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Abstract

Concerns have been raised about the proliferation of cage fish farming in the Volta lake and the poten-
tial water quality impacts. The study was undertaken to determine current cage fish farming practices
on the lake, and to assess their impacts on water quality of the lake. Forty cage fish farm operators
were interviewed for information on farming practices using structured questionnaires. Water quali-
ties of sites on the lake with, and without cage fish farms were also determined. Results from the
survey showed that Oreochomis niloticus, an indigenous species from the Volta lake, was the main
species being cultured. Two main feed types were employed by the farmers; 60 per cent being extrud-
ed pelletised floating feeds and 40 per cent being non-extruded pelletised feeds. Stocking densities
were varied, ranging from less than 50 to over 300 fingerlings m=. The water quality results from the
study were compared with data collected a decade to three decades ago on the lake to assess changes
in water quality. The results did not show marked changes to the water quality of the lake. The study,
however, recommends the need for continuous monitoring, and the institution of management strate-
gies for the sector to forestall future eventualities.

Introduction
In the past five decades, aquaculture has
expanded from being almost negligible to
being fully comparable with capture fish
production in terms of feeding people in
the world. It has become the world’s fastest
growing food sector with an average com-
pounded growth rate of 8.1 per cent per year
(Lazard et al., 2010). Of the total global
production of 130.8 million tonnes of fish
produced, (excluding plant and non-food
items), 60 million tonnes was from aquac-
ulture, with an estimated value of US$ 119
billion. Its growth has been attributed to in-
creasing demand for fish because of growing
human populations, stagnating production

from capture fisheries, generating profit and
income, the urgent need for sustainable food
supply, increasing scientific, technological
and entrepreneurial skills in managing spe-
cies lifecycles and production environments,
and in meeting market and commercial ob-
jectives (Lazard et al., 2010).

Aquaculture production in Ghana started
in the 1950s. Until about a decade ago, the
culture was largely undertaken in earthen
ponds, mainly at the subsistence level and
where rudimentary tools were employed.
One of the first commercial aquaculture
farms, which also introduced the cage aqua-
culture system in Ghana, was established
in the Volta lake at Dodi Asantekrom in the
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Asuogyaman District, of the Eastern Region
in 1998. A vigorous campaign and promo-
tion by government agencies over the years
has enhanced commercial interests of both
foreign and local investors in the sector. The
interests, however, lie mostly in the estab-
lishment of fish cages in the Volta lake for
tilapia (O. niloticus) production. A number
of such farms with full targeted produc-
tion capacities ranging from 700 t to about
10,000 t per annum (Environmental Impact
Statement Reports, EPA), have so far been
established and are operating at various lev-
els at full capacities. Several other small
scale production facilities or farms number-
ing over 85 mainly operated by locals have
also sprung up, and their numbers continue
to grow (Hannah Aboagye, Eastern Region-
al Director, Fisheries Commission Verbal
Communication ).

Increased fish production from aquac-
ulture is important in Ghana, as it will not
only cut the amount of foreign exchange
spent on fish import which stood at US$
156,430,513.82 in 2012 (MoFAD, 2012),
but will also create jobs and improve liveli-
hoods of rural communities (Asmah et al.,
2010). Aquaculture like many other farming
activities, however, relies on the use of natu-
ral resources such as land, water, seed and
feed. Its growth always involves the expan-
sion of cultivated areas, larger aquaculture
farms, higher density of farmed individu-
als, and the increased use of feed resources
(FAO, 2010). Negative effects of these are
said to be numerous, diverse and complex
(Bert, 2007). Impacts on the ecology of
water bodies have been described as both
biological and physico-chemical. Biologi-
cal-relating to gene pollution as a result of

fish escapement which is almost inevitable,
except in biosecure aquaculture systems
(Diana, 2009) and changes in other bio-
logical communities as a result of pollution.
Physico-chemical — relating to impact to the
water quality as a result of the application
of feed, and wastes from the fish, and other
inputs such as antibiotics in the treatment of
fish diseases should they occur.

