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Chapter One

1.1. Introduction

Developing strategies for aquaculture development entails assessing different arcas by
which fish production can be increased and sustained. Capture fisheries worldwide are
generally perceived as being in crisis. The world capture fisheries have continued to
decrease due to overfishing of natural stock, loss of biodiversity and climate change.
Aquaculture is often seen as a solution to meet the increasing demand for fish and to
offset the declining production from capture fisheries (Nguyen and Tran, 2012).

Fish demand in Fkiti State is about 30, 825 metric tonnes per annum (Federal
Department Fisheries, 2010). While production from artisanal fisheries stands at
100.50mt per annum, aquaculture production stands at 108 .67mt, making a total of
209.17mt and a short fall of 30615.83 tonnes per annum (Ekiti State Department of
Fisheries, 2009). Equally due to the landlocked nature of the State i.c. neither enclosed
by land with neither sea nor ocean swrrounding for fishing purposes, therefore there is
need to intensify more aquacultural practices so as to bridge the gap between fish
demand and supply in Ekiti State and boost the economic profile of the State. To make
an impact on the cconomy, the culture of fresh or marine organisms must be
competitive with other type of food-producing industry, including farming and fishing,
Job creations, supply of high quality animal protein, income and revenue generation are
many of the economic implications of the agquaculture subsector (Nguyen and Tran,
2012).

Oyase and Jemerigbe (2016) believed that the first essential requirement for social and

coconomic justice is adequate food production. A nation should be able to feed her
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pepulation to occupy a place of pride in the community of nations. Nigeria is a country
richly blessed with abundant natural and human resources that if properly harnessed
can feed its people and export the surpluses to other countries to generate more
revenue. Yet, she is experiencing persistent food crisis both in terms of quantity and
quality (Amao et al., 2006). This is a big issue Government have not been able to solve
owing to the mnability of government to adequately discover areas that can adequately
provide employment for the youth; which aguaculture is part. Aquaculture is the only
means by which more uniform products arc produced on a stable basis thereby
increasing the marketability of fish and shellfish Aquaculture and fisheries play
important roles in the global economy, in poverty alleviation, in fostering food security
and in recreation (Neuyen and Tran, 2012),

Site selection is a key factor in any aquaculture operation, affecting both success and
sustainability (Andi ef al, 2013). This could be achieved through the use of
geographical information systems (FAO, 2007). Wikipedia (2017) defined geographical
information system 2s a system designed to capture, store, manipulate, analyze, manage

and present spatial or geographic data.

1.2. Justification

Nigeria economy entered into recession when the gross domestic product contracted by
-2.06% in the second guarter of 2016 (Nigeria Bureau of Statistics, 2016). Increased job
loses; inflation, poverty rate and unemployment have characterized this period in
Nigeria. This was as a result of declining oil prices which have reduced foreign
camnings from the sector by over 50% (L.cadership Newspaper, 2016) NBS (2016)
reported that Nigeria’s unemployment rate rose to 13.3% at the end of the second

quarter of 2016. This trend will continue to increase except drastic measures are put in
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place to harness various areas by which jobs can be created. Considering this, a nation’s
path to economic development and recovery can only be achieved by utilizing her
natursl resources of which water is part. Nigeria is yet to fully utilize these potentials
for economic attainment inspite of the vast water and land resources available for fish
production (Ehui and Tsigas, 2009).

Fish production in Nigeria has not been able to meet the quantity demanded duc to
increase in population, overfishing of natural stock and inadequate large scale
aquaculture. In 2014, Nigeria fish output from aquaculture and captured fisheries was
922,682 metric tonnes in 2014 (FAO, 2014) which is grossly inadequate to meet the
demand. Though, import has helped to meet to some extent fish demand shortage of
the nation, however, huge food importation is baving negative effect on the GDP of the
nation. Kamal-Ahmed et al. (2013) opined that for a country to have an increased GDP,
her net exports must be positive whereas if they are negative the GDP will decrease.
Nigeria imported over 1 bhillion USD worth of fish in 2014 (FAO 2014). However,
countries with high comparative advantage like China, Norway, Thailand, Vietnam and
USA had positive contribution to their GDPs owing to large export in 2014 (FAO
2014). Currently, Fkiti with a gross domestic product of USS 2,848 ranked 33® position
in Nigeria; hence all avenues must‘ assess to improve the economic profile of the state
(Wikipedia 2017). To achicve an economic growth for the State, there is need to
create more avenues for income and revenue gencration. This could be attained through
intensification of fish production in available inland waters so as to make Fkiti State
relevant in the fish value chain in Nigeria. Practicing of aquaculture will provide
additional job opportunities, as people will be involved in the entire business chain —

researchers, breeders, fish food manufacturers, equipment manufacturers, marinas,




storage facilitics, processors, transportation and markcting companics as well as
restaurants.

Reservoirs and dams are constructed in Nigeria primarily for the purpose of providing
water for domestic, power generation, drainage control and irrigation purposes; they
equally serve as habitats for aguatic resources exploited for food, commercial and
recreational purposes, However, there is little or no emphasis on their utilization for
aguaculiure development compared with most perennial dams in developed world that
are used for onshore fish culture or used in raising fish offshore (De Silva and
Amarasinghe, 2008). In Ekiti State, Ero dam is the largest of the dams in the state with
capacity to produce 104,000 metric cubic of water per day. Other dams in the State are
Little Ose (84,999 metric cubic/day) Itapaji Dam (51,750 metric cubic/day), Ureje Dam
(9930 metric cubic/day), Ayede Dam (45,600 metric cubic/day) and Ogbese river
(currently being developed into a dam) (Folayan, 2010). Hence, developments of
commercial aquaculture around Fro Reservoir will not only increase fish output, create
more jobs, pay more wages and salaries but it can also stimulate output in other sectors
in the reservoir host communitics and its environments (Folayan, 2010).

Land suitability analysis for aquaculture needs to be conducted for the principle of
consideration in the decision of the suitable land use. Land has varied physical, social,
economic, and geographical values which influences land use Rossiter (2007). Thus,
land suitability analysis is a strategic planning tool of land use that can predict the
expected benefits and constraints of productive land use and environmental degradation
that might occur duc to the use of land (Andi et al, 2013). While development and
implementation of aquaculture site selection (zonation) strategies is now an established
concept, the tools and methodologies for achieving such goals are still under

development (FAQ, 2007). The success of aquaculture is dependent on the site that has
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suitable qualitics of soil, topography, hydrological indices, water and infrastructure
facilities. Aashok et al., (2014), stated that the application of geoinformatics may
provide various ways of handling analysis and interpretation of data, as well as
decision making process for aquaculture development. .Tools such as geographical
information system (GIS) have several advamiages for aguaculture development
programs. It not only provides a visual inventory of the physical, biological, and
economical characteristics of the cnvironment, it also allows rational management
without complex and time-consuming manipulations. In 2007, the use of GIS, remote
sensing and mapping was promoted through implementation of GIS at the least cost
and the us¢ of data that arc freely available via download from the Internet to improve
the sustainability aguaculture with 2 major focus on developing countries (FAQ, 2007).
Despite this, its use in aquaculture is very limited and only few studies are reported in
the literature for Nigeria particularly the development of inland water aguaculture in
Ero Reservoir in Fkiti State, Nigeria. There is egually little or no information on the
suitability study of inland waters in Ekiti State particularly Ero Rescrvoir and its

environs for aquaculture development in the State.

1.3. Research Objectives

The gencral objective of this research is to carry out a suitability analysis of Ero
reservoirs and its environs for aguaculture development in Ekiti State, Nigeria.
Towards this, the specific objectives are to:

describe the vegetation around the reservoir and their suitability for aquaculture;
determine the physiochemical parameters of soil around the reservoir and their
suitability for aquaculture;
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iii. describe the topographic of enviroms around the reservoir and their suitability for

iv,

describe some hydrological parameters for the study ares;

produce Suitability map for aquaculture development in the study area.

1.4. Research Hypetheses

The following null hypotheses were set for this research:

Ho1: The vegetation around Fro reservoir is not suitable for aquaculture.
Hal: The vegetation around Fro rescrvoir is suitable for aquaculture.
H,2: The topography of the study area is not suitable for aquaculture.
H,2: The topography of the study area is suitable for aguaculture.

