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Abstract Apanteles taragamae Viereck is a larval

parasitoid introduced in Benin for classical biological

control of the cowpea pod borer Maruca vitrata

Fabricius. In the laboratory, we evaluated the effects

of A. taragamae on non-target herbivore species, and

on another parasitoid of M. vitrata, i.e. the egg-larval

parasitoid Phanerotoma leucobasis Kriechbaumer.

Furthermore, we addressed the host feeding behaviour

of A. taragamae. The host specificity of A. taragamae

was assessed by offering six other lepidopteran species

to the wasp. The competitive ability of A. taragamae

was studied by providing the wasp with one- and two-

days-old M. vitrata larvae that had hatched from eggs

previously parasitized by P. leucobasis. Controls

consisted of eggs and larvae offered only to P.

leucobasis and A. taragamae, respectively. None of

the other six lepidopteran species was successfully

parasitized by A. taragamae. The larval parasitoid A.

taragamae outcompeted the egg-larval parasitoid P.

leucobasis when offered two-days-old host larvae.

Competition between the two parasitoid species did

not significantly affect one-day-old host larvae that

were less suitable to A. taragamae. Host feeding by A.

taragamae did not affect survival of one-day-old or

two-days-old M. vitrata larvae. However, the percent-

age parasitism of two-days-old larvae was signifi-

cantly reduced when exposed to female A. taragamae

wasps that had been starved during 48 h. The data are

discussed with regard to host specificity, host feeding

patterns and to factors underlying the outcome of

intrinsic competition between parasitoid species.

Keywords Apanteles taragamae � Phanerotoma

leucobasis � Maruca vitrata � Survivorship � Host

feeding � Intrinsic competition � Host specificity

Introduction

The classical biological control against the cowpea

pod borer Maruca vitrata Fabricius (Lepidoptera:

Crambidae) has started with the introduction of the

parasitoid wasp Apanteles taragamae Viereck (Hyme-

noptera: Braconidae) in Benin where its potential as

biological control agent is being evaluated. In our

Handling Editor: Dirk Babendreier

E. A. Dannon
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previous studies, we have addressed the direct factors

that contribute to the efficiency/suitability of the wasp.

Such factors deal with the climatic adaptability of the

parasitoid, its functional response, and its efficiency in

searching host larvae (Dannon et al. 2010a, b).

However, some indirect or additional attributes might

require particular attention with regard to the envi-

ronmental risks of introduced species. Main areas of

concern include host specificity, competitive ability

and host-feeding behaviour (van Lenteren et al. 2003;

Stiling and Cornelissen 2005).

The effects of a biological agent on non-target

herbivore species depend on its degree of special-

ization (Henneman and Memmott 2001; Symondson

et al. 2002; Louda et al. 2003). A strictly specialist

parasitoid may not affect non-target herbivore

species. A relative specialist parasitoid that has a

narrow host range is expected to have a limited

environmental risk, while a generalist is expected to

affect non-target hosts (Henneman and Memmott

2001; Symondson et al. 2002; Louda et al. 2003;

van Lenteren et al. 2003). The host range of a

parasitoid can be viewed physiologically or ecolog-

ically (Louda et al. 2003; Babendreier et al. 2003,

2005; Haye et al. 2005).

Competition affects the dynamics of ecological

communities and may be intra- or inter-specific (Birch

1957). Inter-specific or heterospecific competition is

found to be an important factor that influences the

outcome of biological control (Pijls et al. 1995; de

Moraes et al. 1999; Ngi-Song et al. 2001; van Lenteren

et al. 2003; Boivin and Brodeur 2006). Therefore, the

competitive ability should be considered when select-

ing a biological control agent (de Moraes et al. 1999).

The outcome of the competition depends on several

factors and different mechanisms have evolved in

competitors within multi-parasitized hosts (Fisher

1961; Vinson and Iwantsch 1980; Collier and Hunter

2001; de Moraes and Mescher 2005; Yamamoto et al.

2007). Mechanisms involve physical attack and phys-

iological suppression of the less competitive species

(Fisher 1961; Vinson and Iwantsch 1980; McBrein

and Mackauer 1990; de Moraes et al. 1999).

Host feeding is reported to influence the perfor-

mance in some parasitoid species (Jervis and Kidd

1986). Hymenopteran parasitoid females are known to

feed on host haemolymph and tissue during oviposi-

tion. Several host feeding patterns have been reported

(Benson 1973; Hagstrum and Smittle 1978).

