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Abstract
Fopius arisanus (Hym., Braconidae) is an egg–pupal parasitoid of
tephritid fruit flies. Since its introduction to Hawaii in the late 1940s, it
has caused substantial reduction of fruit fly populations. Rearing
methodology developed by the US Department of Agriculture –
Agricultural Research Service (USDA–ARS) in Hawaii in the 1990s
allowed an increasing number of studies of the biology and behaviour of
this parasitoid. Simultaneously, the parasitoid has been introduced to
various parts of the world for classical biological control purposes. This
paper reviews studies conducted on F. arisanus during the last 70 years.
In order to create a bibliographical tool for future research, we have
synthesized published data on the taxonomy, geographical distribution,
reproductive biology and behaviour, and foraging behaviour of this
parasitoid. The use of F. arisanus in future biological control programmes
is also discussed. 

Keywords:  Opiinae: Braconidae: Tephritidae: biological control: biology: behaviour: 
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1. Introduction. Biological control of tephritid 
pests

Tephritid fruit flies are among the most harmful
pests for the fruit industry [1]. Until recently, their
control relied heavily on the use of pesticides. Today,
as never before, there is an increasingly vociferous
stance against this practice. This environment pro-
moted the development of alternative control
methods such as biotechnical, cultural, genetic and
biological control.

The first reported biological control attempt against
fruit flies was started by the Australian Government
in 1902 [2]. In the second half of the 20th century,
Hawaii played the role of a large field laboratory,
which allowed the introduction and study of several
opiine parasitoids [3]. The medfly Ceratitis capitata
(Wiedemann) and the oriental fruit fly Bactrocera
dorsalis (Hendel) invaded the Hawaiian islands in
1910 and 1946, respectively. Immediately after the
establishment of these fruit flies, parasitoids were

brought into Hawaii for classical biological control
[4]. Though at least 32 natural enemies of
Tephritidae were introduced to Hawaii between
1947 and 1952 [5], only three Opiinae became wide-
spread and abundant: Diachasmimorpha
longicaudata (Ashmead), Fopius vandenboschi (Ful-
laway) and Fopius arisanus (Sonan) (Hym.,
Braconidae) [4].

Fopius arisanus is believed to have been introduced
into Hawaii in the late 1940s from Malaysia [6]. Mis-
identified as Fopius persulcatus (Silvestri) and
released to control B. dorsalis [7], F. arisanus was
first recovered from a tephritid-infested guava collec-
tion on Oahu in December 1949 and originally
confused with a melanistic form of F. vandenboschi
before its eventual recognition as a separate species
[8]. Fopius arisanus subsequently became the pre-
dominant fruit fly parasitoid in Hawaii [4, 9], causing
substantial reduction in fruit fly populations [10]. 
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Despite its potential effectiveness, F. arisanus has
been rarely used in other parts of the world as a bio-
logical control agent for tephritid pests. Indeed, up to
the 1990s, release programmes for F. arisanus were
barely sustainable owing to the difficulties encoun-
tered with rearing it [11]. Most studies carried out
until this date dealt with parasitoid population mon-
itoring (see above) and descriptions of field collection
techniques [12, 13]. Since the development of a viable
laboratory rearing technique for F. arisanus [14, 15],
an increasing amount of research has been under-
taken to improve understanding of various aspects of
the parasitoid’s biology. In this paper, we overview
the literature published on F. arisanus since its
description in 1932. In order to provide a practical
tool for future research, we have collated the avail-
able information about its systematics, geographical
distribution, morphology, biology and behaviour as
well as its use in biological control. This synthesis
also allows us to highlight little-known aspects of F.
arisanus’ biology needing further research.

2. Systematics

Fopius arisanus belongs to the Opiinae subfamily.
This subfamily contains 26 genera and more than
800 described species, most of which belong to the
genus Opius Wesmael [16, 17].

Opius arisanus Sonan was first described in 1932
from some individuals collected in 1916 in Formosa
(Taiwan), on Mount Arisan [18]. A synonymy
appeared when Fullaway [8] described the species
again as Opius oophilus Fullaway in 1951. The spe-
cies was later transferred to the genus Diachasma as
Diachasma arisanum (Sonan) [19]. In 1983, F.
arisanus was transferred to the genus Biosteres and
Biosteres oophilus (Fullaway) was recognized as a
junior synonym of Biosteres arisanus (Sonan) [20, 21].

