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Abstract 

The Regional Fruit Fly Project and the Ministry of Agriculture and Fisheries (Regulatory 
Authority), New Zealand, developed a standard for testing the susceptibility of fruits and 
vegetables at various stages of maturity MAF Regulatory Standard 155.02.02: Specifications 
for Detennination of Host Status as a Treatment. A large number of fruits and vegetables have 
been subjected to laboratory cage tests and/or field cage tests using this standard in the Cook 
Islands, Federated States of Micronesia (FSM), Fiji, Tonga, Vanuatu and Western Samoa. 

In the Cook Islands, 'Bird's Eye' chilli is a non-host toB. me/anotus and B. xanthodes. In FSM, 
limes and Yapese lemon (Citrus hystrix) are non-hosts to B. frauenfeldi. In Fiji, 'Ripley Queen', 
'Vaimana' and 'Smooth Cayenne' pineapples, squash, 'Hot Rod' and 'Red Fire' chillies, and 
bottle, bitter and spongy gourds are non-hosts to B. passiflorae and B. xanthodes. In Tonga, 
'Candy Red' and 'Sugar Baby' watennelon and cucumber are non-hosts to B. facialis and B. 
xanthodes. Testing in Western Samoa has not been completed, but there are promising results. 
Much of the testing has been at a laboratory cage test level and comparable field cage tests still 
need to be carried out. This may confinn some non-host commodities, such as Samoan bananas 
and limes. 

QUARANTINE treatments usually involve the treat­
ment of fresh fruit and vegetables in one way or 
another in order to move them to areas that are free 
of particular pests. Until recently, a number of 
chemical post-harvest treatments were acceptable. 
However, with the continuing trend towards non­
chemical control methods, other methods are being 
investigated. Hot water dipping and vapour heat 
treatments are accepted to a certain extent but are not 
suitable for all types of fruit and vegetables. Declara­
tion of an area as pest free eases the fruit fly control 
burden of growers but considerable monitoring 
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activities are required to maintain the status. To 
supplement trapping and monitoring activities and 
avoid the limitations and costs of chemical and phys­
ical controls, scientists are looking at non-host status 
to achieve quarantine security. Determination of non­
host status involves the testing of fresh fruit and 
vegetables for their susceptibility to fruit fly infesta­
tion to a specified standard. It is an important method 
in quarantine treatments as it is relatively fast and 
simple to do, less costly than other treatments, envi­
ronmentally friendly, pennanently established and 
acceptable by quarantine authorities. 

Non-Host Status Determination 

Detennination of host status to fruit flies has been 
regarded as difficult. It usually involves sampling 
very large numbers of fruits at several stages of 
maturity and over several seasons. In small Pacific 
Island countries, this is not practical. Generally, a 
fruit is regarded as a host once eggs or larvae are 
found in it or flies are reared from it, with little 



regard for whether the fruit was damaged or over­
ripe. To overcome these problems, the Regional Fruit 
Fly Project in the South Pacific and the Ministry of 
Agriculture and Fisheries Regulatory Authority 
(New Zealand) developed a standard - MAF Regu­
latory Authority Standard 155.02.02; Specifications 
for Determination of Host Status as a Treatment. 
Infestation of fruit may be forced in laboratory cage 
tests (LCI) whereby infestation occurs due to a rela­
tively high population of flies with an opportunity 
for oviposition into purposely damaged test and 
control fruits. In the case of a negative LCT where 
flies emerge from a control fruit but not from the test 
fruit, the fruit is declared a non-host. In the case of a 
positive LCT where flies emerge from the test fruit 
or from the test and control fruits, the fruit is consid­
ered to be a potential host and more fruits are 
exposed in a field cage test (FCI) to confirm the host 
status. In this case, the fruits are not damaged if the 
field cage test produces infestation, the fruit is con­
sidered a positive host; if the test is negative, the fruit 
is considered a non-host. This methodology does not 
take the concept of natural and artificial hosts into 
account, and thus may be biased against the use of 
artificial hosts for quarantine purposes. Vargas and 
Nishida (1985a,b) report an example where the 
Malaysian fruit fly, Bactrocera latifrons (Hendel), 
was successfully reared on Hawaiian papaya using 
artificial infestation. In nature, however, papaya is 
not a host for this species which normally infests 
cucurbitaceous and solanaceaous crops. Therefore, 
Hawaiian grown papaya for export should not 
require quarantine treatment for Malaysian fruit fly. 

Merits and Hmitations of non-host status 

The obvious advantage of being able to declare a 
fruit a non-host is that no other quarantine treatment 
is required. Non-host status, however, is specific and 
if applicable for a particular fruit fly species may not 
necessarily apply for another. For example, if 
Hawaiian papaya for export is not a host to Malay­
sian fruit fly, it may still be a host to Bactrocera dor­
salis (Hendel) and will therefore still be subject to 
quarantine treatment. The advantage of knowing the 
host status of a fruit is that researchers need not 
produce data to prove disinfestation treatment effi­
cacy for the non-host fruit fly species. 

The acceptance of non-host status varies between 
countries. The United States may accept a particular 
fruit as a non-host based on a history of negative 
inspection records while Japan may declare the fruit 
as a host based on infestation reports in literature 
(Armstrong 1992). In some instances non-host status 
is conferred temporarily during such periods when 
the pest is absent. This occurs in Australia where the 
State of Victoria accepts produce from particular 
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areas during the winter months without disinfestation 
treatment (Heather 1985). This strategy has been 
adopted by some Australian states on a national level 
but is unacceptable for produce exported to other 
countries. 

Non-host status for a fruit species must take into 
account the susceptibility to infestation between vari­
eties or at different stages of maturity. For example, 
Citrus species are known to be good fruit fly hosts 
but in the United States the 'Bearss' variety of 
lemons and the 'Persian' lime are resistant to infesta­
tion by the Caribbean fruit fly, Anastrepha suspensa 
(Loew) (Nguyen and Fraser 1989). Greany (1989) 
lists the determinants of resistance as; oviposition 
behaviour of the fruit fly, the oil content and pres­
ence of Iimonoids and naringin in the peel as well as 
the softness of the peel. In Australia and the United 
States green lemons are resistant to infestation by 
Mediterranean fruit fly, Ceratitis capitata (Wiede­
mann) (Sproul 1976; Spitler et a1. 1984). Some fruits 
that are non-hosts at a particular stage of maturity 
may be harvested at that stage to avoid the need for 
quarantine treatment. For example, Japan permitted 
the importation of green bananas from Australia 
without quarantine treatment from regions south of 
Townsville. Species such as Queensland fruit fly, 
Bactrocera tryoni (Froggatt), do not infest green 
bananas, possibly because of a high tannin content in 
the sap (Armstrong 1983). However, banana fruit fly, 
Bactrocera musae (Tryon), which inhabits regions 
north of Townsville, will infest immature green 
bananas. After a recent outbreak, papaya fruit fly, 
Bactrocera papayae, a pest known for its ability to 
infest green fruit and vegetables, has been added to 
the list of quarantine pests in that region. 

It is possible to develop quarantine protocols 
using a combination of non-chemical factors. It 
should be possible, for example, to export without 
quarantine treatment a fruit that is a relatively poor 
host or resistant fruit if it is harvested early in an area 
where protein bait sprays have been used, and where 
trapping detected no fruit flies. Quarantine protocols, 
however, still regard even relatively poor hosts as 
risks and will not consider them without treatment. 

Non-Host Status in Tonga 

Six tephritid fruit fly species pose quarantine risks to 
export in Tonga. Table 1 lists the fruit fly species of 
quarantine importance. Each species attacks a variety 
of tropical commercial fruit as well as local species 
utilised by Tongans. B. passiflorae and B. obscura 
are found only in the Niuas, the northernmost islands 
of the Kingdom. Neither commercial nor native hosts 
have so far been identified for B. obscura, despite 
extensive host surveys. 



Table 1. List of tephritid fruit fly species of quarantine importance occurring in Tonga, Fiji, Western Samoa, Cook Islands, 
FSM and Vanuatu. 

Country 

Tonga 

Fiji 

Western Samoa 

FSM 
Cook Islands 

Vanuatu 

Scientific name 

Bactrocera facialis 
B. xanthodes 
B. kirki 
B. passiflorae 
B. distincta 
B. obscura 

B. xanthodes 
B. passiflorae 
B. xanthodes 
B. kirki 
B. frauenfeldi 
B. melanotus 
B. xanthodes 
B. trilineola 

Major hosts 

41 spp. inc!. most commercial fruit 
8 spp. inc!. most commercial fruit 
16 spp. inc!. many commercial fruit 
12 spp. mostly native species 
8 spp. mostly Sapotaceae and Apocynaceae 
No hosts on record 

Table 2. Host status testing summary for Tonga. 

Fruit/vegetable Test type Fruit fly species 

Kiwi fruit LCT B. facialis, B. xanthodes 
Apple LCT B. facialis 
Nectarine LCT B. facialis 
Breadfruit LCT{FCT B. facia lis, B. xanthodes 
Tomato (MG/Export) LCT B. facia lis, B. xanthodes 
Eggplant (Export) LCT{FCT B. facialis, B. santhodes 
Cucumber LCT B·facialis 

LCT B. xanthodes 
FCT B. xanthodes 

Zucchini (Export) LCT B. facialis 
FCT B·facialis 
LCT B. xanthodes 
FCT B. xanthodes 

Watermelon (Var. Sugar Baby) LCT B. facialis, B. xanthodes 
FCT B.facialis, B. xanthodes 

Watermelon (Var. Candy Red) LCT B·facialis 
LCT B. xanthodes 
FCT B. xanthodes 

Bird's Eye/Super cbilli LCT B. facia lis, B. xanthodes 
FCT B. facialis, B. xanthodes 

Cayenne chilli LCT B. facialis, B. xanthodes 
Hot Rod chilli LCT B. xanthodes 

FCT B. xanthodes 
LCT B. facialis 
FCT B. facialis 

Red Fire cbilli LCT B. xanthodes 
FCT B. facialis 

1 NZ MAP modified field cage design. MG = Mature green export stage. 
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Locality 

All of Tonga, except in the Niuas 
AllofTonga 
AllofTonga 
Only in the Niuas 
AllofTonga 
In the Niuas, not in 'Eua, other 
islands unknown 

Host status 

+ve Host 
+ve Host 
+ve Host 
+ve Host 
+ve Host 
+ve Host 
Non-Host 
+ve Host 
Non-Host 
+ve Host 
Non-Host 
+ve Host 
To be completed 
+ve Host 
Non-Host 
Non-Host 
+ve Host 
Non-Host 
+ve Host 
To be completed 
+ve Host 
+ve Host 
To be completed 
To be completed 
+ve Host 
+ve Host 
+ve Host! 



Host status testing has been carried out over the 
past five years as part of the South Pacific Regional 
Fruit Fly Project The results for the fruits and fruit 
fly species tested are given in Table 2. The testing 
procedure complies with the MAF Regulatory 
Authority Standard 155.02.02 which was prepared 
by the Ministry of Agriculture and Forestry (MAF) 
of New Zealand Regulatory Authority in conjunction 
with the Regional Fruit Fly Project. 

The two species tested were B. facialis and B. 
xanthodes. Host status testing could not be carried 
out in the laboratory for B. kirki, since the species 
has not been reared successfully in the laboratory in 
Tonga. Negotiations based on host survey data that 
would exclude B. kirki from the list of fruit fly spe­
cies that required host testing have not been con­
cluded with New Zealand. These same data also 
support the exclusion of B. kirki from research to 
develop quarantine treatments for papaya and cucur­
bits as it has not been reared from either of these 
plant families during the past five years. 

Host surveys have shown that B. distincta, which 
occurs throughout the Kingdom, attacks only eight 
fruit species, five of which belong to the Family 
Sapotaceae, two to the Family Apocynaceae and one 
to the Family Rubiaceae. None of these are export 

Table 3. Host status testing summary for Fiji. 

Fruit/vegetable Test type 

Small White chilli LCT/FCT 
LeT/FCI' 

Long Cayenne chilli LeT 
FCI' 

Hot Red chilli FCT 
Red Fire chilli FCT 
Bottle Gourd LCT 
Bitter Gourd LCT 

FCT 
LCT/FCT 

Spongy Gourd LCf 
FCT 
LCT 

West Indian lime LCT 
Meyerlemon LCT 
Capsicum LeT 
Cueumber FCT 

FCT 
Zucchini LeT 
Squash LCT 
Eggplant FCT 

FCI' 
Pineapple LeT 
Waimanalo Papaya FCTl 
Sunrise Papaya FCTl 

commodities. B. passiflorae, which occurs only in 
the Niuas, and B. obscura, which occurs mainly in 
the Niuas (but not in 'Eua, current status on other 
islands unknown), have not been tested as no export 
fruit and vegetables have been sent from the Niuas. 

Host testing shows that watermelon (vaT. Candy 
Red and Sugar Baby) as well as cucumbers are non­
hosts to both B. facialis and B. xanthodes. Zucchini 
is a non-host to B. facialis while tests for its suscep­
tibility to B. xanthodes are still being carried out. 
Other fruits tested proved to be hosts through either 
laboratory cage tests (and observed evidence from 
field collections) or a combination of laboratory cage 
tests and field cage tests (Table 2). Field cage tests 
for Bird's Eye/Super chilli and Hot Rod chilli are 
being carried out this year to complete their testing. 
Host testing on papaya varieties at colour break is 
also planned for the next production season, as 
Tonga is looking at export possibilities for this crop. 

Non-Host Status in Fiji 

The two species of concem in Fiji are B. xanthodes 
and B. passiflorae. Seventeen different fruit and 
vegetable species and varieties have so far been 
tested for their host status to one or both of the fruit 

Fruit fly species Host status 

B. xanthodes Non-Host 
B. passiflorae +ve Host 
B. xanthodes +ve Host 
B. passiflorae +ve Host 
B. xanthodes, B. passijlorae Non-host 
B. JUlnthodes, B. passijlorae Non-Host 
B. xanthodes, B. passiflorae Non-Host 
B. xanthodes +ve Host 
B. xanthodes Non-Host 
B. passijlorae Non-Host 
B. xanthodes +ve Host 
B. xanthodes -Non-Host 
B. passiflorae Non-Host 
B. xanthodes, B. passijlorae Non-Host 
B. xanthodes, B. passiflorae +ve Host 
B. xanthodes, B. passiflorae +ve Host 
B. xantlwdes Non-Host 
B. passiflorae Non-Host 
B. xanthodes, B. passiflorae +ve Host 
B. xanthodes, B. passiflorae Non-Host 
B. xanthodes Non-Host 
B. passiflorae +ve Host 
B. xantlwdes, B. passijlorae Non-Host 
B. xanthodes, B. passijlorae Non-Host 
B. xantlwdes, B. passijlorae Non-Host 

1 Tests conducted at colour break (export stage), mature green, quarter ripe and half ripe. 
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fly species (fable 3). Ten of these are non-hosts to 
both B. xanthodes and B. passiflorae, and comprise: 
Sunrise papaya, Waimanalo papaya, pineapple, 
squash, West Indian lime, spongy gourd, bitter 
gourd, Red Fire chilli and Hot Rod chilli. 

Non-Host Status in Vanuatu 

B. trilmeola is the main fruit fly species in Vanuatu 
that poses quarantine risks. Of the seven fruit and 
vegetable species tested (fable 4), three were non­
hosts and included squash, pineapple (Var. Queen) 
and cucumber (Var. Conqueror). Hosts were namely 
capsicum, watermelon (Var. Candy Red), tomato 
(Var. Money Maker) and eggplant (Var. Early 
Long). The test list is not as extensive as that of 
islands such as Fiji, as Vanuatu does not grow many 
export crops. 

Table 4. Host status testing summary for Vanuatu. 

Fruit/vegetable 

Capsicum 
Squash 
Watermelon 
(Var. Candy Red) 
Tomato 
(VaT. Money 
Maker) 
Pineapple 
(Var. Queen) 
Eggplant 
(Var. Early Long) 
Cucumber 
(Var. Conqueror) 

Test type Fruit fly 
species 

LCT B. trilineola 
LeT B. trilineola 
LCTIFCT B. trilineola 

LCTIFCT B. trilineola 

LCI'/FCTl B. trilineola 

LCTIFCT B. trilineola 

LCT/FCT B. trilineola 

I Tested at colour break and fully ripe. 

