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Abstract: In order to determine the seasonal prevalence and population dynamics
of Culex tritaeniorhynchus in relation to the epidemics of Japanese encephalitis, and
ecology of these vector mosquito in Kyungpook Province, Korea, studies were con-
ducted during the period of 7 years from 1984 to 1990.

Cz. tritaeniorhynchus first collected in June between 4th and 28th, and trapped in
large numbers during the period from mid-August to early September, showed a simple
sharply pointed one-peaked curve. There was a gradual decrease from mid-September,
with a very small number of them collected until early October in every year. The
average number of Cx. tritaeniorhynchus rapidly decreased after 1985, and the number
became particularly low in 1989. The highest population density, which was observed
in August during the initial three years, was found to be delayed in the following
years, accompanied by a decrease in the number of mosquitoes.

In the trend of nocturnal activity of Cx. tritaeniorhynchus, with oncoming darkness
they become very active, gradually decreasing in activity toward mid night, but
slightly increasing toward dawn. The immature stages of Cx. tritaeniorhynchus were
first found in rice fields contributing to peak adult densities in mid-July. The highest
average densities of Cx. tritaeniorhynchus was 14,900 per m? on mid-August 19th.

The larval Cx. tritaeniorhynchus showed high resistance levels and resistance
ratios against 5 organophosphorus compounds. In the adult horizontal life table
characteristics of Kyungsan colonies of Cxz. tritaeniorhynchus under insectary condi-
tions, life expectancy was 28.3 days for males and 59.8 days for females. The net
reproductive rate was 7.8 and generation time was 25.6 days.

Key words: Culexr tritaeniorhynchus, Japanese encephalitis, seasonal prevalence, population
dynamics, Kyungpook Province

Singapore, Guam and India, transmitted by

INTRODUCTION mosquitoes. Cx. tritaemiorhynchus is the most

important one in the JE epidemic areas. The

Japanese encephalitis (JE) is one of serious initial report on the existence of autochthonous
arbovirus infections in human beings, with high cases of JE in Korea was made by Sabin et al.
mortality in eastern Siberia, China, Korea, (1947) for the first time by isolating the virus
Taiwan, Japan, Malaya, Vietnam, Thailand, of the disease among the American soldiers in

* Presented at the 32th annual meeting (1990) of Kunsan area. They also proved the presence of

The Korean Society for Parasitology. antibody of JE in Korean residents from several



areas, including Kunsan. Although a few cases
of encephalitis lethargica had been found as
early as the 1930s by Japanese workers in Korea
(Morinaka and Ohnaka, 1926; Yoshihara, 1932;
Takai, 1933; Shiba and Chun, 1936),
considered to be due to misdiagnosis as JE.

it was

Since the occurrence of a large nationwide
epidemic in 1949,
and immunological studies on JE and its vector

epidemiological, virological

mosquitoes have been carried out extensively by
many investigators, recognizing the urgency of
the problem. Kono and Kim (1969) summarized
the epidemiological features on JE in Korea
from 1949 to 1966; Lee et al. (1969) studied
JE virus isolation from mosquitoes of Korea;
Shin et al. (1971) reported on the seasonal
prevalence of mosquitoes throughout the coun-
try, with particular reference to JE vector
mosquitoes.

After the begining of the New Village
movement in the third “Five-year Economic
Plan” in 1972, the Korean government esta-
blished a plan to expand the land by culti-
vating hilly areas, thus practicing land recla-
mation, and also accompanied the establishment
of an irrigation system, reformation of land,
improvement of agricultural technique, and
intensive use of agricultural chemicals. Accord-
ingly,
resulted in the expansion of mosquito larval

increased rice production inevitably
habitats, and introduced important changes in
the agroecosystems which determined the distri-
bution and abundance of mosquitoes (Sturtees,
1970; and Mogi, 1984).

Recently, Joo and Wada (1985) studied the
seasonal prevalence of the vector mosquitoes of
JE in Kyungpook Province, and Kim (1986)
reported that the annual disease cases in 1982
were unusually high, a total of 1,197 with a
mortality rate of 3.1. Every year a few cases
of JE have been reported in Korea. However,
few reports on epidemio-entomological survey
have been available. The present paper sum-
marizes the data on seasonal variation and
population density of adult and larval mosqui-
toes collected from Kyungpook Province, from

1984 to 1990, and on the numbers of reported
cases of JE during that period.

GEOGRAPHICAL CONDITIONS OF
SURVEYED AREAS

Kyungpook Province is situated in the south-
east part of the Korea peninsula, having an
area of 19,700 square kilometers, and is bor-
dered on the northeast by the Sobaek range
branches of Mt. Taebaek and runs from north-
east to southwest along the border of Kang-
weon, Chungpook, and Jeonpook Provinces.
In the south near the border of Kyungnam
Province there are many mountains, such as
Mt. Biseol, Mt. Unmoon, Mt. Moonbok, and
Mt. Koryun, arranged in a circle that make the
Province seem to be a big hollow.

Two areas in Kyungpook Province were
selected as present survey stations (Fig. 1).
Keimyung University training farm in Kyungsan
county of the Province was the main study
area. It is located about 15 kilometers E.S.E of
Taegu city, situated on a low hill studded with
copse, orchards, small rice fields and small
swamps. The farm covers an area of approxi-
mately 250,000 square meters and consists of
pasture, animal shelters, vinyl houses, and
human dwellings. Large numbers of cattle, pigs,
fowls, dogs, sheep, and deer are raised in this
farm but there are no wild animals which could
be important as hosts of vector mosquitoes.

Another areas selected for this study was the
Agricultural research farm in Kyungpook
Provincial office of Rural development. It is
located in Dongho village, a northern district
of Taegu city. The total area of rice field in
this station was about 150,000 square meters.
The north and west corners of the rice field
contain the house-dwellings and the east bor-
derline is limited in the foothills of a low
mountain range.

The rice field irrigation begins in May and
ends in late August or early September: during
this period the rice fields form the main breeding

places for the vector mosquitoes. The domestic
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Fig. 1. Surveyed areas (e¢) in Kyungpook Province, Korea,

animals are cows, pigs, dogs, and chicken, etc.
The cow-shed is usually one compartment of
the house-dwelling and piggery is nearby but
separated from the house and is sometimes
within the garden. The hen-house may be in
the garden or inside the cow-shed with the
cows. The dogs have no kennels but are kept
by the houses, usually in the space under the
floor.

