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Abstract

Ovariole and age changes were examined with the females of Anopheles sinensis

reared or captured under different conditions of temperature and season during from

May, 1964 to March, 1966.

There were found two forms of quiescent phases

in follicles of unfed females: The first occurred in nulliparous females and remained

in stage I; the second did in parous ones and remained in stage II. Unfertilized

females could not lay eggs.

Fertilized females could oviposit when they took full

blood meal only once. At 27°C or in summer in nature, it took about 2 days before
the feeding of females. The first gonotrophic cycle took 4 days and the second and
subsequent ones did each 3 days. The females usually took the next blood meal
within 24 hours after oviposition. In late autumn, the current follicles of unfed

parous females varied greatly in size and stage, similar conditions being observed

in those just emerged from hibernation.

The follicles of hibernated unfed nullipa-

rous females were unexpectedly in stage II and some were degenerated.

Introduction

Since the establishment of the method of
determining the age of mosquitoes from
changes in the ovariole during the gono-
trophic cycle by Russian workers (Deti-
nova, 1962) and several other pioneers,

it has been applied to many species of

Contribution No.497 from the R

mosquitoes by many authors of different
countries. The age grouping method is
very useful for the understanding of the
population dynamics of a mosquito species.
It is also useful to determine the longe-

vity of vectors of mosquito-borne diseases

esearch Institute of Endemics, Nagasaki University and

No.157 from the Department of Medical Zoology, Nagasaki University School of Medicine.
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in relation to their natural infection with
the parasites and to evaluate the effectiv-
eness of anti-mosquito measures especially
of residual insecticides.

As an experimental material for the
age determination, the author took up a
mosquito species, Anopheles sinensis Wie-
demann, 1828. It is because that the
age determination with the mosquito has
never been tried in Japan, though it is
important vector of Setaria cervi and S.

marshalli of cattle and is experimentally

possible vector of human filariasis and
Japanese encephalitis and was important
vector of malaria in the past in Japan.
The author wishes to express his sin-
cere appreciation to Professor N. Omori
for many helpful suggestions and critici-
sms during the course of this work and
for aid in the preparation of the manus
cript and to Dr. S. Ito for her help in
learing the techniques of rearing and

dissecting mosquitoes.

Material and Method

The material used in this experiment
is an anopheline mosquito, Anopheles
sinensis Wiedemann, 1828, which is wide-
ly distributed all over Japan and is one
breeding mainly in paddy fields, creeks,
ponds, etc.

Wild caught older age larvae and pupae
were reared in a room at 27°C+1°C and
75—90% relative humidity or in an out-
door insectary under natural temperature
Adults
were allowed to emerge from pupae in a

conditions in ditferent seasons.

cage of 30X 30x30cm and were reared
usually by 2% sugar solution. If necessa-
ry they were reared by 20% or 50% sugar
solution. When about 60—70 individuals
of each of adult females and males were
cohabitated in the cage under the 12.5
to 14.5 hours photoperiod, fertility of
about 30—40% were gained within several
days. The feeding of females were made
on the arm of the author inserting it into

the cage or pushing it from the outside
of the cage on the point where females
in the cage were on rest.

The dissection and pulling out of tra-
cheoles from ovaries were made under the
stereomicroscope and the examination and
measurement of follicles were made un-
der the microscope. In this paper the
length of follicles is given by micrometer
scale the unit of which measures 9.804.

The fundamental examinations for the
ovariole and age changes in the female
mosquitoes were carried out with those
reared from wild caught older larvae and
pupae in the room at 27°C. The exami-
nations for the changes in nature were
conducted with the females collected in
nature or reared from wild caught larvae
and pupae under the then natural air
conditions, in summer, autumn, or on
February and March.

Results of Experiments

1. Phisiological and calendar ages in

the female of Awnopheles sinensis

reared in the laboratery at 27°C

To obtain the basic knowledge on the
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ovariole and age changes of Anopheles
sinensis, experiments were carried out in
a rearing room of constant temperature
at 27°C and 75-90% relative humidity.

The states of the development of the
first follicles of nulliparous (or O-parous)
unfed females, those of the Ist and 2nd
follicles of O-parous fed ones, and of 2nd
and 3rd follicles of I-parous ones were
examined with the lapse of time after
emergence or feeding, and the results
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are given in Tables 2, 3, and 4. The
results of blood taking pattern of nullipa-
rous and parous females in relation to
the elapsed time after emergence or ovi
The re-
sult of examinations for changes in the

position are shown in Table 5.

shape of the posterior part of follicular
tubes of oviposited females is shown in
Table 6. The relation between feeding
and oviposition and that between fertili-
zation and oviposition in the female were

Table 1. Development of the first follicle before and after taking blood in

Anopheles sinensis

Before taking blood

Stage Description

No The follicle of newly emerged females has eight undifferentiated cells and measu-
res about 4.0 in micrometer scale or 40 #, Large epitherial cells nearly surround the
follicle excepting in a portion joining to the germarium.

N About 6 hours after emergence, in about 20% follicles of a female, the follicular
epitherium appears to complete. It is completed in all follicles in 12 hours after
emergence. Some follicles now separate from germarium and go into next stage.

I By about 18 hours after emergence, the egg cell appears to differentiate from 7

nurse cells, and most of follicles seem to enter stage I. The follicle gains about
7.7 or 75¢, by 36 to 48 hours after emergence. This stage is the initial quiescent
phase and lasts untill the female takes blood meal.

Feeding of newly emerged females

A few females begin to take blood meal 12 hours after emergence but many of them do so about

2 days after emergence.

After taking blood

a About 6 hours after the meal, in about 13% follicles of a female, yolk granules
begin to appear very sparsely all over the egg cell, though slightly more densely

around the nucleus.

IIb About 11 hours after the meal, the egg cell takes up about 1/3 of the follicle.
Yolk granules are deposited more densely all over the cell.

1Ic About 14 to 20 hours after the meal, the egg cell takes up 1/3 to 1/2 of the
follicle. Yolk granules are so densely deposited that the nucleus becomes invisible.

IIla About 24 hours after the meal, the egg cell filled with yolk granules becomes to
occupy 1/2 to 3/5 of the follicle.

1Ib About 36 hours after the meal, the egg cell occupies 3/5 to 4/5 of the follicle.

v About 48 hours after the meal, the egg cell occupies 4/5 or more of the follicle

taking very long oval shape. Nurse cells are pushed up above the egg cell.

Va About 60 hours after the meal most follicles seem to gain their maximum length

and to produce the float.

Vb About 72 hours after the meal,

most float is completed and the chorion covers

the whole egg. In about 80 to 90% of females, the eggs are ovulated and 46.2 to

49.4 or 450 to 480z in length.

Oviposition

Ninety-six hours after the meal, in most females eggs are oviposited.
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examined and the results are placed on
Tables 7 and 8. From Tables 2, 3, 4,
and 5, a comparative table of calendar
and physiological ages of the female at
27°C was made in Table 9.

Before going further, the states of the
development of the first follicie of the
nulliparous female will be summarized on
the basis of the results of laboratory
experiments carried out at 27°C (Table 1).

