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ABSTRACT
The Weija Reservoir is an important resource for the production and supply of potable water, fish
and irrigation services in Ghana. The study was undertaken to estimate the potential fish yield of
Weija Reservoir to provide information for planning and management and to address the challenges
of paucity of information on the potential fish yield of reservoirs in Ghana. Fish and water sam-
ples were collected monthly between March and December 2011 at Intake, Machigeni and Galilea
sampling stations in the Weija Reservoir. Based on the physico-chemical parameters evaluated, the
Weija Reservoir is adequate for fish survival, growth and production despite indications of low lev-
els of organic contamination. Estimates of mean fish yield and potential fish yield for the three (3)
stations based on morpho-edaphic index indicate that Machigeni has the highest yields followed by
Intake and Galilea due to differences in anthropogenic activities, contamination and species richness.
Monthly variations in potential fish yield and physico-chemical parameters follow similar pattern
at all three sites with Machigeni recording the highest values and Intake the lowest. For the section
of the reservoir sampled, the mean potential fish yield was 68.27 kg ha™! while the mean fish yield
was 229.45 t yr! giving indication of declining fish yield compared to the earlier life of the reservoir
which is attributable to physico-chemical, environmental, biological and anthropogenic changes.
For successful fisheries management, regular monitoring of the fish species as well as control of fish
habitat and environmental degradation are recommended.

Original scientific paper. Received 09 Aug 17; revised 24 Aug 18

Introduction
Reservoirs and lakes are important components
of the modern aquatic ecosystem constituting
an appreciable economic and environmental
resource that provides numerous benefits to
many countries, including Ghana. Reservoirs
provide significant contributions to global
fisheries (Fernando et al., 1988, Moreau &
De Silva, 1991, Miranda, 1999) and to fish
production in several West African countries

(Dugan, 2003). The relative contribution of
reservoirs to inland capture production may be
even higher than officially reported (Kolding
& van Zwieten, 2006) such as those ranging
from 1,500 tonnes in Lake Manantali, Mali to
between 40,000 and 215,000 tonnes in Lake
Volta, Ghana (Lévéque, 1999, Braimah, 2000,
2003; Barry et al., 2005).

Fish provide the most available, affordable
and preferred animal protein for many West
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African communities and is a vital component
of food security for many of the world’s poor-
est people. In Ghana, the fisheries sector gen-
erates about $1 billion per year and contributes
3 % to annual Gross Domestic Product (GDP)
and 4.5% to agricultural GDP and supports
livelihoods of about 8 — 10 % of the population
(BOG, 2008). Yet there is an annual deficit of
over 50.0 % in fish requirements which is aug-
mented by fish imports amounting to over $200
million annually (BOG, 2008). Until aquacul-
ture production is increased substantially to
make up for the difference in annual fish re-
quirement, there will be the need to depend on
inland water bodies such as reservoirs for fish
production.

Fish production in reservoirs is generally
affected by morphological, physical, chemical
and biological factors such as reservoir mor-
phometry, physico-chemical characteristics,
and phytoplankton. The techniques for predict-
ing potential fish yield in lakes and reservoirs
are very important to the development and man-
agement of freshwater fisheries especially in
Africa and Southeast Asia. The most widely ac-
cepted method among several yield predictors
in lakes and reservoirs is the morpho-edaphic
index (MEI) developed by Ryder (1965). The
simplicity of the MEI and its generally good
and rapid predictive capabilities has resulted in
its application worldwide. Howbeit, there are
regional modifications such as in North Amer-
ican reservoirs (Jenkins, 1982), African lakes
and reservoirs (Regier et al., 1971, Henderson
& Welcomme, 1974; Marshall, 1984; Adeniji,
1991; Kantoussan et al., 2007), temperate res-
ervoirs (Schlesinger & Reiger, 1982) and Asian
reservoirs (Janjua et al., 2008).

This study was undertaken against the back-
drop of limited information on the potential
fish yield of reservoirs in Ghana coupled with
changes in physico-chemical characteristics of

inland waters over time due to anthropogenic,
environmental, climatic and other factors. The
objective of the study was to determine the
potential fish yield of Weija Reservoir using
the morpho-edaphic index (MEI) and physi-
co-chemical parameters for management con-
siderations.

