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ABSTRACT:The mosquito is a major pest that transmits many dangerous diseases and seriously damages human 
health. Hence, the reduction of their population by the use of a sustainable control method is a primary objective of this 
research. This mosquito reduction method utilises biological predators and a fermentation traptosubstantially improve 
the general environment and provide in-door clearance of mosquitoes. The frequency of capturing the pest mosquitoes 
by the predators is determined using a Pascal distribution, whilst the insect life cycle mortality is modelled using a 
Weibull distribution. The results from the model show that by using insect predators, a significant reduction of the larva 
stage of the mosquito population is possible and the fermentation mosquito trap greatly reduces the adult mosquito 
population without the application of insecticide spray. 
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I. RELATED WORKS 
The design of an adhesive film trap to catch the egg depositing mosquitoes by Facchinelli, et al [1], and Gama, et al [2]. 
The gold standard traps with other traps was done by [3], which success and mosquito trapping effect depends on 
adherence to strict usage or deployment instructions, otherwise the trapping method is rendered ineffective with a 
corresponding increase in mosquito population density.  
 

II. INTRODUCTION 
 
Mosquitoes are a unique pest with several species that have a devastating effect on the health of human beings and 
other mammals. Despite many campaigns to control the mosquito population no favourable results have been reported. 
For instance the 2010 Nigeria Malaria Indicator Survey preliminary report by NMIS[4] indicates the existence of 
malaria parasites in almost every household, including in infants, despite the wide distribution of insecticide treated 
nets [5] and the use of several preventive measures like insecticides sprays, mosquito preventive creams, as enumerated 
by Faithpraise et al.[6]. Malaria, a major threat to the world and Africa, is an infectious disease caused by the parasite 
of the genus Plasmodium, transmitted mostly by the bite of an infected female anopheles mosquito. 
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III. ECONOMIC IMPACT OF MOSQUITOES 
More than 60% of outpatient visits in Nigeria are due to Malaria. The disease has impacted negatively on the nation’s 
economy with about 132 billion Naira lost to the disease due to the cost of treatment and loss of man-hours as 
illustrated byNGDTM [7]. The development of resistance to some anti-malarial medicines [8], [9], [10] has continued 
to threaten the effectiveness of the existing methods of mosquito control. Reduction of human work capacity and 
productivity and the financial burden of fighting Malaria in sub-Saharan African countries - including Nigeria, results 
in misery and suffering for the labour force that are necessary to drive the economy; this adversely affects the social 
and psychological well-being of individuals, families and sabotages the investment efforts of the Government.   
 
Our goals are: the reduction of Malaria related morbidity and mortality; abatement of the socio-economic impact of the 
disease; reduction of the huge financial burden on the government and individuals and finally a decrease in the intake 
of anti-malarial drugs, which are very expensive for the poor masses.  
 
To achieve our goal we propose a model that combines a mosquito trapping system called the Fermentation attractor 
and a biological control predator as illustrated in the following model. 

IV.  MATERIALS AND METHODOLOGY 
THE FERMENTATION ATTRACTOR SYSTEM (FAS) DESIGN 

 
The Fermentation Attractor Model is a simple mosquito attractor system, which is designed by reacting glucose with 
yeast to produce carbon dioxide (CO2) and ethanol: eqn. 1, the carbon dioxide attracts the adult mosquito from up to a 
mile away, see Fig. 1.The fermentation attractor system (FAS) is made up of yeast, warm water and dissolved glucose. 
Yeast is a microscopic fungus consisting of single oval cells that reproduce by budding, and are capable of converting 
sugar into alcohol and carbon dioxide + energy.  

The elephant mosquito (Toxorhynchites) larvae is a predator of mosquito larvae. The Toxorhynchites are unique in that 
none feed on blood and, unlike many other mosquitoes, they are harmless to mankind.  The larvae of all Toxorhynchites 
are predaceous on other mosquito larvae or small aquatic arthropods; they are therefore beneficial to mankind. They 
have the ability to consume 10 to 20 mosquito larva in a day and up to 5000 during their whole larval stage [11], [12], 
[13]. 

