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Abstract
In this paper, an agent-based model coupled with water pond dynamics was used to describe interactions
between mosquitoes, hosts, water ponds in a virtual environment taking into account climatic factors.
The objectives of the developed model were to build a virtual environment with the multi-agent platform
CORMAS containing virtual mosquitoes and its behaviors, virtual hosts and its behaviors, virtual water
ponds and its behaviors and used the data coming from interactions between virtual agents to study the
impact of animal herd mobility in search of a water ponds on the growth of the mosquito populations.
The results showed that, in the period of heavy rains, when the distance traveled by animal herd increase,
the mosquito populations also increased. The different simulations showed that the growth of the number
of mosquitoes in each water pond agent depends on the degree of animal herd mobility. The present
study provides a framework that permits the control of the dynamics of mosquito populations in the
virtual environment taking into account the mobility of animal herd and climatic factors.
Keywords: Vector-borne diseases, rift valley fever, multi-agent system, diseases modeling, agent based,
entomology modeling

1. Introduction
In Senegal, the Aedes vexans type of mosquito is responsible for the emergence and
maintenance of the virus in the inter-epizootic period via transovarial virus transmission [1] of
Rift Valley Fever in Ferlo (Senegal). Indeed, the infected female Aedes can transmit the virus
to eggs she will lay [2]. The population of Aedes, which is mostly present at the beginning of
the rainy season, declines fairly rapidly in the middle of the season to make way for Culex
which would play an amplifying role [3, 4]. Temporary water ponds are a common place
mosquitoes use for breeding sites. Climatic factors have been the impact study subject on
water ponds, mosquito populations, as well as the transmission of the Rift Valley Fever [5-7, 8].
The agent-based model has been used to model the complex environmental phenomena [9, 10],
but also in epidemiology in the field of vector-borne diseases [8]. RVF is an acute fever
responsible for premature abortion and perinatal mortality in livestock and for hemorrhagic
fever and encephalitis in humans. Indeed, veterinary offices in Kenya are the first to report
RVF among livestock in the early 1900s. Numerous epidemic/epizootic outbreaks have been
reported periodically in many African countries in the past 30 years [11, 12]. Since 2000, the
virus has been located outside the African continent, mainly in Saudi Arabia and Yemen [13]
and in Mayotte in 2008 [14]. In West Africa particularly in Senegal and southern Mauritania,
RVF epidemics do not seem to follow trends as they do in East Africa [15]. RVF is associated
with years of unusual heavy rainfall events [7]. In Senegal, many mosquito species were found
infected with the RVF virus [16]. After the RVF outbreak of 1987, entomological studies were
carried out in Senegal from 1991 to 1996 to identify the sylvatic vectors of the virus [17]. These
studies proved that the epidemiological role of mosquito species involved in the RVF
transmission cycle in Senegal is peculiar. Herd mobility plays a great role on vector bornedisease. The impact of herd mobility on dynamic transmission modeling of that vector bornedisease is a challenge of Sahelian research laboratories. Many mathematical models and agent
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based models have been the subject of research on vector
borne-disease [18]. Other scientists have worked on the
outbreak factors of the disease. Paul Python et al. [19] studied
the impact of the mobility of herds of animals on the outbreak
and transmission of Rift Valley Fever in Ferlo (Senegal), but
did not study the impact of the mobility of herds of animals
on the dynamic of population of Aedes and Culex mosquitoes.
The agent based models allows for modeling and simulation
of numerous complex phenomena [10]. These models are
increasingly used in environmental sciences [20, 21]. As of now,
very few studies have included modeling and simulation using
agent-based systems in the epidemiology of vector-borne
diseases [22]. Previous studies have suggested a correlation
between the mobility of an animal herd and the outbreak of
RVF in new areas. However no studies in this area have used
the agent based model to study the impact of the mobility of
animals on the dynamics of populations of the Aedes vexans
mosquito which is responsible for transmission of RVF. The
aim of present study is to firstly design an agent based model
coupled with water pond dynamics of mosquito-animal
interactions around ponds taking into climatic factors, and
secondly implemented the model on a multi-agent simulation
platform, CORMAS. The software interface created in the
CORMAS environment will be used to compute the number
of mosquitoes at each step of simulation as the function of the
distance cover by animal herd when they are in search of a
water pond. With obtained results we will able to study the
impact of animal herd on the dynamics of populations of the
Aedes vexans mosquito.

