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Intoduction

Aquaculture is the fastest growing animal food 
production sector in the world, and is assuming 

the main provider of aquatic animal food for human 
consumption (Ottinger et al., 2016). Aquaculture and 
wild capture fisheries supply the world with about 
148 million tons of fish valued at US$ 217.5 billion 
(GET, 2013). It accounted for 25.7 percent of the to-
tal fish supply for human consumption in the year 
2000. This increased to 46.8 percent in the year 2016 
(FAO, 2018). The production capacity of aquaculture 
varies from country to country, based on available 
technologies, specialties and management plans put 
in place. China is the largest producer of aquaculture 

products in the world (FAO, 2014). The other three 
countries that follow China in the rank are India, Vi-
etnam and Indonesia. 

Notwithstanding the expansion in aquaculture pro-
duction, in comparison to other sectors of the world 
food economy, the aquaculture sector is usually poorly 
planned and neglected by all levels of the government 
(Costa-Pierce, 2010). In Africa, despite 40 years of 
research, development, and money spent, aquacul-
ture is still struggling to realize its high biophysical 
potential (Brummett et al., 2008). Nigeria has huge 
potentials for aquaculture business and there is an 
increase in the involvement of Nigerians in the sec-
tor. Notwithstanding the contributions of Nigerians 
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in the sector, evident from an increase in aquaculture 
farmers from 5 percent to 20 percent between 2001 
and 2011, Nigeria is still not on the list of the largest 
producers of fish (Richard and Ogba, 2016). 

Nigeria is rich in water resources, with a lot of wa-
ter bodies that can support aquaculture, especially the 
Niger Delta region which has many river networks 
which can provide suitable sites for aquaculture de-
velopment (Aguilar and Nath, 1998; Richard and 
Ogba, 2016). Fish farming being a profit yielding 
business has provided direct and indirect benefits to 
the population which is being realized in terms of 
generating thousands of employment opportunities 
with relatively low environmental impacts (Michael, 
2014) and enhanced socio-economic status of farm-
ers (Oluwasola and Ajayi, 2012). One major produc-
tive and profit-oriented sector in Nigeria after oil is 
aquaculture enterprise, which in return contributed 
immensely to the Gross Domestic Product of 4.4 per-
cent (Thompson and Mafimisebi, 2014). 

Cage culture can be established in any suitable body 
of water, including lakes, ponds, mining pits, streams 
or rivers with good water quality (Masser, 1988). This 
flexibility makes it possible to exploit underutilized 
water resources to produce fish. Relative to the cost 
of pond construction and its associated infrastruc-
ture, cage culture on an existing water body can be 
less expensive (Masser, 1988; Piccolotti and Lovatelli, 
2013). Establishing a Tilapia cage culture must follow 
a careful evaluation based on a feasibility study that 
considers various aspects of the proposed location. To 
be compatible with an environment, the specie must 
find the right conditions which meets its physiologi-
cal requirements for survival. 

Site suitability in a Geographic Information Systems 
(GIS) context is a process used to determine the ap-
propriateness of a given area for a particular use (FAO, 
1976). The basic premise of GIS suitability analysis is 
that each aspect of the landscape has intrinsic charac-
teristics that are to some degree suitable or unsuitable 
for the activities being planned. Model inputs include 
a variety of physical, cultural and economic factors. 
The results are often displayed on a map that is used to 
highlight areas of high to low suitability. A GIS suita-
bility model typically answers the scientific question, 
“where is the best location?” (Njoku and Alagbe, 2015).

The main problem in selecting suitable sites for Tila-

pia farming is the lack of baseline information about 
physicochemical and topographic conditions and 
existing land-use patterns. Site selection processes 
that affect suitability for the intended purpose is es-
sential for Tilapia farming development (Hossain et 
al., 2007). Inappropriate land use for Tilapia farm-
ing without considering necessary factors can lead to 
devastating yields, misuse of natural resources, degra-
dation of the environment and other social conflicts 
(Giap et al., 2005). To alleviate these potential prob-
lems, suitability evaluation can be used to predict site 
performance on the basis of its attributes by using a 
variety of analytical models (Hossain et al., 2007).

