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Abstract Follicular development and feeding activity were exam-
ined in unfed females of 3 strains (Sapporo, Nagasaki and Kagoshima)
of Culex pipiens pallens and one strain (Amami) of Cx. p. quinque-
fasciatus, which were reared to adulthood under photoperiods from 8
to 16 hours at 21°C, to examine the geographical variation of the criti-
cal daylength for induction of the state of diapause in the females of
Culex pipiens complex in Japan. The females of the Sapporo strain had
well-developed follicles and a very high feeding rate when the photo-
period was longer than 13 hours. With shorter photoperiods, the fe-
males had small undeveloped follicles and a low feeding rate ; thus they
were In a state of diapause. In both Nagasaki and Kagoshima strains,
the diapausing females appeared at a daylength of 12 and 11 hours,
respectively. Thus, the critical daylength varies with the strains, being
longer in northern strains than in southern strains. However, Cx. p.
quinquefasciatus females were not in a state of diapause even under a
short photoperiod of 10 hours. In addition, in 3 strains of Cx. p. pallens
the diapausing females were produced under a 10-hour photoperiod at
21°C. After they were exposed to reactivation conditions (photoperiod
of 16 hours and 25°C ), follicular development, feeding rate and gono-
trophic dissociation were examined in the females to elucidate the
geographical variation of the diapause of Cx. p. pallens. Most of
the females of the Sapporo strain had small follicles, and their feeding
rate was low for 1 to 3 days after exposure to the reactivation condi-
tions, but on day 5, the follicles began to develop with an increase of
feeding rate, and females became gonoactive. Gonotrophic dissocia-

tion was usually observed in the females with low feeding activity for 3
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- days after exposure to reactivation conditions. On day 9, it became
very low with an increase in feeding activity. The females of Nagasaki
and Kagoshima strains reactivated more quickly than those of the
Sapporo strains. The Kagoshima strain was reactivated the most
quickly among the 3 strains. Thus, it is clear that the depth of diapause
varies with the strain, being deeper in northern strains than in southern
strains. On the other hand, fed females collected in autumn in the field
showed a low rate of gonotrophic dissociation and the 1st follicles were
in stages Ila and Ilb. Individuals with such large follicles were not
found in a population of overwintering females. These findings recon-
firm that the gonotrophic dissociation does not play an important role
in the overwintering ecology of Cx. p. pallens in Japan, that is, the fe-
males of this mosquito usually hibernate in the state of diapause with-
out feeding on animal blood.
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Introduction

0Oda”’®* reported that in Nagasaki, southern Japan, the overwintering
population of the mosquito of Culex pipiens pallens, a member of Culex pipiens
complex is mostly composed of diapausing females with undeveloped follicles,
which do not take animal blood meal, the state of diapause of which is induced
by short daylength in autumn. On the other hand, in northern Europe the mos-
quito of Cx. p. pipiens, another member of Culex pipiens complex are widely
distributed, and they also overwinter in a state of diapause similar to that of
Cx. p. pallens in Japan. However, the critical daylength for induction of the
diapausing females is longer in Cx. p. pipiens than in Cx. p. pallens. Moreover,
imaginal diapause is also deeper in the former than in the latter. That is, these
results show that there is geographical variation in depth of diapause as well
as in critical daylength between Cx. p. pipins and Cx. p. pallens: 1 guch geo-
graphical variation of diapausein Culex pipiens complex seems to be important
in view of a better understanding of the geographical speciation of this mos-
quito species. This study examined the geographical variation of diapause in
several strains of the Culex pipins complex in Japan by examining follicular
development, feeding activity and gonotrophic dissociation, a phenomenon in
which females take a blood meal, but their ovaries do not develop to maturity.
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Materials and Methods

