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The use of the hibernating eggs of the annual
killifish as a practical method of dissemi-
nating larvivorous fish in ephemeral ponds

for malaria control

Jonathan R, Magias. Poseidon Science Foundation, LISA
E-muail; jrmatias@poseidoniciences.com

Executive Summary

This presentation describes a biocontrol method wherein
dormant embryos of the annual fish are transported in the
absence of water and introduced to mosquito breeding si-
tes. The fish embryos hatch and fed on mosquito larvae
leading to mosquito eradication in ponds.

Introduction

Annual fish inhabit temporary freshwater ponds in Alrica and
South America. The larvivorous adults die during the dry
season and the population survives as embryos in the soil that
undergo dormancy lasting a few months to a lew years, These
dormant embryos hatch to repopulate the pool during the rai-
ny seasan. The annual fish, Nothobranchius guentheri, native
to Tanzania, is now cultured in mass scale enabling its evalua-
tion for vector control.

Method

The fish embryos were placed in peat moss as the inert carrier.
Semi-field studies were conducted on Culex quinguefasciatus
in the Philippines and also in Tanzania where Ct. quinguefa-
sciglus and Anopheles gambiae are endemic. The embryos
were introduced to outdoor ponds flled with well water and
50l as substrate. The mosquitoes were permitted 1 naturally
oviposit and the larvae were counted periodically.

Results

Hatching occurred within-3 hours upon addition to the ponds.
The fish fed on 2nd instar larvae at 5 days of age and larval
eradication occurred 14 days later. Complete larval control
was possible at a density of 3 fish per m*.  There was no diffe-
rence in predation on anopheline larvae by annual hsh whe-
ther in planted or vegetation-free ponds. In controlled out-
door conditions in Tanzania the intreduction of annual fish
caused the anopheline larval counts to decline to near zero
within one week.

Discussion

Annual fish is superior compared to conventional larvivarous
fish because it is possible to bring millions of eggs o remate
areas in the absence of water = Poseidon’s "Fish in a Back-
pack” concept. Since the habitat of annual fish overlaps the
natural range of malarial mosquitoes, endemic fsh can be
used so that introduction of exolic species is avoided. Local
entrepreneurs can grow the fish and even school children can
be trained to participate in mosquito controd programs giving
the community anather convenient tool for vector control.

Conclusion

The use of annual fish represents a viable nonchemical, eco-
friendly method of vecter control in transitory pools. The data
justify further expansion of the studies to fully assess the im-
pact of annual fish on malarta burden.
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Introduction

The annual fish is a unique class of fish that inhabit temporary freshwater ponds.
The adults die at the start of the dry season and the population survives drought
in the form of embryos in the soil that undergo periods of diapause or dormancy
lasting a few months to a few years. When the rainy season begins, the embryos
hatch to repopulate the pool. The fish feeds on aquatic invertebrates, with
mosquito larvae representing a major proportion of their diet. The concept of
using annual fish as a means of controlling
mosquitoes had been proposed as early as the
1950’s. However, its life cycle was unknown and
it has taken many decades to learn the
environmental cues that control dormancy. The
annual fish, Nothobranchius guentheri, native to
| Zanzibar (Tanzania), has now been cultured in
mass scale, enabling the evaluation of this fish as
a means of vector control. This poster describes
research on the feasibility of transporting eggs
and the larvivorous nature of the annual fish.

a) Male N. guentheri, 2.5 cm in
length, b) Embryos in peat being introduced to
the pond, c) embryos mixed with peat moss;
d) embryo at pre-hatching stage.

Figure 1.

Method

The fertilized eggs of N. guentheri were incubated until they reach stage 43 (pre-
hatching) and then transferred to moist peat moss as the inert carrier at density
of 50 eggs per bag (Fig. 1). Laboratory and semi-field studies were conducted on
Culex quinquefasciatus in the island of Panay (Philippines) and in Moshi,
Tanzania where Cx. quinquefasciatus and Anopheles gambiae are endemic.

