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Egg parasitism of mobile phytophagous bugs in two
soybean fields was analyzed to address the question:
what characteristics do their egg parasitoids have as
naturally occurring biologically effective control
agents? Eggs of four bug species, Piezodorus hybneri
(Gmelin), Eysarcoris guttiger (Thunberg), Riptortus
clavatus (Thunberg), and Megacopta punctatissimum
(Montandon) were found. Ooencyrtus nezarae Ishii
parasitized eggs of all four bug species, while Teleno-
mus triptus Nixon parasitized eggs of only P. hybneri
and E. guttiger. Gryon nigricorne (Dodd) and Gryon
japonicum (Ashmead) were specific to R. clavatus.
Only Paratelenomus minor (Watanabe) emerged from
M. punctatissimum eggs. Percentage parasitism by
each of the two nonspecific parasitoids often was
higher than percentage parasitism by each of the three
host-specific parasitoids. O. nezarae was a good colo-
nizer in soybean fields, synchronizing female coloniza-
tion with the appearance of its host. Although a high
level of parasitism by O. nezarae occurred during the
first half of a host infestation period, part of the
emerging O. nezarae females dispersed from fields
while their hosts continued to oviposit. This behavior
resulted in a failure of O. nezarae to increase parasit-
ism of its host during the latter half of its reproductive
period. Female dispersal of this polyphagous parasi-
toid is a strategy for exploiting its mobile hosts, and
the degree of its dispersal is correlatedwith its coloniz-
ing ability. It is suggested that polyphagy and high
dispersal ability are the main characteristics of effec-
tive natural enemies of naturally occurring mobile
pests. r 1996Academic Press, Inc.
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INTRODUCTION

Many arthropod pests of agriculture move seasonally
over wide areas and among crops in diversified agroeco-
systems. Kennedy and Margolies (1985) called these
species ‘‘mobile pests.’’ Such pests also are character-
ized by polyphagy and multivoltinism, and their habi-
tats including crops often are ephemeral. Examples of
mobile pests are phytophagous mites, such as Tetrany-
chus urticae Koch; aphids, such as Myzus persicae
(Sulzer); moths, such as Helicoverpa zea (Boddie); and
thrips, such as Thrips palmiKarny.
Most mobile pests are major pests (Kennedy and

Margolies, 1985). This may be largely because natural
enemies of these pests have difficulty in shifting their
habitats to follow the seasonal movement of the pests.
However, little attention has been paid to relationships
between mobile pests and their natural enemies. Thus,
naturally occurring biological control of mobile pests by
their natural enemies rarely has been investigated
from the viewpoint of colonization, reproduction, and
dispersal of natural enemies in various habitats.
Certain stink bugs and squash bugs are mobile pests

that attack many crops, by moving seasonally from
habitat to habitat within agroecosystems. Many of
these phytophagous bugs belonging to Pentatomidae,
Alydidae, and Plataspidae are pests of soybean (Ku-
wayama, 1953; Turnipseed and Kogan, 1976); some
species of Alydidae are referred to as Coreidae in these
references. These phytophagous bugs have a wide
range of host plants, exhibit multivoltinism, and shift
their habitats seasonally. Thus, adults of the phytopha-
gous bugs colonize soybean from various habitats out-
side the fields in summer or autumn in Japan to lay
their eggs on soybean. The resulting adults and nymphs
hatching from eggs laid on soybeanmainly attack seeds
and pods, frequently causing serious damage to a crop.
Egg parasitoids are important natural enemies of

phytophagous bugs in soybean (Takasu and Hirose,
1985). We expect that effective egg parasitoids of these
bugs colonize soybean as early as ovipositing host bugs
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do and that the parasitoid progeny disperse from
soybean fields because emerging host bugs also leave
for other habitats. The question we want to forcus on
here is: what characteristics do egg parasitoids have as
naturally occurring effective biological agents for con-
trolling mobile pests? We address the question by
analyzing the parasitism of eggs of phytophagous bugs
in soybean fields in Fukuoka, Japan, relative to coloni-
zation, reproduction, and dispersal of their egg parasi-
toids.

