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Foreword 

Since 1986, ICLARM has implemented a series of projects aimed at tackling the very 
difficult problem of how to develop, through research partnerships with national 

scientists and farmers, sustainable integrated agriculture-aquaculture systems on resource­
poor African smallholdings. This work, centered in Ghana and Malawi, has been supported 
very generously and continuously by the Bundesministerium fGr Wirtschaftliche 
Zusammenarbeit und Entwicklung (BMZ) through the Deutsche Gesellschaft fUrTechnische 
Zusammenarbeit (GTZ), Germany. This publication derives from a workshop convened 
under one such project, entitled "Research for the Future Development of Aquaculture 
in Ghana" in which the Institute of Aquatic Biology (IAB) and the Ghana Rural Reconstruction 
Movement (GhRRM) were ICLARM's partners from 1991to1994. 

In Ghana, as elsewhere in subSaharan Africa, previous attempts to develop small­
scale pond aquaculture had met serious difficulties. The history of the region is full of 
accounts of externally funded projects that encouraged enthusiasm for aquaculture and 
subsequent widespread pond construction, followed by failure and disillusionment as 
water shortages, lack of material inputs and management problems became the reality. 
Such experiences convinced many that small-scale pond aquaculture, even when integrated 
with other farm enterprises, was simply not feasible in the region and that larger-scale, 
commercial, intensive fish farms were probably the only systems that might succeed 
and produce significantly more fish to feed Africa's rapidly growing population. 

Against this view, and against much of the policymaking to which it was leading, 
ICLARM and its partners took a different approach to aquaculture on African smallholdings. 
Their hypothesis was that small-scale integrated farming systems could not only help to 
alleviate the poverty and to improve the nutrition of farm families but might also provide 
contributions to fish supply that, although small on an individual basis, could become 
very significant if widely adopted. It was felt that small farm ponds, rather than fishponds 
per se, could facilitate much larger supplies of other produce especially vegetables. 
This hypothesis was tested in Ghana as part of ICLARM's integrated resources management 
(IRM) research thrust. With an IRM approach, all resources available to a smallholder 
farm family are considered, bioresource flows among farm enterprises are maximized, 
produce is diversified, and both productivity and sustainability are improved. 

Farm ponds are potentially one of the most valuable components of IRM systems. 
They can raise farm productivity and improve income and farm family nutrition (through 
diet diversification). This can apply even in drier areas where ponds are seasonal. Aquaculture 
is not the sole, or even the main purpose of such farm ponds. They are multipurpose 
and synergistic, linking and facilitating different farm enterprises. They provide opportunities 
which are very different from previous attempts to turn African farmers into fish farmers 
or to promote integrated farming packages (duck-fish, rice-fish, etc.) devised elsewhere. 
Such attempts have usually failed with the farmers themselves. 

The results to date are small but significant. They are among the few indications that 
aquaculture on African smallholdings can succeed. At the time of publication, two years 
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after the end of the project, some 45 farmers are practicing the same methods and have 
evolved their own self-help organization - the Mampong Valley Fish Farmers Association 
- for sustaining and expanding their activities. Much more work is needed, however, to 
see whether such an IRM approach, with small-scale aquaculture and its water management 
as an enabling mechanism rather than as simply an end in itself, can succeed on a wider 
front in the region. ICLARM and its partners hope to continue their involvement in this 
exciting field of work and greatly appreciate the German support extended to the efforts 
described here. 

v 

Roger S. V. Pullln 
Director, Inland Aquatic 
Resource Systems Program 
IC LA RM 



Introduction 

Ghanaians enjoy eating fish. In 1993, the theoretical per caput consumption 
for the entire country was approximately 20 kg. A growing population and stagnating 

marine and inland fish catches indicate a decrease of this rate for the future. Aquaculture 
has long been regarded as a means to counter this threat. Several initiatives have been 
undertaken to introduce different forms of aquaculture, yet most have failed. Studies 
have been undertaken by the Ghanaian Fisheries Department, the Food and Agriculture 
Organization (FAO), the World Bank, and several donors and development institutions 
to assess the potential for varying forms of aquaculture in Ghana. Most have remained 
at the planning stage or have resulted in failures when implemented. 

The terrestrial natural resource base in Ghana is suffering from continuous degradation. 
Intensive land use with traditional methods has, in many places, led to short fallow 
periods of one to two years (compared to 10 to 15 a century ago) with soil erosion and 
nutrient depletion. Deforestation has caused many perennial streams to carry water only 
in the rainy season. Problems of rural poverty and household health and nutrition remain 
unsolved. 

Attempts to address these problems are being made through numerous programs. 
Research or development efforts must consider the multitude of not only technical and 
environmental constraints, but also social and economic issues. The latter have often 
been neglected and are the main cause for failures. In the development of aquaculture, 
the production of fish may be only one of several possible benefits. Interaction with the 
environment, and the social and economic contexts must be beneficial on all sides. 
Otherwise, the viability and sustainability of the system are in jeopardy. 

In June 1991, the International Center for Living Aquatic Resources Management 
(ICLARM) and the Institute of Aquatic Biology (JAB) started a three-year collaborative 
research project to study "what makes sense" for aquaculture development in Ghana, 
focusing on the target group of resource-poor farm households, which make up 85% of 
the rural population. The research approach used was new in that ( 1) a systems approach 
was adopted and (2) wherever possible, trials and field studies were farmer-participatory. 
This exercise was to be completed in two to three years and to come up with recommendations 
for future implementation. We are grateful to have found in the Bundesministerium fGr 
Wirtschaftliche Zusammenarbeit und Entwicklung/Deutsche Gesellschaft fGrTechnische 
Zusammenarbeit (BMZ/GTZ) a farsighted donor to fund such a novel approach. 

After less than two years of project activities, a workshop was held presenting the 
results achieved until then. This document summarizes the presentations made. A detailed 
technical report on all the project's results is forthcoming. 

Mark Prein 
Project Leader 

vi 

Joseph K. Ofori 
Research Officer 



Workshop Summary 

A workshop was held in Accra from 11 to 13 March 1993, presenting the preliminary 
results of the BMZ/GTZ-funded project entitled "Research for the Future Development 

of Aquaculture in Ghana", which was executed by ICLARM in collaboration with JAB, 
Accra, Ghana. The workshop was attended by more than 50 Ghanaian and international 
scientists, fisheries officers, and by policymakers for research and development in the 
country. 

The analytical framework on which the project is based was presented, giving a ra­
tionale for the focus on smallholder farmers. This research framework is new in that it 
gives much consideration to existing information from previous studies, government 
statistics and available knowledge. combined with farmer-participatory research, on­
station experiments and in-country rapid appraisals of farming systems in the different 
agroecological zones of Ghana. The framework also adopted a resource systems ap­
proach in which the unit of investigation is the indigenous natural resource systems 
category. 

A study of the past initiatives for aquaculture development revealed t 1at practically 
none have been successful due to top-down approaches without consideration of 
existing socioeconomic and biotechnical constraints. The most appropriate areas for 
aquaculture development in Ghana are located in the southern half of the country, 
where annual rainfall exceeds evaporation and farming practices allow the integration 
of a pond. Limitations were identified through rapid rural appraisal techniques as to soil 
quality and farmer access to lowland .:.reas where ponds can be sited next to streams. 

Surveys outlined the socioeconomic characteristics and related gender issues on 
resource-poor farm households. Constraints of cash, labor and land availability as well 
as cultural traditions were outlined. No direct limitations to fish culture were identified. 
The high preference of Ghanaians for fish as source of animal protein in their diet (ap­
proximately 70%) was pointed out with a theoretical per caput fish consumption of 23 
kg·year· 1 as of 1992. Fish size is of minor importance to the rural consumers. 

Farmer-participatory on-farm experiments with a group of farmers in MampongValley, 
Akuapem, were successful, indicating that farmers understand the benefits of integration, 
nutrient recycling and enterprise diversification. Farmers themselves decided to which 
design and extent they started integration with fishponds and vegetables. This was 
demonstrated on a field trip to Mampong where workshop participants had the opportunity 
to interview farmers and see the different levels of adoption. In financial terms, the 
benefits of these systems came only to a minor extent from the fish produced. The 
major returns came from the vegetables grown on dikes and adjacent beds which were 
made possible through ponds with fertile water. A direct benefit came in the form of 
40 to 50 kg of fresh fish per year for the farmer's family from a small pond. Elaborate 
analyses and deeper insights are expected towards the end of the project and will be 
presented in a comprehensive technical report. Trials with rice-fish culture in irrigation 
schemes in the northern arid zone of Ghana, which were initiated by the project, were 
successful and aroused farmer interest. 

The project cooperated successfuly with a local nongovernment organization (NGO), 
the Ghana Rural Reconstruction Movement (GhRRM); based in Mampong Valley. The 
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main advantages of the cooperation were the grass-roots contact maintained with the 
farmers and the knowledge of particular characteristics of the area. 

Human health aspects surrounding the introduction and management of a stagnant, 
wastefed water body close to homesteads were considered from the beginning. Farmers 
and family members were educated on the implications of pond management (i.e., weeding) 
to avoid hiding opportunities for mosquito larvae and snails (in respect to malaria and 
schistosomiasis). In general, the farmers showed an already existing awareness of potential 
health hazards associated with the introduction of human excreta into ponds. 

The prevailing human ecological context in Ghana was described, outlining the degraded 
state of the environment (deforestation, erosion, soil nutrient depletion). the high rate of 
population increase (2.6% per year) and the extent of malnutrition. 

The potential impact of integrated agriculture-aquaculture (IAA) systems on sustain­
able farming practices in Ghana was outlined, based on preliminary results of the research 
conducted with a set of farmer-adopters in Mampong Valley. Benefits were shown in 
terms of production, economics and sustainability indices computed from the data collected 
from the monitoring of farmer experiments, as analyzed with the computer software 
developed at ICLARM. It was estimated that the adoption of integration by smallholder 
farmers on a wider basis in Ghana has potential for the improvement of food supply and 
farm income. It was shown that, given the existing human ecological context factors in 
Ghana. changes in agricultural practices are of highest importance. Further, if the growing 
population is to be fed from the continuously degraded land in the future, IAA systems 
offer a viable means to counteract this threat, but only to a certain extent. 

Given the presently perceived outlook and context, it seems likely that neither IAA 
nor commercial aquaculture alone will provide the amounts of fish protein required by 
the projected population size. Together, combined with a diversity of other development 
options, they can contribute to, but perhaps not satisfy the projected needs. 
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Abstract 

An overview of the past initiatives for development of aquaculture in Ghana is given. Historically, three 
traditional forms of aquaculture were performed. These were in the Volta River and coastal lagoons. Modern 
attempts have focused on inland pond aquaculture with very limited success. Support by the Fisheries 
Department (FD) has been limited. Attempts have been mainly by individuals without technological knowl­
edge and failures have been numerous. Installations set up by government institutions outside of FD have 
been more successful. A heavy focus on commercial operations has failed and is therefore discouraged 
under the existing economic situation. 

History of Aquaculture in Ghana 

Three traditional forms of aquaculture (in 
l a wider sense) exist in Ghana: ( 1) acadjas 

or brushparks in lagoons and reservoirs; 
(2) hatsis (fish holes) and whedos (mini 
dams) in coastal lagoons; and (3) afani or 
freshwater clams (Egeria radiata) in the lower 
Volta, where young clams are collected 
and "planted" in "owned" areas of the river. 

The first modern forms of aquaculture 
were introduced into Ghana 40 years ago. 
Initial attempts were made to culture fish 
in especially constructed ponds. To date, 
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the types of aquaculture introduced into 
Ghana are those conducted in ponds. Partly, 
these were built with concrete bottoms 
and sides but are not managed intensively 
like tanks or raceways. 

The main species cultured are the in­
digenous species of tilapia, catfish and 
Heterotis. Introductions have been made 
with Oreochromis macrochir, common and 
silver carp, and the tiger prawn (Penaeus 
monodon). 

Aquaculture development efforts have 
been almost entirely in a freshwater 
environment. In brackishwater, experimental 
work has been conducted on Penaeus 
monodon. No activities have been done 
in direct marine and offshore environments. 
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In freshwater, the technologies used are 
of the extensive and semi-intensive 
categories. Only one case of intensive 
culture is known in which tilapia are cultured 
in net cages. 

Extensive systems are dams, dugouts 
and small reservoirs which are regularly 
fished out and restocked. These systems 
are also termed as culture-based fisheries 
and have a considerable potential for 
optimization in the northern regions of 
Ghana. 

Further, rice-fish culture falls into this 
category which was attempted in earlier 
years in the Upper West and East Regions. 
In t 992, a new attempt was started following 
technical advice from our project, which 
has produced encouraging results. 

Most aquaculture activities in Ghana fall 
into the semi-intensive category. Fish are 
cultured in earthen ponds either in the forms 
of a stand-alone enterprise or of an 
integrated agriculture-aquaculture farming 
system. The technologies in operation are 
mostly monocultures of tilapia or 
polycultures of tilapia and catfish. 

Overview of Past Initiatives 

Generally, there have been two differ­
ent aproaches to aquaculture development 
in Ghana. 

The first type targets communities for 
adoption of communally owned and 
managed ponds. These are aimed at 
bringing benefits in the form of fish for 
nutrition or of cash to the community. 
This type is the most difficult to maintain 
and also has the highest rate of failures. 
Generally, community-based aquaculture 
is an unsuccessful approach compared to 
single-household aquaculture. The second 
type of approach targets individual persons 
or households who have landownership, 

or are entitled to make management de­
cisions, and are the only beneficiaries. 

The government has supported 
aquaculture development in Ghana through 
a number of field stations. These were 
initially intended for fingerling production, 
farmer demonstration and training, and 
some also for research purposes. Most 
of the stations are located below small­
or medium-size irrigation dams set up by 
the Irrigation Development Authority. A 
government policy exists whereby 5% of 
the total area allocated for irrigation below 
a dam site should be constructed in the 
form of fishponds. This has not been 
adhered to. 

Over the years, FD had t 6 sites at which 
hatcheries with a total of 35 ha of grow­
out or demonstration ponds were 
established. Today, four sites are opera­
tional. Beyond these, four other facilities 
exist, which belong to the Irrigation Com­
pany of the Upper Regions, the Univer­
sity of Kumasi, the Volta River Authority 
and the Institute of Aquatic Biology, re­
spectively, and are operational with a to­
tal pond area of t 4 ha. 

The existing privately operated fishponds 
were mostly built during a countrywide 
program from t 982 to t 984. The 
Agricultural Development Bank provided 
loans for pond construction. Little technical 
advice was provided, leading to a high 
rate of failures and unserviced loans. 

Finger/Ing Requirements 

At an estimated operational pond area 
in Ghana of t 25 ha and an estimated stocking 
rate oft 5,000 fish/ha and one culture cycle 
per year, nearly t .9 million fingerlings would 
be needed annually. This assumes that 
ponds are completely harvested and re­
stocked once a year. 



Problems 

In previous aquaculture development 
efforts, little support was available for new 
adopters on: pond siting, pond size, ne­
cessity of drainability, design of appropri­
ate technology inflows and outflows, pond 
management, fish species, fertilization, 
feeding, haJVesting strategies, and marketing 
or processing. 

Errors in any one of these may place the 
entire operation in jeopardy. This is even 
more the case if novices embark on setting 
up an aquaculture operation on their own, 
without any advice, as has o~en been the 
case during the 1982 "surge". If the 
operations involve bank loans which, through 
failure of the aquaculture enterprise, cannot 
be paid back, an entire industry falls into 
miscredit. 

This situation is further aggravated as many 
of these "cash-crop" operations are not 
economically viable. Not only are the 
entrepreneurs discouraged. Aquaculture 
per se has, among many Ghanaians, attained 
a bad reputation. Last year, a Voluntary 
SeJVice Overseas officer who was suJVeying 
existing ponds was chased off the premises 
by a lady who experienced serious failure 
with aquaculture in the early 1980s: she 
had invested heavily in an undrainable 
concrete pond and never achieved any 
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returns. She blamed her failure on 
"aquaculture" per se. This is symptomatic 
of the existing situation. 

Conclusion 

Aquaculture as an entrepreneurial, cash­
generating business on its own will be an 
option to only a few Ghanaians in the existing 
situation. Even with the right technical advice, 
relatively few Ghanaians are in the position 
to secure appropriate loans. Further, there 
is at present the outlook that, given the 
existing fish prices and competing fish supply 
from marine and inland fisheries, these 
operations are not economically viable. 
However, this may change in the future. 

Ghana will have to try to secure adequate 
protein supply for its swiftly growing 
population and at the same time to halt 
the degradation of its natural resource base. 
A large portion of Ghana's population are 
small-scale resource-poor farmers. Adequate 
technologies that can improve their livelihood 
are available. These have aquaculture as only 
one component within an integrated farm 
system. The following presentations in this 
workshop set the basis for this rationale, 
and suggest methods for disseminating this 
approach. 
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Abstract 

A framework for a new type of analytical approach to aquaculture development is presented. It focuses 
on smallholder farmers in the context of their environment and managed natural resources, and considers 
experiences gained in past initiatives; makes extensive use of existing information from previous studies; 
employs a participatory approach and bases work on partnerships among farmers, researchers and extensionists; 
(both government and/or nongovernment organizations) in field trials. Data analysis results in conclusions 
and suggestions for implementation and necessary policy and investment requirements. 

Introduction 

The International Center for Living 
Aquatic Resources Management 

(ICLARM) has collaborated with the Institute 
of Aquatic Biology (IAB) over the last two 
years to determine what makes sense for 
future aquaculture development in Ghana, 
especially for those systems appropriate 
to smallholder farmers. It is the juxtapo­
sition of smallholder farmers and aquaculture 
that sets this work apart from most fish­
eries sector development planning. 

Fisheries sector development has and must 
concern itself with the fact that in the recent 
past, marine and inland fisheries production 
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has remained fairly static at 390,000 t (ROG­
PPME/MOA 1991 ) . This statistic could mean 
that the country faces a 960,000 t shortfall 
by the year 2020, assuming a population 
of 32 million people reaches the currently 
optimal fish consumption level of 
30 kg·caput-1·year1 (MacPherson et al. 1990). 
Aquaculture invariably is assigned a 
significant role in meeting the shortfall, a 
role in which intensive, high, external input 
"commercial" aquaculture activities 
dominate because these are the ones that 
can produce the amounts of fish required. 
Unhappily, such systems have proven to 
be not only beyond the means of well-off 
farmers but also of government. Ghana's 
experience in the 1980s showed that even 
substantial credit cannot sustain these 



systems (Wijkstrom and MacPherson 1990). 
Even the less costly semi-intensive inte­
grated systems designed for smallholder 
farmers demand manure and compost in­
puts that are beyond what their farms can 
produce. Such aquaculture strategies have 
not contributed much to reducing fish pro­
duction shortfalls from either commercial 
or "integrated" systems. They have not con­
tributed much to smallholder farmers ei­
ther. Indeed, this story has not changed 
over the last decade for much of Central 
and West Africa: "lnspite of these exter­
nal efforts and a variety of national sup­
port programs, fish farming presently is 
not widely practiced and after project sup­
port has ended, has not become a part of 
the way of life in the area" (Grover et al. 
1980). 