intelligence technology to learn and automate the procedures
and processes. A software agent is a program that is executed
in a certain environment autonomously and is capable of
making decisions based on data obtained from the
environment and from other agents. They are also
computational entities which can act on behalf of other
entities. Agent systems are self-contained software programs
possessing domain knowledge and an ability to behave with
some degree of independence to carry out actions to achieve
specific goals. They are designed to operate in dynamically
changing or unstable environments. Software agents may be
autonomous or work together with other agents. They have
the ability to act autonomously, to react to the environment
and adapt its behavior accordingly. They also have the
capability to exchange messages with each other and with the
external users and systems. Agent-based modeling belongs to
the domain of software agents that interact with each other to
create a working dynamic model of a real system.
2.3 Model structure
The general architecture (Fig. 1) of the mosquito-host
interactions in the water pond is shown in Fig. 1. In this
architecture, the Mosquito Agent represents a mosquito with
similar attributes and behaviors. The Host agent behaves
similarly as an animal such as eating habits, drinking habits.
The Water Pond agent is a zone where animals and
mosquitoes can meet. Climate Agent is a database containing
all the climatic data such as temperature, humidity,
precipitation.

2. Material and Methods
2.1. Study Area
The Ferlo zone is located in the West African Sahel between
15° and 16°30 north and 13°30 and 16° West. Ferlo extends
from the valley of Senegal River, in the north, to the limits of
edges of the peanut basin in the South, covering more than
60,000 km2. The study was conducted between the months of
June and September during the year 2010 in five particular
locations: Widou, Tessekere, Labgar, kamb, Deali. The
selection of these sites was motived by the rainfall intensity
during the month of August. The climate of the Ferlo region is
similar to much of the sahelian and characterized by two main
seasons: a dry season and a rainy season. Ferlo is endowed
with a Sahelian climate characterized with a rainy season
from June to October. In this period, the area is under the
whims of maritime influence from the deflected trade winds
and water vapor advection from the eastern Atlantic Ocean.
The mean annual rainfall there is mainly provided by squall
lines, and ranges from 300 mm to 500 mm [23]. During the
summer monsoon, a large quantity of small and temporary
water ponds are thus formed, leading to an environment
favoring in the breeding and hatching of mosquitos including
Aedes vexans arabiensis and Culex poicilipes associated with
the RVF [16, 24]. In fact, these seasonal ponds are seen as key
places where cattle and vectors meet, and, as such, become
potent sources for epidemics. In the Ferlo region, water ponds
are widely distributed, some isolated, and others organized in
clusters of all sizes. Different types of ponds exist with
different levels of vegetation [16].

Fig 1: General structure of the model. We used the unified modeling
language (UML) formalism in the representation of entities.

Mosquito Agent must search Host Agent to have a blood meal
for the fertilization of eggs. Host Agent must move on Pond
Agent to have water to drink. Water Pond Agent changes its
physiological state at each step as the function of temperature
coming from the Climate Agent.
2.2. Methods
There exist several platforms used in the implementation of
agent-based models. CORMAS [25] is an experimental
platform used to create all the agents in the virtual
environment. CORMAS provides standard libraries to support
various types of operations for agents. All Agents used in this
work are developed with Smalltalk language. It is a
simulation platform based on the Visual Works programming
environment which allows the development of applications in
the Smalltalk object oriented language. It facilitates the
construction of agent based models and the design,
monitoring and analyzing of agent-based simulation

2.2 General definitions
Software agents are computer programs that use artificial
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scenarios. CORMAS provides some interesting features for
real life applications [26]. It offers the possibility to observe
graphically the output results. The model in the CORMAS
environment consists of entities. Each entity has attributes, the
dynamic perception of the environment, an initialization
control and local control procedure for each entity, as well as
actions implemented as methods for the entity to interact with
its environment. CORMAS model has an environment
consisting of a set of cells. For the simulation, we must also
define the procedures for initialization and control for the
whole model. The different agents can then move from cell to
cell.
The proposed model has five principal agents: Mosquito,
Host, Pond, and Climate. Each agent can be identified by its
attributes and behaviors. In the description of the attributes
and behaviors of each agent, we will only focus on the most
important ones. CORMAS platform has the ability to simulate
different types of scenarios and gives the opportunity to create
the attributes and adjust the behavior of all agents. The model
of the Ferlo environment was represented by two groups of
agents: a set of mobile agents consisting of host agents and
vector agents (mosquito) and the second group consists of
water pond agents, and climate agents. At each step of the
simulation, the various agents interact and each updates its
different memory of knowledge storage. Some agents were
reactionary and others were cognitive and change throughout
their life cycle by forming a multi-agent able to virtually
reproduce the outbreak system and transmission phenomena
of the Rift Valley Fever in Ferlo, northern Senegal.