The study areas are under the influence of
a typical continental climate of the eastern
coast affected by both high atmospheric pressure
from the cold continent and a low one from
the Pacific Ocean in the summer season. There-
fore, seasonal fluctuation of air temperature

and precipitation, which is of fundamental

importance to understand the dynamics of

mosquito populations, is very great. Meteoro-
logical data in this study are based on monthly
reports of the Taegu branch of The Korea
Meteorological Agency during the period from

1984 to 1990 (Table 1).
MATERIALS AND METHODS

Light trap operation: In order to observe
the seasonal fluctuation of JE vector mosquitoes,
light trap collections were conducted as follows:
A light trap was fixed at 1.5m above the
ground at trapping spots, the piggery A, cow-
stall B, and the human dwelling C, and oper-
ated from dusk to dawn on one-night per week



Table 1. Monthly maximum and minimum temperature, relative humidity, and total precipitation reported
by regional Meteorological Center in Taegu, Korea during 1984 and 1990
1984 1985 1986 1987 1988 1989 1990
January T*: —11.1~11.3 —12.8~ 9.5 —12.0~11.4 —10.7~11.7 —9.2~11.6 —9.4~12.5 —11.5~10.8
H**: 33~58 35~60 35~62 14~58 19~54 23~66 39~56
P xrx: 0 0 0.9 44.4 12.6 110.7 22.3
Febrvary T: —12.4~13.3 —7.9~13.4 -8.5~15.0 —9.9~19.6 —9.9~14.1 —5.9~17.1 —2.3~22.1
H: 30~57 35~68 33~62 20~58 19~56 22~64 38~58
P: 8.0 21.3 20.4 43.9 2.9 90.5 45.3
March T: —7.3~23.0 —4.0~17.6 —4.5~20.4 —4.3~20.3 —5.0~19.5 —3.9~22.1 —3.8~12.9
H: 29~59 7~67 33~68 24~59 21~58 19~60 52~70
P: 12.2 72.1 51.6 51.4 45.2 100. 4 85.5
April T: —1.2~27.0 0.6~28.6 2.4~28.1 0.9~27.9 3.7~30.4 3.5~28.2 2.7~27.3
H: 28~69 34~64 22~56 19~56 19~53 19~56 38~58
P 136.5 70.2 34.8 42,7 49.6 34.1 20.5
May T: 7.4~31.2 7.7~30.0 8.7~31.0 7.2~30.8 7.7~32.0 9.5~32.7 8.9~30.8
H: 31~64 34~69 25~61 19~63 17~60 24~64 44~65
P: 41.3 105.7 97.4 62.3 64. 1 46.3 143.1
June T: 14.4~32.7 12.5~32.0 11.5~32.5 10.6~36.3 14.4~35.1 12.6~32.9 10.0~33.0
H: 35~73 41~76 28~74 21~66 26~71 25~170 53~70
P: 165.9 167.3 226.9 138.7 85.9 103.3 200.5
July T: 19.2~34.9 18.7~36.8 15.7~35.3 18.0~34.8 15.4~38.0 15.2~35.5 10.0~35.3
H: 46~77 55~80 44~79 33~77 43~79 23~79 66~75
P 341.8 186. 8 136.0 275.7 215.1 306. 6 251.3
August T: 21.0~38.1 22.0~37.7 18.2~36.6 18.7~32.5 16.1~36.5 18.5~35.4 13.1~38.5
H: 42~175 41~179 41~76 49~82 42~76 35~72 57~70
P 206.0 338.4 178.4 327.2 74.5 149.8 125.9
September T : 12.6~31.4 9.4~33.8 8.4~31.4 8.9~31.5 11.7~32.3 11.8~30.1 11.5~33.2
H: 45~77 43~179 27~74 24~T71 36~74 28~77 54~74
P 205.8 262.0 123.4 11.0 52.7 196. 4 197.0
October T: 1.9~25.7 5.7~26.5 —0.7~24.5 2.5~29.9 2.1~28.0 1.6~25.9 4,2~26.6
H: 38~68 36~74 28~70 21~64 22~61 19~66 53~69
P: 14.9 124.0 78.6 44,6 3.9 18.8 13.9
November T: —4,6~23.8 —1.9~19.9 —4.9~19.9 —5,0~22.2 —1.7~21.7 —2.1~21.3 —1.3~23.7
H: 35~72 37~T71 22~59 15~63 19~53 16~64 20~56
P: 52.6 37.0 10.6 51.8 3.4 61.9 43.5
December T: —9,5~15.4 —10.2~16.0 —7.1~16.0 —8.8~20.1 —8.0~17.4 —5.1~19.3
H: 38~68 36~67 23~65 17~56 23~59 10~64
P 3.5 11.8 34.8 0.4 7.1 28.6

* T: temperature(°C)

schedules. Mosquitoes collected at each station
were counted by species.

Indices of mosquito abundance: In order
to compare the annual abundance of Cx. tritae-
niorhynchus, mean percent index(MPI) which
was proposed by Maeda et al. (1978), was used.
MPI is calculated by the following procedure.

** H: relative humidity (%)

**% P precipitation(mm)

If the total number of mosquitoes caught by
m-time collections at a station of 7 in a year
of % is given by Xik=Y Xijk, where Xijk is
the number of mosquitoéglcaught in each collec-
tion, MPI is shown in the following equation:
MPIk:L;O_}i (Xik/Xio), where n is the

number of station and Xio is the total number



of mosquitoes caught at each station in 1986,
when the stations for collection were being
fixed. Seasonal prevalence can be also expressed
by MPI from the data of light trap collections
as follows: MPLjk= MPTE &8 (Xije/xin).

Human baited trap: In 'Srder to determine
the relative numbers and species of mosquito
which were attracted by human beings, human
baited trap was performed as follows: A man
was allowed to lie on the floor of a tent of
2.6x2.0m size and 1.5m in height. A open
window of 2.0x 1.5 m permitted entry of mos-
quitoes. All mosquitoes biting or attempting to
bite were collected between 19:00 and 06:00
hours on one-night in July and August in 1990.

