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Pla. T 1 ne: 1. Sactrocera tryoni ovipositing in an apple. 2. Fopius arisanus probing a
banana [or tephritid cggs. 3. Diachasmimorpha longicaudata probing for tephritid
lar ye CLiddle . o 4. lcerya aegyptiaca on a breadfruit leal (D' ... ands). 5. Adult
1. aeeyptiaca with wax filaments displaced by blowing lightly (G..». Sandhu). 6. Lar~c
of Rodolia anacking 1. acgyptiaca (D.P.A. Sands). Bottom line: 7. Coconut paim with
bark channels of Neotermes rainbowi (M. Lenz). 8. Coconut palm stump following loss
of top (M. Lenz). 9. Bark channels characteristic of N. rainbowi (M. Lenz).



Plate 2

Top line: 1. Thickct of Clerodendrum chinense in Western Samoa. 2. Roadside thicket
of C. chinense in Fiji (D.P.A. Sands). Middle line: 3. Flower hecad of C. chinense
(D.P.A. Sands). 4. Phyllocharis undulata and damage to Clerodendrum °.af
(B. Napompcth). Bottom line: 5. Young prostrate plant of Portulaca oleracea
(J.T. Swarbrick). 6. P. oleracea in flower (W.A. Whistler).
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Foreword

Ever since its formation in 1982 ACIAR has been an enthusiastic supporter of classical
biological control of insect and weed pests as one of the major means available to establish
low-energy, sustainable agriculture in the oceanic Pacific. Amongst other initiatives, its
support for, and publication of, ‘Biological Control: Pacific Prospects’ (1987) and its
‘Supplement 1’ (1989) by D.F. Waterhouse and K.R. Norris has generated a rapidly
growing momentum for biological control in the south and west Pacific. The information
provided in these books on the distribution and importance of the major pests of the region
and on their promising natural enemies (if known), has had a significant multiplier effect.
Amongst other outcomes, it has greatly facilitated the generation of financial support for
some 20 current programs, already with several successes and other projects showing
promise.

In order to foster safe and sound procedures for this increased activity, ACIAR and
the South Pacific Commission have jointly sponsored the publication of ‘Guidelines for
Biological Control Projects in the Pacific’ by D.F. Waterhouse (1991b) and these have now
been adopted by the South Pacific Commission for a trial period of two years as a
provisional code of practice.

As well as the current projects, there are at least a similar number awaiting attention
and many additional species that have not yet been dealt with but which might well be
suitable targets. However, relevant published and unpublished information in the latter
group is not yet readily available to enable a sound assessment. ACIAR has, therefore,
supported the preparation of this second supplement by Dr Waterhouse to start to fill this
important gap.

Once again, ACIAR is very grateful to the many individuals in the Pacific who have
enthusiastically and unanimously endorsed the project and often provided valuable
unpublished obscrvations; also to Dr Paul Ferrar, Coordinator of the Crop Sciences
program for his unflagging support.

G.H.L. Rothschild

Director

Australian Centre for International
Agricultural Research, Canberra, 1993
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1 Introduction

The five pest dossiers in this Supplement follow closely the format established in
Biological Control: Pacific Prospects and its Supplement 1. Two of the dossiers, in draft
form, (on Icerya aegyptiaca and Clerodendrum chinense) have already led to the initiation
of projects in the Pacific and a third (on fruitflies) is basic to one that has recently been
selected by the South Pacific Commission - German Agency for Technical Cooperation
Biological Control Project based in Suva. The fourth dossier outlines encouraging
prospects for the biological control of pigweed (Portulaca oleracea) which is of
considerable importance not only in the Pacific but also in Southeast Asia. The fifth
dossier (on Neotermes rainbowi) has been prepared so that, with the dossier on Icerya
aegyptiaca, some attention is given to major problems, peculiar to low coral atolls. These
problems often compete unsuccessfully for scarce resources with those of more populated
high islands.