Site selection or site suitability evaluation is a prereq-
uisite for the success and sustainability of any aqua-
culture development (Hadipour et al., 2014, Hossain 
and Das, 2010). It is an innovative technology in in-
dustrial fish production that helps reduce the resource 
constraints and socio-environmental impediment to 
commercial aquaculture (Klinger and Naylor, 2012). 
The right selection of a site has influence not only 
in the potential of the activity but also in the social, 
environmental and economic sustainability of the 
agro-business. Notably, not all ponds or water bodies 
are suitable for cage culture of fish and many failures 
in cage production have occurred because of poor 
site selection. Technological advancement has been 
introduced to effectively establish and manage aq-
uaculture especially with the recent introduction of 
GIS and remote sensing technologies ( James and 
Jose, 2007). 

GIS is increasingly becoming an integral component 
of natural resource management worldwide (Nath et 
al., 2000; Ross et al., 2010). The deployment of geo-
spatial techniques for spatial decision support in aqua-
culture, however, continues to be low, although there 
are indications that the tools are receiving attention 
(Nath et al., 2000) as reported in some literatures. GIS 
multi-criteria evaluation (MCE) methods have been 
applied for aquaculture studies with considerations to 
human resources, physical characteristics, econom-
ics, markets and sociocultural resources (Salam et al., 
2002). FAO used a MCA model that related soil type, 
precipitation, evapotranspiration, seepage, slope, agri-
cultural activities, animal husbandry activities, human 
population, roads, market size and temperature to es-
tablish fish production parameters (Aguilar and Nath, 
1998). Also, Hadipour et al. (2014) presented a GIS 
MCE model using the analytical hierarchy process 
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(AHP) method to identify the most suitable sites for 
shrimp farming development in Hormozgan, Iran.

This study thus aimed to execute a GIS site suitabili-
ty assessment for Tilapia cage culture in Cross River 
State, based on specific criteria. The suitability criteria 
were firstly determined to guide the selection of the 
most suitable sites for Tilapia cage culture using a mul-
ti-criteria technique. The outcomes of the study would 
be of interest to government agencies responsible for 
promoting and monitoring aquaculture development 
and to individual investors wishing to identify suitable 
sites for Tilapia cage culture. It also provides baseline 
methodology to assist planners and future research-
ers for site selection in aquaculture development.

Materials and Methods

Location 
The location of this study is Cross River State, Nige-
ria. It is a coastal state in the south-eastern region of 
Nigeria, named after the Cross River, which mean-
ders through the state. Located in the Niger Delta, 
Cross River State occupies 20,156 square kilometers. 
It shares boundaries with Benue State to the north, 
Ebonyi and Abia States to the west, to the east by 
Cameroon Republic and to the south by Akwa-Ibom 
State and the Atlantic Ocean. The capital of the state 
is Calabar and there are 18 Local Government Are-
as (LGAs) in the state. In the 2006 population and 
housing census, according to the National Population 
Commission (NPC), Cross River State was made up 
of 1,471,967 males and 1,421,021 females. Figure 1 
shows the administrative boundaries of the state as 
well as the rivers that meander across the state from 
Yala and Obanliku in the north to the creeks that 
empty into the Atlantic Ocean in the southern por-
tion of the state. The Cross River, a fresh alluvial river, 
is a major river in Nigeria and is a major considera-
tion in this study. Also, is the Calabar River which is a 
tributary of the Cross River and the Great Kwa River 
which forms a part of the Cross River estuarine com-
plex that discharges into the Atlantic Ocean.

