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Introduction

Many surveys on the vector mosquitoes 1n Korea
have appeared 1n literature

Hasegawa(1913) first found Anopheline mos-
quitoes 1n several locations of Korea, and as-
certained their ability to transmut P - vivax ma-
laria. Kobayashi(1929) made a survey on the
seasonal prevalence of mosquito in Korea, and
Yokoo(1944) in an 1investigation on the distri-
bution and biology of the mosquitoes reported
that A - unenas seemed to serve as a vector of
setariasis of domestic animals 1n Korea. During
the period from 1950 to 1959, the movement of
population and unsanitary conditions caused by
the Korean War increased the prevalence of the
mosquito —borne diseases to such extent that 1t
become a major public health problem of na-
tion —wide significance After the War, Anophe-
Iinae and Culicinae mosquitoes have been con
sidered as the primary target to investigate i
order to provide informations for the control of
mosquito —borne diseases by a number of medtical
parasitologists and publc health officials. Whang
(1962) studied the biological observations on
Anopheline mosquitoes in Korea. Shin et al
(1971) described on the scasonal prevalence of JE
vector mosquitoes.

To attain self ~—sufficiency 1n rice production,

the Korean Government in 1972 established a
plan to expand the land by cultivating hlly
areas, thus practicing land reclamation, and also
accompanied the establishment of an 1rrigation
system due to dam construction, improvement of
agricultural technique, and 1ntense use of agricul-
tural chemcals Accordingly, increased rice pro-
duction 1nevitably resulted in the expansion of
mosquito larval habitats, and introduced import-
ant changes 1n the agroecosystems which deter-
muned the distribution and abundance of mos-
quitoes. Furthermore, rice paddies, parsley pad-
dies, ground pools, gutters, ditches, sewers,
cesspools, and fertilizer pits around houses pro-
duced 1mportant vector mosquitoes. The adult
mosquito shelters 1n bushes near the houses The
female mosquito begins to enter houses after sun-
set, increasing 1n number covering from 8 p.m to
4 am, thus Cx - pipiens pallens 1s one of the most
common and abundant mosquito specites 1n
houses and 1s strongly anthropophihic. This study
has been proceeded as a part of our investigation
i the eprdemio —entomology and control of mos-
quito —borne diseases, since this species was
found to play as the main vector of human filar:-
as1s and Japanese encephalitts prevalent in en-
demic areas of the World. The present paper
summarizes the scasonal variation and the popu-
lation dynamics of adult mosquitoes carried out

1in Kyungpook Province from 1984 to 1993

* The study was prescnted at the spring meeting of the Korean Society for Parasitology(1992).
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Matenals and Methods

1. Geographical conditions of surveyed areas:
Kyungpock Province 1s situated mn the south
—east part of the Korea peminsula, having an
arca of 19,700 square meters. Nine arcas in the
Province were selected as vector mosquito survey

stations(Fig. 1). Keimyung University traiming
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farm 1n Kyungsan county of the Province was
the main study area.

Another area was the Agricultural research
farm 1n Kyungpook Provinial office of Rural de-
velopment. It 1s Jocated 1 Dongho village, a
northern district of Taegu city. The other arecas
were seven rural villages located 1n the surround-
g rice paddies of the Province The rice paddies

1rrigation begins in May and ends 1n late August

Fig. 1 Surveyed areas{ ) in Kyvungpook Province, Korea
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or early September: During this period the rice
paddies form the main breeding places for the
vector mosquitoes. More details of the geographi-
cal conditions of surveyed areas were presented
by Baik and Joo(1991).

The survey areas are under the influence of a
typical continental chmate of an eastern coast af-
fected by both high atmospheric pressure from
the cold continent and a low one from the Pacific
Ocean 1n the summer season. Therefore, seasonal
fluctuation of air temperature and precipitation,
which 18 of fundamental importance to under-
stand the dynamics of mosquito populations, 1s
very great.

The meteorological data for the period of this
survey was provided by the Taegu branch of
Korea Meteorological Agency.

2. Light trap operation: In order to observe
the seasonal prevalence of the vector mosquito
populations, light trap collections were performed
as follows A light trap was fixed 1.5m above the
ground at trapping spots, the piggery A, the
cow—shed B, and the house—dwelling C, and
operated from dusk to dawn on one—mght per
week schedules. Mosquito collected at each sta-
tion were counted by species.

3. Indices of mosquite abundance: In or-
der to compare the annual abundance of Cx -
pipiens pallens, mean percent index(MPI) which
was proposed by Maeda et al.(1978), was used.
MPI is calculated by the following procedure. If
the total number of mosquitoes caught by m—
time collection at a station of ¢ 1n a year of k 1s

given by

Xk = & X,k, where X,x 15 the number of mos-
~1

quitoes caught in each collection, MPI 1s shown
1n the following equation:
MPI = 100 X (X, /X.), where n 1s the
no
number of station and Xio 1s the total number of
mosquitoes caught at each station i1n 1986, when
the stations for collection were being fixed. Sea-

sonal prevalence can be also expressed by MPI

from the data of hight trap collections as follows

MPL, = n il( X, X0

4. Human baited trap: In order to determine
the relative numbers and species of mosquito
which were attracted by human beings, human
baited trap were performed as follows. An open
window 2.0 X 1.bm 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 1n 1990—1993.

5. Colloection of resting mosquitoes: In order
to determine the resting places of mosquitoes 1n
daytime, oral aspirators, and hand nets, about 40
Cm 1n diameter, made of fine mosquito netting
were used to catch adult mosquitoes resting 1n
human and ammal shelters. All the mosquito
specimens were individually examined for species
under a binocular dissecting microscope and
counted.

6. Insecticide susceptibility test: In order to
estimate insecticide resistance on Cx - pipiens
pallens, blood —fed females of Cx - pipiens pallens
were collcted from human and animal shelters
with an insect net or with a sucking tube, and
transferred into the cage. The mosquitoes were
allowed to oviposit in an 1nsectary at 30 +1C
and 70—80 per cent relative humdity with 16
hours of i1llumnation per day. The approximately
300 first instar were reared 1n enamel pans
measuring 50 X 40 Cm filled to 2 Cm depth of
water and fed on crushed powders of laboratory
mouse pellets and adults were fed on 5% sugar
solution.

Insecticide resistance was modified from those
decribed by Yasutom et al. (1986). Toxicities of
the organophosphorus were determined with
fourth instar

LCs values were calculated from the average of
two replicates. From these data the regression of
the probit mortality on log dosage was computed
and the LCs) were obtained.

7. Life table characteristics of Cx - pipiens
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pallens: In order to estimatc the effects of
mating and/or malc—female association on the
hife —span of adult Cx - pipiens pallens, the lon-
gevity of adults were lested by comparing six
groups of male and female. All experiments were
replhicated two times and conducted an insectary
in which the temperature 27 + 1C and relative
humidity was regulated between 75 4 5 per cent.
A 16L 8D photoperiod was established with 40
watt fluorescent hght, and with 1.0 hour simul-
ated dusk and dawn(Joo et al., 1988).

Adults were continuously offered 5.0 per cent
sucrose solution 1n flask with cotton wads and
changed to new solutions cvery 5 days. Each
morming all dead individuals and egg rafts were
removed and recorded.

The calculation procedures, formulae, and ra-
tionale used in this study was made according to
the methods describing by Reisen et al (1979).

The methods have been summarized as fol-
lows :

1) Age specific survivorship, Iy = Y/ Yo, where
Yy 18 the number of males alive on cach day, x.