Host status 

+ve Host 
Non-Host 
+ve Host 

+ve Host 

Non-Host 

+ve Host 

Non-Host 

Non-Host Status in Western Samoa 

Fruit fly workers in Western Samoa have tested a 
wide range of fruit and vegetables comprising 26 dif­
ferent species and varieties. Most of these have been 
tested against B. xanthodes and B. kirki, the two 
important fruit fly species (Table 5). Six species are 
non-hosts to B. xanthodes (Samoan banana, caram­
bola, bilimbi, West Indian lime, Waimanalo papaya 
and Polynesian plum) and two species are non-host 
to B. kirki (abiu and rambutan). Eight species and 
varieties are hosts to both B. kirki and B. xanthodes. 
They include Misiluki banana, Bird's Eye, Hot Thai 
and Big Star chillies, eggplant, Tahitian lime, 
pomelo and grapefruit. There are six plant species 
and varieties that are host to only one of the two fruit 
flies. B. xanthodes infests abiu, Mysoe banana, green 
pepper, tomato, Sunrise papaya and local papaya 
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while B. kirki attacks carambola, West Indian lime, 
strawberry, canistel, zucchini and avocado. Several 
tests were not valid as insufficient replicates were 
tested or no adult flies emerged from control fruit. 
Such tests were carried out on star apple, strawberry 
and tomato. Not all fruits tested were subjected to 
both fruit fly species and further work has to be car­
ried out to extend and/or complete the list of host 
status testing. 

Conclusion 

Host status testing and non-host status present an 
option in the formulation of quarantine protocols and 
agreements. Declaration of a fruit as a non-host 
eliminates the need for chemical treatments, 
reducing production costs and easing aecess to 
export markets. The status may be used in com­
bination with other techniques, such as area freedom 
and bait spraying to increase quarantine assurance. 
Limitations are posed by specificity of host and 
infesting species whereby a fruit may be a non-host 
to one fruit fly species but be a host to another fruit 
fly species. 

Host status testing in Tonga has identified certain 
cucurbits as non-hosts to B. facialis and/or B. 
xanthodes. If presented to MAF New Zealand for 
evaluation the status of B. kirki may still be 
questioned and additional data requested. New 
Zealand may accept the elimination of B. kirki from 
host status testing, but other potential exporting 
countries may not. To respond in this case, staff of 
the Fruit Fly Project in Tonga continue their efforts 
to rear B. kirki in the laboratory. Further testing may 
be warranted only for exotic crops with export poten­
tial such as syuash, loofah, okra, etc. 

Papaya has not been tested in Tonga or in 
Vanuatu. In Western Samoa and Fiji, Waimanalo 
papaya is a non-host to B. xanthodes under this 
testing regime. Sunrise papaya is also a non-host to 
B. xanthodes and B. passiflorae in Fiji again, under 
this regime. However it is a host to B. xanthodes in 
Western Samoa. No papaya variety has yet been 
tested against B. kirki in Western Samoa. In Tonga, 
Nemeye (pers. commun.) listed papaya as a major 
host of B. xanthodes (and as a minor host of B. 
facialis) as a result of repeated host collection. There 
is no immediate explanation for the differences in 
host status of certain varieties or the host preference 
of the same fruit fly species in different countries. It 
is likely to be a combination of fruit characteristics 
and stage of maturity when sampled. 

In general, cucurbits are relatively free of fruit fly 
pests in Pacific islands that lack B. cucurbitae. 
Solanaceous crops tend to be readily attacked, so 
fruit species of major importance and commercial 



Table 5. Host status testing summary for Western Samoa. 

Fruit/vegetable Test type 

Abiu LeT 
LCT 

Misiluki Banana LCT/FCT 
Samoan Banana LCT 

LeT 
Mysoe Banana LeT 
Carambola LCT 

FCT 
LCT 

Bilimbi LCT 
Bird's Eye chilli LCT/FCT 
Big Star chilli LCT/FCT 

LCT 
Hot Thai chilli LCT/FCT 

LCT 
Green Pepper LCT 
Eggplant LCT/FCT 
Tomato LCT 

LCT 
Tahitian lime LCT 
West Indian lime LCT 

LCT 
Pomelo LCT 
Grapefruit LCT 
Strawberry LCT 

LCT 
Waimanalo LCf3 
Papaya FCT4 
Sunrise Papaya LCf3/FCf4 
Local Papaya LCf3 
CanisteI LCT 
Star Apple LCT 
Zucchini LCT 
Rambutan LCT 
Avocado LCT 
Polynesian Plum Vi (Spondias dulcis) LCT 

not valid as no adult flies were reared from control fruit. 
2 Test not valid as only 2 replicates were tested. 
3 Tests conducted at quarter ripe stage of maturity. 
4 Tests conducted at colour break. 

potential are likely to be excluded from non-host 
lists. Citrus fruit have not been tested in Tonga and 
Vanuatu. In Tonga most citrus are local varieties that 
are unlikely to be exported. Host status testing on 
citrus is unwarranted as Nemeye (pers. commun.) 
lists citrus fruit as the major hosts of B. facialis and 
B. kirki in Tonga. In Western Samoa, B. kirki also 
attacks many citrus species. 

To avoid unnecessary testing, host lists and host 
records should be studied first to evaluate the likeli­
hood of a plant species being a non-host. As compar­
isons show, though, non-host records from certain 
countries do not necessarily hold true for the same 
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Fruit fly species Host status 

B. xanthodes +ve Host 
B.kirki Non-Host 
B. xanthodes, B. kirki +ve Host 
B. xanthodes Non-Host 
B. kirki +ve Host 
B. xanthodes +ve Host 
B. xanthodes +ve Host 
B. xanthodes Non-Host 
B. kirki +ve Host 
B. xanthodes Non-Host 
B. xanthodes, B. kirki +ve Host 
B. xanthodes +ve Host 
B. kirki +ve Host 
B. xanthodes +ve Host 
B. kirki +ve Host 
B. xanthodes +ve Host 
B. xanthodes, B. kirki +ve Host 
B. xanthodes +ve Host 
B. kirk; Test not validl 

B. xanthodes, B. kirki +ve Host 
B. xanthodes Non-Host 
B. kirki +ve Host 
B. xanthodes, B. kirki +ve Host 
B. xanthodes, B. kirki +ve Host 
B. xanthodes Test not val idl 

B. kirki +ve Host 
B. xanthodes +ve Host 
B. xanthodes Non-Host 
B. xanthodes +ve Host 
B. xanthodes +ve Host 
B.kirki +ve Host 
B. xanthodes Test not valid2 

B. kirki +ve Host 
B. kirki Non-Host 
B. kirki +ve Host 
B. xanthodes Non-Host 

fruit fly species in other countries and this should be 
considered as well when evaluating for host-status 
testing. 
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Whole Systems Approach for Export of Zucchini from 
Queensland to New Zealand 

R.A.I. Drew! 

Abstract 

The long-held concept for post-harvest disinfestation treatments is that they should meet a level 
of efficacy called Probit 9 in order to guarantee quarantine security against fruit flies. Only at 
Probit 9 have most countries (or markets) been prepared to accept horticultural produce that has 
been declared potential fruit fly host material. Different countries have slightly different definitions 
of Probit 9. However, New Zealand standards expect that such a treatment should induce a 
mortality of 99.9968% of flies treated. 

No co.mmer~ially ~roduced fruits and vegetables, under normal insect control programs, would 
have fruIt fly mfestatlOn levels that demand Probit 9 efficacy in post-harvest disinfestation treat­
ments. Consequently, the Whole Systems Approach is proposed to facilitate trade in horticultural 
produce based on security in all aspects of the production system and thus reduce dependence on 
the post-harvest disinfestation treatment alone. 

The Whole Systems Approach has been proposed and pioneered by Dr R. Baker, Dr J. Cowley 
and Dr C. Whyte, MAF Quality Management, New Zealand. Their initiative and research led to 
the Queensland zucchini experiment. 

THE Whole Systems Approach, proposed by Baker 
et al. (1993), combined a number of requirements 
that had to meet specific high standards. The com­
bination of these requirements must be proven to be 
able to meet quarantine assurance for any particular 
fruit fly host produce before acceptance by importing 
markets. The basic requirements are site selection, 
host status, quality production systems, post-harvest 
disinfestation treatment, packing shed quality 
control, transport system security, importing market 
inspections. 

For the Queensland zucchini study, the core com­
ponents were the quality production system, packing 
shed quality control and transport security. The first 
was assessed through a field Pest Risk Analysis 
(PRA), the second and third by sampling cartons of 
zucchinis from the packing shed on arrival at the 
Brisbane Markets. All samples were based on 
zucchinis harvested from the same crop on the same 
day over a number of weekly sampling periods. 

1 Queensland Department of Primary Industries, 80 Meiers 
Road, lndooroopilly, 4068, Australia 
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Pilot Study 

Before carrying out the major PRA, a pilot study 
was undertaken at the Queensland Department of 
Primary Industries (QDPI) Redlands Horticulture 
Research Station near Brisbane. The aim of this 
study was to assess the relationship of the 
cucumber fly, Bactrocera cucumis (French), to the 
same variety of zucchini that was grown and 
assessed in the commercial plantation. An area of 
zucchinis was planted comprising five rows each 
70 m long and left unsprayed for the duration of 
the experiment. Within and around' the plot, 
McPhail traps baited with orange-ammonia lure 
were placed. Flies were taken from the traps and 
new lure added at weekly intervals. Also at weekly 
intervals, zucchinis were sampled at different size 
categories above 10 cm long and the fruit fly infes­
tation levels assessed. The infestation levels were 
measured by setting each piece of fruit separately 
on sawdust within plastic fruit holding containers 
with aerated lids and then counting the number of 
pupae produced. 

In this trial, the traps set in surrounding 
vegetation collected most flies, the traps within the 



zucchinis very few. This was consistent with the 
activity of Bactrocera cucurbitae (Coquillett) 
(melon fly) which resides in vegetation surrounding 
cucurbit plantations and enters the host areas 
primarily for oviposition (Nishida and Bess 1957). 
Also the percentage infestation levels in the 
zucchinis increased with size of fruit, the export size 
(1()"'13 cm long) being approximately 5% infested. 
The data from this pilot study were used to design 
the main experiment carried out in the large com­
mercial plantation. 

Pest Risk Analysis 

The PRA on the commercial field production system 
was carried out on two five hectare plantations of 
zucchini that were grown near Bundaberg, Queens­
land, for export to New Zealand. One plot was grown 
from mid-winter to early spring and the other from 
early spring to late spring/early summer. This was 
designed to cover the main export production season. 
The crops were grown under the normal commercial 
spray treatments for diseases and insect pests and the 
grower kept a record of these in his production diary. 

Within each 5 hectare plantation, three sets of 
50 plots were subdivided and the plants within each 
plot numbered. Then using random numbers, the 
export size zucchinis were harvested weekly from 
selected plants. This sampling system was designed 
to meet specific requirements for statistical 
analyses. 

Concurrently, unsprayed control plots were culti­
vated at the QDPI Bundaberg Research Station 
within 20 km of the commercial plantation. 

A total of 15346 export size fruit were sampled 
from the commercial plantations and 1956 from the 
unsprayed control plots. From zucchinis sampled on 
the same days and from the same plantations, a total 
of 15575 fruit were taken in the cartons packed for 
export in the packing shed. These were collected 
from the Brisbane Markets in order to further assess 
the transport security system. 

Orange-ammonia baited McPhail traps were set in 
and around the commercial plantations and control 
plots and serviced weekly. 

233 

Results 

There was zero infestation of fruit flies in the com­
mercial plantations, zero flies in the McPhail traps in 
these plantations, heavy infestations of flies in the 
control plots at the research station and large 
numbers of flies in the McPhail traps at the 
unsprayed control plots particularly those suspended 
in the surrounding vegetation. 

The data were assessed and analysed by Dr 
Carolyn Whyte (NZ-MAF). Analyses indicated that 
a post-harvest disinfestation treatment of only 7.05 
was required for the commercially produced 
zucchinis in order to meet quarantine security for 
export. 

In conclusion, if agreement can be reached on the 
levels of security required for each stage of the 
Whole Systems Approach, then it is feasible that this 
system would allow international export of fruit fly 
host material while guaranteeing quarantine security 
equivalent to that achieved by post-harvest dis­
infestation treatments that achieve Probit 9. A major 
benefit would be that post-harvest disinfestation 
treatments of lower Probit values would have little 
chance of causing physiological damage to the com­
modities. Also, the dependence on post-harvest treat­
ments would be greatly reduced. 

Acknowledgement 

The Whole Systems Approach was pioneered by 
Dr R. Baker, Dr J. Cowley and Dr C. Whyte (MAF 
Quality Management, New Zealand). They also 
worked in the development, conduct and data 
analyses of the zucchini project. 

References 

Baker, R.T., Cowley, I.M. and Harte, D.S. 1993. Pest risk 
analysis: a process for the assessment and management 
of pest risk associated with the importation of plants and 
plant products into New Zealand. Lynfield Plant Pro­
tection Centre Publication No. 1, 16 p. 

Nishida, T. and Bess H.A. 1957. Studies on the ecology and 
control of the melon fly Dacus (Strumeta) cucurbitae 
Coquillett (Diptera: Tephritidae). Hawaii Agricultural 
Experiment Station Technical Bulletin No. 34, 44 p. 



Heat Tolerances of Immature Stages of Bactrocera 
passijlorae (Froggatt) and B. xanthodes (Broun) in Fiji 

E. Tora Vueti1, L. Ralulu1, L. Leweniqila1, A. Balawakula1, 
and C.M. Frampton2 

Abstract 

As a prerequisite to the development of quarantine treatment using High Temperature Forced 
Air (HTFA), the heat tolerances of several immature stages of Bactrocera passiflorae (Froggatt) 
and B. xanthodes (Broun) were determined at the Koronivia Research Station Fruit Fly Laboratory, 
in Fiji. The immature stages studied were egg stage «10 hours old, >27 hours but <36 hours old 
eggs and >40 hours old eggs) and first and third (feeding and jumping) larval stages. 

Heat tolerances were determined by exposing eggs and larvae to temperatures of 44-49°C for 
varing periods of time in a static hot water bath. The effectiveness of treatments were determined 
by assessing percentage survival. The study showed that B. passiflorae early eggs «10 hours old 
and >40 hours old) were the most heat tolerant stages. 

A comparison of the most heat tolerant stages of the Fiji species with those in Cook Islands 
showed that B. passiflorae, the most heat tolerant species in Fiji, was less heat tolerant than B. 
melanotus (Coquillett), the most heat tolerant in the Cook Islands. This study has been the basis of 
the current HTFA treatment parameters of 47.ZOC for 20 minutes for pawpaws exported to New 
Zealand. 

THE worldwide ban or restrictions on the use of the 
fumigant, ethylene dibromide (EDB) and the pending 
restrictions on the use of methyl bromide, as post­
harvest treatments of fresh fruits and fleshy vegetables 
have imposed an urgency on the development of alter­
native, environmentally sound quarantine treatments 
for fresh fruits and vegetables destined for export in 
the Pacific. The development of alternative quarantine 
treatments has also become an urgent task in the 
Pacific because of the increased interest in growing 
fresh fruits and vegetables for export, as a means of 
agricultural diversification and improving the small 
economies of the island countries. 

