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ABSTRACT : Mosquito collections were made in the dwelling houses, cowsheds,
and by human-baited-iraps, in Nagats and Abumize Villages, Nagasaki Prefecture in 1961 and
1962. The former village was 14.0% and the latter was 8.3% in microfilarial incidence.
The host preference, and hourly and szasonal prevalences were examined especially with three
predominant species, Culex pipiens pallens, Aedes togoi, and Armigeres subalbatus.  The natural
infection rates of mosquitoes with Wuchereria bancrofii were compared with thz form er two

mosquito species, the most important filaria-vectors there.

Introduction

This is the third report on thz epidemiology
of bancroftian filariasis in Nagate and Abumize
Villages, Nagasaki Prefecture, In th= first
report, changes in the endemicity of filariasis in
scveral communities in  thz prefecture were
discussed by mesans of the triangular graph
method. In the szcond report, th: endemicity
of filariasis of the two villages was discussad.
In the present paper, the ecology and natural
infections of mosquitoss in the villages will be

mentioned, with the emphasis on the role of

Aedes togoi in the transmission of bancroftian
filariasis.
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appreciation to Professor N, Omori of the
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and has revised
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Contribution No, 148 from the Department of Medical Zoology, Nagasaki University
School of Medicine.
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Place and Method

Nagate Village has 126 houses, 577 in
14.0%
Abumize Village has 20 houses,

population and is in  microfilarial
ncidence.
84 in population and 1s 8.3% in the incidence,
These two farm villages are at the eastern coast
of Fukue Island, Nagasaki Prefecture, The
distance between the two villages is about 4km,
Between the two lies a farm village of about
10% in microfilarial incidence,

In Nagate Village there is no paddy field ;
few rock pools in the seashore ; few night-soil
reservoirs large enough to favor the breeding of
Armigeres subalbatus ; but a great number of cess-
pools, ditches and foul water collections, favorable
breeding places of Gulex pipiens pallens.

In Abumize Village there is also no paddy
field ; but a tremendous number of rock pools
in the seashore favoring the breeding of Aedes

fogoi ; and large night-soil reservoirs into which

even foul water from bathtub is poured, making
favorable breeding places of Ar. subalbatus,
The soil in this village is sandy and the foul
water from the kitchen sinks in some cases into
the ground, collecting only in some others
The breeding
of C. p. pallens in the village is not so active

and is fluctuated with the weather,
In Nagate Village, residual spraying of houses

especially during rainy weather,

was made on June 6, 1962 and weekly larvicide
application for the breeding places of c. p.
pallens was started from July 19 of the same
year, while in Abumize no such insecticides
were used, In these villages in 1961 and 1962,
collections of mosquitoes were continued in
dwelling houses, at cowsheds, and by human-
baited-traps, and their host preference, hourly and
seasonal prevalences, and natural infection with

the larvae of Wauchereria bancrofti were examined.

Ecology of Mosquitoes

The number of mosquitoes collected in
dwelling houses at Nagate and Abumize Villages
in 1961 and 1962 is given in Table 1, Among
1017 and 1420 mosquitoes collected respectively
at Nagate and Abumize villages, 93.19% and
50.2% were C. p. pallens ; 269 and 36.8%
were Ae. togoi ; and 3.2% and 6.9% were Ar,
subalbatus ; moquitoes of the other species were
very few. The number of mosquitoes collected
by buman-baited-traps in the same villages and
years 1is shown in ‘Table 2. The species
structure was naturally nearly similar. These
two tables show that at Nagate Village C. p,
pallens is more predominant because of being
more numerous in favorable breeding places

than at Abumize Village;  Ar. subalbatus
is fewer in the former village because of being
fewer in the number of large night-soil reservoirs

than in the latter ; Ae. fogoi is much fewer in

the former because of being very fewer in rock
pools on the seashore than in the latter,

The result of mosquito collections at cowsheds
in the two villages in 1961 and 1962 is shown
in Table 3, The relative abundances of C.
p.  pallens, Ar. subalbatus, and Ade. togoi
respectively at Nagate and Abumize Villages
were 57.5 and 9.2 ; 21.3 and 39.5; and 155
and 37.3%.

first species in the former village than in the

The higher percentage of the

latter is due not necessarily to the greater number
of mosquitoes collected but to the smaller number
of those of the other two species,  The reverse
relation is seen in the latter village.