List Vecteur: list containing the number of mosquitoes at
each step of the simulation.
Water Lever: indicates the level of the water within the
pond.
Soil Type: indicates the type of soil
Pond State: indicates the state of the pond. This variable
indicates if the pond is dry or has a water.
List Climate: list containing the various values of
temperature, humidity, precipitation around each pond
List Evaporation: list containing the various daily
evaporation rate of each pond.
List Infiltration: list containing the various daily
infiltration rate of each pond.
List Run Off: list containing the various rate of water
leaving of each pond.

Behaviors
The behaviors of each pond in the agent-based model are
described by the computer program called method. The
methods used by each pond are listed as follows:
 initPont ( ) : method allowing to initialize the parameter
values of each pond at the beginning of the simulation.
 waterClimate( ): method allowing to update the climatic
parameter values of each pond.
 waterDynamic( ): method allowing to calculate at each
step of simulation the quantity of water within the pond
taking account to the water loss(infiltration, runoff,
evaporation).
This method uses the following mathematical model:
( )
= ( ) ( ) − ( ) + ( ) − ( ). ( ) − ( ). ( ) –
c.v(t) (1)
Where v(t) represents the volume of water in the pond at time
t,
a (t) represents the area occupied by water volume at time t,
( ) represents the runoff of incoming water volume at time
t,
( ) represents the runoff of outgoing water volume at time t,
p (t) represents the precipitation calculated at time t,
er(t) represents the rate of water volume lost per unit area per
day due to
evaporation,
c represents the rate of water consumption by hosts
ir(t) represents the rate of water lost per unit area per day due
to infiltration.

2.2.1 Water Pond agent
The water pond agent is the central element of the outbreak
and spread of RVF. Indeed it is the meeting place for the
animals that are in search of water to drink and mosquitoes
that must at all costs take a blood meal to fertilize their eggs.
At the beginning of the rainy season, all Pond agents are in
lack of water. As soon as the first rains fall, water ponds begin
to fill. This filling will cause the impoundment of mosquito
eggs and four days after the first rains, the first adult
mosquitoes will emerge. The filling dynamics of Water Pond
agents depends on climatic factors. Interactions between
Water Pond agent and Climate agents determine the life cycle
of mosquitoes Aedes vexans in the Ferlo region in Senegal.
Each Water Pond agents performs two major functions: a
filling function according to the water pond, and a water loss
function. The filling function is ensured by the rain that falls
directly on the ponds and also water runoff from elsewhere.
The water loss function is provided by the phenomenon of
evaporation, infiltration and water consumption by the animal
herds. The Infiltration essentially depends on the kind of soil,
resulting from the soil permeability. There are different types
of infiltration functions used in the literature [27]. Nevertheless,
it is possible to calculate the soil permeability by means
clustering of experimentation. The Evaporation takes place at
the surface of a liquid. When this happens, the average kinetic
of the liquid is lowered. It is strongly linked to the climate of
the concerned area, in our case, the Sahelian area. The amount
of consumption essentially depends on the configuration of
the different settlements around the water point and on the
size of the livestock which come to drink, the pastoralists
acknowledge.
Attributes:

Algorithm used to solve the ordinary differential equation
The dynamics of each water pond is defined as follows:
( )= ( )∗ ( )− ( )+ ( )− ( )∗ ( )− ( )∗
( )− ∗ ( )
The Runge-Kutta method is a mathematical algorithm used to
solve systems of ordinary differential equations. The general
form of the equation (1) is as follows:
v′=f (t, v) with v (t0) =v0. v is the water volume at time t
within the water pond agent.
The fourth Runge-Kutta method is given by:
vi+1 = vi + (k1+2(k2+k3) +k4)/6 and ti+1= ti +h, vi is the water
volume within water pond at the step i.
where h > 0 is a step size parameter, i=1, 2, 3... and:
k1= f (ti, vi)*h
k2 =f (ti + , vi + )*h
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Behaviors
The behaviors of each mosquito agent in the agent-based
model is described by the computer program called method.
To react with the environment, the mosquito agent uses the
following methods:
 bite Host ( ) : method allowing to sting the host and take
the blood meal. It is during that sting that the host can be
infected.
 Searching Host ( ) : method allowing to look for the host
in the vicinity of the water pond