Data types and sources
Data were sourced essentially from secondary sources 
as shown in Table 1. State and LGA boundaries as 
well as locations of communities were collected from 
the Office of the Surveyor General of the State. The 
Digital Elevation Model (DEM) of the area was ac-
quired from United States Geological Survey (USGS) 

elevation data which was processed to derive the el-
evation and slope of the area. Further, Landsat 8 sat-
ellite imagery of December 2017 was acquired from 
the Land Look platform. The imagery was classified to 
derive the varying land uses within the area. Also, the 
road data was acquired from onscreen digitizing on 
the Google Earth platform. For the population data, 
the NPC census data of the 2006 was adopted. Also, 
average rainfall and temperature data were collected 
from Climatedata.org and compared with the data 
from Nigerian Meteorological Agency (NIMET) 
Seasonal Rainfall Prediction – SRP (2017).

Figure 1: Map of Cross River State.

Cartographic model
Cartographic modeling is a process of organizing 
basic analytical operations in a logical sequence such 
that the output from one is the input to the next. In 
this study, the cartographic model in Figure 2 shows 
the step-by-step procedures of combining declared 
data (layers) to identify the most suitable locations for 
Tilapia cage culture on all the rivers in Cross River 
State. It depicts the datasets used, processes applied 
and results obtained. The process, as adapted from 
Njoku and Alagbe (2015), begins with collecting 
needed data for the assessment through from primary 
or secondary sources, expert judgment and literatures. 
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Table 1: Summary of data sources, criteria and threshold for siting tilapia fish cage culture.
S/n Criteria Unit Most Suita-

ble (I)
Moderately 
Suitable (II)

Not Suitable 
(III)

Data Sources

A Location Attributes
1 Adjacent land area Sqm >150,000 150,000 <150,000 Landsat imagery
2 Water surface area Sqm >6070 6070 <6070 Landsat imagery
2a Water surface width Meter >300 <200 Landsat imagery
B Weather variables  
3 Average temperature oC  21 - 35     NIMET-SRP, Climatedata.org 
4 Average precipitation 

(Rainfall)
Millimeter >= 1500 <1500 NIMET-SRP

C Topography  
5 Slope % 0 to 5 5 to 15 >15 USGS elevation data processed 

with TCX Converter
6 Elevation Meter <20  >20 USGS elevation data processed 

with TCX Converter
D Anthropogenic activities  
7 Distance to population 

density
Persons/
Sqkm

<1000 1000 to 1500 >1500 National Population Commission

8 Distance to built-up areas Kilometer <1000 >1000 Spatial measurements
9 Distance to access road Meter <500 500 to 1000 >1000 Spatial measurements
10 Landuse type Grassland,

Light forest
Paddy culti-
vation

Forest, Swamp, 
Plantation, Sand 
Sedimentation.

Landsat imagery/ field observa-
tion

Figure 2: Cartographic model.

Site selection criteria
Different sites may be adapted to cage culture. Po-
tential sites include lakes, reservoirs, ponds, quarries, 
rivers and streams. There was no random earmarking 

of sites before commencement of the process. Instead, 
the process availed the most suitable sites based on 
a series of single and multi-criteria assessments. The 
assessment was not particular to any of the rivers such 
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as the Cross River, Calabar River and the Great Kwa 
River.

The most important factors influencing site suitabil-
ity for Tilapia cage culture provided the basis for the 
assessment. Practical selection criteria and ranges of 
data were established for site evaluation. Threshold 
values relating to different levels of suitability for each 
criterion were defined mainly through adaptations of 
criteria used in previous related studies. Criteria adap-
tations were compiled from earlier studies of Masser 
(1997), Ragbirsingh and De Souza (2005), Hossain 
et al. (2007), Kasozi et al. (2016) and Masuda et al. 
(2004). Other criteria considerations were adapt-
ed from Ssegane et al. (2012) who considered water 
temperature, terrain slope, potential farm gate sales, 
access to local and regional markets as factors and so 
on. Also from Hossain et al. (2007), who adopted the 
valuation of water and soil quality, topography, infra-
structure and socio-economic factors; as well as Asse-
fa and Abebe (2018), who considered biophysical and 
socioeconomic indicators. Criteria were also adapted 
from Ogunlade (2020) whose study examined the in-
terplay between land cover/land use and slope in site 
suitability and Hunter (2009) who adopted cage site 
suitability, particulate dispersion, sensitivity biodiver-
sity indicators and visual landscape capacity. Table 1 
is thus a summary of criteria and threshold adopted 
for selection of Tilapia fish cage culture sites in Cross 
River State, as well as data sources for each criterion. 