MATERIALS AND METHODS

To analyze parasitism of eggs of phytophagous bugs
in a soybean field relative to colonization, reproduction,
and dispersal of egg parasitoids, we examined seasonal
changes in the density of the bug eggs, percentage
parasitism of the eggs, and abundance of adult egg
parasitoids in two soybean fields. These two fields, viz.
one field 10 3 10 m and the other field 7 3 12 m were
planted in the same place on the Hakozaki campus of
Kyushu University in Fukuoka in 1985 and 1986,
respectively. Soybean was sown in mid May in both
years. The soybean ‘‘Koganedaizu’’ variety was planted
in 1986, but this variety was mixed with other varie-
ties, such as ‘‘Higomusume’’ and ‘‘Shirome’’ in 1985.
We estimated the egg density of phytophagous bugs

per plant in each field by counting all the eggs on every
sixth plant in each row at weekly intervals from early
July to late August each year. Although bug eggs were
present in the study field at the end of August 1986, we
did not census the eggs in September because there was
no possibility of egg laying by bugs on senescing
soybean. A total of 227 and 181 plants were evaluated
for eggs of bugs in 1985 and 1986, respectively. Eggs
found on leaves were located with marking ink on
adjacent tissue and left in the field for 1 week to ensure
parasitism.
After their recovery from the field, bug eggs were

kept at 25°C in the laboratory and examined daily until
all parasitoids had emerged. The mean temperature
during July–August in Fukuoka is approximately 27°C
(National Astronomical Observatory, 1994). The devel-
opmental time of the egg parasitoids at this tempera-
ture is shorter than that at 25°C by 2 days and 1 day for
Ooencyrtus nezarae Ishii and Telenomus triptus Nixon,
respectively (Takasu and Hirose, 1993; Takasu, unpub-
lished; Icuma and Hirose, 1996). We therefore esti-
mated emergence dates of the egg parasitoids in the
field, assuming that their possible emergence in the
field was earlier than the actual emergence in the
laboratory by 2 days and 1 day for O. nezarae and T.
triptus, respectively. Following parasitoid emergence in
the laboratory, eggs from which neither parasitoids nor
host nymphs emerged were dissected to determine the
number of dead mature larvae, pupae, and adults of

parasitoids. Parasitized eggs were defined as eggs
containing dead parasitoids and eggs from which para-
sitoids had successfully emerged. Two types of percent-
age parasitism by each of the egg parasitoid species
were calculated: percentage parasitism of egg masses
was computed by dividing the number of egg masses
containing at least one parasitized egg by the total
number of eggmasses recovered from the field; percent-
age parasitism of eggs was computed by dividing the
number of parasitized eggs by the total number of eggs
recovered from the field.
We estimated the abundance of adult egg parasitoids

in each soybean field using a sticky suction trap (Tokyo
A and S Co., Tokyo, Japan). This trap was placed near
the top of a plant in the middle of the field for three
successive days every week from mid July to late
August in 1985 and from mid June to early September
in 1986.
Kudzu (Pueraria lobata) grew at a distance of 100–

150 m from the study fields in both 1985 and 1986, but
there were no other host plants of phytophagous bugs
in the vicinity of the study fields.

RESULTS

Yearly Host Abundance and Parasitism

In both 1985 and 1986, eggs of the pentatomids,
Piezodorus hybneri (Gmelin) and Eysarcoris guttiger
(Thunberg); an alydid, Riptortus clavatus (Thunberg);
and a plataspid, Megacopta punctatissimum (Montan-
don), were found in both soybean fields. R. clavatus
usually laid eggs singly and rarely laid two to several
eggs en masse, but the other three species always laid
their eggs en masse. The number of eggs per mass for P.
hybneri, E. guttiger, andM. punctatissimum during the
2 years averaged 17.3 (range: 9–29), 6.0 (2–17), and
21.9 (11–30), respectively.
There were great differences in egg density as well as

the density of egg masses between the 2 years (Table 1).
In 1985, the density of egg masses was highest for R.
clavatus and lowest for E. guttiger. But in 1986, the
density of egg masses was highest for E. guttiger and
lowest for P. hybneri. A similar difference in density of
eggs occurred between the 2 years, though the density
of P. hybneri eggs was highest in 1985.
Five species of parasitoids emerged from field-

collected bug eggs. The encyrtid, O. nezarae, parasit-
ized eggs of all the four bug species. In each year, the
percentage of bug egg masses parasitized byO. nezarae
was higher for all host species than for any other
parasitoids. Percentage parasitism of bug eggs by O.
nezarae reached 60–70% and 40–60% inM. punctatissi-
mum and R. clavatus, respectively (Table 1). The
scelionid, T. triptus, parasitized a greater percentage of
P. hybneri and E. guttiger eggs than O. nezarae in 1 of
the 2 years (Table 1). Two scelionids, Gryon nigiricorne