H3: Physiochemical parameters of soil around the reservoir is not suitable for
aquacultture, Ho3: Physicochemical parameters of soil around the reservoir are suitable

for aquaculture

He4: Hydrological indices such as rainfall, runoff) water index and moisture stress

index of the reservoir and its around are not suitable for aguaculture,

H,4: Hydrological indices such as rainfall, runoff, water index and moisture stress

index of the reservoir and its around are not suitable for aquaculture.
Ho5: Ero reservoir and its environ is not for aquaculture development

H,5: Ero reservoir and its environ is for aquaculture development
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€Chapter Two
2.0 Literature Review
2.1, Definition of Aguacultare
Aquaculture can be defined as the process of raising aquatic organisms up to final
commercial production within properly parntitioped aquatic aress, comtrolling the
environmental factors and administering the life history of the organism positively and
it has to be considered as an independent industry from the fisheries hitherto (Ridge,
2010). It could also be defined as the farming of fish, crustaceans, molluscs, aquatic
plants, algae, and other aguatic organisms (Nicholas, 2016). Aguaculture involves
cultivating freshwater and saltwater populations urder controlled conditions, and can
be contrasted with commercial fishing, which is the harvesting of wild fish (Wikipedia
2017). The Food and Agricultural Organization (2008) introduced a definition of
aquaculiure which reduces its confusion with capture fisheries: it states that aguaculture
is the farming of aquatic organisms, including fish, molluscs, crustaceans and aquatic
plants. Farming implies some form of intervention in the rearing process to enhance
production, such as regular stocking, feeding, protection from predators, ctc.

2.2. History and Status of thal'Aqumltnre

Aquaculture is believed to have started from China around 2500 BC. When the waters
subsided afier river floods, some fish, mainly carp, were trapped in lakes. Early
Aguaculturists fod their brood using nymphs and sifkworm facces, and ate them. A
fortunate genctic mutation of carp led to the emergence of goldfish during the Tang
dynasty. Japanese cultivated scaweed by providing bamboo poles and, later, nets and
oyster shells to seyve as anchoring surfaces for spores. Romans bred fish in ponds and

farmed oysters in coastal lagoons before 100 CE, The 15th-century fishponds of the




Trebon Basin in the Czech Republic are maintained as 2 United Nations Education and
Scientific Organization World Heritage Site(According to FAOQ (2014) Global fish
production has grown steadily in the last five decades, with food fish supply increasing
at an average annual rate of 3.2 percent, outpacing world population growth at 1.6
percent. World per capita apparent fish consumption increased from an average of 9.9
kg in the 1960s to 19.2 kg mn 2012 (preliminary estimate). This impressive development
has been driven by 2 combination of population growth, nsing incomes and
urbanization, and facilitated by the strong cxpansion of fish production and more
efficient distribution channels. China has been responsible for most of the growth in
fish availability, owing to the dramatic ¢xpanston in its fish production, particularly
from aquaculture. Iis per capita apparent fish consumption also increased an average
annual rate of 6.0 percent in the period 19902010 to about 35.1 kg in 2010. Annual
per capita fish supply in the rest of the world was about 15.4 kg in 2010 (11.4 kg in the

1960s and 13.5 kg in the 1990s), (Kathryn, 2008).

2.3. History of Aquaculturc in Nigeria

Aquaculture development in Nigeria has followed a similar development path from the
eobnialaa,&ningwbichmﬁnnl@snﬂl-sedembsi%wdpmdswae
built, with some growth continuing In rwal arcas Miller er al. (2011). However,
production bas been insignificant in national food supply terms. Nigeria’s strongly
growing population, at some 150 million, as well as its very high demand for fish, has
now placed it on a2 much stronger market-driven path, based on the commercial
production in peri-urban arcas, (Miller and Atanda2011), This has shown a remarkable
20 per cent increase in growth peoy year for the past six years, with high growth in

small-to-medium-scale enterprisc and a number of large-scale intensively managed fish
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farms. Together with Egypt and South Afrnica, Nigeria is now one of the most
sigmficant and strongly growing aquacultare producers in the region (FAQ, 2014). As
noted by Nicholas (2016), Nigeria’s fast growth in aquaculture is a replication of that
observed in other regions where the markct has been a key factor in driving growth,

A further phase of cxpansion is now being developed with government youth
employment programmes, some 20 per cemt focusing on fish-farmer training, to
promote wider social engagement and to attempt to stem the exodus from rural areas. It
is reported that 30 per cent of new investments in agriculture programmes are in fish
farming with bankers now more informed and willing to consider loans in this sub-
sector. With high demand for fresh fish and consumer preference for fresh water catfish
(Clarias gariepenus), the Nigerian private sector launched fish farming in carnest
around 2000, with the rchabilitation of many abandoned fish farms and new
investments in others,{Ozigho ef al., 2014),

2.4 Definition of Reservoir

Wikipedia (2017) defined a reservoir as a barrier that stops or restricts the flow of water
or underground streams. Reservoirs created by dams not only suppress floods but also
provide water for activities such as irrigation, human consumption, industrial use,
aquaculture, and navigability. Encyclopacdia Britannica(2017) defined rescrvoir is an
open-air storage arca (usually formed by masomry or carthwork) where water is

collected and kept in quantity so that it may be drawn off for use.

2.5 Roles of Reservoir

Although the amounts of water resources arc ecnough for the entire world, the
distribution of them in time and space shows uneven pattern (Tortajadaet al., 2012).The

9



water need is increasing with heavy industrial and agricuhtural requirements, while
available water in the world rematins as a fixed source.

Economic growth, socio-cultural, and environmental developments are being realized
following these changes. In order to achicve sustainablc management of water
resources, thesc changes have to be taken into consideration in water-related
development projects, (Rita and Malik, 2008), The reservoirs play an important role in
the developmental process of a Nation and also have an integral role in fisheries and
livelithood security of local communitics. With the increase in population growth,
reservoirs are becoming important provider of animal protein and for generation of
employment in particular to poorer sectors of the people (De Silva and Amarasinghe

2008).

Reservoirs have many uses from generation of electricity fo irrigation purpose and also
providing habitat to fishes and other aquatic lifc and in turn also help to provide feed
and create revenue for fish communities(Jiashou ef al., 2007).Reservoirs are rarely and
or never created for fishery purposes, however, the secondary use of the impounded
waters for fisherics is becoming an increasingly important activity, particularly in Asia,
the region that is purported to have the highest reservoir amongst all continents. Near
shore aquaculture siting requires thé integration of a range of physical, environmental,
and social factorsReservoir fish production is also gradually becoming a significant
contributor to total inland production, and ofien provides a relatively affordable source
of fresh and good quality animal protcin source to many nural commumitics, as well
many livelihood opportunitics directly and indirectly. Reservoir fishery activities in the
recent past are also seen as a means of providing alternate livelihood opportunities to
people that are displaced by the impoundment. Such Hvelihoods could entail

engagement in capture fisherics and or aquaculture activitics such as cage culture, In
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addition, nations are beginning to take note of the vast reservoir resources that are of a
non-perenmial nature in the Asian region for development of culture based fisheries,(De
Silva and Amarasinghc2008).

This development, a low cost community activity, is thought to provide significant
subsidiary income to downstream farmers and contribute to their nutrition. Notably in
the region the reservoir fish fauna, fisheries production and management methods,
amongst others factors differ widely. The differences in fish yield between reservoirs
and/or between countrics cannot be casily understood and are unlikely to be determined
by individual parameters or characteristics such as the reservoir fish fauna, water
quality criteria, hydrological regimes, morphometric, management patterns and so
forth, (Nguyen et al., 2007). However, it is possiblc that there is a great deal to be learnt

from management practices of cach country.

2.6. Under-Utilization of Reservoirs in Nigeria

Dams are constructed to augment shortfall of water supply, cspecially during dry
season but, unfortunatcly, several dams built across the country have been abandoned
by govemnments. Investigations byDaily Trust (2016), has revealed that most dams
established in Nigeria for irrigation or for potable water, are not serving the purpose
for which  they arc meant for because they are cither not functional or under-utilized.
Generally, Dams are constructed to augment shortfall of water supply, especially
during dry scason but, unfortunatcly, scveral dams built across the country have been
abandoned by governments. 1.cadership ncwspaper (2012), has revealed that most dams
established in Nigeria for irrigation or for potable watcr, are not serving the purpose for
which they arc meant for because they are cither not finctional or underutilized. Many
reservoirs constructed by Federal and State Government are under-utilized for public
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water supply and other axillary function such as dry season farming and aquaculture.
However, they are mostly used for irrigation farming most e¢specially in the Northern
part of the country with little/no consideration for the utilization of such environment

for aquaculture development.