In Table 2, the states of the develop-
ment of first follicles in female reared at
27°C only with sugar solutions are pre-
sented. When newly emerged females
are reared on 2% sugar solution, the
first follicles seem to enter the stage I
by about 18 hours after emergence and
to reach the initial quiescent phase by
about 48 hours.
the initial quiescent phase are usually

Here, the follicles in

observed in unfed nulliparous females
becoming very active in feeding on man
Table 5.1) or
observed in those coming to bite cattle

in the laboratary (cf.

in nature (cf. Table 11). When females
are reared on 20% or 50% sugar solu-
the follicles length
nearly the same way as in 2% solution
by 12 hours,

growth is observed in the cases of the

tion, increase in

while, thereafter, rapid

former two solutions. The figures in
Table 2 show
solutions appear to advance the develop-
ment by about 12 to 24 hours and the
first follicles reach the quiescent phase

that the strong sugar

about 36 hours or less after the feeding.
After 48 hours, the first follicles of the
females reared continuously on weak su-
gar solution still grow by only a little,
while that of the females reared on
strong solutions continue to grow and
more rapidly in the case of the stron-
gest solution. Here, it is to be noted
that whatever large the first follicles
may grow they remain in stage I.

Table 3 shows the states of develop-
ment of the first and second follicles of

fed nulliparous females. The first follic-

Table 2. Development of follicles in females reared at 27°C only with
sugar solution from after the emergence
% of Lenéth j Elapsed time (hrs) after emergence
sugar of -
solution| follicle o | s | 1 u | 3 48 7 9%
2 9% Mean!? 4.04 4.63 5.49 6.18 6.91 7.70 8.39 8.19
Range 3.5-4.814.0-5.813.8—-7.6|5.1-7.2|6.2—8.616.2—9.3|6.9—10.4 7.2—8.9
209 Mean?2> — 4.82 5.67 6.92 7.93 8.94 10.70 11.30
Range - 3.8—-6.0 | 4.0-7.8]5.2—-8.4 1 6.5-9.1 | 7.8—11.3 8.8—12.8 9.2—13.2
. S— ! [ S — S -
s00; | Mean® - 478 ¢+ 551 | 7.05 | 7.86 | 8.8 | 11.50 | 12.00
’ Range — 4.1—6.1 | 3.8—7.6 1 5.2—8.5 | 6.3—8.8 7.8—11.5i 9.2—13.310.3—13.8
Stage of follicle ‘ No ‘ No-N N I 1 ‘ 1 I | 1

Remarks:
larvae.
Length:

in 1), 2), and 3).

1 micrometer scale=9.804p.
Mean length was obtained with each ten follicles of 30, 15,

Females were emerged within one hour at 27°C from wild caught pupae and older

and 5 females respectively
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les grow very slowly during first 12
hours, quickly during 12 to 36 hours, and
more quickly during 36 to 48 hours. On
48 hours after the feeding some follicles
are found approaching to the maximum
length.
Vb or perfect eggs and are ovulated in

On 72 hours they reach stage

most females though oviposited in a very
few females. On 96 hours, eggs are laid
in most females, while in a few females
they still remain in the calyx.

The second follicles appear on 24 hours
after the feeding at the first time as
follicles of the stage No-N which nearly
equivalent to that of the first follicles
of the females 6 hours after emergence.
The second follicles grow very quickly
and reach the stage Ila-IIb or the second
quiescent phase by the day of oviposition

of the first set of eggs. The advance of

the second follicles to stage II during the
first gonotrophic cycle results in to shor-
ten by one day the duration of the
second cycle as seen from Table 4.

It was clearly and repeatedly proved
that a full blood meal is enough to matu-
re the eggs of this mosquito species.

Table 4 shows that the second batch
of eggs is ovipostied 3 days after the
2nd blood meal and that the 3rd follicles
appear on 24 hours after the meal grow-
ing very quickly and reaching stage Ila-
IIb by the day of the 2nd oviposition.
Before going to compare the physiological
and calendar ages, it is needed to learn
the feeding pattern of nulliparous and
parous females (Table 5); the shrinking
pattern of the posterior part of follicular
tubes following the oviposition (Table 6);
and the relation of oviposition to fertili-

Table 3. Development of follicles in the first gonotrophic cycle at 27°C
No. of States of Elapsed time after taking blood meal (No. of females observed)
fgllél'development 6| 12 ' 24 |36 ""Zé" "”72* [ 9% | 120 """"171'4 l192
e @ Gy ey ey ey | en | d | as) | ao
T fMe 8.15 | 9.52 | 17.36| 23.30, 43.78 | 49.42 | 46.17 ‘
SRS
Ist &= ) 6.0— | 7.5~ |14.0— [18.5— |[37.7— |42.8— 42.8~
g8 ! JRa“g" 1.0 12.00  20.5 49.7) 6.6  51.4 ‘
folli- |=
cte A‘;lg&“ oF 0-38 38545 3536|3646 | 46< | Funl | -
Stage of -y alb—lcle-Nlalla=Nb V-Va Vb Oviposit |
. _ i} | R
) ’ !
'8, 'Mean 450 | 5.17 | 6.11 | 8.23 | 9.28 | 9.38 | 9.22 | 9.73
=3 )
|E£3
ond | &= 4.0— | 4.5— | 45— |7.0— |7.8— 85— 80— |9.0—
| §8 | Range 5.0 720 115 10.3 113 1120 12.0
folli ; ' ;
A t P
cle | ’;‘g;‘k“ 0 0 0 0 0-15 13 15 13 15
| e |
|Stage of No=N| N L |~ TalaIbTa=Ib 16 | b
| ” ‘ | ] |
Remarks: Both sexes emerged within one hour at 27°C from wild caught pupae and older larvae

were reared on 2 %

sugar solution for 24 hours and starved for next 24 hours and

then females were allowed to feed for one hour on a man.

Length:

1 micrometer scale=9.804x.

Mean length was obtained with each ten follicles of the indicated number of females

in each observed time.
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zation (Tables 7, 8,). other hand, parous females feed on man

As seen from Table 5, nulliparous fe- even just after the oviposition and the-
males begin to take blood meal 12 hours reafter a considerable number of females
after emergence. The feeding activity feed whenever given a chance, becoming,
becomes active and reaches highest on however, rather active about 16-18 hours
about 48 hours after emergence. On the after the oviposition. It is thought from

Table 4. Development of follicles in the second gonotrophic cycle at 27°C.

‘ Elapsed time after taking blood meal

No. of States of
follicle “ development 0 | 6 l 12 } o4 ‘ 36 ‘ 48 7
Length of | Mean 9.28 | 9.38 9.53 ’ 16.80 | 26.36 | 46.33 | 49.12
2nd follicle lRange 8.0—11.2 8.0-11.5 8.0—12.313.7—20.2/23.0—29.5|42.8—51.4/42.8—54.8
follicle | Amount of yolk 14 35-26 | 1535 | 36-45 | 46 Full -
Stage of follicle Ta—1b ]] b— fci Tc—1Ma Iﬂa— b v v Ov1p051t
Length of |Mean | | 5.15 6.08 7.75 9.69
3rd follicle hRdnge 4.2—5.8 | 5.3—7.07.0-8.8 | 8.0—11.3
follicle | Amount of yolk \ 0 0 0-1% 14
Stage of follicle l ‘ N 3 [ ] —Ta| Ja—1Ib

Remarks: Females prepared by the same way as those shown in the footnote in Table 2 and
allowed to deposit eggs within 2 hours, were allowed to feed for one hour on a man
24 hours after oviposition.
Rearing conditions and the unit of length of follicles are the same as shown in Table
2. Mean length was obtained with each 10 follicles of 10 females in each observed
time.

