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T Iatroduction

In the days of the Panama Canal having been
excavated the distribution of the Yellow fever
mosquito, dedes aegypti was examined all over the
Far East. In Japan, the occurrence of the species
was confirmed by Yamada (Yamada, 1916) in
the Ryukyus and the Bonin Islands (Table 1),
while, it was denied even from the southernmost
main Island, Kyushu and its adjasent islands.

For rﬁany years thereafter there had been no
news about the distribution of the species in
Japan, while, in 1944 and for eight years there-
after the occurrence of this mosquito had been
observed from a small fishing town, Ushibuka of
Amakusa Island in Kyushu as will be mentioned
later.

Hereupon, the author had a plan to make sure
experimentally of the possibility of the
establishment of the species in Nagasaki City, the
southwestern sea port in Kyushu, through the
results of examinations on the cold- and dry-

resistance of eggs, on the ecological zero point of

the larvae and also on the development of the
larvae hatched out in early spring in Nagasaki
City.

The species used in the present experiment is
originated from Bankok, Thailand in 1957.

The author wishes to express his sincere thanks
to Professor Nanzaburo Omori of the Department
for the kind direction of the work and the
revision of the manuscript and to express his
appreciation to Dr. S, Ito for help received during

the course of this work.

T The Past Occurrence of Aedes aegypti
im Ushibuka Fishing Town for Eight
Years

A sudden epidemy of dengue fever broke out in
The town
(130°00'E, 32°12!N) is located at southern end

of  Amakusa

Ushibuka town in September, 1944.

Island, Kumamoto Prefecture,
Kyushu and was a harbor for transports for
Southeast Asia during World War II. During the
dengue fever survey there on October of the same

year, Oguri et al. (1948) had found Aedes acgypti

% Contribution from the Research Institute of Endemics, Nagasaki University No. 446 and

Contribution No.128 from the Department of Medical Zoology, Nagasaki University School of Medicine.
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Table ] Mean air temperature (°C) at some Meteorological Stations in Japan
o District Stati Longitude & Years of } The occurrence of
IEtE wtation Latitude observation |  Aedzs aegypii was
i
’ R e —
Ryukyu ; Main Island Naha 127°39'E, 26°12!N | 1891--1944 |}
\reportcd by Yamada
Bonin Islands Chichi Ts. | 149°11'E, 27°50'N / in 1916
"‘ Kagoshima /’ Nase 129°30'E, 28°23'N | 1921—1950
H 3. ~ AY
L Prefecture | g eoshima | 130°33'E, 31°34'N | 1921—1950
Kyushu, I | .
.| Kumamoto P. | Ushibuka 130°00'E, 32°12!N 1 19501953 recognized in )
Japan I | ) 1944-1952
! ‘ Nagasaki Tomie 128°40'E, 32°37'N | 1924—1950
Prefectare || Nagasaki | 129°53'E, 32°44'N| 1921—1950
Station Jan. | Feb. l Mar. | Apr. lMay Jun. | Jul. | Aug. | Sept. ‘ Oct. | Nov. | Dec. | Year
Naha 16. ]' 16,1 177, 2006 231 26.1 27.9 27.6| 26.6 23.9 20.8 17.7 22.0
Chichi ‘ ©22.5
Nase 14,20 14.4] 16.1) 19.1, 22. 25.00 27.8] 27.6| 26.2] 22.8 19.4 16.2 20.9
Kagoshima 6.4 7.4 10.2] 1501 19. 22.5 26. 7% 27,1 24 2l 18.7 136 87 166
Ushibuka 8.1 8.4 10.6/ 15 4/ 19. 21. 6] 25. 6 27.3 242 19.9! 183 10. 5 17.2
Tomie 7.0 720 10010 1420 18 21.4 25,8 26.8 23.7 18.9 11.4 9.7 16.4
| {
Nagasali 5.2 58 9.0 189 180 214 255 26.5 25 1! g 12 § 1.9 155

breeding in fire-fighting concreate tanks. They
had found the mosquito distributed there for
from September, 1944 to May, 1947. Several other
authours also had collected the mosquito in the
town before October of 1952 when Bekku
assistant in  our

for the

(unpublished), the then

Department, had collected the larvae,
last time, in only 3 tanks out of several tens of
containers he had e¢xamined. The destruction of
the species might be due partly to the general
disuse of the fire-fighting tanks after the War and
partly to the encouragement of controlling acdine
mosquitoes breeding in domestic containers. The
air temperatures at the town are fairly higher
especially in cold months for Kyushu as seen in
Table 1.

