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Abstract

Day length is a principal factor controlling the feeding 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 nullicarous or parous females

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

enter hibernation.
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Introduction

Ecological studies of Culex tritaeniorhynchus, a

most important vector of Japan己se encepn-

alitis, were started in 1965 in the Nagasaki

area, in, relation to the epidemiology of the

disease in the Department of Medical Zooト

ogy , Nagasaki University Schoo】 of Medicine

亡Omori et al. , 1965 ; Wada et al. , 1967〕.

The results of preliminary experim巳nヒs

showed that in spring there appeared a

great number of over-wintered fema一es being

attracted to dry ice, although the temperature

is very low,and that the number of females

deニreased very sud加nly in September when

the temperature was still high enough for the

mosquito to bre巳d―　These facts suggested

tha亡th巳　day leng亡h must be the principa一

factor to control the gonoactivity of the

females of this mosquito.

Oda〔1968〕s7〓lowed 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

G. tritaemorhynchus by preliminary experiments.

On the other hand ,the induction of

diapause in many insects inc一uding mosqui―

toes is closely related to the photoperiod and

temperature (Beck, 1968 ; Damlevskii, 1961〕.

Studies on the follicular development and

feeding activity of C. tritaeniorhynchus were

therefore carried out tm.ユer various artificial

and natura一 conditions of photoper王o〕s and

temperatures from 1965 to 1968. Based on

the resu一ts 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 Zoo一ogy, Naga―saki University

School of Medicine for many helpful sugges-

tions during the course of this work and for
■

aid in the preparation of the manuscript.

E‡perimental 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 】en言th in hours plus

morning and evening twilight hours〕 is con-

二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 lyii唱7- 21′ 40" below the horizon.

Each twilight perio且in Tokyo varies with

the season from 32′ in late September to 38.5′

in late June 〔Rika-nenpyo, 1968 issued from

the Tokyo Astronomica一 Observatoryo. 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

tntaemorhynchus :　The laboratory colony

was originated from a group of fed females

-collected at animal sheds in the Nagasaki

ar飽in Apri一, 1965. I亡has been successfully

maintained under the rearing conditions of a

daily photoperiod (biological day length〕 of

14亡o 15.5 hours and a constant temperature

at 27-C and relative humidity of about 60 to

ln the rearing room in which the

colony was maintained, the natural light coming

through the frosted glass windows was utilized,

whi一e, when the biological day length became

shorter than 14 hours in september through

early April, elecヒric lamps were 一ighted to

make up the shortage far b巳foredawn by

raising the illamination from darkness to

about 600 Lux.

Cop山ation took place rather easily mainly

in the evenir唱twilig加hours when several

hundreds to thousands of females and males

c血abited from just after emergence in a 一arge

cage of 80 cm in diameter and 170 cm in length.

The fertilization rate reached about 60^ in

比ree days and about 90 % in seven days.

The adults were reared with l%　sugar

so一ution. The feeding of females was allowed

mostly on a chicken, rarely on― a mouse or a

man in a cageof 30×30×30cm. Thelarvae

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

f emales.

(1〕 Rearing conditions in the indoor insec-

taries were as presented in Table　7. The

m〔〕squito巳s 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

Table 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ふdays of a certain month of the

five years from 1963 to 1967.

Th巳cam was worked for five days and then

substituted by the next one which was made

in the same way for the next successive-5―

days.

The relative humidity was also contro一led

so as to repeat the natural daily cycle fora

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 liヒtl巴Iower thereafter towards the end of

September.

The illumination program was made to

change with th巳daily cycle and to change

gradually each 5 days in thesame way as in

th己case of th巳change in temperature. The

daily cycle was mad巳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 mornin宮tW―ilight

length〕 ; 〔ii〕 a period during which a plateau

illumination of 2000 Lux was kept continuous

〔equivalent to the astronomical day length

in a successive-5-days〕 ; 〔iii〕 about thirty

minutes during which illumination was

dropped gradually from the plateau to

darkness〔equivalent to evening twilight hours〕 I

〔3〕 The r組ring conditions in the outdoor

insectary were all subjected to the natural

astronomical conditions which were given in

Table 12.

Length offollicles ; The follicles were mea-

sured on a micrometer scale, a unit of which

was 10.5^.

Results of experiment畠

I. 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℃　The rearing conditions were

near to thos己in late August in Nagasaki, be-

cause the biological day length on those
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Table l･　Description of developmental stages of follicles in gonoactive females of Culex

triaemorhynchus.しThe changes in length and stage of follicles with the lapse of time are

shown in Table 2.;

StageBeforeTakingBlood
NolThefollicleofjusterne】gedfemalesisincludedwithinthegermarium〔itiscalledasthe
first王ollicleinthispaper〕andisnearlyofthesamele咽thasthesecondfolliclewhenthe
firstonejustreachesNstage.
No2Thefirstfollicleisrecognizablefromthegermarium[_〔orthesecondfollicleinthispaper〕
bytheconstriction.
NThefirstfolliclehaseightundifferentiatedcellsandcompletedanepithelium.
1aOneoocyteandsevennursecellsaredifferentiated,butthenucleusoftheoocyteisnot
apparentlyseen.
IbThenucleusoftheoocyteisclearlyvisible.
I-IIAfewyolkgranulesappeararoundthenucleusoftheoocyte.
HaYolkgranulesaredepositedsparselyaroundthenucleusoftheoocyte.
About3daysafteremer酢neemanyfemalespreferablytakeabloodmealwhenthefirst
folliclesareNtolainstage.ThefolliclesrangefromNtolborrarelytoI-IIstageson
thefollowingdayandmorerarelytoIIawiththelapseoftime,remaining,however,in
theseconditionsunlessthefemalestakeabloodmeal.Consequently,thesestages,usually,
however,Ntolbo口escanbesaidtobethefirstquiescentphaseofthismosquito.
Thethirdfolliclesi.e.,theconstrictionsonthesecondfolliclesappearveryrarely,sli紳tiy,
andusuallyduringthefirstfolliclesbeingrespectivelyinN,latolb,andI-IItollastages.
AfterTakingBlood
I-IIThesameasabove.
IIaThesameasabove.
libTheoocyteoccupies1/4to1/2ofthefirstfollicle―Yolkgranulesaredepositedfairly
denselyallovertheoocyteandthenucleusbecomeshardlyvisible.
呈HaTheoocyteoccupies1/2to3/4ofthefristfollicle.libTheoocyteoccupies3/4to4/5ofthefirstfollicle.vThe｡｡cyteoccupiesnearlyallparts｡fthefirstfollicle,pushingupthenursecellsup-

wards.Thefollicletakesalongandovalshape.
VaThefirstfolliclegainsitsmaximumsizeandbeginstoproduceamicropilarapparatus
andachorion.
VbThefirstfolliclesnowarefullgrowneggswithacompletedmicropilarapparatusanda
chorion.
0い/ipositionseemstooccurimmediatelyafterovulation.Atthetimeofoviposition,the
secondfolliclesareinNo2tolbbutmostlyinNtolbstagesandthereforethesecond
quiescentphasecanbesaidalsotobe-inNtolbstages.

days was l生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 offollicles before and after feed-

ing and after oviposition.

On the basis of the result of observations

�"on the follicular development 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

七of the follicles before and after feeding on

Tnice and after oviposition carried out w―ith

the females kept under a 14-hour photoperiod

and 27-C are tabulated in Table 2.