Smallholders are by far the largest group 
of farmers. Some 80% of the estimated 
2.3 million farm families operate subsistence 
or mainly subsistence farms (ROG/UNICEF 
1990). The Ministry of Agriculture (MOA) 
estimates farm sizes of 1.2 ha or less for 
75% of the farming population (ROG-MOA 
1988). On these smallholder farms, the 
main systems of farming are traditional hoe 
and cutlass operations, growing root crops, 
plantains, groundnuts and maize with 
poultry, goat and sheep rearing (ROG-PPME/ 
MOA 1991). Current smallholder systems 
fail to meet family needs for both food and 
income. Across all regions, 51 % of children 
between 12 and 23 months suffer acute 
protein energy malnutrition (ROG/UNICEF 
1990). Sixty-seven per cent of the 
households did not make the poverty line 
income of l 07 ,500 cedis per annum in 1986. 
Indeed, average farm income for that year 
was only 69,300 cedis (ROG/UNICEF 1990). 

Income and food are further threatened 
in the long run by degradation of agricul­
ture's natural resource base. Any observ­
er's immediate impression of the Accra 
plains, for instance, is that they are severely 
degraded. The bush and grass savanna 
covering much of the country is a result 
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of bush fires, herding, erosive cultivation 
practices and removal of firewood. Remem­
ber that 92% oF rural households use wood 
for cooking. In 1985, 12 million m 3 of wood 
and charcoal were consumed countrywide 
and this is expected to increase to 17 million 
m 3 by the year 2000 (llED 1992). Gully and 
sheet soil erosion hazards extend over large 
areas in all regions. Ashanti Region, for 
example, has sheet and gully erosion hazards 
over 11,826 km2 (ROG/UNICEF 1990). Even 
the pitifully small pond areas of l 09 ha 
have fallen by some 34 ha over the last 
few years (MacPherson et al. 1990). 

We, therefore, have turned the primary 
focus of aquaculture development away 
from meeting fish production shortfalls and 
towards meeting smallholder farmers' 
nutritional and income needs and restoring 
their rapidly degrading natural resource 
base. Thus, we put the farmer first. 

Rethinking Aquaculture 
Development 

Lessons from African agricultural devel­
opment indicate that technologies relevant 
to smallholders are more likely to emerge 
from farmer-participatory research and not 
from a top-down demonstration of high 
productivity systems (Chambers et al. 1989). 
Thus. for this project, we adopted two prin­
ciples: one, of smallholder farmer 
participation in the development of 
technology; and two, of natural resource 
regeneration in the management of aquatic 
resources (Costa-Pierce et al. 1991; Lightfoot 
et al. 1991). From this perspective, alter­
native farming systems are developed with 
farmers such that: ( l) aquaculture is inte­
grated with other enterprises of existing 
farming systems so that synergisms can 
be exploited; and (2) aquaculture is seen 
as a mechanism to improve both overall 
farm system performance and management 
of natural resources. 

Rethinking aquaculture development sees 
us preferring to secure many new entrants 
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from among resource-poor farm families 
into fish farming rather than improving the 
productivity of existing fish farms. We prefer 
to see aquaculture as a means of securing 
benefits for other farm enterprises and of 
rehabilitating resources rather than as a 
stand-alone commercial enterprise to pro­
duce fish. We see the job of research as 
generating technologies for aquaculture 
to fit into ongoing farming systems and 
developing processes for this to occur. 

However, gaining new entrants from 
among smallholder farmers will require 
special educational efforts because of their 
perception of fish as a free resource from 
lakes or rivers. Their meager appreciation 
of fish biology and pond hydrology could 
result in much disappointment. This study 
focuses on integrated agriculture­
aquaculture (!AA) for smallholders, leav­
ing out other aquaculture systems for larger 
farmers and larger water bodies. 

To support this kind of development 
thinking, research must first evaluate present 
household, agriculture and fish production 
systems, then identify target households 
and natural resource systems with 
development potential for which options 
can be formulated, and lastly project their 
potential impacts. An analytical framework 
to cover these four areas of work follows 
(see Fig. 1 ). 

An Analytical Framework 

Stage 1 - Evaluate Present 
Status 

Assessment of past and present 
aquaculture development initiatives. 
Secondary data from past aquaculture 
development initiatives by government and 
development agencies in Ghana are 
compiled and analyzed. The analysis of these 
efforts seeks to determine the historical 
background of aquaculture development 
in Ghana and identify reasons for success 
and. perhaps more importantly. failure. This 

process will likely occasion the use of in­
terviews with key informants. 

Analysis of secondary data on house­
holds, agriculture and current fish production 
systems. Secondary data on households 
and their current agricultural and fish pro­
duction systems are compiled and analyzed. 
These data typically originate from gov­
ernment department archives and devel­
opment agency project offices. Analysis 
seeks to summarize the existing situation 
for land availability and farm sizes, labor 
demand and supply, household budgets 
and farm incomes, crop and animal (in­
cluding fish) outputs, and family nutrition 
and health status. 

Rapid appraisals of existing farming and 
fishing systems. Informal interviews are 
conducted with key informants to construct 
farm activity calendars, bioresource flows 
and production system budgets. Based on 
recalled data, annual calendars of crop, 
livestock and fish production activities 
provide an understanding of the sequence 
of management actions on the farm. These 
are used to elicit further information on 
the quantity, quality and source of inputs 
and outputs. These data are then used to 
construct bioresource flow models 
describing how nutrients or cash flow 
between farm enterprises. Analysis seeks 
to understand the patterns, differences and 
limitations of present farming and fishing 
systems. 

Stage Z - Identify Target 
Households and Natural 
Resource Systems 

Mapping of biophysical characteristics 
of aquatic resource systems. This activity 
involves both rapid rural appraisals (RRAs) 
and the assembly of maps and. where 
possible, aerial photos describing Ghana's 
hydrology, soil types. topography. etc. RRAs 
of sample villages in each agroecological 
zone identify the natural resource systems 
utilized by smallholders. Transects of these 
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natural resource systems identify where 
water is found in sufficient supply for 
aquaculture. RRA data together with other 
maps from government (e.g., Ministry of 
Agriculture, Census Bureau) and develop­
ment agencies (e.g., Food and Agriculture 
Organization) serve as a basis for target­
ing the most important systems for de­
velopment of IAA farming systems. 

Target of farm households. Secondary 
data sources and, where necessary, infor­
mal surveys, provide the information needed 
to characterize smallholder farm house­
holds. Analysis of a range of household 
characteristics originating from census or 
government statistics bureaus or from 
surveys conducted by other organizations 
identify target households. Characteristics 
include capital, use of external inputs, access 
to markets and cultural parameters such 
as tribal customs and issues surrounding 
the conservatism of new entrants. This 
"typology" work permits differentiation 
within smallholder farm households. These 
characteristics will be used in extrapola­
tions of the possible outputs and benefits, 
given their adoption of integrated 
aquaculture systems. 

Stage 3 - Formulate Development 
Options 

Screening of technology options. 
Secondary data on aquaculture technol­
ogy available worldwide are screened for 
possible application to smallholder farm­
ers in Ghana. Feasibility analysis screens 
for technical (water and land type), eco­
nomic (capital, inputs and markets) and 
cultural parameters (tribal customs, new 
entrants' conservatism). An array of tech­
nology options for small pond manage­
ment that optimize aquaculture integra­
tion within a given farming system is 
identified. 

Integrated agriculture-aquaculture system 
design. System design draws on both on­
farm and on-station research work. RRAs 
and more intense farmer-participatory 
research develop bioresource flow mod­
els for future IAA farming systems. All natural 
resource systems capable of holding wa­
ter for aquaculture, including swamp 
ricefields, are considered for integration. 
Experiments at IAB's Akosombo Research 
Station estimate the natural (baseline) pro­
ductivity of selected water resource sys­
tems. Further experiments evaluate the ben­
efits of additional nutrient inputs or man­
agement measures on fish productivity. 

Stage 4 - Project Development 
Impacts 

Bioeconomic modelling. Based on the 
data and information gained. hypotheti­
cal bioeconomic models are constructed 
for a range of household types with dif­
ferent crop assemblages, technical options, 
resource systems and ecological zones. 
Models seek to assess the nutritional and 
economic viability of the hypothetical sys­
tems based mainly on secondary data but 
also including the results of on-farm and 
on-station research. Bioeconomic models 
will also indicate the potential impacts of 
IAA systems on fish and food production, 
farm income and employment at house­
hold, village and regional levels. Implica­
tions in terms of policies on the input and 
output delivery systems, including tech­
nical advice, are indicated. 

Sustainability of integrated models. 
Founded on the bioresource flow models 
constructed by farmers, existing and fu­
ture integrated systems will be compared 
using several performance indicators for 
system sustainability. Values for enterprise 
diversity, bioresource recycling, economic 
efficiency and resource system capacity are 
computed. Analysis also compares the 



economic performance of different natu­
ral resource systems between integrated 
and nonintegrated farming. Implications 
in terms of policies for government research, 
education and extension services are 
indicated. 

Development pathways for evolution of 
integrated systems. The realization of model 
potentials calculated here not only depends 
on the many external factors mentioned 
but also on a process for smallholder farms 
to evolve into !AA farms. A process for 
this evolution is developed through farmer­
participatory research that goes beyond 
brainstorming hypothetical integrated sys­
tems to on-farm experimentation with tech­
nology options that overcome constraints 
for the farmers to initiate, improve or ex­
pand integrated aquaculture systems. De­
scribing development pathways goes be­
yond the evolution of integrated farming 
to institutional arrangements necessary for 
this to occur. 

Conclusion 

The purpose of this research was to 
develop a framework for Ghana and, by 
implication, other African national agricul­
tural research systems (NARS) to deter­
mine the aquaculture development potential 
among smallholder farmers. Our rather am­
bitious framework provides, in addition to, 
and perhaps at the expense of, the typi­
cal inventories of potential areas for de­
velopment and suitability analyses, a process 
for development. Success with farmers, 
while beyond the scope of most devel­
opment frameworks, does suggest the 
validity of our work. 

Farmer-participatory research induced 
the evolution of !AA farming systems with 
new entrants to aquaculture. Indeed, this 
may be a better way to attract adopters 
than demonstrations of improved fish yields 
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on existing fish farms or demonstration 
farms on station. 

The orientation of intervention on the 
natural resource system rather than on fish 
production seems to stimulate aquatic 
resource management and integration of 
aquaculture into smallholder farms. 
However, several difficulties have emerged 
from its use. Firstly, mapping of natural 
resource system areas suitable for 
aquaculture has proved impossible because 
present mapping units for soils and 
agroecological zones are too large. 
Secondly, our bioresource flow models were 
too restricted to agriculture and aquaculture 
on the farm. This focus is a particular problem 
when significant proportions of household 
incomes stem from nonfarm sources and 
the utilization of common property resources 
for gathering fuelwood, bush meats, wild 
vegetables and tree leaf. This deficiency 
was rather a function of the lack of skills 
in participatory research methods than of 
the approach itself. 

Participatory research skills however come 
with practice. Now that participatory re­
search method guidelines for natural re­
source system transects, and mapping and 
bioresource flow modelling have been 
written, practice will be a lot easier. Through 
practice and, given that we now know what 
secondary data are needed, many shortcuts 
can be made in using the analytical frame­
work. Hunting down secondary data takes 
a lot of time if bureaucratic wheels have 
not been greased. Secondary data can be 
requested from NARS agencies before 
fieldwork starts. Moreover, given that we 
have developed bioeconomic model tem­
plates, it is now possible to develop hy­
pothetical models before fieldwork begins, 
thus saving much manpower and time. 

The project has not only enabled us to 
develop a rapid appraisal protocol for 
assessing the potential of !AA develop­
ment with smallholders but has also given 
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us some insights into this development 
approach. 

Fish are seen by smallholders as a way 
to improve family nutrition and to pay debts 
or offer gifts that build social standing and 
not as a cash crop like cocoa. Profit from 
fish sales is not the prime stimulant for 
adoption. Farmers know sales will be small. 
Rather, families look to increases in whole 
farm profit from holding water for vegetables 
and livestock, water in which fish can be 
grown on wastes to produce fertile mud 
for vegetables. Interestingly, the high labor 
requirements to run integrated systems are 
not seen as a constraint to adoption. House­
holds do have a small labor surplus which 
can absorb the low but frequent require­
ments of integrated aquaculture. The only 
large labor input, digging a pond, can be 
shared with others and timed not to conflict 
with other activities. 

We would not base future fish culture 
development programs on fish production 
for food or income as neither will be enough 
to secure adoption. From our experiences 
in Ghana and elsewhere, we would rather 
utilize a natural resource systems orien­
tation for aquaculture development through 
an evolutionary pathway to IAA farming 
systems for improved whole farm system 
performance and aquatic resource reha­
bilitation. This, in our view, cuts the Gordian 
knot of African aquaculture development. 
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Abstract 

Aquatic resource systems with potential for aquaculture development in Ghana were demarcated: lagoons, 

bays and estuaries; rivers; lakes and large reservoirs; small water bodies; floodplains and swamps. Where 

available, area estimates are given, together with data on existing aquaculture and fisheries activities. Potential 
technologies for further development are briefly pointed out. 

Objective and Approach 

The aim of this exercise was to 
!demarcate the aquatic resource systems 

in Ghana to lay the basis for evaluations 
of the aquaculture development potential 
in these areas. 

The existing systems were classified into: 
( 1) lagoons, bays and estuaries, (2) rivers, 
(3) lakes and large reservoirs, (4) small water 
bodies, and (5) floodplains and swamps. 
Existing secondary data were used to 
compile maps and to demarcate these areas. 
Where available, area estimates are given, 
followed by information on existing 
aquaculture and fisheries activities and brief 
indications of further potential technologies 
which could be applied in these areas. 

•fCLARM Contribution No. 959. 
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Results 

Lagoons, Bays and Estuaries 

Mensah ( 1979) and Weigel (1985) iden­
tified 50 lagoons of all sizes along the 536-
km long coastline of Ghana (Fig. 1). Kapetsky 
(1991) estimated a total lagoon area in 
Ghana of 174 km 2 (FAO [ 1988] gave an 
area of 330 km 2 [!] for Keta Lagoon only). 
The lagoons are subject to an artisanal fish­
ery, providing 5% of the total inland catch. 
Pauly ( 1976) estimated a production of 
150 kg·ha-1·year1 for the Sakumo-2 Lagoon. 
Assuming this rate for all lagoons in Ghana, 
this results in fish production of 
2,600 t·year- 1

• The lagoons have been tra­
ditionally managed in the past to sustain 
fishery levels (Weigel 1985), but in recent 
decades this management has been breaking 
down in many lagoons (Pauly 1987; 
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Ntiamoa-Baidu 1991). In numerous cases 
today, lagoon fisheries are open-access, 
without regulations as to daily, weekly or 
annual restrictions on fishing effort. Several 
lagoons are in varying stages of degradation 
due to urbanization and pollution. Most 
lagoons are surrounded by mangroves which 
are also being heavily exploited. Tradi­
tional "culture" methods are dammed fish­
eries or hatsis and brush parks or acadjas, 
both found in the Keta Lagoon system 
(Mensah 1979; Weigel 1985). 

The aquaculture potential in Ghana both 
in or around the lagoons has been pointed 
out by several studies (Pillay 1962; Pauly 
1973, 1975, 1976; Rabanal 1985), focus­
ing on endemic brackishwater species such 
as Sarotherodon melanotheron and Mugil 
sp. Plans have been made and trials con­
ducted to introduce nonendemic prawns 
(e.g., Penaeus monodon) for commercial­
scale operations for export. 

Rivers 

The network of rivers in Ghana has been 
mapped by the World Bank in 1986 
(Kapetsky 1991) (Fig. 2). Although the 
southern part of Ghana is well-endowed 
with water, many rivers dry up during the 
dry season. Ghana's river system is esti­
mated to produce fish and shellfish amount­
ing to a total of 5,600 t·year· 1 (Kapetsky 
1991), which is considered to be an un­
derestimate. 

Fish constitute the major part of fresh­
water fishery (Irvine 1947), aside from 
crustaceans and molluscs. Freshwater shrimp 
(Macrobrachium sp.) are caught in the 
lowermost stretches of most coastal riv­
ers (Prah 1982). Traditionally, there has 
been a clam (Egeria radiata) fishery in the 
lower stretches of the Volta River, previ­
ously providing a catch of 4,000-7,000 
t·year· 1 (Purchon 1963; Pople 1966) which 
has declined in recent years following the 

completion of the Volta Dam (Attipoe and 
Amoah 1989). 

In other parts of the country, river ox­
bows and partitions have traditionally pro­
vided opportunity for a seasonal fishery 
with the reduction of water levels in the 
dry season (Balarin 1988). 

Numerous plans exist and attempts have 
been made to establish aquaculture op­
erations adjacent to rivers (on elevated 
banks) or on their floodplains (see below). 
In many cases, topography renders sites 
inadequate for economical operations as 
these either require pumping or ponds 
suffer from groundwater and cannot be 
drained regularly. In general, sites 
immediately adjacent to rivers are 
problematic. 

lakes and Reservoirs 

Kapetsky ( 1991) conducted a water re­
sources inventory of Ghana with a geo­
graphic information system (GIS) based 
on satellite imagery, resulting in an estimate 
of 9,485 km 2 of lakes and reservoirs(> 4 
ha). The only natural lake in Ghana is Lake 
Bosumtwi, with an area of 32 km 2 • Lake 
Volta was created in 1964 through the 
damming of the Volta River at Akosombo, 
resulting in a water surface of 9,345 km 2 

(Vanderpuye, n.d.). About 120 km 2 of 
larger reservoirs exist, predominantly in 
the Upper East, Northern and Greater Accra 
Regions. 

Lake Bosumtwi is a crater lake with en­
demic fish species and to date strict tra­
ditional fishery and management, providing 
an estimated catch of 319 t·year· 1 (Kapetsky 
1991 ). Attempts have been made at cage 
culture in Lakes Bosumtwi, Volta and a 
reservoir near Accra. The high investment 
costs for cage construction, operation, 
maintenance, fish feed and rental of the 
water bodies offset income generated from 
the relatively low-valued tilapia produced 
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Fig. 2. Network of the largest rivers in Ghana {Kapetsky et al. 1991). 

in them. Other high value species such 
as Clariassp., Heterobranchussp. and Lates 
niloticusmay result in a positive economic 
balance. Lakes Bosumtwi and Volta have 
high fluctuations in theirwaterlevels, making 

fixed installations nearly impossible. The 
viability of such commercial ventures will 
depend on the size of the operation and 
on market conditions. 



Small Water Bodies 

Dams, dugouts and reservoirs smaller 
than 4 ha are considered as small water 

bodies. Kapetsky (1991) estimated a total 
area of 14 km2 in seven regions of Ghana 

(Fig. 3) with a fish production of around 733 
t.year· 1

• These have been constructed in 

the past 50 years to supply water to villages 
for domestic and livestock watering 
purposes. Their potential for fish production 

is identified, yet few villages have set up 
management procedures to exploit this 

potential systematically. Unlike in other 
African countries (e.g., Nigeria or 

Zimbabwe), a complete inventory of sur­
face area, catchment area, water volume 
and fish production does not exist for Ghana. 

In contrast to large lakes and reservoirs, 
small water bodies can be managed. Efforts 
are underway to enhance their use such 

as for dry season gardening and fish culture 
in small ponds close to the dam. 
Sociocultural aspects (leadership, ownership 
and access rights, magico-religious 
traditions) as well as training in appropriate 
technologies (e.g., appreciation of stock 
management, harvest with traps and hook­

and-line) govern the further improved use 
of small water bodies. 

