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Abstract
Host acceptability and suitability Psyttalia concolor (Szépligeti) is a koinobiont, larval parasitoid
of tephritid fruit flies. Individuals of P. concolor were field-collected from coffee in the central
highlands of Kenya, and cultured initially on Mediterranean fruit fly (medfly), Ceratitis capitata
(Wiedemann). They were then examined for their ability to oviposit in and develop on five other
tephritid species that are pests in Kenya. In addition to the medfly, acceptability for oviposition
and suitability for development were tested against the mango fruit fly, Ceratitis cosyra (Walker),
the Natal fruit fly, Ceratitis rosa Karsch, Ceratitis fasciventris (Bezzi), Ceratitis anonae Graham
and the melon fruit fly, Bactrocera cucurbitae (Coquillett). Ceratitis capitata and C. cosyra were
accepted as hosts significantly more often than the other species. Superparasitism was recorded
only from C. capitata and C. cosyra . Two days after oviposition, parasitoid eggs in C. fasciventris
and B. cucurbitae were encapsulated, whereas those in C. rosa and C. anonae were encapsulated,
and often melanized. Ceratitis capitata was the most suitable host for Kenyan populations of
Psyttalia concolor in terms of progeny production, and proportion of female progeny.

Keywords: Fruit flies, Psyttalia concolor, acceptability, suitability, host range

Introduction

Fruit-infesting Tephritidae (Diptera) have an enormous impact on fruit and vegetable

production throughout the world. Losses are caused not only by direct damage to the

crop, and the cost of the control measures, but also by quarantine restrictions that

prevent export (Waterhouse 1993). Two of the genera originating in the Old World

tropics, Ceratitis MacLeay and Bactrocera Macquart, contain several species that pose

a constant threat of introduction to the US mainland. The medfly, Ceratitis capitata
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(Wiedemann), is already established in Hawaii and in tropical America from

Guatemala south (White & Elson-Harris 1992). Additionally, three species of

Bactrocera are established in Hawaii and a fourth in Suriname. Still another species,

the olive fly, Bactrocera oleae (Gmelin), became established in California in 1998

(Collier & Van Steenwyk 2003).

Biological control is a potentially useful approach for suppression of fruit fly densities

(Willard & Mason 1937; Clausen et al. 1965) and there has been renewed enthusiasm

for utilizing natural enemies to reduce fruit fly populations (Knipling 1992; Wong et al.

1992; Headrick & Goeden 1996; Sivinski et al. 1996). Much of the attention in tephritid

biological control has been directed towards the medfly and the olive fly. The medfly

and several other potentially important tephritid species have their origins in sub-

Saharan Africa (De Meyer 1996, 1998; Gasparich et al. 1997). The olive fly, whose

origins are less certain, also occurs in this region. Hence, Africa is a logical focus for

biological control programs seeking to obtain more effective parasitoids for areas where

the medfly and the olive fly have become established (Gilstrap & Hart 1987; Wharton

1989; Messing 1996; Sivinski 1996; Collier & Van Steenwyk 2003).

Numerous parasitoids, representing several genera and at least nine families, are

known to attack fruit-infesting Tephritidae (Wharton 1989, 1997; Hoffmeister 1990,

1992). Among these genera, Psyttalia Walker contains the largest number of species

known to attack fruit-infesting tephritids. Only half of the approximately 50 described

species have host records (Fischer 1987; Wharton 1997), but all of these are from

Tephritidae. Members of this genus are synovigenic, koinobiont parasitoids (Pem-

berton & Willard 1918; Wharton 1997), which typically attack late larval instars and

kill the host before the latter pupates but after pupariation. Recently, a species

morphologically inseparable from Psyttalia concolor (Szépligeti) was found to be the

dominant larval parasitoid of fruit flies in coffee plantations in the central highlands of

Kenya (Wharton et al. 2000; Kimani-Njogu et al. 2001).