Lay Egg ( ) : method allowing it to lay eggs.
Each mosquito agent is in direct interaction with Water Pond
agents and Host agents. The Water Pond agent serves as a
habitat while the Host agent allows her to have a blood meal
to fertilize her eggs (Fig. 2).

k3 =f (ti + , vi + )*h
k4 =f (ti + ℎ, vi +k3)*h
The Runge Kutta algorithm was used by agent water for
computing at each step i of the simulation the volume of water
within the pond. The algorithm is defined as follows: suppose
n is the number of steps.
Input: integer n;
Input: Real p, a, r_out, r_in, e_rate, i_rate, c;
/*p: precipitation, a: area occupied by water volume, r_out:
rate of outcoming water, r_in: rate of incoming water, i-are:
rate of infiltration, e_rate: rate of evaporation, c: rate of
water consumption */
Output: integer v;
Method:
v is computed at each step of the simulation
by water pond agent using the mathematical model of water
pond dynamics.
Input (n, p, a, r_out, r_in, e_rate, i_rate, c);
v = 0;
/* All water ponds were dry at the
beginning of the rainy season*/
t = 0;
for I = 1 to n
begin
k1= f (ti, vi)*h ;
k2 =f (ti + , vi + )*h;

2.2.3 Host Agent
In the Ferlo region in northern Senegal, animals like cattle,
sheep, camels and goats are infected by Aedes mosquitoes
during the rainy season from June to October each year. Each
of these animals is modeled by the Host agent.
Attributes:
 physioState: indicates the physiological state of the host.
This variable takes one of the following value at each
step of the simulation: cattle, sheep, goat, camel.
 sanitaryState: indicates the healthy state of the host. This
variable takes one of the following value at each step of
the simulation: healthy, infected and infecting.
 mobilityDegree: indicates its degree of mobility, which is
a number specifying the maximum distance from which it
can find a water pond and thereby consume the water.

k3 =f (ti + , vi + )*h;
k4 =f (ti + ℎ, vi +k3)*h;
vi+1 = vi + (k1+2(k2+k3) +k4)/6 ;
ti+1= ti +h;
print(vi);
end;
function f(Real t, Real v): return real
Return (p*a-r_out+r_in-e_rate*v-e_in*v-c*v);
end f;
Algorithm 1. Computation of water pond dynamics

Behaviors
Each Host agent unconsciously interacts with one or more
other agents in the environment, but primarily to the agent
Vector (mosquito). Each Host agent also interacts with an
agent that corresponds to each step of the simulation by
impacting the decline of the water level (Fig. 3) of the water
pond where it is located. The behaviors of each mosquito
agent in the agent-based model is described by the computer
program called method. To interact with other agents, the host
agent must run the following methods:
 search Water( ) is the method that allows it to identify a
water pond.

Water Consumption( ) is a method that allows it to
consume water.
 Move Pond( ) is a method that allows it to move in a
water pond by using a degree of mobility.

Health dynamic( ) is a method that allows it to update its
sanitary state.

2.2.2 Agent Vector (Mosquito)
The mosquito life cycle is composed of four distinct phases:
egg, larva, pupa and adult. The first three phases encompass
the immature stage. Immature mosquitoes develop in water.
After mating and blood feeding, female adults will lay eggs to
produce the next generation. The mosquito vectors of the Rift
Valley Fever denoted Aedes vexans and Culex poicilipes
follow a biological cycle taking place partly in the water.
After hatching the eggs, the larvae and pupae grow in the
water. Once fecundated, the females need a blood meal
necessary to the maturation of the eggs that will be laid on the
banks for the Aedes or on the surface of the water for the
Culex. The development duration of mosquito is about three
days in the Ferlo Region. At the end of the cycle, the
mosquito becomes capable of transmitting the virus to a new
animal if the latter is not immunized.
Attributes:
 physioState: indicates the physiological state of the
mosquito. This variable takes one of the following value
at each step of the simulation: egg, larva, pupa and adult.
 sanitaryState: indicates the healthy state of the mosquito.
This variable takes one of the following value at each
step of the simulation: healthy, infected and infecting.
 numberPond: indicates the number of the water pond
where belong the mosquito.