Floodplains 

Floodplains are lowlands experiencing 
seasonal flooding, either naturally or man­

aged. For the purpose of this study, these 
include not only adjacent areas of small 
streams to large rivers and swamps but 
also rice paddies in irrigation schemes. Paddy 
rice is grown in 59 km 2 of the 70 km 2 of 
irrigation schemes in Ghana (Fig. 4) (IDA, 
pers. comm.). The integration of rice and 
fish culture is well known from Southeast 
Asia (dela Cruz et al. 1992) and shows prom­

ising potential for Ghana (see Kumah et 
al., this vol.). Based on an average pro-
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duction of 30 kg of tilapia per hectare of 
ricefield, the existing paddy rice-growing 
area in Ghana could produce 21 t of fish 
at a reduction in rice production of around 
10%. The income from fish production gen­
erally offsets the loss through reduced rice­
growing area for refuge ponds and trenches. 
Rice-shrimp integration is a further potential 

activity in irrigation schemes in Ghana. A 
regulation exists in Ghana whereby 5% 

of the area of an irrigation scheme should 
be constructed in the form of fishponds 

below the irrigation reservoir. This has 

not been implemented in any irrigation 
scheme. 

Small streams can be dammed in sites 

with adequate topography to raise the water 
level to supply small ponds constructed 
adjacent to the streams, yet at higher 
elevation, so that these can be drained by 
gravity flow. Although many streams dry 

out seasonally, and their number is 
increasing at an alarming rate, these are 
the most promising opportunities for 
smallholder pond aquaculture in Ghana 
(Kapetsky et al. 1991; Prein 1993; Lightfoot 
et al., this vol.). 

Kapetsky ( t 991) determined 340 km 2 

of swamps (215 km 2 in the Northern Re­
gion) which are seasonal, shallow, flooded 

areas which dry up during the dry season 
and are fished seasonally. 

Conclusion 

The existing inland water surfaces amount­
ing to 315 km2 (excluding Lakes Bosumtwi 
and Volta) show varying degrees of po­
tential for enhanced fisheries and 
aquaculture. Some activities are based on 
existing traditions; in other cases, new tech­
nologies would need to be introduced and 
their compatibility with the ecological and 
sociocultural contexts must be evaluated. 
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Fig. 3, Lakes Volta (A) and Bosumtwl (8), and the areas of main occurrence and Identified 
need of small water bodies In Ghana (after Kapetsky 1991, modified). 
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Abstract 

A survey was conducted to assess the social and economic situation of smallholder farmers in six southern 

regions of Ghana: Brong Ahafo, Ashanti, Western, Central, Eastern and Volta Regions. Rapid appraisals 

revealed information on gender and age structure, educational and occupational background, farm house­

hold composition and structure, and landownership and tenureship. 

Introduction 

A griculture, including fisheries, 
continues to dominate Ghana's 

economy. The sector contributes 52% of 
the total domestic output and employs 57% 
of the total labor force (MOA 1989). Eleven 
per cent of the total land area (240,000 
km 2) is under cultivation. The Ministry of 
Agriculture (MOA) has overall responsi­
bility for the sector. Of the many constraints 
facing agriculture in Ghana, the major ones 
are (MOA 1989): 

1 . difficulties with the acquisition of land 
and the lack of security for tenant 
farmers; 

2. ineffective farmer organization at the 
village level; 

3. deteriorated and inadequate infras­
tructure, i.e., storage and marketing 
facilities in the farming areas; 
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4. inadequate supply and insufficient 
distribution of inputs; 

5. inadequate price and production in­
centives; 

6. lack or insufficient flow of institutional 
credit; 

7. low productivity stemming from the 
low level of adoption of new tech­
nology; and 

8. inadequate extension services, de­
clining and expensive farm labor, and 
weak linkages with other sectors, no­
tably transport. 

The small-scale farmer in Ghana, vari­
ously called "peasant farmer," "subsistence 
farmer," "resource-poor farmer," etc., still 
dominates the agricultural scene. His/her 
lifestyle and production patterns have not 
changed over the years. To re-echo the 
lamentations of one such farmer: "Were 
our ancestors to come back to life, they 
could pick up the same farming tools and 



go to farm on equal terms with our present­
day farmers because nothing has changed 
since their time." 

Although the adoption of new technolo­
gies by small-scale farmers has been a major 
rural development goal, in practice, the 
successes achieved have been rather limited. 
Recent thinking has suggested that the low 
adoption rate of the new technologies by 
these farmers may be the result of the 
technologies being inappropriate for their 
small farm situations. In particular, it is 
erroneous to think that production per unit 
area can be increased by expanding the 
production factors affecting the individual 
farmer rather than allowing him/her to 
operate two to four small farms (i.e., plots) 
in various locations. Such an approach as­
sumes that the social, economic and cul­
tural conditions can, and will, automati­
cally adjust to the requirements of the new 
technologies. 

In practice, this does not occur. The 
majority of farmers still cultivate the local 
rather than the improved varieties of crops. 
The alternative approach, namely, adjusting 
production technology to the social, cul­
tural and economic systems encountered 
in rural areas, has gained some accept­
ance. 

This work attempted to ascertain the 
facts relating to the social, economic and 
cultural conditions in which the rural farmer 
lives and works, and the problems aris­
ing therefrom. In particular, an attempt 
was made to interpret the behavioral re­
sponses of the small farmers who are con­
fronted with various production alternatives 
and other activities considered to be the 
integral components of institutional services 
for rural development operations. 

Area and Method of Study 

This study was performed in terms of 
an Institute of Renewable Natural Resources, 
University of Science and Technology/ 
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Institute of Aquatic Biology/International 
Center for Living Aquatic Resources Man­
agement (IRNR/IAB/ICLARM) research col­
laboration in farming systems analysis and 
was started in September 1992. Six ad­
ministrative regions in southern Ghana -
Ashanti, Brong Ahafo. Eastern, Volta, Central 
and Western Regions - were chosen for 
study. In these regions, drought rather than 
semi-aridity is the basic and common con­
straint to agricultural activities. In each 
region, two farming communities were 
chosen by area frame sampling for farm/ 
farmer surveys. Initially, the Extension 
Services of MOA in the district was 
contacted for an orientation on agricul­
ture in the district and for assistance in 
the location of farming communities and 
farmer identification. This proved work­
able but the tendency was for the exten­
sion personnel to lead the team to their 
most successful and often well-to-do and 
influential farmers. The "smallness" of the 
farmer then became an issue, thus this 
method was soon abandoned. And, due 
to time constraints, the farmers were ran­
domly approached on their way to their 
farms, where they were later interviewed. 

Results 

A review of the data indicated that five 
indices were useful to illustrate the 
socioeconomic characteristics, more 
particularly, the way of life and the attitude 
of the rural small-scale farmer in Ghana. 

1. Gender and age structure is viewed 
as an index of the viability and sustainability 
of rural agriculture and its contribution to 
the rural and national economy. 

2. Educational background of the far­
mer is considered to be a measure of his/ 
her attitude to farming and can be a factor 
in his/her level of acceptance of the technical 
innovations in agriculture. 

3. Occupational background of the far­
mer is seen as a determinant or attraction 
of farming vis-a-vis other occupations. 
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4. Farm household composition and struc­
ture indicate the farmers' responsibilities 
and financial commitments as well as the 
household component of farm labor. 

5. Ownership of land or farmer status 
is seen as an index of the rights and 
obligations of the farmer in the use of land 
and land resources. 

Thirty-nine farmers were interviewed in 
22 farming communities in six regions in 
Ghana. The survey indicated that there are 
more male than female farmers (Table t) 
in the survey area. Male farmers are much 
younger than their female counterparts 
(Table t) but most of these younger male 
farmers, particularly in the Western and 
Brong Ahafo Regions, are into food crop 
production as a last resort. They are mostly 
illiterate (84%) and unskilled and are there­
fore disadvantaged in most other profes­
sions. The aged rural farmer on the other 
hand is one who, in most cases, has re­
tired from other services (transport, civil 
service, teaching, etc.) and has to sustain 
himself and his family with food crops from 
his farm. Women farmers are mostly (70%) 
widows. A few of the young women farmers 
jointly own farmlands with the younger 
men who mostly provide the farm labor, 
while the women market the farm produce. 
The young male farmers also see food pro­
duction as a very meaningful alternative 
to life or aim to raise capital within a very 
short period to finance a major project -
an overseas trip or a trading venture. 

Fifteen per cent of all young rural farmers 
in our survey are either teachers or local 
community leaders who are part­
time farmers only on weekends. The sons 
of migrant cocoa farmers contribute 45% 
of the young male farmers found in the 
Brong Ahafo, Central and Western Regions. 
Farmland can range from 0. t to t t 0 ha, 
while cultivated land ranges from t to 10 
ha. The rest is left fallow or is part of a 
cocoa or oil palm plantation. 

Ownership and 
Tenureship of Land 

Our survey showed four main types of 
land tenureship in the six regions. 

Agricultural land acquired and owned 
through family connection or inheritance 
was very common in all regions (Table 2). 

Tenant farmers were of three types: 
t. abusa - where the farm produce is 

divided into three parts of which the tenant 
farmer takes two and the landlord one; 

2. abunu - where the proceeds of the 
mature farm are divided into two equal 
parts of which a half goes to the landowner 
and the other half to the farmer; and 

3. trama - where there is an outright 
purchase of the agricultural land by the 
leaseholder farmer, who hires a small group 
of subtenant or caretaker farmers. 

Table t. Age and gender of farmers in regions studied. 

Farmer 
.Region Male Ave. age Female Ave. age 

(year) (year) 

Ashanti 5 36 54 
Brong Ahafo 2 44 2 58 
Volta 7 40 l 57 
Eastern 5 46 3 54 
Central 3 41 55 
Western 8 36 38 

Total 30 (77%) 9 (23%) 
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Table 2. Farmer status and tenureship of agricultural land In regions studied. 

Region Landowner Tenant Sub- Share- Lease-
tenant holder holder 

Ashanti 
Brong Ahafo 2 
Eastern 6 
Volta 7 
Central 2 
Western 8 

Table 3. Source of farm labor (for all activities) in regions studied. 

% of farmers employing labor type 

Region Family Hired 

Ashanti 50 33 
Brong Ahafo 75 25 
Eastern 25 12.5 
Volta 38 50 
Central 100 
Western 33 56 

•cooperative labor. 

Farmland is mostly owned by the farmer 
through inheritance (67%) (Table 2). The 
small-scale farmer often operates two or 
more farms in different areas. The principal 
food crops farmed are maize, cassava, 
cocoyam, plantain and yam which are mostly 
intercropped. The small-scale farmer may 
operate small vegetable plots with okra, 
garden eggs, peppers and tomatoes. mostly 
for domestic consumption. Any surplus is 
sold locally. 

Perennial tree crops like citrus and oil 
palm are mostly grown on pure sands, while 
vegetables (okra, eggplant, bell and chili 
peppers, and tomatoes) are normally grown 
on small plots of less than 0.01 ha. 

Family 
and hired 

50 
12 

Permanent Nnoboa• 

17 

12.5 

11 

Farm Household Structure 
and Composition 

Most rural farming households are made 
up of aged adults and several children and 
teenage dependents who all go to school. 
This had direct consequences on the type 
and availability of labor for farm activities. 

We found three main types of labor (Table 
3): family, hired and cooperative labor 
(known as nnoboa). Family labor is the 
nominally unpaid service of a wife, child, 
nephew or niece, or of any other relation. 

There were also varying combinations 
of two or all of the three types of labor. 
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There were three kinds of hired labor: 
(1) casual or "by day", (2) permanent or 
full-time labor and (3) contract. 

Farm labor is a major constraint to ru­
ral agriculture. Where labor is available, 
the cost is high. Labor charges vary for 
the various farming operations but range 
from 500 cedisa to 600 cedis per day in 
addition to food. 

Adult males contribute 70-90% of all 
farm labor. Nearly all farm produce (80-
90%) is consumed in the household. 

The survey revealed that there is very 
little return for the heavy labor invest­
ment of the rural farmer and nearly all 

•US$1 = 625 cedis in March 1993. 

farm produce (50-80%) is consumed by the 
farmer and his/her dependents. 

The rural farmer in the survey area may 
meet his/her family's food requirements but 
cash for farm and nonfarm activities continues 
to be a major limiting factor. Therefore, "tailor­
made" or new technologies involving in­
vestments may not be easily adopted by 
the average small-scale farmer. 

The rural Ghanaian farmer is still a tradi­
tionalist for whom change can come only 
very slowly. 
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Abstract 

A brief survey into gender-related issues on smallholder farms in Ghana was conducted. Interviews 
were made with members of 38 households in six southern regions of Ghana. Brong Ahafo, Ashanti, 
Western, Central, Eastern and Volta Regions. Subjects covered were: on-farm labor division, time alloca­
tion. access to credit, land and property, and traditional and religious beliefs in natural resource use. 

Introduction 

Research has shown that several 
development projects in the past were 

designed and implemented without taking 
into consideration the influence of gender 
in various stages of the development 
process. This is believed to have contributed 
to the failure of most of these projects. 
Consequently, several studies are now being 
conducted on gender-related issues and 
how they can be successfully incorporated 
into development projects to achieve the 
desired goals. The objective of this paper 
is to examine gender issues within the con­
text of the Ghanaian rural farm household 
based on data and observations made in 
28 farming communities in southern Ghana 
comprising the Ashanti, Brong Ahafo, East­
ern. Volta. Central and Western Regions. 
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Interviews were conducted with house­
hold members, men and women individu­
ally. during a quick survey of the regions 
(Dassah et al., this vol.) 

Structure of the Farm Household 

Traditionally, men are deemed to be the 
heads of household units in Ghana. With 
the 38 different farm households inter­
viewed, 84% were headed by men while 
16%were headed by women, 86% of whom 
were single and mostly widowed. 
Decisionmaking is thus led by these house­
hold heads as they control most of the 
family's income and expenditure. Where 
men are the custodians of the households, 
their wives usually assist with the upkeep 
of the household with proceeds from their 
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separate food farms (i.e., vegetable or crop 
plots) as well as with work on their husbands' 
farms. Wives are generally responsible for 
most of the household chores. Within the 
households, a higher level of illiteracy was 
also observed among the adult women than 
among the men. All ( 100%) female farmers 
interviewed were illiterate while 70% of 
the male farmers had some form of edu­
cation. However, this trend may change 
with time since almost all the farmers 
interviewed were providing both their male 
and female children with formal education. 

Looking at the occupational trend of the 
households, it was also observed that male 
full-time farmers engaged in basket weaving, 
wood carving, masonry, fishing, etc., on 
a part-time basis while their female 
counterparts engaged in trading. The male 
part-time farmers were government workers, 
e.g., teachers and employees of the cocoa 
services. Their female counterparts were 
traders. 

Division of Labor by Gender 
and Activity on the Farm 

From the survey, it became evident that 
tedious farm operations such as land 
clearing, tree felling, grass cutting, burning, 
final land preparation, yam mound making 
and staking were normally done by the 
men while the women and children par­
ticipated in the sowing or planting, weeding, 
fertilizing. harvesting and carting of farm 
produce for storage and marketing. 
Marketing of the produce was done by both 
men and women. 

Within the forested communities. 
although the men may have small food 
farms (i.e., plots), they tend to concen­
trate on tree or cash crop production (mostly 
cocoa or oil palm). The women concentrate 
on food crops such as maize, cassava, 
plantain, yam, cocoyam and vegetables 
such as tomatoes, pepper. eggplant and 
okra, which are usually intercropped. 

Both males and females reared sheep, 
goats and poultry on a subsistence basis. 

Time Allocation 

Men in most agricultural systems have 
different patterns of time use than women 
(Cloud 1982). On a typical farming day in 
the communities visited, a male farmer may 
spend from seven to eight hours on the 
farm and use the rest of his time either in 
performing minor household activities such 
as roof mending. attending to livestock. 
etc .. and socializing with friends or relax­
ing at home. A female farmer may spend 
from four to five hours on the farm and 
use most of her time in performing house­
hold chores and maintaining human capital 
resources to sustain life at an acceptable 
level no matter what other work is under­
taken. 

Nonfarming days, normally taboo days 
which often fall on a Sunday, are used by 
both genders for funerals, marketing, com­
munity work, church or other part-time jobs. 

Access to Credit, Land 
and Property 

In many rural systems. women have 
generally less access to land, capital, credit, 
technology and training than men (Cloud 
1982) .This survey showed that within 
indigenous household units, most men had 
easier access to land than women since, 
in most of these cases, women may only 
have customary user rights but not 
ownership rights to the use of their farmland 
(Andah 1978). This is due to the tradition 
in which land is usually passed on from a 
father to a male heir. This discrimination 
against women in land ownership has not 
only reduced their status in society but 
has also made them economically 
dependent (BIRD 1986) as they tend to 
operate mostly under their husband's 



umbrella, leading to the cropping of small 
areas of from 0.2 to 0.6 ha on the aver­

age. 
In the event of the death of her husband 

or a divorce, a woman may cease to have 

access to her farmland as well as her 

husband's if the land belongs to the hus­

band's lineage. However, if a widow is in 

good standing with her husband's family, 

they may allot her a plot to work on. This 

may not apply to settler farmers since they 

may either buy the land legally or oper­

ate on some form of tenancy agreement. 

Credit for farm operations was not 

available for either male and female farmers 
interviewed. 

Traditional and Religious 
Beliefs in the Use of Land 

and Water Resources 

Notwithstanding modernization, tradi­

tional and religious beliefs seem to be losing 

value. Most of the farming communities 

visited still adhere to them where they exist, 

for no particular reason, except for the fact 

that they have been handed down by tra­

dition. 
Taboo days are therefore still in exist­

ence, and though they may vary from one 

community to the other, both males and 

females are not to touch the land or visit 

the farm at all on such days. A few com­

munities believe that the gods and ances­

tors of the land visit the land on such days, 

thus one is likely to see strange happen­

ings on the farm. Among the farms vis­

ited in this study. this belief prevailed in 

the Amansie-East District of the Ashanti 
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Region on Tuesdays. Breaching such taboos 
may entail warning or fining the culprit in 

the form of money and/or drink or sheep 
to pacify the gods. 

Menstrual constraints on land use were 

generally absent. However, for streams and 
rivers, such constraints may prevail, e.g., 

in Kofigyan, a village in the Wassa-West 

District of the Western Region, females of 

all ages are banned from entering the Huni 

River on Thursdays as well as during their 

menstrual periods. Also, in the Sefwi area 

in the Western Region, menstruating women 

crossing the River Bia, for example, may 

drown as they are believed to be unclean 
to the gods of the river. 

Understanding the role of gender in 

development at the rural level cannot be 

overemphasized as it can also make a 

substantial difference as to whether growth­

oriented projects succeed or fail (Perkins 
1984). 
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Abstract 

An overview is presented on the preferences for food items in Ghana, with particular reference to fish. 
Cost is the main factor affecting the selection of animal protein sources, of which fish is of highest prefer­
ence. Cured fish (smoked, salted. dried or fermented) is preferred over fresh or canned. Size is the least 
important factor in the selection of fish and fish products. 

Introduction 

In Ghana, the per caput consumption 
of fish is one of the highest in Africa. In 

a recent survey (Nketsia-Tabiri 1993), it 
was found that the preference for fish is 
high compared to other animal protein foods 
(Fig. 1 A). The fishing industry provides 
employment and income to a large segment 
of the Ghanaian population. Activities 
involving marine and freshwater fishing 
have forward and backward linkages which 
make the industry important to the coun­
try's economy (Sefa-Dedeh et al. 1989). 

