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The Seasonal Abundance of Aedes albopictus in Nagasaki

Akio MORI and Yoshito WADA

Department of Medical Zoology, Nagasaki University
School of Medicine, Nagasaki Japan

Abstract: The seasonal abundance of Aedes albopictus was observed for three years. From the
results, following things were made clear. Only eggs can survive through winter in Nagasaki.
When the larval density is high in mid-summer, high mortality and delay of development are
found during the larval period. While the larval density is low in spring and early summer, the
survival and developmental period are as normal as under the optimal experimental condition.
Since the number of daily emerging adults is considered to be kept nearly constant from May
to August, the adult population of Ae. albopictus in a certain area is dependent largely upon

the abundance of larval breeding places.

Aedes albopictus is one of the vector mosquitoes of dengue fever in Southeast Asia,
and in Japan there was the epidemic of dengue fever by this mosquito.  Ae. albopictus
prefers small artificial containers and bamboo cuts for its larval breeding. In Japan, Makiya
(1973, 1974) observed the population dynamics of larvae breeding in water-holding concavities
of gravestones in a graveyard. The population he observed, however, was artificially affected
by the renewal of water in the water-holding concavities due to the custom of inhabitants.
In order to control this species, it will be necessary also to know the population dynamics in
the circumstances without such artificial effects. For this reason, the population dynamics of
Ae. albopictus was observed for three years in small containers in the field of which water

was left to follow a natural process, without removing or adding water artificially.

PLACE AND METHODS

Observations were carried out in a small grove, 50m long and 10m wide, in the campus
of Nagasaki University School of Medicine. This grove consisted mainly of camphor trees
Cinnamomum camphora and was isolated from other groves. Ten glass vials, 7em in diameter
and 500ml in capacity, were placed in the grove and filled up with water on April 17, 1974.

The water including all contents in each vial was transferred into a white pan and the numbers
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of different instar larvae and pupae of Ae. albopictus were recorded, once a week as a rule
for three years after setting the vials. After recording, the mosquito larvae and pupae, water
and all other contents were put back into the vial as before. Mosquito larvae were not given
any food, except for naturally fallen small animals and plant leaves.

Adult Ae. albopictus were collected by a person using a small hand net and a sucking
tube at the center of the grove for 30 minutes in 1974 and for 15 minutes in 1975 and 1976
once a week as a rule. Collected were the females which were about to bite the collector and

the males which were flying as the swarm around him.

RESULTS

The seasonal changes in abundance of immature stages during three years are given in
Fig. 1. 1In 1974, the vials were placed on April 17, and the first individuals of larvae were
encountered as the first instar on June 3. Weekly observations were continued until December
27. In 1975, the observations were made from April 17 to December 26, and in 1976 from
April 16 to December 24. In 1975 and 1976, larvae were already present in all the vials when
the observations were started in April, and some larvae were older than the first instar.
These larvae are considered to have hatched newly in the spring from overwintering eggs,
because no larva was found in any vials in the end of January in 1975 and 1976. As the
overwintered broods pupated and emerged by the end of May, the immature stages disappeared
temporarily until the second broods hatched in early June. Immature stages of the third broods
appeared from late June to early July. The fourth and later broods became indistinguishable
due to overlapping of generations.

Hight density of immature stages were observed in July and August in all of the three
years. The year’s maximum number was recorded on July 16 in 1974, August 8 in 1975,
and July 15 in 1976. The number of immature stages fell gradually from September and only
a few larvae were found in the end of November. Although some of them survived until the
end of the year, they died by the end of January in the next year. So, it is not probable
that the larvae can survive winter successfully in the Nagasaki area.

To investigate the seasonal changes of the numbers of immature stages in details, the
seasonal distributions for each instar larvae and pupae for three years are shown in Fig. 2, 3
and 4. When the observation was resumed in the middle of April in 1975 and 1976, some
larvae originated from overwintering eggs were already in the third or fourth instar. Since
the young instar larvae disappeared from the end of April to late May from the vials, and in
another experiment the eggs oviposited in the preceding fall began to hatch around March 10,
overwintering eggs probably hatch from the middle of March to the middle of April in the
field.

The remarkable increase in the number of young instar larvae can often be noticed,
when the density of larvae and pupae was very high. For example, on August 8, 1976, the
greater part was the first instar larvae, and it seems that most of the newly hatched larvae

died off without developing even a little, because there was no increase in the number of the
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Fig. 1. Seasonal prevalence of larvae plus pupae of Aedes albopictus in Nagasaki, 1974-1976.
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Fig. 2. Seasonal prevalence of each instar
larvae and pupae of Aedes albopictus
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third instar or older larvae or pupae corresponding to these first instar larvae, though only
a slight increase in the number of the second instar larvae was recognized a week later. The
fact that only a very small part of newly hatched larvae were able to develop to the second
instar in a week under suitable temperatures of August shows that the development of larvae
delayed very much.