2) Age specific life expectancy, ex=Tx/ I
where Ty = ‘VK Lyand Ly=(I;+ 1, +1)/2 with w

£~
= the day the last individual died
3) Net reproductive rate per cohort, Ro=a

;ﬁ Iymy where a= proportion of females that
~1

survive from egg through adult emergence, 1t 1s
the proportion of adult females surviving to age
x and my = Eys where E; 1s the mean number of
larvae(i. e, hatching eggs) produced per female
per age 1nterval and s = proportion of the off-
spring that were females.

4) Age of mean cohort reproduction, To=a
g (I;myX/Ro) starting at x=1, the day of
#~1
adult emergence, and Ro = net reproductive rate
per cohort.

5) The 1nnate rate of increase(ry), I=a

w —xrm(x +d)

Iumse and ¢ 1s the base of natural

=1
logarithms and d 1s the length of time from

ovipositon 1n the present generation to first
oviposition 1n the offspring generation, ¢ 1s the
proportion of female that survive from the egg
through adult emergence, and my 1s the mean
number of female progeny produced by a female
of age, x, and X 1s the age interval.

6) Mean genecration time, G=1In Ro/rm, G
was a more realistic estimate of generation time
which 1ncluded the larval stages and the nulli-
parous adult period, 1. e., the time from oviposi-
tion to oviposition.

7) Effects of mating or association of the sexes
on longevity In order to estimate the effects of
mating and /or malec — female association and egg
productions on the longevity of adult Cx -+ pipiens
pallens were tested by comparing seven group of
male and female. All experiments were replicated
two times and performed i1n an insectary 1in
which the temperature was maintained 27 + 1 C
and relative humidity was regulated between 70
Lo 80 per cent. A 161. 8D photoperiod was estab-
hshed with five 40—watt fluorescent light, and
with 1 hour simulated dusk and dawn. Adults
were continuously offered 5.0 per cent sucrose
solution 1n flask with cotton wads and changed
to new solutions every 5 days.

Each mormng all dead individuals were re-
moved and their sex determuned and recorded.
The standard one way analysis of variance was
used to interpret the results. Values for egg—
to—adult survival(a) and proportion female(s)
were set equal to 1.0 and 0.5, respectively. Our
experience has shown that these values are very
close to those obtained using several species and
strains of vector mosquitoes reared in the labora-
tory.

The length of time required for larval develop-
ment from egg to adult emergence was deter-
mined 10 days or 5.0 intervals where an interval

equals 2 days

Results

The ten years’ observations of the earlist dates
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in which Cx - pipiens pallens begin to be collected
by light traps and air temperature and humdity
at that time in Kyungsan county, Kyungpook
Province, Korea are hsted in Table 1. Cx - pipiens
pallens were first collected 1n the hght traps from
1984 to 1993 1n April, between the 10th and 24th
days, but on March 29 1n 1989, At that time the
air temperature ranged from 3.4 to 26.7°C and hu-
midity from 41 to 68 per cent. The average num-
ber of ('x - pipiens pallens per trap -mght was
03 to 2.3.

Table 2 shows the dates of peak population of

Cx - piprens pallens and the meteorological data at
that time. The highest population density of
Cx - pipiens pallens from 1984 to 1993 was obser-
ved during the period from early July to late
July, but 1n mid —June 1n 1987. The air tempera-
ture was between 17.6 to 32.4C and relative hu-
midity from 75 to 88 per cent. Maximum number
of Cx - piptens pallens in 1984 was 369.0 per
trap —mght. It subsequently showed a marked in-
crease 1n 1985 and 1n 1986, reached a maximum of
2,540.7 1n 1987, followed by a decrease. In 1990

the number 1ncreased again to 1,117 0.

Table 1. 10 years' observations of the earliest dates when Cx - piprens pallens appeared in Kyungsan
county, Kyungpook Province, Korea, with meteorological data

Earliest date when

Temperature

Average No./

Year mosquito appeared (Range C) Humudity (% trap —mght
1984 Aprit 19 8.2—22.6 65 0.5(1/2)*
1985 April 24 7.8—26.7 5 0.7(2/3)
1986 April 10 14.0—-23.7 6l 0.3(1/3)
1987 April 16 4.8—-22.7 43 0.7(2/3)
1988 Aprit 13 6.8 —23.1 41 0.3(1/3)
1989 March 29 34-18.0 48 0.3(1/3)
1990 Apnl 11 7.7—-24.3 52 2.3(7/3)
1991 April 11 12.1 -19.6 68 0.7(2/3)
1992 April 8 9.2-22.1 66 0.3(1/3)
1993 April 14 14.8—22.4 45 0.7(2/3)

* Number 1n parentheses means the total number of female mosquitoes per traps.

Table 2. Date of peak population of C'x « pipiens pallens and meteorological data at that time

vor Dt e i e e
1984 July 8 23.3-29.5 80 369.0(1,845 /5)*
1985 July 18 21.8—32.] 79 586.3(1,768 /3)
1986 dJuly 25 22.0-28.3 84 1,277.0(3,831 / 3)
1987 July 23 20.6—28.6 8% 2,540.7(7,622/ 3)
1988 July 13 23.1—-324 83 1,219.0(3,657 / 3)
1989 June 15 17.6 —28.1 75 585.0(1,755/3)
1990 July 12 24.3-31.2 76 1,117.0(3,351 / 3)
1991 July 18 20.2—23.0 85 796.3(2,389/3)
1992 July 15 21.1-285 82 722.0(2,166 /3)
1993 July 9 16.6—296 71 1,096.7(3,290 / 3)

* Number in parentheses means the total number of female mosquito per trap —night.
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Tabel 3 shows the dates Cx - pynens pallens
were not collected 1n the surveyed area according
to the year studied. Cx - pipiens palieny was not
observed from the area in early and late No-
vember, between November 7 in 1990 and No-
vember 29 1n 1985. The air temperature at that
time ranged from 0.8 to 18.3C and humidity
from 38 to Y0 per cent.

Table 4 summarizes the scasonal prevalence of
Cx « pimens  pallens collected by lhght traps 1n
Kyungsan county, from 1934 to 1993. In general,
Cx - pprens pallens was collected 1n 8 months,

from April to November in every year studied,

Tabel 3. Dates of disappearance of Cx - pipiens
pallens and meteorological data

Year Date of disappea- Temperature Humidity
rance of mosquito  (Range C) (%)
1984 November 10 98-135 90
1985 November 29 08— 38 M
1986 November 20 45-135 42
1987 November 19 26-130 39
1988 November 23 28138 38
1984 November 15 47142 b4
1990 November 7 34-183 52
1991 November 14 42-124 38
1992 November 25 -33-35 63
1993 November 17 110-174 78

but 9 months 1n 1989. For instance, in 1987, the
average number of female Cx - piprens pallens per
trap—mght 1n April was 02, 1t subsequently
increased 6.6 1n May and 132.8 in June, and
reached the maxamum number, 1,134.2 1n July In
August, the average number decreased to 3821,
i Septmeber 99 2, 1n October 13.6, in November
(08, and none were collected 1n December

The general patterns of seasonal prevalence of
Cx - pimens pallens 1n the other years are simular
to those for 1987, but the patterns of monthly
changes 1n 1988 and 1989 are dissimlar Lo those
for 1987. In 1989, Cx - pipiens pallens first ap-
peared 1n late March, 1t subsequently increased
and reached a maximum of 359.6 1n June, followed
by a decrease In 1985, the high population of
Cx - pipiens pallens appeared during the periods of
July and September

The results of relative abundance and MPI cal-
culation for Cx - pyens pallens 1n successive years
after 1984 are histed in Table 5 and 1llustrated by
Fig. 2.