The term Fopius, a contraction of Fischer and Opius,
appears in 1987 as a subdivision of the genus Rhyn-
chosteres [22]. It was given genus rank a few years
later [23]. In 2002, this genus was regrouped into
between 25 and 29 species[16, 24, 25] The initial
description of the genus Fopius was motivated
mainly by the difference in clypeus morphology
within the genus Rhynchosteres [22]. This termi-
nology was later discussed [23, 26], and became
unsatisfactory as new species of Fopius were
described [25]. The poorly defined generic status of
Fopius is therefore almost certainly about to be reas-
sessed [25].

The name Fopius arisanus (Sonan, 1932) seems to
have first appeared in 1993 [27] but this new combi-
nation has not yet officially been published (R. A.
Wharton, pers. comm.).

3. Geographical distribution

Except for countries where it has been introduced
deliberately, the distribution of F. arisanus is
restricted to the Indo–Pacific area. Fullaway [8]
reported it to be present in Taiwan, Borneo, India,
Malaysia and Thailand. Chinajariyawong et al. [28]
also mentioned its occurrence in Thailand and
Malaysia. 

The first known human introduction of F. arisanus
dates back to 1946 in Hawaii [29]. Fopius arisanus
has also been introduced into other countries for bio-
logical contro purposes (Table 1). 

4. Morphology

4.1. Description of pre-imaginal stages

A detailed description of pre-imaginal stages can be
found in Haramoto [30]. That description has been
recently revised by Rocha et al. [31]. The following
descriptions apply to immature stages of F. arisanus
reared on B. dorsalis.

The egg (Figure 1) is cylindrical, glabrous, glistening
translucent clear white, slightly concave ventrally
and convex dorsally. It is 250–350 µm long when
mature.

Three larval instars are recognized [31]. The first-
instar larva (L1) (0.25–1.8 mm long) is divided into
14 segments and has strong sclerotized mandibles. It

Table 1.  Introductions of Fopius arisanus for biological control
purposes.

Country Year of 
introduction

Ref1 Notes

USA (Hawaii) 1946 [6] Well acclimatized, main 
opiine parasitoid of 
Tephritidae on the 
islands

Costa Rica 1958 [96] Recovered in 1963 and 
1981

Australia 1962 [54] Little effect on local 
tephritid populations

USA (Florida) 1974 [97] Attempt unsuccessful

Pakistan 1996 UR Field releases

Micronesia 1997 UR     “        “

Mexico 1998 UR Laboratory rearing and 
biological studies

Guatemala 1998 UR       “          “

Italy 1999 [59]       “          “

Israel 2002 UR       “          “

Spain 2002 [98] Reared under labora-
tory conditions before 
release

Fiji 2002 UR Field releases

French Polynesia 2002 UR     “        “

France (Réunion) 2003 UR Laboratory rearing and 
biological studies. Accli-
matization in progress

1UR: E. Harris, unpublished report.
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is surrounded by the serosal membrane. The second-
instar larva (L2) is 1.5–3.2 mm long. Mandibles
become proportionally shorter and the segmentation
becomes inconspicuous. The third-instar larva (L3) is
3.0–3.9 mm long (Figure 2). For the first time, a tra-
cheal system and some cephalic structures are
clearly visible. The 14 segments are again visible.
Rocha et al. [31] also distinguished a prepupal stage
characterized by antennal elongation.

The pupa (Figure 3) has a similar size to the L3
stage. The larval integument splits from the anterior
to the posterior end and the exuviae comes to rest on
the dorsum of the abdomen. Initially colourless, the
pupa takes on a red and black colour within 48 hours. 

These measurements vary greatly from those
reported by Palacio et al. [32] and Ibrahim et al. [33],
who recorded four larval instars on the same host.
This discrepancy might be explained by the unrelia-
bility of using soft tissue measurements for
identifying larval instars of F. arisanus [31].

