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Bionomics of Toxorhynchites splendens in the Larval Habitats
of Aedes aegypti in Bangkok, Thailand *

by M. YASUNO I & R. J. ToNN2

Toxorhynchites splendens is a predator of small
invertebrates it finds in its breeding pools. Its
distribution includes much of South-East Asia
and the Western Pacific. The larvae are known to
inhabit a number of natural cavities in plants and
artificial containers such as watei ars. Paiva (1910)
noted that the larvae were predators of a number
of mosquito larvae. Since then a number of obser-
vations on the capacity of the genus as a predator
and its possible use in control have been published
(Jenkins, 1964; Laird, 1947). Most of these reports
describe laboratory experiments on the feeding
capacities of the larvae or their ability to resist
starvation.

These studies led to speculation on the role of
T. splendens as a predator in nature. In the past,
species of the genus have been introduced into
areas for the control of vector mosquitos. For the
most part the introductions were successful but both
predator and prey have remained. The present
study was developed as part of a life-budget pro-
ject on Aedes aegypti. During the study, T. splendens
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was noted to be a possible mortality factor in
certain containers but not in others.

Methods
Larval-pupal counts of Ae. aegypti were made

routinely at Wat Samphaya, Bangkok, by straining
the water from the containers examined through a
plankton net, the larvae being counted after separa-
tion into stages. Any T. splendens larvae that were
present were also counted. Records were kept on
the individual receptacles surveyed. In addition,
monthly visual larval surveys were made and the
presence of T. splendens was noted.

Results and discussion
For 10 consecutive months a monthly record

of the infestation rate of T. splendens in water-jars
was taken (Table 1). Thejars sampled were randomly
selected and certain jars may have been sampled
more than once during a month. The infestation
rate, given as a percentage, is the average for the
month and includes some overlapping of obser-
vations. The rate fluctuated from 3.6% in May to
a maximum of 16.0% in March. No seasonal
trends were noted over the 10 months of the study.
In Table 1, the jars with T. splendens but without
Ae. aegypti are included in the total number of
positive jars, because these larvae, mostly third-
or fourth-instar, in all probability had eaten the
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TOXORHYNCHITES SPLENDENS rN LARVAL HABITATS OF AE. AEGYPTI IN BANGKOK

TABLE I
SEASONAL CHANGES IN THE INFESTATION RATE OF WATER-JARS BY T. SPLENDENS AT WAT SAMPHAYA

Jars with T. splendens No f * *th Occurrence of
Month No. of jars I No. of jars with N. o jars wi T. splendens

examined Ae. aegypti T. splendens In jar positivesNo. %only for Aedes (%) a

1967

November 169 24 14.2 107 18 19.2

December 180 20 11.1 109 11 16.7

1968

January 140 11 7.9 75 10 12.9

February 109 7 6.4 50 6 12.5

March 125 20 16.0 67 11 25.6

April 135 12 8.9 54 8 19.4

May 139 5 3.6 70 5 6.7

June 115 15 13.0 57 14 21.1

July 140 12 8.6 65 10 16.0

August 135 11 8.1 76 5 13.6

Total 1 387 137 9.9 730 98 16.5

a Jars with T. splendens only are considered as positive for Aedes.

Ae. aegypti larvae. With the exception of March,
May and June 1968, the level of infestation of the
jars with T. splendens was fairly stable, about
16.5% of all the jars positive for larvae of Ae.
aegypti having predator larvae. However, of these T.
splendens-positive jars, about 70% did not have Aedes
larvae. These percentages might be considered high.
The frequency distribution of the larvae of T.

splendens in jars (Table 2) shows that the majority
of the larvae occur singly or in groups of a few
larvae. Since the larvae recorded in the non-experi-
mental jars were mostly in the third or fourth
instar, it is possible that the frequency distribution
might have been modified by predation among
themselves; alternatively this age distribution might
have resulted from repeated oviposition over a long
period of time. The long duration of the larval
stages undoubtedly accounts in part for this distri-
bution pattern; Paine (1934) found the larval in-
stars, especially the fourth, to have a long duration.
We found the duration of the fourth instar to be
7.1 days under optimum conditions.

T. splendens also deposited eggs in the experimental
jars which contained clean water and were exposed
for only 48 hours. Because of this short period of

exposure, the eggs in a jar could be regarded as
those laid by a single female mosquito. In these
jars all larvae were collected at the first instar,
thus reducing predation. The number of eggs hatch-
ing equals the actual number laid minus any mor-
tality in the embryo. The distribution still shows the
tendency towards grouping, even though the num-
bers of eggs were fewer than in the non-experimental
jars (Table 2).