Materials and methods

Study area

The Weija Dam is an earth fill embank-
ment type with rock fill protection created on
the River Densu in 1977 with dam height above
river bed of 15.85 m and dam height above
foundation of 18.90 m. The Weija Reservoir
(0°20"- 0° 25" W and 5°30’ - 5°45'N) (Fig. 1)
resulting from the damming of the River Densu
at Weija is 14 km long and 2.2 km wide with a
mean depth of 5.0 m (Vanden Bossche & Ber-
nacsek, 1990). Weija Reservoir is located about
17 km west of Accra and covers a surface area
of approximately 33.61 km? (3361 ha) of land
at maximum water level. The reservoir area is
low lying with undulating topography and iso-
lated ridges. The Weija Reservoir has a storage
volume of 116,040,000 m*. The normal reten-
tion water level is 14.37 m while the maximum
flood water level is 15.24 m. Weija Reservoir is
one of the water production reservoirs in Gha-
na created to supply potable water to western
parts of Accra. Additionally, the reservoir sup-
ports fisheries, which was one of the important
activities that developed after impoundment.

Climatic conditions are tropical with wet
season having moderate rainfall which peak
in June and September with dry season span-
ning between December and March. Previous
reports on Weija Reservoir include its physi-
co-chemical characteristics, fish composition,
fisheries and socio-economic status (Ameka et
al., 2000; Ansa-Asare & Asante, 1998; Dassah
& Abban, 1979; Abban, 1979; Balarin, 1988;
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Ofori-Danson et al., 1993; Amevenku & Quarcoopome, 2005; Quarcoopome & Amevenku,
2006; Quarcoopome, 2010).
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Fig. 1: Map of Weija Reservoir showing sampling stations

Reservoir classification reckoned as reservoirs (Sugunan, 1995). Reser-
All man-made impoundments of size more than  voirs are classified generally as small (<1,000
10 hectares (ha) created by obstructing surface  ha), medium (1,000 to 5,000 ha) and large
flow and erecting a dam of any description on (> 5,000 ha) (Sarma, 1990; Srivastava et al.,
a river, stream or any water course, have been  1985). Generally, mean depths up to 7 m are
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considered low while those greater than 14 m
are considered high.

Data collection and analysis

Samples of fish and water were taken monthly
over a ten month period between March and
December 2011 from three (3) previously sam-
pled and easily accessible stations in the south-
ern section of the Weija Reservoir.

Physico-chemical parameters

Surface water samples were collected from 1m
below the surface into pre-cleaned 1L Nalgene
sample bottles using a Van-Dorn water sampler.
Temperature, pH, conductivity and dissolved
oxygen were measured in situ (Table 1). All
the collected samples were stored in insulated
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boxes with ice and transported to the CSIR-
WRI laboratories in Accra for analyses. The
parameters determined include pH, turbidity,
conductivity, suspended solids (SS), total
dissolved solids (TDS), alkalinity and total
hardness. Major ions include cations namely
calcium, potassium, sodium and magnesium
as well as anions namely chloride, sulphate,
fluoride and bicarbonate. Nutrients include
ammonia, nitrate, nitrite, and phosphate. Other
parameters were dissolved oxygen (DO) and
biochemical oxygen demand (BOD). The
physico-chemical parameters were determined
according to the methods described in the
Standard Methods for the Examination of
Water and Wastewater (APHA-AWWA-WEF,
2005). The methods of analyses are listed in
Table 1.