It was found that the total number of Cx -
pipiens pallens progressively increased during the
mitial 4 years from 1984 to 1987, followed by a
decrease. A  marked decrease on MPI
obtained 1n 1989

In Table 6, the results of the number of total

was

Table 4. Seasonal prevalence of Cx - pipiens pallens by average numbers collected 1n each traps during
ten years 1n Kyungsan county, Kyungpook Province

Average number of female mosquito per trap —night

Year March April May June July August September October November
1984 0 1.5 16.8 45.3 1254 334 18.3 1.2 0.3
1985 0 1.3 134 224.0 3712 113.0 270.6 11.1 37
1986 0 1.3 6.3 153.8 889.5 559.3 170.3 36 03
1987 0 0.2 6.6 132.8 1,184 2 382.1 99.2 13.6 0.8
1988 0 0.6 141 225.0 725.2 2857 1031 13.3 2.6
1989 01 0.3 30.5 359.6 284.8 114.8 64.0 54 1.3
1990 0 0.8 22.1 255.6 566 9 200.9 73.9 24 1.4
1991 0 0.4 224 294 5 529 5 340.9 44.6 9.1 17
1992 0 0.1 12.8 201.0 507.8 371.2 122.8 1.9 0.5
1993 0 0.8 23.2 720.5 671.3 3515 74.6 1.9 0
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Table 5. Relative abundance of Cx - pipiens
pallens for ten years since 1984

At the 3—stations located Mean percent

Year in suburban areas index
1984 3,236 38.05
1985 11,011 41.21
1986 24,126 100,00
1987 25,372 114.87
1988 19,483 95.47
1989 9,944 47.13
1990 13,483 71.82
1991 15,504 64.97
1992 16,509 81.33
1993 22,274 31 05

and engorged female Cx - mupens pallens by light
traps collected at threc locations during the
period from 1984 to 1993 are listed. The overall

rate of engorgement, as calculated by dividing

MPI

o - 1984
~+ 1985
._X—

ol 1986
= 1937
> 1988

60 -
-+ 1989
& 1990

O | =% 1991
© 1992

20 ¥ 1993

0

the number engorged with the total, which reflect
the efficiency of blood —sucking activity i1n 1988
were 1n the order of 2.6 per cent on cow —stall,
1.9 per cent on piggery and 1.8 per cent on hu-
man dwelhng. The general patterns of engorge-
ment rates in the othere years are similar to
those for 1988, but in 1985, 1987 and 1992 are dis-
similar.

Table 7 shows the monthly fluctuation in the
blood —sucking rates of Cx - pipiens pallens. The
blood sucking rates varted greatly by different
months 1n every year. The rate was 0.8—4.5 per
cent 1n June, 04—2.5 per cent in July, 0.2—35
per cent in August, 0.1—42 per cent in Sep-
tember, 0.6—3.0 per cent mn October and none 1n
November, respectively.

The numbers of ( v - pipiens pallens by hght trap
collections 1n a pigsty and on human bait methods

through the mght at interval of one hour

Mar Apr

Fig. 2. Annual prevalence of Culex piptens pallens as shown 1n MPI calculated from the data of mos-

quito collecton at 3 stations.
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Table 6. Comparison of total and engorged number of Cx - pipiens pallens collected by light traps at
piggery A, cow —stall B, and house —dwelling C

Year [.ocation No. collected No engorged(“)
194 A 3,176 91(2.8)*
B 4,141 119(2.9)
C 946 10{11)
Subtotal 3,236 22002.7)
1985 A 8,084 4L 7)
B L7355 20011)
C 1,172 1109
Subtotal 11,011 172(1.4)
1986 A 14,200 115(0.8)
B 7,315 132(1.8)
C 2,611 12(0.5)
Subtotal 24,126 250(1.1)
1987 A 13,334 132(1.0)
B 3,364 91(1.1)
C 3,674 73(2.0)
Subtotal 25,372 296(1.2)
1988 A 3,698 [63(1.9)
B 7,010 199(2.6)
C 3,275 59(1.8)
Subtotal 19,483 421(22)
1989 A 4,770 103(2.3)
B 3,604 63(1 9)
C 1,570 32(2 0}
Subtotal 9,944 208(2 1)
1990 A 5,353 37(0.7)
B 5,351 34(0.6)
C 2,779 1(004)
Subtotal 13,483 72(0.5)
1991 A 3,849 6h(07)
B 4,350 32(07)
C 1,805 9(0.5)
Subtotal 15,504 L06(0.7)
1992 A 7,784 55(0.7)
B 5,772 67(1.2)
C 2,953 23(08)
Subtotal 16,009 145(0.9)
1993 A 14,802 90(0b)
B 5,789 2000.3)
C 1,683 15(09)
Subtotal 22,274 125(06)
Total 165,942 2,024(1 2)

* Number in parentheses means the percentage of engorged females
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Table 7. Monthly tluctuation of total and engorged number of Cx - pipiens pallens collected by hight

trap during ten years’ 1984 —1993

March April May June
Year No. col- No. No. col-  No. No. col-  No. No. col-  No.
lected engor- lected engor- lected engor- lected engor-
ged(%) ged(%) ged(?5) ged(%)
1984 0 0 0 0 0 (i 2,113 95(4.5)
1985 0 0 0 0 199 2(10) 2,464 50(2.0)
1986 0 0 12 0 120 2(17) 1,846 16(0.9)
1987 0 0 2 0 79 2(2.5) 1,594 24(1.5)
1988 0 0 7 0 201 3(15) 5,401 119(22)
1989 1 0 3 0 457 7(1.5) 4,315 100(2.3)
1990 0 0 7 0 266 0 3,067 33(L1)
1991 0 0 4 0 336 1(0.3) 3,534 30(0.8)
1992 0 0 2 0 153 3(2.0) 2,412 36(1.5)
1993 0 0 10 0 278 4] 10,808 77(0.7)
July August September October November
No. col-  No. No. col  No. No. cal-  No No. col-  No. No. col- No
lected engor- lected engor- lected engor- lected engor- lected engor-

ged(%) ged(%) ged(%) ged(%;) ged(%)

4,156 92(1.2) 1,378 12(0.9) 594 21(35) 22 0 0 0

4,083 69(1.7) 1,356 15(L.1) 2,706 311D 167 5(3.0) 44 0

13,343 67(05) 6,712 60(0.9) 2,092 113(4.2) 54 1(19) 4 0

17,763 187(11) 4,585 77(17) 1,190 6(05) 150 0 10 0

8702  149(17) 3428 119(35) 1,547 30(1.9) 159 1(1.6) 31 0

3,133 79(2.5) 1,37% 22(16) 576 0 65 ] 14 0

6,803 28(0.4) 2,411 10(6.4) 887 1Ho1) 29 0 13 0

5825 46(08) 5113 25(0.5) 535 2(04) 137 2(1.5) 20 0

7617 93(1.2) 4,454 8(0.2) 1.842 5(0.3) 23 0 6 0

6,042 13(0.2) 4,218 24(0.6) 895 11(1 2) 23 0 0 0

are shown by the order of the date in Table 8.
The biting activity was continued throughout the
night In light trap collection 1in a pigsty, Cx * pipiens
pallens attempted to feed from 19.00 onward, and the
peak number of the mosquito showed two peaks, one
between 20 00—21 00 hour
02 00—~03.00 hour. The hourly distribution of Cx -

piptens pallens was not apparent of the human baited

and another between

trap, because a very small number only were collected.
When the air temperature was between 24.1 and 339C
and the humidity 67 —76 per cent 1n the surveyed
field

The grand total of the number of Cx - pipiens pallens
collected on human —baited trap at hourly intervals 1n
Kyungsan county in 6 nights, cumulative percentage
and the theoretical numbers per each hour expected
from the normal frequency distribution are shown in
Table 9 and illustrated Fig. 3—A and F1g. 3—-B

