
INTRODUCTION

Parthenogenetic lineages are often considered as evolu-

tionary dead ends, and their low potential to respond to

rapid environmental changes is thought to be one of the

factors leading to their extinction (Maynard Smith, 1978).

However, recent studies have shown that parthenogenetic

lineages of some organisms, such as aphids, are geneti-

cally more variable than expected (reviewed by Lushai &

Loxdale, 2002) and have a substantial potential for rapid

adaptive changes (Loxdale & Lushai, 2003; Lushai et al.,

2003; Wilson et al., 2003; Castagnone-Sereno, 2006).

Such genetic variability and adaptive potential could

allow a parthenogenetic lineage to adapt to diverse envi-

ronments following geographic and habitat expansion,

resulting in geographic and ecological differentiation.

However, genetic variability is not the only mechanism

generating genetic differentiation in parthenogenetic

populations. Repeated evolution of parthenogenesis in

sexual populations would also result in the genetic differ-

entiation among parthenogenetic populations (Cenis,

1993; Semblat et al., 1998; Castagnone-Sereno, 2006). It

is possible to discriminate between these two processes of

genetic differentiation by molecular phylogenetic

analyses of parthenogenetic and sexual populations

(Cenis, 1993; Semblat et al., 1998; Vorwerk & Fornech,

2007; Schwander & Crespi, 2009). Such phylogenetic

analyses might also provide an estimate of when and

where parthenogenesis evolved.

In this paper, we study variations in diapause traits, pre-

imaginal period, cold tolerance, and host use among

sexual and parthenogenetic populations of Asobara

japonica Belokobylskij (Hymenoptera: Braconidae) in

order to understand how they adapt to local

environments. In addition, their phylogenetic relationship

is analysed using nucleotide sequences of their mitochon-

drial cytochrome oxidase subunit I (COI) in order to

understand how they have differentiated. The study spe-

cies is a larval-pupal parasitoid of drosophilid flies (Di-

ptera) occurring from Sapporo (cool-temperate region) to

Iriomote-jima (subtropical region), and its populations on

the main islands are parthenogenetic whereas those on the

Ryukyu Islands are sexual (Mitsui et al., 2007). Thus, the

parthenogenetic populations of this species are widely

distributed unlike those of many other multicellular par-

thenogenetic organisms that are restricted to marginal

environments (Peck et al., 1998). Widely distributed

sexually-reproducing insects often show geographic

variation in life-history traits, stress tolerance, or host use

as a result of their adaptations to local environmental con-

ditions (Danilevskii, 1965; Tauber et al., 1986; Danks,

1987; Roff, 1992; Kraaijeveld & van del Wel, 1994). In

contrast, little is known about how widely distributed par-

thenogenetic populations vary geographically and adapt

to local conditions.

In this study, some geographic strains were crossed in

order to determine the extent to which they are geneti-
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of reproduction; the strains from the Ryukyu Islands were sexual, whereas those from the main islands of Japan and Ogasawara were

parthenogenetic. In addition, strains from higher latitudes generally showed a high incidence of diapause, although there were some

exceptions. On the other hand, preimaginal period and adult cold tolerance varied little among the strains excluding IR, and pupal

cold tolerance, oviposition preference and incidence of parasitism varied little among the strains including IR. Evolution and envi-

ronmental adaptations in this species are discussed, particularly focusing on parthenogenetic populations.
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cally differentiated and whether they are reproductively

isolated or not. Such crossing experiments cannot usually

be done using parthenogenetic species. However, parthe-

nogenetic populations of A. japonica often produce males

when subjected to high-temperature or anti-biotic treat-

ments (unpubl. data), which indicates that the partheno-

genesis is a result of infection by Wolbachia (Stouthamer,

1997). These males, if fertile, can be used to cross parthe-

nogenetic and sexual populations.