V. EXPERIMENTAL SET UP OF THE MODEL 
 
 Fill the stainless steel vessel one-half full with warm water and dissolve glucose into the warm water . 
 Add dry yeast into the solution. 

Seal the entrance of the stainless steel vessel and allow a little opening wide enough to allow the passage of CO2 out, 
so attracting the mosquitoes into the fermenting fluid as shown in Fig.1. 
 

REACTION: 
 
The reaction between the yeast and glucose is partially broken down to produce alcohol and carbon dioxide (CO2) as 
bye products, the carbon dioxide attracts the adult mosquito into the trap.  
 

RELIABILITY: 
 
The reliability of this fermentation trap in attracting the adult mosquitoes stems from the fact that mosquito, as a blood 
sucking bug, is attracted to human beings and mammals via the exhaled carbon dioxide, octenol, odour from bacteria 
on the skin, a person’s secretor status and blood type [14], [15]. The mosquito is hyper-sensitive to carbon dioxide 
exhaled from mammals, it has poor eyesight and is very sensitive to mammal sweat scent from a half mile distance, 
[16], [17], [18]. 
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C6H12O6+ Zymase →  2 CO2  +  2 C2H5OH  +  2 ATP                                                             Eqn. 1 
 
Fermentation 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 The Fermentation Attractor System (FAS).During fermentation, yeasts transform the sugar solution into ethanol and carbon dioxide  
 
 

THE FERMENTATION ATTRACTOR & PREDATOR MODEL 
 
A model of the interaction between the pest mosquito species and the predatorToxorhynchites adult and its life cycle 
stages and the fermentation attractor is illustrated in Fig. 2, which was created in order to observe the effect on the 
mosquito population. The model is illustrated by the following non-linear simultaneous ordinary differential equations  
2-9 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 The Fermentation Attractor & Predator model, demonstrating the dynamic interaction between the pest, predator and the attractor 
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h
e mmmm ,,, = Toxorhynchites  mortality rate: adult, egg, larvae and pupae - respectively. 

 =   frequency with which an Toxorhynchites larva finds and eats a mosquito larva 

 =  attractor efficiency of the fermentation attractor. 

em  , = Number of eggs per day from:  mosquito, Toxorhynchites  

em  , = Fraction of eggs hatching into: mosquito larvae, Toxorhynchites  larvae 

em  , = Fraction of larvae changing to pupae: mosquito, Toxorhynchites  - respectively 

em  , = Fraction of pupae turning into: mosquitos and Toxorhynchitesadults 

The proposed model consists of eight simultaneous non-linear, ordinary differential equations (3) to (10), which are 
solved using a 4th order Runge–Kutta method as described by Klassische [19], [20], [21], [22]  and using the average 
life span of all the insect life cycle stages and their mortality rates as described in the previous works of Faithpraise et 
al. [23]. The Weibull probability distribution function as described [24], [25]  in their work on the Weibull distribution. 
Hence, the mortality rate can be modelled using the Weibull distribution function as in [26] to determine the various 
mortality rates of the pests and predators. 
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The negative binominal distribution or Pascal distribution as shown in equation 10-12, was used to determine the 
frequency with which predators capture prey and the probability of the FAS trapping an adult mosquito as shown 
previously in [27]. 

ݕ = ,ݎ|ݔ)݂ (݌ = ൫௥ା௫ିଵ௫ ൯݌௥(1 − …,଴,ଵ,ଶ)ܫ௫(݌  Eqn. 10    (ݔ)(
 
ݕ = ,ݎ|ݔ)ܨ (݌ = ∑ ൫௥ା௜ିଵ௜ ൯௫

௜ୀ଴ ௥(1݌ − …,଴,ଵ,ଶ)ܫ௜(݌ )(݅)   Eqn. 11 
 
The mean of the probability distribution is =௥

௣
   Eqn. 12 

Where eqn. 11 and eqn.12 returns the negative binomial pdf and cdf at each of the values of ‘x’ using the 
corresponding number of successes, ‘r’ and probability of success in a single trial, ‘p’. Where X is the number of trials 
needed to achieve a particular success rate ‘r’  

This models the scenario for the successive random trials that the predator undertakes, with each predation attempt 
having a probability of success ‘p’. The number of attempts that the predator must make in order to capture a given 
number of prey r has a negative binomial distribution where ‘I’ is the indicator function, which ensures that ‘r’ only 
adopts integer values and  is the mean.  