The recent incursions of world major pest species 
of fruit fly (Tephritidae: Dacinae) into the Pacific has 
resulted in the imposition of justifiably strict quaran­
tine constraints on travellers and the trade of 
fresh fruits and fleshy vegetables. The threat of 

1 Ministry of Agriculture, Fisheries, Forests and AL TA, 
Koronivia Research Station, PO Box 77, Nausori, Fiji 
2Lincoln University, Christchurch, New Zealand 
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introductions of exotic fruit flies into the Pacific 
Island countries is very real. This is amply demon­
strated by the outbreaks in this region, such as 
Mediterranean fruit fly Ceratitis capitata (Wiede­
mann), Oriental fruit fly Bactrocera dorsalis 
(Hendel), melon fly B. cucurbitae (Coquillett) and B. 
latifrons (Hendel) into Hawaii from Southeast Asia, 
Oriental fruit fly and papaya fruit fly B. papayae 
(Drew and Hancock) into Papua New Guinea (PNG) 
from Irian Jaya, melon fly and Oriental fruit fly into 
Nauru from Taiwan, melon fly into GmidaIcanal in 
Solomon Islands from the Western Province of 
Solomon Islands, papaya fruit fly into the Torres 
Strait Islands and northern Queensland from PNG, 
Mediterranean fruit fly into New Zealand from 
Hawaii and Oriental fruit fly into French Polynesia 
from Hawaii and Palau (Allwood, pers. comm.). 

In 1991, the Regional Fruit Fly Project in the 
South Pacific (RFFP) established laboratory colonies 
of fruit flies in the Cook Islands, Fiji, Tonga and 
Western Samoa to facilitate research on protein bait 
sprays and quarantine treatment development. The 
introduction of the use of the High Temperature 



Forced Air (HTFA) treatment for the export of fresh 
fruits and fleshy vegetables into the South Pacific 
was a collaborative effort by the RFFP and the 
United States Aid (USAID) Commercial Agriculture 
Development (CAD) Project. The development of 
the HTFA treatments was done in Cook Islands by 
Hort + Research, New Zealand and in Fiji and Tonga 
by the RFFP and USDA-Agricultural Research 
Services staff from Hilo, Hawaii. It involved deter­
mining the heat tolerances of the immature stages of 
the major economic species, conducting efficacy 
tests using experimental HTFA chambers, and con­
ducting commercial sized tests using a commercial 
unit. 

In quarantine entomology, statistical analyses are 
used to estimate the probability that a commodity 
treatment will succeed. Laboratory experiments are 
generally followed by large scale confirmatory tests 
to validate the estimated treatment parameters which 
are suggested as the most suitable by the results of 
the laboratory trials (Robertson et al. 1994). Bio­
assays of temperature - time effects for C. capita ta, 
B. cucurbitae and B. dorsalis were conducted in 
Hawaii to determine the temperature and time para­
meters required for heat treatments (Armstrong, 
1982). This study provided data that was relevant for 
the determination of thermal death of various stages 
of fruit fly species in Hawaii (Hansen et al. 1990). 

In September 1996, technical assessments of the 
heat tolerance data for immature stages of Bactro­
cera passiflorae (Froggatt) and B. xanthodes (Broun) 
in Fiji by New Zealand Ministry of Agriculture and 
Fisheries (MAF) Regulatory Authorities were com­
pleted and the data were approved. These assess­
ments, together with a comparison between the heat 
tolerance of the most heat tolerant stage of B. passi­
florae (the most heat tolerant species in Fiji), and 
that of the Cook Island species, B. melanotus 
(Coquillett) and B. xanthodes, have resulted in the 
current quarantine treatment schedule of 47.2 °C fruit 
centre temperature for 20 minutes for pawpaws 
exported to New Zealand .. 

Methods and Materials 

The heat tolerance studies of B. passiflorae and B. 
xanthodes were conducted for <10 hours old, >27 
hours old but <36 hours, and >40 hour old eggs, first 
instars and feeding and non-feeding (jumping or pop­
ping) third instars. Each treatment consisted of 100 
eggs or 25 larvae immersed in water at specified 
temperatures at various time intervals and replicated 
10 times. 

Although the procedures followed were similar for 
the six life stages studied, there were variations to 
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suit the life stage that was being tested. Intial 
immersion times and temperature combinations were 
used for egg of two ages, <10 hours old and >27 
hours old. The initial combination consisted of tem­
perature range 44-49°C and 6-8 time intervals 
ranging from 0.5-128 minutes. After 5 replications 
of these egg stages, more precise temperature and 
time intervals were determined for B. passiflorae and 
B. xanthodes. The precise temperatures and time 
intervals were then tested for eggs, first and third 
instar stages. Each replicate consisted of treated eggs 
and larvae at all temperature and time intervals and 
included controls and checks. 

Laboratory colonies of B. passiflorae and B. 
xanthodes were reared on a pawpaw/sugarcane 
bagasse diet from 1991 to 1993 at the Koronivia 
Research Station. From 1994, bagasse was excluded 
from the diet, thus relying on a diet based on 
pawpaw. Methods of laboratory rearing were dis­
cussed by Walker et aI., this Symposium. 

Eggs 

Eggs were obtained from gravid females that were 
3-5 weeks old and from the same cohort. The ages of 
fruit fly eggs were calculated from the time that the 
egging device was placed into the fruit fly cages to 
the time the device was removed from the cage. Hol­
lowed out pawpaw domes (egging devices) were 
placed in cages for 1-2 hours for <10 hours old eggs 
and 4-8 hours for >27 and >40 hours old eggs. Eggs 
used for percentage egg hatch and those used for the 
study were held at optimum rearing temperatures of 
26 ± 2°e. Only eggs that were normally coloured 
and turgid were used for controls, checks and treat­
ments. The eggs were handled very gently with fine 
tipped camel hair brushes. The black filter paper on 
which eggs were held was moistened to prevent the 
dessication of eggs. 

More than 100 eggs were immersed for a desig­
nated period of time in hot water at precisely con­
trolled temperature, then cooled for one· minute in 
ambient temperature water immediately after treat­
ment. Floating eggs were removed because the eggs 
may not have received full time x temperature treat­
ment. After cooling, 100 eggs or less were plated on 
moist, black filter paper and kept in an enclosed, 
dark environment at temperatures 25 ± 1 °C for over 
48 hours. Eggs that hatched were ones that had a 
ruptured clear chorion. 

First instar larvae were obtained from eggs that 
were held for 48 hours on moistened black filter 
paper in a petri dish. Feeding third instars were 
obtained from pawpaw diet 6-7 days after eggs were 
seeded onto the diet by washing the artificial diet 



through a sieve or floating them off in a saturated 
sugar solution. Non-feeding third instars were 
obtained after 8-9 days after seeding of eggs on the 
diet and were separated by allowing them to exit the 
diet naturally into a tray of water. 

Precise temperature and time combinations 
obtained from the egg stages were replicated 10 
times for larval stages. Only healthy, mobile larvae 
that appeared normal were used for treated, controls 
and checks. Larvae were handled very gently with 
fine-tipped paint brushes or soft forceps for the third 
instars. 25 larvae were immersed in heated water for 
a designated period of time at precisely controlled 
temperatures. Treated larvae were cooled for at least 
one minute in ambient temperature and seeded on 
diet in 30 g cups. After treatment first and third 
instars were seeded on pawpaw diet. Jumping third 
instars were placed in pupation media, sterilised, 
sieved sawdust. 

Number of survivors were determined by the 
number of pupae counted for first instar and pupal 
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numbers were determined for feeding and jumping 
third instars 12-16 days after treatment. 

Statistical Analysis 

The initial temperature and time regimes were used 
to conduct tests on the egg stages and data from 
these initial tests was sufficient to carry out regres­
sion analyses. After regression, a final temperature 
and time regime was determined for all stages. Data 
generated from this study was analysed using the 
complementary log-log method. 

Results and Discussion 

The mortality response to heat curve of B. passi­
florae, Figure 1, shows that early eggs «10 hours 
old) are most heat tolerant at 44 °C and late eggs 
(>40 hours old) are most heat tolerant at 45°C. There 
are no significant differences in the mortality 
responses of early eggs and late eggs at 47°C or at 
higher temperatures. 

<10h Eggs 

>Z7h Eggs 

>40 h Eggs 

1st instar 

3rd instar{f) 

3rd instar{nf) 
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Figure 1. Mortality response of Bactrocera passiflorae to heat (Fiji). 
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Figure 2. Mortality response of Bactrocera xanthodes to heat (Fiji). 
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Figure 3. Response curves for the most resistant stages and species from Cook Islands, Fiji and Tonga. 
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For B. xanthodes, Figure 2, early eggs «10 hours 
old) is most heat tolerant at 44-45°C, first instars are 
most heat tolerant at 46-4rC and third instars 
(feeding) is most heat tolerant at 48 QC. The lethal 
times L T99 for B. passiflorae and B. xanthodes at 
44 QC is 66 minutes and 24 minutes respectively. 
This study has concluded that B. passiflorae early 
eggs (<10 hours old) are the most heat tolerant 
species and stage in Fiji. 

A comparison, Figure 3, was carried out on the 
heat tolerances of the late egg stage of B. melanotus, 
the most heat tolerant species and stage in the Cook 
Islands with the early eggs of B. passiflorae and has 
shown that B. melanotus late eggs are more tolerant 
than B. passiflorae in Fiji. 

This study has been the basis of tests carried out 
on the commercial HTFA treatment for pawpaws. 
Fiji is currently exporting pawpaws to New Zealand 
using the HTFA treatment at 47.2 Q C for 20 minutes. 
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Heat Tolerances of Immature Stages of Bactrocera facialis 
and B. xanthodes (Diptera: Tephritidae) 

S. Foliaki1 and J.W. Armstrong2 

Abstract 

The effects of time and temperature on the egg and larval stages of two fruit fly species, 
Bactrocera facialis (Coquillett) and B. xanthodes (Broun), were studied using hot water 
immersions at temperatures of 44°C to 49°C and for 0 to 30 min depending on the treatment, 
Iifestage, and immersion temperature. Separate tests (169 total) were done with eggs (all ages, 
early-aged, or late-aged), first instars, and third instars (feeding and non-feeding). 

B. facialis were significantly more heat tolerant than B. xanthodes for all life stages at all 
temperatures. For temperatures <46°C, first instars were the most tolerant (LT99 = 21 min at 
45°C). At 46°C, late-aged eggs were the most tolerant (LT99 12 minutes at 46°C). At tem­
peratures >46°C, third instar were the most tolerant and the non-feeding third instars were more 
tolerant (LT99 = 6.4 min at 4rq than the feeding third instars. The late-aged eggs were the most 
tolerant of all egg ages, and there was some evidence that above 46°C, they were less tolerant than 
any of the larval instars. 

QUARANTINE controls on the export of agricultural 
produce are required to prevent the spread of tephritid 
fruit flies (Diptera: Tephritidae). Unfortunately, these 
controls create a major obstacle to the export of fruit 
fly hosts, such as avocado (Persea americana), bread­
fruit (Artocarpus altiUs), capsicum (Capsicum 
annum), chilli pepper (Capsicum frutescens or c. 
annum), citrus (Citrus spp.), cucumber (Cucumis 
sativus), eggplant (Solanum melongena), mango 
(Mangifera indica), melons (Cucumis spp.), papaya 
(Carica papaya), tomato (Lycopersicon esculentum), 
and watermelon (Citrullus lanatus). Importing 
countries insist on effective disinfestation of fruits 
and vegetables from areas where exotic fruit flies are 
found. 

Until recently, ethylene dibromide (EDB) fumi­
gation was an approved disinfestation treatment for 
fruit fly host fruits exported to New Zealand and 
Australia. However, in January 1994 both countries 
decreased the allowable EDB residues found in 

1 Quarantine entomologist, Ministry of Agriculture and 
Forestry, PO Box 14, Nuku'alofa, Tonga 
2 Research entomologist, USDA-ARS, Tropical Fruit and 
Vegetable Research Lab, PO Box 4459, Hilo, HI %720, 
USA 
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fumigated fruits to <1 part per million (R. Paton, 
pers. commun.). These statutory reductions in allow­
able EDB residues cannot be met and therefore they 
effectively ban the use of EDB. Similarly, the United 
States Environmental Protection Agency stopped the 
use of EDB as a quarantine fumigant in 1984 (Anon. 
1985). Therefore, alternative quarantine treatments 
must be developed to maintain the export of Tongan 
agricultural produce that are also hosts of fruit tl les. 

Various studies showed that fruit fly eggs and 
instars are readily killed by heat, especially tempera­
tures of 45°C or above (Jang 1986, 1991; Sharp and 
Chew 1987). Heat, used as a disinfestation treatment 
against fruit flies, was first developed 'in the late 
1920s with the advent of vapor heat treatment (Baker 
1952). Later, hot-water immersion (Armstrong 1982, 
Couey and Hayes 1986, Sharp et a1. 1988) and high­
temperature forced-air (Armstrong et aJ. 1989) tech­
nologies were developed as quarantine disinfestation 
treatments. Armstrong et al. (1989) and others found 
that tolerance to heat varied between different fruit 
fly species and their life stages. Therefore, the effects 
of heat on fruit fly mortality must be studied to deter­
mine the most heat tolerant species and life stages in 
Tonga before beginning any development of quaran­
tine disinfestation treatments using heat. 



Materials and Methods 

Equipment consisting of static-temperature water 
bath (PolyScience ®, model 7300) and related equip­
ment such as digital counterlMini-Alarm Timer, a 95 
mm mercury-in-glass thermometer and an electronic 
digital thermometer were used to develop heat 
tolerance data by immersing fruit fly eggs and larval 
stages in heated water at precise temperatures for 
selected periods of time. Eggs and larval survival/ 
mortality were recorded after prescribed treatment 
(time x temperature) combinations of hot water 
immersion, cooling periods and post-treatment 
handling periods. 

Colonies of adult Bactrocera facialis and B. xan­
thodes were reared and maintained in the fruit fly 
culture laboratory on yeast (protein autolysate), rain 
water, sugar and bacteria (non-pathogenic) under 
natural light supplemented with artificial light at a 
temperature range of 25-28°C and about 80% RH. 
Eggs of the two fruit fly species were collected from 
mature females (21-30 days old) during a 2 hour 
period, using an optimum egging technique. The 
egging devices used for the collection of eggs were 
ripe papaya domes. Eggs collected were then 
immediately divided into three equal portions, two­
thirds were placed onto artificial diet for the 
culturing of feeding third and non-feeding third 
instars for later tests, and one-third was placed on 
black-moist filter paper for first instar tests. 

All larval ins tars used in each test replication were 
from the same cohort of eggs. First instars were col­
lected within 4 to 6 hours after hatching from eggs 
approximately 2-2.5 days from oviposition that were 
held on moist filter paper at standardised optimum 
temperature (26°C ± 1 cC). 

Feeding third instars were collected from the 
larval diet approximately 6-7 days after oviposition 
and held at the same standardised optimum tem­
perature (26 ° ± 1 QC). They were removed from 
larval diet by careful mixing with a concentrated 
sugar-water solution. The feeding third instars 
floated to the surface of the sugar-water solution and 
were then collected and carefully rinsed with fresh 
water to remove any remaining sugar-water. 

Non-feeding (or 'popping') third instars were 
collected after leaving ('popping out') the larval diet, 
approximately 12-13 days from oviposition. They 
were collected by holding a container of infested 
larval diet over a container of water. The non­
feeding third instars will leave the larval diet and 
crop or jump into the tray of water where they will 
remain quiescent. Non-feeding third ins tars were 
used for tests within 2 hours after leaving the larval 
diet. 
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The artificial larval diet used was based on locally 
available substrates of papaya and bagasse (dried 
finely graded or crushed sugarcane fibre) (Hamacek 
1995). Eggs were incubated on larval diet at a rate of 
approximately 100 eggs per 50 grams of diet. This 
gave maximum numbers of pupae of average pupal 
weight. Heat treated coconut sawdust was used for 
pupation and culturing. The sawdust was collected 
from a chemical-free coconut sawmill. It was sieved 
to remove fine particles, and heat treated (120°C + 
85% RH/24 hours). Sawdust was moistened before 
being used and was never re-used without being pre­
treated with heat. 

Static-temperature water bath tests for both 
species were done with all ages, early-aged and late­
aged eggs. The water bath tests for the larval stages, 
first instars, feeding and non-feeding third instars, 
were initiated after completion of all tests with eggs. 
The best determined final time x temperature treat­
ment combinations used for eggs which gave 100% 
mortality were used as the initial time x temperature 
treatment combinations against which instars were 
tested. 