Cage aquaculture fish production from
the Volta lake is currently estimated to ac-
count for more than 80 per cent of total
fish production from aquaculture (MoFAD,
2012). In view of the increasing demands
on sustainable usage of primary resources,
such as land and water, and the necessity of
applying sustainable aquaculture practices,
there is an urgent need for the competitive
use of natural resources, and the importance
of satisfactory control measures to protect
the natural environment and to safeguard the
developing aquaculture industry. Among the
recommendations for cage aquaculture ex-
pansion in Africa, is the need for countries to
create an effective policy framework to en-
sure equitable and sustainable development
(Halwart & Moehl, 2006).

The study was undertaken to determine
the types and sources of inputs used by fish
farmers operating on the Volta lake, how
these could potentially impact the lake, and
the current water quality of the lake com-
pared to that from previous studies.

Experimental
Study area — The Volta lake
The Volta lake (Fig. 1) lies between longi-
tude 1° 30 W and 0° 20’ E and Latitude 6°
15’ N and 9° 10’ N. At the maximum level,
the lake has a volume of 149 km?, a surface
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area of about 8,500 km? and a length of 400
km (Rogers et al.,, 2006). The mean depth
is 19 m. It constitutes 3.6 per cent of the
surface area of Ghana (CSIR-WRI, 2006).
The Volta lake (Fig. 2) at its formative years
was divided into eight segments called strata

to facilitate hydrological and limnological
studies (Karikari ef al., 2013).

The catchment area of the Volta basin is
approximately 394,000 km? and shared by
six countries — Mali, Benin, Togo, Burkina
Faso, Ivory Coast and Ghana. The Volta ba-

sin system drains about

70 per cent of the to-
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tal land area of Ghana,
with the portion in Gha-
na representing about
42 per cent of the total
basin area (CSIR-WRI,
2006).

The climate of the
basin is tropical conti-
nental or savanna type,
with a single rainy sea-
son in the northern sec-
$w tion. However, there are
two rainy seasons in
the southern portion of
the lake extending from
" May to October, fol-
e ™ lowed by a prolonged
dry season. The annual
rainfall ranges between
1000 mm and 1150 mm.

Agriculture is the
major land use activity
in the basin, with most
of the inhabitants of
the basin being farmers
engaged in both cul-
tivation of crops and
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Fig. 1. The Volta lake indicating its management strata: | = Afram arm; Il = lower
main body; Il = middle main body; IV = upper main body; V = Oti river arm; VI
= lower Volta riverine body; VIl = middle Volta riverine body; and VIII = upper

Volta riverine body (Fabio et al., 2003).

remaining areas are
characterised by exten-
sive livestock grazing.
Cage fish farming now
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Fig. 2. Locations of fish cage farms visited between December 2009 and June
2010 . In brackets on the map are the numbers of fish farms within the .
locality Water sampling

being undertaken on the main lake and the
lower Volta area and these are largely sited
in stratum II of the lake (Fig. 1). The study
concentrated on stratum II, the Kpong head-
pond and the lower Volta area, a section of
the Volta lake where majority of cage fish
farms are sited (Fig. 1).

Water samples were
collected from 14 locations on the Volta lake

in stratum II (Fig. 1). The names of the sam-
pling stations and locations on the lake are
shown in Table 1 and Fig. 3, respectively.
Eleven of the sites were located in areas
with fish cages, two from areas downstream
of the fish cages; and one from a site up-
stream of the cages, which served as a refer-
ence site. The water samples were collected
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TaBLE 1

Water sampling sites and their relative locations on parts of the Volta lake and the lower Volta