The distribution and importance in the Pacific of these pests is shown in Table 1.1
and that of the main pest fruit flies in Table 2.2, using the conventions adopted previously.
The format of Chapter 2 dealing with a group of 18 fruit flies is somewhat modified to
make it more appropriate to the interacting complexities involved.

Table 1.1  Distribution and importance of four Pacific pests.

Country Icerya Neotermes Clerodendrum Portulaca
aegyptiaca rainbowi chinense oleracea
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2 Biological Control: Pacific Prospects — Supplement 2

Plant protection experts in the Pacific have, on three occasions (1985, 1990, 1992),
generously provided information on their major arthropod pests and weeds and also ratings
for importance, on the following scale:

* one of the country’s top 10 arthropod pests or top 10 wecds
+++  very widespread and very important

++  less widespread, but of great importance

+ important locally

| present, but unimportant

No attempt has been made to summarise all the literature on each pest, especially in
relation to chemical control, for which recommendations often rapidly become outdated;
and, in any case, pesticide use is less relevant in the Pacific than to many other countries.
On the other hand, published (and, where available, unpublished) information on natural
cnemies has been covered in some detail, including biological and ecological information
relevant to successful biological control.

The predecessors of this publication have, apart from the inclusion of Guam, been
heavily biased towards the south west Pacific. In this Supplement the coverage has been
extended to all of Micronesia. The treatment remains focussed on the relevance of the
information to traditional agriculturists in the Pacific, although the dossiers contain much
information relevant to the same pests elsewhere.

It would not have been possible to assemble as much information without the
unstinting assistance of many colleagues throughout the Pacific (and elsewhere) who have
given gencrously of their time and knowledge and often provided unpublished observations.

Over 400 insect species are referred to in the chapters, and the author, order and family
of cach is provided in the index of scientific names of insccts. There have been many
changes in the names used in the literature quoted in the chapters. These changes have
been incorporated as far as possible although, in some instances, there is no consensus
among modem taxonomists on what the correct terminology should be. Most frequently,
the terminology of the CAB Institute of Entomology has been adopted. Where confusion
may occur, the superseded name, preceded by an equals sign is enclosed in brackets. This
is not intended 10 imply that the brackeled name is necessarily a formal synonym, since
the change may have been made for other reasons.

In the maps at the head of chapters 2 to 6 the lines do not imply that all islands or
land masses encircled are necessarily infested, as the lines generally follow political
boundaries. As additional information becomes available, or the situation changes, there
will certainly be a need to adjust the extent of some of the areas included.

The precis at the front of each chapter is not intended to serve as a summary of the
information it contains, but rather as a rapid aide-memoire to some of the key matters
relating to prospects for biological control.

For ready reference the 55 dossiers that have already been published in Biological
Control: Pacific Prospects and its Supplement 1 (on 36 insect pests, 1 mite, 1 mollusc and
17 weeds) are listed on pages 137-138.

It is cssential when carrying out biological control introductions that appropriate
precautions are taken to ensure that natural enemies to be introduced are adequately specific
and that they are not accompanied by any unintended organisms, especially harmful
species. Guidelines dealing with these and related matters and provisionally endorsed by
the South Pacific Commission are available for the Pacific (Waterhouse 1991b).
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I wish to acknowledge the facilities generously provided by the Division of Entomology,
CSIRO and the valuable assistance of many of its staff, in particular of Dr D.P.A. Sands
(Brisbane). Special thanks are also due to M. Carver, P. Cranston, E.D. Edwards,
B. Fletcher, C. Hunt, M. Lenz, K.R. Norris (Canberra) and M. Julien (Brisbane) all of
CSIRO, together with P. Ferrar (ACIAR), P. Gullan (ANU), M.A. Bateman (Sydney),
R.A.l. Drew, R. McFadyen and J.T. Swarbrick (Brisbane), J. Beardsley, C.J. Davis,
W.C. Mitchell and M.A. Whistler (Hawaii), A. Allwood (Suva) R.A. Wharton (Texas),
A.C. Pont (UK) and .M. White (CABI, London).