The first follic一es of females iust 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 lO.b/O.

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

neニessarily 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 la stages by about 72 hours and N to

ID stages by about 96 hours after emergence,

although a few of them advance to I―IT or

even to Ha stage in a longer time. The stages

N to lb 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 le喝th and advance in stage. In the course

of the development they are subjected to a

.great variation in length and stage but by

the end of three days after feedi咽,about

of them reach Vb stage and on the next

rday they all become mature eggs and seem to

七e deposited socn. After feeding―, the second

follicles reach No2　to lb or mostly N to lb

and the third ones appear in all ovarioles.

The states of follicular development lust

prior to oviposition seem similar to those at

the time just after oviposition and most of

the second follicl巴5 remain in stages N to lb

For 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 th巳first quiescent phase　週s

I妃arly the same as the second one in the

states of follicular development at the time

of taking blood by many fema一es seems to

suggest that the period required from feeding

to maturation of eggs is nearly the same in

each gonotrophic cycle.

2. Comparison offeeding and oviposition habits

between fertilized and unfertilizedfemales.

A feeding experiment was carried out with

the fema一es which had been kept with nearly

the same number of males for seven days

a托er emergence.　On that day females

were a一lowed to feed on a man. Forty-three

females, 38　engorged and　5　unfed, were

examm己d for sperms in the sp巳rma亡hecae

with th巳　result shown in Table　3　which

shows that unf巳rtilized females take the

blood meal as readily as fertilized ones do.

The prefeeding period, i. e., the period

from emerg巳nee to feeding was roughly ob―

served with some of the fertilized and un-

fertilized females in the course of the sue-

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 to oviposi-

tion and from oviposition to feedig, there

seems to exist no difference between them

as assumed from Tabl巳4. As above, there

seems to exist no definite difference in feed-

ing and oviposition habits between the ferti-

lized and un fertilized 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

l〓4―hour photoperiod and 27-C were exposed

to mice at intervals of 12 hours from 〕ust

after emergence. Sixty-four or 87.7% out of
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Table 2-　　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

U
Jo
*
亡p

bD
4≡

qo

s

こ)

･｢

こ〕
-―ト｣

一p
Ji.
X

ffi

昔朋
も　36
+立

48

巴　72

EE≡ 96

l■

q〕
■立

ri

班
lr

匝

24

48

72

96

1st follicles

l-II　〓　　Ha lib　ト　Ilia

5

">

�">

5

書写二三4L調88･〓14言.3)8.

.｡^.言〔〔三言忠1｡.三4三言:三三

8.2〔 14.6〕 10.5〔 4.ウ〕

14.0〔14. 3〕

12.0こ40. 1〕

2nd follicles

5

5

6

5

4.8〔 17.0〕

6.2〔 5.0〕

5.5f　4.5^〓

15. 4〔26.0〕

ll.8〔 1.2〕

Ⅰ―ⅠI ド IIa

≡:喜4,言二25三〓―..2〔 23.7｡!

Remarks : (1) The females were reared as adults from the first instar larvae and continuously

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

at　27-C.

(2) Many females preferably tookthe 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 ei唱orged with blood. The

time distribution of feeding rates and cumula-

tiv己feeding rates of the fed 6生females are

illustrated in Fig. 1 which shows that some

females began to feed 5･生hours after emergence

but many females,about 73% out of the 64

took the blood meal in 3 days after emergence

andin 4 days i. e. from 54 to 96hoursaft巳r

emergence about 95 % of the females took th巳―

meal. Thus, the prefeeding period m this

mosquito is about 3 days after emerg巳nee.

The period is lot】ger by abo止ヒone day than―

those il} Anopheles sinensis 〔Taketomi, 1967〕 and

Culex pipiens pallens 〔Oda, 1968). The reason

may b巳mainly du巳to the longer period being

required for the firs亡　follicles to reach the

^

ffi　　¥
Nり_?　　　　い　　I la　:　Il)

三冒ー44喜
108 15

120 15

1ヰ4 10

16引10

d｢〓

>
一■ヽ

N｡1 〓　N｡2　―　N ｣ Ia ｢ Ib
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Table 2- (continued)

2nd follicles 3rd f,

nib　　―　　　　　　　　　Va　　〓　　Vb　　―　No!

17. 1〔14.4〕

25. 7(98.8)

31.5(10.0)

―

】37. 8｡1｡.｡〕 3･ 2〔80. 0〕

52.1〔60.0〕l言喜:冒(〔;4o,o;

100.｡〕O

No2　―　N Ia

1.6( 16.5}

1.8こ35.0〕
―

1.呂こ81.2〕⊆

2･6〔 89.5〕;
〓

2. 7〔100. 〔〕〕〓

3. 0〔100. 0〕

4. 1〔100.0〕

ヰ. 5こ10〔〕. 0〕

4.2( 96.7)2.4C　3.3)ノ

4.4こ100. 0〕

4.5〔 81.0〕3.5〔

4.7〔 67.5^)3.3〔_

19.0)i
―

32.5い:

!4.7〔弧0〕3.4こ70.0〕

4.7〔 12.1〕3.8C 87.9〕

3.5い92.9〕〓318い! 7,〕

4. 1〔100.0〕!

>rd follicles

Nol　―　No2

4･1〔 96.8〕〓2･7〔 3.2

4.2〔 78.0〕2.4〔 22―0)

4.1( 67.5)12.5( 32.:>)
―

4.1〔 57.7〕―2.6こ42.3〕

〔5〕 The length of follicles is shown nn

first quiescent phase in this mosquito.

4. Periods required for gonotrophic cycles.

Females reared as adults from the first

instar larvae and continuously thereafter at a

14-hour photoperiod and 27-C wer巳allowed

to feed on a man seven days after emergence.

The females which took the tirst meal were

kept individually and observed for oviposition

Ib　　〓　　h青o 1

/(　3.3)

i.8( 19.o;

1.6( 32.5)

―2.2〔 70.0〕

三~二;-_三

2― 3〔10(〕. ()〕

2.9(100. 0)

3. 7〔100―しo〕

3. 5〔10(〕. too

No1

1.9C　3.2)

2.0〔 22.0〕

1-9〔 32.5〕

2･1〔 42.3〕

〔3〕 Examination for stages was made with all follicles of an ovary of each female,

while measurement of length was made with a limited number of follicles fallimg

in each st=唱e･

〔4〕 Nol stage follicle refers to the germar享um in this paper〔for details see Table l〕･
micrometer scale, one unit ofい,vhich is 10. 5〃ノ.

at regular intervals. The female which laid

eggs was given the chance of feeding from

the nearest observation　亡ime till the time

when she to〔)k the second meal.

The mean periods from feeding to oviposi―

tion and from oviposition to the next feeding

could b巳observed with seven 3-parous females

and ten 4-parous ones with the results as

4th f.
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Fig. "|.　Feeding pattern of the females with the lapse of time after emergence at

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.　Feedii唱activity of fertilized and

un fertilized females allowed concurrently to

feedon a man seven days after emergence at

a 14-hour photoperiod and 27oC.