85EGG PARASITOIDS OF SOYBEAN BUGS



(Dodd) and Gryon japonicum (Ashmead), parasitized
eggs of only R. clavatus, while another scelionid,
Paratelenomus minor (Watanabe), parasitized only M.
punctatissimum eggs. Percentage parasitism of bug
eggs by each of the host-specific parasitoids was less
than 10% in either year; no parasitism byG. japonicum
was recorded in 1985 (Table 1). All five parasitoids
occurred as solitary eggs in a host egg, with the
exception ofO. nezarae parasitizing R. clavatus eggs.

Seasonal Abundance of Hosts and Parasitoids

Bugs generally began depositing eggs on soybean
from early to mid July. Initial oviposition corresponded
with pod formation and seed enlargement, i.e., R3 and
R4 stages (Fehr and Caviness, 1977). Oviposition by
bugs often continued until mid to late August when
soybean was maturing the fully developed seed and
beginning to senesce, i.e., R6 and R7 stages (Fehr and
Caviness, 1977).
Orr et al. (1986) used percentage parasitism of egg

masses in represent seasonal parasitism of pentatomid
eggs in soybean. Unlike them, we used here percentage
parasitism of eggs to represent seasonal egg parasitiza-
tion of the four bug species. Using percentage parasit-
ism of eggs is better as a measure of parasitism on a
population basis than using percentage parasitism of
egg masses when there is a great difference in mean
number of eggs per egg mass among bug species, as in
the present study.
P. hybneri and its parasitoids. In 1985, P. hybneri

eggs were initially deposited in mid July and reached a

peak density in late July (Fig. 1A). Seasonal density of
P. hybneri eggs was low in 1986 (Fig. 1D).
O. nezarae and T. triptus parasitized eggs of P.

hybneri in both 1985 and 1986. In 1985, parasitism of P.
hybneri byO. nezaraewas initiated inmid July synchro-
nously with the appearance of P. hybneri eggs and
reached a peak of 44% in late July along with a peak in
host density (Fig. 1B). Parasitism of P. hybneri eggs
decreased with their density and fell to 0% in early
August. Parasitism of P. hybneri eggs by T. triptus
increased later than parasitism by O. nezarae, peaking
at 84% in early August (Fig. 1B). Increasing parasitism
of P. hybneri eggs by T. triptus from mid July to early
August corresponded with number of trapped adult
females of this parasitoid during the same period (Fig.
1C).
E. guttiger and its parasitoids. In contrast to P.

hybneri, E. guttiger eggs were numerous enough only in
1986 to detect a seasonal change in its population (Figs.
2A and 2D). Eggs of E. guttiger were found only during
mid July to lateAugust and peaked in late July.
E. guttiger eggs were parasitized byO. nezarae and T.

triptus. In 1986, parasitization of these parasitoids
occurred initially in mid July (Fig. 2E). However, there
was a seasonal counterbalance relationship betweenO.
nezarae and T. triptus; percentage parasitism by O.
nezarae had two peaks in mid July and late August,
whereas percentage parasitism by T. triptus peaked
only in earlyAugust, when percentage parasitism byO.
nezarae had fallen to 0% (Fig. 2E). Despite the simulta-
neous presence of E. guttiger eggs (Fig. 2D) and T.

TABLE 1

Density of the Egg Masses and Eggs of Phytophagous Bugs and Percentage Parasitism
by Their Egg Parasitoids in Soybean Fields in Fukuoka in 1985 and 1986

Bug
speciesa Year

Mean Percentage parasitism of
bug egg masses by

Percentage parasitism
of bug eggs by

No. of bug
egg masses
per plant

No. of bug
eggs per
plant O.n.b T.t.c G.n. d G.J.e P.m.f O.n.b T.t.c G.n.d G.j.e P.m.f

P.h. 1985 0.12 2.03 38.1 28.6 0 0 0 27.2 23.8 0 0 0
1986 0.01 0.08 100 100 0 0 0 7.1 92.9 0 0 0

E.g. 1985 0.04 0.31 28.6 14.3 0 0 0 13.5 38.5 0 0 0
1986 0.34 1.96 39.0 22.0 0 0 0 28.9 12.7 0 0 0