A total of 169 trials (replicates) were carried out 
immersing each stage of each species of fruit fly in 
water maintained at one or more temperature of 44, 
45, 46, 47, 48 or 49°C using the static-temperature 
water bath. A total of 86 and 83 trials were carried 
out for B. facialis and B. xanthodes, respectively. A 
minimum range of 5-10 trials per life stage was car­
ried out or based on, and determined by, adequate 
data recorded to determine more precisely the times 
at which 100% mortality occurred. 

The three egg stages of B. facialis tested were 
early-aged (1-3 hours old), late-aged (45-52 hours), 
all ages (1~26 hours) eggs, and the three larval stages 
tested were first, feeding third and non-feeding third 
instars. For B. xanthodes, three egg stages of early­
aged (1-3 hours old), late-aged (41-48 hours), and 
all ages (1-26 hours) eggs, and three larval Jife 
stages first instars, feeding third, and non-feeding 
third instars. 

Eggs and larvae were heat-treated "in plastic 
syringe black muslin cloth containers (25 mm 
internal diameter by 110 mm length) fully sub­
merged in static-temperature water baths. The black 
muslin containers were constructed from a frame of 
open plastic syringe tubes (30 mL). This arrange­
ment permitted free circulation of water. Containers 
containing 100 eggs or 25 larvae were placed in the 
static-temperature water bath at various preset con­
stant temperatures from 44°C to 49°C ± 0.1°C. All 
treatments at a given temperature were immersed 
simultaneously; individual tubes were removed at 
specified time intervals which varied with the 
severity of the treatment. Temperatures both inside 



and outside each container were monitored during 
each experiment, using in-glass or digital ther­
mometers. Treated eggs were counted after holding 
them on the moistened black filter paper for 2 days 
in petri dishes. Per cent survival was calculated 
based on the number of larvae emerging from the 
eggs. 

Control treatments were immersion in water at 
ambient temperature (21-22°C) for the duration of 
the longest immersion of the heat-treated eggs or 
larvae. (Controls help to ensure that observed effects 
were due primarily to heat and not immersion in 
water.) Checks were eggs removed from egging 
domes and directly plated on moist, black filter paper 
in petri dish. (Checks help to determine if any mor­
tality was caused by handling conditions between the 
time the eggs were removed from the egging domes 
and the time the static-temperature water bath tests 
were initiated.) Checks for larval stages were placed 
directly on the larval diet or sawdust. This was to 
determine the normal survival of larvae that were not 
immersed in water, either as control or treated 
insects. Immediately after removal from the treat­
ment water bath, eggs and larvae were placed in 
ambient temperature water for at least one minute to 
reduce continued cumulative heat effects. First 
ins tars of the two species were exposed to treatments 
within four hours of emergence from the egg. 

Feeding third instars were returned to fresh diet in 
small 40 mL cups. These were held over a bed of 
sawdust in individually capped 250 mL plastic 
rearing containers. Non-feeding third instar larvae 
were placed directly on sawdust for pupation after 
treatment. Controls and checks were handled 
similarly. A minimum of five replications of each 
treatment was conducted for each time x temperature 
study. Survival rate for larvae was calculated from 
the number of pupae counted after sieving from the 
sawdust. Mter treatment larvae were immediately 
immersed in ambient temperature water to remove 
latent heat and placed on larval diet, as described for 
checks and controls. 

Water temperatures were monitored for accuracy 
in the water bath itself and in the individual 
immersion containers to observe any temperature 
discrepancies. Larvae that floated on the surface of 
the water during treatment were removed as these 
'floaters' may not have received the full time x tem­
perature treatment. Treated larvae were cooled for at 
least one minute in ambient temperature water 
immediately after treatment to remove latent heat 
that could have added to larval death. 

Observations for egg hatch were made approxi­
mately 24-36 hours later than normal egg hatch. 
Again, hatched eggs were those eggs with a ruptured, 
clear chorion. Dead eggs were discoloured, the 
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chorion ruptured with dead larvae seen within the 
chorion, or the eggs looked healthy but they were not 
hatched. Larvae within ruptured chorions that did not 
move when touched were scored as dead. Survival of 
first and feeding or non-feeding third larvae again 
were based on the ability of the larvae to pupate. 
However, the pupae were held from the checks, 
controls and treatments and adult emergence was 
recorded. When relatively few pupae are found in 
treatments and adult emergence never occurs, 
dissection of pupae may show a lack of pupal devel­
opment beyond formation of the puparium. The 
phenomenon of dead or 'hollow' puparia is associ­
ated as an effect of latent, treatment-induced 
mortality. Pupation normally oecurred within a few 
days. Pupae were carefully counted after the media 
had been sieved. Counted pupae were scored as 
survival. 

The data (number of survivors) recorded for B. 
facialis include three egg ages (early-aged (1-3 
hours), late-aged (45-52 hours) and all ages (1-28 
hours)) and three larval stages (first larvae, feeding 
third and non-feeding third larvae). B. facialis was 
tested at temperatures 45 °C-49 °C for all stages 
except the 'all age' eggs which were tested in the 
range 44°C-49°C. Between 3-10 replicates were 
done for each age-temperature-time combination, 
although some combinations were repeated giving 
between 6--20 effective replicates. For each larval 
stage, approximately 25 to 100 individuals were 
tested per replicate. For egg ages, approximately 100 
individuals were tested per replicate. 

The number of individuals surviving the 'control' 
treatment was assumed to represent the number 
exposed at each temperature-time combination. Per­
centage survival was calculated at each time by 
dividing the number of surviving individuals by the 
number of individuals surviving the 'control' treat­
ment and multiplying this by 100. 

Statistical methods 

The statistical analyses reported were carried out by 
Dr C.M. Frampton and A. Evans of Lincoln Uni­
versity, New Zealand. The time survival data were 
analysed using the complementary log-log model 
(preisler and Robertson 1989). The model used time 
as the independent variable rather than log (time) as 
used by Preisler and Robertson. 

Survival: exp (- exp (a+h*time» 

For each temperature-life stage combination, a com­
plementary log-log survival function, relating sur­
vival to exposure time, was fitted. From the 
parameters estimated for this model, the LT99 (time 
until 99% mortality) and their confidence intervals 



could be calculated. Parameters were estimated using 
a maximum likelihood routine with the variance 
assumed to be proportional to that of a binomial dis­
tribution. Deviance values were used to assess the 
adequacy of the fit of the complementary log-log 
functions, by comparison with the appropriate Chi­
square value from tables (Preis\er and Robertson 
1989). Alternative survival functions typically used 
with data of this form (e.g. Logit, Probit or Weibull) 
were also trialled on subsets of the data but did not 
consistently provide a better fit to the survival data. 
The estimates of the LT99 for each temperature were 
then used to generate temperature mortality relation­
ships for each life stage. The relationship between 
temperature and LT99 was consistently in the form: 
Log(LT99) = a + b * temperature. For this reason 
estimates of the slope (b) and the intercept (a) were 
made using standard linear regression methods. 

Results and Discussion 

Complementary log-log survival functions and their 
associated deviance values were calculated for each 
temperature-life stage combination. Statistically sig­
nificant deviance values showed a poor fit for the 
complementary log-log functions for the following 
sets of data: B. xanthodes first larvae at 47°C, 48°C 
and 49°C, feeding third larvae 49°C and non-feeding 
third larvae 47 cC. B. facialis first larvae 46°C, 48 cC 
and 49°C, third larvae feeding 46°C, 47°C, 48°C, 
49°C and third larvae non-feeding 45°C, 46°C, 
4rC, 48°C, 49°C. 

These combinations showed either considerable 
extra-binomial variability e.g. B. facialis feeding 
third larvae 47°C or an inadequate range of survival 
at the times tested e.g. B. xanthodes first larvae 48 QC 
and 49°C. The differences in the colonies used over 
time, slight differences in the incubation temperature 
prior to treatment, and slight variations in handling 
techniques may have contributed to the variability. 

Table 1. Estimated LT99 (min) and 95% C.!. for each 
life-stage temperature combination for B. facialis and B. 
xanthodes. 

Temperature 

CC) 
Lifestage Time for 99% mortality 

B. facialis B. xanrhodes 
(95% c.!.) (95% c.!.) 

44°C Late-aged eggs 
All aged eggs 15.758 6.536 

(14.974-16.543) (6.285-6.787) 
1st instar 
3rd instar (F) 
3rd instar (NF) 

45°C Late-aged eggs 19.650 14.165 
(18.684-20.616)(13.492-14.837) 

All ages eggs 8.954 3.563 
(8.451-9.457) (3.424-3.702) 

1st instar 21.249 9.068 
(17.288-25.210) (7.018--11.118) 

3rd instar (F) 16.959 8.108 
(14.727-19.190) (7.151-9.055) 

3rd instar (NF) 13.270 9.137 
(8.505-9.769) 

46°C Late-aged eggs 12.020 7.214 
(11.103-12.937) (6.889-7.539) 

All ages eggs 4.106 2.605 
(3.925-4.286) (2.512-2.699) 

1st instar 8.371 5.886 
(5.572-6.200) 

3rd instar (F) 9.840 5.437 
(5.102-5.772) 

3rd instar (NF) 10.685 5.967 
(5.522-6.412) 

47°C Late aged eggs 4.971 3.071 
(4.607-5.335) (2.933-3.209) 

All ages eggs 2.712 1.598 
(2.616-2.809) (1.548-1.649) 

1st instar 5.056 3.353 
(3.680-6.432) 

3rd instar (F) 5.685 3.482 
(3.015-3.949) 

3rd instar (NF) 6.366 

48°C Late-aged eggs 2.533 2.068 
(2.302-2.764) (1.949-2.187) 

All ages eggs 1.926 0.853 
(1.849-2.003) (0.789-0.917) 

1st instar larvae 
3rd inslar 1.976 
larvae (F) (1.678-2.275) 
3rd instar 2.218 
larvae (NF) (1.964-2.471) 

49°C Late-aged eggs 1.512 1.102 
(1.404-1.619) (1.046-1.158) 

All ages eggs 1.175 
(1.135-1.215) 

1st instar 
3rd instar (F) 
3rd instar (NF) 1.833 

(1.615-2.451) 

These problems with the data could not usefully 
be remedied by fitting alternative models, which 
suggests that there are inadequate exposure times 
with a range of survival that is greater than 0 and less 
than 100%. To usefully fit a survival function it is 
essential that a range of survival values (e.g. approx. 
0, 25, 50, 75, 100) are present in the data. Estimates 
of the LT99s and their confidence intervals are pre­
sented in Table 1, for those combinations where suf­
ficient data allowed computation. For some 
combinations where the log-log survival function 
provided a poor fit to the data, estimates of the 
L T99s were still possible although confidence inter­
vals could not be estimated. The LT99s for B. 
facialis are consistently longer than those for B. 

-------. 
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xanthodes indicating the greater tolerance of this 
species. 

Again, the LT99s for B. facialis are consistently 
longer than those for B. xanthodes indicating the 
greater tolerance of Ihis species. Several fruit fly 
species that have been treated in similar water bath 
studies, showed similar mortality responses even 
though they were analysed using different statistical 
models (Probit and Logit). Survival assessments 
were typically carried out 24-36 hours or longer 
after eggs had hatched and larvae ability to pupate. 
Oriental fruit flies have been identified by 
Armstrong et al. (1989) as more heat tolerant than 
melon fly. 

There was insufficient survival at all times for the 
early-aged (1-3 hour) eggs. Although this did not 
enable an estimate of the LT99 it is evident from the 
data that this egg age group is highly sensitive, with 
no survivors at 45 cC exposed for two minutes. As 
for B. facialis, there was insufficient survival at all 
times for the early-aged (1-3 hour) eggs. Although 
this did not enable an estimate of LT99 it is again 
evident from the data that this egg age group is 
highly sensitive with no survivors at 45 cC exposed 
for three minutes. Among the two egg stages for 
which LT99s were estimated, late-aged eggs always 
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had statistically significant longer LT99s than the 
'all age' egg stage. 

Corcoran (1993) in his studies of the heat 
mortality relationships for eggs of B. tryoni at 
varying ages, identified a similar response, as the 
mortality was dependent on age with eggs becoming 
generally more tolerant of heat as embryonic devel­
opment progressed. B. tryoni mature eggs were 
identified as more heat tolerant than young eggs, 
even though the mortality was assessed as pupal 
emergence rather than larval mortality (Heard et al. 
1991). B. melanotus mature eggs, however, stand out 
as the most tolerant of all stages and also compared 
to B. xanthodes (Waddell et al. 1993). 

The LT99s for B. facialis show no consistent 
patterns in terms of a most resistant stage at all tem­
peratures. At 45°C the first instar is the most 
resistant followed by the fceding third instar and then 
the non-feeding third instar. At 46°C and 4rC this 
order is reversed with the non-feeding third instar 
being the most resistant followed by the feeding third 
instar and then the first instaL This pattern is evident 
in the slopes and intercepts of the LT99 versus 
temperature relationships for this species (Table 2, 
Fig. 2). The intercepts reflect the pattern seen at 
45°C where the first instar has the highest value 

47 

I!l Late-aged eggs 

• All age eggs 

a 1st instar 

a 3rd instar (Feeding) 

• 3rd instar (Non-Feeding) 

48 49 
Temperature (oq 

Figure 1. Mortality response of Bactrocera facia lis to heat. 
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Table 2. Estimated slopes, intercepts and standard errors 
for the response line relating LT99 (min) to temperature. 

Species 

B·facialis 

Life stage 

Late-aged eggs 

All ages eggs 

1st instar 

3rd instar (F) 

3rd instar (NF) 

B. xanthodes Late-aged eggs 

All ages eggs 

1st instar 

3rd instar (F) 

3rd instar (NF) 

45 

40 

S5 

30 

25 

C' 
§. 20 

'" ~ 
15 

10 

Intercept 
(S.E.) 

33.109 
(1.675) 
25.285 
(1.584) 
35.289 
(5.677) 
27.424 
(0.590) 
19.065 
(4.000) 
31.190 
(1.865) 
23.310 
(1.352) 
24.612 
(1.732) 
23.192 
(1.251 ) 
21.101 
(1.755) 

Slope 
(SE) 

-0.669 
(0.036) 
-0.514 
(0.034) 
-0.718 
(0.123) 
-0.546 
(0.001) 
-0.367 
(0.087) 
-0.636 
(0.040) 
-0.488 
(0.029) 
-0.497 
(0.038) 
-0.468 
(0.027) 
-0.420 
(0.037) 

followed by the feeding third instar and then the non­
feeding third instar. The first instar however has the 
steepest decline followed by feeding third instar and 
non-feeding third instaL This means that at 47°C the 
patterns in the LT99s are reversed from those seen at 
45°C. Although the data do not provide sufficient 
precision to distinguish among the different larval 
instar and the late eggs at 47°C, the statistically sig­
nificant differences between the slopes provide a 
strong indication that the non-feeding third instar 
will be the most resistant from this temperature 
upwards. Despite the lack of estimates in the higher 
temperatures for B. facialis there is no indication 
from the slopes and intercepts of the L T99 versus 
temperature relationships that this species will be 
less resistant than B. xanthodes in the 47°C-49°C 
range (Tables 1 and 2, Figs. 1 and 2). 

The intercepts and slopes for the equations 
relating temperature to LT99 are given in Table 2. 
These curves and the data points are presented in the 
Figures. Figures 1 and 2 provide summaries of the 
life stages for each species independently. The dif­
ferent slopes of lines indicate differences in heat 
susceptibility of life stages to changing temperature. 

III late-aged eggs 

• all age eggs 

• 1st instar 

a Srd instar (Feeding) 

D 3rd instar (Non, Feeding) 

0;--------------.----------..... -.----......................... ,-............... ------,-------------, 
44 45 46 47 48 49 

Temperature ('C) 

Figure 2. Mortality response of Bactrocera xanthodes to heat. 
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Heard et al. (1991) identified the similar pattern of 
susceptibility is temperature dependent. 

