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Abstract

Day length is a principal factor controlling the feedingy activity and the follicular

development of the females of Culex tritaeniorhynchus.

Under a longer photoperiod than about

13 : 30 hours the females hold gonoactivity, while under a shorter one there were found

various effects on their physiological activity.

These are the decrease in the feeding

rate; the retardation in the follicular development ; the occurrence of gonotrophic dissocia-

tion; and the failure in maturing follicles. A great number of unfed nulliparous females.

which emerged as adults in and after September, and some of nullizarous or parous females.

which underwent gonotrophic dissociation after fesding in those days were confirmed to

enter hibernation.

Introduction

Ecological studies of Culex tritaeniorhynchus, a
most important vector of Japansse enceph-
alitis, were started in 1965 in the Nagasaki
area, in relation to the epidemiology of the
discase in the Department of Medical Zool-
ogy , Nagasaki University School of Medicine
(Omori et al. , 1965 ; Wada et al. , 1967).
The results
showed that
great number of over-wintered females being

of preliminary experimen:s

in spring there appeared a

attracted to dry ice, although the temperature
is very low, and that the number of females.
decreased very suddenly in September when
the temperature was still high enough for the

mosquito to breed. These facts suggested
that the day length must be the principal
factor to control the gonoactivity of the
females of this mosquito.

Oda (1968) showed that the gonoactivity
of C. pipiens pallens females is well reflected
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by the state of follicular development. The
same was also roughly demonstrated with
C. tritaeniorhynchus by preliminary experiments.
On the

diapause in many insects including mosqui-

other hand , the induction of
toes is closely related to the photoperiod and
temperature (Beck, 1968 ; Danilevskii, 1961).
Studies on the follicular development and
feeding activity of C. tritaeniorhynchus were
therefore carried out under various artificial
and natural conditions of photoperiods and

temperatures from 1965 to 1968. Based on
the results obtained, the mode of entering
hibernation in the Nagasaki area was
considered.

The author wishes to express his sincere
appreciation to Professor N. Omori and As-
sistant Professor Y. Wada of the Department
of Medical Zoology, Nagasaki University
School of Medicine for many helpful sugges-
tions during the course of this work and for
aid in the preparation of the manuscript.

Experimental place,material and method

Place: Experiments were carried out at
Nagasaki during from 1965 to 1968.

Material: The material used in the experi-
ments was Culex tritaeniorhynchus Giles, 1901,
the most important vector mosquito of Japan-
ese encephalitis virus in Japan.

Biological day length: The biological day
length (Astronomical day lenzth in hours plus
morning and evening twilight hours) is con-
sidered effective for the biological activities
of the females of Culex tritaeniorhynchus. The
morning or evening twilight is defined as the
time required for the upper limb of the sun
to traverse an arc between the horizon and
a point lying 7° 21/ 40"’ below the horizon.
Each twilight period in Tokyo varies with
the season from 32/ in late September to 38.5/
in late June (Rika-nenpyo, 1968 issued from
the Tokyo Astronomical Observatory). The
biological day length in Nagasaki is obtained
by adding twilight hours presented by T.A.O.
in Tokyo to the astronomical day length in
Nagasaki as shown in Table 12.

Maintenance of laboratory colony of Culex

tritaeniorhynchus :  The laboratory colony
was originated from a group of fed females
collected at animal sheds in the Nagasaki
area in April, 1965. It has been successfully

maintained under the rearing conditions of a
daily photoperiod (biological day length) of
14 to 15.5 hours and a constant temperature
at 27°C and relative humidity of about 60 to
85%. In the rearing room in which the
colony was maintained, the natural light coming
through the frosted glass windows was utilized,
while, when the biclogical day length became
shorter than 14 hours in September through
early April, electric lamps were lighted to
make up the shortage far before dawn by
raising the illumination from darkness to
about 600 Lux.

Copulation took place rather easily mainly
in the evening twilight hours when several
hundreds to thousands of females and males
cohabited from just after emergence in a large
cage of 80 cm in diameter and 170 cm in length.
The fertilization rate reached about 60% in
three days and about 90 % in seven days.
The adults were reared with 1% sugar
solution. The feeding of females was allowed
mostly on a chicken, rarely on a mouse or a
man in a cage of 30x30x30cm. The larvae
were reared with the equally mixed powder
of Ebios (brewer’s yeast) and mouse pellets.

Rearing conditions and equipments : Indoor in-

sectary, biotron, and outdoor insectary under
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various rearing conditions were used for
obtaining materials to examine the follicular
development and feeding activity of the
females.

(1) Rearing conditions in the indoor insec-
taries were as presented in Table 7. The
mosquitoes reared were from the laboratory
colony. The daily photoperiod (biological day
length) was repeated with a constant length
of light and dark periods. Relative humidity
varied from 60 to 80 %.

(2) Rearing conditions in the biotron were
as follows. The illumination, temperature and
humidity were automatically regulated to
change with each daily cycle and change
gradually by 5 days following the changes in
the natural astronomical conditions encounter-
ed in early August through the end of Sep-
tember as given in Table 12 and partly in
Tabie 10.

Practically, because of the difficulty in
changing the conditions every hour and every
day, they were made to change in the follow-
ing way. A temperature cam was formed by
connecting eight points for the mean temper-
atures at eight time-points of a day for
a successive-b-days of a certain month of the
five years from 1963 to 1967.

The cam was worked for five days and then
substituted by the next one which was made
in the same way for the next successive-b-
days.

The relative humidity was also controlled

so as to repeat the natural daily cycle for a
successive-5-days, by the same method as in
the case of controlling the temperature. The
relative humidity varied with the daily cycle
nearly conversely with the temperature
according to the time-point of a day, ranging
from 62 to 90%, usually from 65 to 85%, dur-
ing August to early September, but it became
a little lower thereafter towards the end of
September.

The illumination program was made to
change with the daily cycle and to change
gradually each 5 days in the same way as in
the case of the change in temperature. The
daily cycle was imade as follows :

(i) About thirty minutes during which il-
lumination was raised gradually from darkness.
to a plateau or a maximum illumination of
2000 Lux (equivalent to a morning twilight
length) ; (ii) a period during which a plateau
illumination of 2000 Lux was kept continuous
(equivalent to the astronomical day length
in a successive-db-days) ; (iii) about thirty
illumination was.

minutes during which

dropped gradually from the plateau to
darkness(equivalent to evening twilight hours)..

(3) The rearing conditions in the outdoor
insectary were all subjected to the natural
astronomical conditions which were given in
Table 12.

Length of follicles : The follicles were mea-
sured on a micrometer scale, a unit of which

was 10.54.

Results of experiments

1. Development of follicles before and after feeding and ovariole changes following oviposition

in the female mosquito under the conditions of 14 hours photoperiod and 27°C

The females were reared as adults from
the first instar larvae and continuously there-
after under the conditions of daily rhythms
of 14 hours of light with about 800 Lux and

10 hours of darkness, and a constant temper--
ature at 27°C. The rearing conditions were
near to those in late August in Nagasaki, be-
cause the biological day length on those.



148 Senji KAWAI

Table 1.

Description of developmental stages of follicles in gonoactive females of Culex

triaeniorhynchus. (The changes in length and stage of follicles with the lapse of time are

shown in Table 2. )

Stage Before Taking Bleod
Nol The follicle of just emeiged females is included within the germarium (it is called as the
first follicle in this paper) and is nearly of the same length as the second follicle when the

first one just reaches N stage.

