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Abstract

The follicular development of Culex tritaeniorhynchus summorosus females after taking various

amounts of blood was observed, and the following facts were demonstrated. Even in the

females which have taken merely a trace amount of blood insufficient for filling up the

midgut, many follicles do initiate the development, but none of them mature. When

the uptake amount of blood increases, some follicles develope to mature eggs, and

generally the more amount of blood is taken, the more mature eggs are produced;

those follicles which have initiated the development but have failed to mature are

degenerated. The females which have smaller number of mature eggs than the normal

will lay a small egg raft or will take a second blood meal, depending on which is given

the oviposition place or the blood source.

Introduction

Some female mosquitoes can take blood up

to about the twofold of the body weight at

one feed (Bekku, 1953; Woke et al., 1956),

so that the possible range of the uptake

amount of blood is rather wide. Dow et al.

(1957) collected Culex tarsalis females attract-

ed to baited chickens and said that with

the increasing number of the collected fe-

males, the rate of the fed females in all

the females decreases but tne rate contain-
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ing merely a trace of blood in the fed fe…

males increases…　More recently, Fujito et al･

(1971〕 reported similar tendency in the

femヨ…les of Culex tritaeniorhynchus summorosus

collected by light traps at pigsties･ In con…

nection with these interesting phenoコnena,

it was thought to be necessary to examine

whether those females that take only a

SIT-all amount of blood will develop mature

eggs and whether they feed a言am on

animals･ This paper deals with the results

of experiments along this line with Culex

tritaeniorhynchus summorosus, the principal vector

of Japanese encephalitis in Japan.

Material畠and Methods

Culex tritaeniorhynchus summorosus used in the

experiments were obtained from the colony

which had been derived from engorged fe…

males collected at animal sheds in Nagasaki

area in April, 1965･ The colony had been

maintained under a daily pnotoperiod from

14 to 15. 5 hours and a constant temperature

of　27-C･　The present experiments were

ca汀Ied out in 1970　under 14　hour photo-

period and 27-C･ The larvae were reared

with the equally mixed powder of Ebios

〔brewer's yeast〕 and mouse pellet, and the

GRADE SIDE VIEW BACK VIEW
DISTENSION

OF MIDGUT

TRACE

SMALL

MODE RATE

FULL

Fig･ 1･　　Schematic representation of the grades o壬the amount of

blood in the females of Culex tritaeniorhγnchus summorosus
■■

immedia.tery after feeding…
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females were given ¥% sugar solution.

The blood in midgut can be observed from

the outside as a red part in the abdomen, so

the relation was examined between the ap-

pearance of abdomen by observation and the

state of midgut with blood by dissection･

From the res山ts, the grades of th巴amount

of blood taken were determined as trace,

small, moderate and full as shown in Fig･ 1,

based on the size of red part seen from the

side and ba,ck of a female and the part of

midgut blood occupied･ In none of the fe…

ma1巴　with a trace amount of blood, the

midgut is distended by blood even im-

mediately after taking blood. On the con…

trary- all the females with a moderate or

fu互1 amount of blood have the midgut fill…

ed up and distended by blood･　The state

of the fema互es with a small amount of blood

lies between trace and moderate, i･ e…, the

midgut is filled up by blood, but the dis…

tension of midgut is very small･ The grade

of each female was decided actually only

based on its appearance,

Female mosquitoes, which had been kept

in a small cage with l% sugar solution 5

to 10 days after emergence, were fed on a

human hand. When the amount of blood

taken reached one of the grades stated above,

the mosquito was taken up by an aspirator,

and thereafter reared again with sugar solu-

tion. The developmental sta酢s of follicles

after blood feeding were recorded following

Kawai 〔 1969〕･

Results obtained

Prior to describing the deve且opment of fol-

licles in female mosquitoes afte‡･ taking

various amounts of blood, the follic山ar

development before blood meal is given in

Table 1. Under the conditions of 27-C and l一生

hour photoperiod, the first follicles be-

come N-Ib in stage, i. e･ the first qui…

escent phase. 3 days after emer酢nee, and

rarely deve且op to more advanced stages

unless taking- blood.