2.7. Global Use of Reservoir for Aquaculture Development in Some Countries
2.7.1. Reservoir Fisheries in China

China has a long history of reservoir fisheries activitics. The earliest stocking activity
of fish seed collected from rivers took place in Dong Qian Hu reservoir which was
impounded somec 1000 ycars ago in Zhejiang province (Shi, 2007). Many reservoirs
have been constructed in China since the 1950s for various purposes and are also used
as important resources for fisheries development,(Xing ef al_, 2007).Presently, reservoir
fisheries have become an important component of the fisheries industry in China, and
make a substantial contribution to people’s fish supplies and rural livelihoods. China is
cuMb in a new development stage (Burcau Statistics, 2007). Environmental
conservation and wise use of resources are of major concem in development activities.
Over the last 60 years when most progress was made in reservoir fisheries development
in China, the most important change was the ransition from extensive culture to semi-
intensive and intensive culture, (Jiashou et al 2007). Chen, (2006)reported that In the
1950s, the capture of naturally occurring fish populations was the main component of
reservoir fisheries harnessing the rivers for imrigation and hydro-clectric power
generation has been thc main focus of developmental activities in ever since the
country gained independence. Consequently, a mumber of small, medium and large
river valley projects have come into existence during the last four and a half decades

with the primary objectives of storing the river water for irrigation, power generation
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and a host of other activitiecs. The Ministry of Agriculture, Government of China has
classified reservoirs as small medium and large for the purpose of fisheries

management.

2.7.2. Reservoir Fisheries in Orissa State, South Eastern India

Unlike rivers, which arc under increasing threat of environmental degradation,
reservoirs in India offer ample scope for fish yield optimization through effective
management (Vass, 2007)

Orissa State has about 256000 hectare of reservoir waters 197,000 hectare, of the
reservoirs are suitable for fish production. These reservoirs were constructed primarily
for water storage, trrigation, flood control and for generating electricity include three
large reservoirs, accounting for 119400 ha, and six medium sized reservoirs, ranging
from 1094 ha to 3500 ha each, the reservoir support mainly small-scale fisheries and
are rich in their diversity of fish species(Misira, 2007).

In addition to the native fish species the introduction of catla, rohu, mgria and exotic
grass carps are common. Most of the reservoirs provide excellent habitats for raising
fish. However, some are infested with weeds and are not productive. Department of
fisheries, 2008 reported that Stocking of Indian major carp fry in some of the reservoirs
to boost fish production began in 1985- 86.Fry have been stocked by the Orissa fish
seed Development Corporation (OFSDC) and by the Department of Fisheries in a few
reservoirs. The reservoirs are under the administration comtrol of the irrigation
Department. However, the fishing rights of 65 reservoirs, totaling 147807 ha, have
been to the Department of Fisherics .Thirty a reservoir, having a total arca of 64525 ha,
where placed under control of OFSDC, but during 1992-1993, the number was reduced

to 23 totaling 33899 ha. The state Government urge the use of small irrigation
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reservoirs for fisheries development will bring a new era in fish production. Hopefully,
in the next few years, the State will witness a high production of fish from production

(Vass, 2007).

2.7.3. Reservoir Fisheries of Thailand

Thailand has a coastline of 2,614 km and 3,750 km? of inland water area (TDRI, 2009).
Inland fisheries have been long recognized and operated in the major rivers,
Floodplains, canals, swamps, wetlands, lakes and reservoirs (Bhukaswan, 2007).
Fisheries resources in Thailand are regarded as a public wealth and fishing is a long
standing tradition in the country, considered an integral part of the heritage and culture,
particularly in rural areas of Thailand (Coates, 2007). Fish yield from inland fisheries
contributes about 7.3 % to the country’s overall fish landings and provides about 3 kg
caput-1 yr-1 (De Silva and Funge-Smith, 2007). Reservoirs in Thailand are ubiquitous
countrywide, especially in the North and North castern regions. They have been
impounded for either hydropower or irrigation purposes, and fisheries are considered a
secondary benefit from the impoundments. However, there are to Thai reservoirs,
which were impounded and used primarily for fisheries (Virapat and Mattson, 2008).
Virapat et al. (2009) gave an t;.stimated inventory of 28,956 reservoirs in Thailand
ranging from 0.01 ha to more than 1000 ha.

According to Virapat and Mattson (2001) however, there are 27,779 Thai reservoirs.
Virapat ef al. (2009) estimated that fish production from these reservoirs to be between
122,314 and 318,909 t per year. The inland fisheries are essentially artisanal and are
based mainly on the indigenous species (80-90 %) such as carps, minnows, snakeheads
and catfishes (Virapat and Mattson, 2005). The rest constitute the introduced species

such as tilapias as well as Indian and Chinese major carps.
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2.8 Agquaculture Site Selection

The success or failure of any aquaculture venture largely depends on the right selection
of the site for it. In choosing a site several factors other than the physical aspect of the
site are to be considered (Kutty, 2007).Site sclection for aquaculture involves the
assessment of numerous physical variables. From an aquaculture point of view, site
selection or location decisions arc important initially in the actual securing of
production sites or sites from which to function, (Rosha and De Susan, 2007) Site
selection affects both success and sustainability of an aquaculture operation. The
prospects for securing a suitable site will vary greatly depending on existing land/water
rights, land use planning controls, availability for purchase or rent, conflicting demands
for access, etc.(Hishamunda efal.,2009).The fish farmer will then be concerned with
securing sites qualitative environmental legislation exists. It is important that sites or
locations which allow for economic viability are secured. This could be in areas where
optimum sustainable yields can be where environmental parameters can be optimized,
preferably in areas where pollution controls or maintained or in areas where there is at
least a reasonable potential for realizing production profits (Richard 2016). Sites must
also be reserved if future food yields are to be maintained and improved and in order to
help the diversification of local embloymcm. Since production requires so many critical
physical and economic parameters, and with so many interests competing for the
water/land interface “space”, the fish producer will need to complete hard for any
potential locations. The success of a fish farm project therefore largely depends on
one’s project site conditions. The site conditions determine if one’s fish farm will
competitively produce (Andi er al, 2013). Cormrect sclection of a sitc assists in

designing a fish farm hence reduces costs to a fish farmer.Cayelan et al2012), believed
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that Site selection also takes into account the biological trait of the targeted specie and

the intended capacity that will achieve optimal and cost effective production.

2.8.1. Soil Quality

Soil quality is an important factor in fish pond productivity as it controls pond bottom
stability, pH and salinity of overlying water and concenirations of plant nutrients
required for the growth of phytoplankton, which is the base of food chain of the fish
(Adhikari, 2007).Soils vary greatly in large scale because soils result from complex
physical interactions which themselves take place in areas having different topographic,
geologic, climatic, vegetation and human influences (FAO,2008). A good
understanding of soil and its characteristics is one of the most important factors for
aquaculture site selection, development and management (Boyd and Queiroz, 2014).
This is particularly the case in pond farms, where soil quality has a great influence on
construction and maintenance costs and on productivity.

The soil properties most relevant for pond construction are slope, texture and pH,
(William, 2008).The site must have soils that hold water and can be compacted (Hajek
and Boyd, 2007). If pond levees are constructed with soil that has high water
permeability (leakage or seepage), the cost of pumping water could become prohibitive.
Excessive seepage often results from improper site selection. Therefore, soil propertics
should be clearly investigated and identified during site selection (Yoo and
Boyd,2007). The amount of sccpage will depend on the soil composition and on the
structure of the pond bottom. However there are some other factors that are also
important for soil cvaluation such as cffective soil
depth, gravel and stones percentages, salinity and pH,( FAO, 2008).Sandy clays to clay
loam soils are best for pond construction and they should contain no less than 35%
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clay. Soils with high sand and silt compositions may erode easily and present a piping
hazard - soil-water flow along pipes-, which could wash out a levee though anti-seep
collars can help minimize that problem (William 2008). Soils classified between sandy
loam and sand does not contain enough clay for pond construction.

