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Predator preferences: a key to effective biological control design

Preferências do predador: a chave para um projeto de controle biológico eficaz
Merikinoi Kimirei1, Cecilia Cleopa1, Winnie Steven1, Kishimbo Ombeni1, Eliningaya J. Kweka2,3

1. Department of Zoology and Wildlife Conservation, College of Natural and Applied Sciences, University of Dar-es-salaam, P.O. Box 35165, Dar-es-salaam,
Tanzania. 2. Tropical Pesticides Research Institute, Division Of Livestock And Human Diseases Vector Control, Mosquito Section, P.O.Box 3024, Arusha,
Tanzania. 3. Department of Medical Parasitology and Entomology, Catholic University of Health and Allied Sciences, P.O. Box 1464, Mwanza, Tanzania, qually
contributed

Abstract						

Objetctive: This experimental study aimed to assess the preference of Gambusia affinis to mosquito larvae of An.gambiae s.s., Cx. quinquefasciatus and Aedes
aegypti. Method: Three Gambusia affinis were introduced in a glass container with a dimension of 45cm x 25cmx 25cm. Three larvae densities were used,
90 (30 larvae per species), 120 (40 larvae per species), and 180 (60 larvae per species). Each density experiment was set in triplicate and monitored after
1, 2, 3, and 24 hours. No fish food was added to the container for larvae. Results: Results have shown that in all times A. aegypti has been the most preferred
species by Gambusia affinis. Among the tested species, A. aegypti was most prayed with time and in different densities. In mixed models including density,
species, and time there was no significant difference among the species predation. Conclusion: Preliminary results have shown that the appropriate choice
of predators for each mosquito species can have a great impact on bio-control to substantially complement existing tools.
Keywords: Larvae. Mosquito. Reduction. Predator. Bio-control.

Resumo 				

Objetivo: avaliar a preferência de Gambusia affinis por larvas de mosquito de An. gambiae s.s., Cx. quinquefasciatus e Aedes aegypti. Método: Três Gambusia
affinis foram introduzidos em um recipiente de vidro com dimensões de 45cm x 25cm x 25cm. Foram utilizadas três densidades de larvas, 90 (30 larvas
por espécie), 120 (40 larvas por espécie) e 180 (60 larvas por espécie). Cada experimento de densidade foi estabelecido em triplicado e monitorado após
1, 2, 3 e 24 horas. Nenhum alimento de peixe foi adicionado ao recipiente com larvas. Resultados: Os resultados mostraram que em todos os tempos
o A. aegypti foi a espécie mais preferida por Gambusia affinis. Entre as espécies testadas, A. aegypti foi a mais predada com o tempo e em diferentes
densidades. Em modelos mistos incluindo densidade, espécie e tempo, não houve diferença significativa entre a predação por espécies. Conclusão: Os
resultados preliminares mostraram que a escolha apropriada de predadores para cada espécie de mosquito pode ter um grande impacto no bio-controle
para complementar substancialmente as ferramentas existentes.
Palavras-chave: Larvas. Mosquito. Redução. Predator. Bio-controle.

INTRODUCTION

Malaria vector control still a most important target for malaria
disease burden reduction complementing with targeting aquatic
habitats1. Targeting the larvae habitat where the movement of
larvae is restricted is of paramount importance2, 3. Mosquitoborne diseases remain a public health problem in tropical
and subtropical countries, with some progress made towards
malaria control and subsequently eradication4. The use of
synthetic Insecticides remains one of the most reliable strategies
for controlling the spread of disease-carrying mosquitoes1.
However, studies have revealed that the prolonged use of
chemicals has adverse effects on the environment and also
non-target animals5-7, which also causes insecticide resistance
to malaria vectors population8. Biological control of mosquito
vector species is an alternative and efficient, sustainable, and
environmentally friendly method9, which is unlikely to cause
resistance10, 11 and efficient to both susceptible and resistant
species. Biological control systems have the advantage of
controlling mosquito populations at the larval stage, where it