Even though Ghanaians on the average 
have a high preference for fish, current pro­
duction and distribution systems cannot 
satisfy the demand. In addition. the per­
ishable nature of the commodity is such 
that strategies need to be put in place to 
ensure that fish and fish products are avail-
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able in all parts of the country, especially 
in areas far removed from water bodies. 

Aquaculture and products from 
aquaculture can play a significant role in 
improving the nutritional status of 
Ghanaians. This paper discusses some of 
the post-production issues that need to 
be considered in the development of 
aquaculture on a sustained basis. 

Selection of fish Products 

The main factors considered in the se­
lection of animal protein by Ghanaians are 
cost, nutritional value and taste (Nketsia­
Tabiri 1993). 

It is evident that the average Ghanaian 
consumer will consider the cost of the 
protein source. If commercial aquaculture 
is to make headway in Ghana. its products 



Fish 82% 

A 

Meat 13% 

Eggs 3% 

Poultry 2% 
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Cured fish 58 % 

B 

fig. 1. Consumer preference for: (A) animal protein products and (8) fish products in Ghana. 

Table 1. factors considered In the selection 
of animal protein sources In Ghana. 

Factors 

Cost 
Nutritional value 
Taste 
Beliefs and habits 
Availability 
Convenience 
Family size 
Financial status 

Frequency(%) 

41.6 
26.8 
18.9 

7.9 
2.4 
1 2 
0.6 
0.6 

must be competitive. If these aquaculture 
products are more expensive than the al­
ternative available, the consumer may not 
patronize them. It is important that the 
fish consumption patterns and preferences 
of the communities in which aquaculture 
is to be promoted are clearly understood. 
For example, if tilapia is the fish of choice, 
in what form will it be presented to the 
consumer? 

Ghanaian consumers utilize fish more 
often in cured form than as fresh or canned 
(Fig. 1 B). Cured fish in the form of smoked, 
salted, dried or fermented are popular. 
Simple curing techniques must be made 
available to the producers for the effective 
control of post-harvest losses and increased 

consumer acceptance. However, the size 
of the fish is the least of the factors con­
sidered by the consumer in the selection 
of fish products (Fig. 2). This should guide 
those in aquaculture development not to 
target the production of large fish. The 
size preference is indirectly linked to cost 
and eating habit. A few will want to have 
large fish but for the majority this is not 
critical in fish selection. 

Processed state 12% 

fig. 2. factors influencing the selection of fish 
as food In Ghana (adopted from Nketsla-Tabirl 
1993). 
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Processing Operations 

In Ghana, tilapia is processed into salted, 
dried, smoked or fried forms. 

Salting develops flavor, color and texture. 
Simple salting systems are required. Also, 
the optimization of salting and fermentation 
to produce high-quality products with good 
shelf stability is critical. 

The drying method can have an impor­
tant effect on fish product quality. In Ghana, 
fish drying is usually done in the open sun 
with associated contamination. For the 
effective promotion and delivery of 
aquaculture products, new designs of simple 
solar driers should be constructed in the 
community. 

Simple smoking ovens which can han­
dle small quantities efficiently must be 
promoted. Examples from the fish 

processors near Weija Lake should be used 
(Sefa-Dedeh et al. 1989). 

The general strategy for processing 
aquaculture products must be the use of 
simple innovative techniques which do not 
require extensive capital outlay yet are 
efficient. 
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Abstract 

An overview of the existing aquaculture systems in Ghana is presented, focusing on low-input systems. 

Information was collected using rapid appraisals through site visits. With the help of farm transects, bioresource 

flow diagrams (where applicable) were made in the course of interviews. Existing problems and immediate 

options and potentials are pointed out. 

Objective and Approach 

TJle purpose of this study was to gain 

l an understanding of the existing situation 

of aquaculture systems in Ghana in general 

and to assess low-input systems in particular. 

This information was to lay the basis for 

further studies, based on the patterns, 

differences and limitations of existing 

aquaculture practices. Previous reviews on 

the situation of aquaculture in Ghana were 

done by Balarin ( 1 988). Food and Agriculture 
Organization (FAO)/World Bank ( 1989) and 

MacPherson et al. ( 1990). 
On-site visits and informal, unstructured 

interviews were conducted with key in­

formants (owners, caretakers, farm staff. 

relatives, fisheries extensionists, staff of 

irrigation projects) who provided recall data 

to construct farm maps, farm activity cal-
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endars, bioresource flows and natural re­

source type transects. Additionally, small­

holder farms not performing any form of 

aquaculture were visited in several regions 

to study potentials and constraints for 

adoption of some form of aquaculture. 
Annual calendars of fish production ac­

tivities provide an understanding, both for 

the researcher and the farmer. of the 

sequence of management actions on the 

farm. These can be used to elicit further 

information as to the quantity, quality and 

source of inputs and outputs. Qualitative 

data, which were used to construct resource 

flow diagrams describing how nutrients 

are moved between farm enterprises (Ofori 

et al. 1993). are complementary to the 

technical information obtained through farm 

visits (Vincke and Awity 1991; Ofori et 
al. 1993). 
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Existing Aquaculture Operations 

Few commercial fish farms exist and are 
operational in Ghana. Nearly all were es­
tablished after 1980 and few are produc­
ing fish economically. Tilapia (Oreochromis 
niloticus) and African catfish (Cf arias 
gariepinus) are the most common species 
grown. 

Fish farms are generally owned by in­
dividuals, and not companies, most of which 
are located in the Ashanti. Greater Accra, 
Eastern. Central and Volta Regions. Some 
owners are entrepreneurs operating other 
commercial enterprises who have invested 
profits made from such activities into fish 
culture. For them the primary purpose of 
fishponds is, in many cases. a matter of 
status. Often, customs and social hierarchy 
require that fish are given to family and 
community members as gifts. The size of 
the fish can be of importance. 

Ponds were mechanically dug at high 
cost but without drainage facilities, proper 
water supplies and dike construction. In 
most cases. ponds are not adequately man­
aged and production is much lower than 
potentially achievable. 

Most ponds are fished less than once a 
year. are not drainable and therefore re­
quire borrowing or purchase of a net. Further. 
they are not dried. restocked and very few 
nutrient inputs such as fertilizer, manure 
or feedstuffs are provided (Fig. 1 ). 

Reasons for low production are: ( 1) wrong 
or inadequate siting. design. construction 
and maintenance of ponds; (2) missing or 
inadequate knowledge of the essentials 
of fish husbandry (reproduction. pond 
fertilization, pond biology, fish reproduc­
tion and feeding); and (3) wrong perception 
of possible production levels and associated 
investment costs and returns. 

An often expressed need for large bank 
loans for initial investments is commonly linked 
with an unwillingness to seek or follow expert 
technical advice. Most operations have been 
abandoned. 

The extension service of the Fisheries 
Department usually concentrates on this group 
of fish farmers in their efforts. 

Smallholder subsistence aquaculture hardly 
exists in Ghana. Existing cases are usually 
undrainable ponds in waterlogged areas, 
receiving few nutrient inputs, thus leading 
to low fish production. There is practically 
no awareness of necessary and appropriate 
aquaculture technology, and of options for 
integration and increased utilization of on­
farm residues such as manure and plant wastes. 
People embark on pond construction and 
operation without prior knowhow, leading 
to numerous failures. In all cases. the ponds 
do not produce enough to support the families 
by fish production alone. Ponds are often 
haphazardly maintained or even abandoned, 
and fish stocks in them can be several years 
old since nets for their hatvest are not available 
and neither is external support. Most examples 
of this type of aquaculture are located in 
the Western, Ashanti, Central. Eastern and 
Volta Regions. 

Reservoir-fed ponds in irrigation schemes 
are a more recent development but can 
generally be considered a failure. In Ghana, 
a law exists in which five per cent of the 
area of developed land below the reservoirs 
of irrigation schemes should be in the form 
of fishponds. In a few cases, these were 
implemented. always in the form of a cluster 
of ponds at sites directly below the dams. 
The quality of ponds built by the construction 
companies ranges from poor in acidic and 
saline soil (such as in the Dawhenya irrigation 
area) to good with well-built monks and water 
supply channels and drains (such as in the 
Tona and Vea irrigation schemes: see Fig. 4 
in Prein and Ofori, this vol.). Often these 
were not maintained adequately. thus re­
quired expensive rehabilitation after only a 
few years. 

The incentive behind these operations 
was to lease the ponds to individuals who. 
on top of the pond lease. would have to 
pay for water supply. fingerlings. feeds and 
fertilizer inputs. and other operational 
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expenses. Fingerlings are not commonly 
available. Little or no technical training or 
advice was provided, and most people failed 
and lost considerable investments. Operators 
could not reside at their ponds and often 
had to travel long distances from their homes 
or farms to the ponds, making daily 
management and security enforcement dif­
ficult (Fig. 2). 

A more useful approach would be to 
construct individual ponds at adequate sites 
throughout the entire scheme, thus enabling 
farmers who already rent plots in these 
areas to visit their ponds daily and manage 
them appropriately as these are adjacent 
to the other fields they farm on. Security 
would be greatly increased and opportu­
nities for reuse of farm wastes would arise. 
Additionally, a farmer-to-farmer spread of 
technical knowledge about fish husbandry 
would occur as ponds would be visited 
by neighboring farmers daily. 

The high technical level of pond 
construction is unnecessary as simpler 
systems are easier to maintain and expand. 
Many schemes have patches of undeveloped 
sloping lands which are inadequate for 
irrigated plots but are ideally suited for 
drainable pond construction, given proper 
soil quality. 

Aquaculture in association with village 
dams or small water bodies in the northern 
regions of Ghana has been considered but 
not implemented. A large proportion of 
the small dams dries out during the dry 
season and therefore will provide necessary 
top-up water for fishponds below the dams 
only for part of the dry season. Combinations 
with dry season gardening are possible. 
These water bodies serve multiple purposes 
such as domestic water for drinking and 
washing, livestock watering and, to a lesser 
extent, fish production. Health hazards have 
been identified. Sociocultural issues of 
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ownership, management and distribution 
of benefits must be solved first before 
practical approaches are attempted (see 
Fastenau, this vol.). 

Conclusion 

Aquaculture operations exist in Ghana. 
but only a few function today. Production 
is very low due to failures in adequate siting, 
construction and management. Fish farmers 
and extension personnel have little 
knowledge of appropriate technology. 
Education, training and follow-up are 
necessary to create this knowledge among 
farmers and to enable success stories. Cur­
rently, the many unsuccessful experiences 
with fish farming have discouraged fur­
ther activities. New entrants into small­
holder integrated agriculture-aquaculture 
pose the most imminent and viable op­
tion for an increased and sustained level 
of aquaculture production in Ghana, which 
at the moment is around 300 t·year· 1

• 
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Abstract 

Growth experiments with Nile tilapia (Oreochromis niloticus) were conducted at the Akosombo Research 
Station in Ghana to provide baseline data on (a) natural productivity of unfertilized ponds and (b) fish 
productivity with low rates of cow and chicken manure input. resembling the situation on nutrient-poor 
smallholder farms. Fish in unmanured ponds displayed weight loss after a short initial increase, resulting in 
insignificant growth over a six-month period. Fish growth in experimental ponds receiving chicken manure 
was higher than 1n ponds receiving cow manure. equivalent to a production of 1.55 and 1.94 t·ha·'·year·'. 
respectively. A newly constructed pond concurrently operated by a new entrant farmer receiving on-farm 
residues and household scraps showed the highest production. equivalent to 10.2 t·ha· 1·year· 1

• 

Introduction 

As part of investigations on agriculture­
aquaculture integration, on-station 

and on-farm experiments using farm and 
household wastes and residues as inputs 
for fish farming were carried out. On-station 
experiments using ponds receiving no inputs 
and manure. respectively, were conducted 
at the Aquaculture Research and Devel­
opment Center at Akosombo to obtain 

'ICLARM Contribution No. 961. 
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baseline data on tilapia production. Two 
sets of experiments were conducted. 

The first set of experiments involved the 
determination oftilapiagrowth and production 
under conditions of zero or no nutrient input 
in newly rehabilitated ponds without any 
fertilization history. Three 0.1-ha ponds were 
each filled with fresh water and then stocked 
with Oreochromis niloticusfingerlings of the 
average weight of 13.6 g at the rate of 2 
fish·m·2

• Four 0.2-haponds which had been 
previously used for fish production were 
used in a related experiment. Two of the 
ponds (ZPFl), although fertilized before, had 
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remained unused for over six months. The 
other two (ZPF2) had been recently fertilized 
and used. These were similarly filled and 
stocked with 0. niloticus fingerlings of 
11 .6 g average weight at 2 fish·m-2

• 

In the second experiment, each of the 
four ponds, which measured 0.1 ha, were 
limed with quicklime at the rate of 
200 kg·ha- 1

• Thereafter, each set of two 
ponds was initially fertilized with cow and 
chicken manure at rates of 1,500 kg·ha- 1 

and 500 kg·ha- 1
, respectively, and then filled 

with water. Subsequent manuring rates were 
reduced to 500 kg·ha- 1·weelc 1 and 
200 ha- 1·weelc 1 for the cow and chicken 
manure, respectively. These were applied 
twice a week. The ponds were stocked with 
0. niloticus fingerlings with the average weight 
of6.6g. 

An on-farm fish production trial in a 77-m2 

pond belonging to a farmer collaborator, 
Ibrahim Ansah, was monitored as the third 
experiment. 0. niloticus fingerlings (all­
male, hand-sexed) with the average weight 
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of 17.3 g were stocked at the rate of 3 
fish·m- 2

• The pond was then fertilized with 
a combination of dry chicken and goat ma­
nure. A total of 150 kg was applied over 
a period of six months. Farm wastes such 
as cassava dough, household food waste, 
and leaves of cocoyam. cassava, papaya 
and cabbage were added to the pond as 
feed. Ponds were sampled biweekly for 
growth measurement using dragnets. Ad­
ditionally, the dissolved oxygen (DO), pH, 
temperature and Secchi depth of the pond 
water were monitored weekly. Alkalinity 
was measured after filling the pond. 

Results and Discussion 

Fish size in the three new ponds with 
zero input showed an initial increase but 
thereafter stagnated for a period before 
declining (Fig. 1 ). Growth differences be­
tween ponds were noted. This was attrib­
uted to differences in pond turbidity as 

Pond 2 ---- Pond 3 ....._ Pond 4 

29-Jun 27-Jul 14-Aug 25-Aug 

Sampling date 

Fig. 1. Change In weight of mixed sex Oreochrom/s n/Jotlcus In three new 0.1-ha ponds 
with zero Inputs. 



highly turbid ponds (i.e., low Secchi disk 
readings) exhibited lower fish growth. 
Turbidity was caused by soil runoff from 
the bare pond dikes. The average fish yield 
per pond was 21 .3 kg, representing a de­
crease in biomass of 21 %. This yield cor­
responded to a gross production of 577 
kg·ha· 1·year- 1• 

The pattern of fish growth in the ponds 
with previous fertilization history closely 
followed that of the first experiment. In 
this case, however. growth was slightly 
higher. Fish yield per pond averaged 49.2 
kg and 97.2 kg, respectively, for ZPF1 and 
ZPF2 ponds. 
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In ponds receiving manure, fish growth 
was higher with the chicken than with the 
cow manure. The average final weights of 
the fish were 16. 7 g and 10.5 g after 79 
days for the chicken and cow manure, 
respectively. These represented a daily fish 
production of 4.2 and 3.2 kg·ha- 1·day- 1 and 
a gross production of 1,039 and 1,552 
kg·ha- 1 ·year- 1 (Fig. 2). respectively. 

Growth of fish receiving on-farm residues 
and wastes was the highest (Fig. 3). The 
total fish yield from the pond was 33 kg, 
equivalent to a gross production of 
10.2 t·ha- 1·year- 1

• The mean weight of fish 
was 152.5 g and ranged from 75 to 300 g. 

Cow Chicken 

Treatment 

Fig. 2. Extrapolated gross and net productions of Oreochromls nllotlcus In ponds with and 

without Inputs. Zero = zero Inputs In new ponds without fertlllzatlon history; ZPF1 = zero 
Inputs In ponds with previous fertilization but unused for six months before experiments; 
ZPFZ= same as ZPF1 but used until before experiments; cow = cow manure fertlllzatlon of 
previously unfertilized ponds; chicken = chicken manure fertlllzatlon of previously unused 
ponds. 
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Fig. 3. Growth of handsexed Oreochromls nllotlcus males In the 0.0077-ha farm pond of 

lbrahlm Ansah (Mampong-Nkwanta, Ghana) receiving chicken and goat manure, and farm 

residues. 

The decline in fish growth in the zero 

input experiment was expected. The low 

nutrient levels did not encourage growth 

of algal and other foods which are essen­

tial to maintain and promote growth af­

ter any initially available food resource in 

the water was used up. The fish lost weight; 

most of them died and this affected over­

all pond production. 
The situation was different in ponds with 

previous fertilization histories. Production 

was higher in the recently used pond than 
in the "fallow" pond. This could be attrib­

uted to the leaching of nutrients from the 

pond as a result of the long period of ex­

posure to weather elements like rainfall. 

Production in the recently used pond. 

however, did not indicate another good 

yield if the pond was cropped another time. 

Obviously, the overall growth attained 

in the manured experiments was low. This 

was attributable to human error in the 

manuring schedule which resulted in a lower 

quantity of manure being applied. How­

ever, the overall response of fish growth 

to the different manure conforms to ob­

servations in the literature (Hopkins and 

Cruz 1982; Pullin and Lowe-McConnell 

1982; Owusu-Frimpong et al. 1990, 1991. 
1992). 

Fish growth in the pond receiving farm 
and household wastes and residues was 

highest. It can be inferred that fish production 
can be increased fivefold with on-farm and 

household wastes as inputs. 
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Abstract 

Rice-fish culture trials were conducted on test plots in a large 1rrigat1on scheme in the Upper East Region 
of Ghana. Two different systems. both with refuge ponds on one side of the ricefield were evaluated. One 
had a lateral trench around the entire ricefield. The other had only a single central trench. After 105 days, 
rice yields ranged from 1.6 to 4. 1 t·ha· 1 ·year· 1

• Lateral trenches prevented the rat infestation of the rice crop 
which enabled the highest rice yields. Fish production ranged from 133 to 142 kg·ha' in 105 days. Results 
encouraged farmers to embark on trials on their own irrigation plots, which were ongoing at the time of the 
workshop. 

Introduction 

Agriculture in the Upper East Region 
of Ghana is determined by such fac­

tors as rainfall, temperature, sunshine, 
relative humidity and soil types. The av­
erage rainfall for the region is fairly low 
and on bad years the amount of 500 mm 
has been recorded. The distribution is also 
erratic and half of the year is dry. These 
factors necessitated the construction of the 
Tona and Vea dams with their irrigation 
schemes. 
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The main occupation of the people outside 
the irrigation schemes is farming. Crops 
grown include millet, sorghum, cowpea, 
groundnut and rice. Soils are generally poor 
due to excessive use and are treated yearly 
by applying farmyard manure to the fa;ms. 

Farmholdings are small (0.5 ha) and crop­
ping is very intensive including multiple 
cropping. Under irrigation, however, rice 
is the major crop and crops can be grown 
successfully twice a year. Potential areas 
of 565 to 700 ha and 896 to 1,000 ha 
during the wet and dry seasons. respectively 



were programmed for rice production be­
tween 1987 and 1992. Out of these, about 
80% was cropped during these years. 