R.c.g 1985 0.43 0.45 58.5 0 9.4 0 0 57.4 0 9.3 0 0
1986 0.25 0.28 45.0 0 5.0 7.5 0 41.9 0 7.0 7.0 0

M.p. 1985 0.07 1.49 81.8 0 0 0 9.1 64.7 0 0 0 8.6
1986 0.02 0.54 100 0 0 0 33.3 68.6 0 0 0 1.4

a P.h., Piezodorus hybneri; E.g., Eysarcoris guttiger; R.c., Riptortus clavatus; M.p., Megacopta punctatissimum.
b O.n., Ooencyrtus nezarae.
c G.n., G. nigricorne.
d G.j., G. japonicum.
e T.t., Telenomus triptus.
f P.m., Paratelenomus minor.
g Its egg, laid singly, is regarded as an egg mass.
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triptus adults (Fig. 2F), the percentage parasitism by T.
triptus dropped to 0% in mid August and thereafter
never recovered, while parasitism by O. nezarae oc-
curred inmid and lateAugust (Fig. 2E). The counterbal-
ance relationship between O. nezarae and T. triptus
also occurred in 1985; high percentage parasitism by T.
triptus occurred in late July and mid August in 1985
(Fig. 2B), while parasitism by O. nezarae occurred only
in early August. Although the density of E. guttiger
eggs was low in 1985 (Fig. 2A), female parasitoids,
especially of T. triptus, were more abundant in 1985
than in 1986 (Figs. 2C and 2F).
R. clavatus and its parasitoids. There was amarked

difference in the seasonal change in density of R.
clavatus eggs between 1985 and 1986. In 1985, R.
clavatus eggs were initially found in early July, peaking
in mid July and early August (Fig. 3A). In 1986, eggs of
this bug were initially found in late July and formed a
peak followed by a steady lower density thereafter (Fig.
3D).
O. nezarae attacked eggs of R. clavatus more fre-

quently than G. nigricorne and G. japonicum through-
out most of the host oviposition period in both 1985 and
1986 (Figs. 3B and 3E). In 1986, percentage parasitism

of R. clavatus eggs by O. nezarae decreased greatly in
midAugust (Fig. 3E). This decrease followed a decrease
in the number of adult females of O. nezarae trapped in
early August (Fig. 3F). Percentage parasitism of R.
clavatus byO. nezarae also decreased during themiddle
of the host oviposition period in 1985 (Fig. 3B). In 1986,
a large number of O. nezarae females were found in the
study field in mid July (Fig. 3F) before R. clavatus eggs
were initially deposited in late July (Fig. 3D). Since
trapping was not attempted before early July in 1985, it
remains unknown whether females of O. nezarae were
in the study field in early July when R. clavatus eggs
were initially deposited (Fig. 3A). Although a few adult
females of G. nigricorne were present in the study field
from late July to early August and in late August in
1985 (Fig. 3C) and inmid to late July and lateAugust in
1986 (Fig. 3F), parasitism of R. clavatus eggs by this
parasitoid occurred only in late July to mid August in
1985 and late August in 1986 (Figs. 3B and 3C).
Parasitization by G. japonicum also was limited to the
second half of the host oviposition period in 1986 (Fig.
3C).
M. punctatissimum and its parasitoids. Eggs of M.

punctatissimum were initially found in mid July in

FIG. 1. Seasonal changes in egg density of Piezodorus hybneri (A and D), percentage parasitism by Ooencyrtus nezarae and Telelnomus
triptus (B and E), and number of their trapped females (C and F) in two soybean fields in 1985 and 1986. (W) P. hybneri; (X)O. nezarae; (Q) T.
triptus.
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both 1985 and 1986, but there was a difference in the
seasonal pattern of their density in the 2 years (Figs. 4A
and 4D); in 1985, the eggs were most dense in late July
and were found until mid August (Fig. 4A), whereas in
1986 they had no distinct peak in density.
In 1985, initial parasitism of M. punctatissimum

eggs by O. nezarae was not determined. However, its
percentage parasitism by O. nezarae reached nearly
100% in late July (Fig. 4B). In 1986, its parasitism by
O. nezarae initially occurred in mid July and reached
95–100% from late July to early August (Fig. 4E),
though its percentage parasitism on July 31 was un-
known because all marked eggs were lost. Although
females of P. minor were as numerous as those of O.
nezarae from late July to mid August in 1985 and 1986
(Figs. 4C and 4F), parasitism of M. punctatissimum
eggs by P. minor occurred only on one sampling date in
each year (Figs. 4B and 4E).
Quantity of total host resources. Since O. nezarae