VI. EXPERIMENTAL RESULTS 
 

The results obtained in Fig. 3 illustrate the reproductive capability of a typical pest mosquito, which has had its blood 
meal. Since there were no control measures in place to manage the mosquito growth rate in the environment, within the 
space of 80 days the mosquito population density reaches its carrying capacity of 2.0 *107per square kilometre 

 
 
 

 
Fig. 3  Mosquito population in the absence of any control measures or predators 

 
The result of Fig. 3 shows a great increase in the population of the mosquito: eggs, larvae, pupae - from an assumed  
initial starting population of 3,200,000 to the peak of 7.60*108 eggs; 4.53*108 larvae, 2.38*108 pupae and the adult 
population reaches the carrying capacity of 2.0 *107 in the environment within 12 days.  
A control measure was introduced by deploying 4 fermentation attractor units to different strategic locations within the 
one km2 area and aToxorhynchites population density of 200 eggs, 170 larvae, 150 pupae and 120 adults, were 
deployed as shown in the result of Fig. 4 
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In Fig. 4, with the introduction of the Fermentation attractors, most of the mosquito adult population was attracted into 
the trap illustrated in Fig.1. The Toxorhynchites larvae were able to control the population of the larvae stage of the 
mosquito thereby controlling the overall population density of the mosquito. The effective control of the fermentation 
attractor and the predator was observed when the population density of the mosquito dropped from a peak of  6.69*108 
to 249 eggs, 7.42*107 to 3 larvae, 3.84*107 to 4 pupae and 1.825*107 to 2 adults in 80 days. 
 

 
Fig. 4  Effect of the introduction of Toxorhynchites: adult, eggs, larvae & pupae and FAS 

 

VII.  DISCUSSION OF  RESULTS 
 

The results of Fig. 3 show that mosquito have the ability to multiple uncontrolably expecially if a blood meal is 
obtained  
 
The result of Fig. 4, illustrate a successful reduction of the population of mosquitoes as the predator established their 
population in the environment with the deployments of 4 fermentation attractors  within a one square kilometre area. 
 
The result demonstrates the possibility of obtaining a healthier environment with the deployment of fermentation 
attractors (FAS) and the Toxorhynchites species into the mosquito infested environments. 
 
The combination of the FAS and predator to control the mosquito population demontrates the great potential of this 
strategy to significantly reduce the mosquito life cycle stages in a reasonable number of days either short term or long 
term. This duplex approach requires fewer preditors to be deployed, reducing the resources required to achieve the 
desired result.  

VIII. CONCLUSIONS 

 
It is observed that as long as an environment is left uncared for, it will definitely become a breeding ground providing 
many mosquito hatcheries. When an environment is occupied with millions of mosquitoes, no preventive measures can 
cure or manage the mosquito pest. Therefore it is recommended that in addition to managing the environment and 
preventing it from becoming a breeding zone, a permanent control measure with a combination of Toxorhynchites 
predators and the FAS should be employed.  
 
The deployment of FAS should be encouraged in the household and outdoor environment to reduce mosquito 
population in the surrounding environment. 
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Breeding, then deploying beneficial insect predators like the Toxorhynchites will transform a hostile environment into a 
zone habitable by humans, as these predators have a great ability to control mosquitoes at low cost and in a short 
amount of time. We also advise the restoration of natural habitats that will attract the visits of important naturally 
beneficial insects. 
 
Finally patience must be exercised to breed beneficial insects as it takes several days before significant results will be 
noticed and to achieve a mosquito free environment. Any form of insecticides must be avoided in order to preserve the 
life span of the predators. The goal should be a world free of: disease vector mosquito species and chemical pesticides 

 

IX. RECOMMENDATION  

 
To minimize the mosquito-attraction into your home and your skin during the period of this experiment 

 wash regularly to reduce bacteria and propanoic acid build-up on your skin. 
 use mosquito repellents and mosquito treated nets until it is certified that the environment and homes 

are clear of mosquitoes.  