The total numbers of Cx -+ pipiens pallens collected on
human —baited trap were 468. The mean and standard
deviation calculated from this study were 23.27 + 3.27
hours The value of ¢chi— square was 126.54 with the
degree of freedom of 11, and thus the probability was
about 0.001. The figures show that the biting rhythm
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Table 8. The results of overnight Cx - piprens pallens collected by light trap in a pigsty and on human
baited trap(1990—1993)

Jul 27 1990 Aug 131990 Aug 24 1990 Aug.14 1991 Jul 29 1992 Aug.18 1993
Hour Ligtht Human Light Human Light Human Light Human ILight Human Iight  Human
trap trap  trap trap  trap trap  trap trap  trap trap  trap trap
18-19 0 0 0 0 0 0 1 0 1 0 8 0
19-20 16 0 bt 0 20 3 11(2) 3 13 11 48(2) 41
20-21 92 6 53 2 47 7 31(2) 2 67 b 43 21
21-22 57 b 25 1 30 7 28 0 831 13 Y% 311
22-23 22 0 13 0 15(3) 3 11 4 71 14 36 58(1)
23-24 27 2 24 1 20 1 12 1 70(1) 3 32 41
24-01 35 6 12 3 23 3 24 1 MUy 16l 3(2) 44
01-02 17 0 35 1 24 0 29 1) 17 5 5(2) 28
02-03 2701 2 28(1) 0 20 1 41(2) 0 95 6 39(2) 7
03-04 6 4 22 2 5 0 11 1 74(1) 7 55(2) 10
04-05 9 2 13(1) 0 9 0 b 1 52 4 43(1) 11
05-06 3 0 11(1) 2 5 0 1(1) 0 531 1 26(1) 1
Total  311(1) 28 242(3) 12 218(3) 25 206(7) 140D 773(8)  9(1) 48011 293(3)
Tempera- 33.0-26.1 33.9-24.1 30.8-25.0 277-215 31-247 26 8200
ture(C)
Humidity 4388 30-80 02—88 56—85 43-86 69-91
(%)

* Number 1n parentheses means number of engorged female mosquitoes.

Table 9 Frequency distribution and cumulative percentage of Cx - piprens pallens collected on human
baits at hourly intervals at Kyungsan county(1990—1993)

Time of collection Freq Z P F (f“FF)z Cum. %
17 . 00—18 : 00 0 —1.61 0.0537 25.1316 25.1316 0
18 : 00—19 . 00 0 —1.31 0.0414 19.3752 19.3752 0
19 : 00—20 00 58 —100 0.0636 29.7648 26.7842 12.39
20 00—21:00 44 —0.70 0.0833 33.9844 0.6453 21.79
21 .00—22 .00 58 —-0.39 0.1063 49.7484 1.3687 34.19
22 .00—23:00 79 —0.09 0.1158 54.1944 11.3539 51.07
23:00—24 .00 49 0.22 0.1230 57.5640 1.2740 61.54
24 :00-01 00 73 0.53 0.1148 53.7264 6.9142 77.14
01:00—02 00 35 0.83 0.0948 44.3663 1.9774 84.62
02 .00-03. 00 16 1.14 00762 36.6616 10.8402 88.03
03 00—04 00 24 1.44 0.0522 24.4296 0.0075 93.16
04 00--05.00 28 L.75 0.0348 16.2864 8.4247 99.15
05:00—06:00 4 2.06 0.0204 9.5472 3.2231 100.00
06 .00— 0 0.0197 9.2195 9.2195

Total 468 1.000 468.0000 126.5395

Remark Freq . Frequency
Cum. % Cumulative percentage.
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Fig. 3. Total numbers of Culex pipiens pallens collected on human baits at hourly intervals at

Kyungsan county.

of this mosquito observed under this method
takes a pattern significantly different from a

normal frequency distribution, though 1t look like

somewhat similar.

The main points of the discrepancy between
the observed and the expected numbers were
shown 1n the hours near midnight, as illustrated
in Fig. 3—A.

The cumulative percentage distribution of the
number of Cx - pipiens pallens collected at hourly

intervals derived from the grand total 18 roughly

on a sigmoid curve. From the figure 3—B is
shown that about 50 percent of the mosquito at-
tacking human being 1n a mght can be collected
before midmight.

In Table 10, the features of biting rhythms by
the mosquito species as calculated from frequ-
ency distributions by the time of collections were
represented.

Significant differences were shown 1n the mean
and standard deviations by the species and/or

different traps. Cx - pymens pallens collected on
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human baited trap with the standard deviation
of about 3.27 and by hight trap with 2.93.

An sunensts on human and hght traps with the
similar values were found.

Cx -« tritaeniorhync huy showed the values from

327 1n hight trap to 235 on human baited trap.
Table 11 shows the results of classifications of

female C'x - pipiens  pallens  collected at  hourly

intervals by engorgement and ovarian develop-

ment.

Table 10. Summary of patterns of biting rhythm of mosquitoes as calculated from frequency

distributions by the time of collections

Total No

Mean of time

Mosquito species Trap SD in hours
collected collected
Cx - pipiens pallens Light 2,230 0:05 293
Human 468 23 27 327
C'v - tritaenmorhy nchus Light 702 23 38 327
Human 35 22 99 235
An - stnensis Light 1,347 22 84 292
Human 112 0 34 2 32

Remark The mean and the standard deviation were calculated from the frequency distribution by

the class interval of an hour.

Table 11 Classification of female Cx - pipiens pallens collected at hourly intervals by engorgement and

ovarian development

1990. 7. 27 —28

1991 8. 14—15

1992, 7. 29-30 1993, 8. 18—19

Time of
collectron A-B-C A-B—C A=B-C A—B—C
18 00—19 00 0—0-0 0-0-0 0-0-0 0-0-0
19 0020 00 0=0-0 3—0-0 11-0-0 21-0-0
20 00-21 00 60 =0 2—0-0 5-0-1 29-1-1
21.00—-22 00 6—0—0 0-0=0 13—0—0 H—1-2
22 0023 00 0—0-0 4-0-0 12—0-2 40-0-1
23 0024 00 1—0-1 1—0-0 3-0—0 41-0-1
24 00—01:00 5-0-1 1-0-0 14-1-1 42-1-1
01 00—02.00 0-0-0 0—1-0 5-0-0 28-0-0
02 00=03.00 2—0-0 0-0—0 6-0-0 7-0-0
03 00—04:00 4-0-0 1-0—0 7-0-0 10-0-0
04 00—05:00 2—0—0 1-0-0 10-0—4 11-0-0
05 00—06:00 0-0-0 0-0—0 1=0-0 1-0-0
Total 26—0—2 13-1-0 87-1-8 28436

Remark® A Unengorged and ovaries undeveloped.

B Midgut engorged with fresh blood and ovaries undeveloped.
C Unengorged and ovaries with yolk developments.

The numbers listed for each hour’s coliection
were arranged by the order of A unengorged and
ovaries undeveloped, B: engorged with fresh
blood and ovaries undeveloped, and C* with more
or less developed ovaries A represent the mos-

quitoes which were looking for a host, while B

were in those which had a blood meal in the same
nmight and C were those which were 1n the status
of blood digestion and yolk developments, or just
before oviposition. As shown in Table 10, 1t was
found that almost all mosquitoes caught on hu-

man baits at Kyungsan station during the hours
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from 18:00 to 0b 00 were 1n status A, or those 1n
search of a host The total numbers collected
from 03700 to 06 00 at hyungsan station were
composed of A 38, B (), and C 4.

Table 12 shows the organophosphate resistance

levels of larval Cx - pipiens pallens reared for one
generation 1n the laboratory from collections 1n
several counties of Kyungpook Provinece and
compares with that of susceptible stram.