4.2. Brief description of the adult

Opiinae form a monophyletic group with the Alysi-
inae, characterized by the apomorphic feature of
endoparasitism of cyclorrhaphous Diptera [34].
While Alysiinae are well-defined by the possession of
exodont mandibles, Opiinae are still poorly defined
as a monophyletic group; however synapomorphs
uniting all members of this subfamily are still
lacking and by default Opiinae are essentially
endoparasites of cyclorrhaphous Diptera without
exodont mandibles [34].

Fopius arisanus adults (Figure 4) are characterized
by a combination of several morphological traits: a
narrow ovipositor tip, a strongly rugose sculpture on
top of the head, a striate sculpture on the second
metasomal tergum, and a relatively dark body [24].
Fopius arisanus is about 4 mm long, with males
slightly shorter than females if reared on the same
host species. The colour of the head, thorax and
metasoma is variable but is mainly dark with paler
legs [8, 18]. The ovipositor is 2.5–2.8 times longer
than the mesosoma [24].

4.3. Sensory organs

To our knowledge, the study of Lawrence et al. [35] is
the only work dealing with the sensory organs of F.
arisanus. These authors described in detail the sen-
sillas of the ovipositor. The tip of each ventral process
resembles one-half of a serrated ‘arrowhead’ of five
teeth, each with a basiconic sensillum at its base.
This type of sensillum is usually associated with a
contact chemoreception function. Such receptors
might help assess the quality of a host, and/or detect
a previously laid parasitoid egg and thus prevent
superparasitism, as has already been demonstrated
in D. longicaudata [36]. 

Lawrence et al. [35] also described coeloconic sen-
silla on the ventral face of the dorsal processes but
did not express any hypothesis about their function.

Figure 1. Parasitized egg of Ceratitis rosa Karsch (Dipt.: Tephriti-
dae). In this rare case of superparasitism, three eggs of Fopius arisa-
nus are visible inside (arrows) (photo by P. Rousse).

Figure 2. Late third-instar larva of Fopius arisanus. The eye of the
pupa is already visible through the larval tegument (arrow) (photo
by A. Franck).

Figure 3. Male pupa of Fopius arisanus. The remaining larval tegu-
ment is visible on the first abdominal tergite (arrow) (photo by A.
Franck).

Figure 4. Female (right) and male (left) of Fopius arisanus (photo by
P. Rousse).
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In other species, this type of sensillum has been
associated with a chemo-, thermo- or hygro-recep-
tion function [37].

5. Biology 

5.1. Egg–pupal parasitism

Fopius arisanus is primarily an egg–pupal parasi-
toid, though it can also parasitize young first instar
larvae [38]. This type of parasitoid lays eggs into the
host’s eggs, within the embryo, and the parasitoid’s
egg hatches shortly after the host’s. The host carries
on its development normally, and the parasitoid
remains at the first larval instar until the host
reaches the prepupal instar, i.e. when it leaves the
feeding site to form its puparium. The parasitoid
then moults for the first time and develops further,
devouring its host inside the puparium from which it
will later emerge. The term egg–prepupal parasitism
has been proposed to designate more accurately this
biological cycle [39].

The only known egg–pupal parasitoids of
Tephritidae belong to the Opiinae. More precisely, F.
arisanus, Fopius ceratitivorus Wharton, Fopius cau-
datus (Szepligeti) and Utetes canaliculatus (Gahan)
are the only species which are confirmed to behave as
egg–pupal parasitoids of Tephritidae [40]. Given the
shape of their ovipositors, up to three other Fopius
species are also presumed to behave in this way [24].

Egg–pupal parasitoids attack mostly concealed
hosts, generally buried in the substrate where eggs
have been laid [39]. The host eggs are often clustered
in large clutches, exhibiting no escape behaviour,
and have few immunological defences [41]. Moreover,
a parasitoid attacking early instars of a host should
have an advantage over potential competitors in
cases of subsequent multiparasitism. Both argu-
ments may explain the greater efficiency of egg–
pupal parasitoids. This prevalence over other parasi-
toid strategies has been confirmed for F. arisanus in
the Tephritidae/Opiinae parasitoid complex by var-
ious authors under laboratory [42–46] and field
conditions [9, 10, 47, 48]. Palacio et al. [49], however,
carried out laboratory experiments where D. longi-
caudata prevailed over F. arisanus. The prevalence
depends on environmental factors: indeed, the domi-
nation of F. arisanus over other tephritid parasitoids
is confirmed up to an altitude of 600 m above sea
level [50] but seems to be more uncertain at higher
elevations [51].