No2 The first follicle is recognizable from the germarium! (or the second follicle in this paper)
by the constriction.

N The first follicle has eight undifferentiated cells and completed an epithelium.

la Oae oocyte and seven nurse cells are differentiated, but the nucleus of the oocyte is not
apparently seen.

Ib The nucleus of the cocyte is clearly visible.

I-II A few yolk granules appear around the nucleus of the oocyte.

Ila Yolk granules are deposited sparsely around the nucleus of the oocyte.

About 3 days after emergence many females preferably take a blood meal when the first
follicles are N to Ia in stage. The follicles range from N to Ib or rarely to I-II stages on

the following day and more rarely to

these conditions unless the females take a blood meal.

ITa with the lapse of time, remaining, however, in

Consequently, these stages, usually,

however, N to Ib ones can be said to be the first quiescent phase of this mosquito.
The third follicles i. e., the constrictions on the second follicles appear very rarely, slightly,
and usually during the first follicles being respectively in N, Ia to Ib, and I-II to IIa stages.
After Taking Blood

I-I1 The same as above.
1Ta The same as above.
1Tb The oocyte occupies 1/4 to 1/2 of the first follicle. Yolk granules are deposited fairly

densely all over the oocyte and the nucleus becomes hardly visible.
IIIa The oocyte occupies 1/2 to 3/4 of the frist follicle.
IIIb The oocyte occupies 3/4 to 4/5 of the first follicle.

v The oocyte occupies nearly all parts of the first follicle, pushing up the nurse cells up-
wards. The follicle takes a long and oval shape.

Va The first follicle gains its maximum size and begins to produce a micropilar apparatus
and a chorion.

Vb The first follicles now are full grown eggs with a completed micropilar apparatus and a
chorion.

Oviposition seems to occur immediately after ovulation. At the time of oviposition, the
second follicles are in No2 to Ib but mostly in N to Ib stages and therefore the second
quiescent phase can be said also to be in N to Ib stages.

days was 14 : 12 hours and the mean temper-
ature of late August for the past seven years
from 1962 to 1968 was 27.3°C.

1. Development of jfollicles before and afler feed-

ing and after oviposition,

On the basis of the result of observations
on the follicular devélopment of the female
‘mosquito reared under the above mentioned
conditions, developmental stages of follicles
are divided and described as shown in
Table 1.

Details of the results of examinations for
the increase in length and advance in stage
of the follicles before and after feeding on

mice and after oviposition carried out with

the females kept under a 14-hour photoperiod
and 27°C are tabulated in Table 2.

The first follicles of females just after
emergence as adults appear to be yet germaria
themselves but in this paper they are referred
to as the first follicles which are about 4.0
in the mean length ranging from 2.6 to 5.4
on the micrometer scale (one unit is 10.54).

The variation in length and stage of follicles
becomes larger with the lapse of time after
emergence not only within the follicles of a
female but also within individual females, and
necessarily the whole follicles of 4 to 15
females examined at each time after
emergence were classified according to their
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stages, and the percentage distribution of
follicles falling in each stage was obtained,
while, the mean length of follicles thus classi-
fied was obtained with only a limited number
of them falling in each stage.

Table 2 shows that the first follicles reach
N to Ia stages by about 72 hours and N to
Ib stages by about 96 hours after emergence,
although a few of them advance to I-II or
even to Ila stage in a longer time. The stages
N to Ib are considered the first quiescent
phase of follicles in this female mosquito.
‘This seems to have an intimate relation to
the fact that many females preferably take
the blood meal 3 to 4 days after emergence,
as showh in Fig. 1. About the time when
the first follicles are in the first quiescent
phase, there appear the third follicles or
the constrictions on the second ones in
some ovarioles.

After feeding, the first follicles rapidly gain
in length and advance in stage. In the course
of the development they are subiected to a
great variation in length and stage but by
the end of three days after feeding, about
40% of them reach Vb stage and on the next
day they all become mature eggs and seem to
be deposited socn. After feeding, the second
follicles reach No2 to Ib or mostly N to Ib
and the third ones appear in all ovarioles.

The states of follicular development iust
prior to oviposition seem similar to those at
the time just after oviposition and most of
the second follicles remain in stages N to Ib
or in the second quiescent phase unless the
females take the blood meal the second time.
The third follicles, though in a small number,
advance 24 hours after oviposition to No2
producing the fourth follicles. Many females
preferably take the blood meal about 24 hours
after oviposition as shown in Table 4.

The fact that the first quiescent phase is
nearly the same as the second one in the
states of follicular development at the time
of taking blood by many females seems to
suggest that the period required from feeding
to maturation of eggs is nearly the same in
each gonotrophic cycle.

2. Comparison of feeding and oviposition habits

between fertilized and unfertilized females.

A feeding experiment was carried out with
the females which had been kept with nearly
the same number of males for seven days
after emergence. On that day females
were allowed to feed on a man. Forty-three
females, 38 engorged and 5 unfed, were
examinad for sperms in the spermathecae
with ths result shown in Table 3 which
shows that unfertilized females take the
blood meal as readily as fertilized ones do.
The prefeeding period, i. e., the period
from emergence to feeding was roughly ob-
served with some of the fertilized and un-
fertilized females in the course of the suc-
cessive rearing of the laboratory colony of
this mosquito. As a result, no definite differ-
ence in the period was observed between
them. In the periods from feeding fo oviposi-
tion and from oviposition to feedig, there
seems to exist no difference between them
as assumed from Table 4. As above, there
seems to exist no definite difference in feed-
ing and oviposition habits between the ferti-
lized and unfertilized females of this mosquito.
The unfertilized females are nearly the same
as the fertilized ones in the number of eggs
and the oviposition rate of fed females.

3. Prefeeding period.

A group of females reared as adults at a
14-hour photoperiod and 27°C were exposed
to mice at intervals of 12 hours from just

after emergence. Sixty-four or 87.79, out of
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Follicular development of the females before and after feeding and after oviposition,

showing the mean length (and percentage) of follicles falling in each developmental stage in each

group of females with the lapse of time.

- Stage 1st follicles
5 \No. S
£ % Nol | Noz N . Ia b ‘ 111 Ila 11b Ila
0 1oi4.0(100.0> | “
6 10'4.4¢ 83.5)3.0( 16.5)
12 104, 20 65.092. 9 35.0) ‘
g| 18 10‘4.1( 18.8)2.9( 81.2) ‘
5l 24 10[5.00 10.5)4.2( 8. D5 5.5) !
’g 36 |15 4.6( 51.8)!4.6;’_ 48.2)
Slas 15 6.1¢ 37.676.4( 62.4)
2|72 015 8.5¢ 80.0)17.5( 20.0)
; 9 |15 9.2( 66.7)8.6C 24.6)7.60 8.1)7.7C 0.6)
T 108 |15 8.4 41.9)9.1C 29.5)8.2( 28.6)
12015 7.87 10.7)9.0{ 31.78.9 54.0)9.2( 3.7)
14410 780 6.596.4C 49,897 9C 38.598.0. 5.2
168 10| 740 0.7)7.7C 20.8)7.8( 70.4)7.3C 8.0)9.6( 0.1)
W 66 le.7¢ 5.0);8.1( 6.3)8.4( 48.3):8 5 20. 8)' 9.7(19.5)
£z 7.3 42810 70095 2.0)9.7C 4. 4)‘10. 6049. 0)14. 0(14. 3)
IR » 8.2( 14.6)10.5( 4.9)12. 0040, 1)[15. 4(26.0)
%365 11.8( 1.2)
L8l ‘
£ 725 ‘
m‘ % 3 | |
2nd follicles
Cg“ Nol ‘ Nor | N | I m LI Ila
Bl 245 4.8( 17.0)6.4C 79.0)'6.3¢ 4.0) ‘
EIPTYN 6.2C 5.0007.00 43.06.0C 40.098. 87 12.0)
£ 26 '5.9¢ 24.2)‘6.5(35.8)6.8( 35.8)7.5¢C 4.2)
9% 5 5.5¢ 4.5 6.4 42.5/6. 1 26.8)8.8( 2.5)9.2( 23.7)
Remarks : (1) The females were reared as adults from the first instar larvae and continucusly

thereafter under the conditions of a 14-hour photoperiod and a constant temperature

at 27°C.