Fertilized

or not

Fertilized

Un fertilized

Total

No. (and %~) of females

engorged un fed

18〔 47.4%〕

20( 52.6%)

38〔100.( 〕

2( 40.0%)

3〔60.( 〕

5(100. 0%)

20

23

43

shown irl Table 4 〔A〕. The fact　血at 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 ovipositiop are always just

or a little over　3　days.　The fact shows

that紅e 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

progress in the gonotroph―ic cycle. This mayーー

be due to the shortening in time of ovulating

mature eggs. The females which laid eggs

take the second blood meal from just after-

ov週position. In gen―eral, however, the period

to feeding after oviposition may be said to

be about one day,because 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 blooユmeal on, the―-

next night.

For comparison, the similar data obtained

with un fertilized females are given in Table

4 〔B〕 which血ows that the periods for gono―

trophic cycles and to feeding after oviposition

are nearly the same in, both fertilized an且

unfertilized females.

5. Ovariole changes following ovtposition.

The shrinking process or the posterior par上-

Cumulative feeding rate

Feeding rate at each time

Total

152
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Table 4-　　Periods in days : hours from feeding (F.) to oviposition i.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 foroviposition were made at intervalsof 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

and

No. ♀♀

3- parous

Periods in days : hours required for feedir唱oviposition-feeding cycles

1stF.too. O. toF. 2ndF.too.電o. toF. 3rdF.too. O. toF.皇4thF.too.

Meaー　　　　4:11　｣　0:2C

〔7♀♀〕 iRai唱e　3:01一呂:04 I 0:02―3:20

Mean i　3:17

―〔Foa週一o｢u; lーgeミ3:01-5‥12 ―: 0:05-3:14

B : Un fertilized females

4-parous

3:16　　　　　1:09　　　　　　3:12

3:00-4:16 I 0:06-3:17

1

4:0〔)　1　0: 16

3:02―5:17 ら o:ll-2:ll

2-parous Mean　　4:10
〔3♀早〕 Range―　3ニ12-5:08

0:23　　　　　　3:23
〓

0:12-1:17 1 3:07-4:ll

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 nl nature to estimate

the time of feeding af亡er 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. On examination, 23 or 18.5 %　of

the parous ones were found having sac-like

and shrinking tubes. This suggests that the

females having such tubes probably oviposited

the latter par亡of one night and came to feed

3:02-4:00

1―― ･ー―~ ―-

3:06

3:00-3:13

1

0:｡三?冒:2,―3:
3:｡6二三:14

on the following night in less than 20 hours

after oviposition.　The rest of the par批∴

females had completed dilatations.　They

might have taken the blood meal mostly on

the night before or even earlier―

6. Calendar and physiological ages of gonoactive

females at a li-kour photoperiod and 27℃.

Summarizing the data obtained from the

above experiments, calendar and physiological

ages of the female mosquito at a 14―hour

photoperiod and 27℃ are compiled as snwon

in Table 6.

On巳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 followin淫oviposition in the females.

hours

aftei｢

oviposition

Shrinking process

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

some ovarioles, shrinking in some ones, and dilatation appears in some ones in most
females.

20 :　Dilatation appears in most ovarioles and sac-like and shrinking in a few of those in

some females. Dilatation is completed in all ovarioles in many females.

24 :　Dilatation is completed in all females.

チ-/=三

〔〕:20

mi:莞
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are very young and require a long period,

usually 3 to 4 days, to reach紅e first quiescent

phase or N to lb stages. Another one is

that the follicles are subjected to a great

variation m 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 erne棺ence and do so about

one day after oviposition. The developmental

stages of follicles on the days of the feedi喝

are nearly the same ; iq 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 m summer. The calendar age of the

females in nature may be obtainable from an

equation : 3+n (4+1o days. Where, a 3-day

is the prefceding period ; i¥ 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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tritaeniorhynchus with Special Reference to Those in Autumn

II. Effect of day length and temperature on the development of fol一icles and the feeding

activity of the female mosquito

Dr. Omori, the head of the Departm印t Of

iいIedical zoology, suggested in 1964 that hiber-

nation of the female of Culex tritaenio鴫ynchus is

probably induced by the shoitening of the dav

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 Ⅰ巾oto-

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.

Wi紅the females, which, had been reared

under the various rearin宮conditions, examina-

tions were carried out如the size in le喝th

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-

merit A to I〕議

Illumi iation

Exp. -
hrs:mln

A

B

C

l〓o

E

F

G

H

I

Temperature Humidity

Mean Constant　　　ワ占

10:00　　2000　―　23.2　　　　　　　　　　―BO

〓

ll:00 / 160　　　　　21.0　　60-｣〔)

ll:00

ll:00

150 23. 0　　　70-8〔〕

800　　　　　　　27. 0　　　70-80

14:00　　160　　　　　　　21. 0　　　60･呂0

14:00　　800　　　　　　27由0　　　70-80

15:50　2000― 28.5　　　　　　60-80

16:00　ヲ160　　　　　21.0　　60-80

16:00

ヲ

150　　　　　　　25.0　　　60-呂O

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　2x7-C.

〔2〕 As for the detailed accounts for

the regulation of rearir唱conditions in

the indoor msectaries, see the para-

graph about the experimental place,

material, and method.

rate concurrently or independently on some

days after emergence. The results of the-

examma亡ions are tabulated in Table 8.

The data given in Table 8 are classified

into five sup巳rgroups by the mode of manifes-

tation of the influence caused by the different

combinations of rearing conditions.

Supergroup I : Th巳supergroup includes

groups A.1.0, B.I.I―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 reject taking the blood meal showin宮一

them to be in th巳diapause state.

Supergroup II: It includes Exps. E,F, G>,

H,and I. The females were reared under･

long photoperiods and temperatures of 21 to-

28.5-C. Under these long photoperiod con-

ditions the foil週cles 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 III: It includes groups B. 2.

5-6. The females were reared during the

period covering the immature stages and 9

days after emer官ence under a short photo-〓

period and 21-C, but thereafter under a 2年-～

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 show―s that the-

gonoinactive state of females can be chang巳dr

to the g叩oactive state by the exposure of

adult females to the long day condition for

¥ mm養



ユ56

U
ー――――――｢

岩王道:a

c--岩
ヽH v . 帆

^IcT
C/

Senji KAWAI

ロヽ　　ロ＼　　ロい

O O Q〕
l―――〓―■　　　　　■――――｢　　　　　▼――――｢

.a T〕　.丘
ォ　　　ff>　　　cd

E｢　f｢　E｢

昌./

"^-'J-1q〕毒量

cfiWcdコ
o脹〓

巴-.

�"r>CnVS=三=I4

Lq)U
一f/局
･t―=;コ○こ岩
q>〔
アs-coo‡｢
晋岩

^nOq〕--召
�"a*
【コl-nj<U｣立―1｢c/DcOO>D三裏芸

o.x
=4444i4

==コ巨頭=岳

旦ぎJ3
-t->

_cぎ<Sw�"-'｡
hV.雪竜

P｢旨家潜E擱

-I/岩層

1)吉I皇

七山t8
s-^'�"ao
hS喜

■――｣

A*

｢ツ)

忘tlS

阜'屋
qo　■J
>　U〕
o

0

crt:uv忌

･―――一【コ盲T｢U
I+｢
iるr-;
.-I<uq./
.q｢IJp
43,2
*�"昌

pC十日
しH"～
4)L=至

芸Ho

蓋垂!書害害害書害

E/報国彦/｣^

▼――――■

Ed
―+J

―〇

ト

ー

⊂)

▼―――――｣

l

ロい

GQ

l

r―-

1

vO

1

1―√)

喜B.♀c.｢淫

消雪

ロヽ　　寸　　⊂)　　⊂)　　寸　　GO　　1′)
=　　　　　　　　　　::　　　　　　　　　　=　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　=