The common rice varieties grown include 
IR8, GR18, GR19 and Admy-26. For purposes 
of this trial, a new variety BW 348-1 was 
used, maturing in 92 days, fairly tall at 90 
cm, with good tillering and a potential yield 
of 6 t·ha- 1 • 

Rice-fish culture is a new introduction 
in the project and its objectives are: 

1 • to demonstrate and promote fish 
culture in the ricefields; 

2. to increase protein consumption and 
income for the rural people; and 

3. to investigate the contribution of 
stocked fingerlings to fish yields from the 
ricefields. 

The presence of a reservoir with an area 
of 1 ,860 ha provides a ready source of 
water for fish farming and rice production 
in two seasons annually. Annual fish yield 
from the Tono reservoir was estimated to 
be 172 t·year· 1 (Payne 1986) or around 
90 kg·ha- 1

• 

Catches from the reservoir declined from 
149 tin 1986 to 68 tin 1990, with a 
consequent reduction in the number of 
interested fishers from 239 in 1985 to 108 
in 1991. Most of the fishers went into 
farming (ICOUR 1992). 

In 1987, five fish farmers rented ponds 
from the Irrigation Company of the Upper 
Regions (ICOUR). The number was reduced 
to four in 1988; in 1992, the company could 
not get interested farmers to rent the 
production ponds, so it temporarily 
administered the ponds on a commercial 
basis. 

As both the fish farmers and retired fishers 
are seeking alternative income sources, rice­
fish farming could serve as an alternative 
means of livelihood to these small-scale 
farmers on the project. 

On 29 September 1992, a workshop on 
rice-fish culture was organized by the In­
stitute of Aquatic Biology/International 
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Center for Living Aquatic Resources Man­
agement (IAB/ICLARM) Collaborative Re­
search Project at Tono involving 26 par­
ticipants, two of whom were small-scale 
farmers growing rice in the irrigation scheme. 
The rest were staff of the Extension Division 
(ICOUR). 

Method 

A demonstration was initiated on the 
project at the Agronomy Research site of 
ICOUR by participants of the workshop. 
Two systems of integrated rice-fish designs 
with trenches were implemented. 

The first system had a rice plot of 53 
mz (7.8 x 6.8 m) and a refuge pond of 10 
mz ( 1.5 x 6.8 m) with a depth of 1 m. Lateral 
trenches 40 cm wide and 40 cm deep were 
dug around the ricefields connected to the 
pond to permit the fish greater mobility 
from the refuge pond to the ricefield. Plastic 
pipes screened with mosquito netting 
material were used as inlet and outlet for 
the plot. 

The second system had a rice plot of 
44 mz (7 x 6.3 m) and a refuge pond of 
9.5 mz ( 1.5 x 6.3 m) with a depth of 1 m. 
A single central trench 40 cm deep and 
40 cm wide was dug along the middle of 
the rice plot emanating from the refuge 
pond. Plastic pipes with mosquito netting 
material were also used as inlet and outlet 
for the plot. 

Ric:e Agronomy 

The rice variety used for this demonstra­
tion was BW 348-1. It was nursed in and 
transplanted into the two trial plots. 

The interior spacing between the rice plants 
was 20 x 20 cm. The seedlings were neatly 
transplanted in rows and fertilized <it the rate 
of90 kg N, 60 kg P. 60 kg K per hectare. A 
shallow water level of 3 cm was maintained 
where the rice was transplanted. 
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Fertilizer application was done in two 
portions. Half of this was applied as basal 
fertilization and the other half of the inorganic 
fertilizer was mixed with half of the dose 
of ammonia and applied four weeks after 
transplanting. The remaining top dressing 
of ammonia was applied at the booting 
stage of the rice. At the final top dressing, 
the water level was increased to 10 cm. 

Fish Culture in the 
Rice-Fish System 

Nile tilapia ( Oreochromis niloticus) of 
mixed sex were stocked in both ponds at 
an average weight of 20 g and a stocking 
rate of 4,000 fish·ha- 1

• 

Fish were released into the refuge pond 
of the ricefield one month after transplanting 
the rice, with the water level in the ricefields 
maintained at 3 cm and in the laterals at 
about 40 cm. No supplementary feeding 
was given to the fish in the refuge pond. 

Results 

Both fish and rice were harvested on 
19 January 1993 after 3.5 months of rice 
culture. The ricefield in System 2 (i.e., 
without the surrounding trench) was dev­
astated by rats. 

The fields were harvested by draining 
the ricefields completely. Fish were guided 
into the refuge ponds in which the water 
level was reduced to only a few inches. 
Fish were then caught with a hand net, 

counted and weighed. The recovery rate 
was determined for the two systems. 

A quadrant of 1 m 2 was used to sample 
an area of 4 m 2 from the two rice plots. 
Rice yield from System 1 was 4. t t·ha- 1 

while that from System 2 was 1 .6 t··ha- 1 

(Table 1). 

Average weights of 75 and 65 g were 
recorded for fish from Systems 1 and 2, 
respectively. Recovery rates were 50% and 
46.6% for Systems 1 and 2, respectively 
(Table 2). 

Discussion 

The results indicate the potential of rice­
fish integration in irrigation schemes in 
Ghana (Tables 3-5). The low yield recorded 
for rice from System 2 (1.6 t·ha- 1) was due 
to the invasion by rats which caused the 
destruction of about 60% of the rice yield. 

Rice yield from System 1. however, was 
very good (4. 1 t·ha- 1

) compared to the av­
erage yield for rice on the Tono Project in 
1992 (3.0 t·ha- 1

). This was because the rats 
could not cross the lateral trenches around 
the ricefield to get into the rice plot. Rice 
yields on the Tono project for the past seven 
years (1985- 1992) ranged between 2.5 t·ha- 1 

and 5.5 t·ha· 1 (ICOUR 1992). 
Although tilapia have been found to act 

as predators in paddy fields by consum­
ing the larvae and adults of insects, and 
are also known to control weeds. no in­
formation was gathered in this respect during 
the study. However. the fish benefited from 

Table t. Rice yields from two experimental rice-fish culture plots In the Tono Irrigation 
scheme, Ghana. 

Plot 

no. 

2 

Plot 

size (m 2 ) 

53 
44 

Rice 

variety 

BW 348-1 
BW 348-1 

Dry 

weight (kg) 

1. 70 
0.65 

Harvested 

area (m 2 ) 

4.0 
4.0 

Yield 

(t"ha- 1 ) 

4.05 
1.62 
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Table 2. Fish yield (Oreochrom/s n/Jot/cus) from two experimental rice-fish culture 
plots In the Tono Irrigation scheme, Ghana. 

Plot Pond No. of Stocking 

no. size (m 2 ) fish weight 

stocked (g) 

10 30 20 
2 10 30 20 

the natural food in the ricefields as a 

result of the fertilizer. Research work has 

demonstrated that even in ponds receiv­

ing a high level of supplementary feed, 

about 50% of the body weight of the fish 

is derived from the natural food chain in 

the pond and not directly from the sup­

plementary food (Swift 1985). 

The difference in rice yields from the two 

systems was probably due to the greater 

mobility of the fish in System l than in 

System 2. Consequently, the fish from 

System 1 may have benefited more from 

plankton accumulation from their rice plots 

than the fish from System 2. The low 
recovery rate for the fish in both systems 

is attributed to the loss of fish as a result 

of the nightly overflooding of the ricefields 

by a neighboring farmer. 

Table 3. farm budget for fish culture (t .0 
ha) in the Tono irrigation scheme, Ghana. 
Values In cedls unless otherwise specified. 

Cost 
Irrigation levy 
Fingerlings (2·m_,) 
Rice bran 
Pito (local beer) waste 
Inorganic fertilizer (NPK) 
Lime (CaCo

3
) 

Labor 

Total input 

Returns 
Yield at l 00 g per fish 
Market value per kg 
Total revenue 
Net returns 
% on investment 

US$ l = 625 cedis. 

21,000 
220,000 

32,000 
13,000 

188,000 
24,000 
72.000 

570,000 

2,000 kg 
300 

600,000 
274,000 

84% 

Final Yield Recovery 

weight (kg•ha- 1) rate 

(g) (%) 

75 11.3 50 
65 9.1 47 

First Adopters 
of Rice-Fish Culture 

The farmers were invited to see for them­

selves the harvesting of the experimental 

plots described above, They expressed ap­

preciation for the results. Several farmers 

have asked the Fisheries Unit of ICOUR to 

help them implement the integration of 

rice-fish culture in their ricefields in the 

coming seasons. 
This dry season, two of the participants, 

Aduni Navro and Charles Akumasah, 

adopted System 1 in which a refuge pond 

is attached to a rice plot with lateral trenches 

around the whole rice plot. 
Navro maintained a rice plot of 810 mz 

(26.2 x 30.9 m) and a refuge pond of 29 
mz (14.5 x 2 m), while Akumasah had a 

rice plot of 324 mz (27.2 x 11.9 m) and a 

refuge pond of 33 mz (11.9 x 2.8 m). 
Both farmers pregerminated the rice seeds 

of the Admy-26 variety for three days and 

randomly transplanted five to six seedlings 

per plant stand after one month. Inorganic 

fertilizer (NPK) was applied at 90 kg N, 

60 kg P and 60 kg K per hectare. The time 

of growth to harvest of this rice variety is 

approximately four months. 
Mixed sex Nile tilapia (0. niloticus) of 

20 g average weight were supplied to both 

farmers at the stocking rate of 4,000 fish·ha- 1
• 

Fish were kept in refuge ponds. After one 

month of transplanting, they were released 

into the ricefields. 
Cow dung was applied as bottom dressing 

to the refuge ponds at the rate of 

1.500 kg·ha- 1 and weekly applications of 
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Table 4. farm budget for rice cultivation (t .0 
ha) In the Tono Irrigation scheme. Values 
In cedis unless otherwise specified. 

Cost 
Irrigation levy 
Land preparation 
Seed 
Fcrt1l1zer 
Labor 
Chemicals (pesticides) 

Total 111put 

Returns 
Yield in bags 4.05 t 
(at 82 kg per bag) 
Cost of one bag of nee 
Total revenue 
Net returns 
% on investment 

21,000 
25,000 

9,750 
94,400 

120,000 
10,000 

280, 150 

49 bags 
12,000 

588,000 
307.850 

109% 

Table 5. Farm budget for rice cultivation 
In the Tono Irrigation scheme (t .0 ha). Values 
in cedis unless otherwise specified. 

Cost of fish culture 
F111gerl1ngs (6.000) 
Rice bran 
Pito (local beer) waste 

Input 

Cost of rice cropping 
Irrigation levy 
Land preparation 
Rice seeds 
Fert1l1zer (NPK + NH

4
S0

4
) 

Labor 
Pesticides 

Input 

Returns from fish 
Yield 100 g per fish 
Market value per l<g of fish 
Revenue 

Returns from rice 
Yield 4.05 t 
Cost per bag 
Revenue 
Total input 
Total revenue 
Net returns 
% on investment 

66,000 
1,600 
1,300 

68,900 

21,000 
25,000 

9,750 
94,400 

120,000 
10.000 

280. 150 

600 lzg 
300 

180,000 

49 bags 
12.000 

588.000 
349.650 
768.000 
418.350 

119% 
-------- ------------

300 l<g·ha- 1
• Farmers also fed fish daily with 

rice bran and pi to (local beer) waste at the 
rate of 5% of body weight based on a weel<ly 
sampling. Alter six weeks of growth, Navro's 
fish had reached the average weight of 60 
g and those of Akumasah reached 70 g. 

The experiments are continuing. Levels 
of dissolved oxygen (DO), pH and water 
are measured weekly. and farmers are ad­
vised to ensure that the water levels in 
the fields and ponds do not fall below 40 
cm. Nile tilapia has been known to thrive 
well in good pond conditions with stable 
pH levels between neutral and alkaline. Nile 
tilapia can withstand low oxygen levels 
below 6 mg·J- 1 (Swift 1985). 

Harvesting of rice and fish will be done 
simultaneously at the end of the growing 
season (approximately May 1993). Fish will 
be counted and weighed, and recovery rate 
will be noted. Both rice and fish will be 
costed and returns on investments will be 
noted. 

ICOUR's support as of now involves free 
transport to and from farms and free 
fingerlings. In the next season, farmers are 
expected to purchase their own fingerlings 
at ICOUR's subsidized rate. Interested farm­
ers will be advised to maintain nurseries 
on their farms. 

Conclusion 

Preliminary results of fish growth from 
the two adopters have shown that the 
growth of fish could be greatly enhanced 
in paddy fields, and further suggest that 
rice-fish integration is a possible alterna­
tive means of farming which could increase 
the protein supply and household income 
of the rural farm households in the Upper 
East Region. Two limitations likely to be 
observed with the introduction of rice-fish 
culture in the Tona project are the 
overflooding of rice plots by neighboring 
farmers and the inadequate supply of 
fingerlings. Possible areas in which the 



Fishery Unit of the To no irrigation scheme 
intends to experiment are stocking den­
sity and weight of fish in rice-fish culture. 
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Abstract 

The operational approach of the Programme for Rural Action (PRA). a regional development program 
located in the Northern Region of Ghana, is presented. One of its aims 1s to assist commun1t1es in the 
management of reservoirs and other natural resources. Administrative mechanisms through district assemblies 
are enabled by Ghana's recently introduced decentralization. Alternative uses and management options are 
discussed in view of community management capacities and development options The latter are to originate 
mainly from the inherent funds administered by the districts. The potential role of, and existing constraints 
to, the development of fisheries and aquaculture in reservoirs are pointed out within the context of this 
development assistance project. 

The Project in Brief 

PRA is a regional rural development 
program in two districts, namely, 

Nanumba and West Gonja, of the Northern 
Region of Ghana. It is jointly implemented 
by the Northern Region Rural Integrated 
Programme (NORRIP) on behalf of the 
Ghanaian Ministry of Finance and Economic 
Planning and Deutsche Gesellschaft fGr 
Technische Zusammenarbeit (GTZ) and the 
German Ministry for Economic Cooperation 
and Development (BMZ). 

Over the long term, PRA, like numerous 
other large-scale rural development projects, 
aims at improving the living conditions 
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of the rural population of the target dis­
tricts. However, PRA becomes quite dif­
ferent when looking at the purpose of the 
present phase which reads: "Pre-conditions 
for sustainable use of the development 
potential in the districts established." 

Preconditions in the project team's view 
are: 

• development-oriented social organi­
zation on a community level; 

• development-oriented, efficient and 
cost-effective organization of district­
level institutions; 

• two-way communication between 
communities and district-level 
institutions; and 



• stabilized or preferably increasing lo­
cal resource base (human, natural and 
financial). 

What does This Mean in Terms 
of Project Activities? 

• PRA intends to strengthen community 
organization and mobilization to 
increasingly take on community-level 
development. Participatory village-level 
problem analysis. identification of 
potential solutions and subsequent 
decisionmaking are essential. Aware­
ness needs to be created on a commu­
nity level for low-cost problem solutions 
within reach of the communities' 
resources. In addition. communities 
need to learn about the external support, 
i.e .. district support, to their own 
development efforts. 

• Ghana introduced decentralization in 
1988, establishing 1 10 districts. The 
Provisional National Defense Council 
Law 207 as well as the 1992 
Constitution gave considerable 
legislative power to the district 
assemblies which are the second highest 
legislative body in the country. Assem­
bly decisions are to be executed by 
the district administration and 22 
decentralized government departments. 

PRA aims at improving cooperation 
among the assembly. the administration, 
the district-level departments as well as 
the nongovernment organizations. In 
addition, organizational development aims 
at the efficiency of the aforementioned 
institutions. 

• The district, as the lowest level of 
government. and the communities 
need to establish channels that allow 
a two-way communication process. 
Assembly persons, as well as recog­
nized local opinion leaders, are to 
play a crucial role in enhancing 
communication and cooperation 
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between the two levels. Formal and 
nonformal trainings are to facilitate 
improved communication and coope­
ration. 

• A development process will require 
resources. Improvements in human 
resources combined with sound and 
efficient use of natural resources will 
ultimately generate financial resources 
that allow for improvements in facilities 
and services. PRA supports this process 
by education and training, applied 
research, studies, etc., as well as by 
the program financing of projects in 
fields of known and proven solutions. 

How does Aquaculture Tie in 
with the Development Process? 

Looking at the situation in northern Ghana, 
one of the major problems is scarcity of 
water. Various technical solutions from 
boreholes to surface water collection 
systems are implemented at present, 
groundwater sources being preferred for 
health reasons. However, PRA's West Gonja 
District is situated in a geological area with 
low groundwater potential. Drilling costs 
reach prohibitive levels due to a very low 
success rate. This situation requires a careful 
look into surface water collection systems, 
i.e .. dams and dugouts. 

Construction costs of the latter are 
considerable compared to costs of boreholes 
and hand-dug wells. Cost-benefit 
considerations led the project team to 
investigate the potential areas for economic 
use of surface water systems. The most 
obvious areas are dry season gardening, 
improved livestock management and -
indirectly - aforestation of catchment areas. 

Discussions in cooperation with the Fish­
eries Department revealed that commu­
nities with surface water sources in the 
past requested the department to harvest 
their dams or dugouts. Some communities 
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were reported to have gained consider­
able additional income and/or nutritional 
value out of these by-chance exercises. 

PRA decided to explore the potential of 
these water sources for aquaculture. Having 
no specialists in the field of aquaculture on 
the project team, PRA came into cooperation 
with the Institute of Aquatic Biology (JAB). 
PRA and !AB have concluded an agreement 
on a one-year research program to define 
the potential of aquaculture in surface water 
supply systems in northern Ghana. 

Should the research project prove the 
feasibility and viability of aquaculture in dams 
and dugouts which are at the same time 
drinking water sources for the respective 
communities, then: 

• dam/dugout designs need to be modi­
fied to cater to the requirements of aqua­
culture; and 

• concepts for community management 
which integrate aquaculture into such 
multi-use systems need to be identified, 
field-tested and established. 

Conclusion 

To end this brief presentation, let us 
go back to the initial question. This author 
became interested in aquaculture through 
the backdoo r. Rather prohibitive 
construction costs of surface water systems 
forced the PRA team to look into ways 
and means to make productive use of 
these surface water supply systems to 
justify construction costs. Besides the 
obvious benefits, reports on present fish 
yields in dams and dugouts brought 
aquaculture into the team's consideration. 
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Abstract 

Farmer-participatory experiments on integrated agriculture-aquaculture (IAA) on smallholder farms in 
Ghana were conducted. Based on preliminary results, the potentials of this integration technology for 
transforming existing, traditional farming systems to become more sustainable clearly exist. Household 
economics, together with four sustainability indicators, show that farms which adopt lAA become more 
sustainable. Additional environmental benefits as well as increased awareness among farmers as to the 
effects of their activities can be achieved. Possible measures for policy formulation towards widespread 
adoption are suggested. 

Introduction 

t:'uture development programs must 
rnot only put the means of food produc­
tion into the hands of the poor to improve 
family nutrition and incomes but must also 
do this in such a manner that production 
is sustainable. This means that the envi­
ronment or natural resource base that sup­
ports production must not be damaged. 
Indeed, due to present destructive farm-

'lCLARM Contribution No. 962. 
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ing systems, most natural resource sys­
tems used by agriculture must actually be 
restored or rehabilitated if sustainable pro­
duction is to be realized. The following 
statistics demonstrate just how destructive 
current practices are. 