Psyttalia concolor is widely used for augmentative biological control of the olive fly in

the Mediterranean region (Raspi 1993), but it’s host range outside the Mediterranean

Region is poorly understood in part because of uncertainties regarding its identity

(Kimani-Njogu et al. 2001). Thus, one of the goals of this study is to provide baseline

biological information on P. concolor from naturally occurring populations attacking the

medfly in coffee in Kenya, for eventual comparison with well-studied populations from

the Mediterranean region (Biliotti & Delanoue 1959; Arambourg 1962; Cals-Usciati

1982, 1983; Avilla & Albajes 1984; Loni 1997). Psyttalia concolor was originally

described from material reared from the olive fly in the Tunisia. In

other parts of the Mediterranean region, it has subsequently been reared from

Capparimyia savastani (Martelli) infesting capers (Capparis spinosa L.) and Carpomyia

incompleta (Becker) in the fruits of jujube (Ziziphus jujuba Mill.) (Fischer 1971); and the

medfly is used as a host in the mass rearing programs for augmentative releases against

the olive fly. Other recorded hosts are largely suspect (Wharton & Gilstrap 1983),

though P. concolor was released and established against Anastrepha suspensa (Loew) in

Florida (Baranowski et al. 1993). As noted by Canale and Raspi (2000), data on the

preferred hosts of P. concolor are ‘scanty’, even in the Mediterranean region.

Understanding the relative performance of a parasitoid on the potential hosts that it

may encounter in nature is necessary for designing successful biological control

programs. Issues of concern include optimizing rearing conditions for laboratory

cultures, and assessing the trade-off between the potential for non-target impacts on

248 S. A. Mohamed et al.
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the one hand and utility against more than one target pest on the other. Some of the

more polyphagous tropical tephritids may co-exist in the same habitat, or even within

fruit sampled from the same tree (Wharton et al. 2000; Copeland et al. 2002). Thus, a

foraging parasitoid may encounter several species of hosts, and these may differ in

their acceptability and/or suitability. Ideally, the parasitoid will be able to distinguish

between poor and good quality hosts and accept only the latter (Van Alphen & Janssen

1982; Godfray 1994), but assessment of host quality is not a simple matter (Hemerik

& Harvey 1999; Harvey 2000).

The primary objective of the present study was to compare medfly, a native host of

P. concolor in Kenya, to other Kenyan tephritids relative to their acceptability and

suitability as hosts of this parasitoid. If P. concolor is relatively host specific, we would

expect to find that most if not all other tephritids that we test are unsuitable, resulting

in encapsulation of the parasitoid eggs (Salt 1970). We would also expect the

parasitoid to lay fewer or no eggs in unsuitable hosts if she is able to discriminate, and

that these responses would most likely to be found when tested against a species

such as Bactrocera cucurbitae (Coquillett). Bactrocera cucurbitae is an invasive species in

Kenya, belonging to a different genus than the medfly, and it has a well-documented

encapsulation response to several parasitoids of fruit-infesting tephritids in Hawaii,

where it is also an introduced pest (Nishida & Haramoto 1953). While parasitoids

fail to develop in unsuitable hosts (due to nutritional inadequacy or failure to

overcome the host’s defenses), suitable host species may also vary in quality, and

this can be measured in a number of ways. Size is often used as a measure of fitness,

and thus larger host species might be judged as more suitable if they produce

larger parasitoids (and a female-biased sex ratio) than smaller host species. However,

there may be trade-offs between competing fitness parameters such as size and

speed of development (Harvey & Strand 2002). In this paper, we use several

standard measures to compare suitable hosts to understand patterns of host use by this

species.

This information will be of value both for developing augmentative and conserva-

tion biological control strategies in Africa and for classical biological control of African

fruit flies (especially the medfly and the olive fly) in areas of the world where they are

invasive. This study is particularly timely as P. concolor is now being released against

the olive fly in California (Collier & Van Steenwyk 2003).

