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INTRODUCTION

Generally, pentatomids lay eggs in a 
batch and newly hatched larvae stay on 
their egg shells during the first instar. 
The young larvae have a strong tendency 
to form aggregation, though this habit 
diminishes as development advances. The 
southern green stink bug, Nezara viridula, 

provides a suitable material to study the 
meaning of its colonial life, because of 
its large size of an egg mass, e.g. 70-100 
eggs per egg mass on the one hand. 
Its larval colony in the field, on the other 
hand, is easily noticeable with rapid deter-
mination of the size, for example, in 
terms of the ear of the rice plant. The 
colony of the larvae can be recognized up 
to the third instar inclusive, but it is not 
infrequent to see the larval colony com-

posed of the fourth instar larvae when 
food is favourable in quality and undis-
turbed. The fifth instar or the final stage 
obviously has no tendency to form group 
and shows even an antagonistic behaviour 
when two individuals meet on a ear of 
the rice plant.

The larvae of the fourth and the fifth 
instars show a considerable degree of 
colour variation from green to entire 
black, while the abdomen of the black 
type turns to bright scarlet and the green 
type to light green.

Life tables of the southern green stink 
bug have shown that a heavy loss occurred 
in the early stages amounting to 80-90 per 
cent mortality up to the third instar in-
clusive (KIRITANI and HOKYO, 1962). Fur-

thermore, HOKYO and KIRITANI (1963) 

claimed that mortality factors work 

upon the colony as a whole rather 

than upon each individual unit causing a 

total loss of the colony. In the present 

paper, only the results obtained from the 

laboratory experiments were dealt with in 

regard to the effects of aggregation upon 

the developmental rate and mortality. 

The ensuing experiment on the adult 

obtained from the present study will be 

reported in the future.

MATERIAL AND METHOD

Experiments were replicated seven times 

using the egg masses of the first and the 

third generations from April to December, 

in 1962. The details of the sources of the 

experimental materials and the rearing 

conditions are shown in Table 1. Each 

experiment was set up with the eggs taken 

from one batch of eggs within 24 hrs. 

after oviposition. One egg mass divided 

into the groups, 1, 2, 5, and 10 eggs with 

replications of 10, 5, 2, and 1, respectively. 

Rearing was carried out at 25•Ž under the 

15 hrs. illumination. The larvae were 

reared up to the third instar in a glass 

container 8.5cm in diametre and 1.5cm 

high and from the fourth instar in a glass 

container of 11.5cm in diametre and 7.5

cm high. The larval food was changed 

with intervals of two days and four days 

with the leaves of the potato plant and 

the pods of the common haricot beans, 

respectively. To keep the rearing number 

of individuals of each set constant through-

out the experiment, dead individuals were
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Table 1. Design of the experiment and the number of adults emerged.

replaced by the same number of larvae 

obtained from the spare sets of the same 
size group. The fresh weight of adults 

was weighed at their emergence. The 
synchronism of hatching in different egg 

groups was observed at intervals of 2 hrs. 
until completion of hatching.

In order to know the actual size of the 
larval colony under natural conditions, 

censuses were carried out for the second 

generation in 1962 in the paddy field of 
the early planting rice. As mentioned 
above, the larvae of the first instar re-

main on the egg shells forming dense ag-

gregation, and the onset of the feeding 
behaviour of the second instar eventually 
leads more or less to the disintegration 

of the original colony by individual move-
ment and by extrinsic factors such as 

wind. Then the feeding groups of larvae 
are established individually on each ear 

of the rice plant. Since each rice plant 
was composed of about 20 ears, the num-

ber of larvae was determined in terms of 
the number per ear for the second and 

the third instars. Thereafter, only the 
number of larvae per rice stubble was 
examined.

Colour variation of the larvae was 

divided into eight types according to

KOBAYASHI (1959) as type A to H in the 
order of decreasing darkness. In order 
to simplify the interpretation of the data, 
an index of degree of colouration (I.C.) 
was calculated by giving numerals 1 to 8 
for the types of A to H, respectively. 
Then,

I.C=1n1+2n2+•c+8n8/N

where N=n1+n2+•c+n8, and n1,n2•c, and 

n8 indicate respectively the number of 

individuals of each colour type.

THE SIZE OF A LARVAL COLONY 

UNDER NATURAL CONDITIONS

The results of the rearing experiment 

obtained from the laboratory with regard 

to the population density are often mis-

leading without the knowledge of the 

actual colony size under natural condi-

tions. The first instar larvae when hatched 

remain on the egg shells forming a dense 

aggregation throughout the stage without 

feeding. After the first moulting to the 

second instar, larvae begin to feed on the 

limited number of the ears of the rice 

plant. The results obtained from the 

paddy field with regard to the colony size 

for the second generation of Nezara were 

represented in Table 2. The mean size
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Table 2. Colony size of the larvae in the paddy field in terms of per ear (A) 
and per stubble (B). The second generation in 1962.

