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INTRODUCTION

The authors have attempted to analyse 
the factors controlling the population of 
the southern green stink bug, Nezara 
viridula, by constructing life tables of the 
bug for successive generations in 1961 
( KIRITANI & HOKYO, 1962). Essential 

points from the study of life table are 
as follows. First, high mortality occurs 
in early immature stages, that is, from 
the egg to the second larval instar, and 
relatively low and constant mortality 
occurs from the third instar to adult 
emergence. Secondly, high mortality in 
an early stage is due to the two scelionid 
egg parasites, viz. Asolcus mitsukurii and 
Telenomus nakagawai, predation by the 
spiders and predacious bug, Nabis ferus, 
and the climatic factors. They asserted 
the importance of the egg parasites which 
showed high percentage parasitism in the 
eggs of the first generation of the host as 
a decisive mortality factor that might 
keep the population density of Nezara low 
enough under the economic level for 
successive generations, and here arises a 

possibility of biological control of the bugs 
using the egg parasites.

Aiming at the effective control of the 
bug population by means of the egg para-
sites, many factors that affect the host 
and the parasite densities must be studied. 
Specially, studies of interspecific as well 
as intraspecific interactions among the 

parasites are important, as in our case 
that two effective egg parasites are co-

existing and keeping a relatively high 
level of parasitism.

It is already an established fact that the 
efficiency of each female parasite decreases 
as the density of parasite population when 
the density of host is fixed (refer to 
WATT, 1962). Moreover, it is feasible that 
the interspecific competition occurring in 
various intensities between two ecological-
ly similar species must also affect the 
efficiency of both or either species of the 

parasites. Therefore, it is considered 
that there may exist many problems to 
be solved in raising the level of parasitism 
in the first generation of the host by 
liberation of parasites. This paper at-
tempts to throw a light upon the problems 
basing on analysis of the field data obtained 
from the censuses carried out at Asso 
and Kogawa areas in 1961 and 1962.

METHOD

Collection of the Parasitized Egg 
Masses

Asso area: Censuses of the eggs of N. 
viridula were carried out on the same 
fi elds for successive three generations in 
both 1961 and 1962. Fields of potato, 
early and late planting rice were selected 
for the censuses of the first, the second 
and the third generations, respectively. 
Other details of the census method were 
reported in the previous paper (KIRITANI 
& HOKYO, 1962).

Kogawa area: Kogawa is isolated from 
Asso by mountains 20km to the east, where 
the oriental green stink bug, Nezara
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antennata, co-exists with N. viridula. 

Kogawa differs considerably from Asso in 

regard to seasonal prevalences of the host 

plants and in climatic conditions. In-

vestigations were made from early June 

to early November at intervals of two 

weeks in both 1961 and 1962. A sufficient 

number of egg masses of the two species 

of Nezara was obtained including the 

parasitized ones of the first generation. 

The parasitized egg masses of the other 

generations were so few that they were 

excluded from the present analysis.

Treatment of the Parasitized Egg Masses

The egg masses which were brought 

back to the laboratory were kept indivi-

dually in a small glass tube with a piece 

of filter paper moistened with water, and 

reared at 25•Ž. These egg masses were 

examined daily to assess the first date of 

emergence of the parasites. A number 

of emerged parasites, sex, and a number 

of parasitized eggs that did not produce 

adults were determined when all of the 

emerged parasites died out. The para-

sitized eggs that produced no parasites 

were dissected to examine the stage of 

development of the parasites but those of 

the first and the third generations in 1961. 

Determination of whether an egg mass 

being parasitized by one species or by 

both species was made on the basis of 

the records of parasite emergence and 

the results of dissection.

RESULTS OF ANALYSIS

Oviposition Curves of the Host and 

Emergence Curves of the Parasites at 

Asso

The oviposition period of the first 

generation lasted from early May to late 

June. As weather got hot, the incubation 

period of the egg became shorter in this 

season. Therefore, in order to determine 

the incubation period in regard to the 

date of oviposition, eggs deposited within 

24hrs. were kept under outdoor con-

ditions. It turned out to be that a linear 

relationship existed between the ovi-

position date and a duration of the incu-

Fig. 1. Relationship between the date of egg 
laying and the incubation period of the 

egg mass of N. viridula under outdoor 
conditions.

bation period of the eggs (Fig. 1). Using 

this relation, the oviposition date of un-

parasitized egg masses could be estimated 

by giving the date of eggs hatched. If 

the eggs in an egg mass were entirely 

parasitized, this method could not be 

used. Moreover, it was likely that the 

parasites emerged earlier in the laboratory 

than on the field, when the parasitized 

egg masses were kept under temperature of 

25•Ž which was considerably higher than 

that prevailed outdoors. Accordingly, the 

next formula was used to estimate the 

oviposition date of the parasitized egg 

masses.