Table 5. Blood taking pattern of females after emergence or oviposition at 27°C

1. The nulliparous female

Elapsed time (hrs) after emergence
0 i 6 } 12| s 36 } 8 |
No. observed 182 180 } 200 i 169 198 | 400 i 153
No. fed 0 ' 2 | 54 135 M7 | 107
% feeding 0.0 %.0 | 320 [ 68.2 8.8 | 70.0

2. The uniparous female

Elapsed time (hrs) after oviposition
o | 2 4’658 10‘12‘14{16“18‘201——i24‘26
No. observed‘ 2 | 48 | 3% | 3 38 } 39 | 57 | 50 | 28 | l 28 | 20
No. fed 1S 6 3 4 19 i 3 2 2
% feeding | 3.6|10.4 16.7| 8.3 13.6|10.5 14.3 17.9 | 33.3|22.0 107 7.1 110.0

Remarks: Females reared as adult w1th1n 30 minutes from wild caught pupae and larvae, and
those oviposited within 2 hours were allowed to feed on man. They were starved
adequately before given a chance to feed.
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Table 6. Changes in the shape of the posterior part of follicular tubes with the passage
of time after the first oviposition of females at 27°C, showing percentage of
the tubes being sac-like, shrinking, with dilatation, and with degenerated

follicle.
% of follicular ‘ Elapsed time (hrs) after 0V1p051t10n - ,
| 1
tubes o s | 12 | 2 | ® w8 | 9 m |
sac-like . 954 | 8.8 | 83.0 ‘ 65.8 69.5 & 55.0 | 6.5 | 59.5
shrinking 26 | 10.6 | 13.6 2.2 20.2 ‘ 16.1 | 165 14.5
with dilatation 0.0 0.5 | 1.7 9.5 7.9 26.3 | 23.7 | 23.0
with degenerated " ‘ i
ith deg 1.9 2.0 L 1.7 25 | 23 25 | 33 2.9

Remarks: At each time 10 females were examined for the number and the shape of follicular tubes.
The number of ovarioles in two ovaries of a female varied from 99 to 254 coming to
189.5 in an average for 80 females.

the feeding activity of parous females Table 7. Percentage feeding and oviposition

that, in nature, females which laid eggs of females in successive gonotrophic cycle
during the whole mnight, though they

. . :No. females[No females

might do mostly after dusk, may come Gonotrophic ferig,es (eg/gcirgeﬁ ‘ov1pos;tehd

. i - 2 to the | (% to the

to feed on the following night. cycle i Observed‘ gbserved)l engorged)

Table 6 shows the states of shrinking 1 st 691 458(66.3) | 155(33. 8>

of the posterior part of follicular tubes 2 nd 155 130(83.9) 50(38.5)

and formation of dilatation after oviposi- 3 rd ! 50 | 31(60.0) | 16(51.6)
4 th 16 14(87.5) 0

tion. The shrinkage in this mosquito

species is extraordinary slow and even on Remarks: Females of ten batches (691 in total),
reared as adult within one hour from wild

the 4th day after oviposition about 60% cauzht pupae and older larvae were cohabi-

of the ovarioles observed in ten females tated with males of nearly the same numbers
in cages of 30xX30%30cm at 27°C. They were

are sac-like, 15% are shrinking, and only S
reared for 24 hours on 2% sugar solution

23% are with dilatation. It is practically and starved for next 24 hours and then fema-
noteworthy that when females come to les were separated and allowed to feed on

. . f hi f 6:00 to8:00 P
feed in nature in 12—24 hours after ovi- man fof one hour trom ° PM

position, most of ovarioles will be found .
centage of females laid eggs also appears

to be sac-like or shrinking. ] )
lower in nulliparous ones probably also

) . ¢ nulli-
In Table7, percentage feeding of nulli owing to the coexistence of unfertilized

parous and parous females and the per- females which, if engorged, can not lay

centage of females laid eggs are given.
The percentage feeding of nulliparous

eggs as will be understood from Taple 8.
Out of 458 engorged nulliparous females

females appears a little lower than that shown in Table 8, 198 ones died before
of parous ones, probably owing to the oviposition ; 115 laid eggs; remaining 105
coexistence of unfertilized ones in the not laid eggs. All these females were
former which may be lower in feeding examined for fertilization when they

activity than fertilized ones. The per- died. Similar examinations were carried
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out with the engorged females in each reared in a cage of 30X 30X 30cm, for

As a
it was clearly demonstrated that

of successive gonotrophic cycles.
result,
irrespective of having been fertilized or
the take
although unfertilized ones appear a little
and the
follicles in them develop quite in the

not females blood meal,

lower in percentage feeding,

same way, but that unfertilized ones can
not absolutely deposit their eggs.

The results shown in Table 8 and of
other experiments showed that some 30—
40% of females were fertilized when each
60—70 mosquitoes of both sexes were

about 2 days at 27°C under the 12.5 to
14.5 hours photoperiod.

From the data on the physiological age
determined at 27°C and the results of
observations on the feeding activity and
etc., the relation between the physiologi-
cal and calendar ages are illustrated in
Table 9.

Table 9 shows that newly emerged
nulliparous females take blood meal most
actively on the 3rd day of the calendar
age (C-age), when the 1st follicles are
in stage I or the first quiescent phase.

Table 8. Relation between fertilization and oviposition in engorged females
shown in Table 7.
. | No. females died . ..~ |  No. females not
Gonotrophic Noe-n gfoerrgiileb before ovipositicn No. females oviposited _oviposited and died
cycle on man Sperm | Sperm 1 Total :%Jtirsn S?i_rgl}k L Total Sperm ‘ Sperm ’ otal
1st 458 ‘ 154 ‘ 44 198 o | 155 | 155 | 102 3 ;
2nd 130 0 74 74 0 50 ‘ 50 0 6 !
3rd 31 0 | 18 15 0 16 16 0 ‘ 0 0
4th 14 0 { 14 40 ‘ 0 f o0 0 0
* The existence of sperm was ascertained after the death of the females.
Table 9. A model of calendar and physmloglcal ages of the female at 27°C.
! -
" Calendar age
Emer-| 2nd | 3rd | 4th | 5th | 6th | 7th ’ 8th ‘ Sth | 10th | 1Ith | 12th | 13ty 14th | 15th
| gence day | day | day | day | day | day | day | day | day | d}ay day dah | day | day
‘ Feed.| 2nd | 3rd | 4th | Sth [ ‘r ‘
= | . tl
S§ st follicle |—— H‘iaj’ WQ_@YJ?Y ﬁﬁlx N \1 R
§"O§ | [ | Ma Val Vb ()le.J ’ i
g%é - I o ‘ } ‘Feed [2nd | 3rd | 4th | | |
w 1 .
o | 2nd follicle el T s o it - |
958 | N TR ll]b' v IO‘”P_‘_V R
S0 ! [ 5 [ Feeq.| 2nd | 3rd dth
s —é‘,;; 3rd follicle ! S B A S 1‘ - - 7iT_’ﬂ_a_ i mﬁ?.& day | day
=0 — — [[a— [la— . .
QET o ) ‘ \ N pa Ciw Caw mp Y Ovip
S g & | o T 1
252 | L ]
228 d4th follicle - — —_— — e e )
aAES ‘ ‘ ‘ ‘ 1‘ N |- lTa-—
| i | fa b

Remarks:

Feed: Feeding. Ovip.:

This table is based on the results shown in Tables 1,2,3,4, and 5.
Oviposition.