Materials and methods

Hosts

The tephritids tested for their potential as hosts included the five most polyphagous

species of Ceratitis native to Kenya (De Meyer et al. 2002): C. capitata , C. cosyra

(Walker), C. rosa Karsch, C. fasciventris (Bezzi) and C. anonae Graham and

one introduced species, B. cucurbitae (Coquillett). Colonies of all six fruit fly species

were maintained at the International Centre of Insect Physiology and Ecology

(ICIPE) in Nairobi, Kenya. Culture conditions and data on original field collections

from which cultures were established are provided in Mohamed et al. (2003). All flies

originated from Kenya, with cultures established between 1997 and 2001, and these

were the only tephritids in culture at ICIPE at the time the experiments were

conducted.
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Parasitoids

A colony of P. concolor was initiated with individuals emerging from tephritids

collected from arabica coffee (Coffea arabica L., Rubiaceae) at Rurima (08 38.39?S,

378 29.69?E and elevation of 1228 m). The three fruit fly species reared from coffee at

this location were C. capitata , which was the most abundant, C. fasciventris , and a very

small number of Trirhithrum coffeae Bezzi (Diptera: Tephritidae) (Wharton et al.

2000). We did not determine which of these hosts produced the parasitoids used to

initiate our cultures. In a subsequent collection, however, examination of isolated

puparia from which P. concolor emerged demonstrated that at least some individuals

from this locality attack C. capitata in the field.

The parasitoids were reared in acrylic cages (40�30�15 cm, l�w�h) using

methods described by Mohamed et al. (2003). Four round openings (10 cm diameter)

were made on the topside of the cage to which pieces of organza material were fixed.

Parasitoids were cultured on C. capitata larvae, which were placed with a thin layer of

their larval diet in a modified Petri dish. The Petri dish, originally measuring 0.5 cm

deep and 5.7 cm diameter, was reduced to a depth of 1 mm. This modification

enabled the parasitoids, which have relatively short ovipositors, to reach all the larvae.

The Petri dish (oviposition unit) was then inverted and placed on the organza-covered

opening on the top of the cage for 4�6 h. A 15-g weight was placed on the oviposition

unit to prevent the larvae from escaping. Placing the oviposition unit on the top of the

cage, rather than inside the cage as is usually done for tephritid parasitoids (Wong &

Ramadan 1992), was found to be effective for culturing parasitoids recently obtained

from field collections. Before starting the experiments, the parasitoid colony was

continuously reared on C. capitata for 18 generations.

The parasitoids used in this study were the same ones examined by Kimani-Njogu

et al. (2001). Based on morphometrics and mating compatibility, Kimani-Njogu et al.

(2001) concluded that the parasitoid was very close to P. concolor , originally described

from Tunisia in North Africa, but indicated that further work was required. Wharton

et al . (2000) referred to the Kenya material as P. concolor . Voucher specimens have

been deposited in the ICIPE collection.

Host acceptability

Five naive, mated female wasps (10�15 days old) were introduced into a small acrylic

cage (10�7�10 cm) as described by Mohamed et al. (2003). Twenty early third instar

larvae of one of the host species were placed with a thin layer of their larval diet in a

modified Petri dish (3.7 cm diameter, 1 mm depth). The Petri dish was then inverted

and placed on the organza-covered opening on the top of the cage for 3 h. This

experiment was conducted with each of the six host species in no choice tests. During

the 3-h exposure period, wasp behavior was closely monitored and the number of

ovipositor insertions was recorded. After the exposure period, the larvae were dissected

in phosphate-buffered saline solution and inspected for the presence of parasitoid eggs.

The experimental design was completely randomized, with five replicates for each host.

Host suitability

Twenty larvae of each host species were exposed to five naive, mated wasps, in the

same manner as described for the acceptability experiment, and for the same exposure

250 S. A. Mohamed et al.

D
ow

nl
oa

de
d 

by
 [

IN
A

SP
 -

 K
en

ya
] 

at
 0

0:
38

 2
8 

Ja
nu

ar
y 

20
13

 



period. After exposure, larvae were processed as in Mohamed et al. (2003), with

puparia held until emergence of adult flies or parasitoids. When parasitoids ceased

emerging (at 25 days after exposure), the parasitoids, flies, and uneclosed host puparia

were counted. The experiments were replicated 25 times for C . capitata , 30 times for

C . cosyra , 5 times for C . fasciventris , and B. cucurbitae and 4 times for C . rosa and

C . anonae . Fewer replicates were used for the latter four hosts when it was observed

that no parasitoids had emerged from the first sets of replications (a total of 100�120

larvae of each of the latter four species were exposed) (Table I).