is immobile and easily targeted, consequently disrupting the
mosquito life cycle and population reduction from breeding
sites12, 13.
Larvivorous fish have been implemented for mosquito control
in various parts either in semifield or full field, with their
efficacy being well established and documented14-18. The
use of indigenous fish species has been favoured over other
predators (insects), as not only do they reduce mosquito larvae
populations, but also contribute towards indirectly increasing the
aquaculture economics12,18,19. One of the species that has been
extensively studied is, Gambusia affinis, a small opportunistic
fish whose preys include, zooplankton, invertebrates (insects,
worms, molluscs, and others and aquatic plants found surfacing
the top of the water column12, 20. These fish have a high feeding
potential on mosquito larvae, as shown by studies conducted
by Shukla and others12, hence can serve as a good biological
control agent against them.
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An understanding of predator-prey relationships is crucial when
selecting the appropriate control system to be implemented.
Prey is capable of altering their morphological, behavioural, or
developmental features as a means to counteract predation5, 21.
Hence the consequence such as body size change for emerging
adults and sex ratio shift has been observed10, 11.

Data analysis

Most of the studies done on the predatory efficacy of
G.affinis mainly focus on individual mosquito larvae species,
this current study aimed to fill this gap. It compared the
predatory preferences and efficacy of Gambusia affinis on
three mosquito larvae species namely: Anopheles gambiae;
Culex quinquefasciatus; and Aedes aegypti collectively. The
mosquito larvae species were each presented at increasing
densities. The predatory performance of G.affinis will provide
a clearer understanding of its prey preferences if there is any
selectivity with their dietary choices, and how this knowledge
can be exploited when designing appropriate biological control
systems that target specific mosquito species.

RESULTS

Data were recorded in excel and transferred for analysis in SPSS
version 25 (Inc., Chicago, USA). The comparison of the predation
rate was done on time, density, and time. The comparison was
done with one way ANOVA.

Predation with time
The monitoring of predation time revealed that all three species
had significant differences in percentage reduction with time
An. gambiae (P<0.001), Cx. quinquefasciatus (P=0.004), and Ae.
aegypti (P=0.003). In all observation time A. aegypti was mostly
prayed than others (Figure 2).
Figure 2. Predation rate for three mosquito species with time

METHODS
Larvae rearing
Three mosquito larvae species were selected for this study.
Third instar larvae of An.gambiae s.s, Cx. quinquefasciatus
and Ae.aegypti (Figure 1) were used. Experiments used three
densities containing each species in equal proportions. The
densities were 90 larvae (30 larvae for each species), 120
larvae (40 larvae each species), and 180 larvae (60 larvae each
species). In each experiment, three predators were placed in
each container for 24 hours and monitoring at intervals of 1 hr,
2 hr, 3 hr, and lastly at 24 hr. The predator used was Gambusia
affins (Figure 1)

Percentage reduction by density

Figure 1. Mosquito larvae A) Cx. quinquefasciatus, B) Ae.
aegypti, C) An. gambiae s.s. and D) predator G. affinis used in
these experiments.

At the density of 90 larvae, there was no significant difference
between the three species (F=3.022, df = 2, P = 0.062), (Figure
3).
Figure 3. Percentage reduction of mosquito species by density
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In the density of 120 larvae, there was a significant difference
in larvae reduction Aedes aegypti reduced the most (F = 3.468,
df = 2, P = 0.043) (Figure 2), while the density of 180 reductions
between the species was statistically significant A. aegypti
reduced most (F = 15.393, df = 2, P<0.001) (Figure 3).
In a mixed factors model, the interaction between density and
time in reduction had no significant difference for all three
species (F = 0.24, df = 2, P = 0.7880) (Figure 4)
Figure 4. Predation comparison with mixed models including
time, density, and predators