Females which oviposited within 2 hours during 5:00—8:30 PM were allowed to feed
on man for an hour, 24 hours after oviposition.
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The first follicles grow up after feeding
to mature eggs in 4 days and are (now
eggs) deposited on the 5th day of the
first gonotrophic cycle or the 7th day of
C-age, when the 2nd follicles reach IIa-
IIb or the second quiescent phase.

Following the first oviposition, the
nearest peak of feeding activity comes on
the next day. The second follicles grow
up to mature eggs in 3 days and are
deposited on the 4th day of the second
gonotrophic cycle or the 11th day of C-
age. By this time the 3rd follicles reach
ITa-IIb. The same developmental process
as in the second gonotrophic cycle is
repeated in the subsequent gonotrophic
ones. Here, it is to be noted that, in
this mosquito species, the lst gonotro-
phic cycle requires 4 days, while, the
2nd and subsequent ones do only 3 days
owing to the advance in development of
the next follicles to stage Ila-IIb by the
day of the current follicles (or eggs)

being deposited.

Table 10.

II Age distribution and ovariole chan-
ges in wild caught females in summer
Catches of mosquitoes in cow-sheds
were carried out in Matsushima village,
Nagasaki Prefecture in 1964 before and
after the residual spray (Table 10). The
purpose of the experiment was to exa-
mine the effect of the residual spray on
the population density and age distribu-
tion of cow-shed frequenting mosquitoes,
namely, Awnopheles sinensis and Culex ivi-
taeniovhynchus. The village was consisted
of three sub-villages, Setobatake (30
houses), Hyugashi (55 houses), and Ota
(22 houses).
village were sprayed by residual imagici-
des, 0.5% Diazinon Emulsion, 0.5%
Nankor E., and 0.5% Baytex E. respec-
tively on July 27 and 28 of the year.

All houses of each sub-

Although we are thinking to report the
whole results of the above experiment
on the other occasion, here general out-
line of the results will be summarized.
The residual imagicides were found to

have only a little and temporal effect

Percentage age distribution of females captured in cow-sheds at Matsushima

during from July to September, 1964.

| (
Date of Females

Percentage of females of different parity

capture mined

exat o= [1— [2— [3— 14= [5— 16— |1~

205 [1-7

| parous | parous | parous | parous parous | parous | parous vpazvgs,} parous | parous

Jul. 5-7 212 | 50.9 | 25.0

Jul.16—17 S5 | 25.5  65.5
Jul.25-28 84 | 54.8  32.1

| 1
i :

i 3.6

| 8.0

Aug. 6-7 31 | 19.4 3

Aug.18-19) 71 | 18.3 | 423 | 16.9 l 16.9 |
Aug.2820 64 | 172 | 25.0 | 2.7 9.4

Sept.9—]"l‘ 26 | 204 0 417 | 162 | 4.2

Sept.26-28| 34 | 5.9 | 29.4 441 | 5.9

Total 77 3.8 355 | 125 4.3

\
\

i 2.4
Jul. 27, 28. Residual spray: 0.5% Diazinon E, 0.5% Nankor E, 0.5% Baytex E.

| 323 | 258 6.5 |

| 0.5  23.6 | 49.1
1.8 | ‘ ‘ 3.6 | 74.5
‘ 4.8 45.2

3.2 | 3.2 .32

6.5 } | | 80.6
1.4 1.4 | 2.8 | 0.0 | 8L.7
9.4 ‘ 6.3 | | | 31 s28
0.9 | 0.8 : 157 | 79.6
29 | 88 | L2.9 | 94
1.7 ‘ 1.4 0.1 « 0.4 | 12.3 ‘ 68.2

* The age of the females could not be determined because they had all sac-like follicular tubes.
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just after the spray to reduce the popu-
lation density but little effect to reduce
the density of multiparous females of the
both species.

Of the results of the experiment, only
the percentage age distribution of Ano-
pheles sinensis collected in the three sub-
villages is tabulated in Table 10. The
number of females examined for age is
near to that collected in cow-sheds on
each date but not reflects the seasonal
abundance of the mosquito, because the
number of cow-sheds examined was varied
with the date of collection. In fact, the
females began to increase in number from
mid-June and made a peak on mid- and
late July. They decreased in number on
August but at early September they
made a small second peak and decreased
rapidly thereafter.

In the active breeding season or in July
the percentages of nulliparous females
were very high excepting in mid-July
when the percentage decreased because
of decrease in breeding number owing to
drying up of some rice fields by drought.
During August the suppression of bree-
ding number owing to the high tempera-
ture reduced the percentage of newly
emerged nulliparous females. The per-
centage increased a little during the
second peak on early September. After
this, the percentage rapidly decreased
by rapid decrease in breeding. In cont-
rast with the above, the percentage of
parous females increased when the bree-
ding number decreased.

It is of great interest that there were
found the females of up to 7 in parity in
this mosquito in nature, in contrast to
those of only 3 in parity in laboratory

experiment (Table 7) and also those of
only 3 in the cases of Culex pipiens
pallens and C. iritaeniovhynchus in nature.
The longevity in days or calendar age of
Anopheles sinensis in nature will be rou-
ghly given by the following equation (cf.
Table 9):

Longevity = The {3+4n+aJth day.

Where, n = parity; a = days from the
last oviposition to the day of being
captured.

For example, when n =7, the longevity
= The [31+«lth day.

In Table 11, the size and stage of first
follicles of unfed nulliparous females which
were captured when they came to
bite cattle in summer in nature are
presented. The figures in the table are
comparable with those given in Table 2.

Table 11. Size and stage of the first follicles in
unfed nulliparous females which came to
bite cattle in cow-sheds during from July to
August, 1965 (Five follicles were randomly
measured with each female).

Mosa. | j W; of D;;/elop-
No.q. . Fertility ; ollicies mental
' Mean Range stage

1 + | 98] 9.0-10.5, |

2 + 7.00 | 7.0- 7.0 |

3 + 12,04 | 11.0-13.2 | |

4 + 8.46| 8.0— 9.0 |

5 + 7.96| 7.3— 8.5 |

6 + 9.10 | 8.5-10.0 = |

7 + 9.50 | 9.0-10.0 |
Mean + ] 9.12 7.0-13.2| |

The mean length of the first follicles
of the females in summer appears a little
larger than that of those reared by 2%
sugar solution at 27°C. However, when
except the female No. 3 which had very



large follicles, the mean for the remain-
der becomes 8.64 with a range 7.0—10.5
and approaches the mean of those reared
at 27°C by 2% sugar solution for 72
hours or by 20% solution for 48 hours.
The follicles of the female No. 3 is near
to those of the females reared at 27°C
by 50% solution for 96 hours. The above
suggests that the females in summer in
nature may be spending 2-3 or more days
taking usually dilute carbohydrate food
before they come to bite cattle, such as
nectar or fruit juice but occasionally
something more nutritious other than
blood .
whatever large the follicles may be, they

However, it is to be noted that

remain in stage I without producing any
trace of yolk.

The size and stage of the second or
the third follicles of unfed 1-parous or
2-parous females collected in nature in
summer are 8.83 in the mean Iength
ranging 8.0 to 11.0 and in stage Ila-IIb
as seen in Table 12 and are nearly the
same as those in females reared at 27°C
(cf. Tables 3 and 4).
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Table 12. Size and stage of the current follicles
of unfed parous females, No. 1 to 8, shown
in Table 13 (Five follicles were measured
randomly with each female).