To further verify unsuitability of C. rosa , C. fasciventris , C . anonae and B. cucurbitae ,

100 larvae of each host were exposed to approximately 50 experienced female wasps in

rearing cages for 6 h. Larvae were then removed, and C . rosa , C . fasciventris and

C . anonae were provided larval diet, while B. cucurbitae larvae were provided with

small pieces of squash. On the second day after parasitization, a sample of 30 larvae of

each species was dissected in a saline solution (phosphate buffer solution) and

examined under a binocular microscope. The number of encapsulated and/or

melanized eggs was counted in each host.

Developmental time

One hundred and fifty larvae of C. capitata and C. cosyra were exposed to

approximately 50 female parasitoids with previous ovipositional experience on

C. capitata . Exposures were conducted in rearing cages for 5 h using the same

methods described for the parasitoid cultures. After exposure to P. concolor , hosts were

kept in an incubator at 2690.58C, 60�70% R.H, and checked daily. The diet was

kept moist by adding a few drops of water as required. Puparia were checked daily for

parasitoid emergence, beginning on day 10. Developmental time (in days) for both

sexes was recorded. To quantify differences in apparent size between C. capitata and

C. cosyra , thirty newly formed puparia of each species were removed from the colony

and weighed individually.

Table I. Number of uneclosed puparia, total parasitoid progeny, percent female progeny and develop-

mental time of Psyttalia concolor reared on six fruit fly species.

Host species

Number

of

replicates

Percent of

uneclosed

puparia/20 hosts

Total parasitoid

progeny/20 hosts

% female

progeny

Developmental time

(days) (mean9SE)

(mean9SE) Range Mean9S.E. Female Male

C. capitata 25 20.692.1b 4�17 9.190.7a 59.295.1a 15.490.1a

(135)

13.790.1a

(133)

C. cosyra 30 50.092.5a 1�11 5.690.5b 29.695.8b 17.090.1b

(75)

15.890.1b

(70)

C. rosa 4 6.394.7c 0 0 � � �
C . fasciventris 5 7.092.6c 0 0 � � �
C. anonae 4 7.593.2c 0 0 � � �
B. cucurbitae 5 27.094.7b 0 0 � � �

Means in the same column followed by the same letter are not significantly different (P�0.05) (Student�
Newman�Keuls test for all comparisons except % female in which a chi-square test was used).
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Data analysis

One-way analysis of variance using a general liner model was used to compare the

proportion of hosts of each species accepted, number of oviposition probes, the

number of total emerged parasitoids, number of superparasitized hosts, proportion of

uneclosed hosts, and developmental time between species (PROC GLM, SAS

Institute 2000). Proportional data were arcsine square-root transformed prior to

analyses, and count data for total number of emerged parasitoids were log10

transformed. Untransformed data are presented in Table I. When ANOVAs were

significant, means were separated using Student�Newman�Keuls (SNK) test. The

proportion of female progeny was compared between the C. capitata and C. cosyra

using a chi-square test of independence. Pupal weights of C. capitata and C. cosyra

were compared using paired t-test.