According to Jervis and Kidd (1986), four types of

host feeding can be distinguished: concurrent, non-

concurrent, destructive and non-destructive. Concur-

rent host feeding means that the female parasitoid uses

the same host individual for both feeding and ovipo-

sition, while non-concurrent means that different hosts

are used. In destructive host feeding the host dies,

while in non-destructive host feeding the host sur-

vives. Parasitoid species have been reported to com-

bine these different types (Křivan 1997). Of all the

feeding types, the non-concurrent and destructive or

concurrent and non-destructive types were found to

maximize parasitoid fitness (Křivan 1997).

The current study addresses the parasitoid A.

taragamae. This parasitoid wasp has been reported

to parasitize only M. vitrata in Taiwan, from where it

has been exported to Benin (Huang et al. 2003).

However, some reports about the same species in India

indicated that it parasitized five other Pyraloidea

species (Peter and David 1992; Mohan and Sathiamma

2007). Of these species, only Corcyra cephalonica

Stainton (Lepidoptera: Pyralidae) occurs in Benin.

Moreover, the parasitoid species from Taiwan was

strictly solitary while that from India was reported to

be gregarious. For that reason, the latter species is

likely to be different from the one imported from

Taiwan into Benin. The current Apanteles species (A.

taragamae) was identified at the International Institute

of Entomology, UK in collaboration with Taiwan

Agricultural Research Institute and the World Vege-

table Center (AVRDC) (Huang et al. 2003).

In the study presented here, the following attri-

butes of the biology of A. taragamae have been

addressed: host specificity, competitive capacity and

host feeding behaviour. A number of non-target

insect species was selected based on the main criteria

often used to assess the host range of classical

biological control agents (Kuhlmann et al. 2006; van

Lenteren et al. 2006; Parry 2009). The competitive

capacity of A. taragamae was evaluated in compar-

ison with the dominant parasitoid species occurring

in Benin, Phanerotoma leucobasis Kriechbaumer

(Hymenoptera: Braconidae) (Arodokoun et al. 2006).

This egg-larval parasitoid accounted for less than 6%

of M. vitrata overall parasitism, as recorded on

cowpea (Arodokoun et al. 2006). The biological

characteristics of A. taragamae that we addressed

here are of major consideration when selecting an

effective biological control agent.
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Materials and methods

Insect species

Maruca vitrata

A colony of M. vitrata was established in the

laboratory from samples collected in cowpea fields

at IITA Benin and reared for 50 generations. Pupae of

M. vitrata obtained from this culture were placed in

open Petri dishes. They were incubated in wooden

cages (44 9 45 9 58 cm) with sleeves, having sides

of fine mesh and a glass top, at 27.0 ± 0.6�C and

60.9 ± 4.6% RH (mean ± SD). Emerging adults

were fed using cotton fibres moistened with 10%

glucose solution. Four-days-old female moths were

transferred in groups of four or five individuals to

transparent cylindrical plastic cups (3 cm diame-

ter 9 3.5 cm height) and kept for 24 h to allow for

oviposition, which occurred on the inner surface of the

cups. Ovipositing females were fed using small pieces

of filter paper moistened with 10% glucose solution,

which were replaced every 24 h. Cups carrying eggs

were kept at the same experimental conditions until

the larvae hatched. Larvae were transferred to large

cylindrical plastic containers (9 cm diame-

ter 9 12 cm height) provided with artificial diet

prepared according to Jackai and Raulston (1988),

and reared until pupation. Pupae were collected and

placed in cages until adult emergence. Maruca vitrata

eggs used in the different experiments were obtained

from this mass production.

Non-target insect species

The determination of parasitoid host range is consid-

ered to be an indicator of non-target risks (van

Lenteren et al. 2006). Several factors are often used

to select non-target organisms to be investigated

(Kuhlmann et al. 2006; Parry 2009). Of these,

phylogenetic similarities, ecological similarities,

availability and socioeconomic factors have been used

to select the following species for assessing the

physiological host range of A. taragamae:

– the African sugar-cane borer [Eldana saccharina

Walker (Lepidoptera: Pyralidae)],

– the spotted stalk borer [Chilo partellus (Swinhoe)

(Lepidoptera: Crambidae)],

– the ear-borer [Mussidia nigrivenella Ragonot

(Lepidoptera: Pyralidae)],

– the false codling moth [Cryptophlebia leucotreta

(Meyrick) (Lepidoptera: Tortricidae)],

– the cotton leaf-roller [Sylepta derogata Fabricius

(Lepidoptera: Pyralidae)],

– the rice moth [Corcyra cephalonica Stainton

(Lepidoptera: Pyralidae)].