Collection of resting mosquitoes: In order
to determine the resting places of mosquitoes
in day-time, oral aspirators, and hand nets,
about 40 cm in diameter, were used to catch
adult mosquitoes resting in the human and
animal shelters. The census of adult populations
was done from 1984 to 1990, and a part of the
results were published already(Joo and Wada,
1985).

Larval collection: In order to estimate the
density of mosquito larvae and pupae, 30 fixed
rice fields were dipped from April to October
at one-week interval during the peried from
June 15 to August 30 in 1990. The dipper was
15cm in diameter and 5cm in depth with a
wooden handle of 60 cm in length.

At the outset a collector stood at a point on
the side of rice field, and took a dip on the
water surface, which was thought to be most
favorable for the breeding of the larvae and
pupae within the reach of the dipper. In each
rice field, the dipping was made ten times which
were thought to be necessary to determine the
distribution pattern of the numbers of Cx.
tritaeniorhynchus larvae in a rice field(Wada et
al., 1971). The efficiency of the dipper to
collect Cx. tritaeniorhynchus was examined, and
one larva and/or pupae per dip by the dipper
proved to be equivalent to 186 larvae and/or
pupae per m? of the water surface of rice fields
(Wada and Mogi, 1974). Total No. in the

study area—average No. per dipx 186X total
area with water in m?

Resistance level for OP compounds: In
order to determine the insecticidal resistance,
blood-fed females of Cx. tritaeniorhynchus were
collected from human and animal shelters with
an insect net or sucking tube, and transferred
into the cages. The mosquitoes were allowed
to oviposit in an insectary at 30=1°C and of
70~80% relative humidity with 16 hours of
illumination per day. Approximately 300 first
instar were reared in enamel pans measuring
50 x 40 cm filled to 2 cm depth of water and fed
on crushed powders of laboratory mouse pellets
and the adults were fed on 5% sugar solution.
Insecticidal resistance was modified from those
described by Takahashi and Yasutomi(1987).
of five organophosphorus
determined with fourth instar. Lec¢ 50 values

Toxicities were
were calculated from the average of two
replicates.

From these data the regression of the probit
mortality on log dosage was computed and the
Lc 50 were obtained.

Life table characteristics of Cx. tritae-
niorhynchus: In order to estimate the effects
of mating and/or male-female association on the
lifespan of adult Cz. tritaeniorhynchus, the
longevity of adults were tested by comparing
six groups of males and females. All experi-
ments were replicated two times and conducted
in an insectary in which the temperature 27--
1°C and relative humidity was regulated bet-
754-5%. A 16L:8D photoperiod was
established with 40 watt fluorescent light, and
with 1.0 hour simulated dusk and dawn (Joo ez
al., 1988). Adults were continuously offerred
5. 0% sucrose solution in flask with cotton wads
and changed to new solutions every 5 days.

Each morning all dead individuals and egg

ween

rafts were removed and recorded. The calcula-
tion procedures, formulae, and rationale used in
the present study was made according to the
methods described by Reisen et al. (1979) as
follows:

1. Age specific survivorship, Ir=Yx/Yo,



where Yx is the number of males alive on each
day, .

2. Age specific life expectancy, e,=Tx/Iz,
where Tx:i_ Lz and Lxr=({Ix+1.,)/2 with
w=—the day the last individual died.

3. Age of mean cohort reproduction, To—a
TZi‘, I.m.X/Ro starting at x—1, the day of adult
gﬁergence, and R,—net reproductive rate per
cohort.

4. The innate rate of increase (r,), I=a
i} Iome m*+t® and e is the base of natural
iaéarithms and d is the length of time from
oviposition in the present generation to first
oviposition in the offspring generation. a is the
proportion of female that survive from the egg
through adult emergence, and m, is the mean
number of female progeny produced by a female
of age, x, and « is the age interval.

5. Mean generation time, G=InRo/r,, G was
a more realistic estimate of generation time
which included the larval stages and the nulli-
parous adult period, i.e., the time from ovipo-
sition to oviposition.

Inciderce of JE patients: In order to deter-
mine the incidence of JE patients, data were
taken from the official reports by the Ministry
of Health and Social Affairs, Republic of Korea.
The JE patients referred were confined to the
with confirmation and/or
successful isolation of JE virus from autopsied

cases serological

specimen.
RESULTS

Table 2 shows the seven years’ observation
of the earliest days when Cx. tritaeniorhynchus
began to be collected by light traps and air
and humidity at that time in
Kyungpook Province. Cx.

temperature
Kyungsan county,
tritaeniorhynchus began to be collected in June
between the 4th and 28th. At that time the air
temperature ranged from 12 to 35.1°C and
humidity from 65 to 90%. The average number
of Cx. tritaeniorhynchus per trap-night was
from 0.3 to 2.5.

The dates of peak population of Cxz. tritaen-

Table 2. Seven years’ observation of the earliest
date when Cxz. tritaeniorhynchus appeared
in Kyungsan county, Kyungpook Provin-
ce, together with meteorological data

. Humi- Average
Year  Egrlist Temp gty Noirap
(%) night
1984  June 19 21.9~29.4 77 2.5(5/2)**
1985  June 27 19.4~21.5 90 0.5(1/2)
1986  June 12 12.0~28.8 65 0.3(1/3)
1987 June 4 19.0~35.1 65 1.5(3/2)
1988  June 8 23.2~20.6 83 0.3(1/3)
1989  June 28 17.5~29.7 75 2.3(7/3)
1990  June 21 18.7~28.8 82 1.0(3/3)

* When mosquito appeared
** Number in parentheses means the total
number of female mosquitoes/traps

iorhynckus and the meteorological data at that
time are listed in Table 3. The highest popula-
tion density of Cx. tritaeniorhynchus from 1984
to 1990 was observed during the period from
mid-August to early September, but in late July
in 1987. The air temperature was between 18.5
to 34.2°C and relative humidity from 71 to 89
per cent. The maximum number of Cx. fritaen-
iorhynchus in 1984 was 706.6 per trap-night.
In 1985 the number decreased to 229.5 and
171.7 in 1986. In 1987 the number increased
again to 205.3 and to 253.7 in 1988. In 1989
the number decreased to 120.7.