Results

Host acceptability

An acceptable host was defined as a host containing at least one parasitoid egg. Using

this criterion, P. concolor females accepted all six fruit fly species tested, however, the

proportion of hosts accepted was different among host species (F�60.4; df�5, 24;

P B0.0001) (Figure 1). There was no difference in acceptance of C. capitata and C.

cosyrae , but both hosts were accepted more often than the other four species. Females

were observed to insert their ovipositors in the hosts more frequently than would

account for the number of the eggs found at dissection, with C. capitata and C. cosyrae

receiving more probes than the other four hosts (F�12.3; df�5, 24; P B0.0001)

(Figure 1). Dissections revealed that more C. capitata were superparasitized than

C. cosyra (t�6.6; df�8; P B0.0002), while the other four species were not

superparasitized. The mean number of eggs per superparasitized larva was not

different between C. capitata and C. cosyra with 2.790.2 (SE) and 2.090.0 (SE)

eggs/host, respectively. All eggs were oviposited in the posterior third of the larval

abdomen.

Host suitability

Both C . capitata and C . cosyrae were suitable for development of P. concolor . The total

number of progeny successfully reared from C. capitata was significantly greater than

the number reared from C. cosyra (F�14.1; df�1, 53; PB0.0004) (Table I). The

proportion of hosts that failed to produce parasitoids or flies (uneclosed puparia) was

highest for those exposed to C. cosyra , not different between C . capitata and

B. cucurbitae , and lowest for those exposed to C. rosa , C. fasciventris and C. anonae

(F�24.1; df�5, 24; P�0.0001) (Table I). The proportion of female progeny was

significantly higher when they were reared on C. capitata than when reared on

C. cosyra (x2�21.9; P�0.0001) (Table I). The sex ratio of parasitoids emerging from

C. capitata was slightly female biased (1: 0.81, female: male), while it was distinctly

male biased (1: 2.2) in those emerging from C. cosyra .

No parasitoid progeny emerged from C. rosa , C. fasciventris , C . anonae , or

B. cucurbitae (Table I). Eggs deposited in the four unsuitable hosts were all

encapsulated. Dissections 2 days after oviposition revealed that eggs deposited in
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C. rosa and C. anonae were either encapsulated or encapsulated and partially or

completely melanized (Figure 2). Those deposited in C. fasciventris and B. cucurbitae ,

however, showed no evidence of melanization.

Developmental time

The pre-imaginal developmental time of P. concolor was significantly shorter in

C. capitata (14.590.1 days) than in C. cosyra (16.590.1 days) (F�235.4; df�1,

408; P�0.0001). Male and female developmental time varied within the same host

species (F�227.4; df�1, 263; P�0.0001 and F�84.8; df�1, 140; P�0.0001 for

C. capitata and C. cosyra, respectively) and between the species (F�183.5; df �1,

198; P�0.0001 and F�206.8; df�1, 205; P�0.0001, for males and females,

respectively) (Table I). Ceratitis capitata puparia were lighter than those of C . cosyra

(t�2.002; df�29; P B0.0001). Psyttalia concolor thus developed faster in the smaller

host species.

Discussion

Information on the acceptability and suitability of hosts for parasitoid oviposition and

development provides insight into the host range of that parasitoid in nature. In this

study, acceptance of the six fruit fly species by Kenyan P. concolor varied, with

unsuitable hosts being accepted far less frequently. These results are similar to those of

Duan and Messing (2000) and Quimio and Walter (2001), who also worked with

opiine braconids attacking tephritid pests. Quimio and Walter (2001) showed that
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significant difference (P �0.05, Student�Newman�Keuls procedure).
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Fopius arisanus (Sonan) accepted three of the tested tephritid species but exhibited a

stronger preference for Bactrocera tryoni (Froggatt) and B. jarvisi (Tryon) compared

to B. cucumis (French). Similarly, Duan and Messing (2000) demonstrated that

Diachasmimorpha kraussii (Fullaway) exhibited a decided preference for the target pest

Bactrocera latifrons (Hendel) relative to four non-target tephritids in galls and flower

heads. Duan and Messing (2000) also noted that the results were the same regardless

of whether hosts were offered under choice or no choice conditions.