A (date of egg laid)=B (first date of 
the parasite emergence in the laboratory)
-[C(mean duration left on the field for 

observation)+D (mean duration required 
for emergence after being brought to the 
laboratory)]-E (susceptible period of the 
host) ......(1)

The values of C and D were calculated 
only for the egg masses that were con-
sidered to be laid recently judging from 
the colour of the eggs. As the value of 
E, one-half of the incubation period esti-
mated from Fig. 1 was used. Estimate of 
the date when the eggs were laid was made 
for the second and the third generations
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Fig. 2. Oviposition curves of the host, N. viridula and emergence curves of the parasites 

A. mitsukurii and T. nakagawai at each generation of the host.

by subtracting the mean incubation period 

of 5.0 days and 7.2 days from the date of 

eggs hatched. The oviposition date of the 

parasitized egg masses was estimated by 

subtracting the mean developmental 

period of the parasites at 25•Ž, e.g. 12.4 

days for Asolcus mitsukurii and 15.3 days 

for Telenomus nakagawai, from the first 

emergence date of the parasite in the 

laboratory adding one-half of the incu-

bation period of the respective generation 

or the susceptible period of the host.

The sequential trend of a number of 

the eggs deposited by the bugs and a 

number of the parasites emerged from the 

host eggs were shown in Fig. 2. The 

oviposition and emergence curves were 

made on the basis of the estimated dates 

obtained by the method mentioned above 

and the curves were smoothed by means 

of the running average of three points. 

The emergence curves of the parasites 

were made assuming that all parasites 

emerged at the first date of emergence. 

The oviposition curves of the host in 1961 

and 1962 took a similar shape in respect 

to the same generation, but the density

of eggs varied with the year and gener-
ation. Eggs of the first generation were 
laid over a relatively long period as com-

pared with those of the successive gener-
ations. The oviposition curve of the 
second generation of the host in 1962 
delayed by about two weeks as compared 
with that of 1961. A relative number of 
the emerged parasites or a percentage of 

parasitism was considerably high in the 
fi rst generation, but low thereafter. This 
tendency was especially remarkable in 
1962, because the percentage of para-
sitism in the first generation in 1962 was 
lower than that of previous year, and 
decreasing trend became more conspicuous 
as generation advanced. It could be seen 
that Asolcus mitsukurii predominated over 
Telenomus nakagawai irrespective of the 

generation.
Sequential Trend of Parasitism Relative 

to the Size of the Egg Masses
Some of the typical examples of every 

generation at Asso (Figs. 3, 5 and 6) and 
of the first generation at Kogawa (Fig. 4) 
were presented. In Fig. 5 only the para-
sitized egg masses were given because the
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Fig. 3. Sequential trend of parasitism relative to 

the size of egg mass in the first generation of the 

host, N. viridula at Asso.•¢

: unparasitized egg mass.•›

: egg mass parasitized by A. mitsukurii.•œ

: egg mass parasitized by T. nakagawai.

: egg mass parasitized by both species.

Fig. 4. Sequential trend of parasitism 

relative to the size of egg mass in 

the first generation of the hosts, N. 

viridula and N. antennata at Kogawa.•¤

: unparasitized egg mass of N. 

antennata.

: egg mass of N. antennata para-

sitized by both species.

Explanation of other signs see Fig. 3

Table 1. Variation in the size of an egg mass parasitized by A . mitsukurii and T. nakagawai.

In this case only, number of egg masses parasitized by one species was expressed 

irrespective of the parasitism of the other species .
95 per cent fiducial interval of the t-distribution .

Fig. 5. Sequential trend of parasitism relative to the size of egg mass in the second 

generation of the host, N. viridula, at Asso. 
Explanation of the signs see Fig . 3.



218 Japanese Journal of Applied Entomology and Zoology Vol.7, No.3

egg masses free from parasitism 

were too many to represent and 

also because the parasitized egg 

masses reflected well the ovi-

position trend of the adult bugs. 

It can be seen that an average 

size of the egg masses becomes 

large as the generation goes on. 