The first instar larvae disappeared by the middle of September and the second instar

larvae by early October, though, of course, there were minor differences in the time of
This fact well agrees with the result by another experiment

disappearance among the years.
and do not hatch

that the diapausing eggs begin to be laid from the middle of September,
until next spring.

Since it was considered that the volume of water in the vial greatly influence the
population dynamics of the larvae, rainfalls on which the water volume depended were given
for three years in Fig. 5. It can be seen that the number of young instar larvae was
apparently influenced by rainfalls, that is, many larvae hatched from the eggs deposited on the
inside wall of the vial above the water surface, when they were soaked in the water after rain.

The largest number of pupae was observed in early May when the larvae from overwin-
tering eggs pupated. After that, the fluctuations of the number of pupae were far less
remarkable than those of the number of larvae.

The proportions of pupae to all immature stages during three years are given in Fig. 6.

The proportions were very high in May and June, but low through June to August.
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Fig. 6. Seasonal changes in percentage of pupae to all immature stages in Nagasaki,

1974, 1975 and 1976.
Broken line shows the time when the firat instar larvae stopped hatching

from eggs due to egg diapause.
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This mid-summer low porportion, which showed nearly the same value in three years, indicates
that the survival rate of immature stages in this period was kept lower than in May and June.
Since the eggs stopped hatching from September, the proportion of pupae became high again.

To compare the change of the number of immatures stages with that of adults, in Fig. 7
were shown the results of biting collections in the same grove as the immature stages were
observed. As most of females of Ae. albopictus came to bite or swarm in the first few minutes
from the begining of collection, it seems that there were practically no differences between
the numbers in the 30 minute and the 15 minute collection. Therefore, the abult density in
1974 (30 minute catch was made) can be compared with that in 1975 or 1976 (15 minute
catch).

The first adult during the three years was collected on May 7 in 1974 and 1975, and
the last one was on November 7 in 1974. The seasonal changes in the abundance of adults
were in agreement with those of pupae only in a general trend. There were some discrepancies
between seasonal changes of adults and pupae. This may be due to the reason that only the
adults resting within a short distance from the collector were capured, and also the efficiency

of collection was greatly influenced by the weather on the day of collection.

DISCUSSION

Aedes albopictus is widely distributed in Asia, from the tropics to Japan in the north.
It breeds throughout the year in the tropics, and the seasonal fluctuation of immature stages
is closely related with the raintall (Ho et al., 1971). In Japan, this species is distributed
in Miyagi Prefecture, located in the northern part of Honshu Island, and southward (Kami-
mura, 1968). Although it may be possible experimentally for this species to survive through
winter in the larval stage in the middle part of Honshu (Ishii et al., 1954), the successful
overwintering in the field can be attained only in the egg stage in Japan proper (Abe, 1941;
Nakata, 1953 ; Makiya, 1968). In Amami-Oshima Island, situated in the south of Kyushy
Island, the larvae overwintering in the field were found (Takenokuma, 1966), and, in
addition, even the adult emergence occurs in winter (Wada ef al., 1976).

In the Nagasaki area in Kyushu Island where the present study was carried out, only
the eggs can overwinter. The overwintering eggs in the state of diapause are laid by females
under a short photoperiod in autumn (Wang, 1966 ; Imai, 1976), and do not hatch unless
they experience winter (Tto, 1959). Therefore, the rain in autumn dose not give any effect
on the hatch of eggs. On the contrary, it was often observed that after the rain following
several fine days in summer the larvae simultaneously hatched from eggs.

Since the supply of organic matter as food for Ae. albopictus larvae is limited in the
aquatic habitat like small containers, the larvae eat up the food and fall into an underfed
condition readily when the larval density is high (Mori and Wada, unpublished). Ikeshoji
and Mulla (1970) showed that harmful substances are producted by the larvae of Culex
pipiens quinquefasciatus in the overcrowded condition. Also in the case of Ae. albopictus,

such substances probably exist under high larval density.
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Udaka (1959) and Matsuzawa and Kitahara (1966) reported the developing period of
Ae. albopictus and the developmental zero point of each stage from the results under different
temperatures. Udaka (1959) estimated that this species repeats five generations in a year in
the Shikoku districts judging by the theory of temperature summation. However, it seems
that Udaka’s estimate is the maximum number of generations in a year and this is only very
rarely realized in the field, because the larval density is usually so high in each container

that the developmental period is greatly delayed.

REFERENCES

1) Abe, I., Iwasawa, S. & Nakahashi, Y. (1941) : [The experimental studies on the overwintering of
Aedes albopictus, vector mosquito of the dengue fever, and on each eradication of this mosquito.] Navy
Med. J., 32 (5), 333-341 (in Japanese).

2) Ho, B. C., Chan, K. L. & Chan, Y. C. (1971): Aedes aegypti (L.) and Aedes albopictus (Skuse)
in Singapore City. 3. Population fluctuations. Bull. Wid Hlth Org, 44, 635-641.

