O% =x0d

R 28(3) : 167~174(1989)
Korean J. Appl. Entomol.

Integrated Control of Vector Mosquitoes with Native Fishes
(Aplocheilus and Aphyocypris) and Bacillus thuringiensis(H-14)

in Natural Rice Fields of Korea*
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A confined field assessment on the integrated control of vector mosquitoes (Anopheles sinen-
sts and Culex tritaemiorhynchus) was conducted by timely treatment of Bacillus thuringi-
ensts(H-14) formulation in the presence of larvivorous fish (Aplocheilus latipes) in natural
rice fields of 30,000 M? at Yongam, South Korea Cholla Province from July through Octoher
in 1988. In presence of larvivorous fish (Aplocheilus) at lower density of 0.6 fish per M?
water surface, mosquito vector control rates ranged 55.0~57.6% from July through August,
and when the mosquio density started to increase with over 10 larvae on the average per
sample, B.t.(H-14) formulation treatment at the rate of 1.0 Kg/ha made 100% vectors reduc-
tion in 24 hours, the control sustained above 98% until the test was terminated on October
11th. In the fish introduced rice paddies with Aphyocypris chinensis at the density of above
1.5 fish per M? a satisfactory degree of vector control was obtained by 88.2~96.7% in 2
week period until September 21st. In the absence of larvivorous fishes, B.f.(H-14) treatment
made 100% control in 24 hours, however, vector population rebound appeared in day 7,
required to make additional treatment to suppress population down.

KEY WORDS  Aplocheilus latipes, Aphyocypris chinensis, Bacillus thuringiensis israel-
ensis(H-14), Anopheles sinensis, Culex tritaeniorhynchus, integrated control
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Recent intrest in mosquito vector control
has been directed toward an integrated met-
hods of using indigenous fish predators with
timely treatment of bacterial pathogen, Baci-
Llus thuringiensis israelensis (B.t. H-14), in
particular against Japanese encephalitis vec-
tor, Culex tritaeniorhynchus Giles, in parsley
field, marshes and lotus field in South Korea.

During the past years, a series of confined
field trials of either predator fish or fish com-
bined with B.z.(H-14) had been conducted
in different vector breeding habitats, indicat-
ing that either of a single treatment rarely
yield a continous successful mosquito larval
suppression except that the fish population
in summer increased and proliferated enough
to make an efficient larval predation at the
.critical mosquito breeding period from late
July to mid-August where C. tritaeniorhynch-
us used to reach peak density(Yu et al. 19
85, Yu et al. 1986).

In natural rice field, a rather successful
results of controlling encephalitis vector, Cz.
tritaeniorhynchus in a month period at the
release rate of 1.0 mature fish Aphyocypris
.chinensis over 1-M? rice paddies of Yongam
one of the most disease endemic areas in
South Korea was reported previously by Yu
.and associated workers in 1983,

In marsh area, Yu and associate workers
reported a significant results of reducing
(Cx. tritaeniorhynchus) at the release rate of
1. 0 mature fish per 1-M? in marsh of Yong-
am-Kun. However, it required that an aug-
mentation of treatment, preferably using B.
t.i. (H-14) during August whereas the vector
population increased in an abrupt manner
over 3 folds(Yu ez al. 1984).

In case of parsley fields, an integrated tri-
als of native fish predator (A phocy pris chinen-
sis) followed by B.t.(H-14) treatment in late
August made a satisfactory level of control
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against both Culex tritaeniorhynchus and Ano-
Dheles sinensis the level of suppression had
sustained until October (Yu ez al. 1986).
Thus, this report discusses the results of
an integrated effects in mosquito control by
the treatment of B.z. (H-14) combined with
a native fish available in natural rice fields
in Yongam the disase endemic area particul-
arly with heavy infestation of encephalitis
vector Culex tritaeniorhynchus, and the mos-
quito control effect of each agent compared
with the integrated was also elaborated.

MATERIALS AND METHODS

A confined field plot of ca. 30,000M? natu-
ral rice field located in Duckjin-Myun, Yon-
gam-Kun, South Cholla province near Kwang-
ju, one of the highest density recorded for
the encephalitis vector areas was selected and
aquatic sampling was begun from July thro-
ugh October in 1988 (Fig. 1).