2.2.4 Climate Agent
In the study area, rainfall is between 300 mm and 500 mm.
The intra-annual variability is characterized by the presence
of long dry spells over five days between two rain events.The
Ferlo annual temperatures range from 21.2 °C to 36.6 °C with
an average of 29.6 °C. Maximum temperatures are observed
in May and October, and the coldest months are January and
August. The annual relative humidity average is 47% with a
maximum usually in August around 73% and a minimum in
February around 10%. Water losses due to evaporation have a
135
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monthly average of 6.4 mm / day. The climate is
characterized by the rains that start in the first or second week
of June. Rainfall reaches its maximum value in the middle of
August. In periods of dry spells, daily temperatures tend to
increase. Moisture in the area reaches its maximum value
towards the end of August. The climate agent is characterized
by the daily temperature, daily humidity and daily
precipitation.

Attributes:
 temperature: indicates de daily temperature of the day
 humidity: indicates the daily humidity of the day.
 precipitation: indicates the daily precipitation of the day.
2.2.5 Description of the flowchart of the main behaviors

Fig 2: Flowchart showing the interaction between mosquito agent and animal host agent. This flowchart also shows the behaviors of mosquito
agent.

Fig 3: Flowchart showing the interaction between mosquito agent and animal host agent. This flowchart also shows the behaviors of Host agent
136
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models to work together. A multi-agent model is a computer
program describing interactions between objects in a virtual
environment. These interactions show how the various agents
were connected. The following figure (Fig. 4) explains how
the coupled model is defined.

2.2.6 Structure of the coupling
Coupling is a measure of how strongly one model is
connected to, has knowledge of, or relies on many others
models. In software development, coupling refers to the
degree to which software components are dependent upon
each other. Coupling is also the act of joining two or several

Fig 4: Coupling of the various agents with a mathematical model allowing water pond agent to update the volume of water.

agents in dark green, host agents in yellow, the settlement
agents in black triangle (Fig. 5).In the model, several
simulations were done in 100 steps corresponding to 100 days
of the rainy season. The rainfall data of the year 2010 was
used to carry out each simulation. The rainy season of the
year 2010 started at the first week of June and finishing in
September (about 100 days). All mosquitoes at the beginning
of each simulation were as eggs. Hatching eggs of Aedes
vexans started from the beginning of the first rains of June.
Each mosquito agent in the simulation had has a lifetime
between 21 and 28 days. The various agents were randomly
placed in the environment at the beginning of the simulation.
Only Host agents moved to the water Pond, the vectors
(mosquitoes) in this model did not leave the water pond. To
study the impact of the mobility of animal agents on the Aedes
vexans mosquito populations, we carried out simulations
corresponding to five different degrees of mobility of the
animals on the respective ray of 0 km (animals receive water
and grazing in place), of 10 km, 20 km and 30 km (Fig. 7).
With 50 Aedes vexans mosquito eggs early in the simulation
from the beginning of the first rains, the onset of adult
mosquitoes is observed. By taking the blood meal during the
mobility of host agents (animals), mosquitoes can lay eggs
that turn into adult mosquitoes. The results associated with the
simulations was presented in Fig. 6 and Fig. 7. Fig. 6 shows
the various dynamics of mosquito populations as a function of
the distance that can be travel each host animal in search of
water pond. Fig. 6 shows the average number of mosquitoes
obtained as a function of mobility degree for each 100 steps of
simulation. Fig 4. Shows the coupling of an agent-based
model and a mathematical model of water pond dynamics.

1. Viruses are transmitted from mosquito to Host.
2. A blood with viruses is taken by a mosquito.
3. A mosquito needs to know the state of the pond before
the laying of eggs.

4. A host needs water coming from the pond.
5. At each step, a pond agent needs the additional value of
volume calculated by the mathematical model.

6. A mathematical model needs evaporation rate, infiltration
rate runoff value for calculate the volume of the pond.

7. A mathematical model needs the daily value of
precipitation for calculating the volume of the water
within the pond.
8. A mosquito agent needs the temperature value coming
from climate agent for hatching eggs.
3. Simulation and Results
In this section, we used the platform CORMAS for the
implementation of the agent-based model. We have chosen
the platform CORMAS because it gave the opportunity to
create, analyze and study the various links between entities of
the model. Others advantages of the platform CORMAS was
the fact that, users can execute simulations easily by just
adjusting the parameter values of the model. We created all
agents and defined interactions between them. We analyzed
functionalities of the proposed model. When agents were
created with the platform CORMAS, the source code can be
requested from the authors and used by creative Commons
copyright licenses. All the simulations used the same initial
parameter values. From the first step to the last simulation
step, one can know: number of mosquitoes for each degree of
mobility. One can also know the number of eggs laid by
female mosquitoes. After the initialization of the model,
mosquito agents was presented in red color, water pond
137
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Fig 5: CORMAS platform interface showing agents at the first step of simulation.