In Table 4, the dates when Cz. tritaenio-
rhynchus were not collected are listed according
to the year studied. Cz. tritaeniorhynchus was
not observed from the area in early and late
October.

Table 3. Date of peak population of Cz. tritaen-
iorhynchus and meteorological data at that

time
Date Humi
Year peakof T&Srél)p dity Azerage. 1\1112'/

popul. (%) rap-nig
1084 Aug. 31 22.6~27.1 86 706.6(3,548/5)*
1085 Aug. 15 23.5~29.4 89 229.5 (659/3)
1086 Aug. 14 22.2~30.9 81 171.7 (515/3)
1087 July 23 20.6~28.6 88 205.3 (616/3)
1988  Sep. 1 18.7~30.7 72 253.7 (761/3)
1989 Sep. 6 18.5~27.6 75 120.7 (362/3)
1990 Aug. 22 24.5~34.2 71 205.7 (617/3)

* Number in parentheses means the total number
of female mosquitoes per trap-nights



Table 4. Date of disappearance of Cz. tritaeniorhyn-
chus and meteorological data

Date of disappear- Temperature Humidity

Year ance of mosquito &) (%)

1984 Oct. 6 8.0~22.9 67
1985 Oct. 24 9.3~23.0 68
1986 Oct. 2 11.5~17.4 83
1987 Oct. 8 13.2~28.5 70
1988 Oct. 26 8.4~23.1 70
1989 Oct. 11 10. 6~25. 1 81
1990 Sep. 26 15.8~24.8 65

Table 5. Seasonal prevalence of Cz. tritaeniorhyn-
chus by the average numbers collected in
each trap during seven years in Kyungsan
county, Kyungpook Province

viiAivreirage number of female mosquitoes
per trap-night

Year -

June July Aug. Sep. Qct.
1984 1.1 19.2 133.5 55.8 0.1
1985 0.1 23.6 156.0 92.2 3.1
1986 0.2 17.9 113.8 63.4 0.1
1987 1.3 111.9 107.3 16.6 0.2
1988 0.4 50. 3 36.5 70.3 1.5
1989 0.6 13.7 24.3 45.6 1.5
1990 0.6 22.0 141.5 67.5 —

* No Cax. tritaeniorhynchus were collected in May
and November every year.

The seasonal prevalence of Cx. tritaeniorhyn-
chus collected by light traps are summarized
in Table 5. In general, Cx. tritaeniorhynchus
was collected in five months, from June to
October every year. In 1984, the average num-
ber of female Cx. tritaeniorhynchus per trap-
night in June was 1.1, it increased to 19.2 in
July, and reached the maximum number 133.5
in August. In September, the average number
decreased to 55.8, in October to 0. 1, and none
collected

were in November.

The general
patterns of seasonal prevalence in other years
were similar to those in 1984, It was found
that the average number of Cx. tritaeniorhyn-
1985, and the
number became particularly low in 1989. The
highest population observed in August during
but delayed in the
following years, accompanied by decreases in

chus rapidly decreased after

the initial three years,

the number of mosquitoes.

The relative abundance and MPI calculated
for successive years after 1984 in correlation
with the incidence of Japanese encephalitis are
shown in Table 6 and illustrated in Fig. 2. A
marked decrease in MPI was obtained in
successive years.

The general patterns of engorgement rates,
as calculated by dividing the number engorged
with the total, in the other years were similar
to those for 1984. The numbers of total and
engorged female mosquitoes collected in a pigsty
and on human baits in 1990 are shown in
Table 7.

feed from 19 : 00 onward, and the peak numbers

Cx. triteeniorhynchus attempted to

of the mosquitoes showed two peaks, one bet-
ween 20 :00~21:00 and another
04 : 00~05 : 00 on August 13~14 and August
30~31.
Cx. tritaeniorhynchus, on becoming dark they

between
In the trend of nocturnal activity of

became very active, gradually decreasing in
activity towards midnight, but slightly increas-
ing towards dawn. The hourly distribution of
Cx. tritaeniorhynchus is not apparent at the
human baited trap, because of very small num-
bers collected.

The overall rate of engorgement at three
observations on the pigs was from 7.1% in July
27~28 to 19.9% in August 30~31, with an
average of 17.0%.

Table 6. Decrease of Cxz. tritaeniorhynchus popula-

tion in successive years after 1984 in
correlation with the incidence of Japanese

encephalitis

Total No. JE
Year MPT* incidence

collected No. cases™* (%)
1984 12,875 702.3 0 0
1985 3,101 130.1 0 0
1986 2,398 100.0 0 0
1987 3,184 199.5 3 0. 007
1988 2,124 83.7 1 0.002
1989 877 30.8 0 0
1990 2,779 115.9 1 0. 002

* Mean percent index
** Based on the reports from Cities and Provinces
under Communicable Diseases Control Law
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Fig. 2. Annual prevalence of Culex tritaeniorhynchus as shown in MPI calculated from the data o1

mosquito collection at 3 stations.

Table 8 shows the number and percentages
of engorged and unengorged female Cx. tritae-
niorhynchus collected by light traps at three
locations. The overall rates of engorgement
which reflect the blood-sucking activity of Cz.
tritaeniorhynchus in 1984 were in the order of
59.0% on the piggery, 37.6% on cow-stall, and
12. 0% on human-dwelling. The general patterns
of engorgement rates, as calculated by dividing
the number engorged with the total, in the
other years were similar to those for 1984.

The monthly fluctuation in the blood-sucking
rate of Cx. tritaeniorhynchus is shown in Table
9. The rate was 22.3 to 44.4% in July and
41.2 to 52.8% in September. Although the rate

decreased in October, it was kept on the level
of 10.0%.

The age structures of immature stages of Cz.
tritaeniorhynchus and population densities per
The densities of
Cz. tritaeniorhynchus in rice fields was highest

m? are shown in Table 10.

in mid-August, with an average number per m?
of 14,900. After the last part of September,
such densities showed a marked decrease and
the larvae or pupae were rarely found until
rice plants were harvested.

Table 11 shows organophosphate resistance
levels of larval Cz. tritaeniorhynchus reared
for one generation in the laboratory and com-
pares with that of susceptible laboratory strain.