Hercupon the author was interested in investi-
gating whether or not the eggs the most cold- and
dry-resistant stage of the species, could survive

the winter in Nagasaki where the air temperature

is somewhat lower than in Ushibuka town.

Il Cold-and Dry-resistance of Eggs of
Aedes aegypti
(1) Method of Experiments

The eggs were used which were laid within 2
hours by females rearing in large number of
cages at 25°C and 60-857 relative humidity
room, They were kept wet for one, 2, and 3
days and dried for about 12 hours in the same
rearing room as shown in Fig. 1. The plan of
experiments to examine the cold- and dry-resistance
of eggs was set up as shown in Fig. 2. The mean
temperatures during the experiments at laboratory
and outdoors in Nagasaki University School of
Medicine are illustrated in Fig. 3 together with a
line at 12°C which was determined as an ecological
zero point of the larvae of Aedes aegypti as will be
stated later. The mean temperatures and relative

humidities during the experiments at laboratory
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Fig. 1  Preparation of eggs of Aedes aegypii

at 25°C

Egg-laying period:
E] within 2 hours
% Days kept wet:
/////4 1, 2,and 3 days
D Days kept dry:
0.5 days at 25°C

Fig.

dried 12 hours at 25°C and then exposed to

laboratory temperatures. On late October a batch

of eggs were examined for hatching soaking them

in the water at 25°C. On mid-November 6

On late
November another batch being in the laboratory
was examined.

batches were moved to outdoors.

Thereafter, cach one of the
laboratory and outdoor batches were examined for
hatching once a month by the same way as above
till the end of May of the next year.

The percentage hatchings of eggs which were

2 Plan of experiments to examine cold- and dry-resistance of eggs

Exp. I to IV were started at late Sept., Oct.,, Nov., and Dec., 1960 respectively.
1, 2, and 3 : Days kept wet at 25°C. Upper line: Exposure to laboratory temperature.

Lower line
examined for hatching at 25°C.

: Exposure to outdoor temperature.

Circle : Date on which eggs were

Exp. I
{ o -0 o o o —0 0 on
& —0o G 2 o—
2 S o s o
3 -0 —° . . 3 3 -4 -
i 0 2 O —0 O O- 0—
~0 © o kst ! o—
Exp. I 2 0 g —0- o - 2 o
e i - 2 o— g0
! o ? )1 S g )4
Exp. I 2 —0 o - i o= o
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et et ©
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and outdoors are tabulated in Table 2.
The preparations and the examinations of eggs
for hatching were conducted on the end of each

month i.e. on the 21st, 22nd, or 23rd of each

month, intervals

at monthly throughout the

experiments.

@

Results of Experiments

In Experiment I, the first set of about 2100
eggs or 14 batches of each 150 eggs prepared on
late September were kept wet for one day and

kept wet for one day are given in upper 8 lines

in Table 3.1 for the laboratory batches, and in

upper 6 lines in Table 3.2 for the outdoor batches,

together with the ranges in days from the first to

the last hatching.

The second and third sets of

cggs kept wet at 25°C for 2 and 3 days and

exposed to laboratory or outdoor temperatures
are given in the middle and lower lines in the

same Tables 3.1 or 3.2 respectively.

respectively on

Experiments II, III, and IV were

October,

started

late November, and
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Laboratory temperature

Laboratory and outdoor temperatures (°C) at

Nagasaki in late Sept., 1960 to May, 1961

.

— Mean R

Line for the ecological
zero point of the larvae

X1 X

December by quite a similar way as in the case of
the Experiment I and the results are tabulated
in Tables 4.1 and 4.2; 5.1 and 5.2 : and 6.1 and 6.2.

1t is well known fact that the eggs of Aedes
aegypli, when soaked in the water after having
been kept dry in the air for some period, hatch
out in some cases in masses within a short
period and in other cases little by little or
irregularly over a very long period. In some
cases in the present experiments the periods in
days covering from soaking of eggs in the water
to the last hatching are very long and in an
extreme case the period is as long as 81 days.
The periods are subjected to a great iHuctuation
but in gencral they appear to be longer in batches
of eggs exposed for shorter periods to laboratory
or outdoor temperatures and relatively shorter
in those exposed for longer periods.

