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Summary 

The braconid wasp, Apanteles baoris (Hymenoptera: Braconidae), is an 

endoparasitoid of the rice-plant skipper, Parnara guttata (Lepidoptera: 

Hesperiidae), which is one of the important insect pests of the rice-plant in 

Japan.  It is known that adults of P. guttata migrate southward and 

southwestward during from late summer to early autumn in Japan.  Since 

higher parasitism rates of A. baoris on P. guttata were reported in particular 

regions in Japan, this parasitoid is considered as one of major natural enemies 

of the host.  However, there are still lots of questions about the host-parasitoid 

relationship between both species: Other hesperiid species were recorded as 

hosts of A. baoris, and parasitism of A. baoris on P. guttata was observed in 



snowfall areas where larvae of P. guttata were not considered to overwinter.  

In this study, field surveys were conducted at paddies in different regions in 

Japan to clarify the parasitism of A. baoris on P. guttata and seasonal prevalence 

of both species.  In addition, the developmental interaction between both 

species, and immune response by host hemocytes were investigated in the 

laboratory.  Based on the results, the host-parasitoid relationship between both 

species was discussed from physiological and ecological viewpoints.   

 

Chapter I.  Parasitoid fauna and seasonal prevalence of Parnara guttata 

Parasitoid fauna of P. guttata was surveyed in different regions in Japan by 

rearing larvae and pupae collected at paddies in Wakayama, Osaka, Nara, 

Kyoto, Fukui, Kanagawa and Fukushima prefectures.  As a result, eleven 

primary parasitoids from five families, Ichneumonidae (Casinaria matsuyamensis 

and Coccygomimus parnarae), Braconidae (Apanteles baoris), Chalcididae 

(Brachymeria lasus), Eulophidae (Pediobius mitsukurii and Eulophidae sp.) and 

Tachinidae (Argyrophylax apta，Exorista japonica，Pseudoperichaeta nigrolineata，

Sturmia bella and Thecocarcelia thrix), were recorded in this study.  The 

parasitism of A. baoris was recorded from all sites with the parasitism rate on P. 

guttata of non-overwintering generations higher than those of other parasitoids 

except for three sites.  In addition, A. baoris larvae were observed to emerge at 

the final instar of P. guttata larvae irrespective of host instar at the collection in 

the overwintering as well as non-overwintering generations.  The mean 

cocoon stage of A. baoris was about six and ten days, and the mean adult 



longevity was about five and nine days under 25 and 20℃, respectively. 

 

Field surveys of seasonal prevalence in P. guttata, Pelopidas mathias and 

parasitism of A. baoris were conducted at paddy fields in Osaka, Kyoto and 

Fukui prefectures.  Larvae and adults of both species were observed from 

early summer to autumn at all the three sites: Most larvae of P. guttata were 

found on rice-plant in paddy, while those of P. mathias on Gramineae grasses in 

the border vegetation.  On the other hand, overwintering larvae of both 

species were found on Gramineae grasses such as Imperata cylindrica in the 

border vegetation.  It was proved that larvae of P. mathias is parasitized only 

by the braconid wasp, Apanteles javensis.  The parasitism of A. baoris on P. 

guttata was observed from July to next May, while that of A. javensis on P. 

mathias from June to next April. 

 

Genetic variation of both P. guttata and A. baoris was compared among local 

populations in Osaka, Nara, Kanagawa and Fukushima prefectures.  As for P. 

guttata, adult samples from Fukuoka, Tokyo and Iwate prefectures were also 

used.  Portions of COI (658bp) and Cyt b (437bp), and COI (426bp) regions in 

mtDNA of P. guttata and A. baoris, respectively, were amplified by PCR method 

and sequenced.  The results showed that there is no genetic variation among 

local populations examined in both species. 

 

 



From these results, it was revealed that parasitism of A. baoris on P. guttata is 

broadly seen with high parasitism rates in many regions in Japan including 

snowfall areas where P. guttata is considered difficult to pass the winter.  Since 

A. baoris was not recorded from P. mathias, it is considered that A. baoris is a 

specialist natural enemy for P. guttata.  Nevertheless, further researches are 

needed to clarify the seasonal lifecycle of A. baoris in cold regions, as the 

parasitoid was proved to overwinter within the body of host larvae.  From the 

other point of view, it is possible that A. baoris as well as P. guttata has high 

dispersal or migratory abilities, as no genetic variation was detected among 

local populations in both species. 

 

Chapter II.  Control of host development by Apanteles baoris 

As A. baoris is considered a specific parasitoid of P. guttata, the developmental 

interaction between both species was investigated by rearing host larvae 

experimentally parasitized by A. baoris at the 1st to 5th instars at 25°C under 

16L-8D.  As a result, it was proved that A. baoris is able to parasitize all instars 

of larval P. guttata, and egression of A. baoris occurs at the late final instar of the 

host.  The rate of hosts from which A. baoris egressed was 30-70% and there 

was no significant difference among the rates irrespective of the host instar.  

The number of A. baoris adults emerging per host ranged from 4 to 112 with a 

mean of 51.  Mean periods from oviposition to egression of A. baoris were 15-31 

days, and longer than the corresponding developmental periods of 

unparasitized hosts.  Most parasitized hosts made a 5th larval molt and 



became 6th-instar larvae, while all the unparasitized host larvae pupated after 

the 5th instar.  The mean maximum weight of parasitized hosts was 

significantly less than that of unparasitized hosts when they were oviposited at 

1st-3rd instars.  Parasitoid brood size and weight of A. baoris adults emerging 

from the hosts were negatively correlated in both sexes.  It is considered that 

such a developmental interaction between A. baoris and P. guttata has been 

formed through a long period of coevolution. 

 

Chapter III.  Control of host immune responses by Apanteles baoris 

As it was proved that A. baoris is capable of parasitizing P. guttata larvae of all 

instars, host immune responses were investigated by observing hemolymph of 

the host larvae experimentally parasitized by A. baoris at the 3rd and 5th instars.  

As a result, three types of hemocytes, granular cells, plasmatocytes and 

oenocytoids, were found in hemolymph of both parasitized and unparasitized 

host larvae, and teratocytes were observed in hemolymph of parasitized host 

larvae.  Densities of granular cells and oenocytoids were significantly lower in 

parasitized host than unparasitized host immediately after parasitization.  

Teratocytes became larger and their density decreased during larval 

development of the host.  It is possible that A. baoris avoids the cellular 

immune responses of the host by suppression of hemocyte densities.  In 

addition, it is considered that teratocytes are involved in depression of the 

host’s defensive system and utilized as a food resource for A. baoris larvae. 

 



This study revealed that A. baoris is a parasitoid specialized in P. guttata and 

capable of controlling immune responses and development of the host larvae.  

The seasonal lifecycle of A. baoris was proved to be synchronized with that of 

the host, P. guttata: The successive parasitism of A. baoris on P. guttata was 

observed in paddy fields during the rice-plant cultivating period, and A. baoris 

parasitized overwintering larvae of P. guttata on Gramineae grasses in the 

border vegetation after harvesting.  In this study P. guttata was found 

occurring in paddies all over the central Japan, and the parasitism of A. baoris 

on P. guttata was recorded from Tohoku and Hokuriku districts where P. guttata 

is not considered to pass the winter.  It is suggested that A. baoris has also a 

high dispersal ability, considering there was no genetic variation among local 

populations.  Recently, damages from P. guttata to rice-plants in cold regions 

and those of the direct sowing culture are increasing.  It is considered that A. 

baoris plays an important role as a natural enemy to lower the density of P. 

guttata populations in central Japan because of the host specialization and broad 

distribution. 