With unfailing good humour and dedication, Ms A. Ankers (Canberra) converted
manuscripts, apparently cffortlessly (1), into camera-rcady copy.
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Figure 2.1 Distribution of pest fruit flies in the Pacific
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2 Pest fruit flies in the oceanic
Pacific

Precis

Tropical fruit flies have not, in general, proved to be good targets for biological control,
a situation that is all the more unfortunate since more than a dozen damaging or
potentially damaging native species occur in the oceanic Pacific. Nevertheless, biological
control programs can result in significant reductions in fly populations.

The only really outstanding success has been achieved in Hawaii against two
introduced species, the oriental fruit fly Bactrocera dorsalis of Indo-Malaysian origin and
the Mediterranean fruit fly Ceratitis capitata. Populations have been reduced by up to
95% and several cultivated fruits, previously very heavily infested, have become practically
free from attack. This resultis due mainly to the establishment of the wasp Fopius arisanus,
sometimes with an added effect from Fopius vandenboschi and to a lesser extent by
Diachasmimorpha longicaudata. In more recent times, Psyttalia incisi has also contributed
to fly mortality. On the other hand, after initial very promising results, only limited
success has been achicved in Hawaii against the introduced melon fly Bactrocera cucurbitae
of Indo-Malaysian origin. This fly is not susceptible to the four parasitoids mentioned
above. However, it is attacked by Psyttalia fletcheri, although chiefly in wild hosts and
only to a limited extent in commercial crops.

In Fiji, Fopius arisanus and to some extent Diachasmimorpha longicaudata, have
provided moderate, but still inadequate, control of the two major native pest fruit flies,
Bactrocera passiflorae and Bactrocera xanthodes. However, there are a number of
unexplored possibilities.

In Australia, where the major pest specics is the native Queensland fruit fly
Bactrocera tryoni, only Fopius arisanus has become established, but with negligible
effect.

Clearly somc host fruit flies are far more susceptible than others to the particular
parasitoids that happen to bc available. In addition, the parasitoids often interact with
each other when present in the same fruit fly larva. Thus Fopius arisanus can prevent the
development of Fopius vandenboschi and Diachasmimorpha longicaudata in the oriental
fruit {1y larva housing them; and none of the three species can develop in melon fly larvae.
Detailed studies of the biology, behaviour and host-parasitoid relationships are thus
clearly essential if maximum success is to be achieved from attempts to establish exotic
parasitoids against native fruit flies in the oceanic Pacific, since possible mismatches
would diminish the chances of establishment.

All southwest Pacific nations and Australia are seriously threatened by the relatively
recent intrusion into the region of the melon fly Bactrocera cucurbitae, first into Papua
New Guinea and then into Solomon Is, Nauru and Christmas Is (Kiribati), although it
appears to have been eradicated recently from Christmas Is. Its presence is menacing,
since immature adults are known to disperse widely and even up to at least 265 km over
water. No fruit fly attack has yet been recorded in many susceptible cucurbit hosts that
occur in the threatened areas. In order to reduce the rate of spread by lowering melon fly
populations in the known infested areas, it is imperative that at least Psyttalia fletcheri,
the most effective parasitoid so far known, be introduced to Solomon Is and Papua New

9



10  Biological Control: Pacific Prospects — Supplement 2

Guinea. Efficient artificial dispersal of this parasitoid to keep up with that of the melon
fly will also contribute to minimising damage in invaded areas. Other natural enemies
(such as Fopius skinneri and appropriate strains of Diachasmimorpha dacusii) should also
be considered. However, as a priority, parasitoids attacking melon flies infesting
cultivated cucurbits should be investigated in the geographical centre of origin of this fly
in the Indo-Malaysian region. The eradication of melon fly from Nauru should also be
scriously considered.