Soil erosion from African cropland is 70 
t·ha· 1·year· 1

; 100,000 ha or 1% of African 
countries' forest area are deforested every 
year; 140 million ha or 80% of African rainfed 
land are desertified; and 5 million ha or 
30% of irrigated lands are saline in 
subSaharan Africa (WR! 1988). In Ghana, 
gully and sheet soil erosion hazards extend 
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over large areas in all regions. Ashanti 
Region, for example, has sheet and gully 
erosion hazards covering over 1 1 ,826 km2 

(ROG/UNICEF 1990). 
This study takes up the challenge so 

elegantly presented by Simmonds ( 1986): 
"The need for new farming systems 

development on fragile soils in the lowland 
wet tropics is agreed to be acute (and has 
been agreed to be so for decades), but 
there is yet little or no generalized vision 
as to how they might be accomplished. 
Somewhere, somehow, experienced 
researchers must step outside the 
component technology and make 
imaginative guesses; and development 
agencies must be persuaded to try those 
guesses in practice, even at the risk of 
making some expensive mistakes." 

The new farming system studied here 
is lAA. Detailed descriptions of this system 
based on examples from Ghana can be found 
in Ofori and Prein (this vol.) and Ofori et 
al. ( t 993). Before proceeding with an 
assessment of its potential impact, a 
discussion on what we mean by sustainability 
is warranted. 

Agriculturalists have devised many ways 
to interpret sustainability. Most definitions, 
however, fall into three categories: 
agroecology, ethics and sustainable growth 
(Harrington 1992). It is the first category, 
agroecology, that concerns us. This category 
defines sustainability in terms of maintaining 
system productivity when subject to stress 
and perturbation (Conway 1967), and looks 
to its achievement through diversity of 
enterprises over time and space, nutrient 
recycling, efficient use of moisture and 
sunlight, and reduced incidence of pests 
(Altieri 1987). In a similar manner, we look 
at sustainability in terms of ecologically 
based farming that promotes species 
diversification (trees, livestock, fish and 
vegetables), nutrient recycling and 
rehabilitation of natural resource systems. 

We add to this an economic dimension 
as farm systems must be economically 
efficient, i.e., profitable, if farmers are to 
adopt them. 

Sustainability Indicators 

For this comparison of !AA farming 
systems with existing nonintegrated 
systems, we have used species diversity, 
bioresource recycling, natural resource 
systems capacity and economic efficiency 
as our indicators for sustainability. 

Diversity is the number of species 
cultivated. A weakness here is that it does 
not take account of the extent of the 
cultivation. We speculate that diversity 
contributes to sustainability through 
biocontrol of pests, reduced risks through 
compensation by one species for reduced 
production in another and maintenance of 
a larger range of germplasm. 

Recycling is the number of bioresource 
flows. A weakness here is that it does not 
take account of the volume of flows. We 
speculate that recycling contributes to 
sustainability through reduced pollution, 
utilized wastes, and more N and Pin more 
available forms. 

The capacity of the natural resource 
systems is the total output from each system 
including internal and external flows 
expressed in monetary terms divided by 
the number of resource systems. A weakness 
here is that it does not take account of 
the external inputs to detect resource 
mining. We speculate that capacity 
contributes to sustainability through greater 
offtake and reduced offsite effects. 

Economic efficiency is profit or net income 
which is gross return minus total costs. A 
weakness here is that it does not take account 
of the arbitrary nature of assigning opportunity 
costs for inputs, especially bioresources. 



Comparison of Farming 
Systems 

The dataset used to compare integrated 

aquaculture and nonintegrated systems 

comes from a survey of 44 farmers in the 

Central, Volta and Eastern Regions. From 
this survey. we selected four nonintegrated 

farms and one with aquaculture integration. 

These farms were selected because they 

were the only nonintegrated farms that could 

be called smallholder. Farm size ranged 

from 1.6 to 4 ha. There were no smallholder 

integrated farms. This example was the only 

one and it had 24 ha. Such a sample can 

only be used for illustrative purposes. We 

will use the before and after aquaculture 

integration data from our five farmer 

cooperators in Mam pong. For comparative 

purposes, we have put all farms on a 1 -

ha basis. However, because the level of 

integration was low compared to our 

cooperator farmers in Mampong, we used 

here a suboptimal comparator. 
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Keeping these cautionary notes in mind, 

the comparison of whole farm economic 

performance shown in Fig. 1 suggests that 

integrated farms have a potential for larger 

gross incomes. However, net income 
differences are much smaller because costs, 

especially labor, are high in integrated 

systems. Nevertheless, the potential for 

cash income through sales of vegetables 

and animals, but not including fish, is higher 

under integration. It is interesting and 

important to note that fish have very little 

effect on income. 

Potential Impact on 
Sustainability 

Integration offers a potential for greater 

performance in all sustainability indicators. 

Fig. 2 shows integrated farms to have more 

species diversity, more materials recycled, 

greater capacity from their resource systems, 

After integration 

Gross income Total cost Net income Net cash income 

Fig. t . Economic performance before and after Integration on a case study farm In Mampong­
Nkwanta, Eastern Region, Ghana. 
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and higher economic efficiency. Efficiency 
differences, however, are very small because 
of the higher labor and material inputs on 
integrated farms. 

Impact on Recycling 

Integrated farms display five bioresource 
flows: maize stover to goat and sheep, 
cassava peels and leaves to goat and sheep, 
plantain peels and leaves to goat and sheep, 
cassava tuber to tilapia, and waste maize 
grain to tilapia compared to the two flows 
(maize stover to goat, cassava/plantain/ 
yam peels to goat) on existing farms. 

Theoretically, the bioresource flows could 
be increased if manure were used in ponds, 
pond mud on vegetables, in irrigation of 
trees and vegetables. in watering of animals, 
vegetable waste to feed fish, and fodder 
grasses and legumes to feed fish and 
livestock. Of course, existing farms could 
have more recycling without integrating 

Diversity 
(no.) 

aquaculture like grass to livestock but there 
would be fewer opportunities. 

Impact on Diversity 

Integrated farms cultivated 1 1 species 
as follows: goat, sheep, tilapia, catfish, 
maize, cassava, plantain. pepper, sugarcane, 
oil palm. cocoa. The nonintegrated farms 
cultivated four species chosen from maize, 
cowpea. soyabean. plantain, cassava, goat, 
yam and cocoyam. 

Diversity could be greater on integrated 
farms if rice were planted in the pond, if 
vegetables were grown on pond banks, if 
leguminous and fruit trees were planted 
on banks, if ducks and chickens were raised 
over the pond, and if fodder grasses and 
legumes were grown on dikes. Even on 
existing farms. vegetables could be grown, 
but their performance would be poorer 
because pond mud fertilizers would not 
be available. 

Recycling 
(no.) 

1 4 

Capacity 
(t·hff') 

90 
Economic efficiency 

fig. 2. Site of four sustainability Indicators for a case study farm In Mampong~Nkwanta, 
Eastern Region, Ghana. 



Impact on Natural Resource 
System Capacity 

The average value of output from the 
natural resource systems of integrated farms 
was $976 compared to the $514 average 
value of output for nonintegrated farms. 
All values are in US$. 

If pond mud and water were placed on 
vegetable gardens and tree nurseries, if 
trees were grown in alleys in midlands or 
contours in uplands, and if other integration 
opportunities were exploited, then the 
resource system capacity would rise even 
further. 

Impact on Economic Efficiency 

Integrated farms gave $1,265 net income 
or profit for the whole farm compared to 
$1,027 net income from the existing farm. 
However, potential profits from integrated 
farms are greater if farmers diversify into 
vegetables, if external material inputs 
especially fertilizers and sprays are 
substituted for internal bioresources, if crops 
are multistorey (i.e., animals over pond) 
and if labor does double duty (i.e., weeding 
for crop yields and feeds for livestock, or 
fish and pond dredging for pond 
maintenance and fertilizing vegetables). 

Conclusion 

Most of the potential benefits presented 
are speculative. We have no data on 
response functions, so predictions for farmers 
cannot be made. Getting the answers will 
require testing the effects of component 
technology change on the farming system 
and, more importantly, testing new !AA 
farming systems. While methods for 
component technology testing are well 
developed, this is not the case for testing 
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new farming systems. We know that 
nongovernment organizations (NGOs) or 
development project-supported model 
farms will not work. What is needed is an 
evolutionary process with alternative end 
points and pathways for the transformation 
of existing smallholder farming systems 
into integrated systems. The needed 
participatory monitoring and evaluation 
protocols we have started in Mampong 
look promising but are not in place or 
properly developed. We fear that much 
stands against this ever happening. 

While the Fisheries Department policy 
favors the integration of agriculture and 
aquaculture, will it be for the smallholders 
or the present richer fish farmers? The 
attraction to existing fish farmers is strong. 
Not only is it favored by current 
recommendations of the Food and 
Agriculture Organization but also by our 
finding that fish produced on smallholder 
farms is small and much of it is not marketed. 
Sticking with the smallholders will require 
a commitment to household nutrition, 
poverty alleviation and natural resources 
management and not to fish production. 
This is always hard for commodity-defined 
institutions. 

Disciplinary and/or commodity separation 
in research and extension institutions and 
government ministries will not foster the 
needed synthetic research and development 
thinking. Similarly, the separation of 
government extension institutions and 
NGOs will not foster joint planning and 
implementation of support programs. One 
can only hope that these results can make 
a difference in Ghana. 
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Abstract 

An evaluation was conducted on the potential impact of the introduction of integrated agriculture-aquaculture 
(IAA) into existing farming systems on household nutritional levels and cash incomes in Ghana. The fish 
culture component is small-scale, based on extensive or semi-intensive pond systems. Farming systems 
were modelled with simple bioeconomic spreadsheets based on existing and actually measured information. 
The results demonstrate that the addition of a vegetable field and pond to the modelled farming systems 
could directly improve household nutrition. In particular, an indirect effect was achieved through a considerable 
increase in household incomes. Based on an analysis of the protein, carbohydrate, proximate minerals and 
vitamin content of the food items, nutrient levels are marginally improved by the addition of a pond and 
vegetable field, whereas vitamin supply is significantly improved. In the 14 farming systems modelled, 
household cash incomes improved between 229 and 679%. However, a major portion of this is attributable 
to vegetable production. The contribution of cultured fish was only 2 to 4%, depending on pond size. 

Introduction 

The likely ability of Ghana to satisfy 
l domestic food demand from national 

sources is increasingly undermined by its 
rapid population growth under seriously 
deteriorating environmental conditions. The 
implications of this scenario for already 

'This paper is a combined version of two individual 
presentations given by the author at the workshop, 
which were entitled: ( 1) Aspects of the human 
ecological context of resource-poor farmers in Ghana; 
and (2) Integrated agriculture-aquaculture systems 
and their potential role in satisfying future food demand 
in Ghana. 
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impoverished and nutritionally vulnerable 
small-farm families give rise to grave 
concern. 

In this paper, the demographic and 
environmental situations are discussed and 
the demand for and supply of principal food 
commodities are analyzed briefly. The 
characteristics of resource-poor farm families 
are then described in terms of land, labor, 
household budgets and capital formation, 
and nutritional and health situation. The 
provisional results of 13 small-scale farm 
models are also presented and the potential 
role oflAA in enhancing both the nutritional 
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and economic status of farm households 
is demonstrated. A brief projection of the 
potential of IAA is made at the national 
level. 

Demographic Context 

The demographic situation in Ghana is 
alarming. The current population is an 
estimated 14.6 million (ROG 1989). The 
annual rate of population increase is 2.6%. 
At this rate, the population would double 
in about 27 years (Fig.1 ). However, 
government policy aims to reduce the rate 
of increase to 2% per year by the year 2000 
(ROG-IRD 1989). 

In Fig. 1, population growth has been 
projected to the years 2000 and 2020 based 
on three growth rate scenarios: the current 
2.6% per year, which would give a 
population of about 18 million by 2000 
and 32 million by 2020, and 2% per year 
officially targeted from 2000 (prior to that 
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year, the rate of 2.6% was used). which 
would give a population of 18 million in 
2000 and 28.4 million in 2020. For 
comparison only, since for cultural reasons 
the rate is unlikely to be achieved, the rate 
of 1.5% per year from the year 2000 is 
also included. That would result in a 
population of 25.5 million in 2020. 
(However, World Bank projections are based 
on the rate of 3% per year IIBRD 1989].) 

A further important demographic 
characteristic of Ghana is its youthful age 
structure. Children (0-5 years of age) now 
comprise 20% of the total population, and 
those 0-15 years are almost half (47%) of 
the total. This has important implications 
for future population growth rates, 
employment generation, provision of social 
services and physical infrastructure and, 
of more immediate concern, for food supply. 

Further, with a population of 32 million 
in the year 2020, the area of agricultural 
land per caput would decline from 1.95 
ha (1988) to 0.43 ha (2020). The food 
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fig. 1. Ghana: historical growth and population projections, 1880-2020. 



security implications, at least at the 
household and community level, are 
obvious. 

Physical Environment 

The above demographic scenario is un­
folding in the context of increasingly dif­
ficult environmental conditions. These 
include such natural factors as climatic 
regime, hydrological conditions, natural 
hazards and, more insidious, the anthro­
pogenic factors of greatly accelerated and 
all-pervasive soil erosion, localized 
desertification and forest destruction. These 
factors of human origin exacerbate the 
impact on society- particularly rural society 
- of the natural factors. 

Cllmate 

Rainfall in Ghana is both highly seasonal 
and often unreliable. Southern Ghana en­
joys a bimodal rainfall distribution (i.e., two 
seasonal peaks per annum). This sustains 
two crop seasons and so permits a higher 
rate of crop production per unit area. 
Northern Ghana, in contrast, has a unimodal 
rainfall pattern, a single rainy season that 
severely constrains unirrigated crop pro­
duction. 

Hydrological Conditions 

Since Ghanaian agriculture is almost 
entirely rainfed, variability of rainfall is a 
major cause of crop failure. Water short­
age in the dry season is an endemic problem. 
It often becomes extremely serious in rural 
areas. 

Wells and boreholes are often dry for 
long periods. This means that women and 
children must often travel long distances 
each day to manually fetch the domestic 
water supply, a task that makes inordi­
nate demands on their energy and daily 
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time allocation, with obvious health im­
plications. 

Natural Hazards 

Climatic variability (and long-term 
changes) and bush fires are the main natural 
hazards in Ghana. Floods and droughts have 
been widespread in recent years. For 
example, serious floods occurred in 1989 
in the Volta, Brong Ahafo, Ashanti, Eastern, 
Western and Northern Regions. There was 
widespread destruction of dams, which in 
turn had a serious impact on agricultural 
and domestic water supplies during the 
following dry season. 

Soil Erosion 

Whereas soil erosion and replenishment 
is a natural phenomenon, accelerated 
erosion is of human origin. Deforestation 
for lumber, charcoal and fuelwood 
production and the creation of agricultural 
areas, reduced fallow periods in cultivation 
cycles, as well as poor soil management 
and conservation are leading to greatly 
accelerated soil erosion throughout Ghana. 
All regions are under threat (Fig. 2). 

Desertification is widespread in the 
Northern and Upper Regions of Ghana, 
particularly where population densities are 
high and the land is intensively cultivated 
(Anon. 1991). The Greater Accra Region 
is also at risk. 

Slight to moderate sheet erosion is most 
severe in the Greater Accra Region. where 
in excess of 90% of the area is affected. 
As would be expected, it is least in the 
forested Eastern, Central and Western 
Regions. From 30 to 50% of all other re­
gions are classified as suffering from slight 
to moderate sheet erosion. 

Severe sheet erosion accompanied by 
gulley formation is widespread throughout 
Ghana. It is most serious in the Western 
(70%), Eastern (57%). Ashanti (50%) and 
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Fig. 2. Ghana: severity of soil erosion by region. 

Brong Ahafo (53%) Regions but is of serious 
concern throughout Ghana. 

Very severe sheet erosion accompanied 
by gulley formation is more widespread 
than the severe category. Apart from the 
Greater Accra Region, where the problem 
is relatively slight, proportions of regions 
severely affected range from a "low" of 
50% in the Volta Region to a high of 87% 
in the Western Region. 

Declining Soll Fertl/Jty 

Soil fertility under systems of shifting 
cultivation - the main agricultural system 
practiced in Ghana - was traditionally main­
tained by the use of a multi-year fallow 
period. But population pressure has now 
led to a more continuous use of the farm­
land, and fallow periods have been either 
shortened or eliminated. 

Such solutions as planted fallows. cover 
cropping, mulching, alley cropping and 
minimum tillage are all labor-intensive and, 
thus, because of expense, have not been 
widely adopted. (The cost of labor is a 
major constraint to agricultural develop­
ment in Ghana.) 

Thus, inorganic fertilizers are used to 
maintain soil fertility. Without these sup­
plementary nutrients, soil degradation is 
likely to become irreversible, crop yields 
will decline, and the human-carrying 
capacity of the land will continue to 
decrease, but at an accelerating rate. 

Quite apart from, and certainly not to 
belittle, the ecological arguments against 
the use of inorganic fertilizers, is that their 
application in the amounts required to 
recover degraded soils is economically 
infeasible in Ghana. For example, just to 
replace the amount of nitrogen removed 



annually by staple food crops would require 
the annual application of the equivalent of 
332,000 t of ammonium sulfate. And to 
provide the phosphorus would need some 
t t 6,000 t of superphosphate or 330,000 t 
of 15: 15: 15 compound. In contrast, in 1989 
the total fertilizer imports of Ghana 
amounted to a mere 45,000 t (FAO 1989a). 

Forest Destruction 

Deforestation is a major problem 
throughout Ghana. Southern Ghana has now 
some 1 . 7 million ha of forests. But these 
are being degraded or destroyed at the 
annual rate of about 2% of their total area. 
At this rate, by the year 2020 there will 
no longer be a forest industry in Ghana 
(ROG 1991). 

Charcoal burners are responsible for much 
forest destruction in the Transition Zone (ROG 
1991 ). In northern Ghana, especially in the 
Upper East Region, economically important 
trees formerly lelt in the farmland have been 
felled to provide domestic fuelwood. In areas 
of high population density in the savanna 
zones, woodlands and park savanna are 
experiencing serious depletion at the rate 
of about 20,000 ha·year- 1 (Friar 1987). 

Not only does this deplete and degrade 
timber resources, it also destroys the habitat 
for the fauna so important for providing 
the farmer with bush meat (wild animals 
such as deer), an important source of income 
(see below). It also destroys the source 
of complementary plant foodstuffs. On 
the other hand, when grasslands develop 
in formerly forested areas, certain animals 
like the grasscutter ( Thyronomys 
swinderianus), a major item of bush meat, 
are able to expand their range. 

•
1US$ l = 625 cedis. 

Social Implications of 
Environmental Conditions 

61 

Since the direct annual cost of environ­
mental degradation is estimated conserva­
tively at 4% of the gross domestic prod­
uct of Ghana, this would be about 42 bil­
lion cedis·year- 1

.a This means that Ghana 
would, for environmental reasons, be 
foregoing annually 4% of its potential 
national economic output. Agriculture 
imposes the greatest single cost at 28.8 
billion cedis·year- 1 or 69% of the total cost 
of environmental degradation (Convery and 
Tutu 1990). 