(A)

*One larva per ear inclusive .

(B)

**The number of stubbles on which at least one insect was observed .

of the larval colony is 10 in the second 

instar and 5 in the third instar, respec-

tively. But the mean sizes increase re-

spectively to 13•`14 and 6•`7 larvae in the 

second and the third instars with the 

exclusion of a case with only one larva 

present, on a ear (Table 2A).

HOKYO and KIRITANI (1962) reported that 

young larvae distribute in the paddy field 

in an overdispersed manner up to the 

third instar owing to their gregarious 

habit. While in a stage of the fourth 

instar, the degree of aggregation in the 

distribution abruptly decreased approach-

ing to the POISSON type of distribution 

due to an increase in the ability of dis-

persal. It can be seen from Table 2B that 

the mean number of larvae present on a 

stubble was only 1•`2 in the fourth and 

the fifth instars. This figure indicates 

that in many cases the larval colony after 

passing the third instar disintegrates if 

it is taken into account that the larvae 

feed on the ear and that the ear per 

stubble amount to about 20 in number.

THE SYNCHRONIZATION OF HATCHING 

IN RELATION TO THE SIZE OF 

AN EGG MASS

The cummulative percentage of hatching

at 2 hr. intervals since the beginning of 
hatch was shown in Figure 1 with regard 
to the size of an egg mass. There existed 
an obvious tendency that the time re-

quired for the completion of hatch became 
short as the size of an egg mass increas-
ed. The mean times required for the 
completion of hatch were respectively 2, 
3, 31/2, and 41/3 hrs. for the size of an egg 
mass of 10, 5, 2, and 1 in egg number. 
The first beginning of hatch, however, did 
not differ with the size of an egg mass.

OCCURRENCE OF MOULTING RELATIVE
TO THE SIZE OF A LARVAL GROUP

The cummulative percentage curves of 
moulting relating to the different group 
sizes were obtained assuming the first 
date as an original point on which any of 
the larvae reached the next stage among 
the sets of the same group size (Fig. 1). 
Moulting of the first instar larvae (to 
the second instar) occurred almost simul-
taneously in all of the groups, but the 
larvae of 10 individual group required 
the shortest time for moulting. While 
the reverse was the case among the iso-
lated. This tendency was demonstrated 
more decisively in the second instar. On 
the contrary, the larvae of the fifth instar
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Fig. 1. Cummulative percentage curves of hatching and moulting in relation to 
the size of a larval group.

reared in isolation or in medium group 

sizes rather synchronized in the occur-

rence of moulting than those reared in 

the group of 10 larvae. It can be said 

that hatching and moulting of the larvae 

occurred concurrently among the larvae 

of a large group, say 10 individuals, from 

the egg stage to the second instar inclu-

sive, but at the late larval stages the 

larvae of the groups of one to five in-

dividuals tended to moult more simul-

taneously than those of the group of 10 

individuals.

EFFECT OF THE GROUP SIZE UPON THE 

DURATION OF LARVAL STAGES, 

MORTALITY AND THE WEIGHT 

OF ADULTS

Difference in the duration of the first 

instar was not detected in regard to the 

group size. The duration of the second 

instar became shorter as the larval group 

increased in size, and the reverse rela-

tionship was observed for the fourth and

Fig. 2. Duration (-•›-) of each instar and 

daily mortality rate (--•œ--) relative 

to the rearing density.



March, 1964 KIRITANI: Colony size and survival of Nezara viridula 49

Table 3. The duration of developmental stages (egg+larva) in days and the 

total mortality in per cent relating to the group size.

the fifth instars, crowded situation re-
tarded their development. The third 
instar was the transitive stage from one 
stage to the other mentioned above (Fig. 2).

Daily mortality of each instar relative 
to the size of a larval group was shown 
in Figure 2. The daily mortality of the 
second instar larvae was the highest 
among the isolated and decreased succes-
sively to the lowest with the increase of 
the size of a rearing group. A high level 
of daily mortality among the isolated 
larvae persisted up to the fourth instar. 
Excepting the isolated larvae, the daily 
mortality increased with the increase of 
the size of a rearing group from the 
third instar on. The intermediate group 
sizes, say two or five, were the most 
favourable in respect to the larval sur-
vival during the third and fourth instars. 
In the group of 10 larvae, the daily 
mortality became the highest at the fifth 
instar being accompanied with the pro-
longation of the pertinent stage. Again, 
it was confirmed in the daily mortality, 
though not so decisive as in the duration, 
that aggregation works in favour of the 
larvae in the early stages and becomes 
deleterious eventually in the later stages.