Sample ID Location District Region

S1 Little London Asuogyaman Eastern Region
S2 Torgome North Tongu Volta Region
S3 Akuse Asuogyaman Eastern Region
S4 Ajena Dornu North Tongu Volta Region
S5 ATL Akwamufe Asuogyaman Eastern Region
S6 Senchi ferry Asuogyaman Eastern Region
S7 Sokpoe bridge South Tongu Volta Region
S8 Sogakorpe Agorme South Togu Volta Region
S9 Adidome downstream North Tongu Volta Region
S10 Adidome upstream North Tongu Volta Region
S11 Adidome midsream North Tongu Volta Region
S12 Amankwa Tornu Afram Plains Eastern Region
S13 Dodi Asantekrom 1 Asuogyaman Eastern Region
S14 Dodi Asantekrom 2 Asuogyaman Eastern Region

in pre-cleaned 1 / polyethylene bottles and
stored in an ice-packed insulated container,
and transported to the CSIR-WRI laboratory
in Accra for analysis.

Water samples for dissolved trace metal
analysis were filtered and collected into 50
ml polyethylene vials and acidified with 65
per cent analytical grade HNO, to a pH of
less than two, whilst that for biological oxy-
gen demand (BOD) and dissolved oxygen
(DO) were collected into 250 ml dark glass
and transparent bottles, respectively. Sam-
pling stations were located in the vicinity of
the cage and downstream of the cage culture
sites. The fish farms surveys and water sam-
pling were undertaken between December
2009 and June 2010.

Sample analysis

Temperature and pH were measured in
situ with a temperature probe and a HACH
EC 20 portable pH meter, respectively.

Transparency was measured with a Secchi
disc. In the laboratory, electrical conduc-
tivity and turbidity were measured with a
Cyberscan 510 meter and a HACH 2100 P
Turbidimeter, respectively. All other analy-
ses followed the standard methods (APHA/
AWWA/WEF 1998): diazotization for NO -
N; hydrazine reduction for NO,-N; direct
nesslerization for ammonia nitrogen; stan-
nous chloride for phosphate; and the Azide
modification of Winkler for dissolved oxy-
gen. Sodium and potassium were measured
by flame emission photometry, calcium and
magnesium by EDTA titration, sulphate by
turbidimetric method and chloride by argen-
tometric titration. Other analyses included
alkalinity by strong acid titration, fluoride by
SPADNS method, total dissolved solids and
suspended solids were measured gravimetri-
cally after drying in an oven to a constant
weight at 105 °C. Dissolved trace metals
were analysed using a UNICAM 969 Flame
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Atomic Absorption Spectrophotometer. The
current state of water quality of the lake was
compared with quality states obtained from
previous monitoring exercises, to ascertain
any changes that may be occurring in the
water quality.

The capacities or volumes of the cages
used by the fish farmers was calculated by
using the formula for determining the vol-
ume of a cuboid (LxBxH). The stocking
density was determined by the number of
fish per unit volume (fish m).

Data analysis

The data were all analysed using Statisti-
cal Package for the Social Sciences (SPSS
for windows, version 16). Descriptive sta-
tistics was used to determine the mean and
standard deviation for the various param-
eters.

Results and Discussion
Profile of fish farms in study area
The cages used for fish farming, with the
exception of few large scale commercial
farms, were largely constructed from mate-

rials obtained locally. The
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Fig. 3. Water sampling points on the Volta lake

per farm ranged from 57.1
m? to 6,500 m*® with a mean
volume of 753.7 m’. The
number of cage units per
farm ranged from one to 56
with an average number of
nine. The volumes of indi-
vidual cage units, ranged
from 22.5 m*to 490 m®. The
dimensions ranged from 3
mx3mx25mto 10 m
%x 10 m x 5 m. The sizes of
cages varied depending on
their use and farm opera-
tions (breeding and finger-
ling cages for instance are
often smaller than fattening
cages).
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The total dominant cage volumes per
farm ranged from 200 m’ to 500 m?, fol-
lowed closely by production volumes of 501
m?® to 1000 m® (Fig. 5). Based on the sizes
of cages encountered in the survey, the fish
farms may all generally be classified as me-
dium to large scale. Coche (1982) and Oran-
chunwong ef al. (2001) classified cage sizes
of 6 — 20 m? as medium and sizes up to 600
m? as large, respectively. The minimum farm
size from the survey was 22.5m?*. The advan-
tage of using large cages are that, they gen-
erally resulted in better growth, reduced feed
loss and improved survival rate even at low

Fig. 4. Fish cage comprising galvanised pipes, metal drums

and nylon nets
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level of dissolved oxygen (Campbell, 1985).