1. Introduction

Flies of the family Tephritidae rank highly as major pests of many fruits and vegetables
in much of the tropical and subtropical world, including the oceanic Pacific. Although
home growers often use sound parts of infested fruit and vegetables after trimming,
infested produce is usually unacceptable for home marketing, and it is rigorously banned
by most importing countrics. Losses may thus be due not to only crop damage and the
cost of control measures but also to the restriction or loss of export markets. For many
years most major importing countries have demanded that produce be free from viable
cggs and living fruit fly larvae and this was formerly achieved by fumigation with methyl
bromide or ethylene dibromide. However, these treatments are now viewed as unacceptable
because of possible health risks from bromide residues in the treated produce. Other
methods, mostly involving heat or cold, have been adopted or are under investigation,
although difficulties are being expericnced in achieving disinfestation without damage to
some commodities.

Much effort has been invested in examining the possibility of eradication, using mass
liberations of sterile males, poisoned protein baits for both males and females, poisoned
lures for males and relatively persistent contact insecticides (some with systemic effects)
applied to the surface of the produce requiring protection. Concern for risks to non-target
species has led to the testing in Hawaii of continuing mass releases of parasitoids. This
latter approach is intended for population suppression and not eradication and would be
far too costly for most Pacific island nations to consider for routine control purposes.

Eradication bas been achieved of several species over limited areas, but there have
been many failures, the costs have gencrally been very high and the successes have, of
course, involved the continuing need to protect the cleared area against re-infestation.
When properly applicd, various insecticidal measures are effective in protecting much or
all of the crop, but they are cxpensive and some may involve application and residue
problems. Poisoned protein baits arc probably the most useful means of control available.
Bagging is a non-insecticidal method that is effective, but very laborious and applicable
only to easily accessible crops.

To add to exporting difficulties New Zealand, a fruit fly free country which is an
important market for Pacific island nations, has stiffened its import restrictions to the
point of requiring that produce should not contain even dead fruit fly eggs or larvae above
a specified very low level (Baker et al. 1990). In practice, this means that produce for
export must be uninfested when exposed by an exporting country to an effective
commodity treatment. This requirement adds a strong incentive for countries to maintain
populations of pest fruit flies at as low a level as possible. It is thus timely to consider
whether biological control might play an important role in achieving this objective. At
best, biological control will only lead to a substantial lowering of the population of a fruit
fly species and not to its eradication. However, it is known that a substantial lowering of
the fly population may lead to less-preferred hosts completely escaping attack (Clausen
et al. 1965) and to a lower level of attack even on preferred hosts. Both effects should
decrease the chances that dead eggs or larvae would occur in export produce. However,
even if there are no other benefits, the traditional farmer would at least benefit, since less
of his crop would require trimming or discarding.
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This argument assumes that both the population density of the pest species and the
number of hosts infested would be reduced. The lowering of infestation would, of course,
have to be ‘worthwhile’ for biological control to be considered a success. Biological
control programs are reported to have had effects on the populations of individual species
ranging from major to very minor. Many natural enemies collected and imported into new
countries have never been released. Some that have been released were never recovered
from the field and others were recovered over a brief period but did not become
established. The currcnt level of effectiveness of most of the few parasitoids that are
firmly established is, unfortunately, not known at all accurately. The time is ripc for a
re-examination of the entire scenario.

2. Fruit flies in the oceanic Pacific
Information on natural enemies is now presented below that may be relevant to the
biological control of fruit flies occurring in the oceanic Pacific, on previous attempts at
biological control of relevant species and on the outcome of these attempts.
Throughout the world some 4,000 fruit fly species have been described in the family
Tephritidae. The larvae of most develop in the fruiting bodies of plants, including those
of many agriculturally important fruits and vegetables. About 150 species (including
some 20 of major importance) are known to attack fruits that are either grown commercially
or harvested from the wild (White and Elson-Harris 1992). The arca of origin of
introduced pest species (or of the nearest overseas relatives of native pest species in the
Pacific) provides a valuable indication of the regions of the world where biological
control agents might be sought.