Length of e
MN(fq' Fteirlity Parity - [ollicles Dgezltoali
' Mean| Range stage
1+ | 1 'solso-93 ra=1b
2+ 2 1910 9.0— 95  1b
3+ 2 890 80-9.5 Ja—Ib
4 | + | 1 /850 8.0-9.0 la-1Ib
5 | + 1 1876 82~ 9.0 Ja—1Ib
6 | + 1 9.5 9.0-11.0 Ib
7+ 1 8.8, 80—9.0 fa—1Ib
8 + 1 1816‘80_ &q Ta—1b
Mean | + 1-2 883‘&0—1Ld Ta—1lib

In Table 13, the result of examinations
was tabulated which were made for the
number of parity; the number of follicu-
lar tubes in an ovary; the percentage of
tubes, with degenerated follicles, being
sac-like, shrinking, and with dilatation,
The examinations were made with ten
unfed parous females captured when they
came to bite cattle. The percentage
occurrences of follicular tubes being in
the four different forms are subjected to

Table 13. Changes in the shape of the posterior part of follicular tubes in unfed parous
females which just came to bite cattle (Examinations were made with ten
females among those collected during from July to August, 1964).
|

Mosq. No. |No. of parity: irl:k;'n toli,t;is “with degene- ??ffntage‘ ” tu’bei ) with
R | " ated follige clike | shrinking | gipation

1 ! 136 9.6 80.9 8.8 | 0.7

2 2 125 7.2 68.8 16.8 7.2

3 2 107 1.9 86.0 7.5 4.6

4 , 1 120 4.2 68.3 14.2 13.3

5 : 1 | 97 31 72.2 14.4 10.3

6 ? 1 08 0.0 97.2 | 2.8 0.0

7 ! 1 126 3.2 87.3 | 8.7 0.8

8 ! 1 ’ 12 1.8 91.9 | 4.5 1.8

9 ! 2 104 12.9 54.8 J 17.3 25.0

10 2 J 131 J 0.8 ; 82.4 [ 5.3 ! 11.5

Mean 116.6 3.6 | 79.2 9.9 7.3
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a great variation with individual mosqui-
to and the elapsed time after oviposition,
In the female No. 6, nearly all tubes
were sac-like showing that she came to
feed on cattle just after oviposition. On
the contrary, No. 9 seemed to come to
feed more than 48 hours after oviposition
(cf. Table 6). In an average, however,
the females seem to come to feed usually
within 24 hours after the oviposition.

III Results of examinations in late

antumn.

In late autumn, collections of the mos-
quito were also made in cow-sheds during
from 9 to 12th November. The females
collected were found on dissection to be
all parous ones as shown in Table 14.
Probably by mere chance, we could not

Reference tc the Relation to Temberatprggnd Sﬂeaﬁc}wr} ]

It is of
great interest that the current follicles
of the unfed (and having just fed) parous

collect any nulliparous female.

females were subjected to a great varia-
tion in size and stage, being divided
broadly into two forms. The large follicles
was 11.58 in an average ranging from
7.5 to 15.0 which was clearly larger
than the current follicles of parous
unfed females observed at 27°C or in
summer in nature (cf. Tables 3, 4, and
12). This was due to the occurrence of a
number of larger follicles which, howe-
ver, remained mostly in stage Ila-IIb as
usuall. The small follicles were in stage
I and 6.35 in the mean length and a
little smaller than the follicles in the

first quiescent phase in nulliparous females

Table 14. Size and developmental stage of current follicles of parous females collected
in cow-sheds at Kaizu village during November 9—12, 1985 (Females Nos. 1
to 12 were captured immediately after feeding, while Nos. 13 to 16 were done
before feeding).

Mosq. Feeding | Parity ‘7 Large current follicles , Emall current follicle:e -
ijlo'vw ] - Nos. ]lgegat?li Range f Stage | Nos. lllc\e/iﬁfritnh Range ‘f Stage
1 | just fed 2 349 | 11.84[8.0-15.0 Ta—Ib| 0 - - —~
2 p 3 235 | 11.25[7.5-13.00 ~ | 30 | 6.32 |6.0-6.5 |
3 % 2 258 | 11.36(9.5-13.5] Ja | 4 6.26 |5.7-6.8 ”
4 ” 2 312 | 10.74 | 8.3—13.0| [a—1Ib 0 - - -
5 ” 1 22 | 9.64|7.5-11.00 » 0 _ _ _
6 N oo 1201 |93-14.0 4 0 - - _
7 ” 3 341 | 10.68 | 9.3-12.00 4 1n | 672 [6.3-7.0] |
8 ” 3 ‘ 187 | 11.13 10.0-12.0| Ib—1Ic 0 - - -
9 ” 3 275 | 12.11 11.5—13.0| Ja—1Ib 5 6.17 | 5.7—6.5 |
10 ” 2 | 198 | 13.77 [13.0-14.5| [b 0 — - -
11 ” 2 | 3 . 11.78 10.5-12.5 la—1Ib 0 - - -
12 % 2 ‘ 260 | 11.23[8.5-13.0  » 0 - - -
13 unfed 2 257 | 13.85 12.0-15.0, b 0 - - —
14 ” 3 | 170 1090 8.3-12.8 fa | 4 | 573 55-6.0 |
15 " 4 253 | 11.51 8.8-14.0 Ja—1Ib 0 - - -
16 ” 3 229 | 11.29 i 7.8-13.5  ~ | 6 6.60 | 6.5-6.8 I
Mean | | | 263.6 1188 7.5-15.0 Ta- lc | 38 635 [55-7.0] 1

Remarks: Six to ten large follicles and 3—5 small ones were measured randomly with each female.
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reared at 27°C (cf. Table 2). The
occurrence of the varied conditions in
size and stage in the current follicles of
unfed (and having just fed) parous femal-
es might perhaps be caused by progressi-
ve decrease in temperature and day
length in autumn.,

With each of the same 16 females
in Table 14,

the follicular tubes of various forms in the

shown the percentage of

process of producing dilatation was com-
puted as shown in Table 15. The per-
centage of tubes with degenerated folli-
cles varied with individual mosquito.

The percentage of tubes being sac-like
was relatively lower but that of those
being shrinking was higher, and conse-
quently the percentage of total tubes of
being sac-like and shrinking was 86.0%.

The percentage of tubes with dilatation
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was only 10.0%.
above two figures is nearly identical to
that of those observed 24 or 36 hours
after oviposition in females reared at
27°C (see Table 6).
that the females might have come to

The proportion of the

This may suggest

feed on cattle mostly one or two days
after the oviposition.

