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Abstract
Due to demand for fish products which has doubled since the 1950s following rising population
and declining wild catch from open water and lagoons, fish farming now offers an effective
alternative to generating animal protein and income from dwindling land spaces. However, to
embark on fish farming venture, a suitable site need to be identified to ensure gain and reduce
environmental pollution. The correct choice of site in any aquatic farming operation is of vitally
importance since it can greatly influence economic viability by determining capital outlay, and
by affecting running costs, rates of productions and mortality factors as well environmental
pollution. This study therefore describes the assessment of suitability of some sites for
aquaculture development in the Onitsha sub-basin, Anambra State, Nigeria using GIS
methods. Onitsha was selected for this study being strategically located and drained by several
rivers including the River Niger. The dataset used for the study are 2002 Landsat image, 2007
ikonos image, water quality variables and settlements point data. The software used are
ArcGIS 10.1 and Microsoft Enterprise 2010. Various thematic layers (e.g. topography, geology)
were prepared for categorising suitable aquaculture sites based on four sub-models viz.,
landuse/landcover, geology/soil quality, water quality and infrastructure facilities. The site
suitability map for aquaculture development was prepared and the result showed that Onitsha
and Onicha towns, both fifth order stream communities are not suitable for fish farming while
Onono, Ukwu Abwa, Nkwelle, Ani and the floodplains of Onitsha are considered the most
suitable for commercial fish aquaculture and it is recommended that investors site their fish
farms in these areas.
Keywords: Aquaculture, Fish, GIS, Onitsha, Pollution, Ponds, Remote Sensing
1. Introduction
Global demand for fish products has doubled since the 1950s, the apparent per
capita fish consumption has increased from an average of 9.9 kg in the 1960s to 11.5 kg in
the 1970s, 12.5 kg in the 1980s, 14.4 kg in the 1990s and reaching 16.4 kg in 2005 (Table1)
(FAO, 2008). Today, more than 40 % of world’s seafood do not come from wild catches but
from land based and offshore farms with many fisheries already over harvested throughout
the world (Osibanjo and Bamgbose, 1990). In Nigeria, fish is the cheapest source of animal
protein with the fish demand-supply gap rising to about one million tonnes per annum, due to
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dependence on fish for 40 percent of her animal protein requirement (FAO, 2007). This
problem was aggravated by frequent clashes between cattle herdsmen and farmers affecting
meat production as well as the outbreaks of avian flu and other associated diseases that
have over the years affected the production of poultry products. According to Friends of the
Environments (FOTE) (2006), Nigerians consumed a total of about 1.36 million tonnes of fish
and fish imports make up about three fifths (740,000 mt) of the fish supply. The National
Aquaculture Strategy on fisheries in the Nigerian economy stated that there is a demand /
supply deficit of over 60 % (Osibanjo and Bamgbose 1990). This demand/supply deficit in
fish supply is influenced by the steady decline in wild catches due to normal global trends as
well as local disturbances in Nigerian coastal and offshore waters by sea pirates and
militants. This scenario has led to a shift in focus to inland water resources especially
aquaculture which have yielded encouraging results in the past few years. Nigeria moved
rapidly from a production level of 25,720 million tonnes in 2000, 56,355million tonnes in 2005
to 85,087 million tonnes in 2007 (FOTE 2006), thus, making Nigeria the largest inland
aquaculture producer in sub-Sahara Africa (Aguillar-Manjarrez and Nath, 1998)
According to FAO (2009), aquaculture is one of the fastest growing food-producing
sectors, supplying approximately 47 % of the world's fish supply and is expected to dominate
production by the year 2030 (Brugere and Ridler, 2004). Adewolu at al. (2009) had in their
study on aquaculture painted a promising future for the fishery/aquaculture industry in
Nigeria. There are however, many environmental issues that have to be addressed if the
aquaculture industry will realize its full potential, such as sediment organic enrichment and
eutrophication (Holmer, et al, 2005), chemical pollution from pharmaceuticals, organics,
