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This paper examined the possible breading space of tsetse flies in Ikom Local Governement
Area and it’s environs in Cross River State, Nigeria, using remote sensing and geographic
information system techniques. The study used supervised classification techniques with
maximum likelihood algorithms to classify the satellite imagery in to four categories as
vegetation—agriculture, water bodies, built-up lands, and other land uses and digitized all the
rivers on the imagery as polylines. A buffer operation of 1km away from the digitized area
was done; an overlaid analysis was carried out on the buffered operation and the classified
image, so as to analyze the probability of breeding of the tsetse flies on each parcel of land.
The study grouped the possible breeding sites of the tsetse flies into three; most probable,
moderately probable and less probable breeding space. Result of the findings reveals that
48.496 Hectares (24.64 %) is most probable for tsetse flies to breed on, 107.54 hectares
(54.24 %) is moderately probable, and 42.231 Hectares (21.3 %) is less probable. Based on
the findings of the study it’s apparent that Ikom Local Governement Area and it’s environs
provide a good breeding space and habitat for tsetse flies, it becomes imperative for all
stakeholders in the control and eradication of tsetse flies, to work towards its total eradication

in the area.

1. INTRODUCTION

Tsetse flies (Glossina spp.) are a family of bloodsucking
Dipteran insects of Africa. They are very common in tropical
and subtropical regions south of the Sahara. They are vectors
of human and veterinary trypanosomiasis (sleeping sickness)
and this makes them one of the most harming pests in Africa,
especially for cattle [1]. Their distribution and prevalence are
most influenced by spatial factors such as climate, vegetation
and land utilization [2]. According to Junquera [1] there are
about 30 species of the genus Glossina, each one with a
different distribution and prevalence, whereby various species
can share a common environment.

Tsetse flies live in areas that provide ideal conditions for
every stage of their life cycle. Precisely, tsetse flies live in
habitats that provide shade for developing puparia and resting
sites for adults [3]. Tsetse are characterized with a low
reproductive rate giving birth to one larva by the mature
female adult after one to nine days of egg deposition in the
uterus. The larva burrows into the ground from where it
pupates within a few hours without any feeding at all. The
pupa transforms itself into a live adult fly from beneath the soil
layer after 30 days [4]. The adult fly takes 12 to 14 days to
mature in preparation for mating. Like most of insects, tsetse
flies have a life cycle which is constituted by four major stages
(i.e. egg, larva, pupa and adult). The key difference is that for
the tsetse fly, the egqg is simply deposited and held in the uterus
of the mother fly until it is converted into a larva. Itis the larva
that is released from the mother fly and buries itself in the sub-
soil. The process of converting from larva into pupa is done
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within the sub-soil. The pupa will hatch into an adult and then
exit the sub-soil onto the surface [4].

Tsetse flies are a class of insects that are very sensitive to
environmental changes and ecological instability [5]. This
implies that tsetse flies are found in ecologically suitable
habitats which have the necessary temperature; humidity and
vegetation cover [4, 6]. Generally, tsetse thrives best in areas
with mean annual temperatures of 19-30 °C. Temperatures
below 19 °C will slow down tsetse activity and general
physiology [5]. Such unfavorable conditions will prevent the
tsetse from flying and carrying out normal life functions. The
tsetse will be unable to move to find a host for a blood meal,
leading to its starvation [7]. Under extreme temperatures of
below 100C, tsetse will die within 3 hours of exposure [3].

The main habitats of tsetse flies are local patches of dense
vegetation along banks of rivers and lakes in arid terrain, and
also in dense, wet, heavily forested equatorial rainforest. Many
tsetse flies hide in holes in the trunks of trees and between
roots and they spend most of the day at rest in shaded places
in forested areas [4]. When tsetse flies are on the move, they
are searching for hosts from which to take a blood meal or for
resting places partly or wholly by sight [8-9].

Tsetse are biological vectors of trypanosomes meaning that
tsetse, in the process of feeding, acquire and then transmit
small, single-celled organisms called trypanosomes from
infected vertebrate hosts to uninfected animals [4]. Some
tsetse-transmitted trypanosome species cause trypanosomiasis,
an infectious disease. In humans, tsetse transmitted
trypanosomiasis is called sleeping sickness while in animals
it’s called nagana, souma, and surra according to the animal



infected and the trypanosome species involved, although the
usage is not strict and nagana is occasionally used for any form
of animal trypanosomiasis. Trypanosomes are animal
parasites, specifically protozoa of the genus Trypanosoma [3].

Tsetse flies (Glossina spp.) are distributed over a large part
of sub-Saharan Africa (about 107 KM2) and are the common
vectors of the trypanosome that causes serious disease in both
livestock and humans [10]. Trypanosomiasis is considered a
neglected tropical disease associated with an agriculture loss
of up to US$4.5 billion per year, with as many as three million
cattle dying each year worldwide [11, 12]. Furthermore, about
60 million humans are at risk of contracting the disease and
more than 10,000 cases are reported each year across Africa
[13-14].