It is interesting to note that when the 
size of a larval group is evaluated by the 
total duration of larval stage as well as 
the total mortality, the following order 
of decreasing favourability can be sug-
gested for the sizes of group employed; 
2, 5, 10, and 1 (Table 3). The difference 
in the duration between the extremes, 
however, was only about two days largely 
due to the inverse relation between the

duration of instar and the size of the 
rearing group among larvae of different 
stages. The total mortality, on the con-
trary, differed greatly between the rear-
ing groups of 1 and 2, and the mortality 
of isolated larvae was three times as high 
as that of the larvae in the group of 2. 
An addition of one individual as a partner 
leads to a remarkable shift from one ex-
treme to the opposite in the mortality as 
well as the duration of the larval stage.

Generally, the male emerged earlier 
than the female by one or two days 

(Table 3). The weight of the newly 
emerged adults became lighter with the 
increase in size of the larval group 
(Table 4). Its coefficient of variation in 
the body weight became large as the size 
of a group increased. The female was 
invariably heavier than the male. The 
decrease in the body weight was signifi-
cant between the groups of 2 and 5, and 
of 5 and 10 with a 99 per cent level of 
confidence irrespective of sex, but there 
was no significant difference between the 

groups of 1 and 2. The difference between 
sexes in weight was also significant with

Table 4. The fresh weight of newly emerged 
adults in regard to the rearing density.
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a 99 per cent level of confidence except a 

group of 10 individuals.

COLOUR VARIATION RELATIVE TO THE 
SIZE OF A LARVAL GROUP

The first generation: All of the colour 
types from A to H appeared at the fourth 

instar in the first generation in every 
larval group involved, but the value of 
I.C. showed a decreasing tendency or 

darkening with the increase in size of a 

group. Particularly, the change in the 

proportion of the darkest type A among 
the fourth instar larvae was remarkable. 

The percentages of type A were 44, 36, 
71, and 79 per cent in the groups of 1, 2, 
5, and 10, respectively. On the other hand, 

there was no difference of colour types in 
the fifth instar among the groups except 

one with 10 individuals, and they belonged 
exclusively to the types G and H. The

larvae reared in the group of 10, however, 
expressed all of the range of variation 
from types A to H showing darkening of 
the population (Fig. 3, left).

The third generation: Larvae of the 
third generation showed a strong tendency 
to a light colour as compared with those 
of the first generation irrespective of 
instar and group size. The dark type, 
e.g. type A, only appeared in the cultures 
of the fourth instar larvae which were 
reared in groups of more than two in-
dividuals. It is noticeable that the rela-
tive frequencies of type G and H were 
reversed in the largest group where the 
frequency of G was twice as high as that 
of H, and this was thought to be respon-
sible for the decreasing trend in the I.C. 
value with an increase in size of the 

group in the fourth instar. The fifth 
instar larvae almost belonged to the type

Fig. 3. Percentage frequency of the colour type in relation to the rearing group size 
in the first (left) and the third generation (right). White column: 4th instar 
larva; black column: 5th instar larva.
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H even in the group of 10 and the value 
of I.C. was almost constant irrespective 
of the group size (Fig. 3, right).

DISCUSSION

AS ALLEE (1938) has pointed out, aggre-

gation is due in the first place to the eggs 
being laid together. The mode of life of 
the ensuring larvae hatched from the egg 
mass, however, is very different accord-
ing to the species. Some species form 
into a group or groups throughout their 
larval life. In others, hatchlings disperse 
as soon as they hatch. Between the both 
extremes, there are many species whose 
larval colony persists until some stages 
followed by a solitary life. Hence, in the 
study of insect aggregation, it should be 
understood in terms of the mode of life 
specific to the species. The ecological 
meaning of aggregation among insects 
with a colonial habit was studied recently 
by several workers, e.g. MIZUTA (1960) 
and SUGIURA (1961), with tea tussock moth, 
Euproctis pseudoconspersa; GHENT (1960) and 
LYONS (1962), with sawflies of Neodiprion; 
SUGIM0T0 (1962), with Artona funeralis; SATO 
and MORIMOTO (1962) and MORIMOTO and 
SATO (1962), with rice stem borer, Chilo 
suppressalis; HITCHCOCK (1961), with orange 
striped oakworm, Anisota senatoria; KIRITANI 
and KIMURA (unpublished), with cabbage 
stink bug, Eurydema rugosa.