⊂)　　寸　　⊂)　　⊂5　　O r､　1Jl
rlつ　　　r､　　　　　　　　　　　　　　　　　　1｢　　　　N

⊂〕　⊂〉　　⊂)　亡⊃　　⊂)　⊂〉

く=)　⊂)　⊂)　⊂)　⊂〉　　⊂o

vo O　　⊂)　-｢　　ロい　　rい1

r(〕　　vr>　　寸　　rJ〕　　N

5
ト･―1

～
▼―■

⊂･

Z

(コヽ　　寸　　⊂)　　⊂)　'―一　　〔C　　(コ0

1Jつ　　　いD N　　　トJ

ー｢　　いD　　⊂)　⊂)　⊂〕　　r､　　⊂o

(コい　　CC　　⊂〉　　⊂〕　　tJ一1　IO　　'―｢

.｢　　　　　　　　1/〕　　r√o N　　　▼――｢　　　▼―■

ー｢　　　-｢　　'~■　　　-　　,――■　　　▼〓｢　　　▼――一

o o o o o o o

呂　Z　巨　昌　z i旨

弓守苧-;与≡昌

<Nro(い*2瓦Z呂ZZ巨石

rい　　CC l―r)　　⊂】　　いD　　ぐO 00

▼―――｢　　　　▼――――｢

Lr)

qo
r==

rd

≡

｣

巳)

,□
-+■

ヒ王

m
ff^

c
qo
g

'tt>　　n

芳　S､

き　　p

s2
牌

■――――■I.,｢4)4)
―皇fロ

4)2｣｣
rと･｢cbo
oen
一H,Qnj3>-.･皇皇p4昌

｢召皇v望

I苫害己

■

4い　旨
･3　-S

sH H

ロ　冒
O J

G　　5
o o

fi　-q

岩　完
<D　　　<U

ロ　　亡
QJ OJ

>　　　>
LTl｢　　　　　4 ～
ヒ瓜　　tLO

en t/3
ri oJ

J　｣

<D　　　<U

己　己
o3　　　cd
亡乃　　　〔乃

<D　　　<D

JS A

E｢　E｢

¥o
l

rつ　　-｢　　io u~>　　cO rいj 00 rg 00 rい　　T,｢　　N Il一)　　r､

1｢　　,,｢　　　　　　　　　　　rいI　　寸　　N　　寸　　　　　　'-<　　　ー■　　　N N

童喜郎墓室4..墓｡oき蓋喜喜喜

U
〔o

N　リ　リ　U o o o o o o o　リ　リ　u

r√)　.―一　　T-■　　†―1　　-｢　　--■　　　-　　-｢　　.1｢　　▼r l｢　　　Il　.｢　　,―一

CM fM CM CM r＼l　(N　　(N　　<NI　<Vl　　<Sl　　<M C＼】　　N rい)

O O C〕　0　0　0　O r;　ぺ　0　0　0　⊂)　O
:=)　'―一　　'―｢　　青―｢　　青｢　　'―一　　,―｢　　,一　　N　　,1　　,-｢　,-｢　.｢　　,―一

ー――｢　　･――｢　　　▼――｢　　　青―｢　　　▼―-■　　　▼―｢　　'――｢　　　　〕　　　　　〕　　　▼――｢　　　▼――｢　　｢――｢　　　▼･｢　　　-｢

―

▲∽ ^
d
p

ロいぐrO

―+J壬 む
妻
�"ァI
三rる)

O-'■こN
卓盲

呈.i

真書

EP息
I5

―lJI寸pトl
胃d

∽p
㌢ヽロrtォ
p【乃
>>rt
3ip
L=｢C>
UisJ
t―=u♀
0-｢*-~'egrいJ

T3GnJ

喜喜

B与

⊥=
ー――――｢―男/

1i*

琶E定

o｣ォ皇i
ぎ昔望

o>･Dco｣
=.｢EPE6,gv喜hgV

(○〔,｢-r～＼JN＼J

●　●

く凸

X
事｢

e6

∈
O
55

-

;≡芦岩

l

■―.′ヽ

rい]

EiF

▼―■

o

i一l

――国oて

Iq●｢-Fzl

i苧盲

｣昌宏

〓""o¥&r一養
rいJlし〓qo≡
.ac寸立l―l-〓

▼―――〓-

rいJ　　＼.⊂

▼――――｢　　　　―l―

▼―-――

i-I　　　　　　　　　　　　　　(Vl　　,-<

寸　　　　　　　いD　　⊂の　　1′o rい　　N

▼――――――｢

(ココ　　　　　　　　　　　　　　　　　　　I―｣　　rい1

1｢

Q竜　　一

圭4-享i
亡凸

⊂〕　.｢　　N　･一　　介　　rつ　　寸　　t―∩　　いD　'一　　～ r%　　寸　1°
―　　　　　　　　　f　　　　　　　　　〓　　　　　　　　lL　　　　　　　　　+　　　　　　　　　P　　　　　　　　　4　　　　　　　　　+　　　　　　　　　議　　　　　　　　　+　　　　　　　　　4

-一　　,｢　　,-｢　　rい1　　rい]　　rい1　　N rい]　　N　　亡′)　　一つ　　ぐ%　　rつ　　ぐrO

=　　　　　　　　二　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　=　　　　　　　　　　　　　　　　　=

可　fD PQ PQ cq pq pq pq pQ pq pq p〕　P〕　P〕



Studies on the Follicular Development and Feeding Activity of the Females of Culex

tntaeniorhynchus with Special Reference to Those in Autumn

qO
■一

芸王-2%

旨o*os
｢｢　屯)　　UO

ポ立一'ま

qo

―+立

a

lr

bD

∈コ

'B
QJ

qo

fe

E定日張

屯)

蒜

u　�"g

rのu ―旨

1

ヨI
忠一=―

紺
占J

召cflo)
～u
●†―――｢z>;z!
-co

!~いi司こ〕
コ⊂コ
4->!コolツ〕lL

【±王

aこ==J3
鼠
H

家ms
F.

lew
OJ

,i=
-H

.貞

.一tj

J

Or

O｢

｢-I

Cl

⊂】

Z

｢喜淫――'-

,家m

=/国主

ォォ
1-1o
岩毒

｢―1
†―――――■

cd

｢ツ―)

C･

H

⊂

⊂)

▼――――｢

l

ロい

I

CO

t

rヽ

l

＼､=)

IZti

I

寸

I

r√つ

●■一―　■■―｢

軸
q〕

･る3~S〕

甜

⊂〕　　=)

ぐ･､ ]　＼こ:

＼D　　　いD

ゝ､
c
p

QJ

c

⊂)

M
⊂】

己
qo

5
==

bh

UO
cd

き

ロ

Cl
〓 ■――｢

―+J

a
【コ
==

裏
口

≡
l

,■

コ

―〇

.｣コ

―

｢%

■･――――■

a

己

―〇

lL

―3;

p
い一e

c

<

▼―――――｣

0

旨

a

亡%

,5i張

JO

>�">

cd

p

O

き
+J

【コ

⊂)

q)

e
5*

cn

CNI ir-.