All six species belong to the order Lepidoptera.

Five of them belong to the superfamily Pyraloidea and

one to the family Tortricidae. They are all borers with

the exception of S. derogata that is a leaf-roller. This

species was reported to be parasitized by an Apanteles

species (Odebiyi 1982). All six species occur in Benin

ecosystems, are pests of economically important

plants such as maize and cotton, and could be collected

from the field for culturing in the laboratory. They

were selected based on information obtained from the

literature and the museum collection of the IITA,

Benin station. Besides the species M. vitrata, the genus

Maruca contains other species such as e.g. Maruca

amboinalis occurring in the area of origin of M.

vitrata, i.e. Indo-Malaysia (M Tamò, personal obser-

vation). However, none of these species is present in

Benin. For these reasons, economically important

Pyraloidea species occurring in Benin were considered

in combination with ecological similarities for this

first attempt to determine the physiological host range

of A. taragamae with regard to its non-target effects in

Benin. Colonies of the six lepidopteran species were

established from samples taken in different areas of

Benin. Larvae of E. saccharina and S. derogata were

initially collected from maize and cotton fields at the

IITA Benin station, respectively. Colonies of M.

nigrivenella and C. leucotreta were obtained from

maize cobs stored at IITA Benin. Larvae of C.

partellus were sampled in rice fields at Ouedeme,

120 km West of Cotonou. The initial colony of C.

cephalonica was obtained from a stock culture at IITA

Benin. Maize stems, collected from maize fields

grown at the IITA Benin station, were used to feed

larvae of E. saccharina and C. partellus, while larvae

of M. nigrivenella and C. leucotreta were fed using

young maize cobs. Cotton leaves collected from a

cotton field at the IITA Benin station were used to feed

larvae of S. derogata. Larvae of C. cephalonica were

reared on millet grains bought from local markets in

Northern Benin.
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Phanerotoma leucobasis

A colony of the egg-larval parasitoid P. leucobasis

Kriechbaumer was established from cocoons obtained

from Lonchocarpus sericeus flowers, collected at

Sehoue, 90 km North of Cotonou. At emergence,

males and females were kept together for mating.

Mated females were transferred to small cups con-

taining M. vitrata eggs for parasitization. Parasitized

larvae were provided with artificial diet (see above)

until pupation. Adult parasitoids obtained from this

mass rearing were used in this study.

Apanteles taragamae

Cocoons of A. taragamae collected from Sesbania

cannabina (Retz.) Pers. fields in Taiwan were used to

establish the parasitoid colonies at the laboratory of

the IITA Benin. At the time of this study, the parasitoid

had been reared for about 60 generations since its

introduction in 2005. Cocoons obtained from this

stock culture, were kept in plastic cylindrical cups

(4.5 cm diameter 9 5 cm height) till adult emer-

gence. A hole (2 cm diameter) punched in the lid of

the cups was covered with fine mesh. Adults of A.

taragamae were fed with honey streaked on the fine

mesh of the lid. To allow mated female wasps to

parasitize hosts, they were offered, during 24 h, two-

days-old larvae of M. vitrata in a small cylindrical cup

(3 cm diameter 9 3.5 cm height) containing a piece

of artificial diet. The parasitized larvae were reared

until the cocoon stage. Cocoons were collected and

placed in cylindrical cups (4.5 cm diameter 9 5 cm

height). The mass production of wasps took place in a

climate chamber with a temperature of 25.3 ± 0.5�C

and a RH of 78.9 ± 5.6% (mean ± SD).

Experiment 1: physiological host range

of A. taragamae

No-choice tests in small-scale arenas were suggested to

be carried out for determining the acceptability and

suitability of non-target species by a parasitoid (van

Lenteren at al. 2003, 2006; Haye et al. 2005). In no-

choice tests, target and non-target organisms are

offered to the parasitoid in different sequences to

avoid the effect of the parasitoid’s physiological state

(van Lenteren et al. 2003). When a non-target species is

successfully parasitized, small-arena behavioural

choice tests should be performed to assess the parasit-

oid preference. The test stops when none of the non-

target species is successfully parasitized (van Lenteren

et al. 2003, 2006). Based on these recommendations we

have carried out the following experiment.