(2) Many females preferably took the blood meal on mice from 72 to 96 hours after
emergence, and about 24 hours after oviposition. (cf. Fig. 1 and Table 4)

73 females became engorged with blood. The
time distribution of feeding rates and cumula-
tive feeding rates of the fed 64 females are
illustrated in Fig. 1 which shows that some
females bagan to feed 54 hours after emergence
but many females, about 73 9, out of the 64
took the blood meal in 3 days after emergence
and in 4 days i. e. from 54 to 96 hours after

emergence about 95 % of the females took the.
meal. Thus, the prefeeding period in this
mosquito is about 3 days after emergence.
The period is longer by about one day than
those in Anopheles sinensis ( Taketomi, 1967) and
Culex pipiens pallens (Oda, 1968). The reason
may be mainly due to the longer period being

required for the first follicles to reach the
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Table 2. (continued)
‘ 2nd follicles 3rd f.
I1Ib ’ v Va Vb ‘ Nol No2 N la } b Nol
, | e |
| | |
! 3 1.6( 16.5)
‘ 1.8 35.0)
! i
1 1.8{ 81.2)
f 2,60 89.5)
f 2.7¢100. 0)
3.0{100. 0)
4.1(100. 0>
4.50100.0>
4.20 96.7)2.40 3.3 1.7¢ 3.3
| 4.47100. 0> g
| 4.5( 81.0)3.5( 19.0} 1.8 19.0)
| | | a2
| 4.7( 67.53.3( 32.5) 1.6 32.5
|
l4.7¢ 30.0)3.40 70.0) ‘ 2.2¢ 70.0)
' 4,.7¢ 12.1)3.8( 87.9) | 1.9¢ 87.9)
17.1(14.4)’ 3.50.92.9)3.8. 7.1 2.0{100.0)
25.7(98.8) 1 l 4.1(100.0) P.sg1oo.o>
1 |
31.5(10.0)I37. 8¢10. 0)[53. 2(80. 0} , 4.5( 30.0)4.9C 70.0) 2.9¢100. 0)
52.1(60. 0)[48. 9{40. 0D 3.8( 10. 0)H. 3( 46.0)(6. 00 24.0)|5. 6( 20.0)13. 7(100. 0)
[50. 5(100. 0) 4.9¢ 4.0305. 1¢ 16. 0)15. 00 40. 0)/3. 4C 40.0713. 5¢100. 0
i 3rd follicles l 4th 1.
| : |
. i ‘ ; Nol No2 | i i Nol
i ;
4.1 96.8)2.7C 3.2) 1.9C 3.2)
\ ’ 4.2( 78.0)2.4( 22.0) 2,00 22.0)
‘ ’ 4.1 67.5)2.5( 32.5) r.gq 32.5)
‘ l | 4.1¢ 57.732.60 42.3) 2-1C 42.3)

(3) Examination for stages was made with all follicles of an ovary of cach female,
while measurement of length was made with a limited number of follicles fallimg

in each stage.

(4) Nol stage follicle refers to the germarium in this paper (for details sce Table 1).
(5) The length of follicles is shown on micrometer scale, one unit of which is 10. 5u.

first quiescent phase in this mosquito.

4. Periods required for gomotrophic cycles.

Females reared as adults from the first
instar larvae and continuously therecafter at a
14-hour photoperiod and 27°C were allowed
to feed on a man seven days after emergence.
The females which took the tirst meal were
kept individually and observed for oviposition

The female which laid
eggs was given the chance of feeding from

at regular intervals.

the nearest observation time till the time
when she took the second meal.

The mean periods from feeding to oviposi-
tion and from oviposition to the next feeding
could be observed with seven 3-parous females
and ten 4-parous ones with the results as
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Fig. 1. Feeding pattern of the females with the lapse of time after emergence at a
14-hour photoperiod and 27°C. The total number of engorged females was 64 out of
73 ones exposed to mice at intervals of 12 hours.
Table 3. Feeding activity of fertilized and progress in the gonotrophic cycle. This may~

unfertilized females allowed concurrently to
feed on a man seven days after emergence at
a l4-hour photoperiod and 27°C.

Fertilized | NO-(and %) of females ‘ ol
or not engorged unfed \
Fertilized = 18( 47.4%) | 2( 40.0%) ‘ 20
Unfertilized | 20( 52.6%) | 3( 60.0%) 23
Total 38(100.0%) 43

5(100.0%) ‘

shown in Table 4 (A). The fact that the
females given in the table were fertilized
was proved by the hatching of eggs.

Table 4 (A) shows that the shortest periods
from feeding to oviposition are always just
or a little over 3 days. The fact shows
that the period required for development of
follicles from the quiescent phase to matura-
tion of eggs in the ovary of the female is
nearly the same in each gonotrophic cycle.
Nevertheless, the period is subjected to a
variation by individual females and appears
to shorten in the mean period with the

be due to the shortening in time of ovulating-
mature eggs. The females which laid eggs
take the second blood meal from just after
oviposition. In general, however, the period
to feeding after oviposition may be said to-
be about one day, kecause the female which
laid eggs on one night may feed on the next
night in nature. The mean periods for
maturation of eggs are between 3 and 4 days,
and the period to feeding after oviposition is.
about one day as stated above, and therefore.
it is assumed that in nature in summer many
females lay eggs at night 4 days after feed-
ing and take the second blood meal on the.
next night.

For comparison, the similar data obtained
with unfertilized females are given in Table.
4 (B) which shows that the periods for gono-
trophic cycles and to feeding after oviposition
are nearly the same in both fertilized and
unfertilized females.

5. OQvariole changes following oviposition,

The shrinking process of the posterior part
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Table 4. Periods in days : hours from feeding (F.) to oviposition (O.) and from
oviposition to feednig in the females at a 14-hour photoperiod and 27°C. The feeding
was made on a human arm. Observations for oviposition were made at intervals of 2
hours at daytime and 4-6 hours at night. The female which laid eggs was given
the chance for feeding from the nearest observation time.
A : Fertilized females
Parity ’Mean1 Periods in days : hours required for feeding- owposmon feedmg cycles
and and —— —— — =
No. 2¢ rdnge\lst F.t0 0.| O. to F. \anF ©00.| 0. to F. 374 F.t0 0. 0. to F. |4th F.t00.
SR i N P
T i |
1 . 9 | | . .
3-parous ;Mcall | 4:11 } 0:20 ‘ 3:16 1:09 | 3:12 ‘
(72D \Range‘ 3:01-8:04 | 0:02- 3:20 ‘ 3:00-4:16 | 0:06-3:17 | 3:02-4:00 ‘
o . | — o e
4-parous [Mean 317 106 | 4:00 0116 306 ‘ 1:00 | 3:11
(1022 ) \Ramge 3:01-5:12 | 0:05-3:14 ‘ 3:02-5:17 | 0:11-2:11 | 3:00-3:13 } 0:02-1:22 | 3:06-4:14
| I
B : Unfertilized females
—_——— ‘ —
Mean ' 4:10 ‘\ 0:23 3:23 1 0:20

2-parous | l |
(392) ‘Ran,ge\

of follicular tubes following oviposition was
observed with some females reared at a 14-
hour photoperiod and 27°C. The summary
result is given in Table 5.