Types and sources of inputs

The main fish species cultured by fish
farmers operating on the Volta lake was O.
niloticus. From the survey, the fingerlings
were obtained from four main sources; pri-
vate commercial hatcheries, farmers own
production, the Fisheries Directorate office
at Ashaiman and the Aquaculture Research
and Development Centre (ARDEC) of the
Water Research Institute. ARDEC was,
however, the main source of broodstock for
all the hatcheries, which is the improved
“Akosombo strain” of O. niloticus a
species indigenous to the Volta lake.
The weights of fingerlings stocked by
the farmers ranged from three to five
grams and these were all supposedly
sex reversed using 17-alpha methyl-
testosterone. Fish escapes from fish
farms are inevitable. The introductions
of alien aquatic species have occurred
as a consequence of aquaculture, or as
part of a stocking or fishery enhance-
ment programme (Arthur & Subsing-
he, 2002). In the incidence of escape,
the non-native species can invade and
cause the extinction of some of the na-
tive endemic species. Effects of these
include the reduction or elimination of
aquatic species as a result of competi-
tion, hybridization, predation/herbivo-
ry, disease transmission and changes in
fisheries management due to changes in
stock composition. The use of the in-
digenous species, therefore, has the ad-

101 -200 201-500 501-1000  =1000
Size ranges of fish farm (m?)

L
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Fig. 5. Size ranges of fish cage farms surveyed

vantage of reducing gene pollution. By
using indigenous species from the lake,
the risk of invasion of native species by
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the cultured species is, therefore, minimal.

Two main feed types were used by the
farmers; extruded and non-extruded feeds.
Extrusion is a process where the feed is sub-
ject to mixing, shearing and heating under
high pressure before the extrudate is finally
forced through a die (Serensen, 2007). The
extruded feeds, until the initiation of com-
mercial feed production by Ranaan in Ghana
in 2011 were all imported from Asia, Europe
and South America. The non-extruded feeds
were either produced by the farmers them-
selves or by Ghana Agro and Food Com-
pany (GAFCO), a local commercial animal
feed producer located in Tema in the Greater
Accra Region of Ghana. The percentage of
fish farmers using extruded and non-extrud-
ed feeds for cage fish farming is shown in
Fig. 6. Both the extruded and non-extruded
feeds came in various forms and pellet sizes.
The farmers began with what they referred
to us the starter which was largely powdery
in form, and as the fish grew, larger pellets
sizes were used. There are a number of ad-
vantages in using extruded or floating feeds.
These include; uniformity with regards
to quality, nutrient balance for maximum
growth effects, easy application, easy di-
gestibility and less polluting (Blow &Leon-
ard, 2007).

Good results can, however, also be ob-
tained from sinking pellets (non-extruded),
but extra care must be taken to ensure they
are not wasted (McGinty & Rakocy, 1989).
Sinking pellets disintegrate quickly in wa-
ter, and have a greater tendency to be swept
through the cage sides. They easily settle to
the bottom of the production system causing
a build up of silt in the water and increased
nutrient content. The use of floating feed

which is currently a common practice by the
operators must, therefore, be encouraged.
Cage farm wastes are usually in the form of
uneaten feed and fish faeces.