Three strains of Cx. p. pallens, which were collected in the cities of
Sapporo, Nagasaki and Kagoshima, and then established as laboratory col-
onies at the insectarium with a photoperiod of 16 hours at 25°C as well as
one strain of Cx. p. quinquefasciatus collected in Naze, Amami Island, were
studied. Table 1 shows the outline of these strains. Follicular development, feed-
ing activity and incidence of gonotrophic dissociation were examined with fe-
males of Cx. p. pallens and Cx. p. quinquefasciatus that were reared from 1st
instar larva in the laboratory with various photoperiods ranging from 8 to 16
hours at a temperature of 21°C. They were exposed to a mouse for one night to
observe feeding activity 7 to 10 days after emergence. In addition, the females
of Cx. p. pallens (3 strains) that had emerged in the experimental conditions
of a short photoperiod of 10 hours at 21°C were reactivated by exposure to a
long photoperiod of 16 hours at 25°C, to determine the depth of diapause. Fol-
licular development, feeding activity and gonotrophic dissociation rate were
examined in such females which were reared under reactivation conditions.
The food (2% sugar solution) for adults was removed 12 hours before feeding
on mouse. Developmental states of follicles were observed under a steroscope.
The stages of the follicles were as described previously.a)

The larvae used for experiments were bred with an equally mixed pow-
der of Ebios (brewer’s yeast) and mouse pellet, and the emerged adults were
kept in a cage (20X20X30 cm) with 2% sugar solution at the insectarium.

Table 1. Outline of strains of Culex pipiens complex used in this study.

Strain Place of collection Latitude of Generation used in
place of this experiment
collection

Culex pipiens pallens

Sapporo Sapporo City, Hokkaido 43°N F30
Nagasaki Nagasaki City, Nagasaki 32°N F25
Kagoshima Kagoshima City, Kagoshima 31°N F 23
Culex pipiens quinque-
fasciatus
Amami Naze City, Amami Island 28°N F 30
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Results

1. Follicular development and feeding activity of females of 3 strains of Cx. p.
pallens reared from the 1st instar larva in the experimental conditions
(photoperiods) ranging from 8 to 16 hours and 21°C

In 3 strains of Cx. p. pallens, follicular development and feeding activity
were examined with females reared from the 1st instar larva under a photo-
period from 8 to 16 hours at 21°C (Table 2 and Fig. 1).

Table 2 and Fig. 1 show that the gonoactivity, represented by the follicu-
lar size and stage and feeding rate, tended to decrease with shortening photo-
period in 3 strains. In the Sapporo strain, the females had well-developed
follicles and fed on the mouse actively when the photoperiod was longer than
13 hours, and females had mostly undeveloped follicles, and did not feed on the
mice actively, when the photoperiod was shorter than 13 hours. Here we will
tentatively call the females that had undeveloped follicles of about 50 1 or less
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Fig. 1. Follicular size and feeding rate of females of 3 strains of
Culex pipiens pallens reared from the 1st instar larva and
kept in photoperiods from 8 to 16 hours at 21°C.
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in and at the N stage, and did not take blood meal, as diapausing females.
Therefore, the critical daylength for inducing diapause in the females of the
Sapporo strain is about 13 hours. In both strains of Nagasaki and Kagoshima
diapausing females appeared at the daylength of 12 and 11 hours, respec-
tively, which can be regarded as the critical daylength for the Nagasaki and
Kagoshima strains. Judging from these results, the critical daylength for in-
ducing diapausing females of Cx. p. pallens varies with the geographical loca-
tion of the strain and is longer in northern areas than in southern areas. In
these experiments, the incidence of gonotrophic dissocation, a phenomena in
which the female takes blood meal but do not develop mature eggs (follicles
of the 5th stage), was examined in Sapporo and Kagoshima strains. Gono-
trophic dissociation was not seen in blood-fed females in both strains. The
Nagasaki strain showed this phenomena in a very low rate in the previous ex-

. 1)
periments.

2. Follicular development, feeding activity and gonotrophic dissociation in
diapausing females of Cx. p. pallens which were kept in a reactivation condi-
tion (16 hours photoperiod and 25°C).

The females of 3 strains reared from the 1st instar larva to 10 days after
emergence experimentally under a short daylngth of 10 hours at 21°C, were ex-
posed to a long photoperiod of 16 hours at 25°C, to reactivate them, that is, to
recover gonoactivity. Follicular development, feeding activity and incidence of
gonotrophic dissociation were examined with the females exposed to reactiva-
tion conditions for 7 to 15 days after reactivation. Table 3 and Fig. 2 show the
results.