Table 7. The results of overnight Cx. tritaeniorhynchus collection by light trap in a pigsty and on
human bait (1990)

July 27~28 August 13~14 August 30~31
Hours -
Light trap Man Light trap Man Light trap Man

19 1 00~20 : 00 3 (O* 0 15 (D 0 50 (7) 0
20 1 00~21 : 00 14 (3) 0 71 (6) 0 53(10) 1
21 1 00~22 : 00 4 (0 0 14 (@) 1 26 (8) 3
22 1 00~23 : 00 3 (0 1 8 (2 1 13 (D 1
23 1 00~24 : 00 0 (O 0 16 (3) 0 21 (D 1
24 1 00~01: 00 5 (0) 0 5 (2 0 10 (O 0
01 : 00~02 : 00 1 (0 0 15 (2) 1 15 (2) 1
02 1 00~03 : 00 () 0 15 (0 1 12 (3 1
03 1 00~04 : 00 7 (@ 1 10 (0) 0 17 (D 0
04 : 00~05 : 00 3 (0 0 21 (8 0 34 (D 0
05 : 00~06 : 00 0 (0 0 15 (1) 0 10 (0) 0

Total 42 (3) 2 205(31) 4 266(53) 8
Temperature(CC) 29.3 30.1 26.9
Humidity (%) 73 67 76

* Number in parenthesecs means number of engorged female mosquitoes

Table 8. Comparison of total and engorged number
of Cuz. tritaeniorhynchus collected by light

traps at three locations

No. collected No. engorged

Year Location
1984 A 1,377
B 2,093
C 225
Subtotal 3,695
1985 A 1,593
B 1,343
C 166
Subtotal 3,102
1986 A 1,095
B 1,176
C 127
Subtotal 2,398
1987 A 1,547
B 1,526
C 111
Subtotal 3,184
1988 A 808
B 1,223
C 94
Subtotal 2,125
1989 A 382
B 473
C 22

787(37
27(12

1,627 (44.
598(37.
304(29.

8 (4.

1,000(32.
547 (50.
485(41.

9 (7.

1,041(43.
707 (45.
651 (42.

12(10.

1, 370(43.

813(59.0)*

.6)
.0)
0
5)
D
8

2

0)
2)
D
4)

p

7
7

8)
0)

395(48.9)

403(33.
4 (0.

802(37

156 (40.

0)
D
.7
&)

192(40. 6)
0 (0.0)

Subtotal 877 348(39.7)

1980 A 1,018 319(31.3)
B 1,609 470(29.8)

C 152 100.7

Subtotal 2,779 799(28. 8)

Total 18,160 6,987(38.5)

* Number in parentheses means the percentage of
engorged females.
Location A: Piggery, B: Cow-stall, C: House
dwelling

The larval Cx. tritaeniorhynchus showed a high
resistance against 5 organophosphorus com-
pounds. Among the compounds, Cx. tritaenio-
rhynchus was found to have resistance ratios
against temephos and fenitrothion in Lcs value
of 64. 0 ppm and 10. 8 ppm, respectively. The Le
50 values to diazinon and malathion were about
2,500 and 5,000 times high as that of suscep-
tible strain. Of the mosquitoes tested in 1990,
the resistance levels and resistanc ratios to
diazinon were increased, but in malathion and
fenthion the ratios were slightly decreased. No
fluctuation was found in resistance levels of
fenitrothion and temephos.

Table 12 lists the effects of mating, association



Table 9. Monthly fluctuation of total and engorged number of Culex tritaeniorhynchus collected by light

traps
June July August September October
Year No No. ° No. No. o No. o. No.
collected " ;?fged collected e“ggfged collected engoorged collected e“g;’rged collected e“g‘?fge‘i
%) (%) (%) (%) (%)
1988 9 1 604 268 438 102 1,055 436 18 2
1.1 (44. 8) 23.3) (41.2 11.D
1989 7 0 161 56 201 109 410 184 18 2
©] (36. 4) (37.5) (44.9) 1.1
1990 7 0 264 59 1,698 383 810 362 — —
) (22.3) (22.6) (44.7)

Table 10. Age structures of immature stages of Cz.

tritaeniorhynchus in the study area(1990)

Total No. in the study area at the
median age of each stage (x10%)

Date

L1 L2 L3 L4 Pupa
Jul. 13 14
Jul. 19 2
Jul. 27 64 37 53 18 18
Aug. 2 67 50 44 36 18
Aug. 10 10 375 284 157 24
Aug. 19 380 289 172 35
Aug. 23 15 25 17 3
Aug. 30 48 19 12 7
Sep. 6 46 14 11 12 6
Sep. 13 25 18 49 14 12
Sep. 20 22 11 19 11 11

Total 296 919 774 451 134

and/or egg deposit on lifespan of Cx. tritae-
niorhynchus tested by comparing six groups. In
the group of females associated with equal
number of males, the average lifespan of females
was longer than that of virgin females and
males, whereas the average lifespan of mated
males and/or those associated with females were

Table 11. Resistance levels and resistance ratios of
larval Cz. tritaeniorhynchus exposed to 5
organophosphorus compounds for 24 hours

1987 1990
Le 50 RR.* S.8*¢ Lc 50 R.R.
Diazinon 17.0 1,133 0.015 38.0 2,533
Malathion 20.8 5,200 0.0042 18.6 4,650
Fenitrothion 9.5 13,571 0.0007 10.8 15,429
Fenthion 3.3 2,367 0.0014 3.2 2,286
Temephos 61.8 0.0007 64.0 91,429

79,231

x Resistance ratio

** Data reported by Department of Medical Ento-

mology, NIH, Japan
shorter than those of virgin males.