【｢　　　こ亡I

tVl

い｣⊃　　寸
r~~

ごい　　こごい

<U　　　<D
r･――｢　　　　■―――｢

.凸　　rD
ro rt

Eヨ　長=

(コい　　〈コ＼

0)　　O
▼――――｢　　　▼―｢

.凸　　▼T〕

F5　　･一リ

ー　　4｢

U｢　　　▼――｢　　　▼――｢

い.C･　･――一　　　CO

こ0　　＼｣⊃

biZF EiE

O O

岩　岳

～　　～
▼―一　　　　　▼―■

o o

巨　石

ロい

U
==:.

&
5?

汁

ir.LT;ぐr:＼こ)寸

亡√〕▼｢rヽJぐr一J〓こ:寸t√o寸寸

ど-寸1√〕N-コヽ寸Nく⊃＼j⊃1/〕
ぐr)-一'――■

S^^^^^^Bfi^^^^^^Bfi

⊂l　　　　　　⊂･　　　　　　⊂･

≡互　≡互　≡
―こ･　　　　　･〇　　　　　　　○

旨　　　　旨　　　　Z

a
に=と

ト―｢

～
<VI

CI

a

ト―■

-｢
]

==1

?

r､･､)

〇

a

′-　　　^ ―――一l

｢一　　N　　　　　　　　　　　寸　　　いD　　　　　　　　　　　亡′〕

ト　　　N N　　　ロヽ　　　Cq　　　青.｣　　▼―｢　　rヽ　　　ロコ　　'―｢

｣　　　　　　｣　　　　　　l I l l　　　　　　｣　　　　　　　―　　　　　　　l　　　　　　　審

寸　〔凸　＼ロ　･一　　叶〕　1｡　　いO　'LO　　いJ7　　-→　　ro tn to O　　いD
｢――――｢　　　　　　　　　　　▼――――――｢　　　　　　　　　　　▼―――｢　　　　'―――･■　　　　　　　　　　　　　　　　　　▼―――-　　　　　　　　　　　　　　　　　　　　　　　　　▼――｢　　　　▼――――｢

U

u u u u　リ　リ　u u u u　品　リ　リ　u u
O　　　　⊂)　　　0　　　0　　　0　　　0　　　⊂)　　　0　　　0　　　0　　　　.　　O o　　　ロ　　　O

rつ　　r%　　r､　　r-　　-｣　.-｢　･―｢　　-　　一-　　r-　　CQ　　-　　｢一　,―一　　いn

N M rい)　N　　ト1　　N　　ト1　　rい1　rい1　(N CM CN rい)　rいI rい]

■.　　　　　　　■ヽ　　　　　　　　-ヽ　　　　　　　　■ヽ　　　　　　　　■　　　　　　　　■ヽ　　　　　　　　■ヽ　　　　　　　　■､　　　　　　　■　　　　　　　　　　　　　　　　　■　　　　　　　　■ヽ

o o　　⊂)　くD C)  (=⊃　　⊂〉　　くo c･　⊂)　⊂〕　⊂〉　　⊂)　⊂)　く=■

⊂)　⊂)　⊂〉　　⊂〕　⊂)　己=.　=コ　　⊂)　(=･　⊂)  Il一)　(=.　(=｡　く=･　⊂〉
―　議　　　　　　　議　―　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　+　+

-｢　　-一　　-一　,｢　　寸　　寸　　寸　　寸　　寸　　寸　1｡　　いD　　いJ⊃　　いD　　いD
▼――｢　　　-｣　　　･――｢　　　,――｢　　　†-■　　　--1　　　T――｢　　　▼――｢　　　▼-■　　　▼――｢　　　T｢　　　　▼―｣　　　｢――｢　　　-――｢　　　▼――｢

む,Tコ+J

t+■o
^
―+｣いITとJl)p
V.□
―ヰJ

s―+立
bJO□
■｢｣
⊂･
ト､
ー｢,a
d,a
C･･■CL<
UbD
CT一J｢立�"J)
玩
O―+J
p
q〕ロ｣
o▼―･―■V>G)m

TJO<u-―――――■cTべJ己
q)I+｢
遺品

〔pc53る
―,｢Sco
I―｢く乃q〕h(uO
―=呂
｣w>
葛篭

報判mE報

｢→d
O―}
Lq,芸
,a-
/運

;コU+T｢召4mo

V-<ここ
■■

5i張*vv

157

[

音!實p其享

､.⊂l　寸
●

てい%　　寸

r-　　　ON
▼――･―｢　　　　　▼―｢

･―一　　　▼｢　　　⊂〕

･――一　　　いD C8

r＼､]　　　N

⊂)　　⊂)　　rい　　⊂)　　⊂)　　o　　<コい　　N　　.―一　　GO　　ロい　　CQ r-　　寸

⊂)　　く=)　いD r%　　⊂)　＼C･　いD N　　,-　　⊂)　rい)　　寸　　い√)　ロヽ

一つ　　-｢　　寸　　寸　　1―n rい1　'―｢　　r%　　寸　　･―｢　　いD rい)　　寸　　ぐ%

▼―――■

―〇

2:

cP
ト｢

～
biF
C)

呂

い一j cd

ト―｢　　　=

=　　I-.｢

～　～

日　昌

.凸
ト――｢

～

i

⊂)　　　　　　　　　　　　　｢-　　⊂)　　　　　,―｢　　　　　　⊂)　　　　　　⊂〕

ぐつ　　　　　　　　　　　　　　　N　　亡C　　　　　　　寸　　　　　　　いD ～

CN)　　　　　　　　　　　　　　　　　　1-H

ぐ%　　⊂〉　　　　　　｢→　　　　　　一′〉
S^^^^^^^^^^^^^^Bfi

⊂〕　　⊂〕　　　　　　い亡】　　　　　＼D rJ〕

▼――｢　　　ro Cvi

OO rv)　　　　　　u｢　　　　　　＼D　　　　　　＼こ〕

N　　　　　　　　　ー――｢

いD　　いD　　　　　　　寸　　　　　　　N CC
｢

'十　　　　　　　　　　　　　　　　rrO

▼　｢

qo　　　-
,i:

H
主■5

▼――｢　　　　　　　　丁%

ぐ･〓)　　　　　　　　▼―――一

▼――――｣

いD

▼――――｢〓

-, oj　ォー　rい　　　　い!ぐ%立　こ?　｢　一　千　■　rい1 c*〕_　―○
●

▼――｢　　　Tl｢　　,――｢　　　-―■　　　ナ―■　　　T｢　　　▼――一　　　N　　,―――｢　　　▼――｢　　　▼――｢　　　T｢　　　▼――｢　　　▼――｢

■　　　　　-　　　　　_　　　　　一　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　-

o o col E〕国'国'国3　W fe fe O ffi ffi ｣　^



158 Senii KAWAI

some days or for 13 days in this experiment.

Supergroup IV: It includes groups B. 3.

1-5 and C. 1. 1-2. The females were reared

under a short photoperiod plus additional il-

luminations 〔for only adults〕 and low temp巳r―

atures. In B. 3. 1 additional illumination was

not added, in B.3.2 thesame was added on

oneday,while in B.3.3 on 2 days and in B.

3〓4-5 on 4 days. The feedin〕3f rates were z己rO

in the first two groups, only 0.4% in, the

third group, while 17.8 and 25.5 % in thelast

two groups, snowing that the feeding activity

becomes higher little by little with the in-

crease in light hours.