Follicu且ar developments after taking

various amounts of blood are shown in Table

2･ In the females 1 day after taking a trace

amount of Dlood. the first fol五ides develop-

ed s軸htly from the first quiescent phase

and were at N-Ib to lib, most且y I…II and

Ha in stages, and the blood had already disap-

peared from the midgut. On the following

Table 1 …　　　Follicular development of the females of Culex lritaenior砂nchus summorosus before

blood feeding, under 27cC and 14 hour photoperiod (from Kawai, 1969 and his

unpublished data〕…

Days after ｣

emergence

1

?

3

4

5

10

No. of females
dissected

10

‖E=

15

15

15

0

l

F

Percentage of first follicles

falling in each developmental stage
Nol~No2

94.5

3/.6

0…0

0.0

0.0

().(〕

N′%Ib

>, ->

62.ヰ

100.0

99.4

96.3

99.8

I-II

0.0

0.0

0･0

0.6

3.7

0.2
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days a very few follicles developed to llia,

but the others remained continuously in

N-Jb to lib, mostly in IJI and lla. until

about 2 weeks elapsed. In some females which

had survived more than 2 weeks after tak…

mg a trace amount of blood, some number

of follicles were　言enerated…　The dege…

n巴rated follicle, when contraction had been

completed, was very similar to the dila-

tation formed after oviposition.　None of

the follicles in the females having taken a

trace amount of blood developed to mature

eggs after all.

In the females having taken a small

amount of blood, the maiority had already

no blood in the midgut 1 day after blood

meal, and had the first follicles in stages

of N-Ib to lib, mostly in I-II andlla. This

states were similar to those obse‡-ved in

the females having taken a trace amount

of blood･　However, the some individuals

were found to contain some blood still

in the midgut and a considerable number

of their follicles wer巳in stage llia.　The

gr巳at巳r part of the females which had

survived more than 4 days after feeding had

no mature eggs and the states of follicular

development of these females were similar

to those having taken a trace anount of

blood, i･ e., the first follic!巳　remained

mostly in N-Ib to lib and very rarely

developed to llia. But some females had

mature eggs, though the number of eggs was

small, and the states of follicular develop-

ment of these females were rather comolicat-

ed, being classified in 3 groups　〔1〕 the

first follicles developed to the mature eggs

and the second follicles also developed to

the占econd guiescent phase ranging from N

to I-II in stages, 〔2〕 the first follicles

degenerated and the second follicles develop-

59

ed to the second guiescent phase, and 〔3J the

first follicles remained in N--Ib to I.II and

the second follicles did in Nol-No2. The

second follicles in the group (1}　were

liable to be separated from the mature eggs

on dissection…　Such separated follicles had

no pedicels and could not be discriminated

from the current follicles falling in the latter

two groups, when their pedicels were cut

off.　Therefore, the total number of

ovarioles falling in the groups 〔2〕 and (3)

was obtained by subtracting the number of

mature eggs from that of all follicles in

stages from N to I-II including tnos巳connect-

ed to mature eggs･ Moreover the follicles

of the groups 〔2〕 and 〔3〕 in the same

developmental stages were not always clearly

discriminated from each other, because the

second follicles of group o2〕 were undis-

tinguishable from the first follicles of group

〔3〕 when the current follicles were cut off,

on dissection, from the pedicels to which

degenerated ones mi^ht have been attached.