Stocking and production

Fish production by the operators involved
stocking of tilapia fingerlings of weights
ranging from 2.0 to 5.0 g in the cages, regu-
lar feeding, and finally harvesting five to
eight months after stocking. The length of
the production cycle was determined by the
growth rate of the fish and the final harvest
sizes the farmers had targeted. The stock-
ing density which denotes the concentration
at which fish are initially stocked into the
cages by the farmers ranged from less than
50 fingerlings to over 200 fingerlings per cu-
bic meter (Fig. 7). The stocking rate of the
tilapia fingerlings generally depended on the
cage volume, desired harvest size, produc-
tion level, and the length of the culture pe-
riod (McGinty & Rakocy, 2003). As in other
production systems, cage fish production
based on stocking densities, may be classi-
fied as extensive, semi-intensive or inten-
sive. While extensive systems depend on the

B Esxruded feed
BEMon-extruded feed

Fig. 6. Types of fish feed applied by cage fish farmers in
lake Volta (n = 40)
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natural productivity and places less burden
on the aquatic system, intensive cage culture
depend heavily on environmental goods and
services per unit fish production (Beveridge
1996).

The minimum recommended stocking
density for tilapia is 80 fish m? (Jadhav,
2009). More than 30 per cent of the fish
farmers interviewed were stocking below
this minimum threshold. Their production
operation may, therefore, be considered ex-
tensive. The number and size of fish in fish
cages has been an aspect of fish farming
that has attracted a considerable amount of
criticism; much of the criticism stemming
largely from animal welfare concerns than
from environmental degradation (Turnbell,
2005). Total production in cages, however,
increases as the stocking rate is increased
and it determines feed utilisation and prof-
itability. There is, however, a threshold be-
yond which the cage becomes too crowded
and which adversely affect the welfare of
the fish and production output of the farm
(Turnbell, 2005).

Two main feeding regimes were used by
the farm operators; feeding to satiation or

401
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Fig. 7. Stocking densities of fish farms (n= 40)

feeding per biomass of fish. Over eighty per
cent of the farmers indicted that they feed to
satiation. Total fish produced per production
cycle by the farmers ranged from 1.78 t to
32.1 t per production cycle. Mean fish pro-
duction per cubic meter ranged from 20 to
101 kg m with a mean of 38 kg m™. These
figures appear quite low when compared to
that estimated by Ofori et al. (2009) for Af-
rica, which ranged from 50 to 150 kg m* for
an estimated production period of 9 months.
The difference in production per unit vol-
ume may be attributed to the difference in
the production period, as most of the farm-
ers harvested their fish after 5 to 7 months
or the levels of intensity of production by
the farmers. Lower intensities of production
tend to have less impact on the environment
but could be less profitable.

Water quality of the Volta lake and impacts
of cage culture

The pH of the lake water was slightly acid-
ic to about neutral with values ranging from
6.55 to 7.32 with a mean pH of 6.78 (Table
2). These values fell within the range (6.0
— 9.0) considered suitable for fish growth
and natural productivity (CSIR-WRI, 2003;
Jobbling, 1995; Chapman, 1996). Turbidity
of the lake water was quite low with values
ranging from 1.55 to 6.91 NTU. A study
by the Water Research Institute in the late
1990s (CSIR-WRI, 2003) on the Volta lake
recorded mean turbidity values of 1.70 —
6.50 NTU and these are comparable to those
obtained from the study, suggesting that the
turbidity of the lake remain unchanged after
about two decades of that study. High tur-
bidity values can limit light penetration and
may result in less productive waters. The
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TABLE 2

Results of some water quality parameters of parts of the Volta lake and the lower Volta

Sampling stations pH Turbidity Transparency Hardness
(NTU) (m) (mgl)

S1 6.55 2.38 2.73 24.0
S2 6.69 1.55 3.03 22.0
S3 6.60 1.77 1.83 24.0
S4 6.76 3.47 2.85 24.0
S5 6.65 1.95 2.53 22.0
S6 6.59 1.77 2.75 24.0
S7 6.74 2.40 2.5 24.0
S8 7.17 4.04 2.6 24.0
S9 7.26 3.01 2.4 24.0
S10 7.32 2.58 23 24.0
S11 7.00 4.97 2.05 24.0
S12 6.76 6.91 2.1 22.0
S13 6.80 2.28 22 24.0
S14 6.60 2.09 2.1 24.0
Mean 6.78 2.94+1.49 2.51+0.31 23.6+0.9
Min 6.55 1.55 1.83 22.0
Max 7.32 6.91 3.03 24.0

transparency of the water ranged from 1.83
to 3.03 m. The mean transparency value of
2.20 m was comparable to measurements
made in 1990s by Antwi & Ofori-Danson
(1993).