The states of follicular tubes of parous
females were examined in nature to estimate
the time of feeding after oviposition. In a
farm village, 671 females coming to feed on
cattle were collected at about 9 p. m. in
summer, 1965. Of these, 124 females were

parous. of

On examination, 23 or 18.5 2,
the parous ones were found having sac-like
and shrinking tubes. This suggests that the
females having such tubes probably oviposited

the latter part of one night and came to feed

3:12-5:08 | 0:12-1:17 | 07-4:11 ‘

on the following night in less than 20 hours
after oviposition. The rest of the parou:
They
might have taken the blood meal mostly on

the night before or even earlier.

females had completed dilatations.

6. Calendar and physiological ages of gonoactive
Sfemales at a 14-hour photoperiod and 27°C.
Summarizing the data obtained from the
above experiments, calendar and physiological
ages of the female mosquito at a 14-hour
photoperiod and 27°C are compiled as shwon
in Table 6.
One of the peculiar features in the develop-
ment of the follicles of this mosquito is that
the first follicles of newly emerged females.

Table 5, Shrinking process of follicular tubes following oviposition in the females.
hours
after Shrinking process
oviposition
10 : Sac-like in all ovarioles of all females examined.

12 : Sac-like in most ovarioles and shrinking in some ones in most females.

Dilatation

appears in a few of those in a few females.

18 :
some ovarioles,
females.

20 :
some females.

24

Sac-like in many ovarioles and shrinking in some ones in a few females
shrinking in some ones,

Sac-like in
and dilatation appears in some ones in most

Dilatation appears in most ovarioles and sac-like and shrinking in a few of those in
Dilatation is completed in all ovarioles in many females.
Dilatation is completed in all females.
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Remarks:

are very young and require a long period,
usually 3 to 4 days, to reach the first quiescent
phase or N to Ib stages. Another one is
that the follicles are subjected to a great
variation in stage and size in the course of
the development not only within follicles of
an ovary but also within females. The facts
must be taken into a special consideration in
the case of the determination of the calendar
age of the females of unknown history.

The females preferably take the blood meal
about 3 days after emergence and do so about
one day after oviposition. The developmental
stages of follicles on the days of the feeding
are nearly the same; in other words, the first
and the second quiescent phases are nearly
the same in stage and size, and consequently
gonotrophic cycles are usually repeated at
regular intervals in many females, though the
period for the cycle appears to be shortened
little by little in some females probably by
the shortening in the time of ovulating mature
eggs.

The calendar and physiological ages obtain-
ed experimentally, may generally be used in
nature in summer. The calendar age of the
females in nature may be obtainable from an
equation : 3+n (4-+-1) days. Where, a 3-day
is the prefeeding period ; n is the number of
dilatations ; 4-day and 1-day are the periods
from feeding to oviposition and from ovipo-
sition to feeding respectively.
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II. Effect of day length and temperature on the development of follicles and the feeding

activity of the female mosquito

Dr. Omori, the head of the Department of
Medical zoology, suggested in 1964 that hiber-
nation of the female of Culex tritaeniorhynchus is
probably induced by the shortening of the day
length in autumn. Experiments were, there-
fore, carried out to determine the influence
of the daily photoperiod and the temperature
upon the development of follicles and the
feeding activity of the female mosquito.

The combined conditions of various photo-
periods, temperatures and relative humidities
under each of which the females were reared
to adults from the first instar larvae and
continuously thereafter are given in Table 7.

With the females, which had been reared
under the various rearing conditions, examina-
tions were carried out for the size in length
and the stage of follicles and for their feeding

Table 7. Combined rearing conditions of the
photoperiod (biological day length), temperature
and humidity in the indoor insectaries (Experi-
ment A to ID.

Illumiiation ‘ Temperature Humidity
e SR e B DS

1rs.m1n‘ Lux | Mean | Constant 2,
A l 10:00 | 2000 . 23.2 60-80
B ‘11:00 L 160 21, 60-80
C | 11:00 | 130 23, 70-80
D | 11:00 | 800 27.0 70-80
E | 14:00 | 160 21.0 60-80
F | 1400 800 27.0 70-80
G | 15:50 | 2000 28.5 60-80
H | 16:00 | 160 21.0 60-80
I 16:00 | 150 25.0 60-80

! |

Remarks : (1) In A, maximum and minimum
temperatures in each day were 25.9
and 21.1°C., In G, those were 31.0
and 25.7°C.
(2) As for the detailed accounts for
the regulation of rearing conditions in
the indoor insectaries, see the para-
graph about the experimental place,
material, and method.

rate concurrently or independently on some:
The results of the.
examinations are tabulated in Table 8.

days after emergence,

The data given in Table 8 are classified.
into five supergroups by the mode of manifes-
tation of the influence caused by the different
combinations of rearing conditions.

Supergroup I: The supergroup includes.
groups A.1.0, B.1.1-2, and B.2.1-4 which were.
reared under the short photoperiod and low
temperature. Under the short photoperiod the
follicles remain in smaller sizes and younger
stages than those in the quiescent phase being
3 to 5 in size and No2 to N in stage. The
females with such small and young follicles.
entirely reiect taking the blood meal showing:
them to be in the diapause state.

Supergroup II: It includes Exps. E,F, G,
H,and L
long photoperiods and temperatures of 21 to-

The females were reared under

28.5°C. Under these long photoperiod con-
ditions the follicles of the females developed
and reached the quiescent phase and the
females took the blood meal irrespective of the
rearing temperatures. The feeding rates were,.
however, rather higher in higher temperatures.
than in lower ones.

Supergroup II: It includes groups B. 2.
5-6. The females were reared during the.
period covering the immature stages and 9
days after emergence under a short photo-
period and 21°C, but thereafter under a 24-
hour photoperiod and the same temperature..
The follicles of the females reached the qui-
escent phase and their feeding rates were.
rather higher. The result shows that the
gonoinactive state of females can be changed
to the gonoactive state by the exposure of
adult females to the long day condition for
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some days or for 13 days in this experiment.

Supergroup IV:
15 and C. 1. 1-2.
under a short photoperiod plus additional il-

It includes groups B. 3.
The females were reared

luminations (for only adults) and low temper-
atures. In B. 3.1 additional illumination was
not added, in B. 3.2 the same was added on
one day, while in B. 3.3 on 2 days and in B.
3.4-5 on 4 days. The feadiny rates weare zzro
in the first two groups, only 0.4 9 in the
third group, while 17.8 and 25.5 2 in the last
two groups, showing that the feeding activity
becomes higher little by little with the in-
crease in light hours.

Supergroup V: It includes groups D. 1. 1-
2. The females were reared under a short
The folli-
cles remained small in size and young in

photoperiod and high temperature.

stage at least in the females examined, but

Table 9.

Senji KAWAI

the females of these groups took the blood
meal, though in only 3.6 and 4.4¢. This .
suggests that high temperatures perhaps 27°C
and above may have some effect on the
feeding activity of the females, details of .
which will be discussed later.