Female P. concolor were observed to insert their ovipositors into hosts more

frequently than the number of the eggs found in these hosts. Thus, some hosts appear

to have been rejected following exploratory host probing with the ovipositor. Host

rejection by parasitoids in general, following ovipositor insertion, is a well-documen-

ted phenomenon (Vinson & Iwantsch 1980). Canale and Raspi (2000) reported the

presence of a dome-shaped sensillum on the ovipositor of P. concolor . They suggested

it might facilitate detection of chemical composition of the hosts, and hence the

detection of their quality. Chemosensory sensilla of this nature were first observed on

ovipositors of opiine parasitoids of tephritids by Greany et al. (1977), but the nature

of the chemicals being detected is still unknown. Several possibilities exist (Fisher

1971; Thompson 1986). For B. curcurbitae , C. rosa , C . fasciventris , and C. anonae ,

there may be species-specific chemicals that enable P. concolor to recognize and

therefore reject these as unsuitable hosts. From an evolutionary point of view, it is

understandable that B. cucurbitae , being an introduced pest in Africa, was not a

compatible host for P. concolor . It is less obvious why C. rosa , C. fasciventris , and

C . anonae , which are native to Africa, and members of the same genus as the suitable

hosts, were unsuitable. Ceratitis fasciventris , in particular, was found in the same

geographic area, and breeding in the same habitat (coffee berries) as that of the

parasitoid (Wharton et al. 2000). All three of these unsuitable and rarely accepted

species belong to the subgenus Pterandrus . Detection of unsuitable hosts within the
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C. rosa C.  fasciventris C. anonae B. cucurbitae

Host species

eb
mu

N
r

Non-melanized encapsulated

Encapsulated partially melanized 

Encapsulated completely melanized

Figure 2. Fate Psyttalia concolor eggs oviposited in four unsuitable fruit fly hosts.
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genus Ceratitis might therefore have a phylogenetic component since neither of the

suitable hosts are members of this subgenus.

Eggs were consistently laid in the posterior third of the host’s abdomen, which is in

contrast to findings of Pemberton and Willard (1918), who stated that females of

Psyttalia (reported as Opius) humilis (Silvestri) selected no particular location on the

host for oviposition. Psyttalia humilis from South Africa is virtually indistinguishable

morphologically from P. concolor , and may represent a sibling species or a

geographically distinct population of the same species (Fischer 1958, 1971; Wharton

& Gilstrap 1983). Our results showed that although there was no significant difference

between the acceptance of C. capitata and C. cosyra , the survival of the parasitoid was

low in C. cosyra . The Kenyan P. concolor was originally collected from tephritids in

coffee (Wharton et al. 2000), where it is highly likely that C. capitata was the primary

if not exclusive host. In Kenya, C. cosyra attacks primarily mango and wild host plants

such as Sclerocarya birrea (A. Rich.) Hochst. where P. concolor is not known to occur.

Similarly, Ramadan et al. (1992) found that although F. arisanus females did not

discriminate between Bactrocera dorsalis (Hendel) and C. capitata , significantly fewer

progeny were obtained when the parasitoid was reared from the adventitious host

C. capitata .

Host suitability is reported to have a strong influence on the sex ratio of

arrhenotokous parasitoids (Waage 1982; Wong et al. 1990; Ramadan et al. 1995).

Unsuitable or poor quality hosts may result in a male-biased sex ratio (Charnov &

Skinner 1985). This has been observed in other opiine parasitoids of tephritid pests.

For example, a higher proportion of male progeny was obtained from Diachasmimor-

pha longicaudata (Ashmead) when the ovipositing parasitoid had developed in

Anastrepha obliqua than when it had developed in A. ludens (Eben et al. 2000). In

our study, the parasitoid progeny were male biased when C. cosyra was the host. Since

there was a relatively high percentage of uneclosed puparia when larvae of C . cosyra

were exposed to ovipositing female wasps (Table I), the male biased sex ratio from this

host could have been due to a high mortality of immature females in the host.

Differential parasitoid mortality in which females suffered higher mortality than males

has been reported by several authors (e.g. Benson 1973; Rotary & Gerling 1973;

Wellings et al. 1986). A more detailed experiment would be required to test the

alternative explanation that the female wasps laid more unfertilized eggs in hosts that

were perceived to have been of lower quality.