Stipe瑠roup V: It includes groups D. 1. 1―

2. The females were reared under a short

photoperio丘and high temperature. The folli｢

cles remained small in size and young in

s亡ag巳at least in the females examined, but

the females of these groups took the blood二―

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 group週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

had no mature eggs. In the first group the

remaining first follicles were all degenerated

and the second follicles were found well de-

veloped to reach the quiescent phase. In the

Table 9.　　　Development of the first and second follicles in the

females fed on a chicken 〔continued from Table 8〕―

Exp.,
Batch,

311屋!

Group
number

Condition :

photoperiod

〔nrsrmin〕,

te mpe rature

No. of,'No. ｣S
♀♀　〓　dis-

j

l　～

｣^ with mature eggs

〔1st follicles〕*

Mean No.

〔raI唱e〕 of

eg苫s/ovary

♀旦　with a few or no

〔1st follicles〕

No.of鍔Sヲstagesof

･♀―per
｡varyrem;
f｡il實nmg
:les

mature eggs

〔2nd follicles〕

B.3.3 ! ll:00,21-C

〔An additional 3-hour-illumination was given for
the females each on different two days before the

feedi咽〕

8　　　　3　　　　ca.B.3.4　11:00,21oCす　28

E 〔The same was given each on four dよys〕

B.3.5 ll:00,21℃E　28 ∫ 2　｡
r･The same was given each on four days〕

D.1.1 ll:00,27oC　17

―

―　　　　　　　　　　―

J

D.1.2宅11:00,27℃j 19

E.2.0

F.1.1

H.1.2

14:00,

14:00,…三…ccI;86三

16:00,21-C62

11　1　　2

8

2

14

5

6

2

1C!

5

0　〓　Ib~IIb No2

5

15

20

0

2　　　,　0

69〔57-81〕ぎ9

79(60-90)

ca. 90

degenerated ]　N

degenerated

degenerated

la-I-II

N, la
la, Ib, I―ⅠⅠ―

Nol, No2

トII-IIa Nol, No2

N

JSUJ a

N′}Ib

lb′ -Ilia

No2.)N

N

Nol, No2
Nol
ol, No2

No2

pl, No2
ol, No2

N

書The remaining ones of the first follicles were all degenerated.

The second follicles reached the quiescent phase being No2 to I-II or mostly N to lb stages･･

1
㌔

51週l ♀皇i

80

棉./
二さ:〓
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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 lb to lib stages, two females in B. 3.

5　had those of I-II-IIa, and one in D. 1. 1

had those ranging from lb to llia. 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 snort 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 tne 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. Folhcular development and feeding activity of

the females reared to adults in the biotron

under the rearing conditions modeled after

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 loo 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

Ta^ble ll. 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 n組rly

the same. The results show that the females

are gonoactive if they emerge as adults before
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Table lQ.　　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しB〕, and the dissect!和　Of

females 〔C〕.

Month, partしsubpart〕

(A〕　i  〔 BJ>　　　　(C〕

∫-1

J-2

J青3

∫-4

∫-5

Åug. E二2〕

At喝. M〔1〕

Aug. M〔2〕

Aug. L〔2〕

Sep. E〔1〕

Aug. M(l)

At喝. L〔1〕

Aug―･ L〔2〕

Sep. Ken

Sep. M(l)

Aug･ L二1〕

Aug. L〔2〕

Sep. E〔2〕

Sep. M〔1〕

Sep.L二1〕

Photopenod 〔hrs; min°

〔A) l 〔B｣　―　(C｣

:≡;冒41

41三=:≡;

Temperature(c C;

〔_A〕　7 〔B〕　― 〔Cj

28.4　　　27.5

13:33　　13:13　〓　27.2

Remarks : 〔1〕 As for the method of r喝ulating 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　壬rom　62 to　9o^, 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 L mean the early, middle, and late parts of a month., which are divided

into two subparts 〔1〕 and 〔2〕.

Table lf,　　Developmental states of follicles and the feeding rate of the壬emales reared

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

conditions given in Table 10.

EZ臼

Lj -E･

J-3

T-4

EZ家

Aug.E C2;'Aug.MCi:

Aug.M(1〕Aug.L〔1O

Aug.M 〔2〕Aug. L 〔7〕

A喝･L 〔2〕Sep.E 〔1〕

Sep.E〔1〕〓Sep.M〔1〕

3

1

1

E

38王N

20　―N一

J

la

10

-Ha

-I-IINo

･'Ila

-Ha

-)Ib

-Ib

Remark : As壬or the subdivision of a month, see footnote i口Table 10.

mid-September ; i. eリbefore the days when

the biological day length becomes about 13 :

30　hours.

2. Follicular development and feeding activity

-f�"e females reared tc adults in the outdoor

insectary especially in and after September.

Similar experiments were carried out under

the rearing conditions shown in Table 12 in

the outdoor insectary. The detailed figures

1

No2

円Kォ

No2

NoI

No l′v

No2

いvo.1

240

174

286

200

72

52,1

33―3

53.9

62.3

33.8

on the astronomical and biological day ler唱th,⊥

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 Novembei

from eggs originated from the laboratory

colony could no亡complete their larval de―

velopment as shown in Table 13. The larvae

could develop to adults in a rather low ra比

Exp. &
Batch

No.

14:44

14:35

14:25

14:04

13:54

14:3

14:1;14:

14:三三

芋蔓芋,皇軍.42
[

.52

.52

.22

.52言34

Exp.
a口d

Batch

No.

Monthinbiotron

ha蕊ingat
emergence

家sfrorr
rg.tc

dissection

｣Developmental
stages｡f
3日室淫n�>R贖"u淫�>贖H責｡〓淫皇

9-13

9-10

9-13

12-13

12-15

461

522

531

321

213
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Table 12-　　Day length, mean air temperature and relative humidity

by five days at Nagasaki, 1965-1969.

ユーI onth

and

Part

Dec

E

立い〓I

L

E

M

II

E

M

L

E

l･1

L

E

丸･l

L

E

.い､1

L

E

班

L

E

班

L

E

班

L

E

〓い･:t

L

E

班

L

E

AT

II

･Daylen｣
(hrs:-i
astro-bi
n｡mical♀jth
n)
olo-
gical

10:06　　　11:16

10:14　　　11:24

10:28　　　11:36

10:44　　　11:52

ll:02　　　12:08

ll:22　　　12:27

ll:37　　　12:42

ll:57　　　13:01

12:18　　13:23

12:39　　13:44

12:59　　14:05

13:1呂　　　14:26

13:35　　　14:45

13:50　　15:02

14:03　　15:17

14:14　　15:30

14:1呂　　15:34

14:20　　　15:37

14:15　　15:31

14:07　　15:22

13:56　　　15:C

13:40　　14:50

13:23　　　14:31

13:05　　　14:12

12:44　　　13:50

12:25　　　13:30

12:04　　　13:0呂

ll:44　　　12:4呂

ll:25　　12:30

ll:05　　　12:ll

10:46　　　11:53

10:30　　　11:38

10:17　　　11:27

10:08　　　11:18

10:01　　11:13

10:01　　11:13

Mean air temperatureししC｣　〓　　Mean relative humidityこ%〕

1965　1966　1967　1968　1969　　　　1965　1966　1967　1968　1969

5.6　　7.3　　4.4　　7.7　　4.5

5.3　　7.3　　3.呂　　6.9　　6.3

7.1　4.7　　呂.0　　5.3　12.1

5.5　　7.8　　7.3　　2.呂　　5.9

9.0　　9.3　　4.0　　3.5　10.'