and T. triptus each parasitized more than one host
species, one also should consider ‘‘total host resources’’
(THR) for each of these two nonspecific parasitoids. We
define the quantity of the total host resources for each
parasitoid species as the combined egg density for each
host species available. The calculation of total available

host eggs was modified to account for an average of five
(range four to seven) O. nezarae developing in a single
R. clavatus egg (Takasu and Hirose, 1993), while only
one O. nezarae develops in the other available host
species. Thus, the quantity of THR available for O.
nezarae at each sampling date was the sum of all eggs
of P. hybneri, E. guttiger, and M. punctatissimum, plus
five times the number of R. clavatus eggs sampled.
Similarly, we calculated the quantity of host resources
used by a parasitoid species by combining the density of
hosts parasitized by it. We further calculated percent-
age parasitism by a parasitoid species of the THR by
dividing the quantity of THR by the quantity of host
resources used by a parasitoid species. The quantity of
host resources used by O. nezarae also was modified
like the quantity of THR for this parasitoid. For T.
triptus, the density of P. hybneri and E. guttiger eggs
was combined in calculating the quantity of THR and
its percentage parasitism. To compare the parasitism
by T. triptus with parasitism by O. nezarae of the host
resource sharing with T. triptus, we also calculated
percentage parasitism by O. nezarae of P. hybneri and
E. guttiger eggs.
Total host resources for O. nezarae. In 1985, the

quantity of THR forO. nezarae increased rapidly inmid

FIG. 2. Seasonal changes in egg density ofEysarcoris guttiger (Aand D), percentage parasitism byO. nezarae and T. triptus (B and E), and
number of their trapped females (C and F) in two soybean fields in 1985 and 1986. (W) E. guttiger; (X)O. nezarae; (Q) T. triptus.
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FIG. 3. Seasonal changes in egg density of Riptortus clavatus (A and D), percentage parasitism by O. nezarae, Gryon nigricorne, and G.
japonicum (B and E), and number of their trapped females (C and F) in two soybean fields in 1985 and 1986. (W) R. clavatus; (X) O. nezarae;
(M)G. nigricorne; (N)G. japonicum.

FIG. 4. Seasonal changes in egg density ofMegacopta punctatissimum (A and D), percentage parasitism byO. nezarae and Paratelenomus
minor (B and E), and number of their trapped females (C and F) in two soybean fields in 1985 and 1986. (W) M. punctatissimum; (X) O.
nezarae; (S) P. minor.Dotted lines between two points represent the percentages that were not determined because of loss of all the eggs.
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July, peaked in late July, and greatly decreased after
mid August (Fig. 5A). Percentage parasitism by O.
nezarae of the THR in 1985 reached a peak of 67% in
late July, after which it decreased (Fig. 5B). The
quantity of host resources for O. nezarae in 1986
peaked in late July as in 1985 and then decreased
rapidly (Fig. 5E). Percentage parasitism by O. nezarae
of the THR fluctuated from 17 to 50% from mid July to
lateAugust (Fig. 5F).
During the first half of host oviposition, the sex ratio

of trapped O. nezarae adults was female-biased in both
1985 (Fig. 5C) and 1986 (Fig. 5G). During the second
half of host oviposition, however, the sex ratio of O.
nezarae was male-biased in mid August in 1985 (Fig.
5C) and in early to late August in 1986 (Fig. 5G). The
sex ratio (proportion of males) for emreged O. nezarae
through a total period of host oviposition was 0.260 and
0.407 in 1985 and 1986, respectively. On August 12,

1985, the sex ratio of trapped O. nezarae adults was
highly significantly different from the sex ratio of O.
nezarae adults emerging from host eggs (P , 0.01) (Fig.
5C).
Adults of O. nezarae began emerging in late July in

both 1985 and 1986 (Figs. 5D and 5H). Therefore, most
of its adults trapped in mid to late July must have
immigrated from the outside into the study fields.
Females of colonizing O. nezarae were responsible for
parasitism of bugs in mid to late July in both 1985
(Figs. 5B and 5C) and 1986 (Figs. 5F and 5G). In 1986,
the number of trapped O. nezarae females increased in
increasing THR (Figs. 5E and 5G), suggesting that
initial parasitoid colonization synchronously occurs
with an increase in THR. Adult emergence of O.
nezarae peaked in early August in both 1985 and 1986
(Figs. 5D and 5H). Despite its peak reproduction in
early August, the number of trapped O. nezarae fe-