Fig 6: Dynamics of Aedes vexans mosquito populations during the 2010 rainy season for the degrees of mobility 0 km, 10 km, 20
km and 30 km.
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Fig 7: Average number of mosquitoes as function of degree of mobility.
[29]

have explored, analytically and through numerical
simulations, how human mobility connects spatially
heterogeneous mosquito populations, thereby influencing
disease persistence (determined by the basic reproduction
number R0), prevalence and their relationship. They used a
mathematical model to describe the interactions between hosts
and mosquitoes and not taking into account of the behaviors
of hosts contrary to our model where we built an agent based
model taking into account of the behaviors of mosquitoes and
hosts during the step of implementation. Adam et al. [26] also
used a mathematical model to investigate the role of human
movement in the epidemiology of vector-borne pathogens.
They used the multi-patch to describe the movements of
human and, in our agent based model, we used the degrees of
mobility to describe the mobility of animals. The obtained
results provide a better basis for understanding the interplay
between spatial transmission heterogeneity of Rift Valley
fever and animal mobility.

Discussion
At each step of the simulation, animals moved in search of
pasture or a water source. During the simulation, each Host
agent randomly chose an agent Water Pond located in an
environment based on the degree of mobility. We chose the
first 100 days of the rainy season period from June 2010 for
the simulation. Rainfalls of 2010 had two dry spells that go
from the 10th day and the 22th day and the 30th day to the
38th day from the beginning of the rainy season. The
advantage of these dry spells (seven successive days without
rain) for mosquitoes lies on the fact that they allowed the
desiccation of Aedes vexans mosquito eggs and will give them
the opportunity to hatch and emerge later into adult
mosquitoes. The degree of mobility in the model represents
the maximal distance that each host agent can cover from the
water pond. Upon arrival in the water pond, the animals will
be bitten by mosquitoes in order to fertilize their eggs. If any
animal did not move in each water pond, the mosquito
population will decrease due to the fact that no eggs will be
fertilized, and therefore cannot hatch. For the simulation
corresponding to the mobility of animals within the perimeter
of the neighboring water ponds of their settlement (0 km )
after a 100-day period, the maximum number of mosquitoes
observed was 35 (Fig. 6). For respective degrees of mobility
of 10 km, 20 km, and 30 km, the maximum number of
mosquitoes obtained after a simulation of 100 days was
respectively 103, 155, 168 (Fig. 6). We can say that when the
degree of mobility grows, then the dynamics of the population
of Aedes vexans mosquitoes also grows (Fig. 7). Each
mosquito agent did not leave the water pond environment and
therefore cannot come into contact with animal agents if
unless the latter was in constant mobility in search of pasture
or water to drink. The dry spells being strategic periods for
laying eggs and dryness for Aedes vexans mosquitoes. Results
that we obtained confirm the fact that if we reduce the scope
of movement of herds of animals, the number of Aedes vexans
mosquitoes will drop, resulting in a decrease in the number of
infections of the Rift Valley Fever [27, 28]. Acevedo MA et al.

Conclusion
In this paper, our contribution was firstly to build an agent
based model describing interactions and behaviors in an
virtual environment where they was mosquitoes, animals,
climate and ponds. The mathematical model of water pond
dynamics coupled with pond agent and climate agent was
helped to observe and analyzed the various physiological
stage of mosquito populations. Secondly we created a virtual
environment using the multi-agent platform CORMAS which
can help to perform the various point of view in the mosquito
control. The code source that we have created could help in
other scientific domain to study the impact of climate changes
in the increase of mosquito populations.
This work allowed us to show that the abundance of Aedes
vexans mosquitoes is also related to the mobility of animal
herd. The results show that the growth of infections due to
Aedes vexans mosquitoes during the rainy season is
conditioned by the maximum distance that a host animal in
search of water and pasture can cover. The developed model
139
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showed that if we reduced the mobility of the animals during
the rainy season, the population of Aedes vexans mosquitoes
will decrease and the number of infections caused by Rift
Valley Fever will also decrease. This agent-based model of
Aedes vexans gives the ability to simulate the behavior of
mosquitoes taking into account environmental factors, as well
as the control of the movement of animals. The developed
model allows us to better understand the relationship between
rainfall pause, Aedes vexans mosquitoes and mobility of host
animals.
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