antibiotics and metals from urban runoffs, in-stream sand mining and dredging activities,
pesticide run-off from agricultural land, conflict of land use between aquaculture and
industries etc. To overcome the constraints and maximize the opportunities there is need to
embark on fish farm site suitability assessment prior to setting up large scale fish farms.
There are reports of assessments of site suitability for aquaculture at continental and
regional scales, for example, continental level assessment for Africa, Latin America,
Caribbean Islands, the Pakistan and Bangladesh by Kapesky, (1994)., Kapesky and Nath,
(1997)., Kapesky and Chakalall, (1998)., Ali et al., (1991)., Salam, et al., (2003). However,
there was no such large scale or regional assessment for Nigeria. The few surveys
conducted in Lagos, Nigeria, for example by Fakoya et al (2005) evaluated biological,
physical, social and economic conditions for aquaculture development. Most of the surveys
by (Oyelola and Babatunde, (2008), Dosunmu and Ajayi, (2002) lack systematic spatial data.
Similarly, studies carried out within Onitsha and environs are not of regional scale and did
not use GIS and remote sensing technologies which guarantees large spatial and synoptic
coverage. Planning activities to promote aquaculture in Onitsha sub-basin therefore require
spatial analysis because of geographical variation in biophysical features and socioeconomic characteristics. With an adequate database, GIS can serve as a powerful analytic
and decision-making tool for aquaculture development
The Study area, Onitsha, lies within Lat 06o 47ʹ to 06o 53ʹ N and Long. 06o 07ʹ to 06o
12ʹ E. It is a major trading hub of the South-eastern Nigeria with several industries that
produce industrial and domestic wastes, and a river port on the eastern bank of Niger River
in Anambra State, Nigeria (Fig 1).
The study area covers Onitsha, Nsugbe, Ogbunike, Nkwelle-Ezunaka, Ogidi, Nkpor
and Obosi. The area can be accessed by major and minor roads as well as track roads and
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footpaths that are interconnected. It is mainly accessed by Enugu–Onitsha expressway
linking Asaba to Onitsha to Ogbunike and Nkwelle-Ezunaka, Nkwelle to Nsugbe and the old
Enugu–Onitsha road that link Nkpor to Ogidi and then Nkpor to Obosi. Two main climatic
seasons characterize the study area, the rainy, and dry seasons. The rainy season starts at
about April to October with mean annual rainfall of about 2000 mm and is associated with
the moist maritime southwesterly trade wind from the Atlantic Ocean. The dry season starts
at about November and extends to March and is characterized by the Continental
northeasterly wind from the Sahara desert associated with harmattan and dust. The
vegetation type is humid tropical giving way to derived savannah vegetation of mostly
shrubs, grasses and perennial trees. The area is drained by several rivers and streams
principally River Niger, Anambra River, and Nkisi River. Geologically, it is comprised of
sandstones, the sand units of Nanka sands around Nsugbe, Ogbunike and Nkwelle are
described as Ferruginized sands.
Considering that Onitsha with a burgeoning population and adequate land resource
is strategically located being drained by several rivers including the River Niger, there seem
to be a lack of a strong aquaculture industry in the area. No study so far, to our knowledge
has looked at the potential commercial viability as well as possible environmental challenges
of aquaculture in this locality and this constitutes a gap which this study tends to fill. It is
important to know how the ecosystem components are distributed in time, space or with
respect to each other and understanding the relationships and processes that explain their
distribution and behavior. These considerations are vital in anticipating and avoiding adverse
site selection, for according to Ragbirsingh and de Souza (2005), the knowledge of
prospective locations, which show the most promising development potential increase the
chances of a positive return on investment.
The aim of this research therefore is to find suitable sites in Onitsha sub-basin where
commercial aquaculture can be practiced with minimal loses, thereby contributing to the
national fish supply as well avoiding widespread pollution of water bodies downs tream. This
will be done by combining spatial factors and criteria (water quality, sediment quality and
ecological quality) to identify suitable areas using GIS tools. The objectives are,
i.