In general, high resistance to organophosphate

Table 12 Resistance level and resistance ratio of larval Cx - pipens pallens for tested insecticides

Malathion Diazinon Femitrothion Fenthion
Location -

LCy R/S L5 R/S LCry R/S LCrx R/S
Kyungsan 0 140* 33.3 0095 6.3 0040 519 0.020 14.1
Kimcheon 0.130 310 0.119 7.9 0.0275 35.7 0.0188 13.2
Yeongcheon 00495 22.6 0.127 8.5 - - 0.0225 15.8
Sang)u 0,340 321 0.116 w7 0.041 53.2 0.0220 15.5
Wiseong 0.160 38.1 - 0.0375 48.7 0.01667 11.7
Dalscong 0.109 26.0 0.075 5.0 0.0295 38.3 0.0175 12.3
Kum 0.223 h3 1 - - — — - -
Seong)u 0175 417 0.150 10.0 - - — -
Suseong 0.090 214 - — 0.0021 2.8 - -
Susceptoble 0.0042 0.015 0.00077 0.00142
strain™*

* Number means L('5) value in ppm.

** Data of Gasawara strain reported by Department of Medical Entomology, NIH, Japan.

compounds 1n mne colomies of O\« pipiens paltem
was observed The larval Oy - pipiens palleny were
found to have resistance aganst malathion and
drazinon with LC~ values of 0.080—0.345 ppm
and 0.075-0.150 ppm, respectively. The LCy
values of the Sangji colony to malathion was
about 83.14 times as high as that of susceptible
strain, followed by Kumi colony with the ratio of
53.10 times and Seongju colony with 4167 times,
Yeongcheon and Suseong colomes were the least
resistant.

Tests with diazinon showed that the resistance
ratio of the Seongju colony was the highest, be-
g present in nearly 10.0 times and the Dal-
seong colony was the least resistant. The more
increased resistance of larval Cx - pens pallens
to fenitrothion and fenthion were discovered in
three localities, the LCs values being 43.7-519
141 -155

fenthion, respectively. These larvac also became

ppm for fenitrothion and ppm for

about 15—20 times more resistant to femitro-

thion than another colony collected from the Su-
seong area.

The biological and hfe table characteristics of
Kyungsan colony of Cx -+ pipiens pallens are shown
in Table 13. The life expectancy of Cx - pipiens
pallens 1n this study was 2583 £ 13.19 days for
males and 30.32 + 11.74 days for females.

The net reproductive rate was found to be 28.6
per cent living female offspring /female per gen-
eration, and the generation time was 20.5 days.

In Table 14, the effects of maling or associ-
ation and/or egg deposit on female hfespan of
Cy « p* pallens were summarized. In the group of
females associated with equal number of males,
the average hifespan of females was longer than
that of males.

Whereas the repeated addition of young males
to a group of mated females shortened the aver-
age hiespan, compared with virgin females. Also,
in the groups of mated males, the average hfe

span were shorter than that of yirgin males.
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Table 13. Biological and life table characteristics of Kyungsan colony of Cx - piprens pallens

Biological & hfe table characteristics

Ecological factors
Geographical distribution
Breeding place

Seasonal activity

Morphological factors
Adult
Wing length(mm) Male

Female

Larva

Siphonal 1index

1st siphonal hair

Hair —si1phon ratio
Fecundity .

No raft/cage

No of eggs

Egg shaped
Fertihity:

No. larvae/ raft

Hatching( %)

Phys1ological factors
Egg production
Copulating behavior
Life table statistics
Male

Female

e Mean life expectancy at emergence

ro Net reproductive rate
rm. Innate rate of increase

G Generation time in days

Temperate(whole Korea)
Open sewage

Hibernate 1n cellar and/or caves 1n winter

2.6—4.0
3.2—5.1

3.8—49
Usually 3 branched
1.40

clongate

173
95.49

Anautogenous

Non ~stenogamous

2583 £ 13.19
3032 + 11.74
28.6

0164

20.5

Discussion

Since the establishment of experimental infec-
tions of Wuchereria banciofti Lo vector mosquitoes
by Mochizuki(1911)and Yamada(1927), and since
the 1solation of the larvae of all stages from Cx -
Yamashita(1955),
togor by Oshima(1936), and from Cx

piprens  palfens 1in nature by

from Ae -

vishnur and An + stnensis by Nagahana(1957), the
ecological and cpidemiological studies on the sub-
ject of vector mosquitoes have been carried out
by many investigators in south and east Asia, in-
cluding Thailand, Indonesia, China, Japan, and
Korea As a result, 1t has been demonstrated
that approximately 100 species belonging 1o 10
Genus, 1 ¢, Culer, Aedes, Anopheles, Arnugeres,

Mansoma, Hetzmanna, Tripteroides, Toxorhvachites,
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Table 14. Effects of mating or associalion and/or egg deposit on female lifespan of Cx - piprens

pallenst1993)

Group

Average days hved

1 2

Virgin females

Females with equal number of males until male died

Females with equal number of males until male died

(on blood meal)

Females with multiple groups of males
Females with multiple groups of males
(on blood meal)

Females with half of No. of males

Virgin males

33.90 + 13.84 35.11 £ 11.09
29.67 £ 11.56 29.55 £ 11.14
3032 £ 11.74 2922 + 1255

40.45 + 13.25
3795 £ 14.41

40.23 + 13.11
37.33 £ 14.16

40.24 £ 10 66
24.52 £ 1599

39.06 + 10.03

26.50 + 16.53

Psorphora, and Culiseta, play the important role in
transmitting filariasis. Many investigators have
so far made studies on the prevalence of filariasis
among the residents 1n Korea, and on the infec-
tion rate for infective larvae of B - malayt 1in vari-
ous vector mosquiloes

Recent eprdemiological studies on filariasis in
Korea revealed a marked reduction 1n 1ts preva-
lence among the residents(Seo, 1978). In addition,
the vector mosquito studies 1ndicated the re-
duction 1n the infection of the mosquito with the
infective larvae of B - malayi(l.ce et al, 1936).
However, the details of the ccology, biology and
control of Cx - pypiens paifens have not yet been
studied 1n Korea because of the lack of attention
given to the problem of C - pupens pallens as a
vector host.

As for the seasonal distribution 1in numbers of
the vector mosquitoes in Korea, there have been
reported by many investigators 1in an attempt to
estimate the population dynamies of Cx - tritae-
morhynchus(Shin et al., 1971, Self et al,,1973. Pae
et al, 1976; Frommer et al, 1977 & 1979, Lee et
al, 1984, Joo and Wada, 1985, Baik and Joo,
1991), and of An - unensws(Kobayashi, 1929. Yo-
koo, 1944. Paik et al, 1965, Hong, 1970, Lee et
al., 1986. Joo and Kang, 1992. and Kang and Joo,
1993), but as a part of survey on the vector mos-

quitoes of malaria and Japanese encephahtis,

only few studies on the bionomucs of Cx - pipiens
pallens have been published This 1s the first re-
port on a complete year’s collection with one
night per weck schedules. It seems that the
month of highest average catch in mght was
July, when the temperature was between 17.6C
and 324°C and the humidity 75—88 per cent. The
ecarlist date of appearance and disappearance 1n
this survey was 1n late March or early and/or
mud April and 1n early and/or late November
cach year. The main factors contributing to the
carlist datc of appearance and the change 1n the
density of the Cx - pipiens pallens each year were
considered to be temperature, humidity and bree-
ding places such as a variety of artificial contai-
ners and/or other types of stagnant waters,
hosts, natural enemies and insecticides including
other toxic chemicals.