Texture classifications are based on per cent compositions of clay, silt and sand (FAO,
2008). 1t is the particle size that determines how soil is classified. Soil distribution,
particle form and composition, uniformity and layer thickness are equally important
(Boyd, 2010). Suitable soils should be close to the surface and extend deep enough so
that construction, harvest activity or routine pond maintenance will not cut into a water
permeable layer, causing a leak,(Yoo and Boyd,2007).Soils therefore should be good
enough for construction of dikes, casc of piping, and high degree of compaction,
allowable flow velocities in canals and intake basins, avoiding losses through seepage
at the bottom and on the dike, avoiding erosion and to reduce scepage,
(Ujwala2008).Soil suitability is therefore important from both enginecring and a

productivity view point.

2.8.1.Topography

Pond layouts should account 'for the existing site topography in order to minimize pond
construction costs, make use of gravity for water conveyance to and from the ponds and
enable water exchange, waste dispersal and efficient drainage during harvesting, (Andi
et al ,2013). This should also be considered for facilities such as feed stores and office.
Location of these facilities should facilitate the work, save enmergy and work. In
excessively flat areas problems such as flooding, the inability to provide for gravity
flow of water and poor drainage may occur. Additionally, sluggish water flows found

in flat areas are associated with low dissolved oxygen levels, high summer water
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temperatures and near  coastal  areas’ saline  intrusions. Areas
having steep slopes may be difficult to operate, (Rajchandar and Karuppasamy, 2012).

Areas of steep relief may also cause problems with other production functions such as
transport accessibility, isolation from markets, high rainfall and run-off, etc. Extensive
earth moving machinery may be required on land with slopes greater than these thus
increasing construction costs. Some innovative farmers usc terracing - stair stepping -
for pond layouts in hollows or on land with slopes greater than 2%, (Kutty, 2007).
However, much money is required to accomplish this task. Therefore assessment of
slopes is a very important aspect in aquaculture. Areas with low slope, 1 to 5 percent,
are suitable for pond construction, but slopes of 2 percent or less are most preferred.
Moderate slopes simplify delivery of water and gravity drainage of ponds, (William,
2008). Topography around ponds should allow gravity drainage of the pond in any
scason. Water heights in external ditches and adjacent water bodies should be lower
than the pond drain, even under expected high-water conditions. It is also important
that ponds have an adequate drainage area for harvest and this can only be realized

where the slopes are moderate.

2.9. Mcthods for Ideatifying Sites Suitable for Aquaculture

Two techniques can be used to creatc a database of areas suitable for aguaculture

development

2.9.1. Conventional Method

This method use manpower (human beings) to demarcate the arcas suitable for
aquaculture. The method is not very competent because it is slow, uses a lot of money
and it covers a very small area, which is, only the sampled area (William,2008). For
example, the method used to identify the soil suitability is quite cumbersome since one
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has to keep rolling out balls of soil in the area and check if the ball can easily roll.
Various soils will be different when rolled out into a ball shape, (Water resources
department, pune, 2009).This form of identification is quite tedious and uses a lot of
time, It is believed that this approach will save time and money for farmers which they

could use to consult experts.

2.9.2 Geographic Information Systems (GIS)

Geographic information system (GIS) is a computer system for capturing, storing,
checking, and displaying data related to positions on Earth’s surface, (James and Jose,
2007).By relating seemingly unrelated data, GIS can help individuals and organizations
better understand spatial patterns and relationships (National Geographic Society,
2012). GIS technology is a crucial part of spatial data infrastructure, which the White
House defines as “the technology, policies, standards, human resources, and related
activities necessary to acquire, process, distribute, use, maintain, and preserve spatial
data”.GIS, Acronym for Geographic Information System, is an integrated collection of
computer softiwarc and data used to view and manage information about geographic
places, analyze spatial relationships, and model spatial processes. A GIS provides a
framework for gathering and organizing spatial data and related information so that it
can be displayed and analysed (Pennstate, 2015).

GIS, Remote Sensing and Mapping have a task to play in all geographic and spatial
aspects of the development and management of marine (Kairo ef al., 2007). GIS is used
to manipulate and analyze spatial and attribute data from all sources. It is also used to
produce reports in map, database, and statistics, ficld calculation, and analysis and text
format to facilitate decision-making (Araya, et al_2010).

With interests such as offshore renewable encrgy, sand and gravel extraction, national
security, fishing, and nature conservation all pushing for more space, exclusive uses of
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marine areas are being replaced by a search for more integrated solutions (Halpem ef
al 2008; Katsanevakis et al., 2011). Geographic Information Systems (GIS) has been
widely advocated as one such place-based, integrated tool for managing human
activities in the marine environment (Douvere2008; Douvere and Ehler2010; Collie et

al, 2013).
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Chapter Three

3.0 Research Methodology

3.1 Study Area

The survey was conducted in Ero Reservoir and its environs in Ekiti State Nigeria. The
reservoir is located on longitude (005°15°E and latitude of 7°40'N) in Moba Local
Government area of Ekiti state. It's a large dam that was commissioned in 1987, it
supplies presently serves Iludun, Iye, Ikun, Oye, Ero, Eda-Oniyo and its environs. Its
source is from river Ero, its height above sca level is 616. The height of the dam is
22m, the reservoir has a capacity of 20MCM. The main purpose of the dam is to
provide for water supply and to control flood. The direct user of the reservoir is the

Ekiti State Water Corporation.
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3.2, Preliminary and Reconnaissance Survey

Preliminary was done to get familiarized with the study areas, identify routes for
ground routing and source support services from the Dams’ Staffs as well as to identify
sources of additional information to be included in the research. Reconnaissance survey
was done to identify accessible points for soil sample collection, the types and state of

infrastructures available in the study area.

3.3. Soil Analysis

Soil samples from the top soil, subsoil, parent material and the bed were collected from
a 1.5m soil profile dugged at three locations of the study area. lkg of soil samples was
taken from each of the profile and kept inside labelled polythene nylon. Soil was taken
from three sampling points: point (N07°59.411and E 005°11.517) point two (N
07°59.346 and E 005°11.396) and point three (N 07°59.438 and E 005°11.666). Four
(4) soil samples were taken from each depth of the soil profile. The depths were 0 —
37.5cm, 38 — 75.5cm, 76 — 112.5cm and 113 — 150cm; twelve soil samples were
collected from the study area. The soil were bulked, air dried and sieved using 2mm
sieve and analysed for organic matter, organic carbon, total nitrogen, phosphorus,
potassium, calcium, magnesium, pi-[, percentage sand, clay, silt, cations exchange and
water absorption index were determined at the Soil Physics Laboratory of the Federal

University of Technology Akure, Ondo State, Nigeria.

3.4. Mapping
Geographic coordinate of the reservoir and soil sampling points were traced and
captured using handheld Geographic Positioning System (GPS) (Garmin eTrex)

receiver and recorded appropriately.
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3.5. Suitability Analysis

Land use land cover, vegetation, water index, hydrological and suitability maps were
developed at the Centre for Space Research and Applications (CESRA), Federal
University of Technology Akure, Ondo State, Nigeria. Landsat 8 OLI satellite datasets
and Shuttle Radar Topography Mission (SRTM) were acquired from the Global Land
Cover Facility to determine the land use/land cover and the digital elevation model
(DEM) respectively. 500m buffer was created around the reservoir covering a total area
of 1,478 hectares for the purpose of this study. Hydrological maps (rainfall, runoff,
water index and moisture stress) soil map, land use land cover map, vegetation map,
elevation map were then reclassified with analytical hierarchical process (AHP) to
develop a suitability map that would show areas that are highly suitable, moderately

suitable, lowly suitable and not suitable for aquaculture around the reservoirs.

3.6. Data Analysis
Soil parameters across sampling points and depth were analysed using One Way
Analysis of Variance using the Statistical Package for Social Science (SPSS) Version

20.0. Means were separated where significant difference occurs at p < 0.05 using the

Duncan’s New Multiple Range Test (DNMRT).