The percentage hatchings of the eggs are also
subjected to a great variation. Generally speaking,
however, it seems that the longer the period of

exposure is the smaller the percentage is, and

that the percentage is lower in eggs exposed to
lower temperatures.

Before going into consideration about the
detailed accounts of the percentage hatchings,
those observed under favorable conditions in
summer will be referred to. In summer of 1960,
percentage hatchings of eggs were examined under
natural air conditions of temperatures ranging
from 25.2 to 31.8°C and relative humiditics from
65 to 807%. The eggs were kept wet for from 48
to 72 hours and dried for only 5 days and then
soaked in the water. The mean percentage
hatching for 5 batches of each 150 eggs was 82.37;
ranging from 73.3 to 88.07. From the result it
may be said that a percentage hatching above
807 will be regarded as a high percentage for the
eggs of dedes aegvpii.

Tables 3.1 and 3.2 show that the percentage
hatchings of the eggs of ecach set prepared on late
September are fairly high at first, decreasing,
however, gradually with the prolongation of the

period of exposure. The trend is, interesting to
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Table 2

Temperature (°C) and relative humidity (%) during the

experimental period from late Sept, 1960 to late May, 1961

at laboratory and outdoors in Nagasaki

E: early M: middle L: late
Meoenths i Laboratory Outdoors
and - - .
parts 1 M. max, ‘ M. min. ‘ Mean * RH. | M. max. | M. min  Mean 1 R.H.
Sept. {L| 2.7 | 2.2 D26 | om |
"B 244 0.4 | 229 64
Oct. 'M | 239 20,1 | 22.0 62
L 208 17.1 | 18.9 62
E 19.8 16.2 | 18.0 69
Nov. 'M | 17.0 12.7 | 14.9 69 17, 9.9 | 13.3 73
L 170 12.7 | 14.9 74 17.2 1.2 | 13.7 77
E 12.8 7.9 | 10.3 64 12.7 5.5 | 9.2 64
Dec. | M| 134 8.3 | 10.8 67 15. 5.4 0 9.0 68
L 9 5.3 | 7.4 67 8 5.2 | 538 66
E 9. 6 5.3 | 7.4 70 9.7 27 | 6.0 68
Jan. | M 7.7 2.6 | 5.2 66 6.7 0.3 | 29 65
L| 106 53 8.0 68 10.5 2.5 | 63 69
E 9.8 5.5 | 7.6 72 8.7 2.9 | 60 73
Feb. | M 9.7 L8 | .3 62 9.3 21 | 5.6 50
L 12.8 6.4 | 9.6 | 58 12.1 35 | 16 62
E 15.7 9.4 | 12.6 66 15.5 7.0 | 10.8 69
Mar. | M| 16.5 10,7 | 13.6 70 16.7 8.3 | 12.3 73
L 143 9.4 | 11.9 65 143 6.4 | 10.2 67
E 18.3 12.3 | 15.3 65 18. 4 10.1 1 14.3 66
Apr. | M 18.6 13.3 | 16.0 71 19.1 10.8 | 149 76
L| 206 17.5 | 19.1 76 20.9 12.9 | 16.4 73
E| o225 201 | 213 82 22.8 15.3 \ 18.9 78
May | M| 244 2.0 | 23.2 81 23.8 1.0 | 19.9 80
L| 239 21.8 | 22.8 76 23. 6 15.9 ‘ 19.5 73

say, nearly similar irrespective of

been kept wet for 1, 2, or 3 days.

that immature embryos

could reach maturity

their having

This suggests

started on late October, the states of hatching are
very good not only in point that the percentage

hatching of eggs are fairly higher especially in

during exposure to such an air conditions as
line in Table 2.  On the

become in

shown in the Sept. L

contrary, however, the percentages
most cases lower in the cases of younger embryos
becoming more remarkably so when eggs were
exposed to lower temperatures, as seen in Tables
4.1, 4.2, 5.2, 6.1, and 6.2.