The particulars on the development of the
first and second follicles of females which
took the blood meal are given in Table 9.

All the females given in Table 9 are divided
into three groups according to the maturation
of the first follicles: (1) the females had a
considerable or the usual number of mature
eggs, (2) the females had a few or a small
number of mature eggs, and (3) the females.
bad no mature eggs. In the first group the
remaining first follicles were all dezenerated .
and the second follicles were found well de-

veloped to reach the quiescent phase. In the

Development of the first and second follicles in the

females fed on a chicken (continued from Table 8).

A ! 72 with a few or no mature eggs B
Exp., o | ¢ ¢ with mature eggs ————————— = —— T -
Batch, | Condition: | N4 of INo. co (st folliclesX* | (Ist follicles)
and photope_:rlod‘ o dis- — S — ]
Group | (hrsimin), fed | sected | wo. of | Mean No. | No. of | Eggs| Stages of (Znd follicles)
number |teMperature oo | (range) of | ™0 P | per | remaining
‘ 0 j eggs/ovary “’ lovary| follicles ‘I
|
N \ o T
B.3.3 | 11:00,21°C [ 1 [ 1| o0 . 1 0 | Ib~IIb | No2
[(An additional 3-hour-illumination was given for |
I the females each on different two days before the I
feeding) i
i l1e ‘ 5 |degenerated N
. e 15 |degenerated N, Ia
B.3.4 11:00,21°C | 28 8 3 ca. 80 5 geners ’
| (The same was given each on four days) {; z, 2(()) delg»lenclrdﬁed‘Nol Ia’,\YOIZb, -
! | | B et T
| |
B.3.5 11:00,21°C’ 28 ' 2 o - 2 0 | I-Il~Ila Nol, NoZ
(The same was given each on four days) } |
! | (520 0 N Nol, No2
o 970 . P 200 o0 N~Ja |Nol
D.1.1  11:00, 27°C 17 11 2 ‘ 69(57-81) 9{1 20 0 N~Ib INol, No2
‘ ‘ ‘ Cltgee 0 | Ib~Illa | No2
| | ! ‘ - {
D.1.2 [11:00,27°C | 19 | 8 o 79060-90) | 2 {}5 o NOIZ\,NN Nt ggé
i 7 |Nol,
E.2.0 | 14:00, 21°C ‘ 261 ! 2 ! 2 ca. 90 -0 | I
| | |
F.1.1 14:00,27°C 280 | 14 14 95(46-146) 0 ‘
|
H.1.2 [ 16:00,21°C | 62 | 5 5 81(47-113)] 0 ‘: ’
! ! J |

* The remaining ones of the first follicles were all degenerated.
The second follicles reached the quiescent phase being No2 tg I-IT or mostly N to Ib stages..
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second group the remaining first follicles were
all degenerated and the second ones were in
the quiescent phase. In the third group,
‘the first follicles were mostly in the quiescent
phase, though greatly varied in development
with follicles and females. In the extreme
-cases, one female in B. 3.3 had advanced folli-
cles of Ib to IIb stages, two females in B. 3.
5 had those of I-Il~Ila, and one in D. 1. 1
had those ranging from Ib to llla. However,
the second follicles remained small in size
and young in stage in all females of the third
group.

The fact that the second follicles develop
-and reach the quiescent phase seems to show
the maturation of eggs en masse or matu-
ration of some eggs and the death of the
remainder. On the contrary, the fact that
the second follicles remain in a small and
young developmental state seems to show that
‘the first follicles after reaching the quiescent
phase or a little more advanced stages do not
farther develop by the occurrence of gono-
trophic dissociation.

From the above observations, it is concluded

-on the unusual development of follicles as

follows. Additional illuminations added to the
daily short photoporiod seem to cause the
follicles of some females to develop to some
extent inducing the females to take the blood
meal. After feeding, in some females the first
follicles develop to mature eggs en masse and
in some others only a small number of them
complete the maturation. In these cases the
remaining first follicles degenerate and the
second follicles advance to the quiescent phase
suggesting the possibility in such females of
taking the next blood meal. On the contrary,
in some fed females, the first follicles remain
in the quiescent phase and the second ones
in a small and young developmental state,
showing that the females entered into the
state of diapause by the occurrence of gono-
trophic dissociation. High temperature con-
ditions above 27°C combined with short day
length seem to cause similar abnormality in
follicular development in a few females.
These unusual developments of follicles must
take place in nature in autumn when the day

length and temperature are getting shorter
and lower.

III. Comparison of follicular development and feeding activity of the females reared to
adults from larvae in the biotron or in the outdoor insectary, and those collected

as adults in nature

1. Follicular development and feeding activity of

the females reared to adults in the biotron
under the rearing conditions modeled afier

those in nature in August to September.
Detailed accounts for regulating temper-
ature, humidity and day length in the biotron
were described in the paragraph about the
experimental place, material and method.
Under the conditions (Table 10) in the
biotron modeled after those (Table 12) in
nature in early August to late September, the
first instar larvae originated from the labora-

tory colony were reared to adults, With the
females reared as above, the follicular de-
velopment and feeding activity on chickens
were examined with the results shown in
Table 11. The females which emerged from
early August to mid-September had the folli-
cles nearly similar in size and stage to those
of the females reared under a 14-hour photo-
period and a constant temperature of 27 °C
(Table 2). The feeding rates were also neatly
the same. The results show that the females
are gonoactive if they emerge as adults before
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Table 1Q. Changes in the rearing conditions by 5 days in the biotron produced
after the natural ones ;encountered in August to September at Nagasaki, showing
the photoperiods (biological day length) and mean temperatures at the time of
the hatching of larvae (A), the emergence of adults (B), and the dissection of
females (C).
Exp. & | Month, part (subpart) | Photoperiod (hrs: min) ‘ Temperature(C)
Batch _ — S
Yoo W ® | © w e o w elo
— — i e e S
J-1 | Aug. E(2) | Aug.M(1) Aug.L{1) | 14:44 ‘ 14:35 ‘ 14:15 28.4 J 28.4 ’ 27.5
|
J-2 ‘ Aug. M(1)  Aug. L(1) | Aug.L{2) 14:35 | 14:15 14:04 | 28.4 | 27.5 ‘ 27.5
J-3 | Aug. M(2) | Aug. 1.(2) | Sep.E(2) 14:25 ’ 14:04 ’ 13:43 28.4 | 27.5 26.5
J-4 Aug. L(2) | Sep.E(1) & Sep.M(1) 14:04 ‘ 13:54 | 13:33 27.5 ' 27.2 ' 24,5
J-3 ‘\ Sep. E(1) | Sep.M(1) | Sep.L71) i 13:54 13:33 ‘ 13:13 i 27.2 } 24.5 | 22.1
Remarks : (1) As for the method of regulating the photoperiod, temperature and relative humidity,
see the paragraph about the experimental place, material and method.
(2) The relative humidity varied with daily cycle nearly conversely with the temperature.
according to the time of a day, ranging from 62 to 90%, usually from 65 to 85%,
during August to early September, but it became a little lower thereafter towards the
end of September.
(3) E, M, and I. mean the early, middle, and late parts of a month, which are divided
into two subparts (1) and (2),
Table 11. Developmental states of follicles and the feeding rate of the females reared

as adults from the first instar larvae and continuously thercafter in the biotron under the

conditions given in Table 10.