REFERENCES 
 

                                                
[1]  Facchinelli,  L., Valerio, L., Pombi, M., Reiter, P., Costantini, C., and  Della A. T., "Development of a novel sticky trap for container-breeding 

mosquitoes and evaluation of its sampling properties to monitor urban populations of Aedes albopictus", Medical and veterinary entomology 
21 (2): 183–95.2007. doi:10.1111/j.1365-2915.2007.00680.x. 

[2] Gama, R. A., Silva, E. M., Silva, I. M., Resende,M. C., and Eiras, Á. E., “Evaluation of the sticky Mosqui TRAP for detecting Aedes 
(Stegomyia) aegypti (L.) (Diptera: Culicidae) during the dry season in Belo Horizonte, Minas Gerais, Brazil”,Neotropical Entomology36 (2): 
294–302.2007. doi:10.1590/S1519-566X2007000200018.  

[3] Meeraus,W. H., Armistead,J. S., and  Arias, J. R., “Field comparison of novel and gold standard traps for collecting Aedes albopictus in 
Northern Virginia”,  Journal of the American Mosquito Control Association 24 (2): 244–248.2008.  doi:10.2987/5676.1 

[4] Nigeria Malaria Indicator Survey 2010 Preliminary Report (NMIS). Nigeria MIS Preliminary Report Final 05-12-2011.Page 1 of 25. National 
Population Commission Federal Republic of Nigeria Abuja, Nigeria. National Malaria Control Programme Federal Republic of Nigeria Abuja, 
Nigeria MEASURE DHS ICF Macro Calverton, Maryland, United States 

[5] Sofola, T.O., (2007). Household Survey for Insecticide Treated Nets (ITNs) / Intermittent Preventive Treatment (IPT) Use among Major at –
Risk Groups in Nigeria. Federal Government of Nigeria. Technical Report Federal Ministry of Health National Malaria Control Program 
Abuja, Nigeria 

[6] Faithpraise, F., Idung, J.,  Usibe, B., Chatwin, C., Young, R.,  Birch, P.,  (2014a) Natural control of the mosquito population  via Odonata  and 
Toxorhynchites. International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET). Vol. 3, Issue 5, ISSN: 2319-
8753. May 2014 

[7] National Guidelines for Diagnosis and Treatment of Malaria (NGDTM). National Malaria and Vector Control Division Abuja-Nigeria March 
2011  

[8] World Health Organization (1998). Test procedures for insecticide resistance monitoring  in malaria vectors, bio-efficacy and persistence of 
insecticides on treated surfaces. Document WHO/CDS/MAL/98.12, Geneva, Switzerland. 

[9] Corbel, V.,  N’Guessan, R., Brengues, C., Chandre , F., Djogbenou, L., Martin, T., Akogb´eto, M., Hougard, J. M., Rowland, M.,  (2007). 
Multiple insecticide resistance mechanisms in Anopheles gambiae and Culex quinquefasciatus from Benin, West Africa ACTROP1926 1–10,  
Elsevier  

[10] World Health Organization Expert Committee on Malaria. Twentieth Report. Geneva: World Health Organization, Technical Report Series no. 
892, 2000. v+7lpp. ISBN 92-4-120892-9. WHO (1996). Assessment of therapeutic efficacy of antimalarial drugs for uncomplicated malaria in 
areas of intense transmission. Geneva, Switzerland: World Health Organization. WHO/ MAIf96.1077. 