TABLE 1
Summary of Methods of Analyses
Parameter Method of Analysis
pH pH Meter
Temperature Temperature Probe
Conductivity Cyberscan PC 510
Turbidity HACH 2100P Turbidimeter

Total Suspended Solids (TSS)
Total Dissolved Solids (TDS)
Dissolved Oxygen

Biological Oxygen Demand
Chloride

Nitrate-nitrogen

Sulphate
Phosphate-phosphorus

Total hardness

Calcium

Magnesium

Sodium

Potassium

Iron

Manganese

Gravimetric

Gravimetric

Cyberscan DO 300

Dilution Method
Argentometric

Hydrazine reduction
Turbidimetric

Stannous Chloride

EDTA Titrimetric

EDTA Titrimetric

EDTA — By Calculation
JENWAY Flame Photometer
JENWAY Flame Photometer
Flame AAS

Flame AAS
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Fish

Fish sampling was undertaken monthly in three
previously sampled and easily accessible sta-
tions in the Weija Reservoir between March
and December 2011. The type of nets used
were multi-mesh multifilament (12.5 — 40.0
mm) and monofilament (38.1 — 177.8 mm)
gill nets and were deployed overnight. Fish
samples were identified and sorted according
to species (Dankwa et al., 1999; Paugy et al.,
2003a, b). Each fish sample was weighed to the
nearest 0.1 g using a mass balance and mea-
sured for standard length (SL) and total length
(TL) to the nearest 1.0 mm and 0.1 cm respec-
tively using a measuring board.

Morpho-edaphic index (MEI)

The MEI technique has gained recognition as
a tool for predicting fish yield in lakes and res-
ervoirs in all regions and for providing a rapid
assessment of potential yield. The MEI is cal-
culated by dividing the mean total dissolved
solids or mean conductivity (uS cm™) by the
mean depth (m) of the water body as follows:

MEI = Mean Conductivity/Mean
Depth (Ryder et al., 1974).

Potential fish yield (PFY)

The potential fish yield estimates were ob-
tained using abiotic variables based on the
chemical composition of the reservoir and the
relationship:

Y = 14.16 MEI*+®!
(Henderson &Welcomme, 1974)

Where Y is the potential fish yield in kg ha’!
and MEI is Morpho-edaphic index expressed
in uS cm!
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Fish yield (FY)

Fish yield in t yr' was obtained by multi-
plying the potential fish yield in kg ha! by the
area of the reservoir in hectares and converting
to tonnes per year.

Results
Physico-chemical parameters
Monthly variations in physico-chemical pa-
rameters at the three sampling locations are
presented graphically in Figs 2 to 8.

Physical properties

The pH of the reservoir ranged between 7.1
and 9.1 with the highest pH values at all the
three sites being recorded in April and the low-
est in August. Monthly changes in pH values
followed a similar pattern at all the three sites
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Fig. 2. Monthly variations in pH values at 3 Sampling
stations in Weija Reservoir

Mean turbidity of the reservoir ranged
from 5.64 NTU at Galilea to 42.9 NTU at the
Intake point. Unlike pH where trends in pH
values at the three sites followed a similar pat-
tern, those for turbidity values were not consis-
tent. Whilst the highest turbidity concentration
at the Intake was recorded in March, those for
Galilea and Machigeni were recorded in April
and November respectively (Fig. 3).
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Fig. 3. Monthly variations in Turbidity at 3 Sampling
stations in Weija Reservoir

The conductivity values at the three
sites ranged between 366.2 and 421.5 uS cm’!
and were within the range 10 to 1,000 pS cm™
expected for natural freshwater bodies. The
highest mean conductivity was recorded at
Machigeni and the lowest at the Intake point
(Fig. 4). Total dissolved solids had a trend sim-
ilar to that of conductivity as expected.
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Fig. 4. Monthly variations in Conductivity at 3 Sam-

pling stations in Weija Reservoir

Major Ions

The dominant cation at all these sites was so-
dium with a mean concentration range of 35.0
to 42.5 mg 1! while the dominant anion was bi-
carbonate with a concentration range of 104.0
to 124.0 mg 1''. The general dominance pattern
of the major cations was of the order Na > Ca
> Mg > K whilst that for the anions was of the
order HCO, > Cl1 > SO, (Fig. 5a, b).
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Fig. 5. a) Cationic and b) Anionic Dominance Pattern

at 3 Sampling Stations in Weija Reservoir

Nutrients
There were very minimal variations in nutrient
concentrations. Ammonia concentrations were
the highest with mean concentrations at the
three sites ranging from 1.1 mg 1! to 1.2 mg
I (Fig. 6).
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Fig. 6. Monthly variations in Ammonia at 3 Sampling

stations in Weija Reservoir

Nitrate concentrations were the second highest
after ammonia with mean values ranging from
0.30 mg I'! at Machigeni to 0.50 mg 1! at the
Intake. Nitrite-nitrogen levels were the least of
all the nutrients measured and this was because
Nitrite-nitrogen concentrations in fresh wa-
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ter are normally very low, usually in the order
of 0.001 mg I'". The mean value of 0.1 mg 1!
observed at the sites, however, exceeded this
value.