The data presented in Table 13 list the bio-
logical and life table characteristics of Kyungsan
strain Cz. tritceniorhynchus and compare the
present results with those of Nagasaki and
Taipei strains described by Reisen ef al. (1979).
The life expectancy of Cx. tritaeniorhynchus in
the present study was 28. 33 days for males and
59.81 days for females. The net reproductive
rate was found to be 7.81% living female
offspring/female per generation, and generation

Table 12. Effects of mating, association and/or egg deposit on lifespan of Cx. tritaeniorhynchus(1990)

Average day lived

Group Female Male
1 2 1 2
Virgin 64.65+18.70 59.85+16. 21 34.15+16.77 36.214+17.27
Females with equal number of 52.22-+13.02 52.03-£14.20 24.89-+£13.30 30.07211.18
males(On sugar)
Females with equal number of 58.86+12. 46 59.81+16.73 28.33411.09 26.36+15.34

males(On blood meal)




Table 13. Biological and life table characteristics of
Kyungsan strain of Cz. tritaeniorhynchus

(1990)
Country Korea Japan  Taiwan
Locality Kgral;ng- Ngflii- Taipei
Generation in Lab. 1 128 120
Siphonal index 8.41 7.40 7.61
Adult size
Wing lenght(mm) & 2.70 3.11 2.71
F 3.28 3. 46 2.92
Fecundity
No. raft/cage 14.0 71.3 258.0

No. eggs/raft 188.9 172.8 142.8
Fertility

No. larvae/raft 143.0 121.0 130.5

Hatching (%) 75.7 70.2 91.4
Life table statistics

e; & 28.33 14.14 15. 08

e ¥ 59. 81 21.10 19,22

Ro 7.81 21.37 84.97

To 15.50 18.02 13.62

G 25. 60 28.31 24.01

e, .Mean life expectancy at emergence in days

Ro : Net reproductive rate: living females per
female per generation

G : Generation time in days

To : Age of mean cohort reproduction

time was 25,6 days.
DISCUSSION

Since JE was first recognized as a distinct
disease during a severe epidemic which occurred
in the whole country of Japan except Hokkaido
in 1924, Yamada (1933) suggested that mosqui-
toes might be involved, because the human JE
cases followed the midsummer population peak
of Cr. After the estab-
lishment of experimental infection of JE by Cx.

tritaenior hynchus.

and isolation of JE wvirus
1937
& 1938), biological, ecological, sero-epidemiol-
ogical, and virological studies on JE and its
have been conducted by

tritaenior hynchus
from them in nature (Mitamura ef al.,

vector mosquitoes
many investigators in Japan, China, Korea,
and eastern Asia.

In the studies on JE in Korea, little work

was done before the end (1945) of the Japanese
occupation, although a disease called “summer
encephalitis” has been recognized and Cxz.
tritaeniorhynchus was thought to be the main
vector. It was after the first report on the
isolation of JE virus among U.S. army soldiers
in Kunsan area (Sabin et al., 1947), and after
the occurrence of a large nationwide epidemic
in 1949. That many investigators have made
studies on the epidemiology of JE in Korea
(Deuel et al., 1950; Hullinghorst et al., 1951;
Chang ef al., 1959; Chun, 1975; Kono and Kim,
1969; Kim, 1975 & 1986), and on the seasonal
prevalence of vector mosquitoes (Lee et al.,
1969; Shin et al., 1971; Self et al., 1973b; Ree
et al., 1973; Mathis and Jolivet, 1974; Pae et
al., 1976; Frommer et al., 1977 & 1979; Lee
et al., 1984; Joo and Wada, 1985). As a result,
it has become clear that JE is one of the most
serious mosquito-borne diseases among the resi-
dents, especially children in Korea.

On the JE epidemic among the residents in
Korea, Sabin et al. (1947) conducted a study
in American soldiers stationed in Kunsan area,
and observed four cases of JE during the
summer of 1946. A virus recovered from a
patient who dies was identified as that of JE.
A specific diagnosis of the nonfatal cases was
accomplished by means of complement fixation
tests. These data conclusively established the
presence of JE virus in Korea. At the same
time, they carried out serologic surveys of native
Koreans and of indigenous domestic animals in
four different areas of southern Korea, and
indicated that the virus of JE was widely disse-
minated in this country.

A study of Hullinghorst et al. (1951) reported
that the Korean epidemic during the summer
months of 1949 was caused by the virus of JE,
and that serums of normal Koreans subjected
to anamnestic evaluation and specimens from
domestic animals indicated wide dissemination
Kono and Kim (1969)
carried out an epidemiological study on the
features of JE in Korea from 1949 to 1966, and
made comparisons with the situation in China

of the virus in Korea.



and Japan. They reported that a large fluctua-
tion in the annual number of cases and deaths
was one of the epidemiological characteristics
of JE in Korea in comparison to the regular
annual incidence in Japan, and also commented
that Jeonpook Province was always the focus
of the epidemics.

Similar results in epidemiological features of
JE in Korea have been obtained by Chang et
al. (1939), Kim (1975), and Kim (1986). As
shown in Table 6, the incidence rate reported
during the period from 1984 to 1990 is based
on the reports from Cities and Provinces under
Communicable Diseases Control Law. However,
the reports from Cities and Provinces are not
sufficient to determine the true incidence rate
of all JE. Nevertheless, the results are quite
comparable with earlier reports based on report-
ed cases of JE in Korea during the period from
1949 to 1983 (Kim, 1986). The present results
show a marked decrease in the incidence of JE
compared with earlier reports available. The
exact cause of the lower incidence of JE is not
known, but there are several factors such as
vaccination of children aged 3 to 15 years and
decrease of the vector mosquito population.

Wada (1972) in a study of a theoretical
model for JE epidemic demonstrated that the
vector infections in the decreasing phases of
vector populations was smaller than other times.
In the survey of vector mosquitoes of JE in
Korea, Lee et al. (1969) conducted a study of
JE virus isolation from mosquitoes, and reported
that 5 strains of JE virus were isolated from
Cx. tritaeniorhynchus, one strain from A. vexans
nipponi, and two strains from overwintering
Cx. pipiens pallens, and commented that the
principal vector of JE in Korea was Cx. tritae-
niorhynchus. From their mosquito survey, it
was found that Cx. pipiens pallens was the
most prevalent species, and next in order was
An. sinensis, with Czx. tritaeniorhynchus taking
the 4th place.