3) lkeshoji, T. & Mulla, M. S. (1970): Overcrowding factors of mosquito larvae. J. Econ. Entomol.,
63 (1), 90-96.

4) Imai, C. & Maeda, O. (1976): Several factors effecting on hatching of Aedes albopictus eggs. Jap.
J. Sanit. Zool., 27 (4), 367-372 (in Japanese with English summary).

5) Ishii, N., Nakayama, A. & Ishii, Y. (1954): Biological observations on the mosquito, Aedes albopictus.
Yokohama Med. Bull., 5 (4), 275-279.

6) Ito, S. (1959) Comparative studies on the taxonomy and bionomics of Aedes albopictus (Skuse) and
Aedes flavopictus Yamada. J. Kyoto Pref. Med. Univ., 65 (Suppl 3), 1639-1680 (in Japanese with
English summary).

7) Kamimura, K. (1968): The distribution and habit of medically important mosquitoes of Japan. Jap.
J. Sanit. Zool., 19 (1), 15-34 (in Japanese with English summary).

8) Makiya, K. (1968): Population dynamice of larvae overwintering in southern Japan. Jap. J. Sanit.
Zool., 19 (4), 223-229 (in Japanese with English summary).

9) Makiya, K. (1973): Population dynamics of mosquitoes in Nagoya district. A. Larval populations of
Aedes albopictus (Skuse) in a cemetery of Nagoya City in 1967. Jap. J. Sanit. Zool., 24 (2), 155-164
(in Japanese with English summary).

10) Makiya, K. (1974): Population dynamics of mosquitoes in Nagoya district. B. Larval and imaginal
population of Aedes albopictus (Skuse) in a cemetery of Nagoya City. Jap. J. Sanit. Zool., 25 (1),
41-49 (in Japanese with English summary).

11) Matsuzawa, H. & Kitahara, N. (1966): Some knowledge on the biology of Aedes albopictus Skuse.
Jap. J. Saniti. Zool., 17 (4), 232-235 (in Japanese with English summary).

12) Nakata, G., Matuo, K. & Ito, S. (1953): Ecological studies on mosquitoes about Kyoto City. (I) On
the successions of mosquito larvae breeding in minute inland waters found in graveyards and bamboo
groves. Jap. J. Sanit. Zool., 4 (3,4), 62-72 (in Japanese with English summary).

13) Takenokuma, K. (1966): Ecological study on Aedes albopictus in Amami-Oshima. Jap. J. Sanit. Zool.,
17 (2), 108-112 (in Japanese with English summary).

14) Udaka, M. (1959): Some ecological notes on Aedes alboictus Skuse in Shikoku, Japan. Kontyu, 27
(3), 202-208 (in Japanese with English summary).



37

15) Wada, Y., Mogi, M., Oda, T., Mori, A., Suzuki, K. & Miyagi, I. (1976): Notes on mosquitoes
of Amami-Oshima Island and the overwintering of Japanese encephalitis virus. Trop. Med., 17 (4,
187-199.

16) Wang, R. 1. (1966): Observation on the influence of photoperiod on egg diapause in Aedes albopictus
Skuse. Acta Ent. Sinica, 15, 75-77 (in Chinese with English summary).

b b AT v ORMPNE
FOEL, TEBA EHREEELEESYFET)

RIS AFBEEMEAOIT Lichkodus, ¥ 7 A%e4e RO E $iiE L, 3EMchic» THEE L
EFNEROEBICRE L P AY Y= h ORFEM L L #H~5 2, RU KRRt ARIEE
LCHRHOIER T 7. FOREBROEVALNE LT, B TRIOZTEEL L, ZHIE3AH
b4 T L, kL5 A Lar ohaicRont. F2itfloghduse A L, 5
SEfL 6 A T — 7 B EmcBinie. S RUBERIHHEX I LS 7. TATE»H 8 AL
BT EARCHN L, EMHRADILMPHR Sz, 97 FEN L SESRIES L, 1AL
REOFEL L b i 7o Do T icdh i, 240 TR Lic. SR OAE), Frcs(tehi
HCITHENKE B LTV D EELBRS. FYRE L RE LOBRE AL L, FECHMEDEE
JEOBRC TS BRI E S AEENR VoK L, BEoBBEORICIIS R RE  AFRITE,.
CHIBEFBEZCRSTIEONLES 5 VI REREDBEOEEIFEL MHT L5 HeTn540
ERbID. FORBE, WO SEEO X Sk EAAEIrASRY, il L TURIERE LT
V. BB OEEIHOROBEEIITIE Licht - T 5. BT E oRmEE I, T ST
BLEL VEAMICECYRIMNAET 20T, REFRS & AHREEED b HEE S hurc SEHIRE
EEHI I T3 bR .

BUSEES:  20% 1Y% 29-37F, 197843 A