ii.
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To show GIS capabilities for organizing adequate databases of relevant
spatial data and integrating them into useful models necessary for a
comprehensive site suitability assessment.
To make management recommendations, in order to exemplify the use of
this approach to assist the decision making process and reduce socioeconomic and environmental problems associated with aquaculture
expansion.
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Fig 1. GIS Generated map showing the Study Area
2 Study Method
2.1 Materials
The materials used for this study include the followings:
i.
Topographic maps of Onitsha, sheet number 300 at scale of 1: 100,000 sourced
from the Federal Surveys Office, Abuja, Nigeria.
ii.
The Soil map of the study area extracted from Anambra soil map at scale of
1:100,000 obtained from Geological Surveys of Nigeria.
iii.
Geological map of the study area extracted from Anambra Geological map, sheet
71 at scale of 1: 250,000, obtained from Geological Surveys of Nigeria.
iv.
Water samples and their GPS data from selected points in the study area.
v.
Soft/hardware including ArcGIS version 10.1, Microsoft Enterprise 2010, laptop
computer, digital camera and GPS.
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Table 1: Data descriptions
S/N

Name

Sheet/
Form/p&r

Date

1

Topographic
Map

Onitsha Sheet
300

1975
(More
recent
maps are
available)

2

Soil Map

Anambra soil
map

2000

3

Water
Samples

Sample points

4

Geological
map

5

Ikonnos
Image

Format

Source

Scale/
Resolution/
quantity.

Preparations

Federal
surveys.

1:50,000

Import
Georeference
Digitize
Shape file

Digital

Geological
Surveys of
Nigeria

1:100,000

Import
Georeference
Digitize
Shape file

Variable

Analogue

Study
Area

varies
sample
points

Take for lab test
Lab result table
Covert to DB
Export to
ArcGIS

Anambra
geological
map

1965

Analogue

Geological
Surveys of
Nigeria

1:250,000

Import
Georeference
Digitize
Shape file

Onitsha Area

2007
2010

Digital

0.6m

Import
Georeference
Digitize
Shape file

3. Materials
The various analogue maps (topographic, soil, geologic) were scanned and inputted as
overlays in the ArcGIS environment for analysis. The procedures followed as encapsulated
in Table 2.
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Fig 2: Work flow
4. Results
4.1.1. Land Use/Land cover

The land use/land cover classification for the study area as at 2010 (Fig 3) showed that
water body were classified to occupy a total area of 38.0060 km² i.e. 5.30 % of the total area
under survey. Built-up occupied an area of 146.73 km² (20.48%). Vegetation occupied an
estimated area of 128.33 km² (17.91 %). The other classifications include sand deposit with
an area of 17.21 km² (2.40 %), floodplain with an area of 162.62 km² (22.7 %), and farmland
with an area of 223.62 km² (31.21%)
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Fig 3: Landuse/landcover classification of the Study Area
4.1.2. Digital Terrain Model (DTM/TIN) of Onitsha and Environs.
The topography proved an important indicator for more detailed site selection for fish
farming. Figure 4 is the digital terrain model (triangulated irregular network) of Onitsha and
environs showing the terrain features of the study area. from the figure, the upstream area is
well drained compared to the downstream sections. The small streams that drain the water
of the elevated areas can easily be diverted on the slopes in such a way that they can be
used for irrigation and for fish ponds. Once the streams reach the lower areas, the
topography becomes more even. In order to attain sufficient head, water will be diverted
from a long distance. The topography in the Eastern section show few perennial streams.
Diversion of water might likely not be possible. In this area, ponds will be fed with the water
from the water table in low areas below hills.
4.1.3. Geological Setting of the Study Area.
Three major geological outcrops characterized the study area, from the GIS
processed map (Fig. 5), the three major formations are the Holocene alluvium which
principally occupies the river channel corridors, The Eocene Bende-Ameki Group – a type of
sandstone that has a lower of with fine to coarse sandstone and an upper unit consisting of
coarse cross bedded sandy clay occupying the most of Onitsha down south to Obosi and
Nkpor. Imo Shale is predominant in the northern section of the study area.
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Fig 4: Digital terrain model of study area

4.1.4. Topographical Setting of the Study Area.
Figure 6 is the GIS processed contour map of the study area. It is evident from the
map that Ogidi, Ikenga and Nkpor areas are elevated and rugged and gently sloping down
towards the south west Nkpor. In the upper section, the many rivers that drain Onitsha and
its environs can be seen clearly.
4. 2
4.2.1

Suitability Assessment Results Interpretation
Suitability based on geology.