6.6　　9.3　　8.7　　4.8　　5.5

7.1 14.2　　7.9　　7.6　　7.3

0.9　12.0 ll.{　10.0　　呂.6

9.4　10.5　11―5　12.3　n.O

ll.5　13.6　14.6　15.1 12.7

13.4　13―3 14.5　14.7　15.7

15.5　18.2　17.　15.8　18.0

17.0　17.7　18.3　17.7　1呂.9

19.6　19.5　19.0　18.5　19.6

19.6　19.1　22.2　18.9　18.<

20.4　20.1　23.0　20.7　19.9

20.9　21.4　23.4　21.2　21.4

22.9　24.6　24.2　21.9　22.良

24.6　22.8　24.4　21.9　23.0

27.3　26.8　27.7　2白.3　26.0

28.0　28.6　28.8　26.7　28.0

27.5　29.7　28.0　26.9

28.0　29.5　28.8　27.5

26.9　28.1　2呂.7　27.0

23.5　28.3　29.0　25.8

21.6　22.9　23.1　24.呂

21.4　20.4　22.8　22.4

19.0　20.4　20.3　22.4

17.3 19.2　19.3　18.0

17.6　17.1 I/.4　16.o

18.3　15.2　16.5　15.5

15.1 14.7　13.1 ll.3

12.3　　9.呂　13.2　14.6

10.5　　7.9　　6.9　14.9

i.4　　9.7　　7.5　10.1

6.9　　5.6　4.3　　9.;

from the eild of October to early November

only when they were reared before mid-

October 〔K-6 in Tables 13 and 14〕.

In Table 14. the results of examinations

for the developmental states of follicles and

62　　　　　　　70　　　66　　　71

69　　71　　71　　64

72　　67　　73　　64　　83

73　　71　　72　　61  ,69

67　　71　　63　　69　　呂2

56　　76　　71　　70　　62

56　　78　　　呂　　65　　64

64　　　66　　　　　　　65

64　　64　　74　　　　　　　72

62　　74　　77　　65　　　呂

b呂　　70　　78　　63　　73

74　　呂　　　68　　68　　80･

74　　72　　79　　　　　　70

6呂　　68　　72　　74　　80

7自　　74　　　　　　　呂　　71

72　　76　　68

呂4　　呂　　　70　　82　　　呂

呂　　　83　　81　　　　　　83

90　　82　　　　　　　　　　91

83　　83　　85　　84　　79〃

呂　　　79　　　72　　　80　　　｢

74

78　　75　　79　　76

7呂　　　　　　78　　〔)

73　　　　　　74

76　　69　　62　　76

64　　　　　　62　　80

66　　74　　61　　79

65　　70　　63　　59

75　　70　　68　　62

74　　　74

73　　71　　65　　67

69　　67　　　71

70　　　　　　　69　　呂3

70　　　　　　　74

70　　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･

Jan,

Feb.

ユーIar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.
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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.

Dateof
hatchingPupatio
rate(%'〕n

Starting
date of

emergence

Emergence

rate 〔%〕
from pupae

K-1

K-2

K-in

K-ll

.･3

.―4

K-5

K-12

K-6

K-7

.-8

K-9

1966

1966

1967

1967

1966

1966

1966

1967

1966

1966

1966

1966

Aug. 10

Allg-　25

Aug. 26

Sep.　3

Sep

Sep

Sep

Sep.

15

2(,

30

Oct. 12

Nov.

Nov. 28

Dec. 23

of the female｢3 reared from the larval stage

under the natural outdoor conditions became

very large and advanced to N-IIa in sta〕ge.

In Jun巳　through late August, the follicles

were mostly middle-sized but som巳　were

larger in size and N-IIa or even lib 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組rly to mid―September

small follicles 〔3 to 5 in lengtho began to

appear though the fe巳dih宮rate was still high,

while in mid-September the rate abruptly

decreased very much. In and after late

September th巴follicles were mostly small and

No2-N in stage and the feeding rates were

zero or very low.　The above shows that

females of the mosquito begin to become

gonoinactive about mid-September.　The

factor whi血induces th巳females to the gono-

inactive state is th巳day length, aちalready

stated in the previous paragraph, and now

―tl立Ie critical time of becoming inactive for tl一1e

females is thought to be in mid―September

-when the biological day length is about 13 : 30

Aug. 16

Åug. 31

72.9　　　　　Sep. 1

79.1

74.9

74. 1

80.6

Sep. 10

Srp. 16

Sep. 21

Oct.

65喜二33 ｣呂:::三:

Ail died by Dec. 19 in 4th instar.

All died by Dec-　5　m lst instar.

All died by Dec. 27 in lst instar.

hours. The shortening in day length seems

to nave 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 females on chickens among

the females given in Table 14. It is of inter-

est that there wer己some females which failed

after feeding to mature the normal number

of eggs〓　Among such females there were

two types.　The first type is the females

which could mature ilo egg or only a small

number of eggs. The remaining first follicles

were degenerated and th巳second follicles in

quiescent phase or slightly advanced stages.

as seen in K-l and K-ll 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 lla 〔cf.Tabl巳15〕 or even llia 〔cf.Table

9 and 17〕. and the second follicles in the very

young stages of Nol to No2. The females

Exp. &
Batch

No.

Year

88.8

91.0

87.7

90.3

91.8

9.9

84. 7

37.4
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Table 15.　　Development of the first and second follicles in the females fed on a

chicken 〔continued from Table 14〕.

Month

Year of emer-

『 gence

/N｡.｡fN｡.♀♀〓♀♀一^ithmature
lstfollicles)株eggs

dis-〓~No.〓MeanNo.
sected｢♀o,喜器nge
�"s/｡三of
ary

Aug. M

Aug. L
-Sep. E

Sep. E

Sep.E-M

Oct.M

♀♀ with a few or no mature eggs

加古一半と♀と些s)  〔2nd f｡Ilicles〕E鞘s 1 Stages of
Q一主per
｡vary

remaning
follicles

111(34-169)

92〔35-13呂〕

82(40- 150;

96;65-117)

degenerated
N

Ia′ -Jla

N

degenerated

No2′へ!N

N′)Ib

N

Not

Nol, No2

N.vlb

Nol
Ib Nol

半Remaining ones of the lst王ollicles were degenerated. The 2nd follicles reached the

quiescent phase being No2 to I-II or mostly N to lb stages.

of this type are those which underwent gono-

trophic dissociation. The factor which in-

duces the gonotrophic dissociation is principally

the血or亡ening 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 j一cd

females collected as adults in nature.

Examinations for the follicular d即elopment

of wild caught un fed and fed females were

carried out in 1966 to 1968 in the Nagasaki

｣and Saga areas with the results shown in

Table 16―　UIlfeユfemales were collected by

dry ice traps and in cow- and pig-sheds. Fed

ones were caught just after feeding in

animaト血eds.　The first follicles of wild

caught un fed females in May through August

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 becom巴rather larger

and are mostly N to lb, rarely extending to

Ha in stage.