when occurring in co-habitation22-24. In semi-field studies
conducted in western using five predators against An.gambiae
larvae alone, showed a great variation on larvae predation11.
In this study, the density of the predators was fixed to three
per artificial habitat but the density of larvae was varying from
90,120 and 180 per artificial habitat with an equal number of
each species. The predation rate was species-specific where
A.aegypti was most prayed in all densities. In previous studies,
predators evaluated showed law rates of preying on An.gambiae
s.s. larvae which might not be the predator preference11. In
India, Gambusia affinis have shown a high degree of predation
on mosquito larvae in semifield experiments and full-field trial
choice 25, 26.
In predation monitoring for 24 hr, the predation rate was
significant with time for each species, but at the 24 hr of
observation, A.aedes was mostly preferred. Preference
of predators with time has previously been observed for
An.gambiae s.s. using different densities and predator species
10, 11. The predation rates for all species with time have shown
at 24hr A.aegypti was highly preferred. The availability of
different prey at a time in habitat resembles the complex food
web of which predator genuinely makes a choice. The ability
to be specific in a complex system ascertains the efficiency of
semifield and small-scale trials2,11,23.
CONCLUSION
The findings of this study have shown that predator species
specificity is of paramount importance in vector species control.
Further experiments should be done with complex settings
including refugia for larvae.

DISCUSSION
The findings of this study have shown that exposing larvae
predators to the combination of different mosquito species at
once, can highly give an appropriate insight of the species to
be targeted using the evaluated predator. This study has shown
similar results of predator choices against mosquito species

ACKNOWLEDGEMENT
Authors wish to thanks the insectary staff (Adrian Massawe and
Ibrahim Sungi) for larvae rearing and experiment monitoring.

REFERENCES
1. WHO. World malaria report 2018. 2018:210. World malaria report 2018.

2012;4(9):748-767. doi:10.3390/toxins4090748.

2. Kweka EJ, Zhou G, Munga S, et al. Anopheline Larval Habitats Seasonality
and Species Distribution: A Prerequisite for Effective Targeted Larval Habitats
Control Programmes. PLOS ONE. 2012;7(12):e52084. doi:10.1371/journal.
pone.0052084.

7. Kumar R, Hwang J-S. Larvicidal efficiency of aquatic predators: A perspective
for mosquito biocontrol. Zoological Studies. 10/01 2006;45:447-466.

3. Munga S, Vulule J, Kweka EJ. Response of Anopheles gambiae s.l. (Diptera:
Culicidae) to larval habitat age in western Kenya highlands. Parasites & Vectors.
2013/01/16 2013;6(1):13. doi:10.1186/1756-3305-6-13.
4. Kumar R, Hwang J-S. Larvicidal efficiency of aquatic predators: a perspective
for mosquito biocontrol. ZOOLOGICAL STUDIES-TAIPEI-. 2006;45(4):447.
5. Chobu M, Nkwengulila G, Mahande AM, Mwang'onde BJ, Kweka EJ. Direct
and indirect effect of predators on Anopheles gambiae sensu stricto. Acta Trop.
Feb 2015;142:131-7. doi:10.1016/j.actatropica.2014.11.012.
6. Kamareddine L. The Biological Control of the Malaria Vector. Toxins.

J. Health Biol Sci. 2021; 9(1):1-4			

8.Nnko EJ, Kihamia C, Tenu F, Premji Z, Kweka EJ. Insecticide use pattern and
phenotypic susceptibility of Anopheles gambiae sensu lato to commonly
used insecticides in Lower Moshi, northern Tanzania. BMC Research Notes.
2017/09/06 2017;10(1):443. doi:10.1186/s13104-017-2793-4.
9. Dida GO, Gelder FB, Anyona DN, et al. Presence and distribution of mosquito
larvae predators and factors influencing their abundance along the Mara River,
Kenya and Tanzania. SpringerPlus. 2015/03/20 2015;4(1):136. doi:10.1186/
s40064-015-0905-y.
10. Chobu M, Nkwengulila G, Mahande AM, Mwang’onde BJ, Kweka EJ.
Direct and indirect effect of predators on Anopheles gambiae sensu stricto.
Acta Tropica. 2015/02/01/ 2015;142:131-137. doi:https://doi.org/10.1016/j.
actatropica.2014.11.012.

			

4

Predator preferences: a key to effective biological control design

11. Kweka EJ, Zhou G, Gilbreath TM, et al. Predation efficiency of Anopheles
gambiae larvae by aquatic predators in western Kenya highlands. Parasites &
Vectors. 2011/07/05 2011;4(1):128. doi:10.1186/1756-3305-4-128.
12. Shukla SP, Sanders JG, Byrne MJ, Pierce NE. Gut microbiota of dung beetles
correspond to dietary specializations of adults and larvae. Molecular ecology.
2016;25(24):6092-6106. doi:10.1111/mec.13901.
13. Ibarra JE, del Rincón MC, Ordúz S, et al. Diversity of Bacillus thuringiensis
Strains from Latin America with Insecticidal Activity against Different
Mosquito Species. Applied and Environmental Microbiology. 2003;69(9):5269.
doi:10.1128/AEM.69.9.5269-5274.2003.