PEARL and PARKER (1922) has elucidated 
that under some conditions the strength 
of biological process such as longevity is 

greatest with the smallest population, and 
decreases as the numbers increase (Droso-

phila type). ALLEE (1938) has made an 
assertion that, however, under other con-
ditions there is a distinct decrease in the 
strength of measured biological process 
with undercrowding as well as overcrowd-
ing (ALLEE type). Therefore, it can be 
considered that the mode of response to 
the population density in the early larval 
stage of Nezara accords with the condition 
of undercrowding of the ALLEE type and 
that of the late stage with the Drosophila 
type.

It has been observed on Euproctis pseu-
doconspersa and on Chilo suppressalis that 
the degree of synchronization at the time 
of hatch is influenced by the size of an 
egg mass (SUGIURA, 1961; MIZUTA, unpub-
lished; MORIMOTO and SATO, 1962). Fur-
thermore, in the present experiment, a 

good synchronization was observed in 
the moulting of young larvae at a high 
density and the reverse was the case 
among the mature larvae. The mechanism 
of such synchronization is uncertain but 
it is probably due to mutual stimulus.

The deleterious effect of isolation has 
been confirmed by many workers on the 
insect with a colonial habit. But the 
degree of depression in the survival rate 
is considerably different from species to 
species. Isolation was decisively fatal in 
the larvae of Euproctis, as reported by 
MIZUTA (1960). But the difference in 
mortality between the solitary and the 

grouped was rather statistic in a sawfly, 
Neodiprion pratti banksianae, as reported by 
GHENT (1960). On the other hand, those 
species that show the gregarious habit in 
the early part of larval life and pass the 
late stage more or less in the solitary life, 
e.g. Chilo suppressalis, Artona funeralis, 
Anisota senatoria suffer ill effects when 
reared in isolation in the early stages but 

become advantageous in the late period 
of their larval life (MORIMOTO, 1960; SUGI-
MOTO, 1962; HITCHCOCK, 1961). Among these 
species including Nezara viridula, it is con-
ceivable that isolation does not cause the 
inevitable death of the larvae.

The rearing number of grouped larvae 
employed in the present experiment was 
not unusually high or low as compared with 
the mean size of a larval colony under 
natural conditions. It must be noted, 
however, that the maximum size of the 
colony that was formed on a ear often 
exceeded sixty individuals in the second 
instar. Accordingly, it is necessary to 
study how far the adaptive value of the 
colonial life would be improved by the 
increase in the size of a colony at the 

young larval stage. This point, however,



52 Japanese Journal of Applied Entomology and Zoology Vol.8, No.1

is left for the future study.

KARIYA (1960) has reported on Nezara 

viridula that the individuals bearing a 

melanic pattern occur more frequently 

with the fall of the temperature within 

the range from 20•Ž to 30•Ž. The per-

centage of the black type in larval popula-

tion of the third generation increases 

with the approach of the end of the 

generation (unpublished data), and this 

may be explicable by the result of KARIYA. 

But the fact that the same tendency was 

also observed in the first generation when 

it becomes warm with the approach of 

the end of the generation rejects the 

explanation by the effect of temperature. 

It has been shown by the present ex-

periment that population density is one 

of the factors that determine the colour 

type of the larva. Sufficient evidence is 

ubiquitous among other species of insects, 

such as locusts (UVAROV, 1921, 1928; 

UVAROV and ZOLOTAREVSKY, 1929) (ref. 

UVAROV, 1961), noctuid larvae (FAURE, 1943; 

MATTHEE, 1946; LONG, 1953; IWAO, 1962) 

and a planthopper (JOHNO, unpublished) 

showing that the high population density 

produces individuals with dark colouration 

as compared with those reared under sparse 

populations. The quantity of food and the 

rearing temperature are responsible for 

larval colouration of armyworms (IWAO, 

1962; HIRATA, 1962).

The survival value of aggregation of 

young larvae expressed in terms of both 

the survival and the duration of instar 

is feasible to be significant in the opera-

tion of natural control agents. As stated 

in the introductory, the mortality rate is 

considerably high in the early develop-

mental stages of the Nezara population, 

accordingly it may be stated that the 

acceleration of the development in the 

early stages by grouping may raise the 

possibility of survival as a result of 

shortening the duration of vulnerable 

stages.