5.2. Bionomics of the F. arisanus/tephritid host complex

5.2.1. Host range
Fopius arisanus is a polyphagous parasitoid. Never-
theless, all its known hosts belong to the Tephritidae,
and most of them to the genus Bactrocera. To date, F.
arisanus has been reported to be able to develop on
18 host species (Table 2). Some host species are only
semi-permissive, i.e. the mortality rate of the parasi-
toid may be very high, as is the case with Anastrepha
suspensa (Loew) [35]. 

Fopius arisanus is also able to parasitize the eggs of
the melon fly, Bactrocera cucurbitae (Coquillett),
and Anastrepha obliqua (Maquart), though with an
extremely low rate of successful development [52,
53]. Moreover, F. arisanus often parasitizes the eggs
of non-host species at a similar rate to those of host
species, for example Bactrocera cucumis (French)
[54]. As the parasitized pre-imaginal stages suffer
from increased mortality, the impact of the para-
sitism on non-host populations may be, at times, not
negligible [55].

5.2.2. How the specificity of the host/parasitoid relationship 
affects the development of both protagonists
5.2.2.1. Overview of results. Various studies deal

with the development of F. arisanus on different
tephritid hosts. Most of these studies used F.
arisanus adults from USDA–Hawaii, a colony estab-
lished on B. dorsalis for more than 200 generations
[14, 15]. A notable exception is the work of Zenil et al.
[52], who used a colony established on C. capitata for
28 generations.

These studies deal with the initial parasitism rate,
the duration of pre-imaginal development, the sur-
vival rate of the parasitoid and the influence of
parasitism on the survival rate of immature instars
of the host. Where available and comparable, i.e.
where experimental methods are similar, the results
have been collated in Table 3. 

Great differences in terms of the development of F.
arisanus are observed depending on the host species.
Its development on B. dorsalis may have been
enhanced by long-term rearing on this host but a
better survival of F. arisanus on B. dorsalis than on

Table 2. Reported host range of Fopius arisanus.

Host species Reference

Anastrepha ludens (Loew) [52]

A. serpentina (Wiedemann) [52]

A. nr striata Schiner [99]

A. suspensa (Loew) [35]

Bactrocera dorsalis (Hendel) [8]

B. barringtoniae (Tryon) [99]

B. cacuminata (Hering) [21]

B. carambolae Drew & Hancock [54]

B. jarvisi (Tryon) [99]

B. kraussi (Hardy) [99]

B. latifrons (Hendel) [21]

B. neohumeralis (Hardy) [99]

B. oleae (Gmelin) [59]

B. papayae Drew & Hancock [54]

B. passiflorae Froggatt [99]

B. tryoni (Frogatt) [54]

Carpomya vesuviana Costa [21]

Ceratitis capitata (Wiedemann) [30]
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C. capitata has also been documented with wild pop-
ulations [56].

5.2.2.2. Factors influencing survival rates.  The above-
mentioned studies show two main consequences of
parasitism on host development. Firstly, the mor-
tality of prepupal host instars may be greatly
increased by the wounds inflicted while the ovipos-
itor is inserted into the egg and the embryo. The
magnitude of this effect can be assessed by the differ-
ence between the number of eggs initially attacked
by the parasitoid and the number of host pupae sub-
sequently collected (taking into account natural
mortality). This mortality affects both parasitoid and
prey, as neither develops successfully. Secondly, the
mortality of host pupae may also be increased by the
successful development of the parasitoid into its
imaginal instar. The magnitude of this effect is
assessed by the difference between the number of
host pupae collected and the number of host flies that
emerge (Table 3).

There is often a large difference between the para-
sitism rate and the mortality of prepupal host instars
(Table 3). For example, 90% of the eggs and larvae of
C. capitata die while only 30% of eggs are parasit-
ized. The insertion of the ovipositor inflicts damage
to the chorion and wounds the embryo inside. This
induces greater mortality in the host, even when the
insertion (probing) is not followed by egg laying [55]. 