This implies that present positive 
economic growth rates are not sustainable 
because they are being maintained at the 
expense of future growth; i.e., economic 
growth is based on undermining the 
biological and physical foundations of future 
productivity (Convery and Tutu 1990; Anon. 
1991 ). 

The principal short-term impacts are: 
• an irreversible loss of productive 

land and thus an increased popu­
lation pressure on remaining 
productive areas; 

• a loss of soil fertility and thus de­
clining crop yields, leading to di­
rect and indirect (through price 
increases) hunger and nutritional 
deprivation among the poorer 
segments of society, and therefore 
increased health problems; 

• a decrease in household, commu­
nity and national food security; 

• a decrease in water supply; 
• a decrease in fuelwood supply; 

and 
• an increased expenditure for food. 

fuel and fertilizer imports which. 
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since they cannot be paid for by 
exports from a declining resource 
base, will require increased inter­
national assistance. 

To summarize the Ghanaian context: 
population (therefore, food demand) is 
growing rapidly and the environment 
(therefore, food supply) is degrading. Thus, 
food demand in Ghana will go increasingly 

unfulfilled. 

National Food Supply 
and Demand 

Analysis of the range of yields of sta­
ple food crops for the period 1970-1986 
demonstrated that none were achieving 
their theoretical potential yields (ROG 1987) 
(Figs. 3 and 4). 

None of the yields of cereal crops achieved 
more than 35% of their potential produc­
tivity. Cassava also yielded only about 34% 
of its potential rate. However, yam (at 58%) 
and cocoyam (at 68%) came nearest to 
attaining their potential yields. 

At the national level, with the exception 
of cassava, for which the supply exceeded 
demand by 57%, the supply of all staple 
crops fell far short of demand: yam ( 133%), 
maize (131%), rice (59%), and millet and 
sorghum (2%) (ROG 1987). 

Slight variations in this general picture 
occurred at the regional level. Cereal pro­
duction exceeded demand in the north­
ern regions of Ghana. Thus, maize production 
exceeded demand in the Upper West 
( 10.8%), Northern (25.9%) and Brong Ahafo 
(25%) Regions; rice production exceeded 
demand in the Northern (10%), Upper West 
(2.9%) and Upper East (0.6%) Regions; millet 
and sorghum production exceeded demand 
in the Northern (26. 1 %) , Upper West (25.8%) 
and Upper East (20.3%) Regions. Also in 
the north, yam production exceeded de­
mand: Upper West (29%), Northern 
( 104.1%) and Brong Ahafo ( 126%) Regions. 
For cassava, the excess of production over 

demand was more widespread: Brong Ahafo 
(292%), Central (93%) and Western (48%) 
Regions (ROG 1987). 

Given the scenario of rapid population 
growth combined with declining soil fer­
tility and environmental degradation out­
lined above, it is hard to be optimistic of 
Ghana's future ability to achieve the policy 
objective of national food security. Increases 
of both the productivity per unit area cul­
tivated and the area under cultivation would 
have to be dramatic to realize that policy 
goal. This is demonstrated by the projec­
tions on food demand (Fig. 5). 

Holding the annual per caput food de­
mand constant to satisfy demand in the 
year 2000, the following increases over 
present production ( 1987) are required: 
maize (98%), rice ( 192%), millet and 
sorghum (41%), cassava (35%) and yam 
(1,737%). 

Again, holding the per caput demand 
constant, the following rates of increase 
over present ( 1987) production are required 
to meet demand in the year 2020 (at the 
medium and high rates of population 
increase): maize (206% and 231 %), rice 
(352% and 390%). millet and sorghum 
(1170/oand 135%),cassava(109%and 127%) 
and yam (3,575% and 3,870%). 

Projected Dem;rnd 
For Fish 

Various projections have been made of 
future fish demand in Ghana. Computation 
here is based on the "herring" (Sardine/la 
aurita) catch because herring is the main 
fish consumed in rural Ghana, and on ani­
mal protein supply and demand. 

Taking the average normal adult pro­
tein requirement of 14.25 kg·caput· 1·year1 

and projecting it for the 2020 population 
figure of 28.45 million persons, the 
annual total animal protein demand of Ghana 
will be 405,412 t. 
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Now, turning to the supply side, fresh 
herring consists of 20.6% protein and 
smoked herring, 66.8% protein (Eyeson 
and Ankrah 1975). Further, if we assume, 
as at present. landings of 300,000 t·year· 1

• of 
which 225,000 tare smoked and 75,000 t 
marketed fresh, there is a current production 
of protein from herring of 168,450 t·year· 1

• 

Thus, to attain the 2020 protein demand, 
a herring landing of 750,000 t would be 
required, an increase of 2.5 times over the 
present figure. This would translate into a 
supply of 26.36 kg·caput· 1·year· 1 (wet 
weight) of herring. 

However, conventional wisdom, in the 
absence of reliable stock assessment data, 
asserts that there is limited potential for 
further marine fisheries development since 
stocks are already exploited at a high level 
(e.g .. FAO 1989b). Nevertheless, the 
Government of Ghana would like to double 
fish availability from the current annual 
average landings of 300,000 t. But this 
cannot be accomplished from resources 
available in Ghanaian waters (FAO 1989b). 

Further, as observed above, if present 
extraction rates continue, Ghana will be 
without forests by the year 2020. If that 



is the case, even if 750,000 t of herring 
were landed, there would be nothing to 
smoke them with! Fuelwood would sim­
ply either not be available or be far too 
expensive for use in fish smoking unless 
fuelwood plantations were made. But then 
these would compete with the by then 
precious land needed for food production. 

So, another economical processing or 
distribution technology would have to be 
substituted if herring is to remain affordable 
to the poor rural people. But since other 
forms of processing yield far smaller amounts 
of protein per fish, the size of the landings 
would again have to be increased 
proportionately. 

This illustrates vividly, if in a very sim­
plified way, one linkage among environ­
mental degradation (forest destruction), 
environmental pressures in other ecosys­
tems (the sea) and poverty (need to pro­
vide inexpensive fish). The interlocking 
complexity of this example of the resource­
environment-poverty problem facing Ghana 
is crushing. 

Some Characteristics 
of Resource-Poor Farms 

and Farm Families 

Land 

In Ghana, slightly over 80% of the farms 
are used either mainly or entirely for 
household subsistence purposes (MOA 
1988) (Fig. 6). Cash cropping is of greatest 
importance in the southern part of the 
country. Only in the Western Region is cash 
cropping the predominant form, although 
it is of above average importance in the 
Western, Brong Ahafo, Eastern and Greater 
Accra Regions. 

About 25% of Ghanaian farmers have 
just one farm (cultivated plot) on their total 
landholding. Further, 75% of all farmers 
have three farms or less, each of 0.4 ha or 
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less, giving a total holding size of 1.2 ha 
or less. Further, 55% of the nation's farm­
holdings are less than 1 .5 ha in area and 
the median size is 1.44 ha (MOA 1988). 

The already deficient crop yield of such 
small farms (see below) is exacerbated by 
post-harvest food losses. An estimated 20% 
of harvest crops, primarily grains and 
legumes, is lost mainly because of 
inadequate storage facilities (Sefa-Dedeh 
1981). 

Labor 

Traditional (i.e., unmechanized) agricul­
ture depends mainly on household labor, 
with 90% of farm labor being supplied by 
the farmer and his family (Ewusi et al. 1983). 
Average rural households consist of five 
members (1970 census) (Ewusi et al. 1983). 
Those in the north are larger: Northern 
Region, 7.1 and Upper Region, 6.5. There 
is an average of three children per farm 
family. 

Women play a very large role in Gha­
naian agriculture, with 70.3% ( 1970 
census) of the women farmers engaged 
in food crop cultivation. They outnumber 
the men in the cultivation of staples and 
vegetables. 

A further problem is the aging of the 
agricultural labor force. Since young males 
prefer alternative occupations, the male 
farm population is aging. For example, 
whereas the total agricultural labor force 
increased by 22, 714 persons during the 
period 1960-1970 (the latest for which such 
data are available), the main increase oc­
curred in those above 45 years of age. In 
contrast, absolute decreases occurred 
among younger males (Addae-Mensah 
1979). 

In traditional agriculture, all tasks are 
performed by manual labor, using mostly 
hand hoes and bush knives (cutlass). This 
is performed by family members and 
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supplemented for particular tasks during 
seasons of peak demand by hired, casual 
labor. In Adidwan Village, Sekyere District, 
Ashanti Region, for example, 82% of total 
labor input was supplied by the family 
(Mensah 1987). Hired labor is used to 
supplement family labor for land clearance, 
yam mounding, ridging, weeding and har­
vesting. 

Apart from female-headed households, 
males make a greater labor input to 
agriculture than females. In Adidwan Village, 
Ashanti Region, for example, males 
contribute 68% of total inputs. However, 
labor specialization by gender is evident 
only for land clearance in which the heavy 
tasks of tree felling are performed by men. 

At the community level, as exemplified 
by Adidwan Village. there is a large over­
supply of family labor (Fig. 7). However, 
depending on household composition and 
size, labor constraints could occur in January, 
March, April and August when land 
clearance makes major demands on supply. 

Labor demands vary widely according 
to the crop assemblage cultivated. In 
Adidwan Village, they range from 69 person 
days·ha· 1 for a maize-cocoa combination 
to 53 7 person days·ha· 1 for a shallot-chili 
pepper-eggplant-cocoyam combination. As 
a general rule, maize and pulses are the 
least labor-demanding crops, whereas 
vegetables and various admixtures of them 
with starchy staples have the highest labor 
demand. 

Household Budgets 
and Capital Formation 

Among resource-poor small-scale farmers 
in Ghana, the principal means of capital 
formation is through the sale of farm 
products (Fig. 8) and complementary foods, 
such as bush meat. and products from wild 
plants. This is often supplemented by off­
farm sources of income, particularly dur­
ing the agriculturally slack months. How-
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ever, although unavoidable as a means of 
obtaining cash to buy such necessities as 
medicine and to pay various fees, it is 
important to note that the sale of farm 
products, in particular, staple products, 
exacerbates an already precarious nutri­
tional situation in resource-poor house­
holds (see below). 

The data obtained through protracted 
field research in Adidwan Village, Ashanti 
Region (Mensah 1987) have been used to 
exemplify household economics in this 
representative part of central Ghana. 

Gross Margin by Crop Enterprise 

The combination of yam-chili pepper­
tomato yields the highest gross margin 
(225,451 cedis), the highest return on labor 
inputs (767 cedis per person day) and the 
highest gross return per unit cultivated 
(170,857 cedis·ha· 1

). Shallot cultivation gives 
the lowest return, with a gross margin of 
-45, 700 cedis, a return on labor of -188 
cedis per person day and a return on area 
cultivated of -40,581 cedis. Maize, peanut 
and maize-cassava all show negative rates 
of return. In general, vegetable and yam 
cultivation yield the highest gross margins 
and return to labor inputs, despite their 
high labor demand and therefore actual 
or opportunity costs. 

Production Costs 

The high cost of labor is the principal 
reason for the poor economic performance 
of cropping enterprises. Labor expenses 
are high for yam, peanut, vegetables and 
shallot. This is exacerbated by the high 
cost of seed for shallot and yam. 

Farm Cash Flows 

In Adidwan Village, average net farm 
cash flows are positive at 13,4 76 cedis per 
farm and 6,811 cedis·ha· 1

• However, severe 
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fig. 7. Monthly famlly labor absorption by farm activities in Sekyere District, Ashanti 
Region, as percentage of available person days. 

constraints are evident when cash flow is 
analyzed by month (Fig. 9). High expen­
ditures for labor and planting inputs cause 
negative cash flows for half the year (January 
to June). Thereafter, they turn positive for 
the remainder of the year as crops are 
harvested and sold, and hired labor demands 
are reduced. 

Net Returns per Household 

Net returns for most farmers in Adidwan 
Village are negative. Male-headed house­
holds have an average net return of 5, 142 
cedis and those headed by females, an 
average of 947 .5 cedis. Returns per hec­
tare and per person day of labor are low 
and mostly negative. 

Net Farm Income 

Average net farm income in Adidwan 
Village is 48,947 cedis. Those of male­
headed households exceed those of female­
headed households by 15, 783 cedis. 

Return to household labor inputs (the 
major productive resource) averages 24,350 
cedis. Those of male-headed households 
exceed those of female-headed households 
by 1,331 cedis. 

Household Incomes 
and Expenditures 

In Adidwan Village. for example, farm 
activities provide just over 98% of the 
household income. The balance is derived 
from nonfarm activities. 
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Fig. 9. Monthly cash flows of small-scale farm households In Sekyere District, Ashanti Region. 

Elsewhere. however, the situation may 
be considerably different, such as in 
areas where bush meat provides a major 
source of farm household income. In 
Ghana, farmers who hunt as a sideline 
depend on bush meat for both food and 
cash income (Asibey 1977). Unfortunately, 
reliable and recent data are not available 
to ascertain either levels of consumption 
or income. But a mid-1970s study of 80 
farmers revealed that they sold 2.804 kg 
of bush meat in 27 days and earned an 
average of US$42.34·caput· 1 or 
US$1.56·caput· 1·day· 1 (at the then pre­
vailing exchange rate). One farmer had 
an average annual income for the period 
1974-1975 of US$ t .515 (Asibey 1977). 
Such is the value of bush meat so that 
one farmer's income from its sale greatly 

exceeded the cash value of his maize crop 
(Asibey 1980). 

The sale of bush meat is a critical source 
of capital for the resource-poor farmer. As 
Asibey ( 1977) observed. "without such 
support from hunting, most of the small­
scale farmers in Ghana could not have carried 
out the farming of cocoa .... " 

Given this major financing role of bush 
meat, it is not surprising that nowadays 
many Ghanaian farmers ..... no longer hunt 
for their domestic use alone but also largely 
for the urban and other population centers 
where bush meat is relatively more ex­
pensive" (Asibey 1974a). Such is the value 
of bush meat that hunters prefer to sell 
their kill and purchase fish. which is much 
cheaper than bush meat. for household 
consumption (Ntiamoa-Baidu 1987). 



Informal discussions repeatedly reconfirmed 
this. This factor, together with the high 
urban demand for bush meat, is one ma­
jor cause of the overexploitation of wild 
fauna (Ntiamoa-Baidu 1987). 

In Adidwan Village, food purchase com­
prises 73% of the average household ex­
penses. The principal nonfood purchases 
are clothing (47%), funerals ( 19%), health 
costs (16%) and schooling (7.9%). 
Expenditures exceed income by an aver­
age of 33, 700 cedis. Thus, there is little 
chance to accrue savings that could be used 
to capitalize new farm enterprises. 

Nutritional and Health 
Situation of Resource-Poor 
Farm Fami/Jes 

Most rural Ghanaians are hungry for at 
least part of the year. Prevalent hunger is 
a serious cause of malnutrition in the country 
(ROG-UNICEF 1990). However, conditions 
are worst in the north of the country, where 
a single, annual rainy season permits only 
one crop cycle a year. Health conditions 
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are worsened because the hungry season 
and that of highest labor demand coincide. 
Cultural factors also deprive women of food 
relative to men. Thus. during the food-short 
season, 36% of the women are severely 
underweight compared with 19% during 
the rest of the year, whereas the proportions 
for males are 23% and 3%, respectively 
(IBRD 1989). 

In general, diets are protein-deficient. 
Among vulnerable groups, this leads to 
the disease known as kwashiorkor, which 
results from a deficiency of protein quan­
tity and quality. A primary caloric deficiency 
leads to a condition known as marasmus. 
Kwashiorkor and marasmus often go to­
gether in rural Ghana. 

Smoked and fresh marine and freshwa­
ter fish are the principal sources of ani­
mal protein in Ghana. The supply of fish 
is estimated at 10.4 g·caput· 1 ·day· 1 com­
pared with 7 from milk and its products 
(excluding butter), 44 from meat and of­
fal, and 2 from eggs (Sefa-Dedeh 1981). 

Small quantities of fish are generally 
consumed daily. The main source is 
marine fish, particularly the seasonally abun-
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Fig. 10. Dally per caput fish protein consumption In West Africa (adapted from Annegers 
1973). 
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dant herring. Herring is mainly consumed 
fresh in the coastal regions; elsewhere, 
smoked is the preferred form. Consump­
tion is greatest in the coastal and west­
central parts of Ghana at an estimated 
l 0 g·caput-1 ·day- 1 compared with 6 to 9 
g·caput- 1 ·day- 1 in the interior of the southern 
part of Ghana, 3 to 5 g·caput- 1·day- 1 in 
the northern-central area, and less than 3 
g·caput- 1 ·day- 1 in the northern zone 
(Annegers 1973) (Fig. 10). However, these 
figures should be treated with caution since 
they are 20 years old, probably do not 
include freshwater fish, and almost cer­
tainly were not based on comprehensive 
household surveys. 

Fish is usually consumed, usually together 
with a dietary staple, as an ingredient of 
a soup or stew (Whitby 1968; Dede, n.d.). 
During the peak season, fish may be mar­
keted fresh. However, most of the catch 
is smoked to preserve product quality for 
long distance transportation to the inte­
rior and for long-term storage. Sun-dried 
fish is also powdered and used as a flavoring 
ingredient in soups and stews. Fermented 
fish is similarly added as a condiment. 

In Ghana, it was estimated that 75% of 
the population regularly consumes, when 
seasonally available, bush meat, the meat 
of wild animals principally small mammals, 
snails, birds, caterpillars, termites and other 
insects (Asibey 1986, cited in Falconer 
1990). But there is no reliable informa­
tion on household levels and frequency 
of bush meat consumption (Falconer 1990). 
For Ghana, most estimates are derived from 
the research conducted by Asibey who found 
that, in two districts of southern Ghana, 
bush meat contributed 44% and 31 % of 
the protein consumed (and fish, another 
35% and 31%) (Asibey 1986). 

The national daily per caput consump­
tion of bush meat has been estimated at 
l .8 g (Clottey 1971) and 1. 7 g compared 
with l .6 g from domestic sources (Asibey 
197 4a). A 1968 nutrition study estimated 
that, in Ghana, 9 g·caput- 1·day- 1 of bush 

meat and 1 g·caput- 1-day- 1 of snails were 
consumed in rural forested areas compared 
with 1 g·caput-1day- 1 and 9 g·caput- 1·day-1 , 

respectively, in coastal areas (where marine 
fish are of far greater importance) (Genelly 
1968). 

Although many farm households keep 
smaller domestic animals (chickens, goats 
and sheep), they are not usually a regular 
source of animal protein (Asibey 1974b). 
Rather they are consumed only at festi­
vals or ceremonies. Mainly they are sold, 
often as a last resort, to purchase staple 
foodstuffs or inputs required for cropping, 
as in the Dagbon area of northern Ghana 
(Abu 1992). The grasscutter ( Thyronomys 
swinderianus) has been successfully do­
mesticated and raised experimentally in 
Ghana. In many parts of Ghana, livestock 
raising is precluded by endemic 
trypanosomiasis. 

Principal sources of vegetable protein 
are the cereals millet (Pennisetum sp.), 
sorghum (Sorghum sp.). maize (Zea mays) 
and African rice (Otyza glaberrima). Ce­
reals are of greater dietary importance in 
the drier areas of the country, although 
maize is grown throughout Ghana. 

Legumes are also an important source 
of vegetable protein. Those of principal 
importance in Ghana are peanut (Arachis 
hypogaea), pigeon pea ( Cajanus cajan), 
chickpea (Cicer arietinum), lima bean 
(Phaseo!us !unatus). kidney bean (P. vulgaris), 
cowpea (Vigna unguicu!ata) and bambara 
groundnut ( Voandzeia subterranea). The 
most widely consumed throughout the 
country is cowpea (Sefa-Dedeh 1981 ). 