Seasonal prevalences of mosquitoes of three
dominant species, C. p. pallens, Ae, togoi, and
Ar, subalbatus, are illustrated in Fig, I, based on
the data of collections at dwelling houses,

Generally, C. p, pallens increases in number
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Table 1. Number and percentage (in parentheses) of mosquitoes collected at dwelling
houses at Nagate and Abumize Villages in 1961 and 1962.
I | S
Village 1 Nagate Abumize
Year \ 1961 1962 | 1961+1962 | 1961 1962 | 196141962
| .
Month V-A | I-X V-Xi m-X
No. of houses 96 195 291 109 118 227
An.  sinensis 3 3C0.3 3 13 16C 1. 1D
Ar.  subalbatus 7 26 33( 3.2 50 48 98(C 6.9
de. albopictus 2 .2 0.2)
Ae. vexans 2 16 18C 1.3)
de. togoi 21 5 26( 2. 6) 246 277 523(36.8)
C. bitaeniorhynchus 1 1 0. 1D
C. p. pallens 555 ‘ 392 947(93. 1) 445 268 713(50. 2)
C. tritaeniorhynchus ] 5 5 0.5 6 46 52C 3.1
f
Total 586 \ 431 |1,017(100. 0D| 752 668 1,420(100.0)

Table 2. Number and percentage (in parentheses)
of mosquitoes collected by human-baited-traps at
Nagate and Abumize Villages in 1961 and 1962.

Village Nagate Abumize
[ [
Year 1961 1961 1962‘ 1961+ 1692
Month V-XI V-XIIV-X
S S { I I
No. of collections 13 15 6 21,
An. sinensis 4C 0.4 3 1| 4C 0.3)
Ar. subalbatus 18C 1.8) 112 96, 208( 17.7)
Ae.albopictus 5C 0.5 1 1¢ 0.1
Ae. vexans 1C 0.1 2} 2C 0.2)
Ae. japonicus 1 1C 0.1
Ae. togoi 30C 3.0 202! 237| 439 37.3)
C. whitmorei ‘ 1“ 1C 0.
C. p. pallens 926C 92.7)| 400 115 515( 43.8)
C. tritaeniorhynchus) 12C 1. 2) 3 3 6C 0.5
C. vorax 3C 0.3) l |
Total .999(100. o)‘ 725 452)1,177@00. 0

from the beginning of June, becomes the most:
numerous in July, and decreases very much after
October. But, the feature of the prevalence
is modified in Abumize Village where the
breeding places of the mosquito are liable to dry
up unless the rainy weather continues for a long
time, because of the sandy soil in the village,
de, togoi is very common in Abumize Village
the
The

mosquito is very abundant already in May,

where its favorable breeding places, 1, e.

rock pools in the seashore are numerous,

decreases in number at summer time, and becomes
numerous again in autumn, The reduction in
summer is caused chiefly by drying up of
breeding places by high temperature. Ar,
subalbatus scems to be a species which is rather
abundant in autumn, as seen in Abumize, though
in Nagate where breeding places of this species
are few, only a small number of mosquitoes were

collected, and therefore the seasonal prevalence
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Table 3. Number and percentage (in parentheses) of mosquitoes
collected at cowsheds at Nagate and Abumize Villages in 1961 and 1962.

Village / Nagate Abumize
— : ‘
Year | 1961 1962 | 1961+ 1962 | 1961 | 1962 | 1961+ 1962
| i H
i 1 S —
‘ |
Month V-X | -X V-Xi m-X
- o 3 ! o
‘ | | |
No. of cowsheds | 48 45 95 | 48 50 98
. . | | |
L1, SINeEnsis . .
dn. sine 4 1 5 2 9)l 13| 1| 24C 2.8
i |
Ar. subalbatus Loar | 37( 21.3) 259 83 342( 39.5
A EEN
; | | ‘
Ae. albopictus i 4 | 4C 2 3); J }
‘ ] | ' |
Ae. vexans ! | ' 4 ‘ 4C 0.5
i | [
Ae. togoi Y 3 ’ 27C 15.5) 186 ‘ 219 | 405( 46.8)
C. p. pallens s | w I 100C 57. 5)‘ 61 i 19 80 9.2)
C. tritaeniorhynchus I 1 ; ,‘ 1C 0.6) 8 i 2 10C 1.2)
]
| | |
C. vishnui | | ‘l t U 1C 0.1)
T ‘ |
Total | 158 \‘ 16 ‘ 174(100.0)1| 532 ‘ 334 | 866(100.0)
|
N\

C. p. pallens

~

Ar. subalbatus.

No. of mosquitoes per house

T

Ar. Ssubalbatus

C. p. pallens
/

~ 7

Abumize

May

Jun.

Jul.

Aug.
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Fig. 1. Seasonal prevalence of C.p. pallens, Ae. togoi, and Ar. subalbaius collected in dwelling
houses with microfilarial carriers at Nagate and Abumize Villages in 1961.