Tables 4.1 and 4.2 show that in Experiment II

eggs having been kept wet for 2 or 3 days but
also in point that the percentages become not
of the

period of exposure than in the cases of the other

markedly lower with the prolongation
experiments. This may imply that the eggs with
moderately or nearly fully developed embryos
arc most resistant to cold and dryness when they

are subjected to decreasing temperatures of 19-C-
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Table 3.1 Exp. (I) with eggs laid within

2 hours on 21, Sept., 1960 at 25°C

Orut

Table 3.2 Ixp. (I) with eggs laid within

2 hours on 22, Sept., 1960 at 25°C

of Exp. II which started on late October. In

fact, among the eggs exposed to outdoor
temperatures, those started on late October is

highest in percentage hatching. A fairly good
results are also seen in Table 5.1 which were
obtained with eggs prepared on late November but
exposed to laboratory temperatures. In this case,
eggs were exposed at first to about 15°C for
about 10 days and to further falling ones.

Table 5.2

of eggs prepared on late November and exposed

indicates that the percentage hatchings

through laboratory temperatures, to outdoor ones
are very low, even though in eggs having fully

developed embryos, much less in younger

cmbryos. The similar states of hatching are

R0 lenponed o oo e | No- and % of eggs Pyl HOn e Sodkang | o and % of eges
_nggetllatﬁﬁﬁw Iastt(;m?clﬁing gsed hatched hatgnng V;evt ét mtlctri(i)c.’r 1astt(1)131‘cc}clging ‘used’ hetched \hatchmg
1 1 81 | 150 121 80.7 1 3 12 150 4'7 31.3
1 2 43 150 99 66. 0 1 4 31 150 15 10.0
1 5 13 150 71 51.3 1 5 6 150 1 0.7
1 4 33 150 64 42,17 1 6 150 0 0
1 5 12 150 19 12.17 1 7 20 150 3 2.0
1 6 13 [1s0] 6 40 1 8 1500 0| 0
i Z ? };g g ‘z L 5 2 180 77 | 5L3
. e | 2 4 29 150 27 1+ 18.0
2 1| 74 150, 108 | 720 2 5 2 s 2| L
2 2 42 150 124 82.17 2 6 5 150 1 0.7
2 3 19 150, 101 67.3 2 7 21 150 1 0.7
2 4 51 150 40 26.17 2 8 150 0 0
I B T T Y
i A I I 1 o180 20 | 183

N o 3 5 5 150 &0 2T
28 B Lk ’ 0 3 6 150 0 o
3 1 72 1150|132 | 88.0 3 7 150 0 | 0
2 4 150] 120 | 80.0 3 8 15 0 0
5 3 15 [150 78 | 820
3 4 29 1150 15 10.0 seen in Tables 6.1 and 6.2. Thesc results show
5 5 3 1150 3 2.0 that sudden exposures of eggs having younger
3 6 9 ‘150 2 1.5 embryos to low temperatures are harmful for
K 7 1150 0 0 their living, although the eggs with well developed
5 8 150 0 0 embryos alone are resistant to the adverse air

conditions.

15°C and to further falling ones as in the case To make comparable more clearly the states of

hatchings shown in the tables, the percentages are
illastrated in Fig. 4, 5, and 6 by period of having
been kept wet.

Tig. 4 indicates that the cggs with one day old
embryos weakest and

are in dry-resistance

especially  in  cold-resistance excepting those
prepared on late September.

Fig. 5 indicates that of the eggs with 2 days
old embryos or moderately developed ones. Those
prepared on late September and late October are
very high in dry- as well as cold-resistance. The
eggs of the embryonic age are also dry-resistant
even when they were prepared on late November
if they were low

not exposed to outdoor

temperatures. However, when the eggs of the
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Table 4.1 Exp. (II) with eggs laid within Table 4, 2 Exp. (II) with eggs laid within
2 hours on 21, Oct., 1960 at 25°C 2 hours on 22, Oct, 1960 at 25°C
Do onths DS O] No. and 5 of cags ey | NOnE [Dar> Serng] o and 45 of o
! y : 0 5