24




| s aygesp g
{
i
i G 0 sy ot [oog ax an sy | | o
Bapp)
L |
&.&iﬂz _HM |
v e
g iy | | | Y Sy
] g -
177 a
wgndy | ow ||
) ¥ i TR0 PR | PRSL | | ey
WRQGVY | | TRaAmy
WG| | e BYVRS || SRIAERS || RO
t 1




Chapter Four

4.0. Results and Discussion

4.1 Land Use, Land Cover of Ero Reservoir and its Environs in Ekiti State,

Nigeria.

The attributes of land use. land cover of Ero Reservoir, Ekiti State, Nigeria and its

environment is presented on Table 1 while the land use land cover map is presented in

Figure 3. 20.99% of the study is comprised of water body, 47.74% of the area had light

vegetation, 12.29% were dense forested arcas, and 12.96% represents areas of wetlands

while built up areas was 6.03% of the study area.

Table 1: Attributes of land use and land cover in and around the reservon

Proportion

Land cover/land use classes Area cover (Hectares) (%)

Water body 310.29 2099

Light vegetation 705.52 4774
Dense forest , 181.60 12.29
Wetlands 191.50 12.96
Built-up 89.09 6.03

Total 1,478.00 100.00

Source: United State Geological Survey, 2017

"
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Results from attributes of land use, land cover of Ero Reservoir and its environs
indicates that 20.99% of the study area is comprised of water body. This shows that
there would be enough water to meet the water requirement for practising aquaculture
in and the reservoir. Cages could equally be sited on the water body for fish culture;
this would limit land acquisition of land. Karnatak and Kumar(2014) documented that
cages use limited space in existing water bodies and thus eliminate the need to buy
land. Compared to pond culture, the investment or capital needed to construct cage
facilities is relatively low with high production capacity; production in cages can be as

much as 20 times greater than in pond culture (Das ef al. 2009).

There would be ease of clearing the reservoir environs for aquaculture purpose and it
would also lead to reduced cost of construction as 47.74% of the area had light
vegetation, 12.29% were dense forested areas. Adisukresno(2008) stated that the
vegetation with thick vegetation entails large expense on clearing as a result of the use
of machines for clearing. The presence of wetlands representing 12.96% of the study
area is equally a positive attribute for aquaculture development. Built up areas was
6.03% of the study area consisting of buildings or non- building structures such as

rocky hills.
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4.2. Adributes of Normalized Differential Vegetation Index (NDVI) of the
reservoir

Site attributes and map of normalized differential vegetation index of the reservoir is
presented on Table 2 and Figure 4 respectively. The result indicated that 72.63% of the
areas were vegetated while non-vegetated parts represent 27.37% of the study area.

Table 2: Attributes of Normalized Differential Vegetation Index (NDVI) of the

reservoir
Proportion
NDVI Area cover (Hectares) (%)
Non-vegetated areas 1,073.49 72.63
Vegetated arcas 404.51 27.37
Total 1,478.00 100.00

Source: United State Geological Survey, 2017

The result of the normalized digital vegetation index indicated that 72.63% of the study
area was vegetated. This could have both positive and negative impact on the use of the
environs for aquaculture practice wﬁle non-vegetated parts represented 27.37% of the
study area; this area covers all non-vegetated or sparsely vegetated habitats which
include the bare lands, water bodies, rock. This could be as a result of presence of
rocks, depleted soils, which could occur due to agricultural practice, runoffs, and

crosion (Natural Resources Management and Environment Department, 2008).

Vegetation is defined as an assemblage of plant species and the ground cover they
provide. It is a general term, without specific reference to particular taxa, life forms,
structure, spatial extent, or any other specific botanical or geographic characteristics
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(Wikipedia 2017). Dense vegetation entails large expense for clearing (the removal or
clearing of the existing terrestrial vegetation within a given tract of land). This may be
achieved through the manual or mechanized removal of vegetation using industrial
equipment, herbicides which kill or inhibit the growth of certain plants, or any other
method (i.e. manual) that results in the alteration of terrestrial vegetation (Fisheries and
Oceans Canada, 2010) .The clearing work in thickly vegetated areas usually involves
cutting trees, digging up roots, removing rocks, etc., this should be minimal in order to
reduce costs while there would be decrease in the cost of clearing in light non/lightly
vegetated area. Dense vegetated areas in the study area could be hideout for predators.

To utilize, such environment, ponds should be protected by netting pond surface area.
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Figure 4: Normalized Differential Vegetation Index (NDVT) of the reservoir

Source: United State Geological Society, 2017
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4.3. Soil Composition of the Study Area

Soil composition attributes in and around the reservoir on Table 3 and Figure 5. The result
indicated that 88.37% of soil in the study area was classified as nitisols (light clay and

loam) while 11.63% contained lixisols (sandy clay loam).

Table 3: Attributes of soil composition in and around the reservoir

Proportion
Soil classes Area cover (Hectares) (%)
Lixisols (Sandy clay loam) 171.83 11.63
Nitisols (Clay (light),loam) 1,306.17 88.37
Total 1,478.00 100.00

Source: United State Geological Survey, 2017

Result of soil texture acquired from the satellite imagery was similar to the soil samples
classified in the study area. Satellite imagery classified 88.37% of soils in the study area as
nitisols (light clay and loam). This suggests that the soil was high in clay contend and
loan. This makes a large area of land around Ero reservoir potentially good for fish
farming. Wurts(2010) reported that nitisols have clay content ranging between 27% and
40% clay content; which makes them suitable for aquaculture. The other soil texture
classified was lixisols (sandy clay loam); clay-loam, or sandy-clay soils are' good for water

retention and suitability for diking (Boyd and Bowmén, 2007)
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Figure 5: Soil composition in and around the reservoir

Source: United State Geological Survey, 2017
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4.3.2. Physiochemical Properties of Some Soil Samples Collected from three Sampling
Points around Ero Reservoir, Ekiti State, Nigeria

Physiochemical parameters of soil collected from three sampling point around Ero
reservoir is represented on table 4. It reveals that there were no significant differences (p >
.0.05) in the pH of the soil collected from the sampling points. However, soil in sampling
point three had the highest pH (7.08 + 0.06), while the lowest (6.94 + 0.10) was recorded
in point two. Organic carbon in the soil samples ranged between 1.58 + 0.11 and 1.70 +
0.13 with no significant differences (p > 0.05). Results further indicated that organic matter
ranged between 1.56 + 0.20 and 1.82 + 0.20 with no significant difference (p > 0.03) with
the highest level (1.82 + 020) of organic matter recorded at sampling point three while the
lowest (1.56 +0.20) organic content was recorded in point two.

The nitrogen content in soils collected at the sampling points showed no significant
difference (p > 0.05) with sampling point two having the highest (0.08 + 0.03ppm)
nitrogen, while point one and two had the same amount of nitroger (0.05 + 0.02prm)
respectively. The phosphorus content of the soil samples ranged from 0.08 + 0.03ppm to
A67 + 1 A2==m Droint too bod the lowest level of nitrogen while point three had the
highest nitrogen content. Potassium in soil samples across the three sampling points
showed no significant differences. Sampling raiet gron bod gl Bink oot B ombee 26027 4
0.07ppinwhiie point one had the lowest potassium (0.25 + 0.03). However, the sodium of
tha =ail sommmloe ollactad o fha wrorinare Torodinms had na significant difference (p > 0.05).
Samples collected at point three had the lowest (0.23 + 0.01ppm) Na* while the highest

(0.24 + 0.02ppm) was recordad i~ m~ims o
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There were significant differences in the calcium content of the soil sample collected from
the three points around Ero, Reservoir, Ekiti State, Nigeria. Soil collected from location
two had the lowest Ca’* (1.38 + 0.06ppm) while soil taking from point three had the
highest calcium content (2.08 + 0.17ppm. Magnesium ion in the soil samples were not
different (p > 0.05). Mg®" ranged between 0.65 + 0.03ppm in soil samples collected from
sampling point two and 0.85 + 0.12ppm in sampling point three. Exchangeable acidity of
the soils showed no significant difference (p > 0.05). Soil samples collected from point one
had the highest (2.04+ 1.06) while soil collected at point two had the lowest (1.34 + 0.23)
exchangeable acidity.