The slope for the late-aged egg for B. facialis is 
statistically significantly steeper than for the other 
stages of this species except the first instar. 
Additionally, the feeding third instar and first instar 
had significantly steeper slopes than the non-feeding 
third instar. For B. xanthodes the slope for the late 
egg age is statistically significantly steeper in com­
parison to aJl other stages. No other slope com­
parisons between the life stages reached statistical 
significance within either species. Only the feeding 
third ins tar was significantly different between the 
two species, where B. facialis had the steeper slope. 

This study showed that B. facialis has signifi­
cantly greater heat tolerance than B. xanthodes for all 
life stages and temperatures. For the lower tempera­
tures «46°C) the first instar is the most tolerant. For 
temperatures above this (>46 cC) the third instar is 
the most heat resistant with a strong indication that 
the non-feeding third instar is more heat tolerant than 
the feeding third instar. The late eggs are clearly the 
more resistant of the egg ages and there is some 
evidence that above 46°C they are less resistant than 
any of the larval instars. 

A similar result indicated by Jang (1991) that 
'popping' third instar of the oriental fruit fly 
appeared more heat resistant than feeding third 
instar. The supportive argument based on obser­
vations during these studies was that non-feeding 
third instars have the probability that puparium 
formation prior to treatment could assist in their 
ability to tolerate heat better than other stages. In 
contrast, Armstrong et a1. (1989) reported that 
oriental fruit fly eggs were more tolerant than larvae 
in tests using HTFA treatments of infested papaya, 
while Jang (1986) reported that first instar were more 
tolerant than eggs of oriental fruit fly in water bath 
studies and subsequently identified non-feeding third 
instar as ore tolerant than either first instar or eggs of 
this species. 

Reported differences between the studies point to 
differences in he experimental methods, including 
the developmental stage of the insect treated, insect­
fruit interactions, and possibly variability in the 
number of insects treated. 

Conclusions 

B. facialis showed significantly greater heat 
tolerance than B. xanthodes for all life stages and 
temperatures. For the lower temperatures «46°C) 
the first instar is the most tolerant. For temperatures 
above this (>46°C) the third instar is the most heat 
tolerant with a strong indication that the non-feeding 
third instar is less sensitive than the feeding third 
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instar. The late eggs are clearly the more tolerant of 
the egg ages and there is some evidence that above 
46°C they are less tolerant than any of the larval 
instar. 

Overall, especially at high temperature, precise 
estimates of the LT99's were not possible. However, 
at 47°C the non-feeding third instar of B. facialis 
was the most heat tolerant stage. This stage also had 
the smallest slope for the response curve L T99 
versus temperature. Although the confidence 
intervals for the non-feeding third instar were not 
available at 47°C and no estimate of the LT99 was 
possible at 48°C, it seems highly likely that at these 
two temperatures it will be less tolerant than the 
most tolerant stage of B. melanotus from Cook 
Islands, B. dorsalis, B. cucurbitae and C. capitata of 
Hawaii and B. tryoni of Australia. 

The most important temperatures for the com­
parison of heat tolerance are 47°C and 48°C, i.e., the 
temperatures close to that which is likely to be 
adopted for any heat disinfestation treatment. It 
would appear that at the temperatures below 49°C, 
HTFA disinfestation treatment is likely to be effec­
tive in Tonga on B. facialis and B. xantlzodes. How­
ever, given the high degree of variability in mortality 
in the data, this conclusion is largely unsubstantiated. 
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Comparison of Egg and Larval Stage Mortality of Three 
Fruit Fly Species (Diptera: Tephritidae) After Immersion in 

Hot Water 

F. Salesl , D. Paulaudl and J. Maindonald2 

Abstract 

In this study, the time-mortality response, under exposure to hot water at temperatures in the 
range 44-4SOC, was determined for young eggs (at 10% of the final development), for mature eggs 
(SO% of the development) and for the first, second, and third instar larvae of three fruit fly species: 
Bactrocera tryoni (Froggatt), (Queensland fruit fly), Bactrocera curvipenllis (Froggatt) and 
Bactrocera psidii (Froggatt). At all temperatures, for all species, the mature eggs and the first 
instar larvae were more tolerant than any other stage. At 44°C and 45 QC, the treatment would have 
to be directed against B. curvipellllis mature eggs as well as against first instar larvae of all three 
species, while at 46°C and 47"C it would need to be directed against B. curvipellnis mature eggs. 
At 4SoC, it would need to be directed against B. curvipennis mature eggs and first instar larvae. 
The times of exposure leading to 99% mortality for each of the temperatures 44, 45, 46, 47 and 
48°C are given. These results will be useful in determining the necessary heat treatment for fruits 
infested with these insects. 

NEW Caledonia hosts a number of species of fruit 
fly, (Diptera: Tephritidae) (Cochereau 1970; Drew 
1989, Drew and Hancock 1995; White and Elson­
Harris 1992). The three species of economic impor­
tance are Bactrocera tryoni (Froggatt), Bactrocera 
curvipennis (Froggatt) and Bactrocera psidii 
(Froggatt). B. tryoni has diverse hosts and poses the 
greatest risks. However, B. curvipennis which is pur­
ported to be found also in Vanuatu, and B. psidii 
which is endemic to New Caledonia, are potential 
serious risks. These pests have hindered the export of 
mango (Mangifera indica L) and of capsicum (Cap­
sicum annum L). Because treatment with ethylene 
dibromide has been banned and because of a per­
manent reduction of acceptable residue levels in fruit 
after any chemical post-harvest treatment, alternative 
non-chemical treatments are increasingly being 
developed. These include hot water immersion, and 
exposure to hot water vapour. In the research 
reported here, the relative tolerance of all stages of 

I CIRAD-FHLOR, Station de Recherches Fruitieres de Poc­
quereux, BP 32, 98880 La Foa, New Caledonia 
2 Department of Statistics, University of Newcastle, 
Newcastle NSW 2299, Australia 
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the fruit fly species which infest the fruit was deter­
mined. The identification of the stages and species 
most tolerant to heat then makes it possible to limit 
much of the subsequent research effort to those 
stages. 

The change in time-mortality response with tem­
perature has previously been studied for Bactrocera 
melanotus (Coquillett) and Bactrocera xanthodes 
(Brown) in the Cook Islands, with a view to devel­
oping a treatment for papaya (Waddell et a!. 1992, 
1993). There have been comparable studies for 
mango, with Ceratitis capitata (Wiedemann), 
Bactrocera dorsalis (HendeI) and Bactrocera 
cucurbitae (Coquillett) (lang 1986, 1991). Finally, 
initial research has already been undertaken by 
Heard et aJ. (1991) on Bactrocera tryoni (Froggatt). 
This study also has relevance to the development of 
the vapour heat treatments, and is the first study that 
examines B. psidii and B. curvipennis. 

Materials and Methods 

Colonies of the three fruit fly species have been 
developed at the Pocquereux Research Station, 



giving access to live material as needed for the 
experiments. For making laying devices incisions 
were made in small plastic boxes, which were then 
coated inside with the flesh of a host fruit. Eggs were 
collected after allowing two hours of laying. The 
eggs obtained were then placed in a breeding room 
(25°C, 60-70% RH), either on moist filter paper in 
petri dishes so as to obtain eggs, or on a larval 
rearing medium based on mashed bananas and yeast 
extract in order to obtain second and third instar 
larvae. 

The resistance to heat of very young eggs (10% of 
the final development), of mature eggs (80% of the 
final development), and of first, second and third 
instar larvae was studied, using at least two replicates 
for each species and development stage at each of 
five temperatures (44, 45, 46, 47 and 48°C). The 
organisms were immersed in a thermostatically con­
trolled 50 litre bath (Techne®) at a range of exposure 
times that were designed to generate mortalities 
between 30% and 100%. For immersion, the insect 
material was placed in cylindrical plexiglass tubes 
with an internal diameter of 34 mm and a length of 
50 mm. Fine wire mesh at the extremities of the 
tubes allowed water to penetrate rapidly while pre­
venting the loss of the smaller organisms. Before 
immersion, both extremities of the tubes were care­
fully wiped to prevent the formation of air bubbles 
inside the tubes. 

After counting, a very fine brush was used to 
transfer the eggs onto black filter paper. A fine water 
spray was used to move them in containers. For the 
very young eggs, this happened five hours after 
laying, while for mature eggs the waiting period was 
32 hours after laying. After hatching, first instar 
larvae were transferred one by one into the tubes 
with the aid of a very fine brush. The second and 
third instar larvae were collected by rinsing out the 
larval rearing medium with water, whenever the 
required stage of development was reached. White 
and Elson-Hams's (1992) description of the morpho­
logical character of the larval stages was used to con­
firm the state of development. Tweezers were used to 
transfer the individuals into containers. 

For eggs, 60 individuals were taken at the shorter 
immersion periods and 150 individuals at the longer 
immersion periods which give high mortalities. For 
the larvae, the numbers were 30 and 70 for the short 
and long immersions times respectively. Mter the 
required time the containers were taken out of the hot 
water bath and immediately immersed into water at 
25°C for two minutes, in order to prevent further 
heating. At the same time, control samples consisting 
of two sets of eggs or larvae were plunged into water 
at 25°C for a time corresponding to the longest 
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length of time of immersion under treatment, in order 
to verify that mortality was due to heat and not to the 
immersion into water. 

Following the treatment, eggs were recovered on a 
piece of very fine gauze which was then placed on a 
piece of black filter paper, inside of a petri dish. 
After three days at 25 QC, mortality was assessed by 
counting the number of hatched eggs. Larvae were 
placed on a piece of moist black filter paper in a petri 
dish. After 24 hours at 25°C, mortality was assessed 
by sustained observation with a high magnification 
binocular magnifying glass. The larvae were con­
sidered dead when they did not react to light picking 
with a fine point. 

To assess the time of immersion giving a 99% 
mortality rate (L T99), the results were analysed 
according to a loglog model, the immersion time 
being used as the explanatory variable (Statistical 
Science Inc. 1993; Chambers and Hastie 1992). For 
modelling the result, the equation: 

log ( - log ( I-p )) = a + bt 

was used, where p 
immersion time. 

expected mortality and t = 

This model was chosen after studying several 
alternatives. It allows accurate estimation of the 
immersion time needed for high mortality. 

Results 

From the relationship given by the complementary 
log-log LT99 estimates were determined. Table 1 
gives LT99s for the five maturity stages of the three 
species studied at the five different temperatures, 
with their associated 95% confidence intervals. 
Figure 1 shows the curves obtained after statistical 
analysis of all given data. Whatever the species and 
at all temperatures, the mature eggs (32 hours 
development) and the first instar larvae show a 
greater tolerance to heat than all other stages. At all 
temperatures, B. curvipennis mature eggs are signifi­
cantly more resistant than the mature eggs of the two 
other species. From 44°C to 4rC the first instar 
larvae of the three species show a similar response. 
At 44°C and 45°C no difference can be detected 
between the most tolerant stages, which are B. curvi­
pennis mature eggs, and the first instar larvae of the 
three species. At 46°C and 47°C, B. curvipennis 
mature eggs are most resistant, whatever the species 
or the development stage. Finally at 48°C, the 
authors could not differentiate B. curvipennis mature 
eggs and first instar larvae, which were both more 
tolerant than other species-stage combinations. 



Table 1. Calculated LT99s and 95% confidence intervals for five immature development stages of Bactrocera tryoni, 
B. curvipennis and B. psidii at five water bath temperatures. 

Temperature Stage Calculated LT99 (95% confidence interval) 

B. tryoni B. curvipennis B. psidii 

44°C 5 h eggs 9.4 (8.1-11.0) 14.0 (11.1-17.6) 10.6 (7.5-15.1) 
32 h eggs 58.9 (52.3-66.3) 85.3 (77.8-93.5) 49.4 (38.6--63.4) 
1st instar 80.8 (67.0-97.5) 97.8 (87.5-109.0) 85.1 (68.2-106.3) 
2nd instar 28.0 (25.1-32.4) 26.0 (23.6--28.7) 25.2 (19-33.6) 
3rd instar 28.5 (25.2-32.4) 32.2 (26.1-39.7) 19.9 15-26.6) 

45°C 5 h eggs 5.3 (4.5-6.2) 8.4 (7.2-9.9) 5.0 (3.5-7.1) 
32 h eggs 36.6 (33.6-39.7) 53.0 (49.6--56. 7) 34.2 (26.7-43.9) 
1st instar 45.0 (39.3-51.5) 45.4 (42.1-48.9) 44.5 (34.8-57.1) 
2nd instar 18.3 (16.9-19.8) 18.2 (17.0-19.4) 
3rd instar 15.9 (14.6-17.3) 23.3 (20.1-27.1) 15.0 (11.7-19.2) 

46°C 5 h eggs 3.7 (3.1-4.6) 5.1 (4.4-5.8) 3.8 (2.3-6.2) 
32 h eggs 22.7 (21.1-24.4) 33.0 (31.2-34.8) 15.4 (12.4-19.3) 
1st instar 25.0 (22.5-27.7) 24.8 (22.8-27.0) 24.1 (19.3-30.1) 
2nd instar 11.9 (11.1-12.8) 12.7 (12.0-13.4) 5.6 (4.0-8.0) 
3rd instar 10.6 (9.6--11.7) 16.9 (15.0-19.1) 11.4 (8.9-14.7) 

47·C 5 h eggs 3.4 (1.9-6.2) 3.1 (2.6--3.6) 2.5 (1.9-3.4) 
32 h eggs 14.1 (12.9-15.4) 20.5 (19.3-21.8) 8.3 (6.2-11.1) 
1st instar 13.9 (12.4-15.5) 15.9 (14.8-17.1) 11.2 (8.9-13.9) 
2nd instar 7.8 (7.1-8.5) 
3rd instar 8.4 (7.7-9.2) 

48°C 5 h eggs 
32 h eggs 8.7 (7.7-9.9) 
1st instar 7.7 (6.6--9.0) 
2nd instar 5.1 (4.5-5.8) 
3rd instar 8.0 (6.8-9.4) 

Discussion 

In developing a post-harvest heat treatment, 
knowledge of the relative heat resistance of the 
different species-stage combinations makes it 
possible to limit further research to the most resistant 
stages. 

Even though the confidence intervals do not show 
a significant difference between the mature eggs and 
the first instar larvae at 44 °C and 45°C, it is never­
theless interesting to note that the mean for B. curvi­
pennis is greater than that for the two other species. 
For comparison, the work undertaken by Waddell et 
a!. (1993) following an identical protocol on B. 
melanotus and B. xanthodes shows that these two 
species are less tolerant than B. curvipennis. B. tryoni 
and B. psidii are at least as resistant as the two fruit 
fly species of the Cook Islands. 

The criteria used to determine mortality may 
underestimate mortality. This may partly explain the 
smaller LT99 values for B. tryoni obtained by Heard 
et al. (1991), who used as the mortality criterion 
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8.9 (8.0-9.5) 5.1 (3.6--7.2) 
12.2 (10.6--14.2) 6.9 (5.4-8.8) 

1.8 (1.5-2.3) 1.1 (0.8-1.6) 
12.7 (11.7-13.8) 6.5 (5.1-8.4) 
12.0 (1O.7-13.4) 6.4 (5.1-7.9) 
6.2 (5.7-6.8) 2.8 (2.0-4.0) 
8.9 (7.2-10.9) 4.1 (3.1-5.5) 

failure to survive through to emergence as adults. 
Note also that the probit model which Heard et al. 
used will affect the LT99 estimates. It would be 
interesting to let the larval stages develop further to 
get alternative mortality assessments for comparison. 
This method gives an assurance that in practice 
mortalities will be at least as high as predicted. How­
ever it will be necessary to verify these results by 
exposing artificially infested fruit to hot air. A com­
plicating factor is that the L T99 for insect stages 
which are inside the fruit must relate to the internal 
fruit temperature. An additional consideration is that 
where the temperature increases to the endpoint tem­
perature over a substantial time, this may affect the 
response. 