Dec.
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is not clearly shown. The szasonal prevalences
of mosquitoes were also observed in 1962. At
Nagate Village mosquito control works were
operated in and after the beginning of June as
will be given in detall in ths next report,

At Abumize Village whsre control works
were not yet started, the trends of the seasonal
prevalences of the dominant species were
roughly similar to those in 1961 excepting that
Ae. togoi was fairly active in breeding in the
summer probably owing to the more frequent
rainfalls and rather lower temperatures in 1962,

Nocturnal activity of mosquitoes was investigated
by, using human-baited-traps at 34 nights during

May to December in 1961 and 1962,  Fig, 2

L Ar. subalbatus
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, C.p.pallens
/

® 15+
j<7e]
]
g
o
@
& o10r-
(]
o~
s

.6
PM .

Fig. 2. Nocturnal activities of C. p. pallens, de.
togoi, and Ar. subalbalus collected by human-
baited-traps. Hourly percentage is obtained
for each species to the total catch of the same
species at Nagate and Abumize Villages in 1961
and 1962

shows hourly percentage distribution of mosquitoes
of each predominant species collected in ths two
C. p. pallens is the

most active after 8 pm to midnight, gradually

villages during two years.

decreasing in activity towards dawn. The activity
hours nearly cover those of microfilariae showing

that C. p. pallens is very suitable mosjuito to

take up microfilarize in their nocturnal periodicity,

Ae. togoi begins to increase from dusk, reaching

maximum at 2 to 3 am, decreasing slowly

towards dawn, However, the active hours of
this mosquito are nearly as suitable as C. p.
[Jallens for the taking up of microfilariac as far
as the npocturnal activity is concerned, — Ar.
subalbatus is clearly crepuscular In  activity,
suggesting that it is unsuitable to pick up
microfilariazs,

Host preferences of the three dominant

mosquito species are compared in Fig. 3 showing

%0
801 Magate Abumize
% eof
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Fig. 3. Host preference of dominant mosquito
species Ttepresented by the percentage of
different species to the total catch in 1961
and 1962, respectively at Nagate and
Abumize Villages and in dwelling houses and
cowsheds. Solid line: dwelling house, broken
line: cowshed. (1): C. p. pallens, (2):de. togoi, (3):
Ar. subalbatus.

the relative abundances of the different species
against the total catch collected in the two years
respectively at Nagate and Abumize and in
Fig, 3 shows
that C. p. pallens is clearly higher in relative

dwelling houses and cowsheds.

abundance in mosquitoes collected in dwelling
housss in both villages than in cowsheds, showing
strong androphilism, and inversely Ar. subalbatus
shows strong zoophilism in feeding habit,
while Ae. logoi shows not necessarily strong
The above suggests that C. p.

pallens is the most important in the transmission

zoophilism.

of filariasis and Ae. fogoi is rather inferior to
the above species, while Ar. subalbatus is the
least in the importance, as far as the host

seleteing habit is concerned.
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Natural infection of mosquitoes with Wuchereria bancrofii

Table 4 gives the total result of dissection for

filaria larvac in each species of mosquitoes
collected at dwelling houses having microfilarial
carriers and at cowsheds, Natural infections
of filaria larvae were found only in C. p. pallens
and Ae. togoi collected at dwelling housss, while
no infection was found in those at cowsheds,
The number and percentage of C. p. pallens and

Ae. togoi infected with the first, second, and

Table 4. Total results of natural infect

third (infective) stage larvae are given in
Table 5. Most infected mosquitoes of both species
have the first stage larvae, The number of mos-
quitoes with the second stage larvae is very few,
much fewer is those with the infective larvae.
The fewness of mosquitoes with thz second and
indicate rather short

third stage larvae may

life-span of both species in these villages,

ions with Wuchereria bancrofti in mosquitoes

collected at dwelling houses having microfilarial carriers and at cowsheds at Nagate
and Abumize Villages in 1961 and 1962.

Dwelling houses Cow-sheds
Species — e —
No. collected{No. infected|% infection|No. collectedNo. infected|?% infection
An. sinensis i 19 ‘ 0 0 11 0 0
Ar. subalbatus 131 \ 0 0 83 0 0
Ae. albopictus 2 [ 0 0 0 0 —
Ae. vexans 18 0 0 0 0 —
Ae. togoi 549 l 35 6. 4 182 0 0
C. bitaeniorhynchus 1 0 0 0 0 —
C. p. pallens 1,660 160 9.6 28 0 ¢}
C. tritaeniorhynchus 57 0 0 2 0 0
Total | 2,437 195 8.0 306 \‘ 0 0
|

Table 5.

Natural infections with each stage larvae of Wuchereric

bancrofti in C. p. pallens and Ae. togoi collected at dwelling houses with
microfilarial carriers at Nagate and Abumize Villages in 1961 and 1962.