MATERIAL AND METHODS

Experimental strains

Strains of Asobara japonica were collected from thirteen

localities in Japan (Fig. 1); Sapporo (SP: 43.0°N; collected in

August, 2005), Hirosaki (HR: 40.1°N; July, 2007), Sendai (SE:

38.3°N; July, 2007), Fukui (FK: 36.1°N; September, 2005),

Tokyo (TK: 35.7°N; June, 2005), Oshima (OS: 34.1°N; Septem-

ber, 1998), Matsuyama (MT: 33.8°N; June, 2007), Kagoshima

(KG: 31.6°N; July, 2006), Amami-oshima (AM: 28.4°N;

November, 2005), Okinoerabu-jima (OK: 27.4°N; April, 2005),

Ogasawara (OG: 27.1°N; April, 2006), Kume-jima (KM:

26.3°N; March, 2001), Iriomote-jima (IR: 24.4°N; March,

2006). Three iso-female lines were established for each of the

OK and OG populations (OK1-3 and OG1-3), and one iso- or

mass-female line was established for each of the remaining

populations. These experimental strains were maintained under

15L : 9D at 23°C in the laboratory for several months to a few

years using Drosophila simulans Sturtevant as hosts. The AM,

OK, KM, and IR strains reproduce sexually, whereas the other

strains are parthenogenetic (Fig. 1). Table 1 lists the parasitoid

strains used in the present analyses and experiments.

In the phylogenetic analysis, Asobara rossica Belokobylskij

(from Sapporo), A. pleuralis (Ashmead) (from Iriomote-jima),

and A. tabida Nees von Esenbeck (from Nagano, central Japan)

were used for inter-specific comparison, and Ganaspis xantho-

poda (Ashmead) (from Tokyo and Sendai) and Leptopilina het-

erotoma (Thompson) (from France) of the family Figitidae

(Hymenoptera) were used as outgroups.

In the study of oviposition preference and incidence of para-

sitism, Drosophila takahashii Sturtevant, D. bipectinata Duda,

D. ficusphila Kikkawa et Peng, D. lacteicornis Okada, D.

albomicans Duda, and D. ruberrima de Meijere were used as

potential hosts. These species are major fruit-feeding droso-

philids in subtropical areas of Asia, including Iriomote-jima,

and are likely to be frequently encountered by A. japonica in

these areas (Hirai et al., 2001; Mitsui et al., 2007). The experi-

mental strains of these Drosophila species were established

from several females collected in Iriomote-jima and maintained

on cornmeal-malt medium for two or three years in the labora-

tory.

Phylogenetic analysis using nucleotide sequences of COI

DNA was extracted from five females of each strain using

DNAzol (Invitrogen Japan, Tokyo, Japan) and following the

supplier’s protocol. The primers LCO (5’-GGTCAA

CAAATCATAAAGATATTGG-3’) and HCO (5’-TAAACT

TCAGGGTGACCAAAAAATCA-3’) were used to amplify a

region (645 bp) of COI (Folmer et al., 1994). PCR reaction mix-

tures (23 µL) contained 1.3 mM MgCl2, 0.042 mM dNTPs, 2.6

µM primers, 0.042 U Ampli Taq DNA polymerase, and 2.4 µL

10× PCR buffer. Amplification was performed as follows: 10

min denaturation step at 94°C for one cycle; 35 cycles of 1 min

denaturation at 94°C, 1 min annealing at 50°C, and 1.5 min

extension at 72°C; 12 min final extension at 72°C for one cycle.

Amplified COI products were diluted to 1 ng/µL and used as

sequencing templates after their sizes were determined.

Sequencing of COI was done using the same primers used for

PCR amplification. All sequence reactions were done using the

Big Dye Terminator Cycle Sequencing Kit (ABI) and
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Fig. 1. Origins of the experimental strains of Asobara japon-

ica. The mode of reproduction is given in parentheses (S – sex-

ual; P – parthenogenetic).