V;est"étilatic(zal;xalg?ry lasttcl)la?clliing psed) Hatcued hatc(nling V;E;E’gt_ oz:;i%c')r lasttcl)la?crclliing used| hatched !hatz/l(;ing
P! 1 45 1500 73 | 48.7 1 2 19 150 40 | 26,7
1 2 13 1800 38 | 25.3 1 3 300 150) 10 1 6.7
1 3 39 150 11 7.3 1 4 150 0 0
1 4 12 1150 5 3.3 1 5 150 0 0
1 5 7 150 1 0.7 1 6 150 0 0
1 6 150 0 0 1 7 150 0 0
L L o) @ 2 2 24 11500 117 | 78.0
2 1 43 1501 117 | 78.0 2 3 30 150 48 | 32,0
2 2 40 1150 74 | 49,3 2 4 10 150 12 8.0
2 3 31 |150] 50 | 33.3 2 5 21150 T 04T
2 4 11 150 2 | 17.3 2 6 9 150 1 0.7
2 5 11 150 9 6.0 2 7 150 0 0
2 ; 20 (180} 2} L3 3 2 10 (150 103 | 687
2 | ! 150 0 o s 3 30 150 84 | 56.0
3 1 1 150 116 | 7.3 3 4 9 150 40 | 26.7
3 2 19 150 99 | 66.0 3 5 11 150 15 | 10.0
3 3 42 150 88 | 58.7 3 6 1 150 2 1.3
3 4 11 150 38 | 38.7 3 7 150 0 0
5 5 12115021 | 14.0 Table 5.1 Exp. (ITI) with cggs laid within
8 6 ! 8 150 1 0.7 2 hours on 21, Nov., 1960 at 25°C
3 7 1150 0 0

| ' Days| Months |Days covering
kept lexposed to| from soaking
wet at]aboratory to the

25°C | temp. | last hatching

/ No. and % of eggs
|

same age were exposed suddenly to cold

T %
jused}ha.tched hatebing

temperature on late December, they scarcely can . |
_ 1 1 15 150 112 747
survive the temperature. 1 9 40 150 59 | 347
Tig. 6 indicates that the eggs having 3 days old 1 3 19 150 9 4- 0
embryos or nearly fully developed embryos are 1 4 7 150 1 0.9
very high in both cold- and dry-resistance even 1 5 150 0 0
when they were exposed suddenly to severe winter 1 b 150 0 0
temperature from late December. Eggs prepared 2 1 19 150 127 84,17 B
on September, however, rather notable in 2 2 30 150 87 58. 0
decreasing in the percentage with the prolongation 2 3 11 150 50 33. %
of the period of exposure. 2 4 11 150 11 7.3
2 5 20 150 3 2.0
Considerations on the |
@ 2| 6 150 0| o
overwintering of the egg — —
3 1 39 150 128 85.3
It is a noteworthy fact that the eggs, irrespective 3 2 9 150 69 46,0
of the starting time of exposure, could survive 3 3 10 150 41 27.3
the cold months actually till the end of April. 8 ‘ 4 19 150 10 6.7
The percentage hatchings of eggs examined at the 3 5 2 150 1 0.7
end of April are compared with each experiment 5 ! 6 150 0 0
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Table 5.2 Exp. (IIT) with eggs laid within Table 6.2 Exp. (1V) with eggs laid within

2 hours on 22, Nov., 1960 at 25°C 2 hours on 23, Dec., 1960 at 25°C

Days | Months | Days covering " Days| Months |Days covering T
kept exposed to‘ from soaking ! | NO and % of eggs kept exposed to‘ from soaking No. and 9 of eggs
wet at outdoor | to the - 179,  wetat outdoor to the A
25°C_ temp. | last hatching used‘hatCh‘id hatching 25°Ctemp, | last hatehing "4 Spaccing

1 3 i 500 0| o 1 2 150 o | o

1 4 150 0 0 1 3 150 o]0

1 5 15000 0 1 + 150, O ‘ 0

1 6 15000 0 1 5 1500 0 | 0

- S - S——— it e —— el e - r———— ——‘ e S USRI, S—— —
2 3 150) 0 0 2 9 l1s0l 0
| |

2 4 4 180 1 0T 2 3 150 0 0

2 5 150 0 0 2 4 150 ¢ 0

2 6 | 150 0 0 2 5 o, 0 |0

B T T A —

3 10 150 21 14.0 3 2 18 150, 61 " 40,9

3 4 26 150 | 9 6.0 3 14 150 24 160

3 5 150 00 3 4 1 150 1 0 07

‘ |
6 150 e 0 3 5 150 0 i 0

Table 6.1 Exp. (1IV) with eggs laid within at the end of March were, however, fairly differcnt

