dorsalis. Ecol. Entomol. 25:109Y114.

SHELLY, T. E. and DEWIRE, A. M. 1994. Chemically mediated mating success in male Oriental fruit

flies (Diptera: Tephritidae). Ann. Entomol. Soc. Am. 87:375Y382.

SHELLY, T. E., RESILVA, S., REYES, M., and BIGNAYAN, H. 1996. Methyl eugenol and mating

competitiveness of irradiated male Bactrocera philippinensis (Diptera: Tephritidae). Fla.

Entomol. 79:481Y488.

TAN, K. H. 1985. Estimation of native populations of male Dacus spp. by using Jolly’s stochastic

method using a new designed attractant trap in a village ecosystem. J. Plant Prot. Trop. 2:87Y95.

TAN, K. H. 2000. Behaviour and chemical ecology of fruit flies, pp. 647Y656, in K. H. Tan (ed.).

Area-wide Control of Fruit Flies and Other Pest Insects. Universiti Sains Malaysia, Penang,

Malaysia.

TAN, K. H. 2003. Interbreeding and DNA analysis of sibling species within the Bactrocera dorsalis

complex, pp. 113Y122, in Recent Trends on Sterile Insect Technique and Area-Wide Integrated

Pest ManagementVEconomic Feasibility, Control Projects, Farmer Organization and Bactro-

cera dorsalis Complex Control Study. Research Institute for Subtropics, Japan.

TAN, K. H. and NISHIDA, R. 1996. Sex pheromone and mating competition after methyl eugenol

consumption in the Bactrocera dorsalis complex, pp. 147Y153, in B. A. McPheron and G. J.

Steck (eds.). Fruit Fly Pests. St. Lucie, Florida.

TAN, K. H. and NISHIDA, R. 1998. Ecological significance of a male attractant in the defence and

mating strategies of the fruit fly pest, Bactrocera papayae. Entomol. Exp. Appl. 89:155Y158.

TAN, K. H. and NISHIDA, R. 2000. Mutual reproductive benefits between a wild orchid,

Bulbophyllum patens and Bactrocera fruit flies via a floral synonome. J. Chem. Ecol.

26:533Y546.

TAN, K. H., NISHIDA, R., and TOONG, Y. C. 2002. Floral synomone of a wild orchid, Bulbophyllum

cheiri, lures Bactrocera fruit flies for pollination. J. Chem. Ecol. 28:1161Y1172.

WEE, S. L. 2000. Behaviour and reproductive ecology of Bactrocera carambolae and B. papayae.

PhD thesis. Universiti Sains Malaysia, Penang, Malaysia.

WEE, S. L. and TAN, K. H. 2000a. Interspecific mating of two sibling species of the Bactrocera

dorsalis complex in a field cage, pp. 667Y674, in K. H. Tan (ed.). Area-wide Control of Fruit

Flies and Other Pest Insects. Universiti Sains Malaysia, Penang, Malaysia.

WEE, S. L. and TAN, K. H. 2000b. Sexual maturity and intraspecific mating success of two sibling

species of the Bactrocera dorsalis complex. Entomol. Exp. Appl. 94:133Y139.

858 WEE AND TAN



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