A study of Joo and Wada(1985) reported that
Cy - irtitaeniorhvinchus represented about 70.0 per
cent of the total numbers 1n mid —August and
carly September, while An - sinensts was only do-
minant in mid —July and high population of Cx -
piprens pallens appeared during the periods of May
and July. They also commented that in the gen-
eral patterns of seasonal prevalence, Cx - tritae-
morhyachus first appeared 1n mid —dJune, and were
trapped 1in large numbers during the periods from

mid ~August to early September, showing a
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simple sharply pointed one peak curve, while,
Cy - pimens pallens was found to be active through
almost the entire season showing irregular curves
with several peaks.

From the results presented 1n Table 4, the
patterns of prevalence of Cx  pipiens pallens dif-
fered from year to year As seen in 1985, Cv -
pipiens pallens was caught in late April, and preva-
lent with first peak in July and with second in
September While, 1n 1989 this species was col-
lected already 1n late March and were trapped 1n
large numbers 1n mid —June, showing a simple
sharply pointed one peak curve.

The seasonal prevalence of Cv - piprens pallens
has been presented usually in the number of the
mosquitocs collected by a light trap, but the
numbers were found to fluctuate day by day.
Therefore, the total or average number scems to
be unfit for comparison of the annual abundance
of mosquitoes. Makiya(1975) 1in a study on the
fluctuation of population size of mosquitoes
observed with hght traps, proposed the use of
Wilhams' mean obtained by log(X +1) trans-
formation of the data of serial mosquito collec-
tions with a hight trap

This transformation 1s effective to normalized
the variation between the mosquito numbers, and
may be useful to show population abundance
from the data on number of mosquitoes collected
at stations sampled at random. However, 1t
seemed very difficult to estimate fluctuation pat-
tern of '\ - pipiens pallens 1n the whole area from
a result i a certain sampling site. On the basis
of this point, the mean per cent 1ndex(MPI), be-
ing calculated from the totals of vector mosquito
collection at stations in comparison with thaose
i the standard year, were used for the compari-
son of the abundance of vector mosquitoes. The
results shown in Table 5 indicate that a marked
decrease 1n MPI was obtained 1n 1988 —1992, and
accompanied with a decrecase 1n the number of
mosquitoes. As for the main reasons for the de-
crease 1n population levels of Cx - pipiens pallens,

it was considered to be duc to the decrease of

breeding place, resting place, source of blood
meal, high temperature, small precipitation, wa-
ter management, natural enemies and 1nsecticides
mmcluding other toxic chemucals.

Among the factors, temperature and preeipi-
tation are meteorological, therefore, they can not
be controlled by present powers of man. On the
other hand, water management, source of the
blood meal(virtually pig and cattle cte.), nature
cnemtes and chemicals are more or less under the
control by man

In the results shown in Table 5 and Table 7,
remarkable decrease of Cy - pipiens pallens has
been found 1n recent years and the tendency of
the decrease 1n number of this species is hkely to
be case not only 1n this surveyed area, but all
over Korea. The main factors responsible for the
recent decrease of Cv - pipiens pallens and other
vector mosquitoes in Korea can hardly be ex-
plained, but there are several factors, possibly
being due to spraying of insecticides against
mosquitoes, otlhing of mosquito breeding places,
cutting down of grass aroud dwellings, etec The
mprovement  of the terrestrial configuration,
though not necessarily performed only for mos-
qutto control, might have affceted 1ts breeding,
at least to a certain extent, resulting in re-
duction of their numbers

In practice, the reduction of the vector popoul-
ation 1n 1980% seem to be due to the change of
insecticides from BHC to organophosphorus com-
pounds, the introduction of ntermittent irri-
gation of rice paddies and/or early planting of
rice, and the use of new herbiaides that are effec-
tive 1in indirect control of mosquito larvae

As for the survey on the host preference of vec-
tor mosquitoes, Sasa et al (1950) 1n a two years’
observations on the seasonal activities and zoo-
philism of mosquitoes 1n Tokyo reported that
the attraction order of ammals to mosquitoes by
using animal —bated traps as follows: chicken)
horsedgoatdrabmt for Cx - pppiens pallens, and
horsedgoat)chickendrabbit  for Cx - trtaeniorhyn-

chus
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Wada(1966) stated from the comparison of
mosquitoes catches al dwelling houses and cow-
sheds that Cx - ppipens pullens was strongly an-
thropophilic, Ae¢ - togor rather zoophilic, and Ar -
subalbatus strongly zoophilic. Wada et al.(1967)
collected mosquitoes at various animal sheds and
dwelling houses and by dry—ice—trap, and re-
ported that Cx - tritaemorhivachus was strongly
zoophilic and probably 1n a lesser extent orni-
thophihic, An - swinensis was zoophihic, and Cx -
piptens pallens was anthropophilic and also orni-
thophilic.

The results obtained 1n this study, the overall
rate of engorgement which reflected of blood
sucking activity in 1987 was 1n the order of 2.0
per cent on human dwelling, 1.1 per cent on
cow —stall, and 1.0 per cent in piggery. In basis
of the previously reported data and our own
figures, 1t 1s concluded that Cx -« ppiens pallens
was strongly anthropophihc and also zoophilic.

Cx - pipiens pallens blood feeding success obser-
ved 1n this study was somctimes a reflection of
mosquito abundance. In practice, Cx - piprens
pallens abundance during 1987 was greater than in
other years observed, but monthly engorgement
success was not always linked to overall mos-
quito collected abundance. In 1989 Cx - pipiens
pallens was most abundant 1n July, but engorge-
ment of female mosquitoes had the highest rate
in May with 25 per cent, followed by August
with 1.7 per cent and June with 1.5 per cent.

Although main factors for variant monthly
fluctuation of engorged number of Cx - pipiens
pallens 1n this study are not readily apparent, 1t
1s considered to be associated with rainfall, wind,
and humidity, etc. Such consideration was also
recognized by Russel(1986), Baik and Joo(1991),
and Joo and Kang(1992).

In earlier studies of the biting rhythm of vec-
tor mosquitoes, Kanda ct al.(1975) in a survey of
periodicity of the microfilariae and the bionomics
of the vectors found that An - wnensis, Ae « vexans
and Cx - tritaenmorhynchus it from 20.00 onwad,

but Cx - pypens pallens first appeared at 22.00.

The biting cycles of these mosquitoes were all
different.

They also reported that the peak number of
An - unensis was 34 during one hour between
23 00 and 21 00, but Cx -
two peaks, one between 22 00 and 23 00 and
another between (04.00 and 05.00.

Joo and Wada(1985) reported that the results

of hourly catches of mosquitoes by human—

tritaemorhynchus showed

baited traps had clearly shown differences in the
biting rhythm among the vector mosquitoes of
Kyungpook Province, such as the facts that Cv -
tritaeniorhynchus and An - sinensis were rather con-
stantly active all through a night with more or
less 1nconspicuous peaks twice a might, while
Cx « piprens pallens exhibited an irregular curve,
and the numbers of Ae - vevans mpponu, Cx -
vaguns and Ar - subalbatus were very small and
were not sufficient for estimating the biting rhy-
thm.

In this study the nocturnal activity of Cx -
pipiens pallens 15 in general the most active for
one or two hours after sunset with a high peak
at 20 00—21-00, decreastng gradually towards
the time several hours after midnight, becoming
a little active again towards sunrise. Thus, these
results 1ndicate that the noctural activity of
Cx - piprens  pallens and other vector mosquito
females was not always similar by collection
methods even on the same night. It has been
known that many environmental factors such as
hght, temperature, hurmdity, wind, etc. are es-
sential 1n influencing the flight activity of the
mosquitoes.