Naı̈ve three-days-old mated females of A. taraga-

mae were individually placed into plastic cups (9 cm

diameter 9 12 cm height), each containing one larva

(one-, two- or three-days-old) of M. vitrata. The

parasitoid was observed until it inserted its ovipositor

in the larva which was then assumed to be parasitized.

When the larva was parasitized, the female wasp was

removed, kept for 24 h and used to parasitize a larva of

one of the six pyraloid species: C. partellus, E.

saccharina, M. nigrivenella, C. cephalonica, C. leu-

cotreta, and S. derogata.When the larva was not stung

within 10 min, the wasp was discarded and replaced

by another female. Another 24 h later, the experiment

was repeated with the same female wasp, offering

again a larva of M. vitrata for parasitization. Then, the

wasp was discarded. Larvae of one-, two- and three-

days-old were studied separately in different trials for

each of the non-target insect species. Parasitized

larvae were reared on artificial diet until pupation at

25.3 ± 0.5�C and 78.9 ± 5.6% RH (mean ± SD). A

positive control experiment was run for the three days

using only larvae of M. vitrata. Experiments were

conducted at 25.3�C because previous studies had

shown that the optimum temperature for A. taragamae

development ranges between 24�C and 26�C (Dannon

et al. 2010a).

In a second trial, naı̈ve female parasitoids were

offered a one-, two- or three-days-old larva of one

of the non-target species. The following day, the

same female wasp was placed in a plastic cup

containing a single one-, two- or three-days-old

larva of M. vitrata. This experiment was repeated

ten times using different female wasps for each of

the non-target host species.

In a third trial, A. taragamae was allowed during

24 h to parasitize ten larvae of each of the non-target

species, jointly placed in cups (9 cm diame-

ter 9 12 cm height). One three-days-old mated

female was released in each cup. A total of five

females (with ten larvae per female) were used for

each non-target species. Larvae were reared until the

pupal stage, by using maize stem portions for the stem

borers (E. saccharina, C. partellus), maize cobs for

418 E. A. Dannon et al.
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M. nigrivenella and C. leucotreta, millet grains for

C. cephalonica, and cotton leaves for S. derogata.

Experiment 2: interspecific competition

between A. taragamae and P. leucobasis

Development time of the parasitoids

Two naı̈ve three-days-old mated females of P.

leucobasis were introduced into cups (3 cm diame-

ter 9 3.5 cm height) containing on average 25 M.

vitrata eggs. Parasitization was observed visually until

all eggs were stung by female wasps. Stung eggs

(assumed to be parasitized) were kept until hatching.

Hatched larvae were individually placed in cups (3 cm

diameter 9 3.5 cm height) provided with a piece of

artificial diet and reared until pupation. Cocoons were

kept until adult emergence. Development time was

recorded for each stage. Experiments were carried out

in a climate chamber at 25.3 ± 0.5�C and a RH of

78.9 ± 5.6% (mean ± SD).

The development time of the larval parasitoid A.

taragamae was also determined using similar exper-

imental conditions. Two-days-old host larvae were

offered to three-days-old mated female parasitoids.

Two female wasps were released in cups containing on

average 20 host larvae. The parasitoids were observed

until they inserted their ovipositor in a larva which was

then assumed to be parasitized. Larvae were individ-

ually transferred into cups (3 cm diameter 9 3.5 cm

height) as soon as they were parasitized and were

reared on artificial diet until cocoon stage. Cocoons

were collected and kept till adult emergence. The

development time from larval age to cocoon, and from

cocoon to adult emergence was noted. A total of 100

parasitized eggs or larvae were reared per parasitoid

species.

Sequential no-choice tests

The outcome of the intrinsic competition between P.

leucobasis and A. taragamae was assessed using one-

and two-days-old larvae. Larvae hatching from eggs

parasitized by P. leucobasis, were submitted to

parasitization by A. taragamae at the ages of one

and two days. Female A. taragamae were individually

released in cups (3 cm diameter 9 3.5 cm height)

containing 20 P. leucobasis-parasitized larvae and

kept for 24 h to allow for oviposition by A. taragamae.

Larvae were then reared on artificial diet until

pupation. The number of cocoons obtained per

parasitoid species for each larval age was recorded.

In parallel, we reared as control M. vitrata larvae that

hatched from eggs parasitized by P. leucobasis, and

those that were parasitized only by A. taragamae.

