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Ecological Studies on Variable Voltinism in Relation to Seasonal
Adaptation of
the Rice Stem Maggot, Chlorops oryzae Matsumura

Mitsuyoshi Takeda

Chlorps oryzae Matsumura (Diptera: Chloropidae) is one of the serious pests of rice
plants and distributed throughout Japan. Two geographic ecotypes of this species have
been recognized in Japan. The bivoltine ecotype is characterized by larval development
completed after feeding on young panicles of its summer and winter plants and adapts
to the short growing season in the northern Japan. The trivoltine ecotype adapts itself
to long warm season in the southern part of the country, and selects three generations
in a year. The present paper deals with the characteristics of the seasonal development
and diapause of the two geographic ecotypes, and the differentiation of their

voltinism.

1. Three types of diapause in the two geographic ecotypes of C. oryzae.

The bivoltine ecotype has one generation on summer plants but the trivoltine
ecotype two generations. These ecotypes have been characterized by the difference in
the rate of larval development. Hibernation of this insects has been ascribed to a cold
quiescence in the first instar larval stage. However, C. oryzae enters three types of
diapause in response to photoperiod and the age of summer host.

(1) Winter diapause in the first instar. In both ecotypes, short days during the egg
stage induce a winter diapause in the first instar larval stage. Once winter diapause
has been induced, short days during the larval stage maintain a winter diapause. The
critical daylengths for the induction and maintenance of the winter diapause in the
bivoltine and trivoltine ecotypes are about 14 h and 13 h, respectively.

(2) Food-plant mediated summer diapause in the early larval stage. Under long-day
conditions from the egg to larval stage, most bivoltine larvae remained in. the first

larval stage when reared on the aged rice plants (5-leaf stage or older). Larval
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development of the trivoltine ecotype is inhibited by aging summer plants at the 7 to
10 leaf-stage under an intermediate photoperiod. This type of diapause is terminated
by the feeding on young panicles of the host plants.

(3) Summer diapause in the mature-third instar larval stage. Larval development in the
bivoltine ecotype shows a short-day type response, and the full-grown larvae enter a
summer diapause under long days. It in the trivoltine ecotype shows a
reversed-intermediate type response, larvae enter a summer diapause under intermediate
photoperiods but not under longer or shorter photoperiods. Larvae of the first
generation in the trivoltine ecotype develop without delay under long days. Summer
diapause in the two geographic ecotypes is controlled by a quantitative photoperiodic

response, diapause duration decreases with the decreasing photoperiod.

2 Latitudinal cline in the three types of diapause in strains from the bivoltine area.
The five geographic strains collected from 40°54'N to 38°14'N in the bivoltine area
showed the clinal variation in the three types of diapause. The larval duration
including the summer diapause in the two northern strains was markedly prolonged
under L15.5:D8.5, but the other strains under L15:D9. The larval duration was reduced
by both the shorter and longer photoperiods. The northern strains required older rice
seedlings for the induction of food-mediated summer diapause than the southern
strains. The northern bivoltine strains had longer critical photoperiod for the

induction and maintenace of winter diapause than the southern bivoltine strains.

3. Altitudinal cline in the three types of diapause in populations from trivoltine area.

Four strains from the collecting sites near 35°N in the trivoltine area showed
different types of photoperiodic response. The Shimo-ina (600m altitude) and Inabu-B
(505m altitude) strains showed the bivoltine type response. The Aichi (2m altitude)
and Inabu-T (505m altitude) populations showed trivoltine type response. Thus, the
collecting site of Inabu was the transitional zone btween the two ecotypes. Larval

development in the bivoltine populations was markedly retarded under intermediate and
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long days, and the early larval stage was also prolonged even reared on young rice
seedlings. Larvae of the trivoltine populations enter a summer diapause under
LL14:D10 and L14.5:D9.5, but developed under both shorter and longer photoperiods.
Younger rice plants were required for development under long days in the Inabu-T
strain than in the Aichi one. The critical photoperiod for the induction and
maintenance of winter diapause was longer in the bivoltine strains than in the

trivoltine ones.

4. Genetic basis of the difference in photoperiodic control of summer and winter
diapauses between the two geographic ecotypes.

There is a single gene on the X-chromosome exerting a major effect on the
induction of summer diapause between the Akita (bivoltine) and Aichi (trivoltine)
strains. The difference in the duration of summer diapause and winter diapause
behaviours would be controlled by a polygenic system but again a sex-linked gene or
genes plays a major role. The results of the crosses between the northern (Hiranai, 40°5
4'N, 30m altitude) and southern (Inabu-B, 35°13'N, 505m altitude) bivoltine strains
also showed a sex-linked inheritance but the autosomal genes were more effective on
both summer and winter diapause traits than those between the two ecotypes. On the
other hand, sex-linked gene or genes plays a major role in the difference of the larval
development under a long day between the Inabu-B and Inabu-T strains collected in the
transitinal zone. Duration of summer diapause under intermediate photoperiods and the
incicidence of winter diapause in the Inabu-B and Inabu-T strains and their F, and F,

hybrids were almost same.

S. Seasonal adaptation of C. oryzae in relation to the phenology of summer and
winter plants.

Larvae of C. oryzae respond to photoperiod within a certain range, and enter a
summer diapause. The critical photoperiods for the induction and maintenance of the

summer diapause in the geographic strains decreased toward south, and larvae of the
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bivoltine and trivoltine ecotypes enter a summer diapause under long and intermediate
days, respectively. Similarly, the critical photoperiod for the induction of winter
diapause in the geographic strains decreased toward south. The difference in the
critical daylengths between the summer and winter diapauses of C. oryzae coincided
with its pupal and pre-ovipositional periods. Seasonal development of C. oryzae are
closely related with the heading time of summer plants and germination of winter
plants, and there are geographic variations in the phenology of host plants. Summer
diapause may evolve to synchronize the emergence of adults with occurrence of winter
plants. C. oryzae would expand its distribution area from north to south, and the
bivoltine ecotype adapted the increasing the growing season by means of prolonged its
food-plant mediated diapause and summer diapause. In the transitional zone or further
south, the mortality in the first-generation of the bivoltine type might be increased
with the excess of prolonged summer diapauses. Differentiation from the bivoltine to
trivoltine life cycle may evolve to use the growing season before the summer solstice
and younger rice plants for larval development of the first-generation with the advance

the emergence time of the overwintering generation.
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