Shin et al. (1971) in a study on seasonal
prevalence of mosquitoes throughout the coun-
try, particular with reference to JE vector

mosquitoes, reported that the population den-
sities of Cx. tritaeniorhynchus were remarkably
different between urban and rural areas, i.e.,
high population densities in the vicinity of large
and newly developing cities, and low densities
in rural areas. Self et al. (1973) carried out an
ecological study on Cx. ¢ritaeniorhynchus as a
vector of Japanese encephalitis, and reported
that the dates and duration of the population
peaks in semirural suburbs of Seoul and Pusan
were markedly different from those at a rural
rice-growing site, and also stressed that a short
period of man-vector contact occurred at each
study site at low densities when the natural
population was at its peak.

In the recent studies, Joo and Wada (1985)
conducted a survey of seasonal prevalence of
the vector mosquitoes of JE virus in Kyungpook
Province, Korea. It was found that among the
34, 571 mosquitoes collected in animal shelters
and human dwellings by light traps, approxi-
mately 45.0% were Cx. tritaeniorhynchus,
34.0% Cx. pipiens pallens and 19.0% An.
sinensis. In the general patterns of seasonal
prevalence, Cx. tritaeniorhynchus first appeared
in mid-June, and were trapped in large numbers
during the periods from mid-August to early
September, showing a simple sharply pointed
one peak curve, while Cx. pipiens pallens was
found to be active through almost the entire
season showing irregular curves with several
peaks. The results presented in Table 5 indi-
cate that the highest population of Cxz. tritae-
niorhynchus was clearly observed in August
during the initial three years, and was found
to be delayed in the following years, accom-
panied by the decrease in the number of mos-
quitoes.

Although the main reasons for the decrease
in population levels of Cx. tritaeniorhynchus
are not readily apparent, it was considered to
be due to the extensive use of chemical insecti-
cides in rice farming, changes in the rice
culture system and/or rural environment such
as water management of rice fields, high tem-
perature, and small precipitation etc., livestock



and natural enemies, and reduction of rice fields
by urbanization. Such consideration was also
recognized by Wada et al. (1967), Kamimura
and Katori (1969), Self et al. (1973a,b,c &
1974), Shim and Self(1973), Kamimura and
Watanabe (1973), Buei and Ito (1974), Shimada
(1974), Mogi (1978 & 1984), Maeda et al.
(1978), Ree et al. (1979, 1980 & 1981), Kami-
mura and Maruyama (1983), and Kim (1986).

From the results presented in Table 5 and
Table 14, the seasonal prevalence of Cz. tritae-
niorhynchus has been shown usually in the
number of mosquitoes collected by a light trap,
but the numbers were found to fluctuate day
by day. Therefore, the total or mean value
seems to be unfit for comparison of the abun-
dance of Cx. tritaeniorhynchus. On this point,
Maeda et al. (1978) proposed to use the mean
percent index (MPI), being calculated from the
data of mosquito collections, for comparison of
the annual abundance of mosquitoes. They also
reported that Cxz. tritaeniorhynchus had de-
creased after 1965 and this decrease was correla-
ted with the reduction of human patients of JE
in Japan. As Yasutomi and Takahashi (1987)

indicated, the reduction of the vector population
in 1970’s seems to be due to the change of in-
secticides from BHC and/or DDT to organo-
phosphorus compounds and/or carbamates, to
the introduction of intermittent irrigation of
rice fields or early planting of rice, and to the
use of new herbicides that are effective in
indirect control of mosquito larvae (Maeda et
al., 1978). In the present study,
niorhynchus blood feeding success observed was

Cx. tritae-

sometimes a reflection of mosquito abundance,
In practice, Cz. tritaeniorhynchus abundance
during 1984 was greater than 1985, which was
greater than 1987. The same relationship held
true for the number of engorged mosquitoes
collected during those years. However, daily
engorgement success was not always linked to
overall mosquito abundance. In this study, in
1988 Cx. tritaeniorhynchus was most abundant
in September, but engorgement of females has
the highest rate in July. The results of a month-
ly fluctuation of engorged Cx. tritaeniorhyn-
chus of all three years indicated that blood
feeding was significantly associated with the

rainfall. Day and Curtis(1989) in a study of

Table 14. The reported average number per trap-night of Cz. tritaeniorhynchus by month in Korea

Localities

Source May  June July August September October Remarks
Lee et al. Seoul 0 1.0 11.5 8.3 7.0 0 Results of 1965
(1969)
Shin et al. Seoul 0 0.1 15.4  108.6 60. 3 0.1
(1971 Pusan 0 1.2 117 745.7  363.7 0.1
Suwon 4] 0.1 2.1 17.0 2.2 0
Self et al. Pusan 0.3 1.0 110.0 375.0 401.0 — Results of 1971
(1973b) Sintain 0 3.0  258.0  95.0 2.0 -
Seoul 0 0 16.0 99.0 84.0 —
Pae et al. U.S. Army installa- — 0.04 2.1 6.6 1.7 — Results of 1974
(1976) tions and Chinju
Yosu & Taesung- — 0.01 0.4 2.9 2.4 0.3 Results of 1975
dong
Frommer et al. U.S. Army installa- 0 0.01 0.9 3.6 1.7 — Results of 1976
Q977) tions & Cheju city
Yosu, Taesung-
dong
Fromer et al. U.S. Army installa- 0 0 1.1 10.7 5.3 — Results of 1977
(1979) tions
Lee et al. U.S. Army com- 0 4.4 253.1 665.5 144.6 4.9 Results of
(1984) pounds 1979~1980
Joo & Wada Kyungpook Province 0 2.3 96.2  556.6 155. 6 0.4 Results of 1984

(1985)




influence of rainfall on Cx. nigripalpus blood-
feeding behaviour in Indian River county,
Florida, reported that Cz. nigripalpus abun-
dance and blood feeding behaviour was tied
closely with daily rainfall patterns. The rela-
tionship between adult abundance and rainfall
has been reported for Cx. nigripalpus (Provost,
1973), Cax. tritaeniorhynchus and Cx. gelidus
(Olson et al., 1983) and Crx.
(Russel, 1986).