FIG. 5. Seasonal changes in quantity of total host resources (see text) for O. nezarae (A and E), percentage parasitism of the quantity by
this parasitoid (B and F), number of its trapped adults (C and G), and number of its newly emerged adults per week (D and H) in two soybean
fields in 1985 and 1986. (W) quantity of total host resources; (X) percentage parasitism by O. nezarae; (M) female O. nezarae; (N) male
O. nezarae (An asterisk attached to the symbol represents a sex ratio significantly different from the sex ratio of emerged adults ofO. nezarae
at P , 0.01, using Fisher’s exact test).
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males neither increased during the second half of the
host infestation period in 1985 (Fig. 5C) nor during the
first half of the host infestation period in 1986 (Fig. 5G).
Total host resources for T. triptus. The quantity of

THR for T. triptus peaked in late July in both 1985 and
1986 (Figs. 6A and 6E). In 1985, a second peak was
detected in mid August (Fig. 6A), but not in 1986 (Fig.
6E). Percentage parasitism by T. triptus of THR peaked
in early August in both 1985 and 1986; thus, peak
parasitism did not correspond with peak THR (the first
peak in 1985) (Figs. 6B and 6F). Percentage parasitism
by T. triptus of THR fell to 0% in mid to late August in
1986 (Fig. 6F).
Percentage parasitism by O. nezarae of available

host resources shared with T. triptus did not correspond
with the same host resources in either 1985 or 1986.
Percentage parasitism by O. nezarae of the available
host resources did not peak in midAugust in 1985 (Fig.
6B), whereas it had a second peak of parasitization in
lateAugust in 1986 (Fig. 6F).Acounterbalance relation-
ship between parasitization of available host resources
by O. nezarae and T. triptus occurred in 1986 (Fig. 6F).

A similar relationship was observed in 1985; peak
percentage parasitism by T. triptus of available host
resources was synchronous with a decrease in percent-
age parasitism of shared hosts by O. nezarae (Fig. 6B).
The sex ratio of trapped T. triptus adults almost

always was female-biased through the host infestation
period in both 1985 and 1986 (Figs. 6C and 6G). In
addition, the sex ratio of emerging adults of T. triptus
also was always female-biased. All the adults emerging
in the plot in each year showed an average sex ratio
(proportion of males) of 0.177 and 0.268 in 1985 and
1986, respectively. This sex ratio did not significantly
differ (P . 0.05, Fisher’s exact test) from the sex ratio
of adults trapped on any date in 1985 or 1986.
Trapping and emergence curves (Figs. 6C, 6D, 6G,

and 6H) showed that T. triptus females did little
colonization before late July in either 1985 or 1986,
despite the availability of host resources in 1985 (Fig.
6C). Although a few females colonized study fields in
early to mid July in 1986 (Fig. 6G), no parasitism of
bugs by T. triptuswas found at that time (Fig. 6F).
A large number of T. triptus adults emerged in early

FIG. 6. Seasonal changes in quantity of total host resources (see text) for T. triptus (Aand E), percentage parasitism of the quantity by this
parasitoid (B and F), number of its trapped adults (C and G), and number of its newly emerged adults per week (D and H) in two soybean fields
in 1985 and 1986. Percentage parasitism byO. nezarae of the host resources shared withT. triptus (B and F) is also shown. (W) quantity of total
host resources; (Q) percentage parasitism by T. triptus; (X) percentage parasitism byO. nezarae; (M) female T. triptus; (N) male T. triptus.
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to mid August in 1985 (Fig. 6D) and in mid August in
1986 (Fig. 6H). In 1985, a large number of T. triptus
females was trapped during early to midAugust.Ahigh
parasitism of bugs by T. triptus in early August of 1985
(Figs. 6B and 6C) corresponded with the female emer-
gence. However, the number of trapped T. triptus
females decreased greatly in mid August of 1985 de-
spite the emergence of a large number of females. In
1986, high parasitism of bugs by T. triptus in early
August (Fig. 6F) was neither consistent with the emer-
gence of females (Fig. 6H) nor with a peak in the
abundance of trapped females (Fig. 6G).