Fig. 3 shows that a size of the 

egg masses becomes larger as 

the date of oviposition is pro-

tracted in the first generation.

On the other hand, such a sort of trend 
cannot be observed among the second and 

the third generation (Figs. 5 and 6). It 
must be noted that the occurrene of the 

parasitized egg masses as distributed 
throughout the oviposition period of the 

bugs of the first and the second gener-
ations, but in the third one those egg 

masses that were parasitized appeared 
almost only in the late period of the ovi-

position. Asso area was also characterized 
by the fact that the egg masses parasitized 

by Asolcus mitsukurii were more numerous 
than those parasitized by Telenomus naka-

gawai, but the reverse was the case at 
Kogawa.

Variation in the size of parasitized egg 
mass was tabulated in Table 1. It can 

be seen that those egg masses parasitized 
by Asolcus mitsukurii were invariably small 

in their mean size as compared with the 
cases affected by Telenomus nakagawai. 

What is more, the egg masses parasitized 

by the both species were the largest in 
the mean size except those of the second 

generation of the host in 1962. On the

Fig. 6. Sequential trend of parasitism relative to the size 

of egg mass in the third generation of the host, N. 
viridula, at Asso. 
Explanation of the signs see Fig. 3.

other hand, the coefficient of variation in 
size of the egg masses decreased, except 
that of the second generation of 1962, in the 
following order; egg masses parasitized 
by Asolcus, Telenomus and both. It is 
conceivable that, if there is no interference 
between both parasitic species, these facts 
suggest that Asolcus mitsukurii selected 
the egg mass irrespective of the size of 
egg mass, but Telenomus nakagawai seemed 
to show a tendency to select larger egg 
masses when compared with Asolcus 
mitsukurii. It should be remarked that 
the size of the egg masses parasitized by 
both species was the largest in the mean 
size and the smallest in the value of 
coefficient of variation in most of the 
cases.

Association Index of the Two Species of 
Parasites

COLE (1949) proposed a coefficient of 
interspecific association (C) as a refined 
form that indicates a degree of association 
of the two closely related species. If a 
value of C takes +1, the complete posi-
tive association is attained or both species

(2•~2 table), 1st generation, 1962, Asso (numerals in the table refer to Table 2)

*For convenience, species B is defined that it does not occur in more of the samples 

(egg masses) than does species A.
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Table 2. Coefficient of interspecific association.

Significant at less than 5 per cent level of X2-test.

11 egg masses of N. antennata inclusive.

2 egg masses of N. antennata inclusive.

•õ The parasitized egg masses which were unknown of the species of parasites in the 

second generation and the two egg masses which were oviposited on the weeds grown 

among the host plants in the first generation in 1961 were discarded.

always co-exist. If it takes the value -1, 

the complete negative association or either 

of both species exists alone. The value 

0 indicates that both species occur quite 

at random, and that there exists no as-

sociation between both species. COLE's 

coefficient of interspecific association C 

and its standard error ƒÐ can be calculated 

as in the example shown below. Signi-

cance of the value C can be evaluated 

by means of X2-test (X2=(C/ƒÐ)2, d. f.=1). 

In the present case, procedures of calcu-

lation C and ƒÐ are given on bottom of 

the preceding page.

Then, the values of C and ƒÐ are given 

as follows when ad -bc>0 as in the pre-

sent case; 

thus,

C•}ƒÐ=+0.693•}0.246

X2=(0.693/0.246)2=7.94>X2(0.05), d.f.=1

The values of C and ƒÐ were calculated 

for the first and the second generation of 

the host at Asso in 1961 and 1962, but 

these values were not calculated for the 

third generation as the parasites attacked 

the host egg masses almost only at the 

late period of the host oviposition (Table 

2). Among the parasitized egg masses in 

the second generation, there occurred a 

few cases that produced simultaneously 

other species than the two species here 

concerned. But these were so small in

number that they were neglected in the 

calculation. The calculation for Kogawa 
was made altogether with the egg masses 

of N. viridula and N. antennata because 
the results of calculation when including 

the both species or excluding either species 
were similar without revealing any signi-

fi cant value of C. Significant positive 
values of C were shown for the first 

generation in 1962 and for the second 
generation in 1961 and 1962 at Asso. But 
no significancy in the value of C was 

shown for the first generation in 1961 at 
Asso and for the first generation in 1961 