Based on figures 5 and 6, twenty-four rivers points where fish ponds can be sited were
identified. Of the three geologic formation, Alluvium has 24 rivers points that are suitable for
fish farming. Ameki Formation has forty (40) spots along the rivers draining the various
communities while the area underlain by Imo shale has the highest number of suitable fish
pond sites of about 200 (Table 2) in the communities stated. Alluvium and Ameki (Nanka
Sands) have smaller breeding points because of turbidity associated with swirling in sandy
bed. The Imo shale is stable and less prone to erosion that will generate sediments that
causes turbidity, secondly the area appears to be pristine with less human disturbance
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Fig 5: GIS processed geological map of the study area

Fig 6: GIS Processed contour map of the topography of the study area
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Table 2: Suitability Based on Geology
S/N
1

Geology Type
Alluvium

No of Rivers
24

2

Ameki Group (Nanka Sands)

40

3

Imo Shale Group,
(Igbaku,Ebenebe,Umuna Sandstone)

200

Settlements
Umudora Umuikwu, Onono,
Nsugbe, Iyiwundon, Asaba, Ani
Nkwa Anam
Onitsha, Onicha, Oko Anara,
Ogbunike, Obiofu, Nkpor
Ugbolu, Ochonkie, Ochankie,
Iyiwundon, Egolgwe, Asoko,
Umuleri, Ikenga Umuleri,Nkpor

4.3
GIS Output for Suitability Based Soil
Figure 7 shows the type of soils in the various river beds in the study catchment. The beds
are of sandy/alluvial type and are mainly deep porous brown sediments or pale brown brown
alluvium. The deep porous brown sediment river beds are on the Asaba sides of the Niger,
while the deep porous red soil and pale brown loamy alluvium occupied the river beds in the
Onitsha sub-basin.

Fig 7: Site Suitability Based on Soil Type
From fig.7, table 3 was extracted showing the three major soil types underlying the river
bed in the area. 83 suitable locations were found (Table 3)
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Table 3: Suitability Based on Soil Type
S/N

Soil Type

Suitable
locations along
rivers courses
83

1

Deep porous brown soil derived
from sandy deposit

2

Deep porous red soil derived from
sandy deposit

149

3

Pale brown loamy alluvial

32

Settlements

Ugbolu,Oko Anara
Ochonkie,Obiofu,Egolgwe
& Asoko
Iyiba,Umuleri,Ukwu,Abwa
Onitsha,Onicha,Ogbunike
Nsugbe,Nkwelle & Ikenga
Umuleri.
Umudora Umuikwu,Ukwu
Abwa, Onono, Nsugbe,
Iyiwundon,Asaba
Ani Nkwa Anam

4.4
GIS Output for Suitability Based on Stream Order
Figure 8 is GIS generated stream order map of the study catchment. It shows the sub-basin
is comprised of between 1st and 14th order stream segments that have suitable spots for
aquaculture. The number of stream order in the basin indicates a good level of horologic
connectivity for this basin

Fig 8: Site suitability based on Stream Order
From Figure 8, Table 4 was generated showing the various stream orders and that
number of streams making up that order and the suitable spots for aquaculture. From the
table, 1st order streams (also known as headwaters) have the highest possible suitable sites
for fish farming, this is because they are usually perennial streams - streams that carry water
throughout the year and are usually narrow with thick vegetation along the banks. Heavy
shading reduces the photosynthetic potential for aquatic plants and most organic material
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enters the stream as fallen leaves, twigs, or branches making the environment suitable for
spawning and proliferation.
Table 4: Suitability for fish farming Based on Stream Order
Order
1
2
3
4
5
6
7
8
9
10
11
12
13
14