DISCUSSION

Parasitoid Colonization

O. nezarae is a good colonizer of phytophagous bugs
in soybean fields. Females colonized study fields in
synchrony with an initial increase in its total host
resources. Mizutani et al. (1996) reported that the
number ofO. nezarae females colonizing a soybean field
increases with increasing density of R. clavatus eggs.
However, our data show thatO. nezarae colonizes fields
in synchrony with an initial increase in host resources.
In 1986, females ofO. nezarae colonized soybean in mid
July before R. clavatus eggs were present. Takasu and
Hirose (1986) reported that a possible source for coloniz-
ing O. nezarae females may be kudzu stands where
they parasitize eggs of M. punctatissimum and the
coreid, Homoeocearus unipunctatus Thunberg. Kudzu
at a distance of 100–150 m from the study fields was
infested with M. punctatissimum, the eggs of which
were partly parasitized byO. nezarae.
Females of T. triptus colonize soybean fields a little

later than females of O. nezarae. In 1985, females of O.
nezarae colonized the study field in mid July, whereas
females of T. triptus did not colonize the field until late
July. Higuchi (1993) reported that T. triptus females
begin to be trapped continuously at least several days
after the first egg masses of P. hybneri were found in
soybean fields. Sources of colonizing females of T.
triptus are not known.
Females of G. nigricorne and G. japonicum were only

occasionally trapped, and parasitism of R. clavatus
eggs by these parasitoids was low in the study fields.
Parasitism of R. clavatus eggs by G. japonicum was
often common in other soybean fields (Noda, 1989;
Hirose, unpublished). Noda (1989) suggested that pos-
sible sources of G. japonicum colonizing soybean fields
are from eggs of R. clavatus and Cletus punctiger
(Dallas) on grasses and polygonums in spring.
P. minor females were trapped as frequently as

females of O. nezarae. Because parasitism of M. punc-
tatissimum by P. minor is known to be high on kudzu
from late June to early July (Takasu and Hirose, 1986),
it is reasonable to assume that a source of the P. minor

females colonizing the study fields was from M. punc-
tatissimum eggs on kudzu.

Parasitoid Reproduction

When considering an ‘‘intergeneration response’’ (Has-
sell, 1966; Dempster, 1975) of O. nezarae and T. triptus
to the density of their hosts, it is not known why
parasitism by these species was not increased in the
second half of their host’s seasonal infestation. Because
development of O. nezarae and T. triptus requires 13
and 11 days, respectively, at 27°C (Takasu, unpub-
lished; Icuma and Hirose, 1996), it is possible that
these species have two or three generations during a
host infestation period in a soybean field. Thus, their
intergeneration response to host density is expected to
be strongly positive if the females tend to stay in the
field where they emerged. However, percentage parasit-
ism of each host or THR by these parasitoids never
increased during the second half of a host infestation
period, except in a few cases for T. triptus. In 1985,
percentage parasitism of hosts by O. nezarae decreased
as the season progressed. Extremely high parasitism of
R. clavatus and M. punctatissimum by O. nezarae was
observed temporarily during the first half rather than
the second half of a host infestation period, but a high
level of the parasitismwas notmaintained. Egg parasit-
ization of the pine moth, Dendrolimus spectabilis (But-
ler) which is not a mobile pest is quite different from
this case. Among the egg parasitoids of D. spectabilis,
Trichogramma dendrolimi Matsumura and Telenomus
dendrolimi (Matsumura) have shorter generation times
than their host’s oviposition period of about 1 month.
Thus, percentage parasitism of D. spectabilis by these
parasitoids increases greatly during the second half of
a host oviposition period (Hirose, 1969). The generation
times of Telenomus dendrolimi and O. nezarae are
equivalent at a given temperature. Thus, it should be
explored why parasitism by O. nezarae does not in-
crease in the second half of a host infestation period.
There are at least three explanations for the failure

to increase parasitism byO. nezarae. First, the counter-
balance relationship between percentage parasitism of
available host resources by O. nezarae and T. triptus
suggests interspecific interactions, and parasitism by
O. nezarae may decrease because of the competition
between both species. This is unlikely because O.
nezarae is a winner in the interspecific competition in
hosts multiparasitized by both species (Mizutani, per-
sonal communication). Second,O. nezarae females have
a preference for leaves over pods in soybean (Takasu,
unpublished) and thus parasitism of hosts on pods may
be limited. Finally, part of emergingO. nezarae females
may disperse from soybean fields in the second half of a
host infestation period. This will be discussed in the
next section.
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Parasitoid Dispersal