and 1962 at Kogawa. 
Differential Emergence in the Number 

of Parasites from the Egg Masses Para-
sitized by Both Species

Remarkable difference between species 

was observed in the number of emerged 

parasites from the egg masses parasitized 
by both species in the first generation of 
the host at Asso. In most cases, Asolcus 

mitsukurii predominated over Telenomus 
nakagawai in the number of emergence. 
This difference was analyzed on the basis 

of the percentage emergence observed in 

the egg masses parasitized by only one 
species (Tables 3A and 3B). The expected 

number of parasite emergence in Table 3B 
was calculated as shown in the following 
examples. It may be claimed that the 

potential egg productivity of a parasite 
proportionates the mean number of para-
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Table 3A. Average number of parasitized eggs and percentage of emergence observed 

in the egg masses parasitized by Asolcus and Telenomus.

95 per cent fiducial interval of the binomial distribution.

Table 3B. Deviation in the number of emerged parasites from the expected value 

in the egg masses parasitized by both Asolcus and Telenomus.

Difference of the means between two species is significant at less than 5 per cent level 

of the t-test.

sitized eggs obtained from the egg masses 

parasitized by only one species. From 

Table 3A, these are the values, 46.6+15.3

=61.9 for Asolcus mitsukurii and 62.5+8.8

=71.3 for Telenomus nakagawai of the first 

generation, 1961. If both species of para-

sites laid their eggs simultaneously in 

proportion to each potential egg producti-

vity on an egg mass of the host, the 

expected number of the eggs parasitized 

by Asolcus mitsukurii would be 82.6•~61.9/

(61.9+71.3)=38.4 and those parasitized by 

Telenomus nakagawai would be 82.6•~71.3/

(61.9+71.3)=44.2. The expected range in 

the number of parasite emergence can be 

obtained by multiplying these values by 

respective fiducial interval of emergence 

tabulated in Table 3A (Table 3B). These 

results showed that Asolcus mitsukurii 

emerged considerably greater in number 

than the expectation and the reverse was 

the case in Telenomus nakagawai among

the first generations of the host regardless 

of the year, and the mean number of 

emerged parasites differs significantly 

between the species. Such a sort of 

phenomenon, however, did not repeat in 

the second generation.

Results of Dissection

The results of dissection were tabulated 

in Table 4. Mean numbers of adult para-

sites that failed to emerge were almost 

similar between the two species of the 

rst generation, but in the second one 

Telenomus nakagawai did fail to emerge 

more than Asolcus mitsukurii. This ten-

dency was remarkable in 1962. Mean 

numbers of parasites died before reaching 

adult were considerably large in the 

second generation as compared with the 

rst generation. And this tendency was 

conspicuous in 1962. At present, we 

cannot say any more beyond that the 

climatic factors, mainly high temperature
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Table 4. Results of dissection of the parasitized eggs from which parasites did not emerge.

Most of them were identified as Telenomus gifuensis which mainly parasitizes on eggs 
of the rice pentatomid, Scotinophara lurida.

Table 5. Sex ratio of A. mitsukurii & T. nakagawai.

95% fiducial interval of binomial distribution.

(WILSON & WOOLCOCK, 1960) and physiologi-
cal suppression SALT, 1961), might be the 

important causes for those parasitized 

eggs which did not produce any parasite. 
Mean number of the host larvae hatched 
increased in the second generation as 

compared with that in the first generation. 
It is noted that, in most cases, mean 
number of the host larvae hatched was 

the least in regard to the egg masses 

parasitized by the two species.
A few cases of parasitization by the 

species other than the two pertinent 

species occurred in the second generation 
of the host. These parasites almost failed 
to emerge and their numbers were negli-

gible as compared with the two principal

parasite species. It is noted that para-
sitization by other species was somewhat 
more frequent in 1962 than in 1961.

Sex Ratio and Host Specificity of the 

Parasites
Sex ratio with regard to the parasite 

species was represented in Table 5. The 
sex ratio of Asolcus mitsukurii was about 

75 per cent, but in the second generation 
in 1962 it was significantly lower than 

that of the first generation. On the 
contrary, Telenomus nakagawai showed 

constant high sex ratio about 95 per cent 
irrespective of the year and the generation 
of the host. Asolcus mitsukurii and Tele-

nomus nakagawai seem to be specific to 

considerable extent to the Nezaya eggs. But
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Table 6. Other hosts of A. mitsukurii and T. nakagawai recorded in the second 

generation of N. viridula in the paddy field of the early planting rice.

in the paddy field of early planting rice, 
these two parasites often parasitized the 
eggs of Scotinophara lurida (Table 6). The 

percentage parasitism by the two species, 
however, was negligible particularly for 
Telenomus nakagawai as compared with 
that parasitized by the other species, 
mainly Telenomus gifuensis. Asolcus mitsu-
kurii was also recorded from the eggs of 
Eusarcoris spp. It is conceivable that 
Telenomus nakagawai is more specific to 
the Nezara than Asolcus mitsukurii.