The survey made on November was
probably too late to collect unfed nulli-
parous females and if we had any chance
to collect mosquitoes on about October,
we might be able to learn the transitional
condition in development of the first
follicles of unfed nulliparous females,
between the normal condition of being
in stage I as in females in summer and
the condition which was observed in
February to March in nature (In hiber-
nated nulliparous females the first folli-

cles were found mostly to be in stage

Table 15. Changes in the shape of the posterior part of follicular tubes in parous females
shown in Table 14.
1 | ‘ Percentage of tubes
Mosq. No. | Feeding inNt(:vlo touvt;ersies‘ with degene- | .. o with
~ 7 rated follicle]  Saclike shrinking \ jipatation
1 just fed | 349 1.1 41.5 ‘ 51.9 5.5
2 ” ' 265 16.2 35.9 0.1 15.8
3 p 262 5.3 3.2 | 43.9 17.6
4 p 312 2.2 4.3 48.4 7.1
5 " 262 1.1 70.2 23.3 5.3
5 P | 273 0.7 68.9 23.8 6.6
7 p 352 2.3 9.1 67.3 21.3
8 ” 187 0.0 0.0 88.8 11.2
9 p ‘ 280 16.1 71.4 8.6 3.9
10 ” 198 0.0 51.5 38.9 6
11 ” 358 0.0 .0 83.2 | 16.8
12 ‘ ” 260 0.0 54.2 45.4 0.4
13 ' unfed 257 \ 2.7 40.5 53.3 3.5
14 | ” \ 174 | 4.0 5.2 83.9 6.9
15 ! ” 253 0.0 | 44.7 43.5 11.8
16 | ” | 235 4.0 33.6 41.7 | 10.7
Mean 267.3 4.0 | 31.7 | 48.3 10.0
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R,‘?{effﬂ‘f‘f to the Relation to Temperature and Season

Ila-1Ih as will be mentioned later).
IV Results of examinations in from
Februaiy to March

The females emerged from hibernation
were collected when they were attracted
to CO, gas generated from dry ice (dry
ice method). The collections were made
on from February 11 to March 9, 1966.
The results of examinations for the leng-
th and developmental stage of the first
follicles of nulliparous females and those
of the second follicles of 1-parous females
(no 2- or more parous females were
collected) are presented in Table 16.

The first follicles of the nulliparous 31
females were 11.32 in the mean length
and, interesting to say, they were mo-
stly in stage Ila having some exceptions
in which some were in stage IIb and a
These follicles
were nearly identical in size to those of

few in Ilc or even in I.

large current ones of parous females in.

late autumn. Another interesting thing
is that some of the first follicles were
found to be degenerated ones as shown
in the footnote of Table 16. The degene-
rated follicles were smaller in length
than the first follicles of newly emerged
females in summer, very thin in width,
and irregularly rugged in both sides.
The undifferentiated 8 cells and epitherial
cells were entirely being disintegrated
into cell debris. These degenerated small
first follicles will have possibly been
indistinguishable from dilatation when ob-
served after the coming gonotrophic
cycle.

The reason why most of the first
follicles of O-parous females emerged
from hibernation advanced in size and
stage and some of them degenerated is

uncertain now but is assumed to have
been probably caused by the progressi-
vely decreasing temperatures in the days
of their entering into hibernation in
autumn. The assumption is based on the
fact that the two females emerged as
adults from wild caught larvae on the
end of October, 1966 and reared under
natural temperatures on 20% or 40% su-
gar solution for 4 days were found to have
considerably varied follicles in size and
stage: In one female, the follicles were
all in stage I but 5% of them were in
degeneration; in another, 63.3% were in
stage I-II and 36.7% in stage I, while
9.1% of the stage I follicles were very
small.

Another group of 36 females shown in
Table 16 were collected during from Fe-
bruary 19 to March 9, 1966 and found
all 1-parous. The current follicles of
these unfed 1-parous females were found
having 2 types: Follicles of one type
were large, 11.77 in an average length
and in stage Ila-IIb, rarely in Ilc,
while, those of another type were small,
8.6 in an average length and in stage I.
The varied states of current follicles
had been similarly observed already in
late autumn (cf. Table 14).

With 25 females out of the 36 ones,
changes in the posterior part of follicular
tubes were examined with the results
presented in Table 17. The percentage
of the tubes ‘having degenerated tollicles
was greatly varied with individual mos-
quito, averaging 9.3%. Tubes of being
sac-like, shrinking, and with dilatation
were 11.9, 0.0, and 78.8% respectively
in an average. It is of interest that sac-

like tubes had remained in most females
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till the days of emergence from a long-
term hibernation. However, since it was
thought very strange that some females
had the sac-like tubes in as high as 20
to 25% in the extreme cases, examina-

tions were carried out for the shrinking
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process of the tubes in relation to the
elapsed time after oviposition with the
females which fed on cow on emerging
from hibernation and laid eggs, with the
results shown in Table 18. The process

was found very much slow and even 20

Table 16. Size and developmental stage of follicles of hibernated females collected by dry
ice method in nature during from February 11 to March 9, 1966, at villages
near Nagasaki City and Kaizu Village. About ten follicles were randomly
measured for each female.

Nulliparous females Parous females (all 1-parous)

Date of - - - - ) - o
cateh Mosq. First follicles Mosq. Lérge 2nd folhflés ,,S,Ea,n‘ 2nd7f70111des
- o 1&?& Stage | No. Nos. ! lg‘eg& Stage Nos. I lle\:lffétnh Stage 7

Feb. 11 1% | 10,68 la \ |

Feb. 19 2 [ R 230 | 12.75| fa—1lIb| 4 8.15 ! !

// 3 | ” ; !

7 4 ”

7 5 Va

Feb. 21 6 * " i

Feb. 28 7% 12.00 ” ;
Mar. 2 8 9.27 ” 2 210 11.76 [fa 60 6.01 | |

” 9 11.95 ” 3 ”

” 10 12.65 7

” i1 13.38 7

7 12 11.73 4 i

” w85 4 i

P |14 11.75 ”

" 15 | 1150 o~

” i6 12.%3 Vi

” 17 11.67 ”

” 18 10.83 ” ‘

” 19 12.27 ” ‘

” 20 12.67 ”

” o 1215  Ib

” ! 15.43 la

” |23 15.33 | Ja-1Ic

” Y 12.67 a

” 25 Vi |

” ! 26 Vi ‘ ‘

Mar. 4 27 | 10.00 " ‘ 4 191 | 962 la 3 | 7.00 I

V | ! 5 b

% ‘ | 6 204 11.70 fa=lb 3 7.5 “ ]

P ‘ T 191 | 9.00  Ja | o | 6.00

” { 8 215 9.3 fa—1lb, 12 550 | o~

” i 9 127 ‘ IO.SOJ ” il 31 6.00 i ”
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Table 16. (Continued)
Nulliparous females Parous females (all 1-parous)
Date of — o : : o -
cateh Mosq. *j‘itfcilgcl;es“ Mosq. Large 2nd follicles H Smal{ﬁnﬁdﬁlhclﬁesﬁ -
No. IIXI:;& i Stage No. Nos. ! 11(\3/{legatnh Stage Nos. ‘ ]Ig]eg;iﬁ] - Stage
Mar. 4 10 20 | 91! a 38 | 550 !
4 11 198 10.76 ” 0 - -
” 12 194 9.77 ” 0 — -
4 13 197 19.60 ’ lc — -
V 14 S
” 15 b
” 16 ”
” 17 [a
Mar. 5 28* 12.27 I 18 162 11.72 fa—1b 2 8.65 I
” 20% 9.77 la 19 235 10.91 ” 2 7.75 ”
” 30 7 29 187 12.20 7 2 7.50 4
” 21 200 1113  »# 4 8.15 ”
” 22 212 12.47 | Ta—1c 8 7.50 7
” 23 197 12.85 ” 9 9.10 ”
” 24 168 . 11.33 1 Ja—1b 10 6.50 7
” 25 239 12.588 ” 14 7.50 ”
” 26 270 12.56 Ic 0 — -
” 27 246 12.93 | Ta—1b 0 — -
” 28 246 11.97 ” 0 - -
” 29 241 12.90 Ib 0 - -
“ 30 199 13.83 [a 0 — -
V4 31 ”
” 32 Vi
4 33 Ib
” 34 fa
” 35 Vi
Mar. 9 = 31* 12.67 fa ‘] 36 22 | 1190 Ja- Ib 3 8.27 I
No.99 examined | 23 | 31 | 3% | 2 | 25 | % | s | 5 | >
Mean 13 | 207.6 | 11.77 | 86| 719 |
Range 1905 T-1c] 127-210 555 o ta—1Tc| 060 s.0-0.8 1
Remarks: With randomly selected six females marked with * out of 31 O-parous ones, the number

and shape of the first follicles were examined, with an interesting finding that:

Female Nos.

