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Abstract: Predation by natural enemies on Culex tritaeniorhynchus larvae was studied in
the laboratory. Ceriagrion sp. nymphs, Sympetrum frequens nymphs, Notonecta triguttata,
Rhantus pulverosus, Hydaticus grammicus, Oryzias latipes, Carassius gibelio langsdorfi and
Migurnus fossillis anguillicaudatus preyed on mosquito larvae. The developmental stage and
behavior of the mosquito larvae affected the efficiency of predation.
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INTRODUCTION

It is pointed out that the control of Culex tritaeniorhynchus Giles is one of the important
measures for prevention of Japanese encephalitis (Simada, 1970; Wada, 1975). This species
breeds mainly in paddy fields (Sasa, 1971) where wide varieties of natural enemies exist
(Watanabe, 1968). There were reported some experiments and studies about the predation by
natural enemies on Cx. tritaeniorhynchus. Watanabe et al (1968) showed a list of predators in
paddy fields, and Nakamura et al. (1969) and Urabe et al (1968) evaluated the efficacy of
predation.

We also evaluated the efficacy of predators for Cx. tritaeniorhynchus larvae in the
laboratory, and results obtained by the experiments are reported here.

MATERIALS AND METHODS

Predators used were collected by a dipper of 13cm in diameter and 7.5cm in depth in
weekly census of mosquito immature populations in the rice fields reported by Takagi et al
(1995). Period of collection was from June to August in 1983, 1984 and 1985. A variety of
predators used were as follows.
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Odonata, 2 species (nymph): Ceriagrion sp. and Sympetmmfrequens
Hemiptera, 3 species (adult): Sigara substriata, Laccotrephes japonensis and Notonecta

triguttata
Coleoptera, 4 species: Guignotus japonicus (adult); Rhantus pulverosus, Hydaticus gram-

micus and Sternolophus sp. (larva and adult)
Pisces, 3 species: Oryzias latipes (2-3cm), Carassius gibelio langsdorfi (2-3cm) and Mis-

gurnus fassilis anguillicaudatus (3 - 4cm)
Amphibia, 1 species (nymph): Rana nigromaculata.
One individual of a certain predator and 50 old (3rd and 4th instar) larvae of Cx.

tritaeniorhynchus were placed together in a jar of 24cm in diameter and 12cm in depth with 1
liter distilled tapped water except for G. japonicus and S. substriata. In the examination of
adult G. japonicus, 50 mosquito larvae were put in a jar with 10 predators, because we had
observed that the predator preyed on larvae in a group, and in that of S. substriata, 25
mosquito larvae were put in a jar for 1 predator, because this predator preyed on only a few
larvae. In the examination with young mosquito larvae (1st and 2nd instar), 10 nymphs of
Sympetrum frequens and 10 adults of Sigara substriata, G. japonicus and H. grammicus were
respectively put with 50 larvae.

After 24 hours of coexistence, the number of mosquito larvae remained was counted:
As the control, 50 Cx. tritaeniorhynchus larvae without predators were used. Temperature was
25-28°C, and light was long day length (14-15 hours light) during the experiment.

The average number of larvae lost from the jar should be the sum of larvae that were
preyed or dead. Therefore, the substraction of the number of dead larvae in the control jar
from that of larvae that disappeared in the experimental jar gives the estimated number of
mosquito larvae consumed by a certain predator. Averages and ranges of 95% confidence
limit of lost mosquito larvae were calculated.

RESULTS

The average number of old mosquito larvae that were preyed on or dead was shownin
Table 1. A nymph of Sympetrum frequens, an adult of R. pulverosus and H. grammicus, and an
individual of 0. latipes, C. g. langsdorfi and M /. anguillicaudatus consumed more than 30
mosquito larvae per day, and an adult of N. triguttata and a larva of R. pulverosus consumed
more than 20 mosquito larvae. In these predators, significant difference was found between
the numbers of mosquito larvae that disappeared from experimental jars and from control
jars. No predation was statistically confirmed in Sigara substriata, Sternolophus sp., G.
japonicus and R. nigromaculata.

The average number of young mosquito larvae that were preyed or dead was shown in
Table 2. No predation was statistically confirmed in nymphs of Sympetrum frequens and
adults of Sigara substriata. Ten adults of G. japonicus consumed more than 30 mosquito lar-
vae, and an adult of H. grammicus did more than 20 mosquito. Predation was statistically
confirmed in these predators.



9

I

I

1

0)

I

8

.a

I

s,
1
Td

s

I

!