Mean Phosphate concentrations ranged from
0.10 to 0.20 mg I'' PO,-P and exceed concen-
trations in natural unpolluted waters, which
range from 0.005 to 0.02 mg 1.

Dissolved Oxygen and Biochemical Oxygen
Demand

Dissolved Oxygen (DO) concentrations ranged
from 7.2 to 10 mg I'!; 5.5 to 8.1 mg I'!; and 3.1
to 9.7 mg 1" at Intake, Machigeni and Galilea
respectively. The highest mean DO was record-
ed at Intake (8.4 mg I'") with Machigeni (6.7
mg I'")and Galilea (6.6 mg 1'!) following in that
order. The individual concentrations were all
above 5.0 mg I'! except in October and Decem-
ber 2011 at Galilea where concentrations of 4.6
mg I''and 3.1 mg I'! were recorded respectively
(Fig. 7). The BOD levels observed in the res-
ervoir varied from 2.0 mg I'! to 8.1 mg I''. The
lowest BOD concentrations were recorded at
Machigeni with an overall mean value of 3.38
mg 1" (Fig. 8). Mean BOD values of 4.48 mg
I'' and 4.38 mg 1! were recorded at the Intake
and Galilea respectively.
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Fig. 7. Monthly Variation in Dissolved Oxygen at 3
Sampling Stations in Weija Reservoir
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Fig. 8 Monthly Variation in BOD at 3 Sampling Sta-
tions in Weija Reservoir

Fish species composition

From Quarcoopome and Amevenku
(2010), 17 fish species were sampled compared
to 23 species prior to damming representing
declining fish species in the Weija Reservoir.

Potential fish yield

Based on Henderson & Welcomme
(1974) the mean potential fish yield estimate
for Machigeni was higher than that of Intake
and Galilea in that order (Table 2). The mean
potential fish yield for the southern section of
the Weija Reservoir sampled was estimated at
68.27 kg ha! (Table 2) which translates into
fish yield of 229.45 t yr' (Table 3). Monthly
variations in potential fish yield and fish yield
follow similar patterns at all three sites with
Machigeni recording the highest values and In-
take the lowest (Table 2, 3).
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TABLE 2
Monthly Mean Potential Fish Yield (PFY) from 3 Stations on Weija Reservoir based on Morpho-edaphic Index

(Henderson & Welcomme, 1974)

March April May June July

August September October November  December

PEYRgha 5y 2011 2011 2011 2011 2011 2011 2011 2011 2011 Mean
Intake 64.61 66.35 66.81 69.61 67.43 70.78 71.45 80.78 69.35 65.90 67.80
Galilea 67.59 66.35 59.14 74.82 69.27 70.55 71.60 64.12 66.66 66.80 67.69
Machigeni  64.61 66.35 66.81 69.61 67.43 70.78 71.45 80.78 69.35 65.90 69.31
Mean 65.60 66.35 64.25 71.35 68.04 70.70 71.50 75.23 68.45 66.20 68.27
TABLE 3
Monthly Mean Fish Yield (FY) from 3 Stations on Weija Reservoir based on
Morpho-edaphic Index (Henderson & Welcomme, 1974)
FY tyr March April May June July August September October November December Mean
Y 2011 2011 2011 2011 2011 2011 2011 2011 2011 2011 N
Intake 20573 22162 225.39 22957 23332 23688 24213 21552 229.72 228.99 227.89
Galilea 22715 22301 198.76 25149 23281 23713 240.64 215.52 224.06 224.53 22751
Machigeni 21716 22301 22456 23395 22662 23789 240.13 27151 233.08 22149 232.94
Mean 22002 22255 21624 23834 23092 2373 240.97 234.18 228.95 225 229.45
TABLE 4
Correlation of Physico-chemical Parameters with Potential Fish Yield (PFY)
and Fish Yield (FY) Estimates for Weija Reservoir
Parameter SS DS Mg Nitrite Nitrate Alkalinity Mg hardness Fluoride Bicarbonate BOD Iron
PFYKgha 034 089 098 051 -0.98 0.71 0.99 -0.56 0.71 0.97 0.92
FY tiyr 091 095 051 -0.98 -0.55 0.99 0.74 -0.98 0.99 -0.50 -0.36
Discussion the biochemical reactions and controls the activ-