2 hours on 22, Dec, 1960 at 25°C in the order :

Those of eggs prepared on from
5.9,

,,,,,,,,,,,,, — commemmmemememe  late September to late December were 2.0,

Day Months | Days coverin
kcp’; exposed to fro};n soakmgg NO aﬂJ (’0 of egg% 3.6, and 2.9% respectively showing that the eggs
wet atlaboratory to the A hat 0% repared on late October were most resistant
2300 temp. last hatching used‘ha’cchcd ‘ha’rchmg prepared ) ’ At
) B T T | C O AS abOVe, it prOVed ‘Chat thC eggS can S“‘('Vi\'e‘
1 1 150
o 5 150 R 0 the cold months till the end of April. However,
1 | a4 ) U
oo 3 150 0 0 it is a question that whether or not the
1 4 150 0 0 overwintered eggs can hatch out in nature at
1 5 150 0 0 outdoor temperatures in March or in April and
T *} o 1 ’” T ”ﬂ B O— Eﬁ can develope under the field conditions. The
Z L JU
5 9 1 N‘Oi 7 47 problem will be discussed later.
7 4 1150 0 0 IV Ecological Zers Point of Immature
. R
2 4 l"[}‘ Y ‘ g Stages of Aedes aegypti
2 5 {150 €
! \
. Sy e e T One hundred larvae, 5 batches of each 20 larvac
2 1 g || 10 | eet a ,
" N 10 150 10 2.9 just hatched out at 25°C were reared by batch in
2 150 { .
3 5 14 ?50‘ 9 13 a glass container of 9 cm in diameter and 5 cm
3 L . 150 0 | 0 in depth, giving Ebios (a sort of brewer's ycast)
3 5 :150‘% 0 ‘ 0 as bait at a rate of 0.01, 0.02, 003, and 0.04g

per 8 cc water for 1st, 2nd, 3rd, and 4th instar
The rearing. was made at constant

27 and 30°C.

started on from late September to December in larvae.

Tig. 7. temperatures of 18, 22, 25,

The percentage is highest in eggs prepared on The larval period, larval-+pupal period of the

late September and becomes lower with the delay
in starting time of exposure.

The percentage batchings of the eggs examined

female, and that of the male are measured at

cach temperature and the developmental velocity

or 100/ developmental period in days is calculated.
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Fig. 4 Percentage hatching of eggs kept wet " *Fig. 6 Percentage hatching of eggs kept wet
for one day and then exposed for various months for 3" days and then exposed for various months
to laboratory and outdoor temperatures to laboratory and outdoor temperatures
20{ & [
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Table 7 Days and velocity in development of immature stages of Aedes
aegypti at various constant temperatures
Rearing Larvae { (larvae +pupae) S (larvae+pupae)
w=p, 100 0 © 100
C) Days ’ Jays Da:ys | days Days | days
18 13.3 ' 7.52 18.2 5. 49 16.9 | 5.92
22 9.2 10. 87 12.9 7.15 12.3 8.13
25 6.5 15. 38 9.2 10. 87 8.7 11. 49
27 5.5 18.18 7.6 13.16 7.2 13. 89
30 5.7 l 17. 54 7.3 13. 69 7.0 14.28
Fig. 8 Regression of velocity in development of
immature stages on rearing temperature
20
s Y LATVES
T ~~>— (larvas + pupae)<$ O
% | P Y W a + pupas) & ¥ = 1.20(x-12,1)
™ a5t ¥ = 0.89(x-11.9)
pa—— -
A ”~ -
oy ¢
Q
§ Y = 0.85(x-12.1)
i 0+
g
=]
o
g
=3
=2
o =3
2 5
A
) L i L
15 20 25 30

Rearing temperature (°C)

for each period. They are tabulated in Table 7.

Then a regression equation of the velocity on
the rearing temperature was calculated by the
method of least squares as shown in Fig. 8.

Here, the points obtained for 30°C are omitted
in calculation of regression lines. The reason is
that the developmental period of larvae at 30°C
is slightly delayed showing the temperature being
not very favorable.

From the equations, the ecological zero points
are determined as 12.1, 12.1, and 11.9°C respectively
for the larvae, immature stage of the female,

and that of the male.