No of Rivers
145
41
23
12
9
6
6
4
1
4
2
7
1
3

4.5

Suitability Based on All Land Use Types and Land Cover
Figure 9 is the aggregation or summary of all the overlay of the various
indices/landuse describing the suitability of the various stream segments for aquaculture.
The figure shows areas that are not suitable, less suitable and most suitable for aquaculture.
From the map (Fig. 9) the rivers indicated with red colours are not suitable, the likely reasons
are that they drain the urban centre with its industrial and commercial activity that are
potential pollution sources, the rivers are themselves 7th order streams and drain farm lands
with fertilizer and other farm chemical imprints. This is also the area underlain by the Ameki
formation which is characteristically sandy, loose and porous.
Generally, there are 118 river segments that are mostly suitable for aquaculture and
located mostly in Ugbolu, Nsugbe, etc (Table 5). These rivers, colour coded green are
mostly first order streams. They are underlain by Imo shale which is not loose, thereby
reducing turbidity.
Table 5 Suitability Based on Landuse
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S/N Landuse (based on
proximity)
1
Not Suitable

No of
rivers
53

2

Less Suitable

71

3

Most Suitable

118

Settlements
Umuleri, Onono, Oko Anara,
Ogbunike, Obiofu, Nkwelle,
Nkpor, Asaba, Onitsha,
Onicha.
Parts of Umuleri & Onono,
Ukwu Abwa, Iyiwundon,
Ikenga Umuleri, Egolgwe, Ani
Nkwa Anam
Ugbolu, Nsugbe, Egolgwe,
Asoko, Ani Nkwa Anam
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Fig 9 Suitability Map
5.