Therefore the both groups were included

for convenience in the colomn of degenerated

follicles in Tab互fe 2･ The real percentage of

the degenerated follicles wer巳unknown, but

the number falling in the grouD 〔2) was

greater than the group (3) under the condi-

tions of the present experiment･

The process of the fol臼cular development

and degeneration in the females having tak…

en a moderate or full amount of olood was

essentially the same as the above descrip-

tion for the females which produced some

mature eggs, naturally, however when the

mりi･己amount of bユoo)∃i had bean taken the

mor己　mature eg･ers were produced. Even in

the females which had fed to repletion,

there were found a considerable number

of follicles which fell into degeneration after
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once initiating the development･ The rate

of such degenerated follicles was about :

as shown in the last line in Table　2, but

this figure might be higher than the actual

one, for some follicles remaining in N-Ib

to I-II might be included in the degenerated

ones by the reason as stated above･ Of

course, this can be aoplied to the females

having taken a moderate amount of blood.
･

Mature eggs wer己if once formed, not de…

teriorated even in the females which sur-

vived胡days after taking blood.

Next, the oviposition and the feeding ac-

tivity of the females having taken various

amount of blood will be mentioned. Table 3

gives the rate of the females whichはid an

egg raft after having taken various a･mounts

of blood and the number of eggs in the raft･

The rates of the females harborlng any
…

number of mature eggs�"皇to 12 days after

feeding shown in Table 2 were 19･6, 100.0･

and 100.0^ for those taking a small, moder-

ate and full amount of blood respectively.

Therefore the rates of the females which

laid an egg raft in the females with mature

eggs were not so different between re…

spective groups by blood amount. Very small

rafts were laid by the females having taken

small amount of blood･

Regarding the feeding activity of once fed

females, the females having taken a trace

and moderate amount of bk〕o丘　took blood

again, at a considerably high rate when ex…

posed to human hand 1, 4 and 8 days after

the first blood meal as shown in Table　4.

On the contrary, none of the fu且Iy fed fe-

males took the second blood meal 1 and　4

days after the first meal, although on the

8th day some took…　Certainly the fully fed

females do not take blood repeatedly as easi-

ly as those taking a trace to moderate

amount of blood.

Table 3-　　Number o王　　in a raft laid by the王emales o王Culex tntae乃ior句mchus summorosus

haヽang taken various amounts of blood, under 27cC and 14 hour photoperiod･

Grades of

amount of blood
No. of females

obserヽIed

small

moderate

臣Till

20

20

20

No･ 〔先〕 o王王emales

laid an egg raft

2 〔10･OJ

7 (35.0)

14 〔70.0〕
｣

Meannumber(range
ofeggsperraft〕

室_

26.5 ( 23-30)

57･8 〔 3呂-72〕

169.1 (128-199)

Table 4.　Percentage of the repeated blood feeding in the females of Culex tntaeniorhユ′nchus

summofo-us havii唱taken various amounts of blood and kept without giving

water for egg laying under 27oC and 14 bour photoperiod･

Grades of amount

of blood at the

王irst feeding

も

1 day after

the壬irst feeding

females壬ed 〔No･ females exposed*〕

4 days after

the王irst壬ceding

trace

moderate

full

70･0 〔30〕

96.2 〔27〕

0･0 〔30〕

80･0 (25〕

57･1 〔28〕

0…0 〔30〕

Females were exposed to a human hand for 3 hours.

8 days after

the first土ceding

,%三二…%%
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Discu呂sion

Many species of mosquitoes require a blood

meal for the production of eggs and it has

been found by various investigators that

there is a close relationship between the

amount of blood taken and the-number of

eggs produced (Roy, 1936; Hosoi, 1954:

Barlow, 1955 ; Woke et al., 1956; Detinova,

1962 ; Kupriyanova, 1966　and Yoユozma,

1967)･ Most of these investigations showed

that the m…ature eggs ar己　produced only

when the relative amount of blood taken

to the body weight exceeds a csrねin vain巴,

characteristic to the species.