Three pest gencra occur in the oceanic Pacific (Drew 1989):

(a) Bactrocera (formerly included in the genus Dacus), most species of which are native
Lo tropical Asia, Papua New Guinea, Australia and the south Pacific. A small number
occurin Africaand warmer areas of Europe. The native hosts of most are tropical forest
fruits, although a few, including members of the subgenus Zeugodacus, are almost
exclusively associated with the fruits and flowers of Cucurbitaccae.

(b) Dacus, most spccies of which are native to Africa and breed in the flowers and fruits
of Cucurbitaceae orin the pods of Asclepiadaccae. A single specics (D. solomonensis,
known only from Solomon Is and Bougainville Is) is of importance in the oceanic
Pacific.

(¢c) Ceratitis, most species of which are native to tropical Africa, where they attack a wide
range of fruits. Only one species (the Mediterranean fruit fly, C. capitata) which is
present in the Hawaiian Is is established in the oceanic Pacific. Although Hawaii is
outside the region of special concern to this account, the Mediterranean fruit fly poses
a significant quarantine threat 10 other islands of the Pacific.

Drew (1989) has rcviewed the 290 species of the genera Bactrocera (with 21
subgenera) and Dacus (with 4 subgenera) that occur in the region east of the Sulawesi and
south of the cquator, cxtending eastwards to the Society Is in French Polynesia.
Representatives of thesc genera are absent from Easter Is, New Zcaland and Norfolk Is,
but present in most other places where there is a continuous supply of suitable hosts.

About a quarter of the 290 speccics occur in Australia and slightly over half in
mainland Papua New Guinea and its major islands lying to the east (New Britain, New
Ircland, Bougainville). About one fifth (57 specics) occur in the southern Pacific (table
2.1). Where species are members of a closcly related complex within a subgenus this is
noted as it may be a rclevant indicator when scarching for useful parasitoids. Thirty four
of these 56 specics occur only in the southern Pacific with 29 of the 56 in Solomon Is,
10 cach in Vanuatu and New Caledonia, 6 in Western Samoa and Tonga, 4 in American
Samoa and Nauru, 3 in Fiji, French Polynesia and Niuc and 2 in Cook Is.
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Table 2.1  Fruit flies recorded in the oceanic south Pacific (mostly after Drew 1989).

Species Location
Bactrocera (Afrodacus) aenigmatica W. Samoa
B. (A)) minuta Vanuatu

anthracina complex

B. (Bactrocera) aterrima
bryoniae complex

B. (B) epicharis

B. (B.) quadrisetosa

B. (B.) simulata

B. (B.) varipes
distincta complex

B. (B.) anomala

B. (B.) decumana

B. (B.) distincta

B. (B.) unifasciata
dorsalis complex

B. (B.) dorsalis
frauenfeldi complex

B. (B.) caledoniensis

B. (B.) frauenfeldi

B. (B)) trilineola
musae complex
B. (B.) musae

recurrens complex
B. (B.) redunca

silvicola complex
B. (B.) turneri

tryoni complex
B. (B.) tryoni

Species not placed in complexes
B. (B.) aithogaster
B.(B.) atra
B. (B.) biarcuata

(B.) curvipennis
(B.) ebena

(B.) enochra
(B.) facialis
(B.) froggatti
(B.) furvescens
(B.) honiarae
(B.) kirki