Discussion

Figures 1 – 9 summarize the various indices upon which suitability for aquaculture in
the Onitsha sub-basin was assessed. Most of the potential suitable sites with optimal rating
(most suitable) are situated in proximity with first order streams where freshwater is most
abundant (i.e. free from pollution zones). A regular, abundant water supply is essential for
the maintenance of healthy fish stocks. This applies particularly for those species that need
flowing water with high oxygen levels particularly during dry seasons when water
temperatures can exceed 30o C and poor water quality conditions can develop. Poor water
quality can reduce fish survival and growth (Zdenka and Jana, 1993). The water supply
must be relatively free of nutrients, sewage and other dissolved wastes, heavy metals, oils,
pesticides, herbicides, chlorine, methane, hydrogen sulphide and other poisonous
substances, this can only be feasible on the upstream section of the Niger Bridge in the
Nsugbe area. Adequate water supply is of necessity, for example, according to FAO (2008)
Fifty percent of the fish farmers experienced the drying up of their fish ponds that were not
sited on first – fourth order streams during the past five years.
Optimal sites were identified around Nsugbe area north of Onitsha town - a transition
zone between Alluvium and Imo Shale. Soil texture, topography and water quality in Onitsha
are not suitable and may not support commercial fish farming. The probable limiting factor
might be the combination of industrial effluent/surface runoff and the soil texture when
combine with slope which are also prone to flooding. Furthermore, the area is mainly
underlain by alluvium of the Ameki Formation which are characteristically loose and nonconsolidated (Fig.5) because of the alluvial nature, in-stream mining of sand and gravel is
carried out leading to increased turbidity. In addition, large scale dredging activities on the
Niger to make it navigable becomes a serious threat as sites suitable for aquaculture are
being reclaimed. The release of contaminated solids and increased turbidity as a result of
dredging and sand filling can expose fish farming to several risks. In a study by Ali et al
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(1991), it was found that habitats with the higher probability of finding herring present were
those located in shallower waters having a gravel/sand type of seabed that also carried the
highest zooplankton abundances
The amount of dissolved (or suspended) minerals in the water can lead to its
hardness. As rainwater passes through rocks and soil, it picks up these minerals. The
quantity and type of these minerals depend of the type of rocks the water comes into contact
with. As a general rule, sedimentary rocks contain more chemicals that affect water
chemistry than igneous and metamorphic rocks, which tend to be more inert. The area under
study is underlain by various sequences of sedimentary rocks. The majority of catfish breed
when water temperature is low, the water cooler and soft but when especially during the dry
season, water levels become low, temperatures become high, and the concentration of
minerals in the water also high, then commercial fish farming becomes none-profitable in the
study area. Run off from this area wash off pollutant to the various collecting drains and
streams and makes the possibility of investing commercial aqua-culture difficult. The influx of
people, rapid growth of population, urbanization, and industrialization in Onitsha has had
much effect on its sub-basin. These anthropogenic activities generate waste and other
pollutants that are hazardous to the health of the city and these are often times drained into
the several rivers that drain the area. For example, direct discharge of untreated domestic
wastes such as kitchen wastes, faeces and urine into freshwater bodies have been reported
to increase the microbial load in water bodies leading to nutrient enrichment, pollution of the
soil and aquatic environments (Salam, 2003) as well as the availability of substratum for
bacterial growth. It also causes a reduction in dissolved oxygen level, reduction in the
distribution and diversity of organisms a consequence of the high microbial load on
aquaculture is the susceptibility of culture fish to various diseases especially at high stocking
densities.
The sewage effluents of soap or detergent industries are rich in phosphorus,
containing about 2½ times as much phosphorus as nitrogen by weight (Fakoya et al., 2005).
When the phosphorus content of water is excessive and the available nitrogen has been
completely removed for plant growth, conditions are therefore ideal for the development of
nitrogen-fixing populations and this can lead to prolific growth of blue-green algae and
bacteria. This is a condition that is detrimental to the development of coastal aquaculture.
Pesticides (insecticides, acaricides, herbicides, fungicides and algicides or any other
chemical which is used to control unwanted organisms (except bacteria)) are chemicals
which have a specific toxic action to which the pest species is particularly sensitive ( Laws,
1981). Some pesticides such as chlorohydrocarbons and other chlorinated hydrocarbons are
toxic and not metabolizable, it therefore tends to become more and more concentrated as it
is passed to higher levels of the food chain. Thus, grazing phytoplankton accumulates higher
concentration of dichloro-diphenyl-trichloroethane, also called 1,1,1-trichloro-2,2-bis(pchlorophenyl) ethane (DDT) than is found in the phytoplankton that they consume. The top
level carnivores such as the carnivorous fish accumulate the greatest amount of DDT, and it
is among these organisms that the greatest effects of DDT are found (Turusov et al., 2002).
Beyond inorganic waste, organic wastes such as sawmill wastes and woods have
been reported to be highly destructive, their effect on the water body include reduction in
dissolved oxygen content due to the increased organic matter (sawdust), high turbidity,
emission of foul odour of hydrogen sulphide, high bacterial and fungal growth, and a blueblack colouration of water as a result of lignin oxidates rendering the aquatic environment
unsuitable for aquaculture (Christos, 1999., Oyelola and Babatunde 2008)
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6. Conclusion and Recommendation
The rapidly rising world population is causing pressures on land and water space and
therefore, the need to greatly increase food output. A realistic and practicable way of
supplying more food protein is to increase fish production through the extension of
aquaculture and inland fisheries. Since production sites for these activities need to satisfy
fairly complex location criteria, it is important that suitable areas are identified and preferably
designated in advance. One of the barriers both to increasing fisheries output and to
enhancing the diffusion processes concerning aqua cultural techniques, has been the lack of
data on, and methods for, optimizing production locations. A reason for this is the failure to
grasp the significant part which spatial variations, in either physical, economic or social
factors, play in the success of a production ent erprise. This study demonstrated how two
rapidly emerging technologies were utilized to greatly speed up, and make more efficient,
location optimizing processes, and how the technologies allow for a thorough examination of
the many spatially variable factors which affect or control fish production. This application is
useful to planners, decision makers and investors in deciding the most appropriate
aquaculture site bearing in mind that food security is paramount and that marine fishing are
being adversely affected. In conclusion, this study establish that the Optimal sites identified
around Nsugbe area north of Onitsha town are the most suitable area for aquaculture in the
Onitsha sub-basin of Anambra State, Nigeria.
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Appendix Table 1: Total and per capita food fish supply by continent and economic
grouping in 2005 (FAO, 2008)

World
World excluding China
Africa
North and Central America
South America
Europe
Oceania
Asia
China
Asia (excluding China)
Industrialized Countries
Economies in transition
LIFDCs (excluding China)
Developing countries
excluding LIFDCs

Live weight
(Million tonnes)
107.0
73.4
7.6
9.8
3.1
15.2
0.8
70.5
33.6
36.9
27.5
4.1
23.8
17.6

(Equivalent)
(kg/year)
16.4
14.0
8.3
18.9
8.4
20.8
24.5
17.9
26.1
13.9
29.3
12.3
8.3
16.2

Note: LIFDCs – Low income food deficit countries.
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