Depending on the chosen temperature, disinfes­
tation treatments will have to be directed either 
against B. curvipennis mature eggs and the first 
instar larvae of the three species at 44·C and 45 ·C, 
or against B. curvipennis mature eggs at 46 QC and 
4rC, or finally against B. curvipennis mature eggs 
and first ins tar larvae at 48 cc. 
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Figure 1. LT99s for five immature development stages of 
Bactrocera tryoni, B.curvipennis and B.psidii at five 
waterbath temperatures. 
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Quarantine Heat Treatment for Bactrocera melanotus 
(CoquiUett) and B. xanthodes (Broun) (Diptera: 

Tephritidae) in Waimanalo Papaya in the Cook Islands 

B.C. Waddell1, G.K. Claret, R.J. Petryl, J.B. Maindonaldt, M. Purea2, 
W. Wigmore1, P. Joseph2, R.A. Fullertont, T.A. Batchelor3 and 

M. Lay*Yee1 

Abstract 

Changes in the quarantine treatment technology used for disinfesting Cook Islands fmit were 
necessitated by the lowering of the maximum allowable residue level of ethylene dibromide (EDB) 
detected in fumigated papaya destined for the New Zealand market. This paper describes a forced­
air heat treatment now being used as an alternative to EDB fumigation for control of the fruit fly 
species Bactrocera melanotus and B. xanthodes in Cook Islands papaya. The treatment involves 
raising the fmit centre temperature to 47.2°C and maintaining this temperature or higher for 
20 minutes, followed by hydro-COOling to a fruit centre temperature of about 30°C. Complete kill 
of 17 750 B. melanotus mature eggs, previously identified as the most tolerant fruit fly species and 
life stage, was achieved in two verification trials conducted using a commercial scale treatment 
unit. 

POST-HARVEST heat treatment of fruit was investi­
gated over a two-year period as an alternative to 
ethylene dibromide (EDB) fumigation which was 
used to disinfest Cook Islands papaya (Carica 
papaya L. cv. Waimanalo solo) potentially infested 
with fruit flies. Legislation, which came into effect in 
New Zealand on 1 January 1994, set a maximum res­
idue level for EDB of 0.1 ppm (Anon. 1992) which 
effectively rendered fumigation impractical. Heat 
treatment was investigated as an alternative to fumi­
gation to allow the continuation of commercial 
exports of papaya from the Cook Islands. 

A heat treatment schedule was developed and is 
now in use for papayas grown in Hawaii based on 

1 The Horticulture and Food Research Institute of New 
Zealand Ltd, Mount A1bert Research Centre, Private Bag 
92 169, Auckland, New Zealand 
2 Cook Islands Ministry of Agriculture, Totokoitu Research 
Station, PO Box 57, Rarotonga, Cook Islands 
3 Enza New Zealand (International), PO Box 1101, 
Hastings, New Zealand 
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hot air treatment (Armstrong et al. 1995) for control­
ling potential fruit fly infestations in papaya exported 
from Hawaii to mainland USA (Anon. 1989). The 
Cook Islands fruit fly species and fruit cultivar differ 
from those found in Hawaii and therefore a new heat 
treatment schedule was required under the New 
Zealand Ministry of Agriculture (MAF) - Regula­
tory Authority Standard 155.02.03. 

The treatment parameters to be used in the com­
mercial application of the heat treatment were deter­
mined from a series of laboratory trials. Initially, 
laboratory colonies of fruit flies were establ ished and 
a rearing management system developed to provide 
the necessary insect material (Clare 1996). Fruit fly 
eggs and larvae of a range of known ages were 
immersed in hot water and the mortality determined 
in response to different temperatures. The relative 
heat tolerance of the two species and the various life 
stages that may potentially be found in the fruit at the 
time of harvest was determined (Waddell et al. 
1996). Once identified, the most tolerant species/life 
stage was included in all subsequent research con­
ducted in fruit to develop the treatment parameters 



that effectively killed the pest without damaging the 
fruit (Waddell et al. 1993). 

Two verification tests are described which used 
the most tolerant life stage (mature eggs) of the more 
tolerant Cook Island fruit fly species (E. melanotus) 
(Waddell et aL 1996). The aim of the tests was to 
assess the performance of the commercial unit and 
demonstrate the effectiveness of the proposed treat­
ment under commercial conditions. 

Materials and Methods 

Fruit supply 

Papaya for the trials were harvested from commer­
cial orchards and the Totokoitu Research Station. All 
fruit was free of insecticidal and fungicidal sprays. 
The overall weight range for the treated infested fruit 
was 969 to 1099 g. In anyone trial the weight range 
did not exceed 65 g. Infested fruit was quarter- to 
half-ripe and 'filler' fruit were at the colour break 
stage of maturity. All fruit used was firm and without 
damage or rots. 

Insect supply and fruit infestation 

Eggs were collected from a laboratory colony of B. 
melanotus using specially prepared fruit egging 
devices. Ripe papaya were prepared for egg laying 
by halving the fruit and hollowing out the centre 
leaving only the skin which formed a dome-like 
structure. Adults oviposited into the domes over a 
2 hour period and the eggs were retrieved and kept in 
petri dishes at 26°C until inoculation into test fruit 
the following morning. 

Fruit were infested and treated on the same day. 
Four thin flaps of fruit tissue were cut and removed 
from the widest part of the fruit near the blossom 
end. Small channels were made in the exposed flesh 
(2 mm deep by 20 mm long) with a cork borer 
(4 mm internal diameter). One channel was made 
under each of three flaps and two channels were 
made under the fourth flap. Approximately 80 eggs 
were dispensed into each channel using a calibrated 
pipette making a total of about 400 eggs per infested 
fruit. The removed flaps of skin were carefully 
repositioned and taped in place around the cut edge 
with masking tape. Tape was not placed over the 
area containing the eggs. Eggs were 26-28 hours old 
at the time the treatment began. 

Two treatments were completed in the com­
mercial chamber on 21 and 22 October 1993. On 
each treatment day 30 fruit were inoculated, 24 for 
treatment in the unit (400 eggs per fruit giving a total 
of 9600 eggs) and six fruit (400 eggs per fruit giving 
a total of 2400 eggs) as non-treated controls. After 
inoculation at the Research Station the fruit were 
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transported to the commercial heat treatment unit at 
the Rarotonga airport. The infested fruit were 
individually probed and the temperatures logged at 
5 minute intervals throughout the treatment using 
Grant Squirrel® data loggers (Model 1206). Two 
loggers were used to measure the fruit temperatures 
independent of the chamber monitoring system. 
Three infested fruit were placed centrally in the top 
layer of fruit in each of eight treatment bins. The 
treatment unit was loaded to capacity for both runs. 
The chamber air was circulated from the bottom of 
the treatment bin to the top and so all infested fruit 
was located where the fruit temperatures would be 
coldest (WiIliamson and Winkelman 1994). 

Treatment unit 
The commercial treatment unit was designed by 

M.R. Williamson (Aquanomics International Inc., 
1741 Ala Moana Blvd., Suite 34, Honolulu, Hawaii). 
Electrical power for the unit can be sou reed from 
either the mains or from a diesel generator. In 
addition to producing power, the co-generator pro­
duces heat as a by-product which is harnessed and 
used to heat the chamber thereby reducing running 
costs. The stainless steel treatment unit has two iden­
tical chambers which can be run independently or 
concurrently. Each chamber contains four bins, each 
capable of holding about 400 kg of papaya. Bins are 
placed in one end of each chamber and are guided by 
a rail into the correct position for treatment. 
Chamber air is heated by hot water pumped through 
heat exchangers located horizontally and centrally in 
each chamber. The bins, together with the heat 
exchanger, form a continuous barrier that ensures 
that the recirculating air passes through the heat 
exchangers or the fruit. Air movement is driven by a 
large fan which pulls air down through the heat 
exchangers. The air then moves horizontally to the 
space under the fruit bins, up through the perforated 
base of the bins and into the space above the bins 
where it is then drawn into the centre of the chamber 
and reheated by circulating hot water in the heat 
exchangers. After treatment, the bins are unloaded 
through a second door at the other end of the 
chamber and into an insect-proofed area. 

Eight temperature probes were associated with 
cach chamber and the readings logged by the com­
puter control system. Four probes were used to 
monitor the fruit eentre temperature (one per bin), 
and four to measure the air temperature. One of the 
chamber air probes was used to regulate the rate of 
air heating at the start of the treatment while the fruit 
probes were used to determine the time when the 
treatment terminated. Humidity was also monitored. 

After treatment, a water shower was used to 
drench the fruit to rapidly reduce fruit temperature. 



The water collects in the bottom of the chambers in a 
sump, and is pumped through a cooling tower and 
recycled into the top of the chambers. 

A computer was used to control and monitor each 
treatment. The software was developed by 
P. Winkelman (Aquanomics Intemational Inc., 
Hawaii). The conditions used in the two verification 
tests were set so that the chamber air was ramped 
from 35°C to 48.5°C over a 3 hour period. The 
relative humidity was maintained above 70%. The 
parameters were chosen to ensure that the fruit centre 
temperature of all the fruit was increased to at least 
47.2°C. The readings from the chamber fruit probes 
were used to define the finish point of each treatment 
run in each treatment chamber by automatically 
initiating hydro-cooling. The finish point occurred 
20 minutes after the last chamber fruit probe attained 
the target temperature of 47.ZOC. 

When the laboratory-determined treatment para­
meters were transferred into the commercial setting a 
slight modification of the target temperature was 
required. Previously completed research trials con­
ducted in a laboratory heat treatment unit showed 
that complete mortality of fruit flies could be 
achieved when the fruit centre temperature was 
raised to 47.0°C and held for 20 minutes at or above 
this temperature (Waddell et al. 1993). In the com­
mercial version of the treatment the target tem­
perature was increased to 47.2 QC while the time at 
target remained at 20 minutes. This was necessary to 
allow for the observed variation in the location of the 
coldest fruit both between bins within a run, and 
between runs (Wi\liamson, unpublished data). While 
the coldest fruit were always located in the top layer 
of each bin the exact location varied between the 
corners and the centre of the top layer. Increasing the 
target temperature by 0.2 °C lengthened the treatment 
time and therefore increased the likelihood that all 
fruit were at or above the experimental target of 
47.0°C. The chamber fruit probe location in the 
commercial operations was consistently located in 
the centre of the top layer of fruit in each bin, 
thereby simplifying the operational procedures. 

All probe calibrations were made against a 
Julabo® Eintauchtiefe 95 mm mercury-in-glass 
reference thermometer which was in turn calibrated 
against a digital thermometer (Fluke Model 2180-A). 
The Fluke was independently certified for accuracy 
under the Measurements Standards Act 1992 by the 
Measurements Standards Laboratory of New 
Zealand, Industrial Research Limited, Wellington. 

Post-treatment handling 

Immediately following hydro-cooling the infested 
fruit were transported to the Research Station. The 
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eggs were retrieved from each fruit by removing the 
fruit flap and carefully washing them onto fine gauze 
material. They were then sorted under a microscope 
to remove any damaged eggs which could later be 
confused with hatched eggs. Papaya diet (Clare 
1996) was provided to sustain any emerging larvae 
while the eggs were incubated at 26 ± 1.0°C. 

Mortality assessment 

Heat-treated eggs were assessed for mortality three 
days after treatment. Non-treated eggs were assessed 
at the same time. hatch as a mortality criteria 
provided a rigorous and rapid assessmcnt of the 
treatment efficacy. While adults represent the 
potential risk to an importing country, the presence 
of moribund larvae at the time of border inspection 
would raise questions over the efficacy of the 
treatment. 

Results and Discussion 

Treatment conditions 

The first trial on 21 October 1993 was completed 
using mains power. The mean fruit centre tem­
perature at the start was 26.84°C ± 0.26(sd). The 
treatment was terminated 20 minutes after the last 
chamber fruit probe attained the target temperature 
of 47.2°C. The total treatment time was 6 hours 
06 minutes in the left-hand side (LHS) chamber and 
6 hours 15 minutes in the right-hand side (RHS) 
chamber. Hydro-cooling was applied for 1 hour 25 
minutes in the RHS chamber and 1 hour 35 minutes 
in the LHS chamber until the mean fruit centre tem­
perature of the 24 infested fruit reached 33°C ± 

2.6(sd). The relative humidity was measured in the 
LHS chamber only and did not decline below 86.2% 
and was mostly above 90%. 

The second trial completed on 22 October 1993 
used the diesel generation capacity of the unit. The 
mean fruit centre temperature at the start was 
26.81°C ± 0.41(sd). Again the treatment was termi­
nated 20 minutes after the last chamber fruit probe 
attained the target temperature of 47.2°C. The total 
treatment time was 7 hours 14 minutes in the LHS 
chamber and 7 hours 0 minutes in the RHS chamber. 
Hydro-cooling was applied for 1 hour 20 minutes. 
The relative humidity again was measured in the 
LHS chamber only and did not decline below 90.6% 
and was around 99% for the last 1.5 hours. 

The mean fruit centre temperatures of the infested 
fruit at termination of treatment were 48.32°C ± 

O.20(sd) for the first trial and 48.57°C ± O.26(sd) for 
the second trial. The ranges were 47.75°C to 48.7°C 
and 48.05°C to 48.95°C for the first and second 
trials respectively. The temperature overshoot 



Table 1. Mortality of B. melanotus mature eggs when heat treated in papaya in a commercial heat treatment unit located at 
Rarotonga airport, Cook Islands. The chamber air was ramped from 35°C to 48.5°C over a 3 hour period which raised the 
fruit centre temperature to 47.5°C (or more) for 20 minutes. 

Replicate Control Treated 
No. . ............ ~--..... 

No. of Eggs Eggs % No. of Eggs Eggs % 
fruit Total No. No. Dead Mortality fruit Total No. No. Dead Mortality 

1 6 2562 898 35.1 
2 6 2394 556 23.2 

Total 12 4956 1454 29.3 

occurred because the chamber fruit temperature 
probes used to indicate the completion of the treat­
ment (which were part of the chamber control 
system) were located in slightly larger fruit (1250-
1300 g) compared to the infested fruit (969-1099 g) 
which were in~ependently monitored. The first 
infested fruit to satisfy the treatment specification 
(Le. to reach 47.2 QC plus 20 minutes) in the first trial 
did so 1 hour 35 minutes before the treatment was 
terminated whereas the last infested fruit to complete 
the 47.2 QC plus 20 minutes did so 40 minutes before 
the. treatment was terminated. In the second trial, the 
first infested fruit to reach 47.2°C plus 20 minutes 
did so 2 hours 20 minutes before the treatment was 
terminated, whereas the last fruit to complete the 
treatment did so 1 hour 15 minutes before hydro­
cooling began, at the termination of the treatment. 

The difference in treatment duration between the 
two trials may in part be attributed to the difference 
in the initial water temperature in the heat 
exchangers. In the first trial, the water was pre­
heated to 60°C and so maximum heat was delivered 
to the air and therefore to the fruit from the outset of 
the treatment. In the second trial, the water tem­
perature was initially at ambient and reached 60°C 
once the run had been operating for 2 hours. The 
operating conditions have subsequently been stand­
ardised for all commercial treatments. 

Fruit fly mortality 

Complete kill of 17750 B. melanotus mature eggs 
was achieved in the verification trials (Table 1). This 
compared to a mean control mortality of 29.3%. 
Therefore the treated popUlation of eggs that was Jive 
at the time of treatment was 12549. 

Conclusions 

On the basis of the reported commercial scale trials, 
heat treatment where the fruit centre temperature is 
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24 10098 10098 100 
24 7652 7652 100 

48 17750 17750 100 

raised to 47.2°C and maintained at this temperature 
or more for 20 minutes, has been demonstrated to be 
effective for disinfesting Cook Islands papaya of any 
potentially infesting fruit flies of the species B. 
melanotus and B. xanthodes . 