Most of the females of the Sapporo strain had small follicles and a low
feeding rate from the 1st to 3rd day after reactivation. Follicles began to de-
velop with the increase of feeding activity on the 5th day, that is, the state of
diapause was gradually overcome and the females were reactivated by ex-
posure to a long daylength and high temperature. The rate of gonotrophic dis-
sociation was very high for 3 days after reactivation during which time the
feeding rate was very low, and after 5 days, gonotrophic dissociation became
low with the increase in feeding activity. In both Nagasaki and Kagoshima
strains, reactivation, indicated by development of follicles and increase of
feeding rate, began after 3 or 2 days, respectively. Also in these two strains,
the gonotrophic dissociation occurred in a low rate in early reactivation time
when the feeding activity was low. The speed of reactivation was slower in the
northern strain than in the southern strain. In other words, the depth of dia-
pause 1s deeper in northern strains than in southern strains. These results

clearly show that gonotrophic dissociation usually occurs in the females with
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a low fee‘ding activity, those which are not completely reactivated and it ap-

pears more commonly in a northern strain than in a southern strain under ex-

perimental conditions.
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Feeding rate and gonotrophic dissociation rate in the
females of 8 strains of Culex pipiens pallens which
were reared from the 1st instar larva and then until 7
to 10 days after emergence at under 10 hr photoperiods
at 21 °C and kept in reactivation conditions (16 hr
photoperiod at 25°C).
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3. The developmental state of the Ist follicles in Cx. p. pallens females showing
gonotrophic dissociation in the field

Outdoors in the campus of Nagasaki University School of Medicine, 12
fed females of Cx. p. pallens females which were collected by dog bait trap in
late October, 1969 and thereafter reared in the laboratory of 20°C for 10 days.
Only two of them showed gonotrophic dissociation. Their 1st follicles were
well-developed and in the stage of Ila to IIb. This means that females showing
this phenomena are rarely found in nature.

4. Follicular development of Cx. p. pallens females collected in caves
Follicular development was examined with unfed females collected in
caves in late autumn in the cities of Sapporo and Kagoshima. All the females
collected in all the caves were nulliparous from counting the number of dilata-
tions. The 1st follicles were mostly in stage N and undeveloped with a size of

50 ¢ or less. Thus, they are considered to have been in the state of diapause
(Table 4).

Table 4. Follicular development of Culex pipiens pallens females collected in caves in
late autumn.

Date of Place of No. females Size of the 1st follicles® Follicular
collection collection dissected 4 — 5 — 6 — 7 — 8 — stage
Nov. 1969 Sappro 12 not measured N
Nov. 1980 Kagoshima 35 2 30 3 N

*  QOne unit =10 ym

5. Gonoactivity of Cx. p. quinquefasciatus females reared from the 1st instar
larva in a short daylength of 10 hours at 21°C

Feeding activity and incidence of gonotrophic dissociation were ob-
served with the females that were bred from 1st instar larva in the condition
of a short daylength of 10 hours and 21°C. Ten days after emergence, 100 fe-
males were exposed to the mouse. Sixty fed females were reared for 10 days
but did not show gonotrophic dissociation. Thus, Cx. p. quinquefasciatus
females are considered to lack the ability to enter into a state of diapause.
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Discussion

The present findings showed that the critical daylength for inducing dia-
pausing females and depth of diapause vary geographically with the strain
of Cx. p. pallens in Japan, that is, the critical daylength is longer in northern
strains than in southern strains, and the depth of diapause is also deeper in
northern strain than in southern strain. Even Cx. p. pallens, has geographical
variation of adult diapause. This is very important for understanding the geo-
graphical speciation of this mosquito.

The present findings are in agreement with our previous reports) that in
the Hamburg strain of Cx. p. pipiens gonotrophic dissociation occurs com-
monly in females with low feeding activity, i. e., those which are not reactivated
completely in experimental conditions.

Hosoi'’ found that gonotrophic dissociation occurred commonly in the
females of Cx. p. pallens emerged in late autumn in Tokyo, and he found a high
incidence of this phenomena in the females that were allowed to take human
blood meal. From this, he considered that the occurrence of gonotrophic dis-
sociation was due to taking human blood meal. His mosquitoes are assumed
to be at about a similar stage of diapause as the Sapporo strain because it
occurred commonly in the Sapporo strain in the present experiments, and this
may be related to the high rate of gonotrophic dissociation in his experiment.

In our experiments, few females showed gonotrophic dissociation in
nature and the follicles of females showing this phenomenon were well-
developed and in the stage of Ila-IIb. Those with such large follicles were rare-
ly observed among overwintering females, which had mostly small follicles.
Therefore, it is reconfirmed that gonotrophic dissociation does not play an
important role in overwintering of Cx. p. pallens in Japan, even if it appears
in a high rate in experimental conditions.