Data analyses techniques
The criteria considered were analyzed individually 
and further subjected to a MCE process. The eleva-
tion, slope, land use, population density, rainfall vol-
ume, temperature, distance from built-up areas and 
roads, as well as river width criteria were analyzed us-
ing the ArcMap software.

To derive the DEM, the elevation data was interpo-
lated with the Inverse Distance Weighting (IDW) 
technique and further reclassed to 15 classes to ac-
commodate the multiple elevation system in Cross 
River State. The elevation data was measured in me-
ters. Similarly, the slope information was derived from 
the DEM using the slope tool. The slope derived was 
re-classed into 10 classes and measured in percent-
age. For both the elevation and slope classification 
process, the natural breaks classification method was 
adopted.
Based on the Landsat imageries acquired, the super-

vised classification process availed the various land 
use classes in the State. The reflectance signature of 
the land use characteristics aided in the signature 
training for the classification. Ten different land 
use classes were determined. Specifically, farmlands, 
shrubs, bare lands and light forests which are more 
suitable adjourning land areas to river sites for Tilapia 
cage culture were grouped as one class for easy MCE.

Further, the population data was interpolated using 
same IDW to derive a population density map. The 
surface raster derived was reclassified to provide dis-
tinct classes that allowed for a vector suitability as-
sessment. The raster was reclassified into 9 classes and 
further polygonised. Similarly, the average rainfall 
and temperature data values were also interpolated to 
make for representative coverage of the State. Both 
datasets were also reclassified into 9 classes.

To accommodate the least size of 6070 square meters 
(80 m by 70 m) stipulated in Table 1 as suitable size 
for the Tilapia cage culture activity, the width of the 
river must not be less than 300m. To achieve this, lines 
were digitized across the river portions with lines that 
measured less than 300m were excluded. Also, mul-
tiple ring buffers were created around built-up areas 
(extracted from the land use map) and roads data to 
include areas less than 1000m and 500m respectively. 

Single and multi-criteria query 
Single criteria queries were carried out to determine 
the most suitable sites for each of the criteria. The que-
ries were executed based on the criteria and threshold 
for siting a Tilapia aquaculture farm given in Table 1. 
The analyses were done using the Structured Query 
Languages (SQLs) shown on the cartographic model 
(Figure 2).

The final process in determining the most suitable 
sites for Tilapia cage culture sites was the multi-crite-
ria spatial queries executed on an overlay-by-union of 
the all the datasets extracted from the single criteria 
queries. Prior to the final overlay, the overlay by in-
tersection process of the rivers and the suitable sites 
from built-up areas and roads provided the suitable 
sites on the rivers from roads and built-up activities. 
A multi-criteria query on all the overlaid datasets 
using the SQLs (see process in Figure 2) returned 
the most suitable sites for Tilapia cage culture in the 
state.
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Figure 3: Elevation of Cross River State.

Elevation criterion
The elevation map (Figure 3) shows that the high-
est elevations in the State are in Obanliku LGA with 
elevations as high as 1876 m above mean seal level 
(AMSL). Obudu and Boki also showed high eleva-
tions as well as Akamkpa. The southerly areas close to 
the estuarine and areas at the edge of the Cross River 
have low elevations less than 10 m AMSL. Eleva-
tions adopted as suitable (<=20 m) are visible along 
the course of the Cross River.

