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Photoperiodic control of the intensity of diapause and diapause development 
in the bean bug, Riptortus clavatus (Heteroptera: Alydidae)
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Abstract. Adult diapause in Riptortus clavatus (Thunberg) was induced by short-day photoperiods, and the critical daylength for its 
induction was 13.5 h. When insects were reared from eggs under diapause-inducing photoperiods near the critical daylength, the du
ration of diapause was shorter than when reared under the shorter daylengths. Adults terminated diapause under long-day photoperi
ods earlier when they had been raised under a near-critical photoperiod than under shorter daylengths; this indicated that the initial 
intensity of diapause was dependent on the length of the inducing photoperiod. Not only the photoperiods experienced during prei- 
maginal development but also the value of the long-day photoperiods experienced after adult emergence affected the time of onset of 
oviposition. When the photophase was shortened, either abruptly or gradually after adult emergence, the duration of diapause was 
prolonged. Diapause was long when induced by shorter daylengths than the near-critical photoperiod. Different photoperiods have 
thus different quantitative effects on both the initial intensity of diapause and the rate of diapause development.

INTRODUCTION

Photoperiod is one of the most important factors regu
lating the duration of diapause in insects (Tauber et al., 
1986; Danks, 1987). The duration of diapause is usually 
determined by the initial intensity of diapause and the rate 
of diapause development. The intensity of diapause has 
been estimated by transferring diapausing insects to dia
pause terminating photoperiods. For example, in insects 
that terminate diapause under long-day photoperiods, the 
period between the transfer to long days and the termina
tion of diapause was used as an index of the intensity 
(e.g., McLeod & Beck, 1963; Hodek, 1971; Tauber & 
Tauber, 1972; see Hodek, 1983 for review). On the other 
hand, the rate of diapause development has been meas
ured by keeping diapause insects under various photope
riods (e.g., Tauber & Tauber, 1973, 1976; Butterfield, 
1976). Photoperiod can affect the initial intensity of dia
pause, the rate of diapause development, or both. Tauber 
& Tauber (1972, 1973) showed that in Chrysopa cornea, 
photoperiod within the range of short-day photoperiod af
fects both the intensity of diapause and the rate of dia
pause development.

Photoperiodic responses can be classified as either 
qualitative or quantitative (see Zaslavski, 1988 for 
review): In the qualitative photoperiodic response, two al
ternative conditions are provoked, for example, diapause 
is induced and averted under photoperiods short and long 
relative to a threshold, respectively. In the quantitative 
photoperiodic response, the absolute duration of day- 
length regulates a gradual change in responses such as de
velopmental rate, fecundity or preoviposition period. 
Adult diapause in C. cornea is induced by a qualitative 
response under stationary photoperiods (Tauber &

Tauber, 1970, 1972). After the induction, however, the 
diapause is maintained by a quantitative photoperiodic re
sponse (Tauber & Tauber, 1973). Quantitative photoperi
odic responses have been found in several other species 
(Zaslavski, 1988; Hardie, 1990; Kimura, 1990; Spieth & 
Sauer, 1991).

Adult bean bugs, Riptortus clavatus (Thunberg), enter 
diapause and overwinter. Diapause is induced by short- 
day photoperiods below a critical daylength of about 13.5 
h in a population from Kyoto, Japan (Numata & Hidaka, 
1982; Kobayashi & Numata, 1995). Numata & Hidaka 
(1983) showed that diapause in R. clavatus was averted 
when photoperiod was increased within the range of 
short-day photoperiods (from 8L : 16D or 10L : 14D to 
13L : 11D). The intensity of diapause in R. clavatus was 
lower when insects were reared as nymphs under 13L : 
11D than when kept under shorter daylengths, showing a 
quantitative difference in the intensity (Numata & 
Hidaka, 1983). However, it is not clear whether such a 
quantitative difference is found also at long-day photope
riods. It is also unknown whether short-day photoperiods 
affect the rate of diapause development. Furthermore, it is 
unclear how the initial intensity of diapause and the rate 
of diapause development determine the duration of dia
pause. In the present study, we examined (1) the duration 
of diapause in insects kept continuously under different 
short-day photoperiods, (2) the initial intensity of dia
pause by transferring newly-emerged adults from various 
short-day to long-day photoperiods, and (3) the effect of 
abrupt and gradual decreases in photoperiod on the rate of 
diapause development after the induction of diapause.
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MATERIAL AND METHODS 100 10L14D 14L10D