TK, AM, IRIncidence of parasitism

TK, AM, IROviposition preference 

SP, HR, SE, TK, MT, KG, AM, OG, IRAdult cold tolerance 

SP, SE, TK, KG, AM, IRPupal cold tolerance 

SP, HR, SE, TK, MT, KG, AM, OG, IRPreimaginal period

SP, HR, SE, TK, MT, KG, AM, OG, IRDiapause incidence 

TK, AM, IRCross experiments

SP, HR, SE, FK, TK, OS, MT, KG, AM, OK, OG, KM, IRPhylogenetic analysis

StrainsExperiment

TABLE 1. Strains of Asobara japonica used in the present analyses and experiments. See text for abbreviation of strains.



sequencing was done with an ABI PRISM 310 Genetic Ana-

lyzer (Applied Biosystems Japan, Tokyo, Japan). The 23 partial

COI sequences obtained in this study were deposited in the

DDBJ database (accession number AB456690–AB456712).

Phylogenetic analysis of the sequence data was performed

using the PAUP 4.0b10 software (Swofford, 2002). COI

sequences were aligned manually and aligned sequences were

used to construct phylogenetic trees using the neighbour-joining

(NJ) method (Saitou & Nei, 1987). The nucleotide distances

used for the NJ trees were estimated by Kimura’s two-parameter

method (Kimura, 1980). Bootstrap values were obtained after

1000 replications.

Crossing experiments

In order to determine whether the strains are reproductively

isolated the TK, AM, and IR strains were crossed. As previously

indicated, males are produced in the parthenogenetic strains

when they are reared at high temperatures or subjected to antibi-

otics. In the present study males of the TK strain were obtained

by exposing larvae to 28°C for two days.

Unmated parasitoid females were collected by isolating them

immediately after eclosion and then placed individually in vials

or with two males. When F1 females and males were obtained,

they were used to produce F2 and F3 progenies. Experiments

were made under 15L : 9D at 23°C using D. simulans larvae as

hosts. There were eight to twenty replicates for each cross.

Incidence of diapause

In a preliminary study, individual parasitoids of the TK strain

remained in the prepupal stage for a long period when reared

under a short daylength (10L : 14D), and at a low temperature

(15°C), which indicates the incidence of prepupal diapause. In

this study, the incidence of prepupal diapause was determined in

the SP, HR, SE, TK, MT, KG, AM, OG1, and IR strains.

Two parasitoid females were introduced into vials each with

20 two-day old host (D. simulans) larvae and kept at 15L : 9D

and 23°C for a day. Vials with parasitized host larvae were then

placed under various photoperiodic conditions at 15, 18, and

23°C. When the host larvae reached the third instar, tissue paper

was placed on the surface of the Drosophila rearing medium to

facilitate pupariation. When the adult parasitoids emerged, they

were counted and sexed. Non-diapausing individuals usually

emerged after 11–17, 25–35, and 40–70 days following oviposi-

tion at 23, 18, and 15°C, respectively. When emergence ceased

(i.e., no parasitoid had emerged for 10 days) or emergence

failed to occur after 60 days at 18°C or 90 days at 15°C, vials

were transferred to diapause-averting conditions of 15L : 9D

and 23°C, and the emergence of adult parasitoids was recorded.

The measure of the incidence of diapause was the percentage of

adult parasitoids that emerged after transfer to diapause-averting

conditions. In addition, in order to determine whether this spe-

cies enters diapause when reared at 15L : 9D and 23°C, vials

kept under these conditions were exposed to 4°C (constant dark-

ness) for 100 days, since diapause induced under a long day-

length and a high temperature is often terminated by chilling

(Tauber et al., 1986). These cold treated-vials were then again

placed at 15L : 9D and 23°C, and the emergence of adult parasi-

toids was recorded. Usually, there were five vials (each with

about 20 parasitized host larvae) in each treatment.

Preimaginal period

To determine the preimaginal (egg to eclosion) period, parasi-

tized host larvae were reared as outlined above and then kept at

15L : 9D and 23°C, and the emergence of adult parasitoids was

recorded daily. The preimaginal period was determined only for

females since males were rarely produced.