Slope criterion
As shown in Figure 4, Obanliku, Akamkpa, Boki and 
Obudu LGAs have the highest slope percentages 
with values ranging from 35 percent to 87 percent. 
The areas with lesser slope percentages such as Cal-
abar South, Odukpani, Biase, Abi, Yakurr, Ikom, etc. 
have values less than 35 percent and some afore-men-
tioned areas as low as less than 5 percent. In this se-
lection process, the slopes with percentages less than 
or equal to 5 were considered. These areas were iden-
tified mostly at the western corridor of the State as 
well as in Ikom, Etung and Akamkpa LGAs.

Landuse criterion
Figure 5 shows that the forest reserve covers as much 
as a third of the area. Other land uses identified in-
clude plantations of palm, gmelina and rubber. The 
mangrove and swamp forests are more prevalent in 
the southern axis. For most other parts of the state, 
the land cover is a mix of farmlands, light forests, 
shrubs and bare lands. Because of the need to have a 
usable adjacent land by the suitable portion of water, 
it became necessary to assess these land use character-
istics. As specified in Table 1, areas such as reserved 
forest, swamps, mangroves and plantations are not 
suitable in the selection process. Also, spots identified 
to be portions of sand sediments on the water body 
were also avoided. Built-up areas were also consid-
ered and portions of the rivers at a range of 1000 
m from human built-up activities were considered 
suitable. 

Figure 4: Slope of Cross River State.

Population density criterion
As shown in Figure 6, the locations with high pop-
ulation densities, more than the stipulated standard 
are Calabar Municipality and Calabar South LGAs. 
These areas have more than 958 persons per square 
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kilometer. The map (Figure 6) shows the spatial dis-
tribution of population in the state. Obviously, there 
is more density of people in the capital city, a teeming 
population which is not suitable to be in proximity of 
a Tilapia aquaculture. This density however lightens 
out farther away. 

Figure 5: Land use land cover of Cross River State (2017).

Rainfall volume and temperature criteria
Figure 7 shows the output of the rainfall coverage 
analysis. Rainfall volume is high in the area with every 
LGA getting a fair share of the precipitation. How-
ever, the lowest rainfall volume was recorded in Boki 
LGA with between 1180 to 1514 mm per year. This 
is the only area revealed not suitable for Tilapia aqua-
culture in the State. The other areas have rainfall vol-
umes, higher than the prescribed 1500 mm, enough 
to replenish the water bodies, with the southern axis 
(Calabar South, Calabar Municipality, Akpabuyo and 
Bakassi) recording the highest precipitation in the 
State.

Also, the temperature assessment shows that every 
location in the State is within the stipulated temper-
ature range of 21oC to 32oC. The highest mean tem

Figure 6: Population density of Cross River State (2006).

Figure 7: Average rainfall volume of Cross River State (2017).
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Figure 8: Average temperature of Cross River State (2017).

Figure 9: Suitable River width lines.

peratures were visible in the central parts of the state 
as well as the north western corner. Parts of Obudu 
and Obanliku LGAs, as seen on Figure 8 have the 
lowest mean temperature value of 24.7oC to 25.4oC. 
It is proven that temperature affects fish metabolism, 
enhancing or retarding their growth. Although it is 
unlikely to kill them, except at extreme temperature 
regimes, which is rarely the case in Cross River State. 
Tilapia production is sometimes constrained in its 
current areas of production by temperature. Some 
species such as Tilapias and striped catfish are more 
likely to be affected by weather conditions as demon-
strated by the huge loss of Tilapia during particularly 
cold periods of 2008 in China (Cai and Liufu 2008). 
The normal temperature in the natural habitat of Ti-
lapia ranges between 21 to 35 oC and could be taken 
as optimum temperature range for cultured fish farm-
ing. An annual rainfall of at least 1500 mm is a pre-
condition for any area to be suitable for fish farming. 
This is because rainfall is the ultimate source of water 
and rejuvenates the cycle, especially for the rivers that 
are somewhat inland (Masuda et al., 2004).