Adults of Riptortus clavatus were collected In Kyoto, Japan 
(35°00'N, 135°45'E) in 1992, 1993 and 1996 and were kept in 
male-female pairs in plastic cups (200 ml) and fed seeds of soy
bean and water. Eggs laid by the adults were placed under vari
ous photoperiods at 25 ± 1°C within 24 h of oviposition. 
Nymphs were reared on seeds of soybean and water containing 
ascorbic acid (Kamano, 1991), in plastic containers (15 cm di
ameter, 9 cm depth) at an initial density of about 30 insects per 
container. Newly emerged adults were reared similarly to those 
collected in the field. The mortality and oviposition of these 
adults were recorded daily.

We did three experiments. First, insects were reared under 
constant photoperiods from the egg stage. Then, the insects 
reared under various short-day photoperiods were transferred to 
one of the two long-day photoperiods (14L : 10D or 16L : 8D) 
at adult emergence, and maintained until they oviposited in or
der to determine the initial intensity of diapause. In the third set 
of experiments, insects were reared from eggs under a photope
riod of 13L : 1 ID, and then this photoperiod was decreased after 
adult emergence to determine the rate of diapause development. 
Transfers between photoperiods were carried out 0 (within 24 
h), 15 or 30 days after adult emergence. In addition to various 
stationary photoperiods, a gradual shortening of the photophase 
was used. This was achieved by using a time switch controlled 
by a computer; the photophase was shortened from 13 to 10 h 
by 1.5 or 2 min every day. Results in each experimental series 
were obtained with the same insect samples in a same year.

RESULTS
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Fig. 1. Time of onset of oviposition in Riptortus clavatus 
kept at constant photoperiods at 25°C. (Dotted areas: cumula
tive percentage of females ovipositing, n = 24-41.)

The results for insects reared from egg to adult under 
seven constant photoperiods are given in Fig. 1. Under 
14L : 10D, 15L : 9D or 16L : 8D, almost all adult females 
oviposited shortly after emergence. There was no signifi
cant variation in the preoviposition period at these photo
periods (P > 0.05 by Kruskal-Wallis test). Under 10L : 
14D, 11L : 13D or 12L : 12D, most females did not lay 
eggs during the 120-day experimental period. Under 13L 
: 1 ID, no female oviposited within 70 days of emergence, 
but more than 50% started ovipositing in the subsequent 
50 days. Thus, the duration of diapause is much shorter 
under 13L : 1 ID than under shorter photoperiods.

Insects were also reared under various diapause- 
inducing short-day photoperiods and then transferred to 
either of the two long-day photoperiods (14L : 10D and 
16L : 8D) at adult emergence, and maintained there until 
they oviposited (Fig. 2). Under these long-day photoperi
ods, there were significant differences in the preoviposi
tion periods of the females reared at the four photoperiods 
(P < 0.05, Kruskal-Wallis test). Under 14L : 10D, the fe
males raised under 13L : 11D started oviposition signifi
cantly earlier than those raised under 12L : 12D, 11L : 
13D or 10L : 14D [P < 0.05, nonparametric multiple com
parisons (Zar, 1996: 227)]. Under 16L : 8D the preovipo
sition period was significantly shorter in females reared 
under 13L : 1 ID or 12L : 12D than in those reared under 
11L : 13D (P < 0.05). Adults raised under 12L : 12D 
started ovipositing earlier under 16L : 8D than under 14L 
: 10D (P < 0.05, Mann-Whitney U-test).