' . .
M -
No. of No.(%)of| . = o%mw,, S
. . . . ‘ with Ist stage | with 2nd stage | with 3rd stage
Species Village | mosquitoes mosquxtoes‘ larvae | larvae larvae
| dissected infected | No. 1 % ! No. ‘ % ‘ No. ’ 9%
Nagate 947 96(10. 1) 91 9.6 6 0.6 0 0
C. p. pallens }
Abumize 713 64C 9.0 63 8.8 3 0.4 1 0.1
S N | - | -
|
Nagate 26 1038 L 3.8 o o o o
Ae. togoi ‘
Abumize 523 34C 6.5) | 32 6.1 2 { 0. 4 1 0.2
| \ |
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Total infection rates of C. p. pallens and Ae.
dogoi are 10.1 and 3.89% at Nagate and 9,0 and

30r

20

Natural infection rate (%) in Ae. togoi

]

0 10 20 30

Natural infection rate (%) in 'C. p. pallens
Fig. 4. Comparison of natural infection rate
of C. p. pallens and Ae. togoi in each dwelling
house having microfilarial carriers at Abumize
Village in 1961 and 1962.

6.5% at Abumize respectively. To examine
more clearly the difference in infection rate
between the two species, the rates in mosquitoes
collected at each of the same houses were
compared in Fig, 4, The figure appears to
indicate that the rate is higher in C. p, pallens,
The reason may be due to the difference in the
taking up of microfilariae at the time of feeding,
for no difference in the hourly distribution of
nocturnal feeding activity is observed between
the two, To ascertain this, the number of the
first, second and infective stage larvae found in
mosquitoes of the two species are compared in
Table 6, The table shows that the number of
filaria larvae in a mosquito is clearly smaller in
de, togoi. This seems, in its turn, to cause
the smaller infection rate in this mosquito than

in G, p. pallens,

Table 6. Number of Wauchereria bancrofti larvae in infected
C. p. pallens and Ae. togoi at Nagate and Abumize Villages.

Mean (and maximum) No. of larvae per mosquito
Species Village — N
st stage 2nd stage 1 3rd stage Total
Nagate 4. 9(100) 0.2C 10) ' 0 5. 1(100)
C. p. pallens !
Abumize 6.2(C 520 0. 7C 26) 0. 01C 1) 6. 9C 52)
Nagate .oC D 0 0 LoC D
de. togoi ‘
Abumize 3.9C 27) 0.1C 1 ' 0.1 (5 4.1C 2>

Comparison of the role in the transmission of filariasis
in Japan between C. 5. pallens and Ade, togoi

de. togoi was proved by Nakamura (1964) of
-our Department experimentally to be as susceptible
to Wuchererin bancrofti as G, p, pallens, but the
role in nature has not been investigated fully,
It is one of the objects of this study to make
clear this problem, Here, 2 comparison of
the role in the transmission of filariasis between
the two mosquito species will be made briefly in
the below, from the data described above,

de, togoi is found abundantly only in villages

with rocky sea-shore, while C, p. pallens is the

commonest mosquitoes in  filariasis  endemic

villages in Japan, This difference in distribution
shows that Ae. fogoi is of limited importance,
Moreover, Ae, togoi shows less strong androphilism
than C, p. pallens, and the infection ratc of Ae.
These

facts indicate minor importance of Ae, iogoi in

fogoi is rather lowcr than in C. p, pallens,

transmitting filariasis in Japan.
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Summary

Ecology and nataral filaria-infections of
mosquitoss were investizated at Nagate and
Abumize Villages, Island,
Prefecture in 1951 and 1962,

pallens, Aedes togoi, and Armigeres subalbatus are

Nagasaki

Culex pipiens

Fukus

dominant species at both villages, Hourly catches
of mosquitoes by human-baited-traps show that
C. p. fallens and Ae, togoi are nocturnal in
feeding habit and peak activity is found two or
three hours before midnight in the former
species and after midnight in the latter; d4r,
subalbatus is active around suns:t or sunrise,
From the comparison of mosquito collections at
dwelling housss and at cowshads, it is seen that

C. p. pallens is stronzly androphiliz and de, fogoi

is rather zoophilic, while dr, subalbatus is strongly
zoophilic,  Natural infections were found only
in G, p. pallens and Ae, fogoi collected at
dwelling “housss having microfilarial carriers.
The rate of natural infection is higher and
the number of filaria larvae found in mosquitoss
is larger in C. p, pallens than in de. togoi, Ae,
fogoi is limited in distribution to the villages
with many rock pools on rocky seacoast in
comparison with very wide distribution of C. p.
pallens. Being inferior to C. p. pallens in
susceptibility to the parasite, de. fogoi is of
minor importance in  the transmission of
bancroftian filariasis even in th= village where

its breeding is very active,
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