River width assessment
Figure 9 shows portions on the rivers with widths 
more than 300 m. These measured lines run across the 
rivers and were drawn to determine the rivers with 
widths suitable for the Tilapia farming activity. This 
width would allow for an offset of at least 20 m from 
the adjourning land and at least 200 m after the de-
marcation of the pond to the other end of the river. 
This is to give room for other users of the river to carry 
out their activities such as transportation and fishing.

Suitable distance from built-up areas and roads
Figure 10 depicts the locations on the water bod-
ies that are at suitable distances from built-up areas. 
These locations are less than 1000 m from built-up 
areas. In as much as excessive human activities are un-
suitable, where human activities are too far from the 
fish farms, it becomes more tedious to cater for the 
fish, because of the need for man-power and equip-
ment. More so, because of the necessity of an access 
road to the farm, a buffer of 500 m away from the 
existing roads was done. Figure 11 shows the suitable 
river sites from roads. The proximity to existing roads 
would not only save cost for constructing a new access 
path to the water, but also means the portion of land 
and water in the vicinity of the road has been explored 
and is most likely usable for anthropogenic activities. 
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Figure 10: Suitable River sites from built-up areas.

Figure 11: Suitable River sites from roads.

Spatial query outputs
The analysis from the single criteria analyses showed 
suitable sites based on each factor considered. The 
suitable elevation (less than 20 m) and slope areas 

(less than 5 percent) such as areas adjourning the wa-
ter bodies in Odukpani, Abi, Biase LGAs, and so on 
were extracted based on the analyses in Figure 3 and 
Figure 4 respectively. The land use areas most suitable 
(farmlands, shrubs, light forests and bare lands) are 
also depicted in Figure 5. As well, the suitable areas 
based on population density (less than 1000 persons 
per sq km) were extracted from the population densi-
ty map as shown in Figure 6. Also, the areas with the 
most suitable precipitation volume (more than 1500 
mm) such as the southern parts of the State were ex-
tracted from the average rainfall volume map in Fig-
ure 7, while the areas within the suitable temperature 
ambient (210 C to 350 C) were delineated from the 
average temperature map in Figure 8. Further, Figures 
10 and 11 show the suitable sites from built-up areas 
and roads. The maps show the portions of the rivers 
that are suitable based on the proximity to roads and 
anthropogenic activities. 

Figure 12: Most suitable sites for Tilapia cage culture in Cross River 
State.

A total of 23 sites were derived (Figure 12). The 
analysis as shown on Table 2 reveals that the high-
est number of sites most suitable for cage culture are 
in Biase and Odukpani (5 sites each). Abi and Ikom 
had 4 sites each. Whereas most other LGAs in the 
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Table 2: Attribute data of the most suitable sites.
Site 
Id

LGA Longitude Latitude Nearest Community (ies) Rivers Area Coverage on water  
(Hectare)

1 Odukpani 8 18 21.371 5 3 22.135 Adiabo, Ukpakata, Calabar River 44
2 Odukpani 8 15 23.55 5 4 15.44 Adiabo, Okurikang Calabar River 33
3 Odukpani 8 16 3 .199 5 6 10.893 Adiabo, Ikot Ukpo Calabar River 38
4 Odukpani 8 4 3.428 5 12 11.194 Ikot Essien Ekpe, Ikot Etam Oku, 