(B.) longicornis

) luteola

.) melanogaster
\) melanotus

.) morula

.) mucronis

SEEEE B S EE®

TERE®

Bougainville Is, Solomon Is

Solomon Is

Vanuatu

Bougainville Is, Solomon Is
Vanuatu

Solomon Is

Vanuatu

Bougainville Is, Solomon Is
Fiji, Tonga, A. Samoa,

W. Samoa

Solomon Is

Nauru

New Caledonia

Australia, PNG, Solomon Is,
Kiribati, Kosrae, Nauru
Vanuatu

Australia, PNG, Bismarck
Archipelago, Solomon Is

Bougainville Is, Torres St
Solomon Is, Vanuatu

Torres St, PNG, Solomon Is

Australia, Lord Howe Is,
New Caledonia
French Polynesia

Solomon Is

Austral Is

PNG, Bougainville Is,
Solomon Is

New Caledonia, Vanuatu
New Caledonia
Bougainville Is, Solomon Is
Tonga

Bougainville, Solomon Is
PNG, Solomon Is

Solomon Is

Tonga, A. Samoa, W. Samoa,
Niue, Tahiti, Austral Is.
New Ireland,

Bougainville Is, Solomon Is
Society Is, Tuamotu Is
Bougainville Is, Solomon Is
Cook Is

Solomon Is

New Caledonia

(continued on next page)
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Species

Location

B. (B.) neonigrita
B. (B.) obscura
B. (B.) passiflorae

B. (B.) penefurva
B. (B.) pepisalae
B. (B.) perfusca

. (B picea

. (B.) psidii

. (B.) samoae

: (B.) umbrosa

New Britain, New Ireland,
Bougainville Is, Solomon Is
American Samoa, W. Samoa,
Tonga, Niue

Fiji, Niue, Tonga

(northern islands only), Tuvalu
PNG, Solomon Is
Bougainville Is, Solomon Is
Marquesas

Bougainville Is, Solomon Is
New Caledonia

W. Samoa

Henderson Is (Pitcairn Is)

SE Asia, Indonesia, PNG + Is

Solomon Is, Vanuatu, New Caledonia
. (B.) unipunctata Solomon Is
Fiji, Niue, A. Samoa, W. Samoa,
Tonga, Cook Is, Nauru (?Vanuatu)
B.(Polistomimetes) pagdeni Solomon Is
B. (Sinodacus) aneuvittata New Caledonia
B.(S.) perpusilla New Caledonia
B. (S.) strigifinis Australia, PNG, Moluccas,

Torres St., Solomon Is
B.(Zeugodacus) cucurbitae SE Asia, PNG, Solomon Is, Nauru
B. (Z.) fulvifacies New Caledonia
B. (Z.) gracilis Vanuatu
Dacus (Callantra) solomonensis Bougainville Is, Solomon Is

B
B
B
B. (B.) setinervis
B
B
B

. (Notodacus) xanthodes

Most (39) of the 57 species listed in Table 2.1 have not been recorded from
agriculturally important fruit or vegetables, although further sampling will doubtless add
to the number of species occasionally attacking commercial hosts. Indeed the hosts of
most species are unknown and are presumably endemic fruits. Studies that are currently
in progress under Food and Agriculture Organisation/United Nations Development
Programme/Australian International Development Assistance Bureau/South Pacific
Commission and Australian Centre for International Agricultural Research projects will
undoubtedly provide much valuable information on species present and on their abundance
and economic significance. Many species are still restricted to the single island group
where they are endemic, although a few of the economically important species appear to
have extended their range in comparatively recent times.

The distribution and importance of the 18 species of actual or potential economic
significance is shown in Table 2.2 and illustrated in Figures 2.1 to 2.5 (pages 4 to 8). The
recent trapping of Bactrocera dorsalis on Nauru (B.S. Fletcher pers. comm. 1992) is
worrying since, if it indeed proves to be capable of infesting commercial fruit, it would
be the first extension of this major pest species into the south Pacific. The question mark
in Table 2.2 against Bactrocera xanthodes in Vanuatu indicates specimens recorded as
having been bred from Barringtonia edulis. This fruit is indeed host to an undescribed
tephritid (not a dacine) which has also been reared from citrus, but there is no other record
of B. xanthodes. Furthermore, constant trapping has never attracted B. xanthodes which
responds to methyl cugenol lures (R. Weller pers. comm. 1990). The ratings for
importance have been assigned by relevant authorities for each country. In some cases,
the damage currently caused in a country is not major, although it would probably become
so if availability of hosts were increased by additional plantings. The major concern at
present relates to the cost and effectiveness of measures that have to be taken to meet
export standards of frcedom from fruit fly infestation.
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3. Biology of pest species