T. splendens probably reduces Ae. aegypti popu-
lations, since the Ae. aegypti population was appa-
rently lower in jars with T. splendens than in those
without (Table 3). When the frequency distributions
of the 8 population categories are plotted as histo-
grams (accompanying figure), it is clear that Ae.
aegypti larvae were absent more frequently when
T. splendens was present. In this figure, the percent-
age of jars with T. splendens but without Aedes
larvae is very high. It is possible that Aedes larvae
might have been present in these jars at one time
but that by the time of sampling they had become
unsuitable habitats for them because of the presence
of T. spkendens. The figure also suggests that the
high percentage of jars containing T. splendens
without Aedes is not a chance coincidence.
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TABLE 2
FREQUENCY DISTRIBUTION

OF LARVAE OF TOXORHYNCHITES SPLENDENS
IN WATER-JARS

L Number of T. splendens Non-experi- Experimental
per jar mental jars Jars

0 - 77

1 30 11

2 18 6

3 12 2

4 8 1

5 5 1

6 3 1

7 0 1

8 1 0

9 0 0

10 1 0

11 1 0

11 1 0

12 1 0

Total no. of jars 80 100

Total no. of T. splendens 218 51
larvae

Average no. of larvae 2.73 2.13
per positive jar

A comparison of the age composition ofAe. aegypti
larvae in the water-jars can be made between those
with the predator and those without (Table 4):
the data were obtained from the monthly averages
from November 1967 to September 1968. The per-
centages of the total Aedes population in each stage
are very similar for the two types of jars, indicating
that there was no selective predation against any
particular developmental stage of the prey.

In over a year of observation, T. splendens was
never found in ant-traps or in flower-pots. When
the habitat preferences, with reference to the location
of water-jars and the type of water contained, are
tabulated (Table 5) it is seen that the predator
larvae were rarely found in water-jars located
indoors, but they frequently occurred in outdoor
water-jars containing rain-water. It is in these jars
that the larvae probably have the best chance of

TABLE 3

THE EFFECT OF PREDATION BY T. SPLENDENS
ON THE NUMBER OF LARVAE OF AE. AEGYPTI

Frequency
No. of larvae of

Ae. aegypti per jar Jars without Jars with
the predator the predator

0 577 101

1-50 276 24

51-100 142 8

101-200 86 2

201-300 29 1

301-400 14 1

401-500 4 2

500 10 1

Total no. of jars 1138 140

Total no. of larvae 52 400 3 750

Average no. of larvae 46.0 26.8
per jar

FREQUENCY DISTRIBUTION OF AE. AEGYPTI LARVAE
IN WATER-JARS WITH AND WITHOUT T. SPLENDENS
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TABLE 4
PERCENTAGE COMPOSITION BY AGE OF IMMATURES

OF AE. AEGYPTI FOUND IN JARS WITH
AND JARS WITHOUT T. SPLENDENS

Instar of larvae Total
Water-jars Pupa no. of

I & 11 III I IV larvae

With T. splendens 53.7 % 23.8% 19.0% 3.5% 5 293

Without T. splendens 52.0 % 22.7 % 21.3 % 3.9 % 777

TABLE 5
THE FREQUENCY OF T. SPLENDENS LARVAE IN DIFFERENT

TYPES OF JAR a

No. of Type of jar
larvae -Outdoor,__wihOtoo,wtper jar Indoor O t

rain-water tap-water

0 21 3 27

1 1 2 18

2 0 4 6

3 0 2 5

4 0 2 3

5 0 4 2

Total { 22 f 17 61

a The numbers indicate the actual number of jars.

survival, because the jar is rarely cleaned and the
water is left undisturbed for days.

Since the outdoor jars contamnig rain-water
tended to be dirty, the habitat of T. splendens at
first appeared to be biased toward dirty water.
However, eggs of T. splendens were also found in
the experimental jars used in certain life-budget
experiments which contained clean tap-water. In-
formation on ovipositing during 10 life-budget
experiments is summarized in Table 6. Of the
100 experimental jars used, 23 were infested by
this species, more than twice the proportion found
in the non-experimental jars (see Table 1). Consider-
ing that the jars were exposed for only 48 hours,
this high percentage of infestation in the experimen-
tal jars is interesting. It should be noted that no
Aedes larvae were found in the experimental jars

TABLE 6
NUMBER OF FIRST-INSTAR LARVAE FOUND

IN THE EXPERIMENTAL JARS EXPOSED FOR 48 HOURS
AT WAT SAMPHAYA

No. of No. of 1 Total no. Ave. no.
Month jars jars with of per

used T. splendens T. splendens positive jar

1967

October 10 1 1 1.0

November 10 5 13 2.6

December 10 3 5 1.7

December 10 2 7 3.5

1968

February 10 4 16 4.0

February 10 3 3 1.0

March 10 2 2 1.0

April 10 0 0 0.0

July 10 1 1 1.0

June 10 2 3 1.5

Total i100| 23 ] 51 [ 2.16

containing T. splendens. When oviposition occurred
in clean water in which neither Aedes larvae nor
other small insects were present, the predator larvae
usually died.