There was no significant difference in the amount of sand of the soil taken from the three
different points. Soil collected from point three had the lowest sand (22.8 + 3.76%) while
the highest (48.80 + 1.63%) was recorded in soil samples collected at point one around the
Teservoir.

Silt content of the soils taken from the different locations in the study area showed no
significant differences (p > 0.05) Location one had the lowest (17.00 + 1.00) level of silt of
while location three has the highes; (21.00 + 2.52). Furthermore, the clay content of the
different locations indicated that location one had the lowest (34.20 = 2.52%) clay while
location three had the highest (56.20 = 5.76%) clay content. There was no significant
difference in in the clay content of the three locations. CEC in soils across the location
showed no significant differences with highest (5.00 + 1.32) in soil sampled at location one
while the lowest (4.00 + 0.27) was recorded in lomﬁon two. Water holding capacity of the
soil collected from the three different location in the study area showed po gionmificant

difference with lacation one having the highest water holding capacity of (40.54 + 3.90%)
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while location two had the lowest (34.24 + 5.40%)water holding capacity. Classification

of soil texture collected from point one was sandy-clay-loam while soils from point two

N and point three were classified clay soil respectively.
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Table 4: Physiochemical Properties of Some Soil Samples Collected from three Sampling Potnts
around Ero Reservoir, Ekiti State

Sampling Points

Parameters Point 1 Point 2 Point 3
pH 6.95+0.11 6.94+£0.10° 7.08 +0.06
Organic Carbon (%) 1.70 £0.13° 1.61 £0.12° 1.58+0.11*
Organic Matter (%) 1.62+0.17° 1.56 +£0.20° 1.82 £0.20*
Nitrogen (ppm) 0.05 £ 0.02° 0.08 +0.03* 0.05 +£0.02°
Phosphorus (mg/kg) 4.34+032° 0.08 £0.03* 462 +143°
Potassium (mg/kg) 0.24 + 0.04° 0.37 £0.07° 0.25 +0.03
Sodium (mg/kg) 0.24+0.01° 0.24 +£0.02° 0.23 +0.01°
Calcium (mg/kg) 173 +£023% 1.38 + 0.06 2.08 £0.17°
Magnesium (mg/kg) 0.75 £ 0.09° 0.65 +0.03* 0.85 £0.12°
Exchangeable Acidity (mg/kg) 2.04+ 1.06* 1.34 £023° 1.25 +0.26
Sand (%) 43.80+1.63° 31.80 +3.81° 22.8 +3.76*
Clay (%) 3420 +2.52° 4995 +6.00% 56.20 +5.76°
Silt (%) 17.00 + 1.00° 1825 +2.25° 21.00 +2.52°
Cation  Exchange  Capacity 5.00+132° 400 £027° 4.65 + 036
(mg/kg)
Water Holding Capacity (%) 40.54 + 3 90° 3424 +540° 3544 +4.45°
Texture Sandy-Clay- Clay Clay

Loam

Mean + S_E with different superscripts differs significantly at p < 0.05

-
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The results of physiochemical parameters of soil samples collected from the study area of
great importance to pond productivity. The pH of soil samples taken from the three
locations was different from each other. However it was observed that the pH of the soil
samples increases with increase in depth. Soil pH across sampling points and depth were
approximately neutral. This was similar to the findings of Boyd (2008) who recommended
that the best pH for pond soils is considered to be about neutral. The organic carbon matter
and organic carbon of the soils decreasing with depth; organic matter content of the soil is
very important because it relatively affects the water holding capacity of the soil, nutrient
holding capacity and soil water evaporation (Boyd, 2008). The levels of organic carbon
and matter recorded in some soil samples collected around the reservoir falls with the

recommended range of 1.0 to 3.0g/kg for pond culture (Boyd et al., 2007).

Nitrogen and phosphorus are very important element in pond fertility and considered as the
second most limiting factors in soils and water. Nitrogen and phosphorus contents of soil
across the sampling points decreased with depth. Based on productivity of pond nitrogen
content <25mg/100g nitrogen content leads to low production, between 25mg -30mg/ 100g
soil yields medium pond productivity while nitrogen content of above 50mg/100g soil
gives high pond productivity (Ujwala, 2008). The nitrogen of the various soil samples
where very low indicating that the soil samples were depleted soils which could be as a
result of constant farming practice around the reservoir or due to the excavation of the land

during the construction of the reservoir. Hence, applications of inorganic and organic

fertilizers such as NPK, poultry and livestock manure could be upead to incroase primmory

productivity nond cnils with low nitragen and phosphorus values. Burtle (2015) stated that
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fertilization increase the production of ponds water by providing nutrient for fish in ponds.
Also liming of ponds neutralizes soil acidity and increase total alkalinity and total hardness
concentrations in water, this can enhance conditions for productivity of food organisms

and increase aquatic animal production (Boyd and Tucker, 2007).

The nutrients present in soil samples across the sampling points and depth were not
significant difference from each other except the calcium content; all the nutrients
decreased with depth. Generally, relatively small amounts of micronutrients (potassium,
sodium, calcium and magnesium) are needed in fish ponds (Adhikari, 2007). This is
because fish actively maintain a natural balance of electrolytes in their body fluids by
chloride cells located in the gills (Boyd, 2008).Results indicated that the sand, silt and
clay content of the soil samples collected around the reservoir were differ significant
with increase. Sand and silt decreased with depth while the clay content increased with
depth. The general soil texture for the three locations where sandy clay loam, clay and
clay for sampling point one, two and three respectively. Ujwala (2008) recommended
that clay soil is most suitable for pond construction as it has maximmm water holding

capacity and «can easily be compacted and nmade leak proof
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4.3.3. Physiochemical Properties of Soil Samples Collected from Different Layers of
the three Sampling Points around Ero Reservoir, Ekiti State

Physiochemical parameters of soil samples collected from the different layers of the
sampling points around Ero Reservoir are presented on Table 5. The pH of the soil
samples increased with increasing depth and significantly different (p < 0.05) across
depths. Equally, quantities of organic matter, organic carbon, nitrogen, phosphorus,
potassium, sodium, calcium and magnesium decreased with increasing depth. Organic
carbon in soil collected at 0-37.5cm and 38-75cm were similar (p > 0.05) but differ
significantly (p < 0.05) from the organic carbon in soil samples collected at 75.5-112.5cm
and 113-150cm respectively. Organic matter in soil along the four depths were
significantly different (p < 0.05) from each other. Nitrogen content at the top layer (0-
37.5cm) was significantly higher (p < 0.05) than the similar values (p > 0.05) in soil taken
from the other three depths. Phosphorus was similar in soil collected at 38-75c¢m and 75.5-
112.5cm but different (p < 0.05) from the P content in soil collected at depth of 0-37.5cm
and 113-150cm respectively. Potassium in soil collected at 75.5-112.5¢cm and 113-150cm
were similar (p > 0.05) but different (p < 0.05) from the K" in soil collected at 0-37.5cm
and 38-75.5cm respectively. Sinﬁlar (p > 0.05) Na™ was recorded in soil collected at 75.5-
112.5cm and 113-150cm but significantly different from the Na® in soil collected at 0-
37.5cm and 38-75.5cm respectively.

