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I. PROGRESS REPORT  

 

A.  Trapping and chemical analysis of volatile emission from four sibling species from the 

 Bactrocera dorsalis complex. 

  

 Wildish strains of B. dorsalis (originated from Thailand), B. philippinensis and B. invadens 

were sourced from the FAO/IAEA Agriculture and Biotechnology Laboratory, Seibersdorf, 

Austria with special import permit from the Department of Agriculture, Malaysia provided to 

Alvin Hee. Wildish B. papayae was obtained from infested mangoes from a Malay village in 

Sekinchan, Selangor, Malaysia. 

 Sexually virgin males for all species at 14-21 day-old were used, a day post feeding with 

methyl eugenol (ME). Headspace volatile collection was conducted during courtship period from 

18:00 to 20:00 hr (Wee and Tan 2005). Various methods and conditions were experimented in 

attempts to optimize the volatile collection and summarized in Table 1.  

 After the optimization of methods and conditions (Table 1), we use 50 males, individually 

fed on 0.1 µl of pure ME and quarantined for a day before subjecting to dynamic headspace 

collection using Tenax as adsorbent agent. ME-fed and ME-deprived males were aerated only 

during the courtship period, 18:00-20:00 hr (Wee & Tan 2005). After this, Tenax was eluted with 

2-ml of redistilled grade of ethanol in a vial and kept at -20oC until required for analysis. During 

analysis, the eluate was vacuum dried using rotary evaporator to near dryness and 

reconstituted with 100 µl of redistilled ethanol added with 50 ng of 1-dodecanol as internal 

standard for quantification purposes. 1-µl of eluate was injected into the Varian 450-GC 

connected to a Varian 240-MS IT mass spectrometer (electron impact at 70 eV), equipped with a 

GsBP-5 column (non-polar; 30 m x 0.25 mm x 0.25 µm, GS-Tek (USA), fused with silica column 

coated with cross-linked bonded dimethylpolysiloxane). The carrier gas was helium and the 

oven temperature was programmed from 80 oC (2 min holding) to 240 oC at a rate of 10 oC/min 

(10°C holding). Injection mode was splitless.  

Chemical identification was performed by comparison with the retention times of known 

authentic standards. Spectra were compared with those of the authentic compounds and MS 

fragmentation pattern of authentic chemical standards, published spectra and NIST library. 



4 

 

Table 1. Summary of methods and conditions used in the method optimization of volatile 

pheromone collection from four sibling species of the Bactrocera dorsalis complex. 

 

Trial Methods and condition Outcome/Problems 

 
1 

 
Single male in a 20-ml specimen vial 
and sampled using modified stationary 
headspace method: solid-phase micro-
Extraction (SPME) method on an hourly 
basis following Levi-Zada et al. (2012). 
 
Advantage: Using SPME, single male’s 
pheromone emission is possible; no 
solvent is used (no sample loss due to 
solvent). 
 
Disadvantage: Because a single fiber 
need to be used throughout, it is 
impossible to sample all 4 species 
simultaneously onthe same day. 
 

 
Using single male collection is too risky as 
even though sexually males are used, the 
experimental male might not exhibit 
courtship behaviour on the day of 
experiment. This is especially critical when 
using SPME method, the same fibre has to be 
used for all (single male) volatile collections 
to enable valid comparisons, particularly for 
quantitative data analyses. 
 

 
2 

 
Three males were used in a 30-ml 
conical flask instead of one male as in 
Trial 1. Collection on an hourly basis. 
 
Males in 30-ml flask fanned their wings, 
although not all three males fanned. 
Whitish smoke (pheromone emission) 
was observed. 

 
Chemical analysis showed that only one of 
the ME metabolite is detected, i.e. 2-allyl-4,5-
dimethoxyphenol (DMP) while trans-coniferyl 
alcohol (CF) was not detected in the fiber of 
SPME.  
 
Our second attempt to verify the first trial 
(above) failed again because of the three 
males did not perform wing fanning although 
they had already ME fed on. 
 

 
3 

 
More males (n=30) in a larger conical 
flask (500ml) using dynamic headspace 
method: Tenax following the procedure 
of Wee & Tan (2005). Collection was on 
an hourly basis. 
 
Advantage: Tenax has been shown to 
work in detecting both CF and DMP 
(Wee 2002, Wee & Tan 2005). 
Headspace collection can be conducted 

 
DMP and CF detected, but CF in trace 
amounts.  
 
Suggestions for improvement: 

i. Use more males (n>>50). 
ii. Continuous collection throughout the 

active phase of pheromone emission from 
18:00 to 20:00 hr instead of on an hourly 
basis. 
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for all 4 species at the same time and 
on the same day. 
 
Disadvantage: sample loss likely when 
a solvent and an adsorbent agent are 
involved. More insects are needed for 
such headspace collection to minimize 
sample loss. 
 

 
4 

 
100 males were used (Wee & Tan 2005 
used 100-150 males for B. carambolae). 
But because so many males were 
involved, ME-feeding was done on a 
group basis. 
 

 
DMP and CF were surprisingly well detected.  
This could be due to uncontrolled feeding on 
a ME source and large number of males used. 
 
Suggestions: 
Use 50 males only. 
Conduct individual male feeding. 
Limit males feeding duration and on a 
standard amount of ME. 
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Intermediate size of males used (n=50); 
Feed males individually on 0.1 µl of 
pure ME for 30 min.  
 