The results given in Table 7 indicate that

annulirostris

the nocturnal activity of the female Cx. tritae-
niorhynchus was not always similar by collection
methods even on the same night. It has been
known that environmental factors such as light,
temperature, humidity, wind-borne stimuli, ezc.
are essential in determining the attraction of
Although these factors should be
the attraction of

mosquitoes.
important in determining
mosquitoes, this data can not be explained fully
only by the hourly changes of these factors
because the meteorological conditions were
considered nearly the same at least on the same
night at the sites where the collection was
made (Wada et al., 1970 & 1975; Joo and Wada,
1985). In the present study the hourly preva-
lence of female Cx. tritaeniorhynchus had two
peaks, one between 20:00~21:00 and the other
between 04:00~05:00 on August 30-31. These
results are similar to data reported by Wada
et al. (1970), Kanda et al.(1975), Joo and
Wada (1985), and Lee et al.(1986).

The immature stages of Cx. tritaeniorhynchus
were first found in rice fields in mid-July. The
highest average density was 14,900 per m? on
mid-August. In mid-September, such densities
showed a marked decrease and both larvae and
pupae were rarely found until rice plants were
harvested. In Korea, adult Cx. tritaeniorhynchus
were always collected before the season’s first
larvae could be found. A study of Ree et al.
(1976) reported that female Cx. tritaeniorhyn-
chus hibernated only in the warmer, southern
latitudes of Korea, and then moved progres-
sively northwards by a series of dispersal flight

until Seoul area was finally repopulated by

mid-summer. From a study on the ecology of
Cx. tritaeniorhynchus, Self et al. (1973b) report-
ed that the use of agricultural insecticides had
reduced larval rice field population throughout
Korea.

The amount and spatial distribution of
immature larvae of Cx. tritaeniorhynchus popu-
lations in rice field areas were examined by
Mogi and Wada (1973), Wada and Mogi
(1974), Somboon et al. (1989). Somhboon et al.
(1989) in studies on the JE vectors in northern
Thailand reported that the average numbers of
larvae plus pupae per m? rice fields was highest
in July when the fields were ploughed, but in
the period from transplanting to harvesting, the
densities were very low. The results in present
study are similar to those reported by Mogi
and Wada (1973), Wada and Mogi (1974), Ree
et al.(1976), and Somboon et al. (1989).

In the studies of insecticide resistance for
bloodsucking insects and arthropods of medical
Hurlbut (1952) made a
survey of resistance of Korean body lice and
reported for the first time that the bedy lice
was DDT-resistant. Thereafter, organophospho-

importance, et al.

rus compounds were introduced into Korea as
a substitute for DDT and many organophos-
phate, carbamate and pyrethroid compounds
have also been imported for medical and/or
agricultural pests control. Shim er zl. (1979)
carried out studies on the resistance of insecti-
cides against Cz. tritaeniorhynchus in Korea,
and reported that organophosphorus compounds
developed resistance for 8-folds more than in
1972 in Sintains train, and duskan showed
highly susceptible value in Lcg, 0.00625 ppm
despite frequent application for public health
insecticides. Ree et al. (1980) in a field evalu-
ation on the resistance of agricultural and/or
public health vpesticides against JE vector
mosquitoes reported that the reduction rate of
the larval Cx. tritaeniorhynchus in the natural
rice fields after the application of pesticides by
the farmer showed the same results of the
experimental condition. They also indicated that

the pesticide application in the rice fields by



the farmer remarkably reduced the population
densities of most species of aquatic organisms
in the rice field besides mosquitoes. In recent
years, from their studies on insecticide resistance
of vector mosquitces of JE in Korea, Baik and
Joo (1987) reported that Cx. tritaeniorhynchus
had developed high resistance to most of the
insecticides as compared with the results of
susceptible strain reported by Yasutomi and
Takahashi (1987).
mosquitoes have been obtained by Hwang et al.
(1965), Lee (1969), Shim and Self (1973), Self
et al. (1974), Shim and Kim (1980 & 1981),
Shim et al. (1982), Kamimura and Maruyama
(1983).

In the present study, the larval Cx. tritae-

Similar results in vector

niorhynchus showed high resistance to diazinon
and malathion with Les, values of 38. 0 ppm and
18.6 ppm, respectively. The more increased
resistance to temephos and fenitrothin was
discovered in Cx. tritaeniorhynchus collected
in Kyungsan county. The results of this study
indicate that the resistance ratio to organophos-
phorus compounds in Kyungsan colonies of
Cx. tritaeniorhynchus, relative to susceptible
colonies, were nearly 2, 500~91, 000 times.
The main breeding sites contributing to
populations of Cx. tritaeniorhynchus in Korea
were evidently rice fields. The Koreans have
been striving for self-sufficiency in rice by
increasing yields on existing paddy acreage and
they have relied on chemical fertilizers, insecti-

The

insecticides and fungicides for the control of

cides and fungicides. intensive use of
agricultural and/or medical pests, which trans-
mit communicable diseases during the summer
season, by government officials and by residents
have greatly influenced the populations and
resistance of the insects and arthropeds of
medical importance. Such consideration was also
recognizied by Self et al. (1973a), Maeda et
al. (1978), and Mogi (1978). Higher insecti-
cide resistance of Cx. tritaeniorhynchus in the
present study suggests that it is probably related
to some differences in the opportunity of contact
to insecticides and fungicides.

Geographic variations among the life table
characteristics for various species of mosquitoes
have recently been studied in several parts of
the world (Crovello and Hacker, 1972; Gomez
1979;
1988). As a result, a considerable amount of

et al., 1977; Reisen et al., Joo et al.,
field data and some laboratory data can be found
related to the population dynamics, mating and
biting rhythms, migratory habits, etc. of many
species of mosquitoes. A study of Aslam et al.
(1977) reported the influence of physiological
age on the biting rhythm of Cx. tritaeniorhyn-
chus. Also, Reisen et al. (1979) studied the
geographical variation among the life table
characteristics of Cx. tritaeniorhynchus from
Asia.

In the present study the life expectancy at
emergence of Cx. tritaeniorhynchus females was
in general similar to the data of Cx. pipiens
quinquefasciatus reported by Walter and Hack-
er (1974) and Gomez et al. (1977), and of
Ae. aegypti reported by Crovello and Hacker
(1972). While Cx. tritaeniorhynchus male life
expectancy was generally longer than Nagasaki
and Taiwan strains of Cux. tritaeniorhynchus
reported by Reisen et al. (1979), it was similar
to that of Cx. pipiens quinquefasciatus (Walter
and Hacker, 1974) and Ae. aegypti (Crovello
and Hacker, 1972).
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