The age of the host egg seems to influence parasitoid
survival, especially in the case of tephritid host spe-
cies with a long embryogenic development such as
Anastrepha ludens (Loew) and Anastrepha serpen-
tina (Wiedemann). If F. arisanus parasitizes eggs
that are too young, i.e. less than 4 hours old, it cannot
achieve development [52]. To protect themselves
from the immunological response of the host, most
egg parasitoids lay their eggs in the pre-gastrula
stage of the embryo [57]. If the embryo has not been
formed, the parasitoid’s egg is laid inappropriately,
leading to the death of the hatching parasitoid larva.

Finally, a few tephritid species seem to be able to
entirely eliminate the parasitoid by a classical immu-

nological response. Anastrepha suspensa [35] and B.
cucurbitae [58] are able to eliminate the parasitoid’s
eggs by encapsulation. Such a phenomenon has
never been observed in the well-studied species B.
dorsalis and C. capitata [49, 55].

5.2.2.3. Probable endocrinal interactions during larval 
development.  The duration of pre-imaginal devel-

opment of F. arisanus is closely related to the
developmental duration of its host and therefore
depends on the host species. It has, however, been
observed that in most cases, males emerge at the
same time as, or up to 2 days after the non-parasit-
ized hosts, followed 2 or 3 days later by females [35,
38, 59]. In A. ludens and A. serpentina, it has never-
theless been noticed that F. arisanus emerges 3 or 4
days before the non-parasitized host flies of the same
cohort [52]. This may be due to the longer pupal
development time required for these two species [60].
Almost all F. arisanus adults emerging from the
smallest pupae are males, and nearly all adult para-
sitoids emerge from pupae smaller than
unparasitized ones [61].

The moulting of the parasitoid’s L1 stage to the L2
stage may be induced by an unknown factor associ-
ated with the host’s physiology. It might be the
increasing concentration of ecdysone and the co-
occurring decreasing concentration of juvenile hor-
mone that precede the pupal transformation, i.e.
during the prepupal stage. Such a scenario has been
demonstrated in D. longicaudata [62]. Other exam-
ples of endocrinal interaction in parasitoid/host
complexes are not uncommon [63, 64]. Fopius
arisanus would then belong to the ‘conformist’
endoparasitoids: their first moult depends on the
ecdysteroid concentration in haemolymph, and they
do not perturb the endocrinal system of their host, by
contrast with the ‘regulator’ endoparasitoids [65].
The small size of parasitized pupae would be
explained by a modification of the host’s feeding
behaviour [66] and/or the destruction of the nutrient
storage organs [30].

5.3. Life-history traits 

Except when otherwise specified, all results reported
here were obtained with strains reared on B.
dorsalis.

5.3.1. Larval development
The data given here are summarized from Haramoto
[30] revised by Rocha et al. [31]. The parasitoid’s egg
hatches 28 to 35 hours after being laid, inside the
host egg or the young L1 stage. The first instar is the
most active of the three larval instars. It can be seen
moving about freely or feeding almost anywhere in
the host body cavity. Although the mandibles appear
capable of lacerating any host tissue, only the fat
body seems to be injured. The last two larval instars
develop inside the host pupa. The host’s histolysis
occurs normally, but only non-parasitized hosts
develop further. By the time the parasitoid larva is
ready to moult to the last instar, most of the host has
been consumed and the parasitoid larva occupies the
whole host puparium. The third larval instar (L3)

Table 3. Mortality of pre-imaginal stages of several Tephritidae
parasitized by Fopius arisanus. 

Host species Egg 
parasitism 
rate (%)

Pupae 
collected 
(%)1

Parasitoid 
emergence 
(%)2

Bactrocera dorsalis 34 42 46

B. latifrons 21 5 20

B. cucurbitae 13 45 <1

B. oleae 28 ? 30

Ceratitis capitata 29 8 26

Anastrepha suspensa ? ? 22
1Mean percent of pupae collected from the cohort exposed to parasitism.
2Mean percent of parasitoids emerged from collected pupae (synthesised
from data in Harris & Bautista [53], Lawrence et al. [35] and Calvitti et al.
[59].
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lasts between 3 and 7 days. During the pupal trans-
formation, the larval integument splits from the
anterior to the posterior end and the exuviae comes
to rest on the dorsum of the abdomen. The duration
of the pupal stage is 5–8 days under a constant tem-
perature of 28°C. The imago emerges by a transverse
slit of about the two-thirds of the pupal circumfer-
ence, on the second and third segments. It drops the
last larval exuviae and expels the meconium. It
extends antennae, wings and ovipositor and wanders
around the ground for about 10 minutes before
taking to the air.