Calcium content of soil at the four layers was similar (p > 0.05). Magnesium in soil
collected at 75.5-112.5cm and 113-150cm were similar but however different from the
Mg®" in soil collected at 0-37.5cm and 37.5-75.5cm. Exchangeable acidity of the soil

samples were not different (p > 0.05) but increased with increasing depth with the highest



recorded in soil samples collected at the last depth (113-150cm). Sand, clay in soils
collected from the four layers was not different while the silt in the topmost layer (0-
37.5cm) was significantly higher than the values in soils from the other three depths.
Results analysis further indicated that the quantity of sand and silt decreased with
increasing depth while the clay content, CEC and water absorption index increased with
increasing depth. CEC in soil from the first layer was significantly higher than the similar
values recorded in soils from the other three layers. Water absorption index in soil at the
surface (0-37.5¢cm) was significantly higher than the similar values recorded in the other

three layer.
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Sampling Points around Ero Reservoir, Ekiti State

Table 5: Physiochemical Properties of Soil Samples Collected from Different Layers of the three

Parameters 0-37.50cm 38.00- 75-30cm - 113.00-
ara; = 4
75.00cm 112.50cm 150.00cm

pH 6.78 £ 0.08° 693 +0.09° 7.09+0.03% 715£001°
Organic Carbon (%) 1.93 £0.05° 1.68 +0.06" 1.52+0.03° 1.38£0.03°
Organic Matter (%) 209 £0.10° 1.82 £ 0.06° 1.51£007° 1.23+0.09°
Nitrogen (ppm) 0.13+0.02° 0.06 +0.01° 0.03+ 0.00" 0.03 = 0.01a
Phosphorus (m/kg) 6.0+ 143° 408+ 021" 385+ 0.12* 3.06 + 0.46
Potassium (mvkg) 040+ 0.07° 03+ 0.05® 023 = 0.03* 0.20 + 0.02°
Sodium (m'kg) 027+ 0.02° 024+ 0.01* 0.2+ 0.01° 021+ 001°
Calcium (nvkg) 2.0+ 0.30" 1.67+ 027 150+ 0.15° 1.77 + 032
Magnesium (m/kg) 093+ 0.12° 0.8+ 0.10® 0.67 + 003* 0.60 + 0.00°
Exchangeable
e 1.39 + 03}° 147+ 027° 192 + 0.66" 2.40 + 140"

y
Sand (%) 4047 = 70" 37.8+ 985" 3213 + 926" 2747 + 8.84*
Clay (%) 35.53 £4.63° 442+ 458 4987+ 8.11° 5753 + 9.21°
Silt (%) 24.00 £231° 18.00 +1.15* 1800 1.15* 15.00+ 1.00°
CEC (mg/kg) 6.26 + 1.34° 437 +0.31" 408+ 039" 344+ 0.09%®
Water  Absorption
s 26.74+3.51° 34.83 +1.77° 36.59 1.14° 48.78 + 148°

Mean + S E with different superscripts differs significantly at p < 0.05
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4.4 Topography of the Study Area

44.1 Elevation Attributes of the Reservoir and its environment

Table 6, Figure 6 and 7 provides information on the topographic attributes of the reservoir
and its environment respectively. Majority (68.31%) of the study area had elevation
between 501-774m, 25.96% of the area had elevation that ranged between 20land 500
while 5.73% of the study area had elevation between 0-200m. Result of slope attribute of
the slowly area is presented on table. The result indicated that 21.03% of the study area
had a slope between 0 and 5%, 39.97% of the study area had slope that ranged between 6

and 10, while 44.00% had slope that ranged between 11 and 36%.

Table 6: Elevation and Slope Attributes of the reservoir and its environment

Parameters Area cover (Hectares) Proportion (%)
Elevation classes
0-200 847 573
201 - 500 383.62 25.96
501 -774 1,009.68 68.31
Total : 1,478.00 100
Slope classes
0-5 310.75 21.03
6—-10 517 3497
10-36 650.25 44
Total 1.478.60 100
¢ Source: United State Geological Survey, 2017
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The result indicated that 21.03%, representing 310.75 hectares of the study area had a
slope between 0 and 5%.Areas with low slope between 1 and 5 percent are suitable for
pond construction, but slopes of 2 percent or less are most preferred. This is supported by
William, (2008) who said that moderate slopes simplify delivery of water and gravity
drainage of ponds. Equally about 39.97% of the study area had slope that ranged between 6
and 10 (517 hectares); this areas counld be used for aquaculture development but it would
require more cost that would be used for levelling the topography to enable aquaculture
practice while 44.00% had slope that ranged between 11 and 36%. This represented areas
with very high elevations, indicating areas where there are presence of hills, rocks and high
mountains, pond may not be easily constructed in these areas. The high elevation of the

study area is a reflection of the high altitude Ekiti State is geographically located
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Figure 6: Elevation of the reservoir and its environment

Source: United State Geological Survey, 2017
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Figure 7: Slope of the reservoir and its environment

Source: United State Geological Survey, 2017
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4.5 Hydrological Parameters of the Study Area

Hydrological parameters of the study are presented on Table 7. Maps of rainfall, runoffs,
water index and water stress index are presented on Figures 8, 9, 10 and 11 respectively.
Rainfall on the study area ranged between 1539 and 1659. Results further indicated that
that 70.58% of the study area had runoffs that ranged between 1.86 and 1.90, 24.95% of
the study area had run offs between 1.91 and 1.95 while 4.47 % (66 hectares) had run-off
between 1.81 and 1.85. Normalized water index indicated that 82.99% (1226.66) of the
study area were bare lands while 251.34 hectares representing 17.01 % of the study area
were water filled. Moisture stress index ranged between 0.66 and 2.37. 30.32% (454
hectares) of the study area had MSI between 0.66 and 0.83, 561.09 hectares (37.96%) of
the study area had MSI that ranged between 0.84 — 0.93 while 31.32% (462.91) had MSI

between 0.94 and 2.37.
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Table 7: Hydrological Parameters of the Study Area

Parameters Area cover (Hectares) Proportion (%)
Rainfall classes
) 1539 - 1574 368.81 2495
p 1575-1613 1043.19 70.58
o 1613 - 1656 66.00 447
Total 1478.00 100.00
* Runoff classes
1.81-1.85 66.00 447
1.86-1.90 1043.19 70.58
191-195 368.81 2495
Total 1478.00 100.00
NDWI classes
Water-filled areas 251.34 17.01
Bare lands 1226.66 82.99
Total 1478.00 100.00
MSI classes
0.66 - 0.83 454.00 30.72
0.84-0.93 561.09 37.96
0.94-237 46291 31.32
Total : 1478.00 100.00

Figure 8: Amount of Rainfall in and around the reservoir

Source: United State Geological Survey (2017)




The Ero reservoirs and its environs recorded bi-modal rainy seasons and often experiences
heavy rainfall that builds up gradually late April to a maximum in July/August with
irregular dry spells occurring around late August. The rainfall increases in mid-August and
peak again in September before it finally declined sharply in October drawing to a
complete halt, thereby setting-in the dry season. Rainfall in the study area ranged between
1539mm and 1659mm, with 24.95% of the area having a rainfall of between 1539mm to
1574mm, 70.58% of the area measuring a total of 1043.19mmhectares had an average
rainfall of 1575mm to 1613mm and the last class of rainfall in the study area had between

1613mm to 1656mm rainfall in about 66 hectares representing 4.47% of the area.

Generally, the hydrological data from the region being considered showed an area having a
medium rainfall distribution mostly a rain forest region. The accompanying runoff class
and water indexes present a large area that is adequately drained. This scenario shows to a
large extent that large volumes of water are easily drained from the catchment into the
water bodies which will in turn favour water and aquatic body dependent organisms as
well as others consumers of water in the area. It also indicates optimum hydrological

conditions which will therefore lead to a more balanced hydro-ecological system.

Yoo and Boyd (2007) reported that the major source of water for filling and maintaining
water levels in ponds are surface runoff from springs affected by rainfall. Boyd (2007)
stated that the availability of water inland aquaculture is closely related to rainfall and an
understanding of local rainfall pattemns is of paramount importance in pond management.
The neutralization of accumulative effects of waste in fish ponds depends on rain intensity
and continuous water flow system. Rains have two distinct effects on water quality in
shallow fish-producing systems: a diluting effect by which excess of nutrients, food
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remains and other materials in the water diminishes; and an increase in turbidity due to
excess of particles from sediments in the water. Rainfall causes transport of nutrients and
particles, such as agricultural residues, salt particles and materials from rivers and streams,
by draining water from margins to the ponds and directly affecting the chemical

composition of water (Boyd, 2007).

Rainfall regimen in shallow systems is a main activity which affects the concentration and
distribution of inorganic and dissolved nutrients, heat throughout the water column and
suspended materials, and, consequently, transparency and depth (Landa, 2009). The excess
flow of water as a result of torrent rainfall was shown to have increased the drainage
density, runoff, flow discharge, among others. Australian Institute of marine science, states
that increased run-off leads to erosion, degradation of water quality and it could result in
flooding and this gemerally affects the success and productivity of ponds in high

rainfall/flood prone environments.