Reservoir classification

Going by the classification of Sarma (1990),
and Srivastava et al. (1985), the Weija Reser-
voir can be described as medium-sized because
it has a surface area of 3361 ha which falls
within the 1000 — 5000 ha range which is cat-
egorized as medium. Mean depths below 7 m
are considered low and, therefore, on that basis
the Weija Reservoir can be described as being
of low depth.

Physico-chemical factors
The pH of natural waters is considered as an in-
dex of environmental conditions which affects

ities and distribution of aquatic fauna and flora
(Sugunan, 1995; Sharma, 2000). The pH of the
reservoir was moderately alkaline (7.1 to 9.1)
with minimal variation and within the pH range
of 6.0 to 9.5 for most natural waters (Chapman
1996). This is an indication of the suitability
of the reservoir for fish growth, sustenance and
survival. The highest and lowest pH values at
all the three sites were recorded in April and
August, which are within the major and minor
rainy seasons in southern Ghana respectively.
Oxygen is very important and essential
for the growth and survival of fish because it
affects fish respiration as well as nitrite and
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ammonia toxicity. Where DO concentration
reduces, respiration and feeding activities de-
crease (Mallya, 2007) and fish are not able to as-
similate food consumed (Tom, 1998) resulting
in decreased growth rate and poor condition.
DO is also an important measure of aquatic
health with healthy water bodies usually having
DO levels of 8 mg I'' or higher. According to
Boyd (1982), DO level should be at least 5 mg
I for a productive water body. Based on mean
dissolved oxygen concentrations, the reservoir
can be said to be well oxygenated and produc-
tive, thus suitable for fish survival, growth and
reproduction.

The observed dominance pattern of the
major ions in the Weija Reservoir did not con-
form to the ionic dominance pattern of Ca >
Mg > Na > K for cations and HCO, > SO, > CI
> F for anions in freshwater. The dominance of
Na over Ca in this study was attributed to hu-
man activities in the area and the influence of
seawater since the area falls within the coastal
zone. The mean concentrations of K remained
unchanged over the period of sampling. This is
probably because, as observed in this study, it
is usually the least of the four elements which
together constitute the major total cationic con-
centration in surface water (Talling, 2010).

The conductivity of water is a measure of
the concentration of dissolved ions in solution.
It is known that the higher the concentration of
dissolved ions in water, the higher the conduc-
tivity of the water. The conductivity of the Wei-
ja Reservoir water can be said to be moderately
high considering that conductivity levels above
200 uS cm! are considered optimal and good
criteria for fish production (Das et al., 2008).
Also, the conductivity level of the reservoir
can be said to be high when compared with
what pertains in other reservoirs in the coun-
try and sub-region of West Africa (Elegbede
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et al, 2015; Idowu et al., 2004). Overall, the
conductivity of the Weija Reservoir is suitable
for fish survival, growth and sustainability and
also accounts for the high potential fish yield of
the reservoir.

Turbidity of water influences the depth
to which light is transmitted through the wa-
ter column and is, therefore, a limiting factor
for light penetration. This in turn controls the
amount of primary productivity that is possible
by controlling the rate of photosynthesis of al-
gae present. Thus, increased turbidity is a major
constraint on primary production and potential
fish yield (Ofori-Danson & Ntow, 2005).