N | No. of ¢ with the Ist Feeding rate
::'Xdp‘ Month in biotron }Days from‘ follicles of the indicated De\éﬂop;ng?tal ‘ on chicken 9 days
B:Rch‘_. o __|emerg. to mean length ‘ ge ~after emergence
at | at dissection| .~ 10-| Total | the Ist | the 2nd | No. ¢¢ No. ¢ Rate
) | hatching lemergence 4 . ! ° ] J otallfollicles follicles exposedJ fed | (%)
i 1 i
J-1 |Aug E(Z)rAug \1(1) 9-13 | 3[ 0 ! 38 !ana No“ﬁoz 461 240 |52,1
J-2 lAug. ‘\1(1)Aug L(l)l 9-10 ' 1 3[ 10: 61 20 NAI-TI \Nm%’oz 522 174 ‘ 33.3
1-3 ‘Aug.M(,Z)‘Aug.LQZ) 9-13 l 3 10 12/ 4‘ 1 30 N~Jia |Nol 531 286 | 53.9
J-4 Aug.L (2)Sep.E (1)  12-13 l 3 7 ’ ’ 10 fla~b MO 321 | 200 | 62.3
J-5 Sep.E(1)Sep. M (1)| 12-15 J 1| 3 )} 2 | 10 |N~Ib |Notl 213 72 | 33.8
[ 1 w P i }

Remark : As for the subdivision of a month, see footnote in Table 10.

mid-September ; i. e., before the days when
the biological day length becomes about 13:
30 hours.

2. Follicular development and feeding activity
of the females reared tc adults in the outdoor
insectary especiallv in and after September.

Similar experiments were carried out under

the rearing conditions shown in Table 12 in
the outdoor insectary. The detailed figures

on the astronomical and biological day length,
mean air temperature and mean relative hu-
midity by ten days at Nagasaki in 1965 to:
1969 are presented in Table 12. The larvae
which hatched in and after early November
from eggs originated from the laboratory
colony could not complete their larval de-
velopment as shown in Table 13. The larvae
could develop to adults in a rather low rate
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from the end of October to early November
only when they were reared hefore mid-
October (K-6 in Tables 13 and 14).

In Table 14, the results of examinations
for the developmental states of follicles and

Table 12. Day length, mean air temperature and relative humidity
by five days at Nagasaki, 1965-1969.
‘\girélth ]()Ii:g lfgigx;c? l Mean air temperature (*C) | Mean relative humidity(%)
Part astro- | b“’éo.m'al | 1965 1966 1967 1968 1969 1965 1966 1967 1968 1969
Jan. E | 10:06 11:16 [ 5.6 7.3 4.4 7.7 45 | 62 68 70 66 71
M ‘ 10:14 11:24 ‘ 5.3 7.3 3.8 6.9 6.3 ‘ 69 71 71 64 73
L | 10:28 11:36 7047 80 53 121 | 72 6T 73 6% 83
Feb. E ‘ 10:44 11:52 5.5 7.8 7.3 2.8 3.9 | 73 71 72 61 69
M 1102 12:08 9.0 9.3 4.0 3.5 10.7 | 67 71 63 69 82
L 1122 1227 | 6.6 9.3 87 48 55 56 16 71 70 62
Mar. E 11:37 12:42 \ 7.1 4.2 7.9 7.6 7.3 56 78 68 65 64
M 11:57 13:01 0.9 12.0 11.8 10.0 8.6 } 64 66 77 635 73
L | 12:18 13:23 9.4 10.5 1.5 12.3 11.0 ‘ 64 64 74 70 72
Apr. E 12:39 13:44 11.5 13.6 14.6 15.1 12.7 | 62 7 77 65 58
M 12:59 14:05 ‘ 13.4 13.3 14,5 14.7 135.7 68 7 78 63 73
L 13:18 14:26 155 18.2 17.7 15.8 18.0 | 74 82 68 68 80
May E 13:35 14:43 17.0 17.7 18.3 17.7 18.9 | 74 72 79 73 70
M 13:30 15:02 19.6 19.5 19.0 18.5 19.6 68 68 72 74 80
L 1403 15:17 19.6 19.1 22.2 18.9 18.9 | 76 74 75 78 71
Jun. E 14:14 15:30 20.4 20.1 25.0 20.7 19.9 7276 68 73 73
M ‘ 14:18 15:34 20,9 21.4 23.4 21.2 21.4 } 84 8 70 82 78
L 14:20 15:37 22,9 24.6 24.2 21.9 22.8 | 8 8 8 8 83
Jul. E 14:15 15:31 24.6 22.8 24.4 21.9 23.0 1 90 82 88 8 91
M ‘ 14:07 15:22 27.3 26.8 27.7 26.3 26.0 ‘ 83 83 85 8 7%
L | 13:56 15:08 28.0 28.6 28.8 26.7 28.0 82 79 72 80 T
Aug. E 13:40 14:50 27.5 29.7 28.0 26.9 7418 77 7
M ‘ 13:23 14:31 28.0 29.5 28.8 27.5 78 75 79 76
L 13:05 14:12 26.9 28.1 28.7 27.0 |78 7T 78 76
Sep. E 12:44 13:50 23.5 28.3 29.0 25.8 ’ 7373 74 67
M 12:25 13:30 | 2.6 22.9 23.1 24.8 7669 62 76
L ' 12:04 13:08 | 21.4 20.4 22.8 22.4 64 77 62 80
Oct. E 11:44 12:48 | 19.0 20.4 20.3 22.4 66 74 61 79
M 11:25 12:30 17.3 19.2 19.3 18.0 635 70 63 59
L 11:05 12:11 17.6 17.1 17.4 16.3 75 70 68 62
Nov. E 10:46 11:53 18.3 15.2 16.5 15.5 73 75 74 74
M 10:30 11:38 15.1 14.7 13.1 11.3 75 71 65 67
L 10:17 11:27 12.3 9.8 13.2 14.6 69 67 71 77
Dec. E 10:08 11:18 10.5 7.9 6.9 14.9 0 68 69 83
M I 10:01 11:13 8.4 9.7 7.5 10.1 ‘ 74 70 68 74
L % 10:01 11:13 6.9 5.6 43 9.3 L6870 76 67

the feeding rates of the females which
emerged in September through early November

were presented, together with those of the
females which emerged in May through August

for comparison. In May the first follicles
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Table 13. Development of immature stage mosquitoes reared from the first instar
larvae under natural outdoor conditions (given in Table 12) in the outdoor insectary.
“Bicn Year Date of Dupation |G o] e 055
No. 8 ¢ o emergence from pupae
K-1 1966 | Aug 10 88.8 Aug. 16 87.7
K-2 1966 | Aug. 25 91.0 Aug. 31 90.3
X-10 1967 T Aug. 26 72.9 Sep. 1
K-11 1967 | Sep. 3 79.1 Sep. 10 |
K-3 1966 . Sep. 9 74.9 Srp. 16 91.8
K-4 1966 ‘ Sep. 15 74.1 Sep. 21 89.9
K-5 1966 | Sep. 26 80.6 Oct. 9 84.7
K-12 1967 ’ Sep. 30 58.3 Oct. 11
K-6 ‘ 1966 } Oct. 12 69.3 Oct. 31 | 37.4
K-7 1966 1 Nov. 2 Ail died by Dec. 19 in 4th instar.
K-8 ’ 1966 i Nov. 28 All died by Dec. 5 in lst instar.
K-9 ‘ All died by Dec. 27 in Ist instar.