(a) General features

As far as known the life cycles of the Pacific species are quite similar. The females insert
their eggs directly into the host fruit or vegetable. There are three larval instars and a
prepupal stage, followed by pupation within the host (rarely) or near the surface of the
ground beneath a host plant (commonly). Adults require a regular supply of water and
carbohydrate to survive and protein to attain sexual maturity and develop eggs. Bacteria
on the surface of the plant are an important source of nutrients (Drew and Lloyd 1989).
Mating is necessary for the production of viable eggs.

As soon as the cuticle of the newly emerged adult has fully hardened and darkened, many
species enter a dispersive phase, which may last a week before the completion of reproductive
maturity. The presence of hosts during this period appears to have little influence on their
movement, so that most adults leave the site where they emerged and disperse throughout
the surrounding area, even if this involves flight through country without suitable hosts
or even over open water. When these highly mobile adult flies approach maturity they
start to seck appropriate ripening fruits or vegetables in which to oviposit. When they find
a suitable host tree with fruit their behaviour changes. They remain on or near it and mate,
typically at dusk, but at other times in some species. When host fruit disappear, or become
unsuitable for oviposition, females again disperse in search of new hosts.

The important pest specics pass through one generation after another throughout the
year, as long as hosts are available and the temperature does not fall too low. In the latter
cvent, the adults seck out sheltered refuges where they remain relatively inactive until
temperatures rise again. Meanwhile they may search for food nearby if temperatures rise
briefly above their activity threshold. There does not appear to be a truc diapause.

The major pest species arc polyphagous, infesting many hosts. However some pest
species are oligophagous, having a more restricted host range, with the majority of hosts
belonging 1o a single plant family.

Adults of the polyphagous pest species may live for many months and produce up
to 500 or more eggs. The number of eggs laid per fruit seems to be influenced by the size
of the host fruit. Species that, in their native state, utilise small fruits deposit one egg per
fruit and then mark it with a pheromone to deter further oviposition. Species that infest
larger fruits, or a variety of fruit sizes, lay larger numbers of c¢ggs and some have a
capacity for adjusting egg numbers according to fruit size. There is no evidence of a
marking pheromone in the major pest species attacking larger fruits, and multiple
ovipositions by different females may occur in the same fruit and often into the same
oviposition puncture. Once larvae start to feed, a so-far-unidentificd change occurs in the
fruit which generally causes females to avoid it.

There are considerable differences between species in the speed of both egg and
larval development, relative to the duration of the entire life cycle. In order to highlight
the differences Carey (1989) and Carey et al. (1985) divide the life cycle into pre-adult
(egg, larva and pupa) and adult stages. When conditions are favourable, for every melon
fly Bactrocera cucurbitae adult there arc 6 pre-adult stages, whereas for every oriental
fruit fly B. dorsalis or Mediterranean f{ruit (1y Ceratitis capitata adult there are 32 pre-
adults. Only 43% (% eggs + % larvac) of B. cucurbitae populations are inside a host at
any one time, but from 70 to 86% of the populations of the other species. A-major reason
for the low percentage of B. cucurbitae population in the egg and larval stages is the rapid
development time from egg to pupation (5 days in zucchini) relative to the duration of its
entire life (220 days) (Carey 1989). However the influecnce of factors such as these on
the impact of parasitoids on fruit fly abundance is not yet clear. In addition, the figures
apply only to the special case of populations with stable age distributions, that is to say
rapidly expanding populations that are increasing at their innate capacity for increase,
unlimited by shortage of resources and without immigration or emigration. It is entirely
possible that, on occasion, young, rapidly expanding populations of B. cucurbitae will have
higher proportions of pre-adults than aged and declining populations of B. dorsalis or
C. capitata.
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The males of many species are strongly attracted to specific chemical compounds known
as male lures. Three such lures are relevant in our area of special concem: methyl
eugenol which occurs naturally in the essential oils of a number of plants and two
synthetics, cue lure (4- (p-acetoxyphenyl) butan-2-one) and Willison’s lure, its hydroxy
derivative (4-(p-hydroxyphenyl) butan-2-one). Male lures can be used to monitor
presence or absence of males of reacting species and to provide an indication of levels of
abundance. When incorporated in traps or in poisoned baits, they are powerful means of area
control of some species. Females are seldom attracted unless the population of males has been
reduced to a very low level.