The hardness of the water showed very
minimal variations. The minimum and max-
imum values recorded were 22 mg /' and
24 mg I, respectively (Table 2). The lake
water may, thus, be described as soft. The
total hardness values recorded, however, fell
within the range of 20 to 100 mg /"' consid-
ered suitable for aquaculture (CSIR-WRI,
2003). The norms used in the guideline for
total hardness are based on the general re-
quirements of calcium and magnesium by
fish.

One of the common impacts of cage
aquaculture on water bodies is the depletion
of dissolved oxygen, which largely ema-

nates from the deposition and decomposi-
tion of uneaten feeds and faecal matter from
the fish. Dissolved oxygen concentrations
of the lake at all the sites, except one (Sta-
tion S1), ranged from 4.7 mg ['' to 7.3 mg
I'' (Fig. 8). Although the highest dissolved
concentration was recorded at the reference
site, S12, there were no distinct patterns for
sites with cages and sites without cages.
What was important, however, was that the
levels recorded were within the range of 5
— 9 mg /"' suitable for fisheries and aquatic
life. These levels are necessary for proper
fish growth and development (Nduka et al.,
2008). Low concentration of dissolved oxy-
gen is recognised as a major cause of stress,
poor appetite, slow growth, disease suscep-
tibility and mortality in aquaculture (Boyd,
2010). Mean dissolved oxygen data collect-
ed in 2005 by Karikari ef al. (2013) in parts
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Fig. 8. DO and BOD levels in Volta lake and lower Volta

of the lake upstream of the current sampling
locations ranged from 7.3 to 8.1 mg /'. The
results were comparable to that obtained for
the reference and some of the sampling sites,
both farming and non-farming sites. These
values were, however, much higher than
some of the values obtained for some of the
sites, particularly those located between the
two dams.

Nutrient concentrations remained low in
most parts of the lake conforming to its oli-
gotrophic nature (Ntow, 2005). Nitrite-nitro-
gen levels ranged from 0.005 to 0.115 mg
"' with a mean value of 0.035 mg /"', which
is typical of freshwater with normal concen-
trations (in the order of 0.001 mg /). Algal
stimulation can occur in lakes and reservoirs
at concentrations greater than 0.2 mg /.
None of the concentrations measured, how-
ever, exceeded 0.2 mg /. Higher NO,-N
concentrations are often indicative of indus-
trial effluents and are often associated with
poor microbiological quality (Chapman,

1996). Concentrations of nitrite-nitrogen at
some of the cage sites (S1 — S7) were lower
than that found at the reference sites S12.
Nitrate-nitrogen is the most common form
of nitrogen in freshwater, and seldom exceed
a concentration of 0.1 mg /' and may only
reach 5 mg /! or higher in waters influenced
by human activity, or polluted by animal
or human waste or fertilizer runoff (Chap-
man, 1996). The concentrations measured in
the Volta lake at the various sites, although
generally low, were quite varied with values
ranging from 0.002 to 0.412 mg /! (Table 3).
Almost all the higher concentrations were
recorded in the downstream section of the
lake (Table 3), and these may account for
the proliferation of weeds observed at this
section of the lake. Although the source of
nutrients could not be attributed to aquac-
ulture upstream of the lake as there was no
evidence to support such an assertion, solid
wastes emanating from cage farms consist of
particles of varying sizes and densities and
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TABLE 3

Nutrients characteristics of Volta lake in mg I'!