Experiments were replicated five times with 20 larvae

per replicate for one-day-old larvae (100 larvae in

total) and ten times with 20 larvae per replicate for two-

days-old larvae (200 larvae in total). Experiments on

the competition between the braconids were performed

with only one and two-days-old larvae because

A. taragamae was reported to be unable to parasitize

larvae older than three days (Dannon et al. 2010a).

Experiment 3: influence of adult wasps’ host

feeding on larval survival and parasitism rates

The influence of host feeding of A. taragamae females

on larval survival was investigated using one- and

two-days-old larvae. Ten larvae of each age were

placed in cups (3 cm diameter 9 3.5 cm height)

containing artificial diet. One couple of 24 or 48 h

food-deprived wasps was released in each cup to allow

larval parasitization. In parallel, honey-fed couples of

wasps were released in other cups containing ten

larvae of each age. Control larvae consisted of M.

vitrata larvae that were not submitted to parasitization

by A. taragamae. Experiments were replicated five

times with ten larvae per replicate for each larval age

(50 larvae in total). Larval mortality was recorded

daily until cocoon stage.

Statistical analysis

The development time of the two parasitoid species

was compared using a t test. The percentage parasitism

of one- or two-days-old larvae for each parasitoid

species in competition or alone, and larval survival or

effect of host feeding on percentage parasitism of A.

taragamae were analyzed using the General Linear

Model procedure of SAS followed by a Tukey test for

the separation of means. A t test was used to compare

separately for each parasitoid species the percentage

parasitism with or without competition per larval age.

Percentage data (p) was arcsine H (p/100) transformed

prior to statistical tests.
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Results

Physiological host range of A. taragamae

Although A. taragamae successfully parasitizes and

develops in M. vitrata larvae, none of the other six

lepidopteran species was successfully parasitized by

A. taragamae. Visual observation of wasp behaviour

revealed that females did not explore the larvae of five

non-host species at all, namely C. partellus, M.

nigrivenella, S. derogata, C. leucotreta, C. cephalo-

nica. Only larvae of E. saccharina were probed during

random runs but without an effective parasitization,

even when female wasps were kept together with

larvae for 24 h to allow for oviposition.

Development time of P. leucobasis

and A. taragamae

The development time from egg to cocoon of the egg-

larval parasitoid P. leucobasis was twice as long as

that of the larval parasitoid A. taragamae (t = 62.19;

df = 130; P \ 0.0001). The cocoon stage was also

longer but only by 0.6 days (t = 7.44; df = 88;

P \ 0.0001) (Table 1). The complete cycle from egg

to adult for A. taragamae (12.2 days) was 7.5 days

shorter when compared to that of P. leucobasis

(t = 72.48; df = 88; P \ 0.0001).

Influence of inter-specific competition

with P. leucobasis on the percentage parasitism

of one- or two-days-old M. vitrata larvae

by A. taragamae

The percentage parasitism was calculated for each

parasitoid species in competition with the other

species or in the absence of competition considering

two M. vitrata larval ages, i.e. one- (Fig. 1) or two-

days-old larvae (Fig. 2).

When one-day-old P. leucobasis-parasitized larvae

were offered to A. taragamae the parasitization

success of P. leucobasis was slightly, but not signif-

icantly, reduced compared to that obtained in the

absence of competition (Fig. 1). Likewise, the per-

centage of one-day-old larvae parasitized by A.

taragamae did not show any significant differences

in competition or in the absence of competition

(Fig. 1). However, the parasitization success of P.

leucobasis was significantly higher than that of A.

taragamae in one-day-old larvae (F = 11.66; df = 3,

12; P = 0.0007).

The percentage parasitism of two-days-old P.

leucobasis-parasitized larvae by A. taragamae did

not differ significantly from that obtained when A.

taragamae was offered unparasitized M. vitrata larvae

(Fig. 2). But the percentage parasitism of two-days-

old larvae (Fig. 2) by A. taragamae was at least three

times higher than that of one-day-old larvae (Fig. 1)

when larvae were offered only to this parasitoid

(t = 3.84; df = 13; P = 0.002). On the other hand,

the parasitization success of P. leucobasis was signif-

icantly lower in competition (when two-days-old P.

leucobasis-parasitized larvae were offered to A.

taragamae) compared to that observed when M.

vitrata eggs were submitted only to P. leucobasis

(Fig. 2) (F = 12.94; df = 3, 27; P \ 0.0001). No

significant differences were found between the per-

centage parasitism on one- (Fig. 1) and two-days-old

(Fig. 2) larvae when M. vitrata eggs were offered to P.

leucobasis only (t = 0.43; df = 13; P = 0.67).