Our results agree with previous studies showing that host species may influence the

duration of the developmental time in parasitoids (Moratorio 1987; Harvey &

Thompson 1995). Parasitoid development proceeded faster on C. capitata than on

C. cosyra . Ceratitis capitata larvae are smaller than C. cosyra and thus form smaller,

lighter puparia (6.190.14 mg) compared to those of C. cosyra (10.490.23 mg). A

similar relationship between host size and the duration of pre-imaginal developmental

was reported by Harvey and Thompson (1995) for an ichneumonid parasitoid of

pyralid (Lepidoptera) larvae, but the opposite trend was noted by Mochiah et al.

(2001) for a braconid attacking a pyralid. Harvey et al. (1999), Hemerik and Harvey

(1999), and Harvey and Strand (2002) provide a discussion of other factors that

should be considered when assessing host size and development time in koinobiont

species. Development time for Kenyan P. concolor was a little shorter than that

reported by Raspi and Loni (1994) and Loni (1997) for Italian P. concolor reared on

the medfly.
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Parasitoid eggs deposited in an unsuitable tephritid host are routinely encapsulated

(Pemberton & Willard 1918; Nishida & Haramoto 1953) or encapsulated and

melanized (Ramadan et al. 1994). In this study, Kenyan P. concolor was unable to

evade the cellular immune system of B. cucurbitae , C. fasciventris , C. rosa and

C . anonae as all eggs deposited in these hosts were encapsulated. In the latter two

hosts some eggs were also melanized. Almost nothing is known about the immune

response of the three unsuitable species of Ceratitis since they have only rarely been

tested against other parasitoids (Mohamed et al. 2003). Bactrocera cucurbitae and

C . capitata , however, have been tested against a variety of parasitoid species over the

past 85 years and provide an interesting contrast. Most of the parasitoids tested

against B. cucurbitae have been encapsulated (Pemberton & Willard 1918; Nishida &

Haramoto 1953). These same species develop readily on C . capitata , regardless of

whether they are co-evolved (Pemberton & Willard 1918; Clausen et al. 1965).

Our data partially support the hypothesis that a female wasp selects a host that

provides the best environment for the development of her offspring (Van Alphen &

Janssen 1982; Brodeur et al. 1998). Acceptance of C . capitata and C . cosyra was not

significantly different, even though C . capitata was a better host for parasitoid survival.

However, Ceratitis rosa , C. fasciventris , C . anonae and B cucurbitae , where oviposition

did not lead to a reproductive gain, were rarely accepted as hosts.

Negative environmental impacts of introduced biocontrol agents, mainly through

the effect on non-target species, have recently received a great deal of attention (e.g.

Howarth 1991; Follett et al. 2000). Our results indicate that the Kenyan population of

P. concolor has a narrow host range, which is a positive attribute when selecting natural

enemies for classical biological control (Van Lenteren 1986). Therefore, we would

expect this parasitoid to have minimal impact on non-target species. However, we are

currently investigating the foraging behavior of the parasitoid in relation to different

habitats, which will provide more insight into the potential risk to non-target species.
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de la Société Entomologique de France 67:197�203.

Avilla J, Albajes R. 1984. The influence of female age and host size on the sex ratio of the parasitoid Opius

concolor . Entomologia Experimentalis et Applicata 35:43�47.

256 S. A. Mohamed et al.

D
ow

nl
oa

de
d 

by
 [

IN
A

SP
 -

 K
en

ya
] 

at
 0

0:
38

 2
8 

Ja
nu

ar
y 

20
13

 



Baranowski RM, Glenn H, Sivinski J. 1993. Biological control of the carib fruit fly (Diptera: Tephritidae).

Florida Entomologist 76:245�251.

Benson JF. 1973. Interspecific competition in the population dynamics of Bracon hebetor Say (Hymenop-

tera: Braconidae). Journal of Animal Ecology 42:105�124.

Biliotti E, Delanoue P. 1959. Contribution a l’étude biologique d’Opius concolor Szepl., (Hym. Braconidae)
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