Fizld plots of 3 different rice paddies were
chosen, and random selction was made 2~3
paddies in 3 different groups out of a total
of 30 paddies; (i) the first group being “a-p-
addies” in the presence of fish predator at
low density of 0.6 fish per M? water surface
needed for complementary treatment with B.
t. (H-14), (ii) the 2nd group being “b-paddi-
es” where Aphyocapris chinensis fish intro-
duced at the rate of 1.5 fish per M2, (iii) the
3rd group being “c-paddies” in the absence of
fish predators either used for B.:x. (H-14)
treatment alone and others were left as cont-
rol.

Mosquito larval density before and after
the fish introduction was estimated by taking
random sampling of mosquito larvae by me-
ans of 500ml dipper with 6~8 replicates per
rice paddy usually consisted of two dips were
pooled, and in similar manner, aquatic sam-
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Table 1. Average number of mosquito larvae and 9% reduction before and after the treatment of Ba-
cillus thuringiensis (H-14) R153,.78 in the presence of lower density of larvivorous fish, Aplo-
cheilus latipes in natural rice paddies at Yongam near Kwang-ju area, south Cholla Province,

July-October, 1988

Sample Culex Anopheles Total No.
tritaentorhynchus sinensis Mosquitoes
Date Cont. Treat Cont. Treat Cont. Treat
Natural breeding
Jul. 16 0.0 0.0 2.0 1.5 2.0 1.5
9% Reduction® —* 25.0% 25.0%
Jul. 28 0.25 0.1 2.75 1.25 3.0 1.35
% Reduction® 60.0% 54.5% 55.0%
Aug. 18 1.25 0.75 3.0 1.25 4.25 2.0
% Reduction® 40.0% 58.3% 53.0%
Sep. 2 4.5 2.0 10. 20 4.25 14.75 6.25
9% Reduction® 55.5% 58.5% 57.6%
Total 6.0 3.75 18.0 8.25 24.0 11.1
Average 1.5 0.94 4.5 2,06 6.0 2.78
% Reduction® 37.3% 54.2% 53.7%
Post-treatment
(B.t. H-14, 1 kg/ha)
Sep. 3 8.25 0.0 12.25 0.0 20.50 0.0
% Reduction® 1060.0% 100.0% 100. 0%
Sep. 10 11.75 0.13 9.0 0.25 20.75 0.38
% Reduction® 98.9% 97.2% 98.2%
Sep. 21 5.13 0.0 2.25 0.0 7.38 0.0
% Reduction® 100. 0% 100.0% 100. 0%
Oct. 11 2.0 - 0.25 —° 2.25 —°
% Reduction® — — —
Total 27.13 0.13 23.75 0.25 50. 88 0.38
% Reduction® 97.68% 97.63% 98.06%

? 9% Reduction=(A—B)/A x100.

Whereas, A=No. mosquito larvae survived in control.
B=No. mosquito larvae survived in treatment.
* Represents value of % reduction statistically not available.
° Field sampling was unable to be taken owing to complete dryness of the rice paddies at the time.

ples were taken by the use of aquatic net
of 25 ¢cm diameter with 120 cm wooden handle
attached in such that the net sweeping of 8
~10 times per each of the sample with 4 re-
plicates per rice paddy water. The mosquito
larval and aquatic samples were brought back
to the laboratory and identified according to
the characters described in each of the spec-
ific key of the corresponding taxa(Usinger
1971, Lacasse & Yamaguti 1955).

Relative density of native fishes before and
after the fish introduction was estimated by

setting fish trap of 12x25 ¢cm aquarium fold-
ing type for the confirmation of either pre-
sence or absence of the released fishes in the
treatment and control paddies respectively,
and the fish caught were identified according
to the specific key (Chyung 1977).

The control effectiveness was compared
based on mean number of mosquito larvae of
2 species predominantly breeding in rice fiel-
ds, Culex tritaeniorhynchus encephalitis vec-
tor, Anopheles sinensis malaria vector with
emphasis placed on encephalitis vector which
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Fig. 1. Natural rice paddies used for field trial with the native larvivorous fishes (Aplocheilus latipes
and/or Aphyocypris chinensis) integrated with Bacillus thuringiensis(H-14) compared with each of the
single treatment either with fish predator or B.t. (H-14).