Such observations seam to support the hy…

pothesis proposed by Larsen &　Bodenstein

O1959〕 that in anautosrenous mosquitoes the

midgut distension for considerabl己duration

is necessary as the first step stimulus

inducing the secretion of gonadotropic

hormone and consequently for initiating

the development of follicles to eggs. Recently,

however月ellamy & Bracken 〔1971〕 proposed

another hypothesis that the digested blood

itself is the factor responsible for initiating

the development to eggs. The results of the

present study with Culex tritaeniorhynchus

summorosus seem to throw some doubts on

the former hypothesis, because even in the

females having taken a trace amount of blood

insufficient for the distention of the midgut,

the initiation of follicular development was

observed 〔see Fig･ 1 and Table 2〕

Volozina (1967) found in Aedes species a

threshold amount of blood for the initiation

of follicular development. In the present

experiment, however, the threshold amount

for the initiation of the development was

not detected, but follicles may have not

initiated development if the amount of

blood taken is smaller than the minimum

らi

amount taken in the present experiment.

From the ecological viewpoints, the re…

suits obtained raise some problems. It is

said that a considerable number of the

females of Culex tritaeniorhynchus summorosus

take only a trace amount of blood in some

conditions as referred in the introduction

of this paper. If this is not the rare case

in nature, its possible role in the population

dynamics of mosquitoes and th巴prevalence

of the disease they transmit must be

studied in detail. Here, it is interesting

that the females of Culex tritaeniorhnchus

summorosus which took only a small or

moderate amount of blood by interruption

and then produced mature eggs can either

lay an egg raft or take the second blood

meal, depending on which is given the

oviposition place or the blood source,]as

shown in Tables 3 and 4･　However, the

behavior of the females having taken a

small to moderate amount of blood israther

mapparent in natural conditions･ The females

with a few mature eggs are not rarely

found in the females collected by dry ice

traps or at animal sneds.but these曙gs are

thought to be remained in the ovaries

when the other eggs were laid. The females

with 10 to 30 eggs per ovary are hardly

found in the females attracted to CO望Or

animals. These facts may possibly suggest

that in natural conditions the most of the

females interrupted to take a full blood

meal feed again on blood. The feeding and

refeeding will occur probably in the same

night, as the females with considerable

number of follicles falling in stages from

Ill to IV are also scarcely found in such

females. If the variation of the number

of mature eggs in the females attracted
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to the oviposition place can be examined

by some adequate methods, the results will

give some suggestions to the problems.

As for Aedes ae且坤ti. one of the most ex…

tensively investigated spacies. even the

females which took blood to repletion take

blood repeatedly before oviposition at con･

sid巴rably high rate, when exposed to the

blood source in laboratory conditions 〔Judson,

1968). Moreover in this species repeated

feedings occur usually in natural conditions

on the course of blood digestion and fol…

licular development 〔 MacDonald, 1956

Tuchine!a et al･J1969 ; and Yasuno & Tonn,

1970〕…

For the exact determination of physio-

logical age in female mosquitoes by counting

the number of dilatations of the ovarioles,

it is desirable to know fully on the

follicular development and degeneration

and also on the behavior of mosquitoes from

blood feeding to oviposition in various con…

ditions in natu⊥■巳･
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種々の量の血液を摂取したコガタアカイエカの

濾胞の発育及びその後の吸血,産卵活動

茂木幹義・和田義人

長崎大学医学部医動物学教室

大森南三郎

帝京大学医学部寄生虫学教室

摘　　　　　　　　　　要

種々の量の血液を摂取したコガタアカイエカ雌成虫の濾胞の発育について調べた結果次の点が明らかとなった.

中腸を満たすに足りないほど少量しか吸血しなかった雌でも,多くの濾胞が発育を始めるが,成熟卵にまで発育す

る濾胞はない。吸血量が増えると成熟卵まで発育する濾胞が出現し,その数は.吸血量が増えるほど多くなる.そ

の場合に,成熟卵にならない濾胞は発育途中から退化する.少数の卵しか持たない雌は,産卵場所を与えると,き

わめて小さな卵塊を産卵するが,産卵場所を与えずに吸血源のみを与えると抱卵したまま再吸血する.