5.3.2. Reproductive behaviour 
The reproductive behaviour of F. arisanus in the field
has been described by Quimio [67]. Unlike most of
the parasitic Hymenoptera, the males of F. arisanus
copulate only after a pre-mating period of at least 3
days after emergence. During this period, males form
swarms. 

When sexually mature, males form loose aggrega-
tions of up to ten individuals. Females enter these
aggregations, perhaps attracted by a pheromone
released by the males. Females do release such a
pheromone, which is only perceptible at short range.
Adults of both sexes then approach each other and
contact antennae. The male mounts the female and
the copulation lasts about 15 seconds. There is no
observable post-copulatory behaviour.

5.3.3. Longevity
Adults of F. arisanus reared from B. dorsalis have a
mean life expectancy of 15 days for males (maximum
38 days) and 20 days for females (maximum 40 days),
when provided with honey and water and deprived of
hosts [30, 38]. The life expectancy does not exceed 7
days in the absence of a carbohydrate supply [68].
Oosorption (see below) seems not to alter the lon-
gevity of host-deprived females [68].

5.3.4. Fecundity
Fopius arisanus is a pro-synovogenic species, i.e.
females have some mature eggs when they emerge
from host pupae, but most of the eggs are produced
during the imaginal stage; in fact, ovogenesis starts
during the pupal stage [7]. Lawrence et al. [35]
described the structure of the ovaries of F. arisanus.

The first oviposition occurs on average 4 days after
emergence, but it may not occur until the adult
female is 10–15 days of age. Moreover, a noticeable
proportion of females never lay any eggs even when
they are provided with food and hosts [7]. During the
first 2 weeks of oviposition, the sex ratio is strongly
female-biased (57–70%), but the ratio reverts to a
male-biased one when females are more than 15 days
old [38]. This observation has been confirmed with
wild populations [61]. Data on the fecundity of F.
arisanus have been collated in Table 4.

Lawrence et al. [35] and Wang & Messing [68] high-
lighted the influence of oviposition experience on the
fecundity of females from colonies established on A.
suspensa and C. capitata, respectively. In the
absence of oviposition, the storage of mature eggs

decreases. Fopius arisanus may reabsorb its mature
eggs (oosorption) so as to re-use the nutritional
resources [69]. The production of mature eggs is
enhanced by oviposition, as is common in synovo-
genic species [70]. In the absence of hosts, oosorption
begins as early as the fourth day, but can be retarded
if the female is then provided with hosts. The produc-
tion of mature eggs seems to be considerable, as a
great number of ovipositions are required to effec-
tively decrease the number of mature eggs in
ovipositing females (40 per day, which seems
unlikely to occur under field conditions) [68]. 

Wang & Messing [68] demonstrated that oviposition
enhances the production of mature eggs and limits
oosorption more than any other factor. Feeding,
mating or contact with indirect host cues have no sig-
nificant influence on the number of mature eggs in
ovaries. Mating nevertheless stimulates oviposition,
as unmated females show less oviposition behaviour
than mated ones [7].

6. Host selection

To date, little has been published about the mecha-
nisms involved in general host selection, i.e. how the

Table 4. Fecundity of Fopius arisanus reared on different host flies. 

Parameter Host species Value1 Notes Ref

Mean instantaneous 
potential fecundity 
(number of mature 
oocytes present in ova-
ries at the same time in a 
naïve female)

Bactrocera dor-
salis

40 At emer-
gence

[7]

B. dorsalis 121 6 days old

Ceratitis capi-
tata

18 At emer-
gence

[68]

C. capitata 104 6 days old

Anastrepha sus-
pensa

78 7 days old [35]

Mean realized fecundity 
(total number of eggs laid 
in whole lifespan)

C. capitata 117 Strain of F. 
arisanus 
reared on 
C. capitata 

[52]

A. ludens 71          “

A. serpentina 92          “

Mean total progeny pro-
duction (in whole 
lifespan)