Factors such as increased stream flow due
to heavy rains can enhance turbidity by trans-
porting suspended particles, such as clay and
silt, to the water bodies. No clear variations
were, however, observed at the sampling sites
between the wet (April to June and September
to November) and dry seasons (December to
March and July to August). The lack of distinct
trends between the seasons could be due to the
fact that the origin and intra- and interannual
variability of turbidity is not always well un-
derstood (Cooper et al., 2016). High turbidi-
ty in reservoirs may negatively affect aquatic
ecology and water infrastructure.

The concentration of total dissolved sol-
ids (TDS) has been considered as an index of
productivity of the aquatic environment (Jhin-
gran, 1991). Rawat (1991) observed a signifi-
cant relationship between total dissolved solids
and quantities of plankton, bottom fauna and
fish fauna. According to the criteria by Sreeni-
vasan (1978), reservoirs with TDS of 50 mg I'!
are productive. Thus with TDS ranges of 189.0
—238.0 mg I'! at Intake, 196.0 —271.0 mg 1! at
Galilea, and 192.0 — 325.0 mg 1! at Machigeni
the section of the water system in Weija Reser-
voir sampled is productive. Mean TDS values
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recorded at each station and for the sampled
section of the reservoir (217.42) were higher
than that observed in most medium and/or shal-
low reservoirs in Ghana and Nigeria and twice
that for Oyun Reservoir in Nigeria (Mustapha,
2009) indicating high ionic content. The high
ionic content could be due to weathering of un-
derlying rocks and soil, runoffs from surround-
ing water, and high rainfall which carries most
of the dissolved salts into the reservoir as well
as anthropogenic factors such as construction
and stone quarrying activities in the immediate
environs of the reservoir.

Generally, there were very minimal varia-
tions in nutrient concentrations. Ammonia con-
centrations were the highest with mean con-
centrations at the three sites ranging between
1.1 mg I'" and 1.2 mg I"' followed by nitrates
with mean values ranging from 0.30 mg I"! to
0.50 mg 1" while nitrites with mean value of
0.1 mg 1" observed at the sites exceeded the
normal value which is in the order of 0.001 mg
I''. Ammonium concentration observed at the
sampling sites far exceeded concentrations in
unpolluted waters which is normally less than
0.1 mg I'' but may occasionally reach 0.2 mg
I (Chapman, 1996). Thus, giving indications
of organic pollution from domestic sewage, in-
dustrial wastes and fertilizer run-off from agri-
cultural activities which has cost implications
for treatment and potable water production.

Nitrate-nitrogen is the most common form
of nitrogen in fresh water and rarely exceeds
0.1 mg I'! in natural unpolluted water. This con-
centration might be enhanced by municipal and
industrial waste waters, leachates from waste
disposal and from fertilizers. Concentrations
between 1.0 and 5.0 mg I"! which indicate hu-
man influences were not observed neither were
values greater than 5.0 which usually indicate
pollution by human or animal wastes (Chap-
man, 1996).

Nitrite-nitrogen levels were the least of all the
nutrients measured and this was because ni-
trite-nitrogen concentrations in fresh water are
normally very low, usually in the order of 0.001
mg I'!. The mean value of 0.1 mg 1! observed at
the sites, however, exceeded this value which
is indicative of industrial effluents and likely to
be associated with poor microbiological quali-
ty (Chapman, 1996).

Vollenweider (1970) reported that oligotro-
phic—mesotrophic lakes had a total phosphate
content of 0.008 mg I'! (8 u g L") while mesotro-
phic—eutrophic ones had above 0.017 mg 1" (17.6
p g I'"). The average phosphate content of Intake,
Galilea and Machigeni stations were in the range
of <0.001 —0.893,<0.001 —0.282 and < 0.001
—0.326 mg I'! respectively, and thus fall in the
category of eutrophic status. Mean phosphate
concentrations ranged from 0.10 to 0.20 mg
I PO,-P exceeding concentrations in natural
unpolluted waters, which range from 0.005 to
0.02 mg I'. Phosphate availability is general-
ly believed to be a critical factor in eutrophi-
cation. Excess phosphate has the potential of
causing algae to grow out of control, reducing
light and oxygen availability for fish thus com-
promising the water quality for fish survival,
sustenance and growth. The higher nitrite-ni-
trogen and phosphate levels observed in the
reservoir could have enhanced the growth of
algae and the corresponding high productivity
of the reservoir.