The first commercial application of the heat treat­
ment for disinfestation took place on 3 January 1994. 
Working to the approved Cook Islands Bilateral 
Quarantine Agreement (BQA, 1994), in the two 
years to January 1996 approximately 800 tonnes of 
papaya have been exported to New Zealand, which is 
comparable with the quantities previously exported 
using fumigation technology. 
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Prospects for Generic Quarantine Heat Treatments in the 
Pacific Region 

E.B. Jangl 

Abstract 

Of the many quarantine treatments developed for post-harvest disinfestation of fruit flies, heat 
treatments appear to meet the needs and requirements of many countries interested in a potential 
export market for their produee. Among these requirements are: that the treatment be effective, 
relatively simple and timely, and economically feasible. During the past several years, heat treat­
ments for fruit fly disinfestation have been developed for many types of fruits and vegetables 
against a number of fruit fly species. In order to expedite the development of heat-based quarantine 
treatments a world-wide database is being developed which will allow for comparisons of fruit fly 
thermotolerance using standard test parameters. The database will allow for comparisons between 
species of fruit flies as well as among different developmental stages and 'strains' of the same 
species. It is anticipated that this information will be useful to those developing treatments, 
ensuring that treatments exist in the event of pest introductions and facilitating regulatory decisions 
which may require scientific data in support of proposed heat treatments. 

TEPHRITID fruit flies have had a major impact on 
agricultural economies where the flies are present. In 
addition to requiring strict quarantine restrictions in 
areas where the fly is not present, fruit flies have 
several secondary impacts where they exist, such as: 
• limiting the types of fruits and vegetables which 

can be grown economically in some areas; 
• increasing the amount of pesticides used in pre­

harvest production, and 
• requiring the development and implementation of 

post-harvest quarantine treatments to insure that 
flies do not become established in new areas 
where host fruits are exported. 
The loss of many post-harvest fumigants and the 

large capital costs needed for the development and 
registration of new toxic pesticides has resulted in 
the development of several physical treatments 
which are based on thermal mortality of the fruit 
flies (Armstrong 1994). Examples of heat treatments 
include hot water dips, vapor heat, and high temper­
ature forced air treatments. 

1 USDA-ARS, Tropical Fruit and Vegetable Research 
Laboratory, PO Box 4459, Hilo, Hawaii, 96720, USA 
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Development of heat-based treatments have 
historically been accomplished empirically and as a 
result are usually specific for each commodity and 
fruit fly species tested. Few studies have attempted 
to compare directly the thermotolerance of different 
fruit fly species, stages or even strains of the same 
species from different areas of the world. This is 
largely due to the fact that no uniformly accepted 
methodology has been developed to assess thermo­
tolerance. As a result, when a commodity considered 
for export is found or known to be a host of fruit 
flies, much time and effort is spent by researchers to 
determine (empirically) the parameters which will 
result in effective disinfestation of fruit flies without 
undue phytotoxicity to the commodity being 
exported. 

The acceptance of standardised methodology for 
determining effects of heat treatment is not new and 
has been used in the food industry to determine the 
proper heat treatment parameters necessary to safely 
treat processed foods (e.g. canning and 
pasteurisation) to kill micro-organisms. The system 
was developed through a basic understanding of 
thermal kinetics (Stumbo 1973) and has enjoyed an 
international acceptance. 



Predictive Models for Understanding 
Tbermotolerance of Fruit Flies 

Predictive models can be useful in estimating the 
initial treatment parameters necessary to kill fruit 
flies effectively. As in dose-mortality studies using 
insecticides early predictive models such as probit 
analysis (Finney 1971) utilised linear modelling of 
survivorship data to predict the effectiveness of a 
treatment at a given dose. The use of probit analysis 
fa;' assessment of efficacy of quarantine treatments 
was proposed by Baker (1939) who suggested that 
treatments meeting a probit 9 level of security or 
99.9968% mortality would be effective against fruit 
flies. However, predictive models can also be used to 
gain a more detailed understanding of how heat treat­
ments affect fruit flies and this knowledge can be 
used to support trade. Recently, other predictive 
models such as the thermal kinetic model proposed 
by Jang (1986) and the complementary log-log 
function used by Jones et a1. (1995) have been used 
to study how heat treatments used in quarantine 
treatments affect the insects targeted. In all cases, 
estimated treatment times needed to achieve a given 
mortality vary depending on the methodology used 
to generate the data, the accuracy and variability of 
the data produced, and the particular function or 
model used to predict the results. 

In order to compare accurately the relative 
thermotolerance of different fruit fly species, 
developmental stages and even strains of the same 
species, one must first standardise the methodology 
used to develop the thermal mortality data. The 
insects must be exposed to heat under similar exper­
imental conditions, using insects of a comparable 
physiological state and using standardised numbers 
of test insects. Large variations in any of the above 
parameters can result in variability of the exper­
imental results and difficulty in making valid 
comparisons. 

Experimental conditions such as whether to test 
the naked fruit fly eggs or larvae or whether to test 
them in the fruit need to be determined. Testing 
naked insects reduces the variability encountered 
when testing in fruit but must be carefully factored 
into the development of a realistic quarantine treat­
ment where the fruit flies will be in the fruit. Tem­
perature can be tested by exposing the fruit flies to 
heat at a set temperature (static) or under treatment­
like conditions where heat is applied gradually (tran­
sient). Both methods have been used to test fruit fly 
thermal tolerance. The precise methodology used to 
expose insects to heat can vary tremendously and 
should be carefully regulated in order to assure com­
parability of the results. Finally the question of 
whether to remove the heat after the proper exposure 
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time is reached (cooling down) or to allow the insect 
to retain heat (latent heat) needs to be consistent. The 
assessment of effectiveness needs to be standardised 
in order to ensure uniformity for comparisons. 
Immediate death (acute mortality) as opposed to 
failure to pupate or emerge (chronic mortality) 
should be determined in advance or both types of 
information developed to compare the effects of 
heat. 

Functional Fonn of Predictive Models 

After all of the experimental work is done it is the 
functional form of the model which will serve as the 
basis for any comparison between species, develop­
mental stages, or strains. The functional forms 
equations used to model mortality in fruit flies 
should be supported. by the data. As mentioned 
earlier, the probit model was used for many years to 
fit mortality data of fruit flies without strong justifi­
cation as to why it was used. Other models which are 
not dependent on !inearisation of the data are more 
complex but may fit the data better. Thermal kinetic 
analysis of micro-organisms treated with heat 
showed that a non-linear function may be better than 
a linear fit of the data. Jang (1986) showed that fruit 
fly mortality data also could be fit, using non-linear 
functions. By comparing data using different 
functional forms one can see that predictions of mor­
tality can vary widely or be quite similar, depending 
on the variability of the data and the form of the 
equation used. 

Regardless of the final form used to determine the 
predictive models, if the data are gathered in such a 
way as to make the results comparable, any future 
improvements or revisions of the model can compare 
the different species, stages, etc., as long as the raw 
data are available for analysis. 

Development of a World-Wide Fruit Fly 
Mortality Database 

The use of standardised methodology to determine 
the relative heat tolerance of fruit flies from around 
the world and a central repository for such infor­
mation accessible to researchers and regulatory 
agencies could vastly streamline the research needed 
to support heat-based quarantine treatments, provide 
regulatory agencies with comparable data from 
which to make informed decisions relative to the 
effectiveness of proposed quarantine treatments, and 
prevent the sudden and economically devastating 
losses that might occur as a result of the introduction 
of new fruit fly species into areas where the flies had 
not previously existed. Such a database would 



facilitate trade and at the same time ensure that 
costly quarantines would be minimised. Two 
examples of the usefulness of such a database are 
described: 

Example 1: emerging economies 

If country A (in which fruit flies are present) desires 
to export its commodities to country B which is 
accepting similar commodities from country C (which 
also has fruit flies) assessment of the thermal tolerance 
of the fruit flies could result in acceptance of fruit by 
country B from country A if it can be shown that the 
species of fruit fly in country A is less tolerant to heat 
than country C and the treatment utilised successfully 
by country C is used by country A. 

Example 2: exotic pest invasions 

If country C which currently exports its prized fruits 
to country B using an approved quarantine treatment 
were to suddenly find that fruit flies from country A 
have invaded, it is likely that country B would 
immediately initiate a quarantine against the impor­
tation of fruit from country C. Such a quarantine 
could have a severe economic impact on growers. If 
it could be shown that the fruit fly species in country 
A were less tolerant to heat that the species in 
country C, the existing treatment for country C may 
be sufficient to disinfest fruits of the newly intro­
duced species, thus preventing a costly shutdown. 

The use of predictive models for estimating fruit 
fly disinfestation can be expanded to include esti­
mates of fruit quality as well (Jang and Chan 1993; 
Laidlaw et al. 1996). Such predictive tools may 
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enable researchers to expand beyond empirical 
approaches to more scientifically-based information 
needed to accurately develop quarantine systems for 
exports. 
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The Eradication Program for Papaya Fruit Fly (Bactrocera 
Papayae Drew and Hancock) in North Queensland 

B.A.Fayl, RA. Drew2 and A.C. Lloyd3 

Abstract 

Bactrocera papayae Drew and Hancock, a species in the Oriental fruit fly complex, was bred 
out of papaya from a farm near Cairns in mid·October 1995. A quarantine area of about 
75000 km2 was subsequently declared, roadblocks set·up near its southern and western boundaries 
and fruit treatment protocols established. Within two days of identification, 286 methyl eugenol 
traps were laid out to 70 km north, 150 km south and 80 km west of Cairns. Initial trap catches 
suggested that Cairns (79% of flies), Mareeba (14%) and Mossman (3.5%) were the main fly foci. 
Soon after suppression treatments commenced in mid-November, B. papayae had been detected 
over almost 10000 km2• 

Male annihilation has been the principal method of control, with 5 cJTiZ canite blocks each 
receiving 15 g methyl eugenol and 5 g maldison ULV. Over 1 million blocks had been nailed to 
trees by October 1996, with areas reblocked at six week intervals. Limited protein-bait spraying of 
known fruiting hosts and breeding hot spots has also been used. Suppression treatments have 
resulted in trap catches falling by more than 99% throughout the detection area from peak levels in 
November. During this period trap numbers have increased to >1400. Percentage positive traps in 
the quarantine area have fallen from a high of 23% to <0.2%/week. Extensive sampling has failed 
to detect B. papayae in fruit in rainforest, despite the collection of males in some rainforest traps. 
Of other fruits sampled, 32 out of >200 spp. produced B. papayae (3.1 % of samples). Twenty-six 
million dollars will have been invested against this fly by June 1997. 

Detection and Initial Response 

Bactrocera papayae, an economic species in the 
Oriental fruit fly complex, was first detected in 
Australian territory on Boigu and Damley Islands in 
Torres Strait in March 1993. There were no 
detections on the Australian mainland until October 
1995, when flies were bred from papaya off a farm 
just east of Cairns. Species identification was con­
firmed by Drew and Hancock in Brisbane on 
17 October 1995, and a taskforce was established to 
co-ordinate a response. 

Traps were immediately deployed at 5 km inter­
vals to 70 km north, 150 km south and SO km west of 
Cairns. A quarantine area of 20 km radius around the 
Cairns post office was declared to regulate the move-

I Queensland Dept. Primary Industries, Mareeba Q. 4880 
2 Faculty of Environmental Sciences, Griffith Universty, 
Nathan Campus, Qld, 4111 
3 Queensland Dept. of Primary Industries, Indooroopilly, 
Qld,4068 
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ment of fruit and vegetables. On 26 October 1995 a 
Pest Quarantine Area (PQA) was legislated, bounded 
in the west by longitude 144 0 IS'E and in the south 
by latitude lSOZ0iS. This allowed the enforcement of 
80 km (subsequently 50 km) radius Suspension 
Zones around fly detection points and the use of 
roadblocks. Within these zones fruit had to be 
dipped, fumigated, otherwise treated or declared 
'host free' if moving beyond the PQA boundaries. 
On 27 October 1995 roadblocks to control fruit 
movement were established near Silkwood, south of 
Cairns, and near Mt Garnet, towards the western 
edge of the PQA. The southern roadblock was sub­
sequently re-located further south at RolIingstone 
when the southern PQA boundary was realigned at 
19°5 (Fig. 2). An extensive public awareness! 
information campaign was launched involving TV 
and radio interviews and advertisements, roadsigns, 
handouts at DPI offices, shopping centres and air­
ports, wide newspaper coverage and fruit producer 
gatherings. A free telephone hotline was set up to 
handle all manner of enquires, including fruit 



treatment and certification requirements. Some pre­
liminary discussions were undertaken with various 
environmental agencies to address concerns about 
this fly and the likely treatments needed for its con­
tainment and lor eradication. The eradication cam­
paign commenced in Mareeba (west of Cairns) on 
16 November 1995. 

Containment/Eradication Methods 

Male annihilation has been the principal control 
method in which 5 cm2 canite blocks (each con­
taining 15 g methyl eugenol and 5 g maldison UL V) 
have been nailed to trees with a target intensity of 
400 per km2 in rural areas up to 600 per km2 in urban 
centres. Areas which are currently not treated include 
most world heritage rainforest, sugarcane, swamp 
and open grazing. Reblocking occurs at 6 week 
intervals, although where recoverable, blocks are left 
in place for 12 weeks. 

Treatments were first applied in Mareeba, 
Mossman and the greater Cairns area, as 96.5% of 
flies were trapped in these areas in the first month. 
Most other detections or high risk areas have sub­
sequently been treated, with priority initially based 
on four B. papayae (PFF) in a single trap within two 
consecutive trap clearances. Dispersal protection 
barriers (1 km wide) containing blocks v.:er~ also put 
in place south of Cairns near Deeral, BmgIl Bay/El 
Arish and Kennedy/Cardwell. 

Limited protein bait spraying has also been used, 
and has intensified as the control program has pro­
gressed. Sprays contain 2.5% (initially 5%) yeast 
autolysate and 2% maldison 500 EC per 100 L of 
mix, and are applied in 100 mL spots (of up to four 
per tree) to the undersides of leaves of fruiting trees 
at weekly intervals while fruit is susceptible. They 
have been applied in non-commercial fruit growing 
situations in all blocking areas, particularly targeting 
'hot spots' and specific hosts (mangoes, guavas etc). 
Additional recent treatments have concerned com­
mercial coffee crops near Mareeba in which PPF 
have been breeding. Coffee has few insect problems 
and generally receives no pre-harvest insecticides in 
north Queensland. 

Planning has been initiated on the Sterile Insect 
Technique (SIT) in case it needs to be implemented 
should male annihilation fail as an eradication tool. 
A decision on this option will be taken sometime 
after the 1996/97 summer fruiting season. A colony 
of PPF currently used for post-harvest research in 
Cairns would provide the core of the SIT colony. 

Monitoring in the PQA 

An extensive network of methyl eugenol (ME) 
baited traps and a fruit sampling program are relied 
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upon for PFF detection and to measure control treat­
ment impact. Steiner or Lynfield traps have been 
placed out on a 1 km grid basis in most .eradicat~on 
areas and at 5 km intervals through mtervenmg 
areas: reaching 10 kms in very remote areas or in 
temporary trapping lines. In addition, 1-4 traps have 
been placed on particular farms or in remote townsl 
islands. Trapping occurs in all areas except inacces­
sible or treeless ones. Traps are cleared weekly, with 
lures changed monthly. In the PQA 13 tephritid 
species are attracted to methyl eugenol, but only four 
commonly. The maximum weekly catch per trap of 
all species is about 4000 flies. 

Both cultivated and rainforest fruits have been 
collected in the fruit sampling program. Some other 
fruits have also been targeted, such as Terminalia 
spp. and feral guavas. Collections initially focused 
on trapping 'hot spots' but have since become 
systematic through all areas. In addition, fruit from 
more than 100 markets are sampled per month 
because of the large quantities of organically-grown 
produce sold. Rainforest fruits were extensively 
sampled along 11 transects north and south of Cairns 
between January and June. Some revision of these 
transects occurred in July, which saw the current 
emphasis placed on rainforests north of Cairns: All 
sampled fruits are held in gauze-topped contamers 
over heat-treated saw dust using standard procedures 
to recover adult flies for identification. 

Data Management 

GPS (Global Positioning System) readings are used 
to accurately identify trap locations for mapping, 
eradication and regulatory purposes. Fruit collections 
are linked to trap locations or map co-ordinates 
derived from 1 :50000 topographical maps. All trap 
locations and fly catch data are entered onto an 
Access database, with a separate fruit collection/fly 
emergence database in R-base. These databases, plus 
another in Access containing canite block numbers 
and protein bait spraying details, are linked using 
ArcView mapping software to provide accurate 
geographic information. 