In the parous female週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 mon.th. The

follicles of the former may be large and

advanced ii〕 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―血eds 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, arld some others in

which the first follicles remained in the qui-

escent phase and the second follicles in very

Exp.
and

二B atch

fVJn

K.I19

K-219

K-1019

K-ll19

K-1219写;6j

K-1

K-2

♀♀

fed

lEH

436

76

feC E―

H―

36

32

15

6

6

34

31

IE

■一

o

O　〓

二　三二

1

1

1

i6と言♀♀豊

0

0

0

0

21

0

0
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young stages as the result of the gonotrophic

dissociation. The number of females which

underwent gonotrophic dissociation appeared

to increase with the lapse of time. The

parous females, at least in these experiments,

were all subjected to gonotroph―ic dissociation,

although it was uncertain whether this w―as

always true or not because of the scanty

number of cases observed. The above sug-

gests that when the day length becomes

shorter in September, some fed nulliparous

females and many fed uniparous ones are

subjected to gonotrophic dissociation probably

increasing in number with the lapse of time,

and that som巴　others, however, can repeat

their gonotrophic cycles till the end of life

probably without entering hibernation.

4. Comparison of developmental states of folli-

cles offemales reared tc adults in the biotron

or outdoor i乃sectary- and those collected as

adults in nature.

Ⅰn Table 18 a comparison of the develop―

mental states of follicles of females reared

to adults from larvae in the biotron 01 out―

door insectary with those of females collected

in nature as adults, shows that the states

are found to be nearly the same throughout

the gonoactive season for this mosquito from

March through August, while in and after

Sept己mb巳r the situation becomes different.

Th巳follicles in the former group become

smaller in size and younger in stage, while

in the latter they are as usual or in rather

advanced states. This may be due to the

fact that the nulliparous females which have

small and young follicles are gonoinactive and

seems to enter hibernation without taking a

blood meal, while some others which have the

usual or slightly more advanced follicles

retain their gonoactivity till the end of life

in late autumn.
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Tab!己17.　　Dev巳Iopment of the current and the next follicles in fed nulliparous ; and

parous〕 females caught in nature at cowT- and pig-sheds and kept outdoors―

Dat巳　｣ Days〓No.of!

―

of

collec-/collect
t｡―tion

⊆ dissect―

Sep｣ 7　′68喜　　6

Sep.ll ′68

Sep.14 '67
〓

〓

sep.17 ′67 4

Sep.,18 '67

S叩.28　′舶;―

Oct. 5 '(娼　―　　1り

ヱ　ニ

1

―

4

―

HL13
―

1 /
―

1

♀―r;―　with mature or nearly matured eggs　　　　　♀幸　without eggs

No―MeanNo.
詫書誌器ge
/｡い)of
vary

States of

remaining
current

follicles
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-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 be

subiected mostly to gonotrophic dissociation.

Thes巳　females, which undergo such in-

fluence言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 hib巳mation.

Summary

1. The females which were reared】 from

the larvae under the combined conditions of

a 14―hour daily photoperiod 〔biologic旦1 day

length〕 and a co―nstant temperature of 27℃

modeled after natural conditions in late

August in the Nagasaki area, ar巴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 sp巳Ci巳S,because of the

first follicles are very young at the time of

th巴emerg巳nee as adults.　The gonotrophic

cyci巳s from feeding to oviposition require

above　3 to 4 days and are nearly equal for

each time because th巳first an且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 lb in

the stage extending in some cases to Ha or

rarely to llia. 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 dev巳Iop-

m巳nt 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 conユitions modeled

.after natural ones in the biotron, and under

natural outdoor conditions. As a result, it was

revealed that : Th巳females are gonoactive

and high in th巳feeding rate during the period

from late March through mid-September

when the biological day length is longer than

13 : 30 hours. Their follicles at the quiescent

phase are middl巳―sized or large in size and N

to lb 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 l巳ngth〕　The females with

small follicles increase in number rapidly with

the shortening of the biological day lengtn

below 13:30　hours. In and after early

October most of the follicles become small.

The feeding rate abruptly decreases in and

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 deer巳ases rapidly and their first folli-

cles become smaller and younger as stated

above. However, som巳females which proba-

bly had middle or rather smaller sized follicles

take a blood meal, resulting in failure in many

cases in maturing the follicles. After the

feeding of such females,there occur (i) a

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 un fed states ; some females ,

hibernate in the nulliparous state after under- I

going gonotrophic dissociation afte工feeding ;

some parous females do the same in the

state of gonotrophic dissociation after feeding

following oviposition.
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コガタアカイエカの濾胞の発育と吸血活動に

関する研究,特に秋季における状態について

河合潜二

摘　　　　　　　　　要

日本脳炎の主伝搬着であるコガタアカイエカの,野外における生態の研究結架から,本蚊の雌成虫の生殖活

性は,日長によって大きく左右されるであろうことが暗示された.一方, 生殖活性は濾胞の発育状態によく反

映されることが,予備実験によって明らかとなった.そこで, 1965～1968年 に,日長と温度を組合せた各種実

験条件下及び自然環境下で飼育した雌の,吸血活動と濾胞の発育状態を調査した.その結果は次のように要約

される.

1.生物学的日長(以下,日長と略称する) 14時間, 温度27℃ (長崎での8月末の条件)で飼育した雌は

生殖活性で,野外の夏の雌と同じようによく吸血する. 羽化から吸血までの期間は約3日である.第1生殖環,

即ち初回の吸血から産卵までは約4日,産卵後吸血までは約1日を要し,この期間は,第2回以後の生殖環に

おいてもほゞ同じである.これは,第1静止期と第2以後の静止期の,濾胞の状態がほゞ等しく,大部分の雌

では,大きさは中型で6～9ミクロメータースケール(1スケール=10.5μ),発育期はN～Ibであることに

よる.以上のことから,雌の歴年令は次式によって求められる.3+n(4+1)日,ただし,nは産卵回数であ

る.

2.4月上旬から9月上旬までのように,日長が13時間30分よりも長いと,雌は生殖活性で吸血率は高い.第

1静止期の濾胞は大多数が中の大きさでN～Ib期であり,大型で発育期がより進んだものも少数ある.しかし,

9月上・中旬頃から大きさ3～5の小型濾胞が現れ始め,日長が13時間30分以下になると急増して,10月上旬

以後はそれが大多数を占め,発育期も多くはNo2～Nにとゞまる.吸血率も9月中旬以後は急に低下する.

3.日長の短縮が甚しくなる9月およびそれ以降には,中型またはこれに近い小型の濾胞をもった雌に,吸

血はするが濾胞が正常に成熟しないという現象がしばしばおこる.そしてその場合の濾胞は,次のいづれかの

状態を示す.a)すべての第1濾胞が退化をするか,大多数の第1濾胞が退化して少数の成熟卵が形成される.

いづれの場合にも第2濾胞は静止期に達する.b)栄養生殖分離をおこして,第1濾胞は静止期のまゝか違か

に進んだ状態になるが,第2濾胞は小さくて未熟の状態にとゞまる.このような雌の数は,短日化が進むに従

って増加する.c)吸血後の栄養生殖分離が,産卵を経験した経産雌の濾胞にもおこる.以上の他に, 9・10

月の短日下でも生殖活性状態が持続されて産卵と吸血を繰返す,極く少数の雌群があるか,そのことはこの時

期にも多経産雌が発見されることから明らかで,これらの雌はおそらく越冬に入る前に死滅するものと思われ

る.

4.日長が約13時間50分からはげしく短縮していく9月中旬頃,雌は越冬に入り始めるものと思われる.越

冬に入るものとしては,小型濾胞をもった末吸血末経産雌がその大多数を占めるが,吸血後栄養生殖分離をお

こした未経産雌, および産卵・吸血後に栄養生充分離をおこ した経産雌も含まれる.
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