(b) Features of the pest species

Some of the relevant features of the pest species listed in Table 2.2 are dealt with below,
briefly except for those of the melon fly, which is currently attracting special attention
because of its potential to spread to new countries. Records of the main commercial hosts
that are attacked are taken mainly from Bateman (1988), Drew (1989) and White and
Elson-Harris (1992). Additional records of many non-commercial hosts are given in
Drew (1989) and from outside the Pacific by White and Elson-Harris (1992). The host
lists will undoubtedly be considerably expanded and old records critically assessed by the
current SPC/FAO/UNDP/ACIAR fruit fly projects. Little is known about the biology of
the less important species, but knowledge of this aspect is also certain to expand greatly
as a result of the foregoing projects.

Bactrocera cucurbitae (Fig. 2.1)

Males respond to cue lure

The melon fly is very widely distributed. In Asia it occurs in Iran (first recorded 1989),
Pakistan, India, Sri Lanka, Nepal, Bangladesh, Myanmar, Thailand, Vietnam, Cambodia,
Laos, Malaysia, Singapore, Brunei, Indonesia, Philippines, south China and Taiwan. It
is native to the central portion of this region but little is known of its wild hosts there. It
was first reported in Japan in 1919 (Shiga 1989) but, using sterile males, it was eradicated
from Kume Is in 1979, Miyako in 1987 (Iwahashi 1977, Shiga 1989), Daito in 1989 and
Okinawa in 1990 (Kawasaki 1991). It now occurs only in the Yaeyama Is, where sterile
insect releases commenced in 1990 and are hoped to result in eradication by 1993. In the
western Pacific it occurs in Irian Jaya, mainland Papua New Guinea, New Britain, New
Ireland, Lihir Is, Bougainville Is, western Solomon Is, Nauru (1982) and, was present for
a period in the mid eighties in Kiritimati Is (Kiribati). It was discovered in 1984 in the
Shortland Is group of Solomon Is. Eradication was attempted (Eta 1986) but this was
unsuccessful and it is now known also from Choiseul and Kolombangara. In 1988 it was
found in Santa Isabel Is and, in 1991, throughout Western and Isabel Provinces, which
represent about 45% of the total land area of Solomon Is. No melon fly has yet been
detected in other Provinces (C. Eta pers. comm. 1992). Melon fly is present in Hawaii
and occurred as a serious pest in Guam and some of the other Mariana Is (Rota, Tinian,
Saipan) until eradicated from Rota, Tinian and Saipan using sterile males (Mitchell 1980).
However it has reappeared as a serious pest in these islands following reintroduction from
Guam during a typhoon. It occurs in the Indian Ocean in Mauritius and Réunion and in
Africain Egypt, Kenya and Tanzania. In North America it has been trapped in California,
but successfully eradicated (Spaugy 1988).

The melon fly is one of the world’s most active and serious fruit fly pests and the
most important fruit fly pest of vegetables, especially of cucurbit crops. It has been
recorded from more than 125 hosts, including members of a number of plant families
other than the Cucurbitaceae. In Solomon Is it attacks cucumber, pumpkin, snake gourd
and watermelon (Bateman 1988). In Hawaii it is a serious pest of watermelon,
cantaloupe, pumpkin, squash, cucumber, tomato, ca