Some Program Statistics 

The PQA covers approximately 75000 km2• Since 
its detection in October 1995, B. papayae has been 
trapped over about 20000 km2• 

By 1 October 1996, 1077 737 canite blocks had 
been placed on trees and 13269 litres of protein bait 
spray used. Over 220 personnel are involved in the 
program, including 125 applying th~ control 
measures. An additional 200 or so casual mspectors 
have monitored commercial fruit treatments. Some 65 



vehicles and 26 motor bikes are being used. By 
October 1996 three permanent roadblocks were 
operating ( with another planned for November) with 
others deployed intermittently. The largest roadblock 
at Rollingstone was processing about 70 000 vehicles/ 
month, with around 1500 kg of fruit /month con­
fiscated at all points. Although the horticultural 
industry within the PQA was largely continuing to 
trade beyond its boundaries over $100 million has 
been lost to the region due to the incursion of PFF. 
The program against B. papayae was projected to cost 
$26 million to June 1997, of which $19 million was 
to be contributed by the various State and Common­
wealth Governments through the Standing Committee 
on Agriculture and Resource Management. 

Monitoring Results 

More than 1400 ME traps had been deployed in the 
PQA by October 1996, with trap numbers increasing 
constantly to enhance coverage. Traps had caught 
8421 B. papayae by 1 October 1996, with 816 
recorded from a single trap near Cairns. The number 
of PFF positive traps peaked in December 1995 at 
254, dropping to 6 by September 1996 (Fig. 1). The 
respective numbers of PFF trapped for these months 
were 2540 and 10, a change of >99.5%. There have 
only been two single fly detections outside the PQA, 
at Gumlu in the Burdekin region south of Townsville 
in February and at Mt Isa in the north-west of 
Queensland in May. 

Despite analyses showing about a 15% increase in 
PFF spread in the PQA since control treatments com­
menced, the trapping data also indicate significant 
clustering of detections. In fact, Cairns and Mareeba 
have contributed around 50% or more of positive 
traps through the entire program. Figure 2 shows 
some changes in the distribution of positive traps 
over time. Notable is that the coastal area south of 
Cairns has had no PFF detections between late June 
and October. 

PFF infested fruit has been sampled from an area 
of about 7500 km2 (or about 37.5% of the trap 
detection area). There have only been four single 
fruit detections south of the Cairns and Mareeba 
areas, and none since the end of February. By 
1 October 1996 samples of rainforest, cultivated and 
other fruits numbered 13 094, representing more than 
675 plant species (Table 1). While no fruits collected 
in rainforest have produced PFF, a native rainforest 
species Eugenia reinwardtiana (Beach cherry) 
growing in a rural residential area at Oak Beach pro­
duced PFF in October 1996. Table 1 provides a 
breakdown of PFF infestation levels for cultivated 
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and other fruits, and some details of other fruit fly 
species. 

Table 1. A summary of fruit sampling in the PQA to 
October 1996, including recovery levels for B. papayae and 
other fruit fly (ft) species. 

Fruits 
No. samples 
Species no. 

Flies 
PFF +ve samples 
Other ff present 

Fruits 
Propn. of samples 

Flies 
PFF +ve samples 
Other ff present 

Rainforest Cultivated + other fruits 
fruits 

7640 5454 
475 > 200 

0% 3.1% 
24 spp. 20 spp. 

Tenninalia Guava Other 
75% 7.8% 84.7% 

7.8% 4.5% 25% 
+/-1% 52% 53% 65% 

The following is a list of 28 fruit hosts for PFF 
recorded from the field in Australia to October 1996: 
Abiu, Banana, Beach cherry, Brazil cherry, Bush 
lemon, CanistcJ, Capsicum, CaramboJa, Cashew 
apple, Chilli, Coffee, Cumquat, Guava, Grapefruit, 
Jaboticaba, MaJay apple, Mango, Meyer lemon, 
Papaya, Passionfruit, Peach mango, Pummelo, 
Santol, Soursop, Star apple, Terminalia catappa, 
Tomato, White sapote. 

Future Developments 
1. Fruit sampling within eradication areas will 

become the main means for detecting PFF, as trap 
effectiveness will diminish as male annihilation 
treatments continue. At this stage in the cam­
paign, locating all PFF breeding sites over such a 
vast area is one of the most difficult tasks. 

2. If areas to the south of Cairns remain PFF-free 
over the 1996/97 summer period, protocols will 
be developed to establish Area Freedom, which 
may then lead to a retraction of the most southerly 
roadblock and/or a change in the southern 
boundary of the PQA. 

3. Very low numbers of PFF in a handful of 
clustered traps, with minimal detections in fruit 
through the 1996/97 fruiting season, will likely 
see a delay in a decision on SIT and a con­
tinuation of the male annihilation program. 

4. A revelation of PFF breeding in rainforest or an 
increase in PFF numbers and breeding sites 
through the 1996/97 summer season will warrant 
support for a SIT program. 



National and Regional Needs for Future Activities on Fruit 
Flies (Diptera: Tephritidae) in the Pacific Region 

A.J. Alhvood1 and R.A.I. Drew2 

THE combined efforts of the FAO/AusAID/UNDP/ 
SPC Regional Fruit Fly Project, the ACIAR-funded 
projects and the USAID's Commercial Agricultural 
Development Project have vastly improved the tech­
nical knowledge on fruit flies in Cook Islands, 
Federated States of Micronesia (FSM), Fiji, Solomon 
Islands, Vanuatu and Western Samoa. The awareness 
of the enormity of the fruit fly problem regionally 
has created interest in understanding and managing 
representatives of the Tephritidae in almost all 
countries in the south Pacific region. The advantages 
of knowing the fruit fly fauna in each country, their 
host ranges, the economic significance of the 
species, their seasonal abundances, the effects of 
parasitoids on populations, and the stages of maturity 
at which fruits and vegetables become susceptible, 
becomes obvious when countries wish to negotiate 
quarantine protocols with with importing countries. 

Having environmentally sound, inexpensive field 
control systems based on bagging of fruits, har­
vesting at stages of maturity when fruits are not 
susceptible to fruit fly attack, sound crop hygiene, 
and protein bait sprays also gives importing 
countries a degree of confidence in the standard of 
management of fruit flies. Ultimate confidence 
occurs when countries have developed acceptable 
quarantine treatments based on area of freedom, non­
host status or forced hot air or hot water immersion 
treatments and these systems withstand scrutiny by 
quarantine officials from importing countries. 

All of this effort may be placed in jeopardy unless 
permanent quarantine surveillance systems using 
trapping and host surveys and emergency response 
plans are in place in all exporting countries. A catch 
cry of 'No quarantine surveillance, no overseas 
trade' adopted by some countries in the Pacific 
region is very appropriate. 

Some countries in the Pacific region have made 
enormous strides in understanding and managing 
their fruit fly problems. Others, however, have not 

1 Regional Fruit Fly Project, South Pacific Commission, 
Suva, Fiji 
2Faculty of Environmental Sciences, Griffith University 
(Nathan Campus), Brisbane 
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started to address the problem. Regionally, advances 
have been made, but there are still significant gaps in 
knowledge and technologies to control this pest 
group. This paper attempts to identify some of the 
deficiencies and the options to overcome them. This 
list of activities was developed as part of the general 
discussion session during the symposium and was 
gleaned from discussions and questions posed during 
the course of the symposium. In this context, the 
topics raised reflect the needs identified by partici­
pants and countries. 

Regional Approach to Management of 
Fruit Flies 

There are about 4500 species of fruit flies world­
wide. Of these, 50 species are categorised as major 
pests of fruits and vegetables and another 30 species 
are regarded as minor pests. Of the 50 major pest 
species, 22 occur in countries and territories in the 
Pacific region. In comparison, Southeast Asia has 12 
of the 50 species, the Indian sub-continent has 10 
species and Africa has 11 species. Some species are 
common to more than one region of the world. 

Fruit flies are very mobile and are notable for their 
ability to breach quarantine barriers. Examples of 
fruit flies being recently introduced and becoming 
established in new countries or areas of the south 
Pacific region are: 
• Oriental fruit fly (Bactrocera dorsalis Hendel) 

and melon fly (Bactrocera cucurbitae ,CoquiIlett) 
became established in Nauru probably from 
Taiwan in the late 1980s. 

• Papaya fruit fly (Bactrocera papayae Drew and 
Hancock) spread from Indonesia through PNG in 
1989-92 and to the Torres Strait islands and the 
Caims area of Queensland in about 1993. 

• Melon fly became established in the Western 
Province of Solomon Islands from PNG in 1984-
1985. 

• Melon fly spread th~ough the Western Province 
and other northern and central provinces of 
Solomon Islands, arriving in Guadalcanal in 
November, 1995. 



• Melon fly spread from PNG into the Torres Strait 
islands in early 1996. 

• Mediterranean fruit fly (Ceratitis capitata Wiede­
mann) introduced into Auckland, New Zealand 
probably from Hawaii in April, ] 996. 

• Oriental fruit fly introduced and became estab­
lished in Tahiti and Moorea in late 1995 or earl y 
1996. 

• Oriental fruit fly recorded in Palau in October, 
1996. 
As well as these incursions, there have been fruit 

flies intercepted in fruits disposed of in amnesty bins 
at international airports, e.g., Queensland fruit fly 
(Bactrocera tryoni Froggatt), papaya fruit fly and 
Bactrocera passiflorae (Froggatt) in New Zealand. 
Also, exotic fruit flies have been recorded in quaran­
tine surveillance traps in some countries, e.g., melon 
fly in a Cue-lure trap in Perth, Western Australia. 

These occurrences clearly show that fruit flies are 
moving across quarantine borders. The only way to 
tackle this problem is to adopt a regional approach to 
managing fruit flies. This approach should: 
• expand quarantine surveillance, using trapping 

and host surveys; 
• strengthen quarantine capacity across the region; 
• conduct training on pest risk analysis; 
• ensure existing data on fruit flies are readily avail­

able to all countries; 
• provide training for farmers and exporters on field 

control; and 
• develop a database on the thermo-tolerances of 

immature stages of fruit flies, with the view of 
formulating a generic quarantine heat treatment. 

Training, and Development of Quarantine 
Procedures 

Because of the risk of incursions of exotic economi­
cally important fruit fly species increasing with 
greater movement of tourists and other travellers, 
quarantine expertise needs to be regularly upgraded. 
Topics for training and development need to include: 
• early warning systems (quarantine surveillance 

systems); 
• development and documentation of emergency 

response capacity in each country; 
• border quarantine; 
• internal quarantine; and 

expansion of surveys for fruit flies in PNG, 
Solomon Islands and Vanuatu. 

Specific Taxonomy Training Workshops 

Plant protection, quarantine and extension officers 
must be familiar with the fruit fly species that occur 
in their respective countries and the symptoms of 
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damage caused by them. They must also be familiar 
with exotic species of fruit flies. To achieve this 
level of expertise, a series of taxonomy workshops at 
a sub-regional or national level needs to be held. 
Four workshops will cover the following countries: 
• PNG, Solomon Islands, Vanuatu; 
• French Polynesia, New Caledonia and Wallis and 

Futuna; 
• Cook Islands, Fiji, Tonga, Western Samoa, 

American Samoa, Niue, Tuvalu, Tokelau, Nauru; 
• Palau, Guam, Commonwealth of the Northern 

Mariana Islands, Federated States of Micronesia, 
Marshall Islands and Kiribati. 

Protein Bait Spray Technology 

The effectiveness of protein bait sprays needs to be 
improved to cope with high incidence and intensity 
of rain during the summer months and periods when 
high populations of fruit flies occur. This may be 
achieved by investigating the application methods, 
the formulation, rates of application and the use of 
thickeners or stickers to reduce the losses during 
heavy rainfall. 

Eradication Techniques 
Staff from all countries recognised the need to be 
exposed to hands-on training in eradication tech­
niques. In Nauru, Oriental fruit fly, a fly attracted to 
methyl eugenol, and melon fly, a fly attracted to 
Cue-lure, have been recorded. The opportunity is 
available to eradicate both species to reduce risk of 
spread to other countries in the Pacitlc region. Also, 
the eradication effort could be carried out by plant 
protection or quarantine staff from other countries, 
who will gain hands-on experience in eradication 
techniques. An alternative may be to use French 
Polynesia, which is conducting a very large 
eradication program for Oriental fruit fly, using a 
combination of male annihilation, protein bait 
spraying and fruit destruction. 

Fruit Flies in PNG 
PNG has at least 180 species of fruit flies of which 
10-12 species are of economic importance. The risk 
of some of these species spreading into Australia, 
through Solomon Islands and Vanuatu, and to other 
Pacific island countries is quite high. For this reason, 
it is necessary to expand project activities to: 
• understand the PNG fruit fly fauna; 
• el ucidate the pest status of the species present; 
• review and enhance quarantine systems; 
• transfer field control technology; and 
• generate heat tolerance data for immature stages 

of the economically important species. 



Standardisation of Methodologies 

Assuming that there is a willingness to develop 
generic quarantine treatments for fresh fruits and 
vegetables across the Pacific region, it is necessary 
to standardise techniques used in generating data. 
Standardisation of the following need to be 
addressed: 
• laboratory rearing techniques; 
• heat tolerance testing procedures; 
• techniques for assessment of egg and larval mor­

tality; and 
• statistical methods for treatment of data. 

Estimations of the Value" ofProductiou at All 
Levels and Losses due to Fruit Flies 

There are adequate data on the value of export 
markets for fresh fruits and vegetables and the 
possible losses caused by fruit flies to these com­
mercial crops. However, there is inadequate infor­
mation on the real value of horticulture production at 
all levels (subsistence, backyard, small-scale and 
large-scale commercial production). Because this 
information is not available, it is not possible to esti­
mate the dollar value of losses caused by fruit flies in 
Pacific island countries. A consultant should be 
engaged to generate these data. 

Linkages with Southeast Asia 

The regional approach being adopted by the 
Regional Fruit Fly Project should take into account 
what is happening in Southeast Asian countries such 
as Indonesia, Malaysia, Philippines, Thailand, 
Vietnam, Taiwan and China. Linkages through FAO 
and ACIAR should be fostered. Involvement in the 
PEACESAT 'FL YNET' program in the Pacific 
region should be encouraged. 

Integrated Pest Management 

Future efforts in fruit fly management should high­
light the focus on integrated pest management 
systems being utilised in the Pacific region. 
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Certainly, if cooperation in Southeast Asia is being 
fostered, emphasis will have to be placed on an 
integrated approach to control. 

Stockpile of Chemicals and Supplies for 
Eradication Programs 

One of the major difficulties in improving prepared­
ness for eradication programs for exotic fruit flies is 
to overcome funding shortages to procure and store 
emergency supplies of attractants, traps, protein 
autolysate, and other supplies by national govern­
ments. One option is for a regional organisation or a 
country like New Zealand to build-up and hold 
stocks of essential materials that would allow Pacific 
island countries to commence an eradication pro­
gram as soon as an incursion or outbreak has been 
confirmed. The use of stockpiled materials would be 
on the basis of replacement. 

Pacific Fruit Fly Newsletter 

Communication between Pacific island countries on 
fruit fly occurrences, outbreaks, new techniques, new 
records and results of quarantine surveillance or 
eradication programs would enhance the effective­
ness of the regional approach that is being adopted. 
Regular and transparent exchange of information 
will help all workers on fruit flies. One way to do 
this is to compile a six-monthly newsletter with 
inputs from as many countries as possible in the 
Pacific region and Southeast Asian area. Professor 
Drew has offered to provide an Editor. 

Conclusion 

This listing of deficiencies is not exhaustive, but it 
highlights the needs of the Pacific island countries as 
seen by the participants at this symposium. Many of 
these topics or activities have been included in the 
Regional Fruit Fly Project funded by UNDP and 
AusAID and the projects funded by ACIAR. Con­
sequently, they should be addressed during the next 
three years of fruit fly activities in this region. 
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