DISCUSSION

Contemporaneous mortality factors which 
work at a high level of total mortality of 
one stage of an insect population was 

rst stressed by MORRIS (1959) as an im-

portant controlling factor of the population 
of an insect. From this point of view, 
KIRITANI & HOKYO (1962) asserted the im-

portance of high parasitism which was 
attributed to the two species of scelionid 
egg parasites in the first generation of 
the host, and the possibility that they 
work decisively in determining the popu-
lation trend of the southern green stink 
bug.

The results of three year study carried 
out at Asso area revealed that the per-
centage parasitism as well as the host 
density varied not only by the generations 
of the host in the same year, but also 
varied by the year (Fig. 2). Some marked 
adult bugs of the first generation came 
to the paddy field of the early planting 
rice about 1km in linear distance from 
the census potato field (KIRITANI et al.,

1961). This suggests that the attracti-
veness of the early planting rice for 
the bugs was very strong. The paddy 
fi eld of the early and late planting rice 
were considerably small in area as com-

pared with those of the middle planting 
rice, and the period of the adult emergence 
of the first generation was well synchro-
nized with that of the ear formation of 
the early planting rice. Thus, mass 
invasion of the adult bugs occurred 
according to the relative shortage (refer to 
ANDREWARTHA & BIRCH, 1954) of suitable 
host plants at that period (KIRITANI et al., 
1961). Also oviposition was made by these 
adults relatively in a short period of 
time. The circumstances of the late plant-
ing rice was almost similar with those 
of the early planting rice. Accordingly, 
the oviposition of the bugs occurs rather 
concentrically in those specified paddy 
fi elds. Thus, the areal distribution of the 
egg masses at Asso area showed consider-
able patchiness. This situation makes 
difficulty for the parasites to cope with 
the migration of the bugs, due to their 

possible poor ability in dispersal. A 
similar example was presented by BROWN 

(1962) between Aelia rostrata (Hemiptera) 
and its scelionid egg parasites.

In 1962, the oviposition of the bugs of 
the first generation delayed about two 
weeks as compared with that of the 

previous year, mainly due to an unusual 
lack of sun shine in June and July; e.g. 
in June 183.2 and 131.8hrs., in July 240.3 
and 160.8hrs. in 1961 and 1962, respectively. 
This situation might be unfavourable for
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the parasites to synchronize with the host 

eggs of the second generation. The low 
level of percentage parasitism of the 
second generation of the host which was 

observed in 1962 can be elucidated by the 

poor synchronization, in addition to the 
different ability in dispersal on the part 
of the parasites.

Asolcus mitsukurii considerably predomi-

nated over Telenomus nakagawai in per-

centage parasitism for the first generation 

at Asso, and the former parasitized irre-
spective of the size of the egg masses, 

but the latter seemed to have a tendency 
to parasitize the egg masses larger in 

size. Moreover, the number of the egg 
masses parasitized by both species was 

significantly large in 1962 as shown by 

COLE's index of interspecific association, 
and the number of Asolcus mitsukurii 

emerged from these egg masses was sig-

nificantly greater than that of Telenomus 
nakagawai. These facts suggest that the 
interspecific interference occurred between 

both species in the first generation of the 

host. The process of the interspecific 
interference mentioned above may be 

explicable as follows. Let it be assumed 

that an adult female of Asolcus mitsu-
kurii in most cases wins over an adult of 
Telenomus nakagawai by fighting when 

both species encounter on an egg mass of 

the host. If the size of an egg mass is 

considerably small as compared with the 
mean size, say less than 60 eggs, Asolcus 

mitsukurii drives away Telenomus nakagawai 
from the egg mass. If the size of an egg 
mass is larger than 60 eggs, both species 

can co-exist on the egg mass but Telenomus 

nakagawai is interfered considerably by 
Asolcus mitsukurii. Thus, the parasitized 

eggs by Asolcus mitsukurii become signifi-
cantly larger in number than those eggs 

parasitized by Telenomus nakagawai.
This assumption may be partly sup-

ported by the results of the field observa-
tion shown in Table 7, in which Asolcus 

mitsukurii remained on the same egg mass 
of the host fairly longer than Telenomus 

nakagawai, and partly by the preliminary

Table 7. Finding frequency of a parasite re-

mained successively on the same egg 

mass since the first discovery. 

