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Abstract. Laboratory reared larvae of Toxorhynchites splendens, which were previously starved for 24
hours, cannibalized eggs of their own kind or preyed upon the eggs of other species (Aedes aegypti and
Anopheles stephensi) present on the surface of water in small containers. Second and third instars con-
sumed eggs faster than first and fourth instars. The first instar consumed larvae of its own kind faster than
the other instars, in the absence of other prey. However, when prey larvae were provided, there was a

significant fall in the rate of cannibalism.

INTRODUCTION

The cannibalistic behavior of the larvae of the
genus Toxorhynchites, which is known to affect
the stable prey-predator equilibrium and yield of
adults in mass-rearing, is considered to be an
important behavioral trait of the species (Trpis,
1973; Trimble and Carbet, 1975; Furumizo and
Rudnick, 1978; Focks and Boston, 1979; Lounibos,
1979; Steffan er al, 1980; Steffan and Evenhuis,
1981; Annis and Rusmiarto, 1988; Linley, 1988;
Linley and Duzak, 1989). Egg cannibalism and
carnivory in Toxorhynchites have been reported
by many workers (Trpis, 1973; Kazana et al, 1983;
Gerberg, 1985; Linley and Duzak, 1989). Newkirk
(1947) reported immature mortality of 82-90% in
Toxorhynchites splendens larvae under natural
conditions and attributed it to its cannibalistic
behavior. The present study was aimed to inves-
tigate cannibalism exibited by the larvae of Tx.
splendens in relation to the availability of other
prey species.

MATERIALS AND METHODS

Cannibalism in the laboratory reared larvae of
Tx. splendens, which were previously starved for
24 hours, was investigated both in the presence
and absence of larvae of other prey species. Experi-
ments were carried out in enamel trays (0.015 m?)
containing 500 ml of tap water. Each experiment
consisted of 10 replicates. In order to study the
impact of the density of the larvae of prey species
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on the rate of cannibalism, two prey regimes were
used, ie prey in less numbers (10-20 larvae/predator)
and prey in larger numbers (40-80 larvae/predator).
Number of larvae of Tx. splendens used in each set
of experiment were 4 and 6 per container. The
number of larvae of T'x. splendens that remained
alive after 24 hours were recorded. Controls were
maintained to see natural mortality in the predator.

The larvae of Tx. splendens were starved for 24
hours and egg cannibalism was studied by providing
50 freshly laid eggs of its own kind to larvae present
individually in 50 ml beakers (12 cm?) containing
tap water. Egg predation was studied in the simi-
lar way by providing 500 eggs of prey species (ie
Aedes aegypti and Anopheles stephensi). Ten repli-
cates were maintained for each experiment. In or-
der to ensure that there was no hatching of the
first instars from the eggs during the trial period
of 3 hours, one control beaker containing eggs,
but no larva, was set up for each experiment. The
number of eggs remained uneaten were counted
after 3 hours of exposure.

RESULTS AND DISCUSSION

Results of cannibalism in the larvae of Tx.
splendens at different predator-prey densities and
in the absence of prey are given in Table 1. Through-
out the experiments no mortality in the larvae of
Tx. splendens was observed in controls. Results
showed that first instar consumed larvae of its
own-kind faster than the other instars in the absence
of prey. On an average, 40-60% of the first instars
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Table 1

Larval cannibalism in Tx. splendens as a function
of predator and prey density.

% Cannibalism

Predator Predator
instar density Prey density

Nil Low High

1 4 60.00 5.36 1.79

6 44.44 15.56 18.89

2 4 10.00 21.67 10.00
[3 20.00 22.92 16.67

3 4 10.00 5.00 11.67

6 6.67 7.78 0.00

4 4 0.00 10.00 1.67
6 23.33 2.22 3.85

Table 2

Egg cannibalism and carnivory by instars of Tx.
splendens previously starved for 24 hour.

% Egg consumed

Predator
InStar  Tx splendens Ae. aegypti An. stephensi
1 2.60 0.80 1.20
2 13.80 18.00 17.20
3 29.40 4.80 14.00
4 4.80 0.80 0.00

were eaten by their own mates in the absence of
prey. However, when prey larvae were provided,
there was a significant fall in the rate of cannibal-
ism. The rate of cannibalism observed in the other
instars in the absence of prey ranged between 6
and 23%. Cannibalism among second instars was
not deterred by increase in prey density. In many
occasions it was observed that the larvae were eat-
ing only the rear portion of the siblings. This is in
accordance with the earlier observations made by
many workers (Green, 1905; Jenkins and Carpen-
ter, 1946; Steffan and Evenhuis, 1981), who have
reported that the backward swimming of Toxorhyn-
chites larvae made them highly cannibalistic,
because it was observed that when they met one
another head on, they did not show intraspecific
predation.
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The rate of egg consumption in the larvae of
Tx. splendens is given in Table 2. Second and third
instars consumed eggs of their own-kind faster
then first and fourth instars. The rates of canni-
balism were 13.8% and 29.4% respectively which
amounted to 7 and 15 eggs out of 50 provided
initially; whereas, first and fourth instars though
starved for 24 hours consumed significantly lesser
number of eggs offered during the 3 hour experi-
mental period. The egg stage of Tx. splendens lasts
48-96 hours in comparison to 48 hour and 48-60
hours in Tx. brevipalpis and Tx. amboinensis as
reported earlier (Linley, 1988; Linley and Duzak,
1989). Given the number of eggs eaten by single
second and third instars of Tx. splendens in the 3
hour experimental period, it can be surmised that
most of the eggs would be consumed before they
hatch out, unless alternate prey is available.