1, 6, 7, 28, 29, and 31 had 89, 36, 66, 83, 57, and 36 degenerated

first follicles respectively out of 228, 219, 208, 251, 229, and 170 ones, i.e., in
an average, 61.2 or 28.12% degenerated ones out of 217.5 follicles.

says after oviposition about a half of
tubes were found to be sac-like and
shrinking.

Here, it is to be noted that the fema-
les No. 6 and 12 which were nulliparous

when they were captured, were found
after oviposition having tubes with dege-
nerated follicles each in a very low

percentage, and those with dilatation

each in a relatively high percentage.
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This seems possibly due to the inevitable
mistake of degenerated very small follic-
les having been produced among current
follicles of unfed females in autumn, for
the dilatation produced after the oviposi-
tion following the blood meal in the
spring.
V  Considerations on the shrinking
pattern of follicular tubes in relation

to temperature and season

Table 17. Changes in the shape of the posterior
part of follicular tubes of the 25 unfed
parous females (among 36 ones shown in
Table 16) collected by dry ice method near
Nagasaki City and Kaizu Village during from
February 19 to March 9, 1966

Mosq No.

N | Percentage of tubes
Dtubes | Lo e
No. | in two VL (& e | strin- | D
LTI ] follicles ! _tion_
] 23 ! 158 205 00 637
2 20 52 | 00| 00 ong
4 194 . 05 |11.3 0.0 | 88.2
6 . 207 } 1.9 | 3.4 0.0 | 947
7200 S 75105 0.0 | 820
8 27 44 7.5 0.0 | 88.1
9 188 39 | 00| 0.0 961
10 257 . 86 | 7.8 0.0 8.7
oo | 177 56 0.0 | 767
12 ] 194 . 13.9 9.3 0.0 ‘ 76.8
13| 197 S 107 17| 00 | 77.8
18 164 | 244 104! 0.0 | 65.2
19 w7 |21 181 00 798
20 189 14.8 19.0 0.0 @ 66.2
20 | 2 | 255|167 0.0 57.8
2 20 95 '10.5| 0.0 | 80.0
23 206 155 204 0.0 | 641
24 178 | 146 163 0.0 | 69.1
5 28 | 12 123 00 | 75
% | om0 5.8 (2520 00 | 68.9
27 246 5 18.7 ‘ 0.0 6.8
28 | 246 . 2.8 [19.1] 0.0 | 78.1
29 241 | 108 ! 0.0 \ 0.0 | 89.2
30 199 | 5.0 | 40| 0.0 | 91.0
% | 25 ' 05 144 0.0 1

[oe)
(&3]

Mean | 216.2‘ 9.3

—
—

(o}
(o]
[

In Table 19, the shrinking patterns of
the posterior part of follicular tubes in
Amopheles sinensis are compared with the
females examined under different labora-
The most
striking feature in the shrinking of the

tory and natural conditions.

tubes in this mosquito species is that the

Table 18. Condition of the posterior part of
follicular tubes examined on the indicated
days after oviposition. (The females which
emerged from hibernation and fed on cows on
March 2 and 4, 1966, were reared at labora-
tory under natural air conditions).

M()sq.‘No. tubes| Percmtage of tubes

‘ in two ‘Wlth dege-) sac-like-|- with

No. | ovaries nerated |
i follicles | ?hrmkmg dllatat?()n

Examined about 3—5 days after ov1p051t10n

1 m 4.4 6w 30.9
2 250 0.4 64.0 35.6
3 254 . 23.6 } 68.5 7.9
Mean | 2283 10.1 j 65.8 | 24.1

Examined about 7 days after oviposition

| aus | a4

. 48.1

4 J 17.7‘ 26.7
5 316 13.9 | 27.812.7]  45.6
6 232 3.9 ’ 61.2
7 242 ‘ ‘ 57.4 | 40.1
Mean 258.3 { 8.1 i 48 I 43.4
Examined about 10 days after oviposition
8 | oo ’ 6.1 50.7 E 43.2
9 178 | 185 1 46.] i 40.4
10 212 19.3 | s5.2 58
11 242 | 27.3 | 479 | 24.8
12 198 J 3.5 .4 | 551
Mean 2188 14.1 L85 374
Examined about 20 days after oviposition
1B 2 8.0 \ 51.4 J 40.6
Mean | 23.5 10.7 j 526 [ 36.7
Remarks: Females Nos. 6 and 12 were nulli-

parous, while the others were uni-
parous when they were captured.
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shrinking process is very much slow in
comparison with the other mosquitoes.
The process appears to become a little
slower with decrease in temperature.
When compared the mean percentages
of the tubes with dilatation observed in
nature in summer and autumn with
those observed at 27°C, it is presumable
that the females usually take their blood
meals within 24 hours after oviposition.
The females which emerged from the
long-term hibernation were found to have
the tubes of being still sac-like in about
12 percent. It appears strange but will
be admitted as true, considering the fact
that the females after oviposition follow-
ing the blood meal on emergence from
hibernation were found having sac-like
tubes in about 40 to 50 percent till 10 to

20 days after the oviposition.

Table 19. Shrinking pattern of the posteri
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Temperature and Season

The percentage of tubes with degene-
rated follicles varies with individual mos-
quito as already mentioned above, thou-
gh, in general, it takes a mean value of
about 4% similarly at 27°C, in summer,
or even in late autumn, while in early
spring it increases to 9.3%. The females
which passed a gonotrophic cycle after
the emergence from hibernation were
found having the tubes with degenerated
follicles in 8 to 14% which was roughly
The
reason why the percentage of tubes with
high
hibernated females is quite unknown now.

VI

size and developmental stage of folli-

near to the percentage or 9.3%.
degenerated follicles becomes in
Considerations on the changes in

cles of females im relation to the

temperature and season
In Table 20, the size and developmen-

or part of follicular tubes in parous females in

relation to the elapsed time after oviposition or the season, together with the

tubes with degenerated follicles.