(At Asso, 1962)

A parasite was found only on the date 

of the first discovery.

observation in the laboratory showing 
that fighting occurs when several indivi-
duals of the two species put into a glass 
tube containing one egg mass of the 
host. Asolcus mitsukurii was more active 
in fighting behaviour than Telenomus 
nakagawai. Similar behaviour as this was 
observed by WILSON (1961) in Asolcus 
basalis, the egg parasite of Nezara viridula 
in West Indies. The long staying habit 
of Asolcus mitsukurii as observed on the 
host egg mass of the first generation may 
well be considered that they could not 

parasitize the whole egg mass in a short 
time. In this connection, it is possible 
that the fighting behaviour is closely 
associated with their mode of oviposition. 
It was shown by BARTLET (1961) that 

parasitism of the different species of para-
sites which parasitize the lucaniinae scale 
was affected by the presence of ants. A 
kind of parasites requiring rather a long 
time for oviposition was not disturbed so 
much, but another species which did not 
require a long time for oviposition was 
much disturbed by the presence of ants. 
These facts also suggest a possibility that 
Asolcus mitsukurii becomes a disturbing 
factor against Telenomus nakagawai during 
the oviposition behaviour. The high 

positive value of COLE's index of the first 
generation of the host in 1962 can well be 
explained by the assumption. In short, 

presence of a sufficient number of the egg
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Table 8. Percentage of total parasitism in 

the first generation of the host for three 

successive years at Asso.

masses of relatively large size of the host 
resulted in increased occurrence of the 
egg masses parasitized by both species. 
A negative, but not significant, value of 
COLE's index was observed concerning the 

rst generation in 1961. It should be 
noted that the egg masses parasitized by 
only Telenomus nakagawai appeared in the 
early ovipositing period of the host when 
the density of the egg masses was re-
latively low. It may be thought that the 
number of Asolcus mitsukurii did not yet 

predominate over Telenomus nakagawai at 
that particular period of oviposition of 
the host or the ability to find the host 
differs between both species. The value 
of COLE's index takes a significant positive 
value, if those egg masses parasitized by 
Telenomus nakagawai alone were omitted 
tentatively.

SALT (1961) pointed out that an ability 
to discriminate between parasitized and 
unparasitized host is well developed among 
the hymenopterous parasitoids including 
the egg parasite, Trichogramma evanescence, 
and he also mentioned that the intra- and 
interspecific competition within a host 
successfully avoided by this ability. Un-
doubtedly, the ability of this kind must well 
be developed for the species here concerned 
because hyperparasitism within a host 
egg could not be observed otherwise. 
Accordingly, interspecific competition as 
well as intraspecific one occurred in the 
egg mass of the host more or less directly 
through the fighting. Interspecific com-

petition observed in regard to the first 
generation of the host at Asso, however, 
did not take place in the second generation 
of the host. Relative density of the host 
and the parasites favoured to the former

in the second generation presumably owing 

to the difference in ability of dispersal. 

Moreover, the size of the host egg mass 

increased remarkably as compared with 

that of the first generation. These circum-

stances may well be thought to buffer the 

intensity of interspecific interference.

Significant positive values of the COLE's 

index were shown as regards the second 

generation of the host in both years, 

though its causes couldn't be explained 

fully. But its significance was question-

able on account of the short duration of the 

susceptible stage of the host, that is, 4•`7 

days for the first, 2 days for the second, 

and 3•`4 days for the third generation, res-

pectively. Therefore, the number of egg 

masses of the second generation should 

be adjusted to be able to compare in 

terms of the number of available egg 

masses of the parasites. The value of C 

becomes nill, when a total number of 

egg masses of the second generation in 

1961 was currently reduced to about one 

half or from 335 to 170 egg masses. As a 

cause of unusually high positive value of 

C in the second generation in 1962, it can 

be suggested that poor synchronization of 

the parasites in that year should be taken 

into account in addition to the short 

duration of susceptible stage of the host 

eggs.