Although these factors should be important in
estimating the pattern of nocturnal activity of
the mosquitoes reflected by the catches by differ-
ent traps, this data can hardly be explained by
only the hourly changes of these factors, because
the meteorological conditions were considered
nearly the same mght at the sites where the
collections were made(Wada et al., 1975; Joo and
Wada, 1985 Baik and Joo, 1991. Joo and Kang,
1992).



- 272 - VR A st A L34 W 3 9% 1994

A study of Clements(1363) assumed that vec-
tor mosquitoes were able to locate human
settlements or animal sheds over considerable
distance by an active process and did not arrive
simply through random flight It 15 considered
that mosquitoes are attracted Lo a host by
wind —borne stimuli, such as carbon dioxide,
scent, heat, and moisture ete However, 1t 18 not
know over what distance these factors are effcc-
tive from the host From their studies on the
nocturnal activity and host preference on all
catches by different methods, Wada et al.(1970)
stated that if daytime resting place had been
reasonably near to attractive hosts, the mos-
quitoes would have been attracted by wind—
borne stimul: from the hosts, while 1f the mos-
quitoes had rested quite far from hosts, they
would have flied f{irstly through mosquito avenue
and then would have been attracted to the hosts
by wind —borne stimul.

In the basis of previously reported data and
our own hgures, the nocturnal activity of newly
emerged females of Cx - piprens pallens begins from
May and becomes active from dJune through
October, while at night the females begin to en-
ter the houses one or two hours after sunset and
the feeding becomes active from 20 00 through
04 00.

As previously indicated by Sasa et al.(1968), 1t
was shown 1n this study that in studying the
biting rhythm of a mosquito species, 1L was
necessary to make direct counts of the mos-
quitoes that were actually biting on a host, and
results of some other indirecct methods of obser-
vation, such as the use of traps in animal baited
huts or collection on the walls of animal houses,
were considered to be often misleading. The most
rehable estimates on the mosquito density 1n re-
lation to the force of transmission of a disease in
an area, or on the host selection habits of a mos-
quito species, can be obtained also with the dif-
ferent mosquito count per day on various host
species. Results of this study have clearly shown

the difference in the hiting rhythm among the

principal species of this area, such as the facts
that 'y« pipiens pallens exhibits a irregular cur-
ve with one conspicuous peak near the midmight

As for the study on the general patterns of
biting rhythm of the vector mosquitoes based on
large samples, Sasa et al.(1964) reported that
Cy - piprens was found to become most active dur-
ing a few hours’ period around midmght, with
the standard dewviations of about 2.20 hours,
while those of Cx - tritaemorhynchus and  Ae -
vexans were more widely distributed throughout
the might with larger values ot standard devia-
tions. An -+ sinensts seemed to represent a type
closely related to the former with the value of 2.
18 hours.

In this study, the grand total of the numbers
of Cx - mpiens pallens collected on human baits 1n
6 mghts was 468. The mean time calculated was
23.27, and the standard deviation was 3.27 hours.
From the Fig. 3, 1t was found that about 61.54
percent of this mosquito attacking human being
in a night could be collected before the midnight,
or about 80.0 percent could be collected from
19:00 to 01 00.

The facts are useful 1n saving the labour of a
collector 1n making comparative studies on the
vector mosquito population between different
locations and/or by the seasons. Similar results
were obtained by Sasa et al.(1964) and Kato
(1955) in Japan

Engorged females with blood at nmight usually
shelter under bushes near houses 1n the daytime.
This mosquito 18, however, stronger in habit of
resting 1n houses than other ones and in some
cases a greal number of engorged as well as unfed
females and also males are found resting 1n
houses poorly bwilt 1n places shady and sheltered
from wind and surrounded by bushes.

As for the study on the insecticide resistance
for vector mosquitoes and other arthropods of
medical 1mportance 1n Korea, Hurlbut et al
(1952) reported for the first time that the body
hice was DDT —resistant. Thus organophosphorus

compounds were introduced into Korea as a sub-
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stitute for DDT and many organophosphate,
carbamate and pyrethroid compounds have also
been mmported for medieal and/or agircultural
pest control.

Hwang et al.(1965) 1n a study of insecticide
susceptibility test of Cufey mosquitoes reported
that Cv - piprens pallens was found to be resistant
to DDT and susceptible to both dicldrin and
malathion. Rece et al (1979) studied the control
cffects of agricultural pesticides against mos-
quito populations of rice paddies breeding spe-
cies, and reported that the mortahity rates of
C x - tritaentorin nchus 1n the first day after treat-
ment were 33.2 per cent to BPMC, 65.6 per cent
to diazinon, 32.4 per cent to femitrothion and 6.2
per cent to malathion, while Cx - piprens pallens
showed high mortality rates to the all tested 1n-
secticides They also commented that Culex mos-
quitoes had developed a high degree of resistance
to some 1nsecticides, and that organophosphorus
and carbamate 1nsecticides seriously affected the
population of the aquatic organisms in the rice
paddies besides vector mosquitoes. In recent
years Baik and Joo(1991) reported that Ch -
tritaentorhvnchus had developed high resistance to
most of the insecticides as compared with the
results of susceptible strains reported by Yasu-
tomi and Takahashi(1987). Similar results of
insecticides resistance of vector mosquitoes werce
reopried by Shim and Kim(1980, 1981), Yasu-
tomi et al.(1986), Baik and Joo(1987), Joo and
Kang(1992), Kang and J0o(1993) who also re-
viewed published observations from the other
parts of the world.

In view of the above stated facts that Cu -
pipiens pallens easily develops high grades of re-
sistance againsi insecticides such as malathion,
diazinon, fenitrothion and fenthion.

In the present study, the larval Cx - pipiens
pallens showed high resistance to malathion and
fenitrothion with LCry values of 0.090 ~0.345 ppm
and 0.0021 —0.04]1 ppm, respectively.

The more 1increased resistance to malathion

and femitrothion was discovered 1n Cx - pynens

pallens collected in Sangju county. The results
obtained 1n this study indicate that the resist-
ance ratio to organophosphorus compounds in
some colonies of Cv - pipiens pallens, relative Lo
susceptible colonies, were necarly 2.8 —82.1 times.

In fact, the Korecan have been striving for
self —sufficiency 1n rice by increasing yields on
existing paddy acreage and they have relied on
chemical fertihzers and insccticides. According to
the Bureau of Agricultural production, approxi-
mately 12.0kg of insecticides and fungicides were
applied to one hectare of the rice paddies by
farmers, 7—8& times during the period from Junc
to September 1n cach year, for the control of
agricultural pests.

The intense use of 1nsecticides and fungicides
for the control of agricultural pests and medical
msects, which transmit the communicable dis-
eases, by government officials and by farmers
have greatly influenced the populations of the
mosquito larvae and their predators.

Therefore, pesticide application 1n rice paddies
must be carefully reviewed by the agricultural
authorities.

Resistance being higher among colonies of Cx -
piprens pallens 1 this study suggests that this 1s
probably related to some difference 1n the oppor-
tumty of contacting insecticides and fungicides.
However, because the tests were conducted on
larvac, against which the product 1s less potent,
these results may not fully reflect that existing
in adults. Further work along this problem 1s
needed.

In the earher studies on the biologic and age
specific hife table characteristics for vector mos-
quitoes of medical importance, there have been
many investigators since World War [I.