A : Schematic mapping of the rice paddy in 3 different groups.

B : overall view of 3 ha natural rice paddies in Yongam County.
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Table 2. Average number of mosquito larvae per two, 500 ml dips and ¢, reduction after the fish rel-
ease (Aphyocy pris chinensis) at the rate of 1.5 fish per 1-M? water surface in natural rice
paddies at Yongam near Kwang-ju area, South Cholla Province, July-October, 1988

Sample Culex Anopheles Total No.
tritaentorhynchus sinensis Mosquitoes
Date Cont. Treat Cont. Treat Cont. Treat
Pre-treatment
Jul. 16 0.0 0.0 2.0 4.25 2.0 4.25
Jul. 28 0.25 0.25 2.75 3.5 3.0 3.75
Aug. 18 1.25 1.5 3.0 2.25 4.25 3.75
Sep. 2 4.5 4.25 10.25 8.75 14.75 13.00
Total 6.0 6.0 18.00 18.75 24.00 24.75
Average 1.5 1.5 4.5 4.69 6.00 6.19
Post-treatment
Sep. 3 8.25 6.0 12.25 8.5 20.5 14.5
% Reduction® 27.3% 33.3% 31.3%.
Sep. 10 11.75 1.25 9.0 1.25 20.75 2.5
%, Reduction® 89.4% 86.6% 88.2%
Sep. 21 5.13 0.25 2.25 0.0 7.38 0.25
9, Reduction® 95.1% 100.0% 96.7%
Oct. 11 2.0 —* 0.25 — 2.25 —*
Total 27.13 7.5 23.755 9.75 50. 88 17.25
¢ Reduction® 84.9% 60.5% 67.1%

* % Reduction=[(AXB’/A’—)/AXB’/A’]X100.

Whereas A =No. mosquito larvae sampled in control of post-treatment.
B =No. mosquito larvae sampled in treatment of post-treatment.
A’=No. mosquito larvae sampled in control of pre-treatment.
B’ =No. mosquito larvae sampled in treatment of pre-treatment.
* Field sampling was unable to be taken owing to complete dryness of the rice paddies at the time.

raised the problem responsible for transmitt-
ing the above disease in this area of endem-
ic foci.

The statistical analysis was performed to
obtain mean number of mosquito larvae re-
duction rate in the treatment, and the mos-
quito reduction rate in the treatment was
calculated in comparison with the control
plot with the following formula;
(A X B'/A’—B)

A x B/A’
Whereas, A=No. of larvae sampled from

control of post-treatment

% Reduction= x 100

B=No. of larvae sampled from
treatment of post-treatment
A’=No. of larvae sampled from

control of pre-treatment

B’=No. of larvae sampled from
treatment of pre-treatment

RESULTS AND DISCUSSION

Natural fish breeding rice paddy (a-plot)
The pre-treatment sample data indicated
that the Culex tritaeniorhynchus and Anoph-
eles sinensis population increased, marking 4.
25 larvae per sample on the average in mid
September which increased up to late Septem-
ber also marking 14.7 larvae in control,
while the treatment plot also indicated 2.0
and 6.25 larvae in the same period marking
ca. 53% or above natural conttrol in the pre-
sence of native fish Aplocheilus latipes at
rather lower density of 0.6 fish per/M:
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Table 3. Average number of moequito larvae per two, 500 ml dips and 9% reduction after the treatment
of Bacillus thuringiensis (H-14) R153.78 at higher density of mosquito larvae in rice paddies
at Yongam near Kwang-ju area, South Colla Privince, July-October, 1988