The eggs of T. splendens hatch soon after being
laid, nearly 80% within 3 days (Table 7). In this
experiment the water-jars were exposed for 48 hours
without a cover and on the next day the first daily
hatch was determined, thus the eggs that hatched
on the first day may have been laid almost 48
hours previously.

Conclusions
The presence of T. splendens larvae in water-jars

apparently lowered the Ae. aegypti population in

TABLE 7
NO. OF EGGS OF T. SPLENDENS HATCHING

PER DAY

Day no.

Ii 2a1 3 4 5 6 Total

11 1I 17 9 1 | 2 { 51

a Jar was flooded.
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water containers. The T. splendens larval population
fluctuated only very slightly during the study and
no seasonal change could be found.

This species seemed to deposit its eggs in the
jars either singly or in groups of less than 10. There
was little correlation between the condition of the
jar and oviposition. Throughout the year T. splen-
dens frequently occurred in the same jars, parti-
cularly those containing rain-water and these jars
were also more likely to contain organic debris and
thus be more suitable habitats for other aquatic
dwellers.
Other studies in Bangkok (Southwood, unpub-

lished data) have shown that the mortality of
immature Ae. aegypti is greatest at particular
stages-from hatching to the second instar and at
pupation. As our studies showed that T. splendens

preys equally on all the developmental stages it
is clear that the pattern of natural mortality must
be attributed to other factors. Furthermore, since
T. splendens has a tendency to inhabit particular
outdoor containers in contrast to the wide distri-
bution of Ae. aegypti in containers indoors as well
as outdoors, the role of this predator as a controlling
factor upon Ae. aegypti population in Bangkok,
where most of the breeding is indoors, is probably
limited.
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Transliteration
from Cyrillic characters

The "International System for the Trans-
literation of Cyrillic Characters ", set out in
Recommendation ISO/R9-1954 (E) of the Inter-
national Organization for Standardization, is
normally used in the Bulletin ofthe World Health
Organization for personal names, titles of publi-
cations, etc. However, papers accepted for
publication may contain names transliterated
differently, and if the original Cyrillic spelling is
not recognizable inconsistencies may occur.

For convenience the transliteration from
Russian according to ISO/R9 is given below:

Translitteration
des Caracteres cyrilliques

Le # Systeme international pour la translitte-
ration des caracteres cyrilliques# presente dans
la Recommandation ISO/R9-1954 (F) de l'Orga-
nisation internationale de Normalisation est
generalement utilise dans le Bulletin de l'Organi-
sation mondiale de la Sante' pour les noms de
personnes, les titres de publications, etc. Cepen-
dant des articles acceptes pour publication
peuvent contenir des noms translitt6r6s diff&
remment et si l'orthographe cyrillique originale
n'est pas reconnaissable un manque d'unifor-
mite peut s'ensuivre.
A toutes fins utiles, la translitt6ration du russe

selon la recommandation ISO/R9 est indiqu6e
ci-apres:

Trans- Trans-
Cyrillic literation Cyrillic literation
character Russian Examples and remarks character Russian Examples and remarks
Caractere Trans- Exemples et observations Caract6re Trans- Exemples et observations
cyrillique iTtratns cyrillique iTtratnsn

du russe du russe

A, a a Ajapec = Adres Y, y u .YTPo = Utro

B, 6 b Ba6a = Baba (D, 4) f (1H3HKa = Fizika

B, B v Bbu = Vy X, x h XHMHqeCKHiu = Himiceskij

r, r g rnaBa = Glava LA, 'i c L[eHTpanbHbIIt = Central'nyj
FrOnOBa = Golova 4, q c 'acbi = Casy

;1, Rd Lla = Da ill, m s iKona = Skola
E, e(e) e (e) Enie = E , w sc LUeKa = eka

)K, mK z 1{ypHan = 2urnal (medial, /or" In modern Russian, where
3, 3 z 3Be3,.a = Zvezda medial) ou" sometimes replaces medial 'b,

transliteration is still .
1'l, u i 'IJIH = Ili lb, lb En russe moderne, o'u le ' rem-

-bIlU, - -on = -yj -ij -oj place quelquefois le 'b medial, la
, , , , ~~~~~~~~~~translitteration reste

1<, K k K{aK = Kak (final) (Not

JI, n 1 Jo6HmTb = Ljubit' trans-literated.
M, M m My>c = Muz Non trans-
H, H n HH)KHtIA = Ni;nij littr6v.)
0, 0 o 06uxecTBo = Obscestvo bl, bi y BbIJ = Byl
ni, n p flepBblil = Pervyj b, b 'or' 'ou' ManeHbKiHi = Malen'kij
P, P r PbI6a - Ryba 3, 3To e Eto
C, c s CecTpa = Sestra 10, 10 ju 10>IHbIl = Juznyj
T, T t ToBapimr = Tovarisc 51, qi ja rilto = Jajco

p

Cyrillic to be transliterated by only when the diacritical appears in the original. Le
par e que lorsque la diacritique apparatt dans l'original.

6 cyrillique ne doit 6tre translift6r6