9
à"53
,Q

I

I

I

o

!
o

6

T3
'O

^

|

c

<u

I

rH

d>

1
H

I

<3

8

I

T3

&

q,) ^^

li

£W

a
<u

&

1

I

w

I

%<

&
&

CO 01

I>1 T-H
<-I CO

LO LO t--

CO "^ O"i
<M C^J

t -~ t£> OO LO CJi t--
CO LO CO

CM CO

CO LO C^i

S3&$
<r>

CO

,Q jQ ^ jtf ,Qc^ oo o en £J
-S- i ci
o" co co'

in co o to W1

X^^
t- CM CS

Cd CN)
^-' ^^x
O T-I

,Q

01

£3 O- ci
CNl CO* O^

W1 W1 LO in W1

AJ^A
csi cr> <o

,0 ,Q ,Q

^ tB" LO ^

,-( <N1 i-I

^&^ S«X N_^ S^^>
CO O LO

LO CO <^O

CO t>- <£> ^ CO LO CO -* <N1 CO CO CO à"^ co -^

£ .& A£^ JS,JS,^^^^^ jS,XX ^CD CT> ^ O [-- -Tf LO <O CSI <£> <NI OO O i-< I>-

y^ oo <>i c^ c^ f-1 oj i-H I t>^ c-^ 06 oj oi c^ t^.
,-I T-I r-I i-I 1-I

CO o" to" OO o" G"i C^ i-i o' C^l t>- C<1 LO LO "^h O^

C^ LO CO C^ W1 tr^ O^ O^ t^ OO tD O^ t^ CSJ' O^ I-H
CN1 CO CSI CO CS1 CO C<l CO T-I CO '^ CO T-i

CO O
t>-

00 CO LO TJ< f>- o^ csl -^ CD Ol -^t* <£> LO CO
T-i CSJ 03 <NI

1

-*

I
^-v CO r£5

^v ^ x-s. S ^-" Pn
to ro 4-) M >H

^ -=à"c-C3 «§ I

a ftf Hili-ss ,41 £
JIII§lllljj^11 I

flilUUHUilltlJMsJ
IO^^K^^^O^^^^^^^.^^^^s^

LO"
O

o

V

3*

1CD

j>>

w

$

3

I

i
^

&

rtf

I
S

1
0)

i

.s
S8
bo
§

à"5



10

I

I

I

,s
£

T3

I

1

&-
« ffl
p'fa
I

I
.y
'E
o>rt

w

^<

I
&
<L>
P^

oo
CQ

o csi
LO W1co oq

A

-vt<

CJ
oq
o

& &
Q Q

S-S?^ o3^
C5 O

LO LO LO LO

g

AA
T-i cr>

-?£ ^
i-i

c^^

i

-i eg to LO

^n
4_> ^_^

3- +^ T3 3

i i :i
' g* >S CJ- 05

«111111i
lo^a^S1^^

L£
o

o
V
sB

à"g
H

£33
^5

>*

1

ii
'w

C/5

5

3

à"g

I

>^
rQ

"d

I
^

»H

<D

I

_g

CO

I



ll

G. japonicus preyed on more young larvae than old larvae. On the contrary, Sympetmm
frequens, H. grammicusand Sigara substriata equally consumed both ages of mosquito larvae.
H.grammicus preyed on more mosquito larvae than the other 2 species.

DISCUSSION

Watahabe et al (1968) in Okayama, and Nakamura et al (1969) in Osaka suggested that
nymphs of Odonata, Dytiscidae and Pisces are effective predators on Cx. tritaeniorhynchus.
Our results agree with them, because these predators also preyed on a good number of Cx.
tritaeniorhynchus larvae in our experiments.

Effectiveness on mosquito larval control by Gambusia affinis or Poecilia reticurata, both
of which are fishes occupying the water surface, was reported (Sasa et al. 1965, Sato 1974).
In our experiments, both C. g. langsdorfi, which is a mid-layer fish, and M /. anguil-
licaudatusf a benthic fish, were confirmed to be potential predators for mosquito larvae, just
as 0. latipes, a surface occupier. But it must be taken into account that the fishes used were
young, of which body length was ca. 3cm, and the food of fishes changes as they grow.

In the preference of predators for mosquito larvae, 4 types were distinguished as fol-
lows. 1, old mosquito larvae feeder (ex., nymphs of Odonata); 2, young mosquito larvae
feeder (ex., G. japonicus); 3, all age mosquito larvae feeder (ex., Dytiscidae); 4, all age but
only a few mosquito larvae feeder. These types are according to size, activity and the manner
of predation. The body length of G. japonicus adult is 2mmlong, and it can prey on only young
mosquito larvae. On the other hand, young mosquito larvae may be too small to be preyed by
Odonata nymphs of which body length exceeds 15mm.

The present results did not fully explain the extent of predation on Cx. tritaeniorhynchus
larvae in paddy fields by predators examined. In the present experiment, the predation was
evaluated as one-pair match experiment with a species of predator and Cx. tritaeniorhynchus
larvae, but in the fields many species of predators and preys coexist in the same rice field.

Sympterum frequens (nymphs), R. pulverosus (larvae and adults), H. grammicus (larvae
and adults), 0. latipes, C. g. langsdorfi, and M /. anguillicaudatus are likely to be effective
natural enemies for Cx. tritaeniorhynchus in rice fields, as Watanabe et al. (1968) and
Nakamura et al (1969) observed.
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