Mbia Ikoeto
Cross River 152

5 Odukpani 8 0 38.215 5 18 15.071 Obiono Beach, Obodo, Ikot Ndaw Cross River 34
6 Biase 8 4 7.385 5 24 21.563 Utum, Idun, Itu Cross River 36
7 Biase 8 1 29.948 5 35 41.908 Okurike, Ibinabam, Cross River 245
8 Biase 7 59 49.152 5 40 12.263 Ikun Beach Cross River 43
9 Biase 7 59 37.02 5 41 9.104 Itu Agwagune Cross River 48
10 Biase 7 59 49.337 5 44 43.543 Abariba Cross River 44
11 Abi 7 57 55.305 5 51 7.689 Ebijakara Cross River 111
12 Abi 8 1 15.815 5 52 40.234 Afafanyi Cross River 143
13 Abi 7 59 25.624  5 53 16.222 Afafanyi Cross River 22
14 Abi 8 4 12 .032 5 54 15.306  Cross River 45
15 Yakurr 8 9 4.819 5 57 49.283 Igbo Beach, Ikpalagwa Cross River 53
16 Obubura 8 15 33.942 5 59 45.384 Ofodua, Adun Beach Cross River 124
17 Obubura 8 19 23.709 6 5 43.241 Obubura, Owakande Cross River 302
18 Obubura 8 28 49.76 6 4 9.096 Onyen Nkun Apanbe Cross River 49
19 Ikom 8 33 14.43 6 21 31.709 Abaragba, Okosora Cross River 50
20 Ikom 8 37 41.027 5 59 44.40 Ekpokpa Cross River 103
21 Ikom 8 38 12.132 5 56 40. 37 Akayuk Opuowe Cross River 25
22 Ikom 8 42 16.508 5 57 30.155 Egrude Cross River 63
23 Etung 8 42 26.38 5 49 57.96 Abijan, Agbotai Cross River 36

state are without sizeable river widths and unsuitable 
based on a combination of other parameters, Yakurr 
and Etung has the least number of suitable sites. 

Additionally, Table 2 provides attribute data of the 
most suitable sites. The 23 derived sites are polygon 
features, each covering extents greater than the giv-
en 6070 square meters on the surface of the water. 
The table depicts the spatial location of the suitable 
sites (coordinates), nearest communities to the site, 
the name of the river where the site is located and the 
area coverage of the sites. 

Further measurements also revealed that out of the 
total area coverage of the water bodies considered 
in Cross River State which measures 409.87 square 
kilometers, only a total of 18.44 square kilometers is 
suitable for Tilapia cage culture. This represents 4.49 
percent of the water bodies in the State. 

Results and Discussion 

This study was designed to execute a GIS site suit-
ability assessment for Tilapia cage culture in Cross 
River State based on specific criteria. The findings 
from this study and similar extant literature buttress-
es the role of GIS and MCE for precision agriculture 
with regards site suitability for aquaculture in Nige-
ria and elsewhere. For example, Hossain et al. (2007) 
emphasized that site selection is a key factor to be 
considered in the setting up of any aquaculture oper-
ation. This study revealed 23 suitable sites for Tilapia 
cage culture in Cross River State considering criteria 
such as elevation, land-use, accessibility (roads), river 
width, population density, distance from anthropo-
genic activities and climatic variables. 

Similar to this study, Ross et al. (2010) deduced 
freshwater cage locations for Tilapia cage culture in 
Michoacan, Mexico through spatial modelling tech-
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niques adopting topography, climate, hydrography, 
water quality and quantity, land use, infrastructure 
and socioeconomics criteria. Hossain and Das (2010) 
in a similar vein also determined the best locations 
and extents for aquaculture in Noakhali, Iran at differ-
ent suitability scales using land suitability modelling 
through a GIS based MCE. The researchers adopted 
the water quality, soil characteristics and infrastruc-
ture facilities as criteria for the site suitability selec-
tion. A similar study in Africa by Berg et al. (2021) 
in Tanzania considered different factors such as wa-
ter availability, water temperature, soil texture, terrain 
slope, availability of farm inputs, potential farm-gate 
sales and access to local markets in the site selection 
process. 

While the criteria used in the current study is simi-
lar to Ross et al., (2010) as well as Hossain and Das 
(2010), the current study did not adopt some criteria 
such as water quality as adopted by Ross et al. (2010), 
soil characteristics used in Hossain and Das (2010) or 
closeness to market as adopted by Berg et al. (2021). 
This is so as this study focused mainly on remotely 
sensed data to provide baseline information on site 
suitability for Tilapia cage culture in Cross River 
State. This limitation and inexhaustibility of the crite-
ria for a site suitability assessment was also identified 
by Berg et al. (2021).