Finally, we can conclude that the females of Cx. p. pallens in Japan usu-
ally hibernate in a state of diapause without feeding on blood meal, and the
diapause of the females is induced by a short daylength, the critical daylength
of which varies geographically with the strain.

References

1 ) Hosoi, T. : Egg production in Culex pipiens pallens Coquillett. I. Seasonal
Changes. Jap. J. Med. Sci. Biol., 7(1) : 57-73. 1954.

2) Oda, T.: Studies on the follicular development and overwintering of the
house mosquito, Culex pipiens pallens in Nagasaki area. Trop. Med., 10(4) :
195-216. 1968.



Studies on imaginal diapause in Culex pipiens complex in Japan

3) Oda, T. : On the effect of the photoperiod and temperature on the feeding
activity and follicular development of Culex pipiens pallens females. Trop.
Med., 13(4) : 200-204. 1971. -

4) Oda, T. and Y. Wada : On the development of follicles after blood-feeding
in Culex pipiens pallens females which were reared under various environ- -
mental conditions. Trop. Med., 14(2) : 65-70 (in Japanese with English
summary). 1972.

5) Oda, T.and Y. Wada : Developmental stages of Culex pipiens pallens sensi-
tive to photoperiodic conditions. Trop. Med., 14(4) : 198-202 (in Japanese
with English summary). 1972.

6) Oda, T. und F. Kuhlow : Beobachtungen iiber Sterblichkeit and Follikel-
grobe bei Culex pipiens pipiens L. em Verlauf der Uberuinterung. Z. Tro-
penmed. Parosit., 24 : 373-378. 1973.

7) Oda, T. und F. Kuhlow : Jahrezeitliche Veranderungen der Gonoaktivitit
von Culex pipiens pipiens L. in Norddeutschland und deren Beeinflussing
durch Tageslichtlenge und Temperatur. Tropenmed. Parasit., 25 : 175-186.
1974.

8) Oda, T. und F. Kuhlow : Gonstrophische Dissoziation bei Culex pipiens
pipiens L. Tropenmed. Parasit., 27 : 101-105. 1976.

9) Oda, T. und F. Kuhlow : Tages- und jahreszeitliche Verdnderungen der
Eiablageaktivitdat von Culex pipiens piptens L. Tropenmed Parasit., 30 :
443-445. 1979.

10) Oda, T. and P. Nuorteva : Autumnal photoperiod and the development of
follicles in Culex pipiens pipiens L. (Diptera, Culicidae) in Finland. Ann.
Ent. Fennici, 53 : 33-35. 1987.

(Received Dec. 28. 1987)



Tsutomu Opba et al

HARET &1 4 T AFOBHEIKRIRIZBY T 5 058

ME AT o =mRY k@ ERS OB &K
A w0 W

1) RiFARFEEEINZIIRFES—REE
2) RIBERFEFESYIFHE
3) RIGRFEEEFDIILRT

E B 21CoREEs~16HNHOFHHOBRE & ZHASGEIERRET T, HE
TFULE B4R, RIFEERBROTHA T HORREOMEBERDF v ¥4 4 <
H OMET O W THRIBI O AR RS E2HEABEE Lo, *v 544 T hidE
BT T&ERICRM URBINI AT L 72O CHRIE IR B W EELN S, FIRRD T 74
THTREEY 1I3EEKEVE 23l UswNERO KRS HE L e
T, BHHRZERABRLELAONS. RBEERERTRARDIZIZS 501311
REHE T THR LD TERBERIRRL DEMP VI LIS, FUSHRKEDT
4 zhDOKRIRNESBEEATCE L CHEBES ., fURRTRBLTH» S5 HEE
P ORIRIRAED SHIR L TR L7223, RISEERERTRIDESHELL. Dk
DI EPSHEET N4 A THRIBENOHRELZFE S ¥ 5HERBRICIIHIENER
Do, ANWCRBERSEBL, FKROES SHEINCER LI~V IREE
I Eblpote. THA T HFHORKICK » TRIEHSE>TVWBHE I &I, &
O ORI MEEEZ 5 FICEHENR I ETH 5.

EXNELGHE1: 19—30, 1987