Influence of adult wasps host feeding on larval

survival and parasitism rates

Direct behavioural observations revealed that starved

females of A. taragamae inserted their mandibles in

host larvae and might feed on them. Host feeding by

the parasitoid A. taragamae did not significantly affect

Table 1 Development time of the egg-larval parasitoid P. leucobasis and the larval parasitoid A. taragamae in M. vitrata at 25�C

Parasitoid species Development time ± SE (days)

Egg–cocoon Cocoon–adult Egg–adult (cycle)

A. taragamae 7.42 ± 0.06 (70) a 4.97 ± 0.06 (40) a 12.18 ± 0.06 (40) a

P. leucobasis 14.29 ± 0.05 (62) b 5.56 ± 0.08 (50) b 19.74 ± 0.08 (40) b

Numbers in parentheses are the number of replicates

Means followed by the same letter in each column are not significantly different (t test, a = 0.05)
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the survival of M. vitrata larvae when one-day-old

larvae were exposed to 24 h-starved parasitoid

females (F = 0.31; df = 2, 8; P = 0.74) (Fig. 3).

Similarly, there were no significant differences in

larval survival when two-days-old larvae were

exposed to 24 h (F = 0.22; df = 2, 8; P = 0.8) or

48 h-starved females (F = 0.62; df = 2, 8; P = 0.6)

in comparison with honey-fed ones (Fig. 4). Only 20%

of the starved wasp couples survived beyond 48 h. No

significant differences were obtained between 24 h-

starved and honey-fed female wasps for their ability to

parasitize two-days-old larvae of M. vitrata (Fig. 5).

However, 48 h of starvation drastically reduced the

percentage parasitism by A. taragamae (F = 4.22;

df = 3, 12; P = 0.03) (Fig. 5).

Discussion

Physiological host range

The parasitoid wasp A. taragamae displayed a strict

specificity to M. vitrata when offered six other

lepidopteran species. Most of the selected species

were reported to damage either maize, cotton, or

millet, and these crops often share the same agro-

ecosystem with cowpea. Host suitability to parasitoid

development depends on many factors including

environmental influences, parasitoid ability to evade

the host’s internal defense system, competition with
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other parasitoids, presence of toxins detrimental to the

parasitoid eggs or larvae, and host nutritional ade-

quacy (Vinson and Iwantsch 1980). Host specificity

has often been reported for Apanteles species (Ngi-

Song et al. 1999). However, some reports about A.

taragamae indicated that it parasitized five other

Pyraloidea species in India (Peter and David 1992;

Mohan and Sathiamma 2007). Of these reported hosts,

only one, i.e. C. cephalonica, occurs in Benin.

However, it was not parasitized by the wasp in our

study. For this reason, we tend to believe that A.

taragamae reported from India is likely to be a

different species from the one we have received from

Taiwan. Also, the species from India is reported as

being gregarious (Peter and David 1992), while the

species we have obtained from Taiwan is strictly

solitary (Huang et al. 2003; Dannon et al., unpublished

data).

Competition between the parasitoids A. taragamae

and P. leucobasis

Community dynamics depends partly on the outcome

of competition among species and may affect the

management of herbivorous insect pests in tritrophic

systems. The outcome of the competition between

different parasitoid species sharing the same host is

known to be affected by several factors (McBrein and

Mackauer 1990; de Moraes et al. 1999; Collier and

Hunter 2001; Collier et al. 2002; Pérez-Lachaud et al.

2002; de Moraes and Mescher 2005; Yamamoto et al.