Fish species composition

The decline in number of species observed
from sampling could be attributed to fewer hab-
itat types in the reservoir than in the river with
respect to water flow and the non adaptation
of some fish to the new lacustrine conditions
created by the reservoir resulting in their disap-
pearance or decreased relative abundance with
implications for potential fish yield. Quarcoo-
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pome & Amevenku (2010) reported changes in
the Weija Reservoir fish community structure
involving shifts in relative abundance of fish
based on number, weight and trophic groups.
The disappearance of C. auratus and the low
relative abundance of O. niloticus in the Weija
Reservoir according to Quarcoopome & Amev-
enku (2010) has implications for potential fish
yield, reservoir fishery development, and so-
cio-economics of fisher folks since the species
are of importance to reservoirs in Ghana.

Potential fish yield

According to Das et al., (2008), the prime
pre-requisite for sound and sustainable fisher-
ies management is to evaluate the fish yield
potential of any reservoir for resource planning
quantitatively. The objectives of reservoir fish-
ery management are to increase fish yield and
to maintain a sustainable harvest of fish at a
level near the optimum production of the res-
ervoir. The ability to estimate fish production
is very important in permitting managers to
make a more accurate appraisal of the expected
harvest from reservoirs. The estimated poten-
tial fish yield in this study is lower than that
reported by Ofori-Danson et al., (1993) due to
environmental, anthropological, limnological,
and biological factors. The observed decline in
PFY in Weija reservoir from 360 t yr' or 80.47
kg ha' to 229.45 t yr'! or 68.27 kg ha! was also
observed in the Volta Lake by Ofori-Danson &
Ntow (2005) who reported decline from 32.8
kgha'in 1974 (27, 880 tonnes at 8,500 km?) to
29.0 kg ha! (24,650 tonnes) in 1995/6 attribut-
ed to limnological changes in the reservoir no-
tably increased turbidity.
The estimated PFY of of 68.27 kg ha! for the
sampled section of Weija Reservoir is higher
than that of 46.21 kg ha! reported for Kpong
Headpond (Quarcoopome et al., 2007) which
has similar climatic factors. The estimated
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Weija PFY is also higher than that for reser-
voirs in Northern Ghana such as Busunu (2.62
kg ha') as well as that of some medium and/or
shallow reservoirs in Africa such as Bakolori
(50 kg ha!) (Ita et al., 1982), Kubani (38 kg ha-
1) (Balogun & Aduku, 2005), Jebba (40 kg ha')
in Nigeria (Adeniji 1991). The estimated PFY
of Weija Reservoir of 68.27 kg ha'! is, however,
lower than that of Achubunyo (75.05 kg ha''),
Mahama (90.19 kg ha') (Abban et al., 1994),
Botanga (86.98 kg ha'), Libga (97.19 kg ha
1) (Quarcoopome et al., 2008) and Oyun Res-
ervoir (125.75 kg ha') in Nigeria (Mustapha,
2009). The Weija Reservoir estimated potential
fish yield falls within the estimate of 30 — 150
kg ha'! given by Marshall & Maes (1994) for
managed reservoirs in tropical Africa.

Even though declining compared to pre-
vious estimates, the potential fish yield of the
sampled section of the Weija Reservoir is still
high and could be attributed to the high con-
centration of dissolved salts, high conductivi-
ty, high productivity and low mean depth. The
differences in potential fish yield among the
sampling stations could be due to differences
in physico-chemical, anthropogenic and/or en-
vironmental factors.