Cold tolerance

Cold tolerance was determined at the pupal and adult stages.

Parasitized host larvae were kept at 15L : 9D and 23°C, and

tissue paper was placed on the rearing medium for their puparia-

tion. To determine the cold tolerance of parasitoid pupae, host

pupae were placed on wet paper in Petri dishes 10 (for those

parasitized by the IR strain) or 11 days (for those parasitized by

other strains) after being parasitized and exposed to 0°C (con-

stant darkness) for 12 h to 4 days. After exposure to cold, host

pupae were kept at 15L : 9D and 23°C, and the emergence of

adult parasitoids was recorded. The results for twenty to 100

(usually 50) pupae in two to four Petri dishes were used for each

datum point.

Adult cold tolerance was determined using 4- or 5-day-old

females reared at 15L : 9D and 23°C. Parasitoid females were

placed in vials with Drosophila medium (about 25 adults per

vial) and exposed to 0°C (constant darkness) for 1 to 4 days.

The Drosophila medium maintained a relative humidity in vials

of about 90%. The vials were lined with filter paper, which pre-

vented the parasitoids from being caught in water droplets

forming on the walls. After exposure to cold they were placed at

23°C (15L : 9D) for 24 h, and the number surviving was
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Fig. 2. Neighbour-joining tree based on COI gene sequences.

Bootstrap values are indicated on the branches (values less than

50% are not shown). The accession number is given in paren-

theses.



recorded. Those that were able to walk were designated as alive.

The results for twenty-three to 100 (usually 50) individuals in

two to four vials were used for each datum point.

Oviposition preference and incidence of parasitism

The incidence of parasitism and oviposition preference of the

TK, AM, and IR strains were studied using D. takahashii, D.

bipectinata, D. ficusphila, D. lacteicornis, D. albomicans, and

D. ruberrima as potential hosts. To determine the oviposition

preference, five two- or three-day old parasitoid females were

placed with 30 two- or three-day-old drosophilid larvae in a

small Petri dish containing a small amount of food medium and

left for four hours at 23°C. Thereafter, the drosophilid larvae

were dissected under a stereoscopic microscope, and the pres-

ence of parasitoid eggs was recorded.

To determine the incidence of parasitism two- or three-

day-old parasitoid females were placed with a number of two-

or three-day-old drosophilid larvae in a Petri dish containing a

small amount of food medium. The oviposition behaviour of the

parasitoids was then observed under a stereoscopic microscope.

After parasitization the drosophilid larvae were transferred to

vials containing food medium, and the emergence of droso-

philids or parasitoids was recorded at 23°C.

RESULTS

Phylogenetic analysis

Fig. 2 shows the phylogenetic relationship of the dif-

ferent strains and species based on nucleotide sequences

of COI (645 bp). The divergence in nucleotide sequences

was, on average, 4.2% (3.9–4.3%) between the IR and

other strains and 0 to 0.6% between all the strains other

than IR. The divergence between the different species of

Asobara was 13.6 to 20.1%.

Crossing experiments

Table 2 shows the results. TK females produced only

female progeny in most replicates whether they were kept

with or without males except for few replicates where

very few males were produced. On the other hand,

unmated AM and IR females always produced only male

progeny. When AM females were placed with TK males,

female and male progeny were produced in four of the 11

replicates, suggesting that TK males are capable of repro-

duction. In the experiments on the AM and IR strains, the

frequency of replicates with both female and male

progeny were significantly lower ( 2 test, P = 0.001) in

the cross between AM females and IR males than the

cross in the opposite direction or within each strain ( 2

test, P < 0.01). There may be weak asymmetrical sexual

isolation.

The crosses that produced F1 females and males also

produced F2 and F3 females and males (data not shown).

These results indicate that these three strains are conspe-

cific.