Emerging females ofO. nezarae tend to disperse from
soybean fields in the second half of a host infestation
period. This behavior is supported by trapping O.
nezarae adults which are female-biased during the first
half of a host infestation period, but which become
male-biased during the second half of a season. Mizu-
tani et al. (1996) also observed a similar change from a
female-biased sex ratio to a male-biased sex ratio in O.
nezarae adults by monitoring them with a trap through
a host infestation period in other soybean fields, suggest-
ing their dispersal behavior mentioned above.
There is no possibility thatO. nezarae females emerg-

ing from soybean fields disperse for their hibernation
sites during the latter half of a host infestation period,
because they do not enter diapause until mid to late
October (Teraoka and Numata, 1995) and because high
parasitism of bug eggs by O. nezarae also occurs in
September to early October on autumn soybean sown
later than summer soybean where the present study
was conducted (Takasu and Hirose, 1985; Mizutani,
personal communication). Why do part of the emerging
famales of O. nezarae disperse while hosts are present?
Since host bugs leave soybean fields sooner or later to
oviposit in other habitats, part of the emerging O.
nezarae females could find better host habitats than
soybean fields from which they emerged. We suggest
that dispersal of O. nezarae females in the presence of
hosts is a strategy for exploiting mobile hosts. In
addition to the four bug species found in the study
fields, the following bug species are known to be hosts of
O. nezarae: four pentatomids, Nezara antennata Scott
(Ishii, 1928),Nezara viridula (Linnaeus) (Hokyo, 1965),
Plautia stali Scott (Tachikawa et al., 1977), and Doly-
coris baccarum Linnaeus (Hirose, unpublished); two
coreids, Homoeocerus marginiventris Dohrn (Tachi-
kawa, 1963) and Homoeocerus unipunctatus (Takasu
and Hirose, 1986); and one malcid, Chauliops fallax
Scott (Hirose, unpublished). O. nezarae is an extremely
polyphagous parasitoid of bugs inhabiting a variety of
habitats; thus, the probability of its successful parasit-
ization of bugs could be higher in habitats other than
soybean fields. The dispersal of emerging O. nezarae
females in the presence of hosts results in their failure
to increase parasitism of bug eggs during the latter half
of a host infestation period.
Like O. nezarae, T. triptus parasitizes eggs of P.

hybneri and E. guttiger in autumn soybean fields in
September to early October (Takasu and Hirose, 1985).
T. triptus females trapped in 1985 in a summer soybean
field decreased greatly in the presence of the hosts.
Higuchi (1993), monitoring T. triptus adults with a trap
in a summer soybean field for 2 years, showed that
males were trapped more frequently than females at
the latter half of the host infestation period in 1 year
despite the female-biased sex ratio of adults emerging

from the soybean field. These results suggest that T.
triptus females also tend to disperse from soybean
fields while the hosts are present but the degree of
dispersal by T. triptus females is less than the degree of
dispersal byO. nezarae females.

Implications for Naturally Occurring
Biological Control

The results of our study have important implications
for naturally occurring biological control of mobile
pests by ‘‘mobile natural enemies,’’ such as O. nezarae
females. Like these females, major parasitoids of mo-
bile pests also may often disperse from the habitats
while their hosts are still present. As a result of this
dispersal, there is a limit to increased seasonal parasit-
ism of hosts. A failure to increase parasitism as a
season progresses may be a problem in naturally
occurring biological control of mobile pests by mobile
parasitoids.
However, if parasitoids such as O. nezarae remain in

a habitat until its hosts are gone, they could not
successfully colonize other habitats including soybean
fields at the proper time. In fact, good colonization
ability of O. nezarae is associated with a strong ten-
dency for dispersal in this species in the presence of its
hosts. Thus, the effect of dispersal and colonization
characteristics of this parasitoid on parasitism of mo-
bile pests should be determined over a wide area
containing many pest habitats. Wide-area population
studies of mobile pests and their natural enemies are
necessary for the evaluation of the effectiveness of
mobile natural enemies.
Polyphagy and a high dispersal ability may be inher-

ent in effective naturally occurring biological control
agents of mobile pests because O. nezarae character-
ized by these two attributes is a major parasitoid of
mobile phytophagous bugs in soybean. Further re-
search on colonization, reproduction, and dispersal of
parasitoids and predators of other mobile pests in a
variety of habitats is needed to determine the main
characteristics of effective natural enemies of mobile
pests.
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