Percentage of tubes
Elapsed time after oviposition ) o with with de- Rg[f\zx}‘;igce
sac-like |shrinking dilatation lggﬁtiag?etsed
’ 0 hr 95.4 2.6 0.0 1.9
12 hrs 83.0 13.6 1.7 1.7
Hours after oviposition at 27°C | 24 hrs 65.8 22.2 9.5 2.5 Table 6
| 48 hrs 55.0 16.1 26.3 2.5
| 72 hrs 56.5 16.5 23.7 3.3
Females coming to bite on cow after \
oviposition in Summer | 79.2 9.9 } 7.3 3.6 Table 13
Females coming to bite on cow after \ } i
oviposition in late autumn ; 31.7 48.3 i 10.0 4.0 1! Table 15
Hibernated females collected before feeding ‘
in early spring \ 11.9 | 0.0 | 78.8 ’ 9.3 l Table 17
S — ;,,‘ — . R S - ! S S —
' 3-5 days | 65.8 2641 | 101 |
. {positi . ‘ \ \
Days after oviposition at natural | 7 days ‘ 48.5 | 43.4 ‘ 8.1 Table 18
temperatures in €early spring i 10 days | 48.5 } 37.4 | 14.1 |
20 days ‘ 51.4 I 40.6 8.0 ‘
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Table 20. Changes in size and developmental stage of follicles of unfed females in relation
to the temperature and season
Temp. (°C) |Refer- | 1st follicles of | 2nd follicles of  °rd follicles of 2-parous females
0- f -
or ence parous females ‘ 1-parous females Large follicles Small follicles
. Season table lgfle;&[Range\ Stagehye;mRange\ Stage lI;/fle;tr;l‘Range“ Stage lgf)egatrll]}RangeE Stage
i a 6.2— la 8.0— Ila— T
_— SO Pt ‘ R T LT L
r (Table 2, 48 hrs (On the day of (On the day of
after®)]  1st oviposition)| 2nd oviposition) o
1 8.0 la 8.0— |lla—
Summer 11, 12 9 12‘ 13 2 L8 77\ 11. 0‘ Hb[ > OO 9.5 Ib _
s (With 6 22 in (With 2799 in
- .| (Table1l) | Table 12 )J Table 12) -
[ Ta— la— « ar5.5— ‘
Late aut " | 3,88171440_ ro 1697950y d 03570 1
ate autumn " (Could not (With 2 ?¢, (Current follicles of 2- to
o - - collect) Nos. 5 & 6)] 4-parous wfgrjnglieis)
] i | - ’ - ‘6 Ha— ’ 5.0— ’
Feb.-March " ”-32‘ 16 o‘ “ . FLLT7 g, 8 Id 119177 9.8 |
(hibernated) ' i ‘ R (2nd folllcles of 1-parous females)

dok

Mean value for females reared by 2, 20, and 50% sugar solutions.
The figures are those for 2nd follicles of 1-parous females.

Two- or more parous females could not collect.

tal stage of the first, 2nd, and 3rd follic-
les of unfed 0-, 1-, and 2-parous females
examined under different rearing tempe-
rature and seasons are summarized. The
size and stage of follicles being in the
first or second quiescent phase are nearly
similar in both unfed females reared at
27°C and those collected in summer in
nature. The fact that the current follic-
les of unfed parous females advance into
stage Ila-IIb,
phase, is one marked peculiality of this

or the second quiescent

mosquito species,

In autumn the current follicles of unfed
parous females are subjected to a great
variation in size and stage: Many of

them are large and in stage Ila-IIb, and

Summary

D

mined with the females of Aunopheles

Ovariole and age changes were exa-

sinensis Wiedemann, 1828 reared or cap-

some are small and in stage I, while

some may degenerate. The occurrence of
great variation of the current follicles in
unfed parous females in autumn is ano-
ther peculiality of this species.

The first follicles of unfed nulliparous
females which emerged from the long-
term hibernation are greatly varied in
size and stage: Many of them are in
and a

The
occurrence of great variation and especia-

stage ITa; some are degenerated;

few are in stages IIb, IIc or I.
lly the advance into stage II in the first
follicles of hibernated unfed nulliparous
females are the most interesting and the
3rd peculiality of this mosquito.

tured under different conditions of tem-
perature and season during mainly from
May, 1964 to March, 1966.
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2) The first follicles of newly emerged
females were about 402 in length and in
stage No having 8 undifferentiated cells.
They reached the initial quiescent phase
(stage I) 36-48 hours after emergence
and were about 75#. The second follicles
in fed females appeared on the next day
of the blood meal and reached the 2nd
quiescent phase (stage II) by the day of
the first oviposition.

3) The females of this mosquito can
not lay eggs unless they are fertilized.
The fertilized females can oviposit when
they take full blood meal only once.

4) It took from emergence to blood
taking usually 2 days in experiment and
2-3 or more days in nature. The first go-
notrophic cycle from feeding to oviposi-
tion took 4 days, while the second and
subsequent cycle did each 3 days at 27°C
or in summer in nature. Oviposited fema-
les seemed to take next blood meal com-
monly within 24 hours in experiment and
also in nature.

5) The shortest calendar age or the
longevity after emergence of the females

at 27°C or in summer in nature is obtai-

ned. by the equation: The [3+ 4n+ alth
day. Where, n:parity, «:days from
the last oviposition to the day of being
captured.

“6) In late autumn, the current follic-
les of unfed parous females were subjec-

‘ted to a great variation in size and

stage: Large ones were in stage Il as
usual and small ones were in stage I.
The variation appeared to be caused by
the progressive decrease in temperature
and day length in that season. The first
follicles of wunfed nulliparous females
could not be examined bacause none of
these females were collected in the late
autumn.

7) The first follicles of unfed nullipa-
rous females just emerged from hiberna-
tion on February to March were unex-
pectedly mostly in stage II, while some
were degenerated and very small, and a
few were in stage I. The current follic-
les of hibernated unfed parous females
were mostly large as usual and in stage
II, while some were small and in stage
I.
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TF o= H G QMAROIIENE R UH4A OLEE, [HE 27°C THRER» SHF Lz oot
PSR AR LT, BART, B, BKKOPEBED O BD BEREIC OO TR SR A Y
M Ltz, ORI EE LTI9844 5 A5 519664 3 H DRNCITIE - 72, 241 5 DRI D L 5 ICER
Tx 5.,

1) 27°C T, FHuEZOH 1 nfuiNoll, REK 402 T, Kofbos#ifassihHodh, 0k
BRI LA B & O iR AR TRA E SR LT 5. TURE 18R HIE D S | Hllcd dodad Sh
36—ASHEIEICITE L TSR 0# 150 ICE U CHBE 1 ke s 5.

2) AFEDQTIL, BHEOHEICHD O IRMENRORE RRERICHED D, 8 L0 i st
WREIR S I, 2R Le @ D3I A 7ok R 1 MOMERIN TR D TH 5.

3) S, SEEGEOWRMEICE 27°CTHR2 H, EERRATIZ2, 3 HMAR 2ET 2,
1 AR BRI S W s S EEINEIE 4 H, PEINERIMZ ORI 1 0 TH 5. 5§ 2 LR FIER
WHWin» SPEINEIE 3 HAE ST 5. #hil, IHEAZE 1 HE T4 &, LHEHEORIMITE 3 B HICA
S, B TAEBIISE 4 —T HIZET, F20B0RILIE 8 HEIC, 2 RIOEMBRIIE I—1IHIKH T
T HT LA 5, BEO Calendar age (MROANLSEL A,

calendar age=4% [ 3+ 4n+a) H

UL, n=fEPEBRK, a=RHEOENNS, BEshicAZ0H .

4) WERKILHIZ, RBREOFEE 2 DN KE &, BEMMICRES CAERT L. KBk 27°C %
MERRATOLOIDFITAE L, BEBRIMTH DL, AHOML 27°CTOF 1 #HEHO L O X
DANSS THICIEE 5. COXHIRERIMOERT 2WMELAROKBE L0 LBONS.

5) AR, BIES DD IR, KEEE OF 1 NS L TIIICEATED, X, ARHDED
DI | AR ORAED SBE LTV B, ch DD EICERS VIEETN&C ETH S, ARl
Ok @ THELORERNC ROz LD BN O KX S ERBHORSWERBALLND.