The daily mortality was the highest 

among the isolated larvae of the second 

instar and decreased successively to the

lowest with the increase of the group 
size. This suggests that the mortality 
factors that bring about a partial de-
struction of the members of a colony 
such as egg parasites, predators and strong 
wind may affect the survival of the 
ensuing survivors. But the fact that the 
larval colony in its nature of aggregation 
is liable to be destroyed by the mortality 
factors as a whole (HOKYO and KIRITANI, 
1963) should be taken into consideration 
in appreciation of any mortality factor.

SUMMARY

Experiments were conducted to assess 
the effect of aggregation of larvae upon 
the developmental rate and mortality in 
the southern green stink bug, Nezara 
viridula. Each experiment was set up 
with eggs from one batch of eggs within 
24 hrs. after deposition. One egg mass 
was divided into the following groups, 1, 
2, 5, and 10 eggs with replications of 10, 
5, 2, and 1, respectively. Larvae were 
fed with the potato plant or the pods of 
the common haricot beans.

A good synchronization was observed 
in both hatching and moulting among the 
first and the second instar larvae reared 
in a group of 10. Difference in the dura-
tion of each instar was observed in regard 
to the group size except the first instar. 
The duration of the second instar became 
short as the group increased in size, and 
the reverse relationship was observed for 
the fourth and the fifth instars. The 
daily mortality of the second instar was 
the highest among the isolated larvae and 
decreased successively to the lowest with 
the increase of the group size. On the 
contrary, the daily mortality became the 
highest in the fifth instar in the crowded 
culture being accompanied with a pro-
longation of the pertinent stage. The 
total duration of the larval stage, how-
ever, differed little due to the inverse 
relation with the grouping between early 
and late stages. But the total mortality 
among isolated larvae was three times as 
high as that of the group of 2 individuals
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which had the least mortality. In most 

cases, the decrease in the body weight of 

the newly emerged adults was significant 

at a level of 99 per cent confidence with 

the increase in size of a group.

Factors involved in the determination 

of the colouration of the larvae seemed 

to be multiple, and it was suggested that 

at least the population density besides 

temperature was responsible for the 

variation of the body colour. The survival 

value of larval aggregation under natural 

conditions was briefly discussed.
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摘 要

ミナ ミアオ カメ ムシの幼 虫集 団 の大 きさ と死 亡率,令 期 間

お よびふ化 ・脱 皮 の斉一 性

桐 谷 圭 治

和歌山県農業試験場朝来試験地

ミナ ミアオ カメムシの卵 は卵 塊で うまれ,1令 幼虫は

ふ化脱 出後 の卵殼 上に集合 し,2令 では2頭 以上の集団

の穂 当 りの大 きさは13～14頭,3令 は6～7頭 で4令

以後で は集合性 はみ られ ない。 この集合 の意義を明 らか

にす るため産卵後24時 間以内の卵塊を1, 2, 5, 10卵

区 に分割 して25℃ 下 でバ レイシ ョまたは インゲ ンの さ

や を与えて調べた。

(1) ふ化お よび脱皮の斉一性は,卵 お よび若令 期で
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は大 きい集団 ほど斉一 であるが,老 令期 では この関係 が

逆転す る。

(2) 令期間は,1令 期では集団の大 きさと無関係 で

あ るが,2令 で は集団が大 きい ほど短縮す る。4, 5令 で

は この関係は逆転す る。3令 期 は両者 の中間 を示す。

(3) 日別死亡率 は,1令 では集 団の大 きさ と無 関係

であ るが,2令 で は集団が大 きい ほ ど低い。5令 では逆

に10頭 区で死亡率が高 くなる。3, 4令 期 は両者 の中間

で中間密度で死亡率が低い。

(4) 以上の結果1頭 区 は全死亡率お よび幼 虫期間 が

もっとも高 くかつ長いが,2頭 区で はも っとも低 くかつ

短か くなる。

(5) 幼虫の体色は密度 によっても支配 され る ことが

わか った。すなわち高密度は黒化の傾 向 を強め る。

(6) 羽 化成虫の体重は高密度区の ものほ ど雌雄 とも

有意 に減 少 した。

生命 表に よれば 自然では 若令 期に 高い 死亡 がお こる

が,幼 虫が集合 す る習性は この時期 を短縮す る効 果を も

た らし適応的な意義があ る。 また 日別死亡率が若令期で

は集団サ イズが小 さくな ると高 くなることは,集 団成員

の部分的な破壊を もた らす死亡要因は,生 き残 った幼 虫

の生存 率を も集団の破壊の程度 によ り左右す る可能性が

ある ことを示す。 しか し,自 然 にお ける集合性の意義 を

評 価す る 場合,集 合 性のために 死亡要因が 集団単位 に

all or none的 に働 くことが多い事実 を考え にいれ る必

要 があ る。