Lillesand et al. [15] in their book "Remote Sensing and
Image Interpretation” defined "Remote Sensing as the science
and art of obtaining information about an object, area, or
phenomenon through the analysis of data acquired by a device
that is not in contact with the object, area, or phenomenon
under investigation." typically from aircraft or satellites.
Geographic Information System (GIS) and remote sensing are
precious instruments to assist health researchers in
management, planning, monitoring and evaluation for disease
in an area. GIS has been defined as the science and technology
related to the gathering, storage, manipulation, analysis and
visualization of geo-referenced data [16].

Several researches have been done on vectors breading
space, their diseases and control such as; Elias and Tim-
Robinson study on GIS and multiple-criteria evaluation for the
optimisation of tsetse fly eradication programmes [17].
Mugenyi studied the spatial distribution of tsetse (Diptera:
Glossinidae) within the trypanosoma brucei rhodesiense focus
of Uganda [18]. Palaniyandi examined the role of remote
sensing and GIS for spatial prediction of vector-borne diseases
transmission [19]. Cecchi, Mattioli, Slingenbergh and Rocque
study focus on land cover and tsetse fly distributions in sub-
Saharan Africa [20]. Pagabeleguem, Ravel, Dicko, Vreysen,

Parker and Takac examined the influence of temperature and
relative humidity on survival and fecundity of three tsetse
strains [21]. Bouyer, Dicko, Cecchi, Ravel, Guerrini, Solano
maped landscape friction to locate isolated tsetse populations
that are candidates for elimination [22]. Tirmizi and Tirmizi
looks at GIS based risk assessment of oil and gas infrastructure
in Sindh, Pakistan [23]. Ngonyoka, Gwakisa, Estes, Nnko,
Hudson and Cattadori assessed the variation of tsetse fly
abundance in relation to habitat and host presence in the
Maasai Steppe [24]. Alderton, Macleod, Anderson, Palmer,
Machila, Simuunza, Welburn, and Atkinson studied the agent-
based model of tsetse fly response to seasonal climatic drivers:
Assessing the impact on sleeping sickness transmission rates
[25]. Onyekwelu, Ejezie, Eze, Ikekpeazu, Ezeh, and Edeh,
surveyed the prevalence of trypanosome infection in tsetse
flies from Oji River and Emene axis of Enugu State, Nigeria
[26]. However, none of these studies look at the application of
remote sensing and GIS to predict probable breading habitat
for tsetse flies.

The use of out-dated maps for decision support has presents
challenges in the quest to break the trypanosomiasis
transmission chain [27]. Thus, in view of the various menace
caused by the tsetse flies to human and animals, its control is
imperative. Knowledge of background information such as the
possible land area as well as extent of its breeding space is
essential in planning for the control and eradication of the
tsetse fly and the disease it cause. This is essential because it
will aid the researcher examine the area and adopts the best
possible method for the total eradication of the tsetse flies in
that area. To this end this study uses remote sensing and
geographic information system techniques, to examine the
possible breading space of tsetse flies in Ikom Local
Governememnt Area (LGA) and its environs in Cross River
State, Nigeria.

2. STUDY AREA
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Figure 1. Cross River State showing Ikom LGA source: Cross River State ministry of land and survey (2014)
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Ikom Local Government Area is one of the 18 LGAS in
Cross River State, Nigeria. Its headquarter is in the town of
Ikom, Ikom Local Government Area falls between Latitudes
597N to 626'N of the equatorial plane and Longitudes
824'E to 848'E of the Greenwich Meridian as shown in
Figure 1. It is located at the rain forest vegetation belt of
Nigeria, and has an area of 1,982.67 km=and a population of
162,383 as at the 2006 census [28]. Ikom LGA belongs to
tropical rainfall belt where rainfall is usually seasonal and at
times very heavy. Humid tropical climate of about 1300 to
3000 mm rain fall and 30 <C mean annual temperatures prevail
over Ikom LGA and it’s environs in Cross River State. The
vegetation ranges from mangrove swamps to rainforest. The
map of Nigeria showing the location of Ikom LGA is
presented in figure 1.

3. METHODOLOGY

Materials: A personal computer equipped with the Arc GIS
10.5 package software.

Data: Nig sat X imagery of 2013 with a spatial resolution of
22 meters of the study area was acquired from Nigerian Space
Reseach and Development Agency (NASRDA).

Criteria: the study groups the possible breeding space of
the tsetse flies into three; most probable, moderately probable
and less probable breeding space. The vegetation area within
1km of rivers marshy areas are termed most probable breeding
space, this is because the vegetation in that area are denser and
the soil moist provides good shades which is an excellent
habitat for the tsetse, and home for most wild animals in which
the tsetse found as source of food. Other vegetation area within
the study area will be termed moderately probable breeding
space, as they also provide shades and moist soils for the flies
to reproduce. Other land uses within the area will be termed
less probable breeding space, since there are chances of them
breading under log of wood within residential area and stones.