1966 ‘ Dec. 23

of the females reared from the larval stage
under the natural outdoor conditions became
very large and advanced to N~IIa in stage.
In June through late August, the follicles
were mostly middle-sized but some were
larger in size and N~Ila or even IIb in stage.
The feeding rates in May through August
were high, showing that the females which
emerged in this period were obviously gono-
trophically active. In early to mid-September
small follicles (3 to 5 in length) began to
appear though the feeding rate was still high,
while in mid-September the rate abruptly
decreased very much. In and after late
September the follicles were mostly small and
No2~N in stage and the feeding rates were
The above shows that

females of the mosquito begin to become

zero or very low.

gonoinactive about mid-September.  The
factor which induces the females to the gono-
inactive state is the day length, as already
stated in the previous paragraph, and now
‘tae critical time of becoming inactive for the
females is thought to be in mid-September
‘when the biological day length is about 13: 30

hours. The shortening in day length seems
to have also a great influence on the mat-
uration of eggs as shown in the next Table.

Table 15 shows the states of follicular de-
velopment of fed fema'es on chickens among
the females given in Table 14. It is of inter-
est that there were some females which failed
after feeding to mature the normal number
Among such females there were

The first type is the females

of eggs.

two types.
which could mature no egg or only a small
number of eggs. The remaining first follicles
were degenerated and the second follicles in
quiescent phase or slightly advanced stages,
as seen in K-1 and K-11 in Table 15 and also
in B. 3.4 in Table 9. The females of this type
were found even in summer but seemed to
become larger in number under the conditions
of the shortening day length in and after
September. The second type is the female
in which the first follicles remained in qui-
escent phase or in a little advanced stages
of Ila (cf.Table 15) or even Illa (cf. Table
9 and 17), and the second follicles in the very

young stages of Nol to No2. The females
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Table 15.
chicken (continued from Table 14).

Development of the first and second follicles in the females fed on a

©¢ with mature eggs |

¢9 with a few or no mature eggs

|

]Zzg Month No. of No, 29 (Ist follicles)* (Ist follicles) ] )
Batch Year of emer-| 2¢ dis- | "No. . Mean No. | No. Eggs | Stages of (2nd follicles)
No. | gence | fed | sected of  (range) of | of per | remaiing

| 2y | eggs/ovary 29 ovary | follicles
K-1 | 1966 @ Aug.M| 157 ’ 36 | 34 111(34-169) zi Ly 8 deNgenerated ENIb

Aug.L | | g N i
K-2 1966 | g 85| 436 32 | 31 92(35-138) | 1 | 0 | Ja~Ila Nol

|

K-10| 1967 | Sep.E 76 | 15 14 82740-150) | 1 0 N Nol, No2
K-11 1967 |Sep.E-M| 245 6 5 96°65-117) | 1 21 | degenerated N~Ib
K-12 1967 | Oct.M | 11 6 | o ‘6{;§$_ 0 | por~N 1 Xof

* Remaining ones of the Ist follicles were degenerated. The 2nd follicles reached the
quiescent phase being No2 to I-II or mostly N to Ib stages.

of this type are those which underwent gono-
trophic dissociation. The factor which in-
duces the gonotrophic dissociation is principally
the shortening of the day length. With the
advance of the shortening in the day length
such females seemed to increase in number.

3. Follicular development of unfed and fed

females collected as adults in nature,

Examinations for the follicular development
of wild caught unfed and fed females were
carried out in 1966 to 1968 in the Nagasaki
and Saga areas with the results shown in
Table 16. Unfed females were collected by
dry ice traps and in cow- and pig-sheds. Fed
ones were caught just after feeding in
The first follicles of wild
caught unfed females in May through August

animal-sheds.

being in gonoactive states are middle-sized,
ranging from 5 to 10, usually from 6 to 9
excepting those of the females collected in
May as will be stated later, while after
September the follicles become rather larger
and are mostly N to Ib, rarely extending to
Ila in stage.

In the parous females the developmental
states of current and next follicles were
nearly the same throughout the period of

the experiment, with some rare exceptions.

In May, the nulliparous females collected
in nature might be composed of those late
in coming out from hibernation and those
newly emerged as adults in this month. The
follicles of the former may be large and
advanced in stage and those of the latter
may be subjected to a great variation in size
and stage because the day length is getting
longer but temperatures are rather low and
very variable. Therefore, the mosquitoes in
their immature stages are subjected to a
great variation in the environmental con-
ditions under which they bred. This may be
the reason for a great variation in size and
stage of follicles in females caught in this
month.

Fed females which were collected just after
feeding in cow- and pig-sheds in nature in
September through October, were examined
for the states of follicular development with
the results shown in Table 17. Among fed
nulliparous females there were some females
which could mature eggs in normal number
even in early October, and some others in
which the first follicles remained in the qui-
escent phase and the second follicles in very



Parous females

Developmental states of follicles of wild caught unfed females by
and pig-sheds in Nagasaki and Saga, 1966 to 1968.

Nulliparous females

dry ice traps and in cow-

Table {6.
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young stages as the result of the gonotrophic
dissociation. The number of females which
underwent gonotrophic dissociation appeared

NS ~ &~
:2 ;E % ; é Z? g Z; %3 g é to increase with the lapse of time. The
& “f & E % é ;: parous females, at least in these experiments,
% i’o_; c 28 o= = o« - were all subjected to gonotrophic dissociation,
Efz = :2 Z 2 E :; ~2 :2 2 :2 although it was uncertain whether this was
ez 2R za” = always true or not because of the scanty
2 V% | 6 @ o ot O o< number of cases observed. The above sug-
[ - ~ - gests that when the day length becomes
E%g - shorter in September, some fed nulliparous
E;; o - females and many fed uniparous ones are
§ g & & — subiected to gonotrophic dissociation probably
%:5 ; - w - 4 o increasing in number with the lapse of time,
)g o] T ® o T o and that some others, however, can repeat
: Egp - omoem oy their gonotrophic cycles till the end of life
Z§ o : :] - T probably without entering hibernation.
Z“S\U'} 4. Comparison of developmental states of folli-
: ::O E _ ;O E ;Cl E :O cles of females reared tc adults tn the biotron
;g?!“’é é 2 é é é é é 2 or outdoor insectary, and those collected as
%g“’ z . Z 4 7 Z A - adults in nature.
E’%‘% = :Z é E = ’E S S In Table 18 a comparison of the develop-
a ‘E ;Es E 2 Z? 2 ZZ Zz é mental states of follicles of females reared
—l : to adults from larvae in the biotron ot out-
:; ©C ISR door insectary with those of females collected
7 A _ in nature as adults, shows that the states
E—’ﬁ = are found to be nearly the same throughout
2 %03 the gonoactive season for this mosquito from
E; e - March through August, while in and after
fégz - September the situation becomes different.
éé - “© - The follicles in the former group become
?Té S N ® -~ smaller in size and younger in stage, while
”5;‘6 ®w o~ O w0 in the latter they are as usual or in rather
c'f W T2 2833 advanced states. This may be due to the
” Ol\: : ; E E f o“': E - fact that the nulliparous females which have
© - small and young follicles are gonoinactive and
‘"; _: : - OW - seems to enter hibernation without taking a
:'EE £z g5 oW &8 B blood meal, while some others which have the
= = <FE S Ss< w07 usual or slightly more advanced follicles