Incidence of diapause

At 23°C adult emergence occurred within 18–20 days

of oviposition in all strains, whether reared under 15L :

9D or 10L : 14D conditions (Table 3). Thereafter, no

emergence occurred even if the vials were kept at 0°C for

100 days (for those kept under 15L : 9D) or transferred to

15L : 9D (for those reared at 10L : 14D). Thus, this spe-

cies does not enter diapause at 23°C.

When reared at 15L : 9D and 18°C no strain entered

diapause (Table 3). At 10L : 14D and 18°C the incidence

of diapause in the strains varied from 0 to 100% (Table

3). Except for the northernmost two strains (SP and HR)

the incidence of diapause was generally higher in strains

from higher latitudes.

Fig. 3 shows the photoperiodic responses recorded at

15°C. The IR strain did not enter diapause at any of the

photoperiods used. The other strains showed a long-day

response with the incidence of diapause higher when

reared at short daylengths. Except for the SP and OG

strains, the incidence of diapause was generally higher in

strains from higher latitudes at every photoperiod used,

and the HR strain showed a high incidence of diapause

even at 15L : 9D. The SP strain showed a relatively low

incidence of diapause and the OG strain a high incidence

of diapause.

Preimaginal period

The females of the IR strain had significantly shorter

preimaginal periods than those of all other strains, and

those of the MT strain significantly longer ones than
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0210IRAM

083AMIR

075IRIR

0155AMAM

0012–IR

0012–AM

047TKAM

800AMTK

7  2*0TKTK

8  1*0–TK

only female

progeny

progenies of

both sexes

only male

progeny
MaleFemale

 No. of replicates withParental strain

TABLE 2. The number of replicates of the crossing experi-

ments with only male, only female or both male and female

progeny. In each replicate, one female was kept with two males

or without male.

The number in parentheses refers to the total number of indi-

viduals eclosed.

0 (70)0 (82)0 (70)0 (68)Iriomote-jima

22.7 (22)0 (24)0 (53)0 (60)Ogasawara

40.0 (50)0 (85)0 (57)0 (67)Amami-oshima

71.1 (38)0 (57)0 (67)0 (67)Kagoshima

69.6 (46)0 (20)0 (66)0 (67)Matsuyama

100 (40)0 (61)0 (68)0 (63)Tokyo

100 (42)0 (58)0 (59)0 (61)Sendai

25.0 (28)0 (66)0 (60)0 (55)Hirosaki

0 (37)0 (39)0 (60)0 (66)Sapporo

10L : 14D15L : 9D10L : 14D15L : 9D

 18°C 23°C
Strain

TABLE 3. Incidence of diapause (%) in the nine geographic

strains of A. japonica reared under 15L : 9D and 10L : 14D at

23 and 18°C. 



those of the SP, HR, and KG strains (Tukey’s HSD test

after ANOVA, P < 0.05; SP = 14.90 ± 0.14 (mean ± SD),

HR = 14.92 ± 0.14, SE = 15.21 ± 0.14, TK = 15.00 ±

0.18, MT = 15.60 ± 0.12, KG = 14.91 ± 0.15, OG = 14.96

± 0.18, AM = 15.19 ± 0.15, IR = 13.64 ± 0.26 days).

Cold tolerance

Fig. 4 shows the percentage of host pupae that pro-

duced adult parasitoids after exposure to 0°C for various

periods. There was a slight difference in the cold toler-

ance of the strains with the percentage survival after

one-day exposure significantly lower ( 2 test, P < 0.05) in

the SP and TK strains than the other four strains.

Fig. 5 shows the percentage survival of adult females

after exposure to 0°C for various periods. The percentage

survival after three-day exposure was significantly higher

( 2 test, P < 0.05) in the IR strain than the other strains,

and that after two-day exposure was significantly higher

( 2 test, P < 0.05) in the SD, TK, and AM strains than the

other five strains.

