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h i g h l i g h t s

" Oriental fruit fly was discovered on
Tahiti in 1996. Eradication programs
failed.

" Fopius arisanus was released in 2002.
By 2009, mean parasitism was 65%.

" Diachasmimorpha longicaudata was
released in 2008, but parasitism has
been <5%.

" Bactrocera dorsalis has displaced
Bactrocera tryoni and Bactrocera kirki
in many host fruits.

" This is the most successful example
of fruit fly biocontrol outside of
Hawaii.
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a b s t r a c t

Oriental fruit fly, Bactrocera dorsalis (Hendel), invaded French Polynesia in 1996. In 2002 a natural enemy,
Fopius arisanus (Sonan), was released and established. By 2009 mean (±SD) F. arisanus parasitism for fruit
flies infesting Psidium guajava (common guava), Inocarpus fagifer (Polynesian chestnut) and Terminalia cat-
appa (tropical almond) fruits on Tahiti Island was 64.8 ± 2.0%. A second parasitoid, Diachasmimorpha lon-
gicaudata (Ashmead), was released and established in 2008. Although widespread, parasitism rates have
not been higher than 10%. From 2003 (parasitoid establishment) to 2009 (present survey) numbers of B.
dorsalis, Bactrocera tryoni (Froggatt), Queensland fruit fly, and Bactrocera kirki (Froggatt) emerging (per kg
of fruit) declined. For example, for P. guajava there was a decline of 92.3%, 96.8%, and 99.6%, respectively.
Analysis of co-infestation patterns (1998–2009) of B. dorsalis, B. tryoni, and B. kirki, suggest B. dorsalis is
now the most abundant species in many common host fruits. Establishment of F. arisanus is the most suc-
cessful example of classical biological control of fruit flies in the Pacific outside of Hawaii and can be
introduced if B. dorsalis spreads to other French Polynesian islands, as was the recent case when B. dorsalis
spread to the Marquesas Islands. These studies support F. arisanus as a prime biological control candidate
for introduction into South America and Africa where Bactrocera carambolae Drew and Hancock and Bac-
trocera invadens Drew, Tsuruta, and White, respectively, have become established.
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Phytophagous insects of the family Tephritidae, commonly
referred to as ‘‘true fruit flies’’, have provided many examples of
successful invasions (Duyck et al., 2004). Several Bactrocera species
are well-documented invaders and rank high on quarantine lists
worldwide (Clarke et al., 2005). Superior mobility and dispersive
powers, high reproductive rates, and extreme polyphagy are among
the common traits of invasive Bactrocera species. One such invasive
species is oriental fruit fly, Bactrocera dorsalis (Hendel). This tephri-
tid fly is considered to be among the five most damaging and
aggressive pest fruit flies in the world (Leblanc and Putoa, 2000).
It is distributed throughout Asia, from India to Taiwan, but not in
Malaysia, Indonesia or the Philippines, and as far north as southern
China (Clarke et al., 2005; White and Elson-Harris, 1992). It has
been accidentally introduced into the Commonwealth of the North-
ern Mariana Islands in 1935 (eradicated since 1965), Hawaii in
1945, Guam in 1948 (eradicated since 1965), Nauru in the 1980’s
(eradicated since 1999), and Tahiti in 1996 (Leblanc and Putoa,
2000).

In addition to B. dorsalis, three other economically important
Bactrocera species have become accidentally established in French
Polynesia: Bactrocera kirki (Froggatt) in 1928, Bactrocera tryoni
(Froggatt), Queensland fruit fly, in 1970, and Bactrocera xanthodes,
Pacific fruit fly, in 1998 (Leblanc and Putoa, 2000). B. kirki infests
49 host species in Polynesia, B. tryoni 113 species in Australia,
and B. xanthodes 40 species in Fiji and the Polynesian islands
(Secretariat of the Pacific Community Pacific Fruit Fly Web).
B. dorsalis has been reported in the Society and Marquesas Islands
and B. xanthodes only in the Austral Islands. Since tephritid fly
distribution and abundance are markedly structured by various
abiotic (mostly climatic) and biotic (host plants) factors (Duyck
et al., 2004), studies in French Polynesia provided a unique oppor-
tunity to investigate interspecific competition and displacement
among three different invasive Bactrocera species that have been
introduced successively rather than simultaneously given (1) the
sequential nature of these invasions, and (2) the fact that some
host plants present in French Polynesia are common to all three
fly species.

Circumstantial evidence suggests B. dorsalis was introduced into
Tahiti Island from Hawaii.