2007). Of these, development time of the parasitoids

from egg to adult stage, oviposition order between

parasitoid species, development stage of the host when

it is parasitized, and larval morphology of the different

competitors are of importance (McBrein and Mack-

auer 1990; de Moraes et al. 1999; de Moraes and

Mescher 2005; Yamamoto et al. 2007). In the present

study, the egg-larval parasitoid P. leucobasis was the

first to oviposit in M. vitrata eggs. Its development

time from egg to cocoon was longer than that of the

larval parasitoid A. taragamae, which may explain

why the latter outcompeted P. leucobasis. In compe-

tition, the parasitization success of the egg-larval

parasitoid P. leucobasis was significantly reduced

compared to that obtained for the control (in the

absence of competition). When offered one- or two-

days-old larvae, the percentage parasitism of the larval

parasitoid A. taragamae was not significantly affected

by previous parasitization by P. leucobasis in com-

parison with the control. However, the percentage

parasitism for A. taragamae in one-day-old larvae was

significantly lower than that obtained with two-days-

old larvae. This may be due to differential host

suitability. These findings concur with those of

Dannon et al. (2010a) who reported that one-day-old

larvae were less suitable to A. taragamae development

than two-days-old larvae. Differences observed in the
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development time of the two parasitoid species may

affect the outcome of their competition. Because the

development time of P. leucobasis from egg to cocoon

stage is longer than that of A. taragamae (Table 1), we

hypothesize that the eggs of the latter hatch earlier.

Therefore, larvae of A. taragamae might win the

intrinsic competition with P. leucobasis by developing

different mechanisms such as physical or physiolog-

ical attacks. Indeed, in competition, larvae of some

parasitoids are known to outcompete their competitors

through direct physical or physiological attacks

(Fisher 1961; Vinson and Iwantsch 1980; Laing and

Corrigan 1987; McBrein and Mackauer 1990; de

Moraes et al. 1999; Muturi et al. 2006). The present

study did not investigate the mechanisms involved in

the intrinsic competition between A. taragamae and P.

leucobasis. Results from these simplified experiments

cannot be extrapolated to field conditions nor used to

accurately predict the overall outcome of the compe-

tition between the two parasitoid species. Previous

studies showed that the percentage parasitism of A.

taragamae increased with host density but the wasp

was not able to parasitize all offered host larvae even

in a small arena (Dannon et al. 2010a). Therefore, in

heterogeneous and complex natural environments, a

fraction of larvae may remain unparasitized. Thus, a

spatio-temporal niche partitioning or dispersal-com-

petition trade-off may lead to the coexistence of the

two parasitoid species with optimum control of M.

vitrata through complementary action. Indeed, previ-

ous studies revealed that P. leucobasis was found

mostly on trees that are host plants of M. vitrata such

as Pterocarpus santalinoides and L. sericeus (Tamò

et al. 2002; Arodokoun et al. 2006), while A.

taragamae was abundant on a shrub host plant

Sesbania cannabina in Taiwan (its origin) (Huang

et al. 2003). This preference of A. taragamae for M.

vitrata host plants with lower growth habit might lead

to niche partitioning, thus contributing to the coexis-

tence of A. taragamae with P. leucobasis.

Influence of parasitoid host feeding on larval

survival and parasitism rates

Host feeding behaviour has been reported for some

braconid species (Jervis and Kidd 1986). In this study,

feeding by starved A. taragamae on one- or two-days-

old M. vitrata did not significantly reduce the survival

of host larvae when compared with control treatments

exposed to honey-fed female parasitoids. Based on this

observation, we conclude that A. taragamae displays a

non-destructive host-feeding pattern (Jervis and Kidd

1986). The fact that no significant differences were

observed between 24 h-starved and honey-fed females

for the percentage parasitism of two-days-old larvae

suggests a concurrent host feeding by A. taragamae

ovipositing females. The maximum duration of food

deprivation tolerated by A. taragame is 48 h, and only

20% of the wasps survived after 48 h of starving,

indicating that feeding on host larvae did not provide

the parasitoid all required nutrients for its survival.

However, no significant differences were observed

between 24 h-starved and honey-fed females for their

ability to parasitize M. vitrata larvae. This supports the

notion that in pro-ovigenic parasitoids such as A.

taragamae (Dannon et al., unpublished data), host

feeding does not improve reproductive output (Fello-

wes et al. 2005). Indeed, host feeding during oviposi-

tion provides materials for somatic maintenance in pro-

ovigenic parasitoids, while it supplies the synovigenic

ones in materials necessary for continued egg matura-

tion (Chan and Godfray 1993; Fellowes et al. 2005).

This study evaluated some indirect or additional

biological characteristics that influence the efficiency of

the parasitoid wasp A. taragamae, a potential biological

control agent of M. vitrata. However, mechanisms that

underlie some attributes namely the competitive ability

of the wasp remain unclear. Further research should

address these mechanisms in order to better appreciate

the competitive ability of A. taragamae.
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