Sites attributes of land suitability model for aquaculture development in and around the
Reservoir were presented in four different layers representing degree of suitability for it
development. The land mass unsuitable for aquaculture development covered 89.73
hectares (6.07%) of the whole area, meaning that aquaculture cannot be practised in these
areas. This could be as a result of the presence of hills, rocks, which would make it
impossible to practice aquaculture in these areas that has been marked as unsuitable.
359.88 hectares (24.35%) were less suitable; meaning that aquaculture could be practised
there, but the presence of some factors such as presence of dense forest, high elevation and

slope would increase the cost of clearing and ultimately increase production cost.
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Equally site classified as less suitable could also have the presence of less desirable soil
parameters, which could affect pond productivity. Less productive soil will increase cost of
management as fertilizer and liming would be needed to correct the pH and NPK contents
of the soil. Equally, the topography of the location might not be up to/more than
recommended slope level r for aquaculture. Majority (950.56 ha) representing 64.33% of
the total land mass around Ero reservoir was suitable, i.e, good for aquaculture practice.
Choosing the right site ranks second after identifying markets for your product. The
fertility of the soil around the sites that were suitable would encourage the development of
a benthic community. They may equally contain best soils contained at least 20 or 30%
clay. The soils samples in such soils would have right amount of clay content, which will

prevent cracking and seepage and thereby reduce maintenance costs.
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Figure 8: Amount of Rainfall in and around the reservoir

Source: United State Geological Survey (2017)
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Figare 9: Runoff of the reservoir and its environment

Source: United State Geological Survey, 2017
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Figure 10: Normalized Difference Water Index of the reservoir and its environment

Source: United State Geological Society, 2017




S'YE S8 Eny ]
L 4
T°STN
e &8 1 2
. GES .. o Kiomsters
] st T

Figure 11: Moisture Stress Index of the reservoir and its environment

Source: United State Geological Survey, 2017
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4.6 Suitability Model for Aquaculture Development in Ero Reservoir and

Environments

Table 8 and Figure 12 present the land suitability model for aquaculture development with
their attributes in and around the reservoir. From the land suitability map, it was observed
that the land mass unsuitable for aquaculture development covered 89.73 hectares (6.07%)
of the whole area, 359.88 hectares (24.35%) were less suitable, 950.76 hectares (64.33%)
were suitable, and 77.63 hectares (5.25%) are highly suitable.

Table 8: Attributes of land suitability model for aquacuiture development in and around the

Reservoir
Proportion

Suitability classes Area cover (Hectares) (%)
Not suitable 89.73 6.07
Less suitable 359.88 2435
Suitable 950.76 6433
Highly suitable | 77.63 525
Total 1,478.00 160.00

Source: United State Geological Survey, 2017
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Figure 12: Land Suitability Model for Aquaculture Development in and around Ero Reservoir,
Nigeria

Source: United State Geological Society, 2017
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Chapter Five

5.0 Conclusion and Recommendation
5.1 Conclusion

The advantage of using remote sensing technique and GIS was not only time and cost
effectiveness but it also helped to achieve a more comprehensive and integrated
management for aquaculture development criteria, which is difficult through conventional
techniques alone. The study established a considerable potential for further exploitation of
GIS for optimisation of aquaculture activities in Ekiti State, Nigeria. Furthermore, it
demonstrated the effectiveness of using remotely sensed data in providing the necessary
spatial information for generating information layers required for aquaculture
development. Using this approach, planning of aquaculture could effectively be adapted to
local contexts mn order to introduce appropriate
aquaculture related livelihood options and help alleviate rural poverty in Ekiti state,
Nigeria. With this in mind, the expansion of aquaculture in Ekiti State, Nigeria is necessary

since the results indicated the possibility of developing aquaculture in the study area is hig

h. Hence, individuals, corporate bo&ies and the Ekiti State Government could invest in the
suitable areas for aquaculture development. This will at the long run increase fish

availability, create employment, improve livelihood and enhance economic drive of the

State.



5.2 Recommendation

The study established the importance of GIS in aquaculture development. Hence, individuals,
corporate bodies and the Ekiti State Government could invest in the suitable areas for
aquaculture development. This will at the long run increase fish availability, create employment,
mmprove livelihood and enhance economic drive of the State.

The high agricultural potentials of Ekiti State makes the state to standout as major producer of
wide varieties of crops, fishes and species of livestock. The abundant human resource in Fkiti
State is an added advantage which every interested investor should come to tap for sustainable

income and economic development of the state and Nigeria as a whole.
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ANOVA

Sum of Squares Mean Square F Sig.
fH Between Groups 04 2 024 754 498
Within Groups 9 032
Total 33 11
forganic C Between Groups 029§ 2 015 251 784
Within Groups 523 9 058
Total 552 11
[Organic Matter ~ Between Groups .1 2 073 519 612
Within Groups 12% 9 141
Total 141 1
[Nitrogen Between Groups 002, 2 001 497 624
Within Groups 020} 9 002
Total 022 1
{Phosphorus Between Groups 15 2 765 264 773
Within Groups 26. 9 2.894
Total z7§§ 11
[Potassium Between Groups 041 2 021 2.192 .168}
Within Groups 084 4 009
Total .uJ 11
fsodium Between Groups . 2 .000| .193 828
Within Groups . 9 001
Total 008 11
alcium Between Groups . 2 4901 42301 051
Within Groups 1.:43 9 116
Total 20 1
Magnesium Between Groups . p) 040 1.333 311
Within Groups ;g 9 030
Total 35 i
EA Between Groups 1.4 2 748 454 649
Within Groups 14. 9 1.649]
Total 16341 11
fSand Between Groups 1394.66 2 697333 16.691 001
Within Groups 376. 9 41.778]
Total 1770.66 11
[Clay Between Groups 1028.16 2) 514.083 5.114 033
Within Groups 904.7 9| 100.528
Total 1932.9;3 11
Silt Between Groups 33 2 16.750] 1.013 401
Within Groups 148.7 9{ 16.528
Total 1323 1
fcec Between Groups 2.1 2 1.095 423 668}
Within Groups 233:51 9| 2.589r
Total 25.495 11




WHC Between Groups 89.4 2 447147 523 610]
Within Groups 769. 91 85.550,
Total 859. 11
Post Hoc Tests
Homogeneous Subsets
pH

Subset for alpha = 0.05

N 1
4 6.
4 6.94
4 7077
32

Means for groups in homogeneous subsets are displayed.

Organic Carbon
Subset for alpha = 0.05
N 1
4 15775
4 1.6125
4

1.695
52

Means for groups in homogeneous subsets are displayed.

Organic Matter
Subset for alpha = 0.05
N 1
4 1.5
4 1.6175
4 1.817
37

Measns for groups in homogeneous subsets are
displayed.
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Nitrogen

Subset for alpha = 0.05
N 1
4 05004
4 0525
4

.0
412

Means for groups in homogeneous subsets are displayed.

Phosphorus
Subset for alpha = 0.05
N 1
4 3.7625
4 43
4 4.62
.51

Means for groups in homogeneous subsets are displayed.

Potassiam
Subset for alpha = 0.05
N 1
4 235
4 .247
4 - 365
.103

Means for groups in homogeneous subsets are displayed.

Sodium
Subset for alpha = 0.05
N 1
4 23
4 235
4 24
.56

Means for groups in homogeneous subsets are displayed.




Calcium

Subset for alpha = 0.05
- N 1 2
. 4 1.3750
i 4 1.7250 1.72
i’ 4 207
- -180} 18
1 Means for groups in homogeneous subsets are displayed.
&
Magnesinm
Subset for alpha = 0.05
Means for groups in homogeneous subsets are displayed.
Sand
N ‘a\ Duncan
Subset for alpha = 0.05
? JLocation N 1 2
& ion 3 4 22.8000
ion 2 4 31.8000
1 4 48.800(‘
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ki i | 080} 1.000}

Means for groups in homogeneous subsets are displayed.

Clay
Subset for alpha = 0.05
N 1 2
4 34.2000
4 499 499
4 56
053 401

Means for groups in homogeneous subsets are displayed.

Subset for alpha = 0.05

N 1
4 17.
4 18
4 21

21

8

w N
&b
W
2 8




ki | I 410}

Means for groups in homogeneous subsets are displayed.

WHC

Subset for alpha = 0.05

N 1
4 34.23504
4 35.4375
4 40.53504

381
Means for groups in homogeneous subsets are displayed.
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