After 1 day post feeding, aerated males 
from 18:00-20:00 hr by dynamic 
headspace using Tenax on all 4 species 
of males at the same time and on the 
same day.  
 

 
Optimization achieved using the mentioned 
parameters.  
 
Effort is now focused on rearing adequate 
number all species for the same age (14-21 
day-old) for more replication and chemical 
analyses. 
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Results: 

 Gas chromatography-mass spectra analyses revealed that the pheromonal profiles of all 

the ME-fed males from four putative species were identical, with the presence of both ME 

metabolites, DMP and CF in the volatile emission of calling males during dusk (Figure 1).  

Because the colony of B. papayae used was just obtained from the wild (ex. mango from 

Sekinchan, Selangor, Malaysia) in the month of July, the population is adapting to the laboratory 

conditions compared to other less wildish flies from Austria, it was observed that the flies 

mated at a much later age (>21 day-old). Therefore, when it was used (at 21 day-old) compared 

to the other three ‘lab’ species (at 15 day-old), only one or two males involved in wing fanning 

activities. This has resulted in the low concentration of DMP and trace amount of CF in the 

GCMS profile (Figure 1) when compared to three other species. We hope to improve this 

situation with longer period in captivity for subsequent cohorts of B. papayae. Nevertheless, we 

have adopted a range of age that is deemed acceptable to work on (14-21 day-old), 

compromising this difference while maintaining the use of sexually active males before they are 

aged. 
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Retention time (min) 

Figure 1. Gas chromatographic-mass spectra profiles of headspace volatile collection during the courtship period 

(18:00 -20:00 hr) of all four putative species of the Bactrocera dorsalis complex.Compound abbreviation: IS= internal 

standard, 1-dodecanol; DMP=2-allyl-4,5-dimethoxyphenol; CF=trans-coniferyl alcohol. 

B. philippinensis 

B. invadens 

B. dorsalis 

B. papayae 

IS 

DMP CF 

IS 

DMP CF 

IS 

DMP CF 

IS 

DMP CF 



8 

 

b. Bactrocera philippinensis - Methyl eugenol feeding and GC-MS analysis of rectal glands 

 samples from Austria. 

 

Results: 

 Bactrocera philippinensis rectal gland analysis was recently accepted and published in Applied 

Entomology and Zoology (Tan et al. 2013)  

 

c.  Third Research Coordinated Meeting (RCM) in Tucuman, Argentina. 

 

 A paper entitled “Emission of Male Sex Pheromone by Four Cryptic Species, Bactrocera 

dorsalis, B. invadens, B. papayae and B. philippinensis, Following Methyl Eugenol Consumption” 

was presented in the 3rd RCM on Resolution of Cryptic Species Complexes of Tephritid Pests to 

Overcome Constraints to SIT Application and International Trade, and workshop on Reviewing 

Evidence to Resolve Species Complexes of Tephritid Pests in Tucuman, Argentina from 26-31 

August 2013.  The results were discussed in the meeting and it was further agreed that the 

present project will involve collaboration with Dr Peter Teal (USDA, Gainesville, Florida, USA) to 

complete the evaluation of rectal emission of the aforementioned species of flies. The results so 

far indicated that B. dorsalis s.s., B. invadens, B. philippinensis and B. papayae are possibly of 

the same species. This further contributes to the body of knowledge on the proposed 

synonymization of the aforementioned species as agreed by the participants of the 3rd RCM and 

independent panel of the workshop.  

 

II.  CONCLUSION 

 

Preliminary results for the pheromone emission analysis by GCMS thus far showed that: 

a. The pheromone profiles produced by all four sibling species were identical but further 

replications and quantifications are needed to confirm them when B. papayae has 

adapted to laboratory conditions like the rest of the sibling species. 

b. GCMS analysis has been a very reliable tool providing consistent results and 

interpretation of the pheromone profiles of the flies analyzed. Thus, it is useful as a 
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chemotaxonomic tool to compliment other techniques in the identification of closely 

related sibling taxa at the species level. 

 

III.  WORK PLAN FOR THE COMING YEAR 

 

We will be focusing all of our efforts to perform the following: 

a. Producing more replications, with minimum of three replicates for each treatment 

(methyl eugenol-fed and methyl eugenol-deprived) for B. dorsalis s.s., B. invadens, B. 

philippinensis and B. dorsalis s.l. (B. papayae) in the evaluation of the male volatile 

emission.   

b. Obtaining standard curves for 2-allyl-4,5-dimethoxyphenol and (E)-coniferyl alcohol for 

quantification of the ratio and relative amount of methyl eugenol-metabolites present in 

the headspace collection for the aforementioned species.  

c.  Collecting and examining pheromone profiles of wild hybrids (as indicated by 

intermediate morphological characters) between B. carambolae and B. dorsalis s.l. that 

are abundantly found in Malaysia.  

d. Preparation of a manuscript arising from this work to be submitted to an internationally 

peer-review journal.   

The collection and chemical analysis of the pheromone emission will be using the optimized 

methods and conditions of standardization in order to obtain quantifiable and comparable 

results among the four sibling species.  It is envisaged that the entire experiment could be 

completed and finalized in the next 18 months.  
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