19. Barik M, Bhattacharjee I, Ghosh A, Chandra G. Larvivorous potentiality of
Puntius tetrazona and Hyphessobrycon rosaceus against Culex vishnui subgroup
in laboratory and field based bioassay. BMC Research Notes. 2018/11/08
2018;11(1):804. doi:10.1186/s13104-018-3902-8.
20. Chandra G, Bhattacharjee I, Chatterjee S, Ghosh A. Mosquito control by
larvivorous fish. Indian Journal of Medical Research. 2008;127(1):13.
21. Kweka EJ, Zhou G, Gilbreath TM, 3rd, et al. Predation efficiency of Anopheles
gambiae larvae by aquatic predators in western Kenya highlands. Parasit
Vectors. Jul 5 2011;4:128. doi:10.1186/1756-3305-4-128.

14. Ghosh A, Chandra G. Functional responses of Laccotrephes griseus
(Hemiptera: Nepidae) against Culex quinquefasciatus (Diptera: Culicidae) in
laboratory bioassay. Journal of vector borne diseases. 2011;48(2):72.

22. Fischer S, Zanotti G, Castro A, Quiroga L, Vargas DV. Effect of habitat
complexity on the predation of Buenoa fuscipennis (Heteroptera: Notonectidae)
on mosquito immature stages and alternative prey. Journal of Vector Ecology.
2013/12/01 2013;38(2):215-223. doi:10.1111/j.1948-7134.2013.12033.x.

15. Aditya G, Pal S, Saha N, Saha GK. Efficacy of indigenous larvivorous fishes
against Culex quinquefasciatus in the presence of alternative prey: Implications
for biological control. Journal of Vector Borne Diseases. 2012;49(4):217.

23. Muiruri SK, Mwangangi JM, Carlson J, et al. Effect of predation on Anopheles
larvae by five sympatric insect families in coastal Kenya. J Vector Borne Dis
2013;50:45-50.

16.Chandra G, Mandal SK, Ghosh AK, Das D, Banerjee SS, Chakraborty S.
Biocontrol of larval mosquitoes by Acilius sulcatus (Coleoptera: Dytiscidae).
BMC Infectious Diseases. 2008/10/15 2008;8(1):138. doi:10.1186/1471-23348-138.

24. Roux O, Robert V. Larval predation in malaria vectors and its potential
implication in malaria transmission: an overlooked ecosystem service? Parasites
& Vectors. 2019/05/08 2019;12(1):217. doi:10.1186/s13071-019-3479-7.

17. Aditya G, Ash A, Saha GJJoVBD. Predatory activity of Rhantus sikkimensis
and larvae of Toxorhynchites splendens on mosquito larvae in Darjeeling, India.
2006;43(2):66.
18. Howard AFV, Zhou G, Omlin FX. Malaria mosquito control using edible fish
in western Kenya: preliminary findings of a controlled study. BMC Public Health.
2007/08/09 2007;7(1):199. doi:10.1186/1471-2458-7-199.

25. Ambrose T, Mani T, Vincent S, Kumar LC, KT. M. Biocontrol efficacy of Gerris
(A) spinolae, Laccotrephes griseus and Gambusia affinis on larval mosquitoes.
Indian J Malariol 1993;30:187-92.
26. Yadav R, Padhan K, VP. S. Fishes of District Sundargarh, Orissa, with special
reference to their potential in mosquito control. Indian J Malariol 1992 29:22533.

How to cite this article/Como citar este artigo:
Kimirei M, Cleopa C, Steven W, Ombeni K, Kweka EJ. Predator preferences: a key to effective biological control design. J Health Biol Sci. 2021; 9(1):1-4.
J. Health Biol Sci. 2021; 9(1):1-4			

			