The zero point, about 12°C, is unexpectedly
lower for the mosquito distributed mainly in
And,

important in the case of considering the possibility

tropics and subtropics. this is very
of establishment in some places in temperate zone

such as in Kyushu.

V Development of the Larvae Hatched
out in Early Spring

Two kind of experiments were planned with
eggs prepared at different time as shown in Table
8. In Exp. I, eggs laid on October 22, 1960
were kept wet for 3 days and dried for 7 days at
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25°C and then exposed to laboratory temperatures
(cf. Table 2) for 121 days from November 2,
1960 to March 2, 1961. On the last day they
were soaked in the water at the outdoor sunny
place fixed at the south side of our Laboratory
in Nagasaki City. In Exp. II, eggs laid on
February 19, 1961 were kept wet about 3 days
(0.5+2.5 days) and kept dry for 8 days at 25°C,
and were soaked in the water on the same day
and at the same outdoor sunny place as the
above experiment. That is, in Exp. I eggs were
being exposed to the laboratory temperatures
during cold months for a long time before their
being soaked in the water at the beginning of
March, while, in Exp. 1II, eggs were transferred
from a room at 25°C directly to the outdoor place
on the same day as in Exp. L

The states of temperatures, hatching and
development of larvae after eggs being soaked in
the water at the place are shown in Table 8.

In Exp. I. most larvae died soon after or several
days after hatching without going into the 2nd

instar stage, and a few of them died in the 2nd

Table 8

and rarely in the 3rd instar stage, and only 5
(12, 48) or one percent were emerged as adults.

In Exp. II, many larvae died soon or several
days after hatching and some died in any larval
stages but 33 (122, 218&) or 6.6% were emerged
as adults.

The results of these experiments suggest that
the dryness of eggs for a long time seems to have
some harmful influence upon the living of the
larvae hatched out from them, and therefore a
little higher temperature conditions than in
Nagasaki City, especially in winter, may be

needed for the establishment of the mosquito.

VI Considerations on the Possibility of
Establishment of the Species in
Nagasaki City and in Any Places
in Kyushu

Eggs of Aedes aegypti can survive the cold months
whenever they were started to be exposed to the
laboratory or outdoor temperatures from late
September to late December in Nagasaki City.

In the city, the mean outdoor temperatures at
north side of the laboratory in early, middle, and

Hatching and subsequent development of larvae during from March

to May at outdoor sunny place in Nagasaki

Exp. T :

500 eggs laid within 2 hours on Oct. 22, 1960 and kept wet for 3 days and then

dried for 7 days at 25°C, were kept dry in the laboratory from Nov. 2, 1960
till Mar. 2, 1961 when they were soaked in water and kept at outdoor sunny place.

Exp. II :

500 eggs laid within 12 hours on Feb. 19, 1961 and kept wet for 2.5 days and

then dried for 8 days at 25°C, were soaked in water at the same outdoor sunny

place from Mar. 2 of the same year.

Temperature (°C) within the period during
which larvae hatched and developed VEXP‘ L Exp. II
Max. temp. | Min. temp. 'Mean | No. & 9 of No. & 9 of
Month| Date | Date Date
! temp. larvae | adults larvae | adults
Range | Mean | Range ’ i ‘ hatched lemerged hatched | emerged
3—10 18.0—24.0/ 20.7] 4.7—11.3| 8.3 14.5 3% ? 305
or
March| 11—20 |14.3—26.11 20.4] 2.7—13. 4 9.0 14.7 | 230 | 612
21—31 |10. 6—18. 6 15.6 3.6—11.0] 6.9 11.3 ! or | | during
| | 467% J 34
1—10 |17. 6—24.0' 20.3 3.5—17.7| 10.7 15.5 | du:gmg 6 | days
April| 11—20 |17.5—23.5 19. 4 6.3—15.5| 11.2| 15.3 ! days
21—30 18. 0—21. 8| 20. 114.6—19.5 17.3 18.7 21
. 1—10 |19.8—24.5 22.218.1—21.7 20.1| 21.1] 9 57/ 2 33
) 2/
MY | 11—17 fp2.0—24.1) 2870 6251 219 2.7 L L% ¢ (6. 6%)
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late March and April in 1961 were 10.8, 12.3, 10.2,
14,3, 14.9, and 16.4°C, and those at a sunny place
at south side were 14.5, 14.7, 11.3, 15.5, 15.3, and
18.7°C respectively as shown in Tables 2 and
8.