Sampling location NO,-N NO,-N NH -N PO-P
S1 0.006 0.010 0.001 0.001
S2 0.006 0.010 0.001 0.086
S3 0.011 0.008 0.001 0.06
S4 0.006 0.008 0.001 0.021
S5 0.011 0.018 0.001 0.001
S6 0.005 0.016 <0.001 0.038
S7 0.005 0.01 <0.001 <0.001
S8 0.096 0.411 0.311 <0.001
S9 0.115 0.411 0.281 <0.001
S10 0.103 0.412 0.40 0.014
S11 0.101 0.41 0.244 0.034
S12 0.012 0.006 <0.001 0.42
S13 0.005 0.002 <0.001 0.075
S14 0.012 0.01 0.001 0.078
Mean 0.035 +0.045 0.124 +£0.188 0.104 +£0.156 0.075+0.118
Min 0.005 0.002 <0.001 <0.001
Max 0.115 0.412 0.40 0.420

with varying settling velocities. These parti-
cles are affected by water currents that may
vary with depth, and the resulting dispersion
may cause settlement well away from the
farm (Scottish Executive Central Research
Unit, 2002). The eventual site of deposition
depends on local bathymetry, water move-
ment, and flocculation. Bacteria may break
down settling particles slowly, leading to the
release of nutrients into solution. There is,
therefore, the need for this to be investigated
in the future.

Ammonia is excreted into the water by
fish as a result of protein metabolism. The
excretion is across the bronchial epithelium
through passive ammonia diffusion (Wilke,
2002). Some of the ammonia reacts with wa-
ter to produce ammonium ions, and the rest
is present as un-ionized ammonia (NH,).
Ammonia-nitrogen concentrations in the

lake varied from < 0.001 to 0.400 mg /"'. The
highest concentrations were recorded at sites
S8, S9, S10, and S11 (Table 3), all of which
are again located downstream of the fish
cages (Fig. 2). With the exception of these
sites which had significant concentrations of
ammonia-nitrogen, ranging from 0.244 mg
I'' to 0.400 mg /', the other sites barely had
any level of the nutrient (Table 3). Ammo-
nium concentration in unpolluted waters are
normally less than 0.1 mg /!, but it might oc-
casionally reach 0.2 mg /"!. Concentrations
higher than this value suggest organic pol-
lution from sources, such as domestic sew-
age, industrial wastes and fertilizer run-off
(Chapman, 1996). The higher nutrient levels
at these sites may be attributed to effluent
waste discharge from the riparian communi-
ties, decomposition of aquatic weeds, waste
from fish farming, and sediment dissolution
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as dredging activities were on-going at some
of the sites at the time of sampling.

PO,-P concentrations were generally low
at many of the sites ranging from < 0.001 to
0.42 mg [''. The highest concentration was
recorded at the reference site, S12 (Table 3).
Unlike the nitrogen based nutrients, the sites
with some significant levels of phosphorus
were not all concentrated at the downstream
section of the lake.

Conclusion and Recommendations
The study looked at fish farming practices
in the Volta lake and found the operations to
conform to what happens in other parts of
the world. It also confirmed the suitability of
the lake and the lower Volta for cage culture
based primarily on water quality.

Although distinct impacts of cage aqua-
culture on the Volta lake was not observed
to ensure environmental sustainability, and
minimize any potential environmental im-
pacts at a later time, it is recommended that:
1) Monitoring of the water quality of the
lake be continuous for the early detection
of any adverse impacts, 2) the water qual-
ity impacts of a few small farms may be
marginal, as observed in the study, but with
increasing number of fish farms there is a
potential for cumulative ecosystem effect of
clusters of farms and this has to be consid-
ered in approval of sites for farms, 3) there
is a need to determine the carrying capacity
of the lake in relation to cage culture to en-
sure that the water and ecological quality of
the Volta lake are not compromised, and 4) a
comprehensive study of the Volta lake has to
be undertaken to help zone out areas of the
lake that are most suitable for cage culture.
The zonation should be based on the hydro-

logical, water quality and other uses of the
lake, taking into consideration conflict be-
tween diverse users of the lake particularly
conflict with capture fisheries.
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