Sample Culex Anopheles Total no.
tritaeniorhynchus Sinensis Mosquitoes
Date Con. Treat Con. Treat Con. Treat
Pre-treatment
Jul. 16 0.0 0.0 2.0 2.0 2.0 2.0
Jul. 28 0.25 0.5 2.75 1.0 3.0 1.5
Aug. 18 1.25 1.25 3.0 4.25 4.25 5.5
Sep. 2 4.5 3.75 10.25 8.0 14.75 11.75
Total 6.0 5.5 18.0 15.25 24.0 20.75
Average 1.5 1.38 4.5 3.81 6.0 5.19
1st-Treatment
(R153.78, 1 kg/ha)
Sep. 3 8.25 0.0 12.25 0.0 20.5 0.0
% Reduction® 100.0% 100. 0% 100. 0%
Sep. 10 11.75 7.25 9.0 5.75 20.75 13.0
% Reduction® 32.93% 24.8% 27.9%.
2nd-Treatment
(R153.78, 1 kg/ha)
Sep. 11 9.25 0.0 8.5 0.0 17.75 0.0
% Reduction® 100.0% 100. 0% 100. 0%
Sep. 21 5.13 0.0 2.25 0.0 7.38 0.0
% Reduction® 100.0% 100. 0% 100. 0%
Oct. 11 2.0 —* 0.25 — 2.25 —t
% Reduction® -—¢ -t —
Total 36. 38 7.25 32.25 5.75 68. 63 13.0
% Reduction® 78.34% 79.0% 78.2%

‘9 Reduction=[(AXB’/A’—B)/A xXB’/A’]1%100.

Whereas A =No. mosquito larvae sampled in control of post-treatment.
B =No. mosquito larvae sampled in treatment of post-treatment.
A’=No. mosquito larvae sampled in control of pre-treatment.
B’ =No. mosquito larvae sampled in teatment of pre-treatment.
* Field sampleling was unabel to be taken owing to complete dryness of the rice paddies at the time.
‘ Represents value of 9 reduction statistically not available.

The treatment of B.t.(H-14) at the dosage
rate of 1.0 kg/ha yielded 100.0% control ag-
ainst Culex tritaeniorhynchus and Anopheles
sinensis in 24 hours; the rates of mosquito
sustained above
98.0% in October 11th until the experiment
was terminated(Table 1, Fig. 2).

control were subsequently

Fish release rice paddy (b-plot)

Fish introduction of Aphocypris chinensis
at the release rate of 1.5 mature fish over
1-M? rice paddy surface area resulted in sig-

nificant encephalitis vector Culex tritaenior-
hynchus reduction by 89.4% in comparision
with that control rice paddy, and Anopheles
sinensis larvae was reduced at the rate of
86.6% respectively, while the control rice
paddy recorded with an average number of
Culex tritaeniorhynchus and Anopheles sinen-
sis per sample of 11.75 and 9.0 larvae resp-
ectively (Table 2).

During September, mosquito larval popula-
tion attained the highest level of density pro-
bably influenced by combined environmental
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Fig. 2. Population curve of Culex tritaeniorhynchus Gile, the main vector of Japanese encephalitis before
and after the integrated treatment of B.f.(H-14) R.153,78 in the presence of lower density of native fish,
Aplocheilus latipes in natural rice paddies at Yongam, South Cholla Province, Korea. July-October, 1988.
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factors of rainfall recorded in mid-September
together with higher temperature above 25°C
throughout the period (Fig. 2).

Bacillus thuringiensis (H-14) treatment rice
paddy(c-plot)

In the absence of larvivorous fishes, 1st
treatment of B.t.(H-14) at the dosage rate
of 1.0 kg/ha yielded 100.0% control against
Culex tritaeniorhynchus and Anopheles sinen-
sis in 24 hours however vector mosquito re-
bound appeared in day 7 (Table 3).

The second treatment of B.t.(H-14) at the
similar dosage rate as mentioned above, yie-
lded a satisfactory level of control by 100.0
% mosquito reduction. The mosquito supre-
ssion had been sustained until the experiment
was terminated on October 11th (Table 3,
Fig. 2).

The results of our field trial in natural
rice paddies where the encephalitis vector,
Culex tritaeniorhynchus' predominantly bred,
used to responsible for the outbreaks of the
disease indicates that (1) in rice paddies of
native fish already present at rather lower
density under 1.0 per M? water surface area
should be effectively controlled the vector po-
pulation with integration of B.z. (H-14) treat-
ment at the dosage rate of 1.0kg/ha in
critical vector breeding period, (2) in case of
using larvivorous native fishes, the release
rate should be at or more than 1.5 mature
fish per M? preferably to introduce one month
earlier from the period of vector population
inbrease, and (3) in absence of fishes, B.z.
(H~14) treation required two times or more
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to suppress the vector population down due
parimarily to the mosquito population rebou-
nd used to appear in a week period, in parti-
cular, rice paddy condition in Korea.
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