Results of predation on the eggs of prey species
(Ae. aegypti and An. stephensi) are given in Table
2. Predation by first and fourth instars of Tx.
splendens was negligible on the eggs of these two
species. In contrast, the second instar consumed
about 86 and 90 of the 500 eggs of An. stephensi
and Ae. aegypti initially provided. The third instar
consumed 70 and 24 eggs respectively. From the
results it is inferred that second and third instars
of Tx. splendens predated on eggs faster than the
first and fourth instars. Tx. splendens showed a
propensity for egg predation and could detect,
seize and ingest eggs floating on the water surface.
Tx. splendens eggs were found to float away from
the edges, adhered together in clumps. Larvae
were also observed to remain away from the edge.
They were often seen with their bodies parallel
to the water surface, with heads and mouthparts
touching (or) very close to the interface. The present
study shows that the rate of cannibalism can be
affected by prey density. Also the present study
highlighted the reasons for the presence of one or
two Tx. splendens larvae per container in the field.
This spatial distribution of the predator reduces
intraspecific competition and increases effective
control of prey species by the predator. Therefore,
it is suggested that for effective and sustainable
use of this predator, individual larvae should be
released in as many containers as possible. This
wide spatial distribution would facilitate establish-
ment of Tx. splendens population by reduced can-
nibalism.

451



SOUTHEAST ASEAN J TROP MED PUBLIC HEALTH

ACKNOWLEDGEMENTS

Authors thank Dr Vijai Dhanda, Director,
Vector Control Research Centre, Pondicherry for
his support and facilities extended to them.
Thanks are also due to Mr K Balarajan for his
technical assistance.

REFERENCES

Annis B, Rusmiarto S. Trial of a quantified mass-rearing
method for Toxorhynchites splendens. J Am Mosq
Contr Assoc 1988; 4 : 368-9.

Focks DA, Boston MD. A quantified mass-rearing
technique for Toxorhynchites rutilus rutilus (Co-
quillett). Mosq News, 1979; 39 : 616-9.

Furumizo RT, Rudnick A. Laboratory studies of Toxo-
rhynchites splendens (Diptera: Culicidae). Biologi-
cal observations. Ann Entomol Soc Am 1978; 71 :
670-3.

Gerberg EJ. Sequential biocontrol application in
the use of Toxorhynchites sp. In: Laird M, Miles
JW, eds. Integrated mosquito control methodologies,
New York. 1985; 2 : 33-46.

Green EE. On Toxorhynchites immisericors (Walker),
the elephant mosquito. Spolia Zeylan, 1905; 2 :
59-164.

Jenkins DW, Carpenter SJ. Ecology of the tree-hole
breeding mosquitos of Neoarctic North America.
Ecol Monogr 1946; 16 : 31-47.

452

Kazana M, Machado-Allison CE, Bulla LA. Preferencias
alimentarias de Toxorhynchites theobaldi (Diptera:
Culicidae) Acta Cient Venez 1983; 34 : 151-8.

Linley JR. Laboratory experiments on factors affecting
oviposition site selection in Toxorhynchites amboi-
nensis (Diptera: Culicidae) with a report on the
occurrence of egg cannibalism. Med Vet Entomol
1988; 2 : 271-7.

Linley JR, Duzak D. Egg cannibalism and carnivory
among three species of Toxorhynchites. J Am Mosq
Contr Assoc 1989; 5 : 359-62.

Lounibos LP. Temporal and spatial distribution, growth
and predatory behaviour of Toxorhynchites brevi-
palpis. (Diptera: Culicidae) on the Kenya coast.
Anim Ecol 1979, 48 : 213-36.

Newkirk MR. Observations on Megarhins splendens
Wiedmann with reference to its value in biological
control of other mosquitos. (Diptera: Culicidae).
Ann Entomol Soc Am 1947; 40 : 522-7.

Steffan WA, Stoaks RD, Evenhuis NL. Biological
observations of Toxorhynchites amboinensis (Dip-
tera: Culicidae) in the laboratory. J Med Entomol
1980; 17 : 515-8.

Steffan WA, Evenhuis NL. Biology of Toxorhynchites.
Ann Rev Entomol 1981; 26 : 159-81.

Trimble RM, Corbet PS. Laboratory colonization of
Toxorhynchites rutilus septentionalis. Ann Entomol
Soc Am 1975; 68 : 217-9.

Trpis M. Interaction between the predator Toxo-
rhynchites brevipalpis and its prey. Aedes aegypti.
Bull WHO, 1973; 49 : 359-65.

Vol 23 No 3 September 1992