Procedure: Mather considered classification to be the
process of pattern recognition of the pattern associated with
each pixel position in an image in terms of the characteristics
of the objects or materials present at the corresponding point
of the Earth’s surface [29]. Its major functions are spatial,
spectral and temporal pattern recognition [30]. Maximum
likelihood classification algorithm was used. This is the
process of assigning individual pixels of a multispectral image
to categories, generally based on spectral characteristics of
known parts of an image scene. It involves training the
computer to make some interpretative decisions in a less
biased way. The intent of the classification process is to
categorize all pixels in a digital image into one of several land
cover classes, or “themes”. This categorized data may then be
used to produce thematic maps of the land cover present in an
image. The objective of image classification is to identify and
portray, as a unique gray level (or colour), the features
occurring in an image in terms of the object or type of land
cover these features actually represent on the ground.

The standard image processing techniques such as image
extraction, rectification, restoration, and classification were
applied in the study. The Nig Sat X imagery was used to create
a False Colour Composite (FCC). Training polygons were
chosen from the composite image and corresponding attribute
data was obtained in the field using GPS. Based on these,
signatures were produced, corresponding to various land
features; image classification was done using the Maximum
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Likelihood Classifier. The images were classified into four
broader categories as vegetation—agriculture, water bodies,
built-up lands, and other land uses, as shown in Figure 2. All
the rivers on the satellite imagery were digitized as poly-lines,
this was to enable it to convert the raster area of the rivers in
to vectors form, for the purposed of easy buffering. A buffer
zone of 1km away from the digitized area was created so as to
be able to determine the most probable breeding area extend.
An overlaid analysis was carried out on the buffered operation
and the classified image, so as to analyze the probability of
breeding of the tsetse flies on each parcel of land. The results
of the study are presented as image maps and tables.

3.1 Results presentation

Table 1. Land Use Land Cover Distribution of the study area

Land Used/ C over Area (Hectares) Percentage
Categories
Vegetation 148.343 748 %
Water Bodies 7.693 3.88%
Built-Up Area 3.469 1.75 %
Other land Used 38.762 19.55 %

Table 2. Tsetse flies probable breading space distribution

- Land Area
Probability (Hectares) Percentage
Ml\‘jlsg di';‘;?;b'e 48.496 24.64 %
Pmbabley 107.54 54.24 %
0,
Less Probable 42.231 21.3%
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Figure 2. Classified image of Ikom LGA and environs
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Figure 3. Tsetse flies breeding space probability map
3.2 Discussion of results

From the classified image in Figure 2, the area highlighted
as vegetation-agriculture, water bodies, built-up lands, and
other land use were computed and tabulated accordingly for
further analyses as shown in Table 1. The results of the studies
from Table 1, shows that vegetation covered an area of
148.343 Hectares (74.8 %), the implication is that vegetation
dominates the land cover of the study area, providing a good
home for wild animals and a breeding space and habitat for the
tsetse flies while water bodies cover an area of 7.693 Hectares
(3.88 %), thus implying that there is enough water for the wild
animals and the vegetation to thrive as well as providing good
moist soil for the breeding of the tsetse flies. However,built up
area covered an area of 3.469 Hectares (1.75 %), this shows
the extent of land development in the area, distorting the
natural breeding space of the tsetse flies, making breeding in
such areas difficult for the flies. Other land uses covered an
area of 38.762 Hectares (19.55 %).

Further analysis on the probability of breeding space of the
tsetse flies revealed that 48.496 Hectares (24.64 %) of the area
is most probable for tsetse flies to breed, depicted by the dark
green color area in Figure 3, computed and tabulated
accordingly as shown in Table 2. This implies that the chances
of the flies breeding in 48.496 hectares are very high since the
area provides an excellent breeding space for the flies. 107.54
hectares (54.24 %) of the area is moderately probable for the
tsetse flies to breed, this is depicted by the olive green color in
Figure 3, and implies that the area provides not only a fair
chance for the flies to breed but served as a good habitat for
them, hence, there are good chances of them breeding in such
areas. The 42.231 Hectares (21.3 %) of the land area is less
probable for the tsetse flies to breed on, which is depicted by
the yellow color in Figure 3, and implies that breeding in such
areas is very difficult for the tsetse flies, as a result of human
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activities and the absence of conducive environment for the
flies to thrive and breed. A composite map showing the final
probability of breeding space for the tsetse flies in Ikom LGA
and it’s environs is as shown in Figure 3.

Anderson (2002) noted that since planning is an act of
preparation for future action, availability of background
information constitutes a major preliminary exercise in the
planning process [31]. It is also pertinent to note that one
essential pre-requisite of any planning exercise is a clear
understanding of the existing condition in a given area. Hence,
availability of background information such as this is essential
for the control and eradication of tsetse flies in any area.

4. CONCLUSIONS

This study was formulated to examine probable tsetse flies
breeding space, showing areas most probable, moderately
probable and less probable for tsetse flies to breed. Based on
the findings of the study it’s apparent that Ikom LGA and
environs provide a good breeding space and habitat for tsetse
flies, hence people and animals in the area are in danger of the
vector diseases caused by tsetse flies. Thus, based on the
breeding space probability map produce in Figure 3, it will be
desirable for all stakeholders in the control an eradication of
the flies to use it for the planning of various control measures
towards the total control and eradication of the flies in the
study area.
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