Given its success in Hawaii, Fopius arisanus, an egg-pupal
parasitoid, was the primary candidate for biological control of
B. dorsalis in French Polynesia. Also considered for introduction
were the larval-pupa parasitoid, Diachasmimorpha longicaudata
(Ashmead), and early larval parasitoid Fopius vandenboschi (van
den Bosch and Haramoto, 1951; Ramadan et al., 1992; Vargas
et al., 2007). In 2002 a classical biological control program was
initiated to introduce F. arisanus into French Polynesia from
Hawaii. Wasps were released and established on Tahiti, Moorea,
Raiatea, Tahaa, and Huahine, in the Society Islands (Vargas et al.,
2007). By 2006, F. arisanus parasitism of fruit flies infesting
guava was 51.9% for Tahiti Island and there was a subsequent
decrease in numbers of B. dorsalis, B. tryoni, and B. kirki fruit flies
emerging (per kg of fruit) by 75.6%, 79.3%, and 97.9%, respec-
tively (Vargas et al., 2007). The first 5 yr of this study were
published, but because this was an ongoing study and we have
now collected four more years of data (2006–2009), we felt it
important to publish the data set in its entirety to historically
document a rare success in biological control of fruit flies
(Waterhouse, 1993). Reported here are: (1) competitive interac-
tions among B. dorsalis, B. tryoni, and B. kirki from 1998 to
2009; (2) additional data on establishment of B. dorsalis and
F. arisanus from 2005 to 2009, and (3) impact of release and
establishment of a second species of fruit fly parasitoid,
D. longicaudata, into French Polynesia from Hawaii.

1. Materials and methods

1.1. Fruit fly abundance and their host fruits

Studies were conducted on Tahiti Island (Papeete: 17� 340 S lat-
itude, 149� 360 W longitude), the largest of >125 islands and atolls
of French Polynesia, spread over 2,500,000 km2 of the south Pacific
Ocean. Fruits from Psidium guajava L. (guava), Inocarpus fagifer
(Parkinson) Fosberg (Polynesian chestnut), Terminalia catappa L.
(tropical almond), and Mangifera indica L. (mango) trees were com-
mon along major coastal roadways of Tahiti Island. These four
hosts could be collected consistently in relatively large numbers
throughout the year (except for the seasonal M. indica) and were
highly suitable hosts for all three fruit fly species and both parasit-
oids. Ripe fruits were collected, including ground fruits (particu-
larly for T. catappa and I. fagifer). Because of the feral nature of
the trees, randomized sampling with a fixed sample size could
not be carried out. Numbers of collections and fruits sampled are
included in tables and figure captions. Infestation by different fruit
fly species was summarized to determine fruit fly interactions from
1998 to 2009. Other host fruits were periodically collected in var-
ious quantities throughout the year (Vargas et al., 2007), but due to
unpredictable fruiting patterns and the scattered nature of trees
along roadsides, numbers of fruits sampled varied considerably.
Fruit handling procedures were described previously in Vargas
et al. (2007).

1.2. Species-specific impact of F. arisanus and D. longicaudata releases

F. arisanus releases were described previously (Vargas et al.,
2007). D. longicaudata wasps were obtained from a colony main-
tained for 200 generations at the United States Department of Agri-
cultures (USDA), Agricultural Research Service (ARS), Pacific Basin
Agricultural Research Center (PBARC) facility in Honolulu, HI. Five
shipments of D. longicaudata (of approximately 5000 each for a to-
tal of 10,000 surviving wasps) were made between September
2007 and August 2008. Parasitoids were transferred from Faaa
International Airport to the Service du Développement Rural Labo-
ratory in Papara, Tahiti. A small laboratory was established at Pa-
para for evaluating parasitism in the field, rearing small numbers
of fruit flies, and rearing wasps for augmentative releases. Parasit-
oids were allowed to emerge from pupae placed inside cubical
cages (26 � 26 � 26 cm). Approximately 5000 wasps were held in-
side each cage until release. Wasps were provided with creamy
textured honey (Bradshaws, Sioux Falls, IA) and water. Number
of dead parasitoids inside cages after 4 d was recorded in order
to estimate the number of wasps released into the field. Generally,
cubical cages with approximately 2000 parasitoids were placed
under host trees. Cages were opened gently, and parasitoids al-
lowed to disperse to nearby ripe host fruits.

1.3. Data processing and statistical methods

Proportions of adult B. dorsalis, B. tryoni, and B. kirki flies that
emerged from sampled fruits were calculated for four host fruits
(P. guajava, T. catappa, I. fagifer, and M. indica). Emergence data
were pooled for ca 200 sampling sites by host species and year
(1998–2009) on Tahiti Island. For the four host fruits species col-
lected throughout Tahiti Island, data for numbers of B. dorsalis, B.
tryoni, B. kirki, and F. arisanus recovered from fruits were pooled
by year (1998–2009), and % parasitism and fruit fly emergence
per kg host fruit calculated. Because each host species was repre-
sented by many fruit collections, each with numerous fruits (total
of 2581 samples, 87,352 fruits, and 6964 kg of fruits between 1998
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