When transferred from 10L : 14D to 13L : 1 ID at adult 
emergence, some females started oviposition shortly after 
adult emergence (Fig. 3). When transferred from 13L :

1 ID to 10L : 14D, no female started oviposition during 
the 120-day experimental period.

In another set of experiments, photoperiod was de
creased for 15 days after adult emergence. A small pro
portion of females started oviposition more than 200 days 
after adult emergence (Fig. 4). More females started ovi
position when the transfer to another photoperiod was 
made 30 days after adult emergence. When the photo
phase was shortened by 2 or 1.5 min per day from 13 to 
10 h, no females started oviposition before 120 days after 
adult emergence. The preoviposition period was not sig
nificantly different between the two photoperiodic re-

Adult photoperiod 
14L10D 16L8D

10:14 11:13 12:12 13:11 10:14 11:13 12:12 13:11

Fig. 2. Effect of different short-day photoperiods experi
enced in the nymphal period on the termination of diapause un
der long-day photoperiods in the adult stage at 25°C in 
Riptortus clavatus. n = 20-32. There is no significant differ
ence in the preoviposition period at either photoperiod where 
the values have the same letter [P > 0.05, nonparametric multi
ple comparisons (Zar, 1996: 227)].
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Fig. 3. Time of onset of oviposition after transfer between 
two short-day photoperiods (13L : 1 ID and 10L : 14D) at 25°C 
in Riptortus clavatus. Transfer between photoperiods was car
ried out at adult emergence. (Shaded areas: cumulative percent
age of females ovipositing, n = 30-39.)

gimes (P > 0.05, Mann-Whitney U-test), although the 
proportion of females that started ovipositing was signifi
cantly higher in the experimental series where the daily 
decrease in the photophase was 2 min (P < 0.05, Fisher’s 
exact probability test).

DISCUSSION

Riptortus clavatus is a long-day insect; reproduction 
proceeds under long-day photoperiods, whereas short-day 
conditions induce diapause. The critical daylength for the 
induction of diapause was between 13 and 14 h, as previ
ously reported (Numata & Hidaka, 1982; Kobayashi & 
Numata, 1995). Several other long-day insects or mites 
show differences in the duration of diapause within the 
range of short-day photoperiod (Danks, 1987). Two con
trasting types of response to photoperiod were reported. 
Duration of diapause was greater under photoperiods 
closer to the critical daylength in Manduca sexta under 
constant photoperiods (Bell et al., 1975). In contrast, the 
duration of diapause was shorter in C. cornea (Tauber & 
Tauber, 1972) and Neoseiulus fallacis (Rock et ah, 1971) 
when it was induced at photoperiods closer to the critical 
daylength. Riptortus clavatus belongs to the latter group. 
Numata & Hidaka 1 1983) examined the intensity of dia
pause in R. clavatus by transferring insects from various 
short-day photoperiods to a long-day photoperiod (14L : 
10D) at adult emergence. The insects kept under 13L : 
1 ID as nymphs started oviposition earlier than those kept 
under shorter photoperiods. Numata & Hidaka (1983) 
concluded that diapause is less intense when the nymphs 
developed under photoperiods close to the critical level 
within the range of diapause-inducing photoperiods. The 
present results confirm that diapause in R. clavatus has a 
relatively low intensity under photoperiods near the criti
cal level for the induction of diapause. In this regard its 
response is similar to C. carnea (Tauber & Tauber, 1972) 
and Ostrinia mtbilalis (McLeod & Beck, 1963). Further-

Days after adult emergence

Fig. 4. Time of onset of oviposition after decrease in photo
phase from 13 h to 10 h in Riptortus clavatus at 25°C. Abrupt 
decrease in photophase was carried out 15 or 30 days after 
adult emergence. Gradual shortening was started at adult emer
gence; the photophase was shortened from 13 to 10 h by 1.5 or 
2 min every day. (Shaded areas: cumulative percentage of fe
males ovipositing, n = 24-29.)