B. dorsalis 135 [38]

C. capitata 117 Strain of F. 
arisanus 
reared on 
C. capitata 

[52]

A. ludens 15         “

A. serpentina 58         “

Mean daily progeny pro-
duction (per day)

B. dorsalis 2.2 On first 
day

[38]

6.1 16–20 days 
old

1.2 36–40 days 
old

1These data refer to mated females.
CABI Publishing



Fopius arisanus, an egg–pupal parasitoid of Tephritidae. Overview. 65N
parasitoid female finds the host habitat and how it
finds, recognizes and accepts its host. The results of
these studies are briefly summarized here according
to the general process proposed by Vinson [71–74].

6.1. Habitat location

The location of a potential host habitat or microhab-
itat (a tree with fruits attacked by fruit flies or the
fruit itself, in the case of F. arisanus) involves both
visual and long-range chemical stimuli. For F.
arisanus, host-microhabitat preferences have been
investigated by assessing choices between several
similarly parasitized fruit, although the stimuli that
elicit the responses are unknown: F. arisanus para-
sitism rates vary depending on the fruit the host
eggs have been placed in. Parasitism rates of B. dor-
salis eggs are greatest when the eggs are placed in
Musa sapientum (L.) (apple banana), followed, in
descending order, by Terminalia catappa (L.)
(Indian almond), Carica papaya L. (papaya) var.
Solo, Mangifera indica (L.) (mango) var. Haden and
Citrus aurantiifolia (Christman) (common lime) [5].
When females are provided with B. cucurbitae
infested fruits, the parasitism rate is highest in
Cucurbita pepo L. (zucchini squash), then, in
descending order, Solanum melongena L. (egg-
plant), Momordica charantia L. (bitter melon or
bitter gourd), Cucumis sativus (cucumber) and Lyc-
opersicon esculentum L. (tomato) [75]. Moreover, F.
arisanus responsiveness increases with fruit ripe-
ness [76], but the females are weakly attracted to
fallen fruits on the orchard floor [77].

Regarding visual stimuli, F. arisanus is highly
responsive to the colours white and yellow (wave-
length > 560 nm, reflectance near 70%) [78]. It shows
a low response to the size of coloured lures [78, 79],
and apparently no response to the shape of coloured
lures [79]. 

6.2. Host location

Host location sensu stricto begins after the parasitoid
has landed within a host habitat. The behaviour then
switches from a nearly straight flight, oriented to a
source of attractant stimuli, to an erratic walk in
search of arrestant stimuli. Wang & Messing [80]
described in detail the host-locating behaviour of F.
arisanus.

Once landed on a fruit, the female spends more than
90% of its time in searching for host eggs and exhib-
iting egg-laying behaviours. At first it wanders on
the fruit, applying the tip of its antennae to the fruit
surface (‘antennating’). It sometimes halts and
pushes its ovipositor into the fruit while still
applying the antennae to the surface (‘detecting’).
Both these behaviours last until it detects the site
where a fruit fly has laid eggs. It then shows a stere-
otyped sequence of ‘probing’ and ‘ovipositing’
behaviours, until it leaves the site.

Fopius arisanus recognizes previously parasitized
hosts, though the mechanisms involved are still
unclear. Less than 5% of parasitized hosts contain

more than one parasitoid egg when females are pro-
vided with 20 eggs per female [53, 55].

6.3. Physiology and learning

The patterns of parasitoid foraging are determined
by the interactions of genetic, environmental, physi-
ological and experiential factors [81]. As far as we can
ascertain, no study of the influence of physiological
factors on searching behaviours has been conducted
yet for F. arisanus. Nevertheless, some clues in the
literature allow us to propose some hypotheses. 

Firstly, it is known that the egg load of a parasitoid
may modify the host-accepting behaviour even for
synovogenic species whose egg load is periodically
limited [82]. As mentioned above, the egg produc-
tion of F. arisanus appears considerable, at least for
young females [68]. Therefore, F. arisanus might
not be compelled to search for especially high
quality hosts within a given patch. Instead, it might
lay eggs in a large number of hosts of different spe-
cies of variable quality.