[11] Steffan, W. A.; Evenhuis, N. L. (1981). Biology of Toxorhynchites. Annual Review of Entomology 26: 159. 
doi:10.1146/annurev.en.26.010181.001111  

[12] Focks, D. A.; Sackett, S. R.; Bailey, D. L. (1982). "Field experiments on the control of Aedes aegypti and Culex quinquefasciatus by 
Toxorhynchites rutilus rutilus (Diptera: Culicidae)". Journal of medical entomology19 (3): 336–339 

[13] Goettle B. J. and Adler P. H. (1999). Elephant (or Treehole) Predatory mosquito. www.dnr.sc.gov/cwcs/ pdf/ Predmosquit (Retrieved 22/02/14) 
[14] Vagabond Journey (2014). What Attracts Mosquitoes to Humans and Tips on How to Prevent Against Being Bitten @vagabondjourney. 

http://www.vagabondjourney.com/what-attracts-mosquitoes-to-humans-and-tips-on-how-to-prevent-against-being-bitten/ 
[15] Leal, W. S., Choo, Y.-M., Xu, P., da Silva, C. S. B., and Ueira-Vieira, C. (2013).Differential expression of olfactory genes in the southern 

house mosquito and insights into unique odorant receptor gene isoforms. PNAS. vol. 110, no. 46. ISSN: 18704–18709 
[16] Syed, Z.; Leal, W. S. (2009). Acute olfactory response of Culex mosquitoes to a human- and bird-derived attractant. Proceedings of the 

National Academy of Sciences 106 (44): 18803. doi:10.1073/pnas.0906932106.  



 
 
 

        ISSN: 2319-8753                                                                                                                         
 

International Journal of Innovative Research in Science, 
Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 3, Issue 6, June 2014 
 

Copyright to IJIRSET                                                          www.ijirset.com                                                                      13730 
 

 

                                                                                                                                                           
[17] Dekker T., and Cardé, R. T. (2011). Moment-to-moment flight manoeuvres of the female yellow fever mosquito (Aedes aegypti L.) in 

response to plumes of carbon dioxide and human skin odour. The Journal of Experimental Biology 214, 3480-3494  © 2011. Published by The 
Company of Biologists Ltd doi:10.1242/jeb.055186 

[18] Hill, Sharon R.; Hansson, Bill S.; Ignell, Rickard (2009). Characterization of Antennal Trichoid Sensilla from Female Southern House 
Mosquito, Culex quinquefasciatus Say. Chemical Senses (Oxford University Press) 34 (3): 231–252. doi:10.1093/chemse/bjn080 

[19] Klassische Fehlberg, E.  (1969). Runge-Kutta-Formeln fünfter and siebenter Ordnung mit Schrittweiten-Kontrolle, Computing (Arch. Elektron. 
Rechnen) 4 1969 93-106. 

[20] Dormand, J. R. and Prince, P. J. (1981). High order embedded Runge-Kutta formulae, J. Comput. Appl. Math. 7 (1981), no.1, 67-75.  
[21] Butcher, J. (2007). Runge-Kutta methods. Scholarpedia, 2(9):3147.  
[22] Schreiber, R. (2007). MATLAB. Scholarpedia, 2(7):2929 
[23] Faithpraise, F., Chatwin, C. R., Obu, J.,  Olawale, B., Young, R. C. D. and P.M. Birch, (2014b) “Timely Control of Aphis craccivora Using an 

automatic robotic drone management system (ARDMS),”Systems Science & Control Engineering – An Open Access Journal, Taylor & 
Francis, in press  

[24] Chatfield, C., (1992). Statistics for technology: a course in applied statistics, third edition (Revised) Chapman & Hall, London, ISBN 0-412-
25340-2: pp. 327-330, 1992 

[25] Ostle, B., Turner,V. K. Jr., Hicks, C. R., and  McElrath, G. W., (1996). Engineering Statistics, the Industrial Experience,  Duxbury Press, 
United State  of America, ISBN 0-534-26538-3: pg. 161-165 .  

[26] Faithpraise, F., Chatwin, C., Obu, J., Olawale, B., Young, R., Philip Birch, P., (2014c). Sustainable Control of Anopheles Mosquito Population.  
Environment, Ecology & Management, Vol 3(1). 1-19   

[27] Faithpraise F., J. Idung, C. R. Chatwin, R. C. D. Young, P.M. Birch (2014d). “Biological Control of Taro Scarab Beetle 
(Papuanauninodis,Coleoptera: Scarabaeidae) Instars via scoliid and Voria tachinidae”. International Journal of Applied Biology and 
Pharmaceutical Technology, Volume 5, Issue 3, in press, 27th  April 2014.  July –Sept 2014, ISSN: 0976-4550.   