retain their gonoactivity till the end of life

in late autumn.
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Table 17. Development of the current and the next follicles in fed nulliparous . and
parous) females caught in nature at cow- and pig-sheds and kept outdoors.
Date Days ‘No of' 22 with mature or nearly matured eggs ‘ 2% without eggs
from P < - -
of : 2L fara ! N States of a .
collec. | collect.) 0 i)o. : Mean No " remaining btage% . No. Stages »of Stages
tion I to sected. of | (range) of | frent of next of cutrent of next
} dissect. edi o0 eggs/ovary | fcu A‘en< - follicles foge] follicles follicles
. i | i 7 ollicles ) i 7
: | | ! !
Sep. 7 ‘68 | 6 | 4 | 3 ‘ 99:97-101)  degenerated | N 1 Ib~IIla | Nol~No2
; ‘ (i | (1) | (Ib~IMla) |(Nol~No2)
Sep. 11 768 30 o) | (1) (N~Ja) (Nol)
Sep. 14 767 3 5 ‘ 5 100{90-1125  degenerated | NoZ~N
Sep.17 67 3 2 | 2 | Tb~lla | Not
; ; : I '
Sep.18 /67 3 | 12 | 12 88.59-132) degenerated | No2 1 ‘
) | 1 ‘ | i )1 N~Ia | Nol~No2
Sep.28 ‘68 |4 1 4 | 1199 degenerated | N 3{1 | LIl~Tla | Nol~No2
! } \ | i ! | 1 N~Ib | Nol~No2
\ ‘ i .
EESER . ‘ | (1) (N~Tb: (Nol>
! . | \ i
Oct. 5 768 o 1 ! 198 degenerated | N ‘ }
‘ | ‘ i
Table 18 Comparison of developmental states of follicles of unfed nulliparous females

collected in nature as adults (Table 163,

natural conditions in the biotron (Table 11) or in the outdoor insectary (Table 14,
states of follicles of females reared from larvae in the biotron er outdoors are given in

and those reared as adults from larvae under

(The

parentheses)
‘ | .
l\g)(l)?:(}:ltlzfn No. of with the lst follicles of the indicated mean length Develof’,meffﬂfstjgf?i
' S e — the Ist ; the 2nd
(emergence) 3. 4. 5. 6o 7- 8- 9- 10- 1l- 12- 13- 14- 15 Total foljjcles | follicles
— S o - = Jolhicles
Mat. | 1 11 3 | Ta~Ib Nol~No2
Apr. | 1 3 5 8 8 25 No2~Ila | Nol
dav | 15 11 13 12 12 3 1 60 N~ IIla | Nol~No2
May (2 (3 (20 (7) (No2~IIa) (Nol}
- 2 14 19 7 2 44 N~I-II | Nol~No2
R (1) 6 (19) (200 (4> (1) (1) (33)  (No2~IIb) ( Nol~No2Z
Jul. 2 14 36 27 10 89 N~lla | Nol~No2
An 6 6 28 22 5 67 N~I-II | Nol~No2
g (4) {16) {36) (26) (5) (1) 88) | (N~IIa: | (Nol~No2}
Se 1 14 24 13 8 60 | N~Ila ; Nol~No2
ep: (3)(6) (24) (23) (12) (D (69 | (N~L.IL}  (Nol~No2)
Oct. 1 1 11 1 5 | Ia~Ila | Nol
Nov. [(13) (25) (3) (D (42) | (No2~N) | (Nol)
5. Consideration on the mode of entering hiber- ment and the increase in the number of females

In September the biological day length
becomes shorter being 13:50, 13:30 and 13:
08 hours in the early, middle, and late parts
of the month. The shortening in day length
induces the reduction of the feeding rate of
females, the retardation of follicular develop-

nation in this mosquito,

subjected to gonotrophic dissociation after

The females

taking a blood meal.

The feeding rate of

females abruptly decreases very much or
reaches zero in and after mid-September.

with small follicles (3 to-

5 in length) begin to appear from early
September, gradually increasing in number-



Studies on the Follicular Development and Feeding Activity of the Females of Culex 167
tritaeniorhynchus with Special Reference to Those in Autumn

with the lapse of time. Fed females which
undergo gonotrophic dissociation become
fairly larger in number at that time than in
summer.

In October, most of the females which
emerged as adults in this month have small
follicles, scarcely take a blood meal, and if
they rarely take blood they seem to he

subjected mostly to gonotrophic dissociation.

These females, which undergo such in-
fluences as above by the shortening of day
length, seems to enter hibernation, although
there may be some females which can repeat
the gonotrophic cycle in spite of the shorten-
ing of day length till the end of autumn

probably without entering hibernation.

Summary

1. The females which were reared from
the larvae under the combined conditions of
a l4-hour daily photoperiod (biclogical day
length) and a constant temperature of 27°C
modeled after natural conditions in late
August in the Nagasaki area, are gonoactive
and feed as readily as in nature in summer,
The prefeeding period requires about 3
days, being a little longer than in the case
of other mosquito species, because of the
first follicles are very young at the time of
the emergence as adults. The gonotrophic
cycles from feeding to oviposition require
above 3 to 4 days and are necarly equal for
each time because the first and the second
quiescent phases are nearly equal, being middle
(6-9 in length on the micrometer scale) or
large (10 or more) in size,and N to Ib in
the stage extending in some cases to Ila or
rarely to Illa. The period from oviposition
to feeding is about one day. Thus, the calen-
dar age of this female mosquito is determined
by an equation : 3-++n (4-+1) days, where n=
number of dilatations.

2. Examinations for the follicular develop-
meant before and after feeding were carried
out with the females reared from the larval
stage under the combined conditions of
various photoperiods and temperatures in the
indoor insectaries, under conditions modeled

after natural ones in the biotron, and under

natural outdoor conditions. As a result, it was
revealed that : The females are gonoactive
and high in the feeding rate during the pericd
from late March through mid-September
when the biological day length is longer than
13 : 30 hours. Their follicles at the quiescent
phase are middle-sized or large in size and N
to Ib or slightly more advanced in stage. In
early to mid-September the first follicles are
mostly middle-sized, but some are of small
size (3 to 5 in length). The females with
small follicles increase in number rapidly with
the shortening of the biological day length
below 13:30 hours.
October most of the follicles become small.
The feeding rate abruptly decreases in and

In and after early

after mid-September when the biological day
length is getting shorter and shorter below
13 : 30 hours.

3. In the course of the period when the
day length is getting shorter in and after
September, usually, the feeding rate of the
females decreases rapidly and their first folli-
cles become smaller and younger as stated
above. However, some females which proba-
bly had middle or rather smaller sized follicles
take a blood meal, resulting in failure in many
After the

feeding of such females, there occur (i) a

cases in maturing the follicles.

minority of females in which all the first

follicles or majority of them degenerate with
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a small number of matured eggs, and all the
second follicles reach the second quiescent
phase; (ii) some females in which the first
follicles reach the quiescent phase or a little
more advanced stages but the second ones
constantly remain in small and young states
by the occurrence of gonotrophic dissociation.
The number of these females increases
with the advance in the shortening in day
length ; (iii) some parous females which
underwent gonotrophic dissociation after
feeding following oviposition. Besides these,

there are some females which can repeat

gonotrophic cycles even till the end of Oc--
tober probably dying before long.

4. The females of this mosquito seem to-
hibernate from about mid-September under
the gradual shortening in the day length in.
the following states : Many females having
small follicles enter hibernation in the nul--
liparous and unfed states; some females.
hibernate in the nulliparous state after under- -
going gonotrophic dissociation after feeding ;
some parous females do the same in the-
state of gonotrophic dissociation after feeding .

following oviposition.
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