Telenomus nakagawai showed much higher 

percentage parasitism than Asolcus mitsu-

kurii in the first generation of the hosts, 

Nezara viridula and N. antennata, at 

Kogawa area, in contrast to the reverse 

case seen at Asso. And Telenomus naka-

gawai seemed to parasitize the egg masses 

of Nezara irrespective of their sizes. 

This fact suggests that severe interspecific 

competition did not occur at Kogawa 

where Telenomus nakagawai predominated 

over Asolcus mitsukurii in number. Dif-

ference in relative abundance of Asolcus 

mitsukurii and Telenomus nakagawai ob-

served between Asso and Kogawa may be 

attributed to the difference of a climatic 

condition, e.g. temperature, and also to 

the difference of the host species. OTAKE.
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(1955, 1956) reported on the egg parasites, 
Trichogramma japonicum and Microphanurus 
bene ficiens, which parasitized the egg 
masses of Chilo suppressalis almost at 
random in the locality where both species 
co-exist, though they have a tendency to 
refuse the small egg masses. At the 

present state, we cannot say whether 
Telenomus nakagawai has the tendency to 
refuse the small egg mass.

Sex ratio of Asolcus mitsukurii was sig-
nificantly lower than Telenomus nakagawai 
and the ratio of the former changed along 
with the generation of the host, while 
the latter was almost constant and showed 
invariably about 95 per cent of female 

percentage. FLANDERS (1962) has stated that 
sex control mechanism relative to host 
density is well developed among biparental 
hymenopterous parasites, say at low 
density of a host with more fertilized eggs 
that produce females rather than at high 
density of the host. What is more, a 
biparental hymenopterous parasite which 
can regulate the sex ratio of her progeny 
if competes under field conditions with a 
uniparental species for the same host, the 
former usually dominates the latter. From 
this point, it is worthy to mention that 
Asolcus mitsukurii is a biparental species, 
while Telenomus nakagawai may well be 
considered as a uniparental species, be-
cause it was observed in the laboratory 
that they could produce high percentage 
of female progeny without mating. Ad-
vantage of biparental species over uni-

parental species in the competition as 
mentioned by FLANDERS may be supported 
by the case of Asso area where Telenomus 
nakagawai is dominated by Asolcus mitsu-
kurii. But the case of Kogawa where 
Telenomus nakagawai dominates Asolcus 
mitsukurii may be suggested that the 
climatic factor is decisive one to determine 
a result of the competition, if it ever 
occurs. WILSON & WOOLCOCK (1960) and 
WILSON (1962) reported that the sex ratio 
of uniparental hymenopterous parasite, 
Ooencyrtus submetallicus (males are function-
less in reproductive activity) was affected

by the temperature to which the female 

parasite was exposed, e.g. at temperature 

below 29.5•Ž most of the progeny were 

females but at temperature above this 

the progeny were almost males. In this 

respect, it should be noted that the sex 

ratio of Telenomus nakagawai was nearly 

constant on the field where the atmos-

pheric temperature usually below 30•Ž.

CONCLUSION

It can be argued from the preceding 

discussion that it may not be easy to 

raise the percentage of parasitism as 

regards the first generation of the host by 

liberation of the parasites, because of 

the evidence of interspecific interference 

between the two species. Moreover, our 

studies on life table since 1960 (KIRITANI 

& HOKYO, 1962 and KIRITANI, MS) re-

vealed that mortality from egg to adult 

emergence of the host in the first gener-

ation was amounted to 98-99 per cent 

level regardless of the percentage mor-

tality attributed to the egg parasites. 

Therefore, it may be more effective to 

control Nezara viridula by liberation of 

the parasites in the second generation 

of the host when the density of the para-

sites becomes considerably lower than the 

density of the host and the reproductive 

rate of the host increases markedly 

(KIRITANI et al., 1963). The problem of 

how many and what kind of the parasites 

should be used requires a further study 

from the view point of parasite behaviour.

SUMMARY

Parasitism of the two species of egg 

parasites of Nezara viridula, namely Asolcus 

mitsukurii and Telenomus nakagawai was 

the centre of the discussion based on the 

analysis of the data obtained from the 

fi eld censuses mainly carried out at Asso 

in 1961 and 1962 for the successive gener-

ations of the host. In the first generation 

of the host, the egg masses parasitized 

by both species produced more A. mitsu-

kurii significantly than T. nakagawai with-

out hyperparasitism, but in the second
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one this tendency could not be detected. 
The mean size of egg masses parasitized 

by different species increased but the 
value of c.v. decreased in the order of A. 

mitsukurii, T. nakagawai and both species. 