Secondly, F. arisanus females look for hosts in
infested fruits. These fruits are often deliquescent
and might constitute a carbohydrate source. There-
fore, it is possible that host and food search may be
linked without necessarily interfering. Nevertheless,
one study showed that adults fed with water and ripe
coffee berries lived no longer than adults fed with
water only [83].

Dukas & Duan [84] demonstrated that the behaviour
of F. arisanus may be temporally altered by prior
experience, which implies sufficient sensorial and
memory capacities. Fopius arisanus may associate a
fruit species with the presence of hosts, and then
preferentially land on this host fruit in later choice
experiments. This associative learning lasts several
days when it is reinforced by successful oviposition
experiences. In the case of F. arisanus, this leads to a
larger viable progeny production for experienced
females compared with naïve ones [84].

7. Fopius arisanus as a biological control agent for 
IPM of tephritid pests

The ecological success of F. arisanus in Hawaii dem-
onstrated its efficiency in classical biological control
programmes. For example, Haramoto & Bess [9]
reported that the mean number of fruit fly pupae (B.
dorsalis and C. capitata) collected from coffee berries
in Kona, Hawaii, decreased from 23.6 pupae per 100
fruits (8.7% parasitized) in 1949 to 5.2 (66.8% para-
sitized) in 1969. The interaction of F. arisanus with
other components of IPM programmes has been doc-
umented; in particular, it has been reported that it
was not responsive to protein baits [85]. Hence, the
application of bait sprays containing spinosad or
phloxine B for C. capitata populations suppression
has little harmful effect on the parasitoid [50].

On the other hand, F. arisanus could be a poor candi-
date for augmentative biological control programmes
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depending on the efficiency and cost of mass produc-
tion. The augmentative strategy aims to release large
number of parasitoids on a regular basis to improve
the efficiency of classical biological control [86, 87].
This implies a large production of mass-reared para-
sitoids. As mentioned above, rearing of F. arisanus is
quite sensitive. Harris & Bautista [25] estimated the
cost of producing one million parasitoids to be more
than US$2000, although they suggested this cost
could be reduced, targeting a maximum affordable
cost of less than $1000. Moreover, Larios et al. [88]
reported that the chilling of adult parasitoids
required for aerial releases resulted in a significantly
male-biased sex ratio. These factors led some teams
to use other parasitoid species in augmentative
releases, mainly Diachasmimorpha tryoni (Cameron)
and D. longicaudata [47, 89–91]. Nevertheless, in
1998, despite the weekly release of 600,000–800,000
pupae parasitized by D. longicaudata, F. arisanus
still accounted for 90% of all parasitoids recovered
from B. dorsalis in the field in Hawaii [47]. 

However, recent results with mass rearing F.
arisanus using a newly developed cylindrical cage
show that production levels of 100,000 parasitoids
per week could be readily achieved for an affordable
cost (E. Harris & T. Mangine, unpublished data).
Thus new, more efficient strategies are possible by
simultaneously releasing large numbers of egg and
larval parasitoids as a pest management tool.

8. Conclusions

While the general biology of F. arisanus is now rela-
tively well known, much of its behaviour is still
unclear. In order to initiate and monitor biological
control releases, it seems essential to gain a better
understanding of how the parasitoid finds and selects
its host. For instance, host habitat location and the
intra-patch discrimination between parasitized and
non-parasitized hosts have been poorly studied until
now. The mechanisms underlying F. arisanus’ host
preferences and possible subsequent ecological
switching between different host species are equally
unclear, and so are its optimum environmental
requirements. These gaps in knowledge may lead a
biological control programme to fail, and therefore we
highlight the need for future research in these areas.

However, there is potential for the use of F.
arisanus in Hawaii in augmentative biological con-
trol that should be explored. This parasitoid has to
be restricted to classical biological programmes in
other tropical regions. In inoculative releases, F.
arisanus has demonstrated its ability to acclima-
tize to such areas and to affect significantly the
development of some Bactrocera spp., such as B.
dorsalis [92] and Bactrocera zonata (Saunders) (P.
Rousse, F. Gourdon & S. Quilici, unpublished data).
These two species, for example, currently invade
Kenya [93] and Tanzania [94], and Egypt [95],
respectively. The introduction and acclimatization
of F. arisanus to these areas should help to control
these invasive pests.
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