At the place with favorable temperatures ranging
from 11.3 to 15.5°C, 467% or 230 out of 500 eggs
could hatch in nature. However, most larvae
died soon or several days after hatching which
hatched out from the eggs subjected to dryness
under the adverse conditions for a long period
(Exp. T in Table 8). And, only 5 individuals
or only one percent could reach adults on mid-
May. This is contrastive to the high (6.6% )
emergence of adults'in Exp. II in which eggs were
soaked in water at the outdoor place just after
the above treatment at 25°C. A supposed
overwintering period in Nagasaki for the eggs of
the mosquito in nature may exceed 4 months from
November to Iebruary or more, considering the
outdoor temperatures in the city. Then, a high
mortality of the larvae will be expected if they
hatch out from long exposed eggs in early spring.

Consequently it seems that the possibility of
establishment of this species in Nagasaki City
may be rather low unless a great many adults
are imported during summer months to a very
favorable place in the city.

However, there are some places in Kyushu
where temperature conditions are more favorable
especially in winter than in Nagasaki City. And,
if the mosquito are introduced to these favorable
places or open ports, high possibility of establish-

ment may be expected.
VI General Summary

In Japan, there had been no record of collecting
the yellow fever mosquito, Aedes aegypti, excepting
those in the Ryukyus and Bonin Islands. IHow-
ever, recently the occurrence of the species was
recognized in a fishing town, Ushibuka (13°00'E,
32°12'N), in Island,

Amakusa Kumamoto

Prefecture, Kyushu for at least eight years from
1944 to 1952.  The air temperatures at the town
are fairly higher for Kyushu.

The author had a plan to determine the
possibility of establishment of this mosquito in
southern Kyushu and he made examinations on
the overwintering of eggs in Nagasaki City where
the air temperature is lower by 1.5°C in annual
mean and those in winter months by 2 to 3°C than
Ushibuka town, and also made a determination
of the ecological zero point of the larvae, and
examined the development of larvae hatched out
at outdoors in early March and April.

The eggs was proved viable throughout the cold
months till the end of April, whenever they were
started to be exposed to dryness in the laboratory
and outdoors during from late September to late
December, though the percentage hatchings decreasc
with the prolongation of the period of exposure.

Overwintered eggs;” when soaked in water at
sunny place in early March, can hatch out in some
percentage at temperatures ranging from 11.3 to 15.5
°C, but most of the larvae hatched out in this way
die soon or several days after hatching if the eggs
used were being kept dry for a long period during
cold months, and only a few of them can reach
adult stage. The early death of the larvae is
thought to be mainly due to the long period the
eggs having been kept dry, because the then
mean temperatures were sufficiently higher than
12°C or the ecological zero point of the larvae.

From the above, it will be concluded that the
possibility of establishment of " the species in
Nagasaki City may be rather low unless a great
numberzof adults are imported during summer
months to a very favorable place in the city, while
that a high possibility of establishment may be
expected if they are introduced to some places or
open ports in Kyushu where temperature conditions
especially in winter months are slightly more

favorable than in Nagasaki City.
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Wi S 3 B BRIEE 7T ML Licd) BORBERIEZRST, KO LD 8RR S
Erg =y :

25°CIRENTIH, 2H, KU 3 ARMEEICMHR - cHiERwE L 2BH4E, 9 T4, 10
AT4, 11ATFE, RUI2HFTARKERZO HRBEIKBRL, #BEICREREZ 2L C—id<
DE S BN, MIZEIMEERERL, PUBEATHICRR—ERT DOPEB°CHTKEL
THRHERZFASTORE, Tho AICHBELCIIBRLEARCEAD KR EERICHAT4AT
HREREF LG LY L. 4 AVARRY 2FHERBEICIBATTRHE25, 3
HFANTIE2.0—5.9% LAY K@, 9 A NENCHE LI SRE 7 7 J] & 0 s EHRICHE X
"BECERBOTERERRETH - T A MO EBRTHNIGRE LAY RORHEELEHLI2°C
Tha0r5, 3H, 4 AOEANDBREE FTT/KEUCBEIN G LML LS 273 58RI
IR % THEFE UL REEERDI B b0EELONS.
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BRBAINZBOELET 2 MREEIBO TEHLL D LT 3.
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