Such a tendency was not observed in the 
second generation, because of the increase 
in the mean size of egg masses. These 

facts showed that interspecific interference 
in the first generation of the host occurred 

through more or less direct coactions of 
female parasites, but this was not the 
case in the second generation.

Measurement of the degree of inter-

specific association was made by using 

the COLE's index of interspecific association 
and the results obtained were discussed 

by a plausible mechanism of interspecific 
interference brought about by fighting 

behaviour of the females of both species; 
A. mitsukurii wins over T. nakagawai by 

ghting. Percentage of parasitism of both 
species remarkably decreased in the second 

generation of the host as compared with 
that of the first generation. This was 

probably due to the poor synchronization 
of the parasites with the host eggs owing 
to the difference in the dispersal ability 

between host and parasites.
At Kogawa area where two species of 

Nezara are co-existing, T. nakagawai domi-
nated A. mitsukurii, in contrast with the 
reversed case at Asso. This is possibly 

ascribed to the difference in the climatic 
conditions between the two areas. There 

could not be seen the severe interspecific 
interference in the first generation of the 
host as observed at Asso.

The possibility of biological control of 
Nezara population by liberation of para-

sites was proposed from these consider-
ations.
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摘 要

ミナ ミアオ カ メム シの2種 の卵 寄生 蜂 の働 きあい と寄 生率

法 橋 信 彦 ・桐 谷 圭 治

和歌山県農業試験場朝来試験地

ミナ ミアオカ メムシの2種 の卵寄生蜂Asolcus mitsu-

kuriiとTelenomus nakagawaiの 働 らき合い を1961

～'62年 にわた る野外調査の結果か ら解析 した。

朝来 地方 におけ る寄生 の第1世 代では,2種 の共寄生

卵塊 か らは期 待 され る以 上 にAsolcusがTelenomusに

くらべて多 く羽化 し,Asolcusの 平均羽化数(寄 生卵塊

あた り)はTelenomusの それ より有 意に多か った。 し

か し寄主 の第2世 代 には この ような傾 向はみ られない。

また両種 とも寄生卵 と非寄生卵 を識 別す る能 力が よく発

達 している らしく過寄生現 象はみ られ なか った。 とくに

寄主 の第1世 代 には寄生蜂 の種 類 と被寄 生卵塊の大 きさ

の間 には,(1) Asolms(単 独寄生 と共寄 生卵塊を含む),

(2) Telenomus(単 独寄 生 と 共寄 生卵塊 を含む),(3)共

寄生卵塊 のみの順 に卵塊 の平均の大 きさは増 大す るが,

逆 に変異係数 に この順 に滅 少す る。 この傾 向は寄主の第

2,第3世 代 にはあま り顕著 でないが これ は これ ら世 代

にお ける卵塊 の大 きさの増大 とも関係 してい るようであ

る。以上の事実 は寄主 の第1世 代 に両種 間にかな り直接

的 な干渉作用が存在す る ことを示唆 する。

両種が同一寄主卵塊 に共存 す る度合 いをCOLE (1949)

の係数(Coefficient of interspecific association)を

用いて計算 しその結果 を考 え うる両種 の種間競争 の機構

-Asolcus♀ 成 虫が攻撃的行動 でTelenoms♀ 成 虫

の産卵行動 を妨害す る-か ら論 じた。

寄主第2世 代 にお ける両種 の寄生率 は第1世 代 に くら

べてい ちじるしく低下す るがそれ は寄主 とこれ ら寄生 蜂

の分散能力の相違 に原因す るもの と思われ る。

ミナ ミアオ カメムシとアオクサ カメムシが共存す る合

川地方では朝来地方の ような ミナ ミアオカメムシの単棲

地帯 と異な り,7elenomusの 寄生率がAsolcusの それ

よ りは るかに高い。 この ことは両地間の気候的条件(主

として気 温)の 差 にもとづ くと考え られ る。 また合川地

方 では寄主の第1世 代 にはい ちじるしい種間競争はみ ら

れない ようで ある。

これ らの ことか ら寄生蜂の増殖放飼 による ミナ ミアオ

カメムシの生物的防除の可能性は種間競争のい ちじるし

い寄 主の第1世 代 よ りも寄主の密度 に対 して寄生蜂の密

度 が低下 し種間競争 もみ られない寄主の第2世 代 に期待

しうる。