In semi-field studies, the embryos were placed in 1 and 2 m? plastic-lined outdoor
ponds filled with well water on the same day. The mosquitoes were permitted to
naturally oviposit in the ponds and the mosquito |

larvae were counted periodically. The juvenile and :
adult fish were also added to ponds with established
mosquito larval population. The growth of the fish
under pond conditions and the number of larvae at |i | ! -
various times after introduction was determined. The .,
number of fish needed to provide 100% control of
mosquito larvae was determined by placing fish in
ponds at different densities. The effectiveness of the
fish to prey on mosquito larvae at different water
depths and vegetation cover were tested by creating
stratified substrate levels and planting young rice
plants to simulate irrigated rice fields.

Figure 2. Figure 2. Effect of introducing
embryos  with new water. C.
quinquefasciatus  was allowed to
naturally oviposit the ponds. N is 4
ponds per group. Philippines

Results
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Figure 3. Effect of introducing juvenile
fish (1 male 2 females) at 1.5 cm length
on ponds with high Cx. quinquefasciatus
larval density. N = 5 ponds per group.
Philippines

Hatching of the fish embryos occurred within 3 hours
upon addition to water. The fish were able to feed on
2" instar larvae at 5 days of age and complete
mosquito larval control occurred within 14 days from the time of introduction of
the fish embryos (Fig. 2). When juvenile fish were added to ponds with already
high mosquito larval population, 100% of the larvae were consumed within 3
days and the ponds remained larvae-free thereafter (Fig. 3). Removing the fish
from the ponds caused a resurgence of the mosquito larval population to pre-
treatment values within 1 week. Complete larval control was achieved at a
density of 3 fish per m? (Fig. 4).

When given culicine and anopheline larvae under semi-field tests, the annual fish
preyed equally on both species (data not shown here). When 3" instar An.
gambiae larvae were added to ponds, the majority of the larvae were consumed
within 6 hours by either male or female annual fish (Fig. 5).

Ponds planted with rice plants were used to simulate irrigated
rice fields. Mosquitoes distributed mostly at the 2+ cm depths
enabling fish to easily prey on them (Fig. 6). There was no §
difference in predation of anopheline larvae by the annual fish
whether in planted or vegetation-free ponds (Fig.7).
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Figure 4. Effect of different fish
density on culicine mosquito larval
density 4 days after introduction to
ponds. N = 5 ponds per group.

Figure 5. Comparison of feeding
activity of male (dark blue circle)
and female (light blue) annual fish

on An. gambiae given 100 3rd instar Figure 6. Simulation of a rice field

Philippines. larvae. n=5 ponds per group. Test condition with introduction of 100 3rd
location: Tanzania instar An gambiae larvae. Majority of
larvae congregated on water depth >2
cm. Fish can reach areas as shallow
Discussion as 1 cmdepth. Tanzania

N. guentheri was used in this study to prove the concept that £
hibernating embryos can be used as a means of i
dissemination and that the hatched fish are able to control the i
immature stages of mosquitoes. The fish can prey equally on £
Culex and Anopheles mosquito larvae and that they may
effectively control mosquitoes in rice fields where most vector
problems emanate. Annual fish is a far superior means of
vector control compared to conventional larvivorous fish
because it makes it possible to inexpensively bring millions of eggs to remote areas in
the absence of water— Poseidon’s “Fish in a Backpack” concept. The fish is small,
prolific, does not survive in permanent streams and highly larvivorous. Given that the
technology for mass production of N. guentheri has been developed, it is possible to
develop the same for any annual fish in any given locality. In Moshi, for example, the
naturally occurring stagnant pools contain N. vosseleri and should be used instead of
N. guentheri which is endemic to the island of Zanzibar. Considering that the natural
habitats of annual fish of various species virtually overlap the natural range of malarial
species of mosquitoes, it is therefore possible to use local species so that introduction
of exotic species is avoided. More importantly, the technology is simple so that
entrepreneurs can grow the fish and even school children can be trained to participate
in the monitoring and control of mosquito populations in stagnant pools, giving
community based program another tool for locally driven approach to vector control.
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Figure 7. Comparison of total
Anopheles larvae consumed in
semi-field ponds with and without
rice plants. N= 5 ponds. per group.

Conclusion

The use of annual fish represents a viable nonchemical, eco-friendly approach to the
control of the immature stages of mosquitoes in transitory pools. The data justify
further expansion of the studies to fully assess the impact of annual fish on malaria.
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