Hamilton(1948) reported that in 80.0 per cent
of 7() species ranging from invertebrates to hu-
man beings the life span of the females was
longer than that of the males Cole(1954) has
reviewed and discussed the use of the life table in
the study of organisms other than man and has

encouraged 1ts wider application 1in ecological
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studies A studv of Werdhaas ot al.(1471) re-
ported nformations about the dvnamies of a
population of (v p  qunquefascatus, Walter and
Hacker (1974) studied the variation in hie table
characteristies of same specres  Additional obser
vations on the lifespan of vector mosquitoes were
presented by Conway (1970), Lopez(1972), Mec-
Crav et al.(1972), Shrover and Siverly (1972),
Southwood ¢t al (1972), Hacker ot al (1973), Joo
et al (1988), and Bark and Joo(1991)

As for the survey on the actual number of
generations  sinee  colonrzation  from  the held,
Reisen et al (1979) 1n a studv of geographical
variation among the life table characteristies of
Oy nntaenorinonchus from Asia reported that the
number generations 1n the laboratory were found
to be significantly correlated with the pereentage
hatch(r = 0878, p<(.01), the net reproductive
rate(r == 0735, 001 <p<O05) and the nnate rate
of merease(r = 0385, p<O01)

Similar results were obtained by Crovello and
Hacker (1972) who also found that their more
highly adapted laboratory strains of e - wegypu
had higher values of R, and ry,

Conversely, Floves and  Machado — Allison(1976)
reported that there was little difference between
the fecundity, fertihty, survivorship, ete of the
first 5 generations of e aegypti colony main-
tamned n therr laboratory and the parent field
population

In our study the Kyungsan colony tested had
been martained 1n continuous laboratory culture
under insectary conditions similar to the hfe
table test conditions for at least 24 gencerations,
and all had gonc through more than 29 total
generations in the laboratory We felt that this
time pertod was sutficient to adapt the colonv to
our test conditions

From their studies on the field assessment of
mating competitiveness of male Cy - ratacnior-
Machus carrving a complex chromosomal aber-
ration, Baker et al (1979) reported that although
selection for mating and perhaps reproductive

behavior such as feeding, oviposition, ete  oc-

curred during the colomization of (- ritacnor-
Iy nchus, natahity and mortahty schedules might
not be altered genetieally as well

Therefore, our test conditions mayv have al-
lowed a reasonabel phenotypie expression of the
geneticallyv determuned hife table characteristies
of the strains tested However, these results may
not indicate the magnitude of expression under
natural conditions

Our results show that females survive much
longer than males, the former having an average
of hfe span of 2978 davs, as against an average of
2684 days for the latter

Scorza(1972), who terminated his experiments
at 30 days, reported that less than 50 per cent of
the females died within this period Gomerz et al
(1977) reported an average adult hife of 6025
days 1n females fed only sucrose

The adult male survival curves obtained n
this study are sitmilar to those reported by
Crovello and Hacker(1972) for strains of 4e -
acgyptr and Gomerz et al (1977) and Joo et al
(1988) for strains of C\ -« p - qunguefasaatus The
less longevity of males appears to be a biological
characteristies of the species  females are fert-
lized soon after emergence and one opulation by
a single male 15 enough tor all subsequent ovi
positions  Onee the males have completed their
reproductive function, 1t appears that they are
no longer necessary in the population

Thus there would be less selection pressure for
male longevity as originally suggested by Gomerz
ct al (1977) In adult female Life expectancy at
emergence was generally less than strains of Ae -
aeypti(Crovello and  Hacker, 1972) and
piprens qumguefuscratns(Gomera et al, 1977, Joo et
al, 1988)

The net reproductive rate of the Kyungsan col-
ony 1n this studv was 28 6.

A studv of Reisen et al (1979) reported that
the net reproductive rate of 9 strains of (v -
titaentor i nces from 4 countries 1n Asia ranged
from 4.4 to Y8 living female offspring /female

per generation, generation times ranged from 222
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to 29.8 days, and the innate rate of mcrease
ranged from 0.038 (o (L0142,

Gomerz ot al (1977} studied the population
analysis of Cy - pupiens faugans under laboratory
conditions, and reported that net reproductive
rate(R,) was 1bl 4, generation time((3) was 44.7
days, and the intrinsic rate of natural incerase
(r) was (L01

Waller and Hacker (1974) reported that survi-
vorship of Cx - p < qunguefasciaius was high at the
carlier ages and then falled off at late stages

Crovello and Hacker{(1472) studied 13 strains
of de - aegvpr, demonstrating that the formosus
form which exists n forests had lower repro-
ductive potentials than the typieal form which
hives in urban and suburban arcas. They spe-
culated that the forest probably provides a more
homogenous environmental stress than the urban
habitat and that urban populations have adapted
to a fluctuation environment which 1» probably
related to variation 1in the availabithty of {arval
habitats.

Our figure has been to draw attention to the
fact that variation at the population level of in-
tegration can be readily shown to exist 1n this
spectes of mosquito.

In addition to studying the adaptive strategies
employed by mosquito populations, hife tables can
be of value 1in implementing mathematical models
of mosquito populations(Conway, 1970, Cuclier,
19649, Miller et al., 1973) which can be extracted
from the hte table

The exact causes of the shorter hifespan of the
mated females with repeated addition of young
males can hardly be explained, this detrimental
effects may have resulted from the facts that the
females were “bothered” excessively or they sim-
ply may bave acquired too much ol something
which affected their physiology under the par-
ticular sct of crreumstances at hand. Such con-
sideration was also rccognized by Liles(14965),
and Joo et al.(1988)

In the study of the longevity and productivity

of adult male and female mosquitoes, Liles{(1967)

tound that up to about two wecks of age, associ-
ation or mating with males of similar age 1n-
creased the life span over that of virgin females
even 1l the mating or association period was as
briel as one hour

Similar results were obtained by Joo et al.
(198%8), Liles and Delong(1960)

In the view of the above stated facts that the
mated females hived about as long as the un-
mated ones, m spite of greater egg production,
indicating a probable benefit from the males or
“male effect”.

The shorter life span of mated males than that
of virgin males 1s unresolved, but more ramd
utilization of nutrient reserves 1n the males 1s
the hkely reason for them

In fact, the males consumed and digested only
carbohydrate materials yet reserves of many
types are utihized 1in sperm production. Energy
cxpenditure 1s also probably greater in mated
than in virgin males Also, 1t should be made
clear that the offects may be due Lo association
of the sexes alone rather than to the mating pro-
Cesh.

Mating was observed in all cases where sexes
were together, but a much greater rate in the
younger mosquitoes. Such considerations were
also recogmized by Joo et al (1988), Lales(1965),

Suleman and Reisen(1979), and others.

Summary

In order to dctermine the seasonal prevalence
and population dynamics of Cx - piymens pallens 1n
relation to the epidemics of Japanese encephlitis
and human filariasis, and ccology of these vector
mosquito 1n Kyungpook Province, studies were
carried out during the period from 1984 to 1993

Cy - piypeens pallens first collected 1n April be-
tween the 8th and 24th days, but in March from
the 29h day n 1989, and trapped In large
numbers during the perioed from carly July be-
tween 8th and 25th. There was a gradual decrease

from mid —September, with a very small numbers
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of them collected until late November 1n every
year.

The total number of Cx - pipiens pallens pro-
gressively 1ncreased during the wmitial 4 years
from 1984, followed by a decrease. A marked de-
crease on MPI was obtained in 1939.

In the trend of nocturnal activity of Cx - pypens
pallens, with oncoming darkness, this mosquito be-
come very active, gradually decreasing n activity
towards the time several hours after midmght, be-
coming a little active again toward dawn.

The larval Cx + pipiens pallens showed higher re-
sistance levels and resistance ratios against 4
organophosphorus compounds.

In the adult horizontal hfe table characteri-
stics of Kyungsan colomes of Cv - pipiens pallens
under insectary conditions, hfe expectancy was
2583 + 1319 days for males and 30.32 +11.74
days for females The net reproductive rate was
28.6 and generation time was 20.5 days.

Key words Culex piptens pallens, Kyungpook prov-
ince, Seasonal prevalence, light trap, Human
baited trap, life table, insecticide susceptibility test
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