Oviposition preference and incidence of parasitism

The TK, AM, and IR strains readily oviposited in D.

takahashii, D. lacteicornis, D. bipectinata, and D. ficus-

phila larvae, less so in D. ruberrima larvae, and not in D.

albomicans larvae (Table 4). There was no significant

difference ( 2 test, P > 0.05) in the percentage of larvae

oviposited by the TK, AM, and IR strains.

All strains successfully parasitized D. takahashii and D.

lacteicornis larvae (Fig. 6) and there was no significant

difference ( 2 test, P > 0.05) in survival during the prei-

maginal period (i.e. from oviposition to adult eclosion)

when they parasitized D. takahashii or D. lacteicornis lar-

vae. On the other hand, none of the strains survived in D.

bipectinata and D. ficusphila larvae (Fig. 6), even though

they oviposited in these larvae (Table 4).
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Fig. 3. Percentage diapause recorded for the different strains of Asobara japonica reared under different photoperiods at 15°C.



DISCUSSION

The Iriomote-jima (IR) population of Asobara japonica

differs in its COI nucleotide sequence from northern

populations. In addition, it does not diapause and has a

faster preimaginal development, and its adults have a

higher tolerance of cold. It is also reported that most

populations and species of insects occurring in sub-

tropical regions like the Iriomote-jima strain do not dia-

pause or only weakly do so and develop faster (Masaki,

1961; Danilevskii, 1965; Tauber et al., 1986; Danks,

1987; Kimura, 1988; Shimizu & Kawasaki, 2001; Kato,

2005; Shiota & Kimura, 2007). However, it is unknown

why the adults of the IR population have a higher toler-

ance of cold. It may be related to the lack of diapause.

Since the IR population does not diapause, adults of this

population could emerge in winter. A high tolerance of

cold may lower its mortality in winter, even though tem-

peratures on Iriomote-jima do not fall below 0°C (Hirai et

al., 2000). In contrast, tolerance of cold in the adult is not

necessary in the northern populations because they over-

winter in prepupal diapause.

Furthermore, there seems to be weak asymmetrical

sexual isolation between the IR and AM strains. The mor-

phological and genetic distinction between populations

from Iriomote-jima and Amami-oshima is also docu-

mented for a number of other animals and insects

(Kimoto & Gressitt, 1966; Ohta, 1998). Such results sug-

gest that these two regions have been geographically

separated for a long time.

The A. japonica populations from the Ryukyu Islands,

including Iriomote-jima, reproduce sexually whereas

those from Ogasawara and the main islands of Japan are

parthenogenetic (see Mitsui et al., 2007). However, there

is no or very little differentiation in the COI nucleotide

sequences of the sexually reproducing populations from

the central Ryukyu Islands (Amami-oshima, Okinoerabu-

jima and Kume-jima) and parthenogenetic populations

from Ogasawara and the main islands of Japan. This sug-

gests that parthenogenesis in this species has evolved

recently.

The strains other than IR entered prepupal diapause

when reared under short daylengths and low

temperatures. As observed in many temperate insects

(Danilevskii, 1965; Tauber et al., 1986; Danks, 1987) the

incidence of diapause was usually higher in strains from

higher latitudes, although there were exceptions (the SP

and OG strains). Even so, it is unclear whether there is

geographic variation in the critical daylength for diapause

induction in this species, although it is commonly

observed in temperate insects (Danilevskii, 1965; Tauber

et al., 1986; Danks, 1987). Thus, A. japonica may adapt

to local climatic conditions not by changing the critical

daylength but the incidence of diapause.
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P = 0.1673.33012.52419.226D. ruberrima

–030030027D. albomicans

P = 0.71380.03086.73086.730D. ficusphila

P = 0.08496.73096.73083.330D. bipectinata

P = 0.31786.73085.72885.721D. lacteicornis

P = 0.20293.33096.02581.822D. takahashii

2-testOviposition (%)NOviposition (%)NOviposition (%)N

IRAMTK

TABLE 4. Percentages of drosophilid larvae oviposited by the TK, AM and IR strains of Asobara japonica in the oviposition pref-

erence test.