From this study, PFY is positively and
strongly correlated with suspended solids (SS),
total dissolved salts (TDS), bicarbonates and
alkalinity (Table 4) meaning that as these pa-
rameters increase PFY also increases indicat-
ing the positive impact of these parameters on
PFY. Conversely, PFY is strongly negative-
ly correlated with calcium, chloride, nitrate
(NO,), nitrite (NO,), ammonia (NH,), carbon-
ates (CO,), calcium hardness, total hardness,
flouride, BOD, manganese, and iron (Table 4)
meaning that as these parameters decrease PFY
increases indicating the inverse nature of the
relationship between PFY and these parame-
ters. Similarly for yield, magnesium and mag-
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nesium hardness are positively strongly cor-
related with PFY while nitrate, iron and BOD
are negatively strongly correlated with PFY.
Rawson (1952) found a highly significant in-
verse relationship between fish production and
mean depth.

In Latin America, Paiva (1976) identified
10 positive and five negative factors covering
both biotic and abiotic parameters influencing
fish yield in Brazilian reservoirs. The positive
factors were extent of shoreline development,
existence and extent of marginal vegetation,
tree and brush clearing, average depth of less
than 18 m, conditions allowing migration, in-
troduction of pre-adapted lentic fish, existence
of permanent fisheries, utilization of modern
fishing gears, enforcement of fishery regula-
tions and management and financial assistance
to fisheries. The negative factors were erosion
of reservoir watershed, reduction of quanti-
ty of water flowing into reservoirs, large sea-
sonal water level fluctuation, unbalanced fish
population in favour of predatory species and
pollution in reservoir watershed. The loss of
vegetation through tree and bush clearing for
building construction and farming, siltation re-
sulting in declining mean depth and pollution
in reservoir watershed are factors evident in the
Weija Reservoir. Hence it is important for re-
searchers to take up further study into the effect
of these factors.

The high potential fish yield of the Weija
Reservoir section sampled suggests that fisher-
ies potential of a medium-sized and low depth
reservoir that has reasonably high concentra-
tion of dissolved solids, and high conductivity
can be more productive than deep reservoirs.
This is confirmed by estimates from large deep
tropical African reservoirs such as Kariba 60
kg ha! (Machena, 1995), Nasser/Nubia 36 — 39
kg ha'! (Rashid, 1995), Kainji 3.5 — 4.7 kg ha!
(Balogun & Ibeun, 1995) and Volta 12 kg ha™!

(Ryder et al., 1974), all of which are lower than
estimates from Weija Reservoir. Also, the high
potential fish yield enhanced by the generally
good physico-chemical characteristics of the
reservoir agrees with the findings of Ranta &
Lindstrom (1998) in Finnish Lakes.

Conclusion

The physico-chemical characteristics of Weija
reservoir are suitable for the growth, survival,
and reproduction of fish. The mean fish yield
and potential fish yield for the three (3) stations
in the southern section of the Weija Reservoir
based on morpho-edaphic index show that
Machigeni has the highest estimate followed
by Intake and Galilea in that order. The mean
potential fish yield of 68.27 kg ha! for the
southern section of Weija Reservoir based on
morpho-edaphic index (MEI) is comparative-
ly high due to high concentration of dissolved
solids, high conductivity, high productivity and
low mean depth. PFY is positively and strongly
correlated with suspended solids (SS), total dis-
solved salts (TDS), bicarbonates and alkalinity
meaning that as these parameters increase PFY
also increases indicating the positive impact of
these parameters on PFY. Conversely, PFY is
negatively correlated with calcium, chloride,
nitrate (NO3), nitrite (NO,), ammonia (NH,),
carbonates (CO,), calcium hardness, total hard-
ness, flouride, BOD, manganese and iron. This
means as these parameters decrease PFY in-
creases; an indication of the inverse nature of
the relationship between PFY and the param-
eters.

Recommendations
To ensure sustainably good catches by fisher-
men, the reservoir should be managed effec-
tively with the adoption of best management
practices (BMP). These management practic-
es include the following: regular monitoring
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of the water quality, quantity, and fish stock;
prevention of eutrophication, sedimentation
and other watershed abuses that could lead to
water quality deterioration and inadequate fish
assemblages; enforcement of fishing regula-
tions; control of fish habitat and environmental
degradation as well as stocking and/or conser-

vation of desirable and indigenous fish species.
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