more, two long-day photoperiods had different effects on 
the onset of oviposition. Many authors have used the pe
riod between the transfer to a long-day photoperiod and 
the termination of diapause as an index for diapause in
tensity in long-day insects (e.g., McLeod & Beck, 1963; 
Flodek, 1971; Tauber & Tauber, 1972). However, our re
sults indicate that the index of diapause intensity obtained 
by this method depends also on the value of long-day 
photoperiod used for terminating diapause.

When transferred from 10L : 14D to 13L : 1 ID at adult 
emergence, some females quickly started ovipositing, 
even though both photoperiods are diapause-inducing 
(Fig. 3). This indicates that insects can respond to an ac
tual increase in photoperiod (not merely to a long-day 
photoperiod), as Numata & Hidaka (1983) have already 
reported. Similar responses are known in other insects 
and mites (e.g. Rasumova, 1969; Tauber & Tauber, 1970; 
Eichhorn 1977). When transferred from 13L : 1 ID to 10L 
: 14D at adult emergence, no female oviposited within 
120 days. This transfer prolonged the duration of dia
pause because half of the females began to lay eggs be
fore 120 days when kept under 13L : 11D, both as 
nymphs and adults.
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As mentioned above, Numata & Hidaka (1983) showed 
that there was a difference in the intensity of diapause 
when reared under different short-day photoperiods. In 
the earlier paper, however, it was unclear whether differ
ent short-day photoperiods affect the rate of diapause de
velopment. When transferred abruptly 15 or 30 days after 
adult emergence, the duration of diapause was also pro
longed. Diapause development probably proceeds more 
slowly under 10L : 14D than under 13L : 1 ID. However, 
another interpretation is possible. In some species dia
pause is less intense in early adult life, and more intense 
later (Hodek, 1983). We do not know whether this occurs 
in this species; the abrupt transfer to 10L : 14D might af
fect the intensification of diapause rather than the rate of 
diapause development.

In some insects, critical daylengths for the induction of 
diapause change during the course of diapause develop
ment (Danks, 1987). For example, the critical daylength 
for diapause induction in another bug, Pyrrhocoris ap- 
terus, is 1 h shorter than that for the termination of dia
pause (Saunders, 1983). If such a change in the critical 
daylength occurs after the induction of diapause, it could 
modify the control of diapause duration. In R. clavatus, 
photoperiodic response curves for the re-induction of dia
pause are different when insects were transferred from 
two different short-day photoperiods to a long-day photo
period at adult emergence and then transferred to various 
photoperiods after 60 days (Numata, 1990). It shows that 
the critical photoperiod is not stable in this species. 
Therefore, the present results may be explained by a 
change in the critical daylength during diapause. Further 
experiments are necessary to resolve this point.

When the photophase was shortened gradually from 13 
to 10 h, to avoid an abrupt change in photoperiod, the du
ration of diapause was prolonged. These results favour 
the hypothesis that the photoperiodic transfer affects the 
rate of diapause development. However, the preoviposi- 
tion period did not vary whether the daily decrease in the 
photophase was 1.5 min or 2 min, although we had ex
pected that the earlier start of the shorter photoperiod 
would prolong the duration of diapause. Furthermore, 
more females laid eggs when the photophase was short
ened by 2 min per day although there was no variation in 
the preoviposition period (Fig. 4). The reason for these 
differences is unclear.

Photoperiod plays an important role in determining the 
duration of diapause in R. clavatus by affecting both the 
initial intensity of diapause and the rate of diapause de
velopment. In nature, diapause induced early in autumn is 
probably not intense because it is induced under photope
riods near the critical photoperiod, but is prolonged by the 
slower diapause development induced by the shortening 
daylengths of autumn. This response would prevent in
sects from terminating diapause before the onset of 
winter.
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