Furthermore, despite the arguably suitability of some 
locations in Calabar South, Akpabuyo and Calabar 
Municipality to criteria such as river width and dis-
tance to road, these sites were not considered suitable 
for the final suitability result because they do not pass 
the other criteria test. Similar results were also noted 
in Ross et al. (2010) where some sites were suitable 
for some criteria and unsuitable for others, hence the 
exclusion of those sites from the final suitability re-
sult.

The derivation of 23 suitable sites for Tilapia cage cul-
ture in Cross River State buttresses Aguilar and Nath’s 
(1998) assertion that there are sufficient resources and 
potentials for small-scale and commercial fish farm-
ing in Nigeria’s Niger Delta region. These potentials, 
if utilized sustainably, would have significant positive 
impacts on food security in the region. More so, this 
study showed that only 4.49 percent of the water 
bodies in Cross River State can be considered for set-
ting up a Tilapia cage culture. Similar studies have as 
well shown that limited portions of water bodies are 

suitable for Tilapia cage culture, such as 28 percent of 
the water bodies in Tanzania (Berg et al., 2021) and 
only 9 percent of the Kenyan part of Lake Victoria 
(Aura et al., 2021). Considering the large expanse of 
water in Cross River State, the deduction that only an 
expanse of 4.49 percent of the water bodies is suitable 
for Tilapia cage culture can provide some limitations 
to the expansion of aquaculture in the area. It also 
buttresses the need for suitability assessments to re-
strict farmers to the limited specific locations that are 
best for Tilapia cage culture; else they jeopardize the 
productivity and sustainability of their ventures.

Conclusions and Recommendations

This study concludes that setting up a Tilapia cage cul-
ture is feasible on specific portions of the water bodies 
in Cross River State as findings from this study have 
revealed suitable locations based on a combination of 
different criteria. Adopting innovative technologies 
such as the site suitability assessment can improve 
the productivity and sustainability of aquaculture and 
food production as a whole in Nigeria. 

Determining the best site for aquaculture involves 
a combination of diverse parameters that have po-
tentials of influencing its productivity. With several 
factors capable of combinely affecting the outcome 
of a suitability assessment, this study thus provides a 
baseline assessment aimed to provide some direction 
for the future development of Tilapia cage culture in 
Cross River State.

The results indicate that there is potential for aqua-
culture development in the State as 23 suitable sites 
were identified for Tilapia cage culture. The result 
from this study thus confines or restricts the scope for 
subsequent scientific queries to only 23 portions of 
the rivers in Cross River State. The findings herewith 
can support policy formulation, decision making and 
invariably, sustainable water management for aqua-
culture and other uses.

Based on the findings from the study, the following 
are recommended:

1.	 There is an urgent need to reshape agriculture in 
Africa. With emphasis on aquaculture, it is neces-
sary for small and large-scale farmers to carry out 
research on site suitability before commencing 
their farming. This would reduce the risk of failure 
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after setup due to unforeseen environmental and 
social vagaries.

2.	 GIS and remote sensing have shown to play an 
integral role in aquaculture development and 
management. To actualize this, the barriers of 
using geospatial tools and findings for real world 
decision making in Nigeria has to be overcome. 
Individuals and organizations that are stakehold-
ers in the geospatial industry must spearhead and 
facilitate the migration of GIS tools from the ac-
ademia to the field (real world) and foster collab-
orations that would address the issue.

3.	 The results of this study can be further improved 
through site-specific assessments that would con-
sider other factors such as hydrographic condi-
tions (e.g., depth, currents), water quality (e.g., 
dissolved oxygen, pH, temperature), river bed soil 
conditions (e.g., water retention) and socio-eco-
nomic factors (e.g., infrastructure, security con-
cerns). 
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