Fig. 5. Percentage survival of adult females of the different

strains of Asobara japonica that were exposed to 0°C for

various periods.

Fig. 4. Percentage survival of pupae of the different strains of

Asobara japonica that were exposed to 0°C for various periods.



The intensity of diapause in the SP and OG strains was

relatively weak and strong, respectively. It is not known

whether their responses are the result of adaptations to the

specific conditions prevailing at Sapporo and Ogasawara.

These populations may have been recently established by

migrants from other localities.

Thus, diapause traits varied even among the partheno-

genetic populations of A. japonica, and this variation is

assumed to have arisen, at least to some extent, as a result

of adaptations to local climatic conditions. There are

processes for generating variation in parthenogenetic

populations. First, adaptive changes may occur in a par-

thenogenetic lineage. Recently, it was suggested that par-

thenogenetic lineages have substantial potential for rapid

adaptive changes (Loxdale & Lushai, 2003; Lushai et al.,

2003; Wilson et al., 2003; Castagnone-Sereno, 2006).

Second, parthenogenesis may have evolved independ-

ently in different sexually reproducing populations

adapted to different climatic conditions. In nematodes, it

is suggested that the transition from sexual to parthenoge-

netic reproduction has occurred many times (Cenis, 1993;

Semblat et al., 1998; Castagnone-Sereno, 2006). The phy-

logenetic analysis using COI reported here failed to

reveal how parthenogenetic A. japonica populations have

evolved. More detailed genetic and molecular analyses

are needed to answer this question.

There was only a low level of variation in the prei-

maginal period and tolerance of cold among the A.

japonica strains studied, except for the IR strain, which

has a shorter preimaginal period and higher adult toler-

ance of cold. Kimura et al. (1994) and Kimura (2004)

also recorded no or little geographic variation in adult tol-

erance of cold in Drosophila species. These traits may be

tightly linked by trade-offs with each other and/or with

other adaptive traits, and may be subjected to evolu-

tionary constraints (Kimura, 2004; Shiota & Kimura,

2007; Mori & Kimura, 2008).

In addition, there were no differences in oviposition

preferences and incidence of parasitism at least among the

TK, AM, and IR strains, although they use different host

species in the field (Mitsui et al., 2007). For example, the

IR population is likely to frequently encounter D. lactei-

cornis, D. ruberrima, D. takahashii, D. bipectinata, D.

ficusphila, and D. albomicans but the TK population is

unlikely to (Hirai et al., 2000; Beppu, 2006; Kondo &

Kimura, 2008). However, the TK and IR strains showed

almost the same responses to these drosophilid species.

The incidence of parasitism and oviposition preferences

of A. japonica may have evolved more slowly than

diapause-related traits or tolerance of cold.

This study raises a question – why does A. japonica

oviposit in the non-host drosophilid species D. bipecti-

nata and D. ficusphila? There may not have been enough

time for A. japonica to evolve an ability to discriminate

between the larvae of D. bipectinata or D. ficusphila and

host larvae. It is also possible that A. japonica is a klepto-

parasitoid of D. bipectinata and D. ficusphila. That is, its

larvae can develop in these species once they are parasi-

tized by another parasitoid. Kraaijeveld (1999) reported
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Fig. 6. Percentages of Drosophila takahashii, D. lacteicornis,

D. bipectinata, and D. ficusphila larvae from which neither

parasitoids or flies emerged (black), parasitoids emerged (grey),

or flies emerged (white), after parasitization by the TK, AM,

and IR strains of Asobara japonica. Thirty drosophilid larvae

were used in each test.



kleptoparasitism by A. tabida. This parasitoid oviposits in

D. simulans larvae even though its larvae are unable to

develop when it is the only parasitoid present, but if the

host is also parasitized by Leptopilina boulardi the larvae

of A. tabida can develop in this host (Kraaijeveld, 1999).

A. tabida increases its probability of surviving in D. simu-

lans by taking advantage of the virulence of L. boulardi.
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