Wild plants from the forests and the 
cropped and fallow fields, which provide 
inter a!ia leaves, nuts, oils, fruits, roots and 
fungi, impart diversity and flavor to the 
Ghanaians' basic diets, as well as supply 
them with protein, energy, vitamins and 
essential minerals. They are an important 
reserve resource during food-short seasons, 
especially prior to the new harvest, when 
old food stocks have largely been either 



consumed or sold. Unfortunately, there are 
little useful data on the frequency and rate 
of consumption of such products or of their 
nutritional value (Falconer 1990). In one 
Ashanti Region village, 28 plants were 
commonly gathered and consumed, mostly 
as snacks or as flavoring agents in sauces 
and soups (Osei-Owusu 1981). The oil palm 
(Elaeisguineensis). from secondary growth 
vegetation, is probably the wild plant most 
widely exploited throughout West Africa. 
The fruit and kernel provide edible oil, and 
the sap is processed into palm wine and 
alcohol. The palm is estimated to provide 
10% of the total energy consumption of 
regional diets and is an important source 
of vitamin A (Nicol 1972, cited in Falconer 
1990). 

Diet composition in resource-poor farm 
households in Ghana is primarily a function 
of the staple crops grown on the farm. Low 
protein-calorie ratios of under 10% occur 
principally in humid areas unsuited to grain 
cultivation and where the staples are starchy 
root crops, particularly cassava and cocoyam. 
Thus. protein energy malnutrition (PEM) 
is a major problem for resource-poor farm 
families in the humid regions of Ghana. 

Low ratios of 10-11. 9% occur in areas 
where the main crop combination is rice­
maize-yam. In contrast, the drier savanna 
zone, where the principal crops are millet, 
sorghum and legumes, which are consumed 
with small quantities of fish, exhibits moderate 
rates of 12.0-13.9% (which are comparable 
to the rates for Europe and North America). 

Not all members of resource-poor, small 
farm households have equal access to food 
produced on-farm. Thus. some food 
deficiencies within the small-farm family 
arise because access to food, particularly 
to proteins, is unequal. Male heads of 
households, in their supposed role as 
principal food providers, often have rights 
to the choicest portion of a meal, especially 
to the meat (Sefa-Dedeh 1981 ). Further. 
depending on ethnic group, protein-rich 
food may be denied by taboo to children, 
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and pregnant and lactating women. In parts 
of Ghana, such persons are denied meat, 
eggs, milk, fish, snails and lobsters (Dovlo 
et al. 1975). Thus, those with least access 
are the two most nutritionally vulnerable 
groups: children, and pregnant and lactating 
women. 

Malnutrition is a serious problem for 
women and children in rural Ghana (ROG­
UNICEF 1990). The problem has several 
major facets: PEM together with associ­
ated micronutrient deficiencies, food short­
age (especially in the preharvest months) 
and food consumption. 

Protein Energy Malnutrition 

A 1986 survey revealed that, among 
preschool children, per caput calory intake 
was only 40-70% of requirements (ROG 
1986). The same survey also showed that 
58% of children aged 0-5 years were 80% 
below the age-for-weight standard (alarm­
ingly, this was twice the rate recorded in 
the first such survey conducted in 1961-
1962); 40% were 80% below the 
weight-for-height standard (a measurement 
of wasting or acute undernourishment); 
and 8% were suffering from either 
kwashiorkor or marasmus. The survey 
showed that 51.5% of children below the 
age of five were below 90% of the stand­
ard, and thus were stunted or clinically 
malnourished, as measured by height-for­
age. 

Rates of malnutrition varied among the 
regions. The Upper East, Upper West, 
Northern and Western Regions exhibited 
the worst conditions. 

Women, particularly those either preg­
nant or lactating, were badly affected by 
PEM. A 1987 survey showed that 69% of 
women tested in antenatal clinics were 
anemic (!BRD 1989). Again, conditions were 
worst in the north of Ghana where 65% 
of pregnant and 45% of nonpregnant women 
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showed symptoms of PEM compared with 
43% and 30% in the south (IBRD 1989). 
Conditions were much worse in rural than 
in urban areas, owing to the heavy manual 
labor performed by the women (ROG­
UNICEF 1990). Cultural factors add to the 
problem in those ethnic groups where a 
taboo denies eggs and meat to pregnant 
women (ROG-UNICEF 1990). 

Micronutrient Deficiencies 

Malnutrition is accompanied by micro­
nutrient deficiencies that result from the 
lack of vitamins and essential minerals. This 
lack results from poor diet and increased 
intake required to handle the physical stress 
of infections, injuries and the dispropor­
tionate consumption of other nutrients. 

1. Vitamin A deficiency: This results in 
night blindness and an increased mortality 
among young children. Although long 
known to be a public health problem in 
the north of Ghana, research in the Cen­
tral Region of southern Ghana revealed that 
most children under five years of age suf­
fered from it (NMIMR 1984). This prob­
lem could be overcome were (a) more of 
the foods rich in vitamin A provided to 
children and (b) more whole small fish, 
red palm oil. dark green leafy vegetables, 
colored vegetables and fruits available to 
households. 

2. Iodine deficiency disorder (especially 
goiter): Goiter is a particular problem in 
the Upper Regions where 10. 7% of the sur­
veyed population is afflicted (ROG 1986). 
The deficiency is attributable to both natural 
and human factors. Among the latter is 
that iodine-rich vegetables are hardly con­
sumed and that when eaten, the nutrients 
are washed and boiled out. Another likely 
cause is that soil erosion in the arid areas 
has stripped away the iodine content in 
soils. such that it cannot be absorbed by 
the crops (ROG-UNICEF 1990). 

3. Iron deficiency anemia: This condi­
tion is common throughout the country 
and affects most pregnant women. The main 
cause is thought to be poor absorption 
from cereal-based diets (ROG-UNICEF 1990). 
But Watson (1971) commented that in the 
north of Ghana, iron levels in cereals were 
higher than expected. This is exacerbated 
by blood loss owing to malaria, bilharzia 
and hookworm (ROG-UNICEF 1990). 

To summarize, malnutrition among re­
source-poor farm families in Ghana results 
basically from an insufficient staple and 
complementary crop production. thus the 
intake of either farm-produced or purchased 
nutrients are inadequate. This is exacerbated 
by labor demands, general ill health and 
cultural factors governing intrafamily food 
consumption. Food production both at the 
national level as well as on the majority 
of small farms does not meet demand. 

Implications for Integrated 
Agriculture-Aquaculture 

Systems 

Adding a vegetable field and pond to 
the farm-type models in the three ecological 
zones demonstrates that vegetable pro­
duction and fish farming could both im­
prove household nutrition as well as in­
crease cash incomes dramatically. 

However. it is important to note that 
vegetable production demonstrates much 
stronger nutritional and economic benefits 
than aquaculture. But it should also be noted 
that a pond has a much more important role 
on a farm than just fish farming (see below). 

Hypothetical Nutritional Status 

The graphs that follow are intended to 
demonstrate the relative roles of the various 
crops cultivated in satisfying the nutritional 
demand of a farm family. The scales of the 
"y-axes" have been varied for visual clarity 



and to accommodate the very large relative 
productivity of crops for some nutritional 
elements. 

Deciduous Forest and 
Rainforest Zones 

Maize-Cassava Cultivation (Fig. 11). In 
this case, the household demand for pro­
tein, iron, vitamin A and thiamine is more 
than satisfied by farm yields. But calorie, 
calcium, riboflavin and niacin yields are 
low and mostly below 50% of demand. 

The important role of vegetable culti­
vation is immediately obvious in increas­
ing vitamin A yields from just 50% of the 
demand to more than satisfying the de­
mand. Similarly, herring consumption plays 
a vital role in the iron-fulfilling demand. 
Without herring, the inadequate provision 
of calcium and niacin would be even worse. 

In this case, farmed fish mostly adds to 
animal protein intake and further increases 
the already satisfied protein demand. It 
also increases calorie and calcium avail­
ability minimally but not enough to sat­
isfy demand totally. 

Maize Cultivation (Fig. 12). Here the 
nutritional role of vegetables and farmed 
fish would be very important. The fish would 
double protein supply, such that it would 
just meet demand. It would also add a 
little to the low level of calcium supply. 

Vegetable production would boost an 
already high output of vitamin A and would 
raise a critically low production of vita­
min C to nearer satisfaction of the demand. 
But the overall situation would remain poor 
with respect to the intake of vitamins, cal­
cium and calories. A much wider diversi­
fication of the staple crop assemblage is 
essential. 

Maize-Plantain-Cassava Cultivation (Fig. 
13). Calories, calcium, riboflavin and niacin 
are again poorly supplied. 
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Farmed fish would add quality to the 
protein supply as well as contribute mar­
ginally to improving a poor calorie and 
calcium supply. Vegetable production would 
add mainly to the already more than ad­
equate supply of vitamin A. 

Transition Zone 

Maize-Cassava Cultivation (Fig. 14). In 
this case, farmed fish would play a very 
important role in doubling the supply of 
protein, such that the total demand would 
then be satisfied. It would also add mar­
ginally to a still deficient calorie and calcium 
supply. The main nutritional contribution 
of vegetable production would be to turn 
a seriously deficient supply of vitamin A 
into one where demand is met. 

Yam-PeanutCultivation(Fig. 15). In terms 
of farmed fish, the situation is essentially 
a repeat of the previous model. The role 
of vegetables in supplying vitamins A and 
C is also noteworthy. 

Yam-Cassava Cultivation (Fig. 16). The 
situation is again similar to the preceding 
model. Farmed fish would ensure increased 
supply of protein both quantitatively 
and qualitatively such that the demand be­
comes satisfied. It would increase marginally 
the calories and calcium supplied, but both 
would remain deficient. Vegetables would 
have a vital role in supplying vitamin A. 

Guinea Savanna Zone 

Despite variations in detail, the nutri­
tional situation is very similar for all the 
crop combinations modelled in the Guinea 
Savanna Zone. That being the case, only 
two examples of the models are given here. 

Sorghum-Mil/et-Maize-Cassava (Fig. 1 7). 
Farmed fish would add quantity and quality 
to the protein supply, such that it would 
become satisfied. It would add marginally 
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to the calorie, calcium and vitamin C supply, 
all of which, however, would remain below 
the demand. Vegetables would be criti­
cally important. They would double the 
vitamin A supply so that it would then 
exceed demand, and they would become 
the main supplier of vitamin C, although 
only about 75% of the demand would be 
satisfied. 

Sorghum-Millet-Cowpea Cultivation (Fig. 
18). The nutritional situation is basically 
poor. Farmed fish would increase the protein 
supply above the demand. It would also 
add marginally to the calorie, calcium and 
vitamin C supply, all of which, however, 
would remain below the demand. Vegetable 
production would again be important, al­
though still insufficient, in increasing the 
supply of vitamins A and C. 

Ponds and Vegetables and 
Improved Household Incomes 

In all farm types modelled, the addi­
tion of pond and vegetable components 
would lead to a dramatic increase in house­
hold net incomes. Such an improvement 
would range from a "low" of 229% to a 
"high" of 697%. This, of course, reflects 
the net value of the original crop assemblage 
since a "low" of 229% occurs in the model 
where the crop-based cash income is highest 
at US$1, 138·ha-1

) and a "high" of 697% 
occurs on a farm with a crop-based cash 
income of US$245·ha· 1 (Fig. 19). 

Whereas total economic improvement 
from the addition of a vegetable-crop com­
ponent is excellent, it is important to analyze 
the relative role in this of vegetables and 
fish (Fig. 20). 

To summarize, in none of the 13 mod­
els does the value from fish production 
based on a pond size of 0.01 ha ( 100 ml) 
exceed 2% of the total production of the 
farm unit. In only four models did fish pro­
duction yield as much as 2% of the in­
come. Most ( 11 models) demonstrated that 

only 1 % of the total on-farm income would 
be derived from fish. 

Were the size of the pond component 
expanded to 0.06 ha, fish production would 
still contribute no more than 4% of total 
on-farm income. In other words, the bulk 
of the extra income generated would come 
from the production of vegetables. Fur­
ther, in all models the value of vegetable 
production would far exceed that of the 
staple crops: vegetables contributing from 
55 to 84% of the value of total farm eco­
nomic output compared with staples that 
would contribute 14 to 43% (Table 1 ). 

Potential Role of Integrated 
Agriculture-Aquaculture at the 

National Level 

The following extrapolation is based on 
a 5% adoption rate among the 2.3 mil­
lion national population of small-scale farm­
ers. This 5% rate, which is conservative, 
is based on a site and water supply feasi­
bility reconnaissance survey of Mam pong 
Valley, Akuapem, combined with an in­
formal farmer attitudinal survey regarding 
adoption of aquaculture. 

Extrapolation is also based on a veg­
etable field of 0.04 ha and a pond size of 
0.01 ha. The vegetable plot size is dou­
ble that at Mampong (M. Prein and ].I<. 
Ofori, pers. comm.). It is important to re­
alize that although a 100 ml pond is 
extremely small, and its contribution to 
farm cash incomes is minimal, its nutri­
tional importance, demonstrated above, 
is considerable. For comparative purposes, 
projections have also been made based 
on a 0.06-ha pond, using a 1-ha pond. 

The rates assumed are based on those 
being achieved now at Mam pong n.nd ex­
trapolated. 

If these figures are multiplied by 5% of 
the 2.3 million small-scale farmers in Ghana, 
there would be a total of 115,000 adopters 
of vegetable cultivation and fish farming. 
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fig. 15. Hypothetical nutritional status: transition zone (first year, yam; second, peanut; 
third, no crop). 
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fig. 19. Change In net farm Income with the adoption of an IAA system: examples from the 
transition forest zone. 
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Table 1. Projected yields of vegetables and fish on vegetable plots of 0.04 ha and 1.0 ha 
and In ponds of 0.06 ha and 1.0 ha. 

0.04-ha plot 
Crop Yield (t) Value (cedis) Value (US$) 

Okra 0.180 23,400 37.44 
Tomato 0.710 30,000 48.00 
Onion 0.024 10,000 16.00 
Eggplant 1.008 19,200 30.72 
Pepper 0.104 30,000 48.00 
Cabbage 1.070 800,000 1,280.00 

Total 912,600 1,460.16 

0.06-ha pond 

Fish 0.260 102,948 164.70 

The projected national levels of produc­
tion are shown in Table 2. 

Projected Protein Demand in 
2020 and the Capacity of 

Farmed Fish to fulfill It 

As mentioned above, a projected 405,412 
t·year· 1 of animal protein will be the de­
mand of the population of Ghana in the 
year 2020. Holding fish landings constant, 
this will result in a deficit of236,962 t·year1 of 
animal protein. 

Since sun-dried tilapia contains 72% pro­
tein compared with 68% for smoked tilapia 
(the fuelwood crisis could preclude that), 
it would require 305,680 t of tilapia to 
meet this demand. 

This demand could be met using ponds 
of different sizes. But each pond size has 
different implications at the national level. 
Among these are: 

1. If the current average pond size of 
0.01 ha (100 m 2

) were adopted nation­
wide, to produce 305,680 t of tilapia would 
require 6.9 million ponds. This implies 6.9 
million adopters or roughly three times 
the present number of small-scale farm­
ers. This is ludicrous! But even more ludicrous 
is that it would require - at 30 farmers per 

1-ha plot 
Yield (t) Value (cedis) Value (US$) 

4.50 585,000 936 
17.77 75,000 1,200 
0.60 250,000 400 

25.20 480,000 768 
2.60 750,000 1,200 

26.67 20,000,000 32.000 

22, 140,000 36,504 

1-ha pond 

4.40 1,715,800 2,745.30 

extension agent - 230,000 extension agents. 
Clearly, this is not an option. 

2. A national total production of 305,680 
t tilapia could also be achieved using 
1, 157,883 ponds of 0.06 ha. This would 
require the efforts of about 1.2 million 
adopters or 50% of the existing number 
of small-scale farmers. Again, this is not 
a viable option. 

3. However, when ponds or a set of ponds 
of 0.24 ha are used, the total number of 
ponds required nationwide becomes 
289,470. This would represent a 12.5% 
adoption rate among the existing popu­
lation of small-scale farmers. 

Table 2. Vegetable and farmed fish 
production projections for 0.04 ha and 1.00 
ha of vegetables and 0.01 ha and 0.06 ha 
of ponds (yield Int). 

0.04-ha plot 1.00-ha plot 
Okra 20,700 517,000 
Tomato 81,650 2,043,550 
Onion 2,760 69,000 
Eggplant 115,920 2,898,000 
Pepper 11,960 299,000 
Cabbage 123,050 3,067,050 

0.01-ha pond 0.06-ha pond 

Fish 5,060 29,900 



This becomes an option worthy of fur­
ther consideration. Obvious implications 
are the need for a reliable water supply. 
That will mean tying into community projects 
to reafforest denuded watersheds to en­
sure formerly perennial springs become 
so again. This would have the additional 
merits of decreasing the rate of soil ero­
sion. and providing locally accessible 
fuelwood. and depending on the species. 
materials for direct human consumption 
or other uses, like fodder. fish feed or ma­
nure. 

Extension demand would not be exor­
bitant. It would require some 9,600 ex­
tension personnel (at 30 farmers per 
extensionist). This could be achieved in a 
variety of ways: using NGOs. for exam­
ple, training local master farmers or us­
ing the "farmer-teaches-farmer" approach 
as used by the Ghana Rural Reconstruc­
tion Movement in Mampong Valley. 

However, labor demands could be a 
constraint. Based on a labor demand of 
14 days to construct a 0.0 l -ha ( 100 m 2

) 

pond at Mampong. a 0.24-ha pond would 
require an input of 336 person days. This 
would cost 154,560 cedis at the current 
official minimum wage of460 cedis·day- 1

, 

and 672,000 cedis at the rate of 2.000 
cedis·day· 1 plus lunch currently demanded 
by agricultural laborers. 

For smallholder farmers. this option is 
not feasible owing to land access and labor 
costs. Additionally. the ensuing manage­
ment requirements of such large ponds 
(i.e., availability and cost of fingerlings. 
required nutrient inputs. necessary harvest 
facilities, etc.) also prohibit this option. 
Unfortunately, this option has been the one 
followed by most development initiatives 
and has failed (Prein and Ofori, this vol.). 

But the main point is that the year 2020 
population will not be reached for another 
27 years, so there is ample time for farmers 
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to progressively expand their pond area 
as their income increases particularly from 
the associated vegetable field. 

Capital can be raised in a variety of ways. 
The obvious way is from the production 
of the vegetable field. Other obvious sources 
would be the "fish mammies" (such en­
trepreneurial women have offered to pur­
chase the entire output of the Mampong 
ponds) and other rural entrepreneurs. 

It is important to reiterate the multiple 
roles of the pond as well as the symbiotic 
relationship between pond and vegetable 
field. Notice that the term "fishpond" has 
not been used. This term is both mislead­
ing and limiting because farm ponds play 
a variety of roles simultaneously, as fol­
lows: 

l. They are the "container" in which 
fish can be raised. 

2. When they gradually become sealed 
against seepage, they are a small reservoir 
for irrigating high-value field crops 
(especially vegetables) during the dry sea­
son. This role is enhanced if the pond is 
manured and the fish are properly fed, such 
that the pond water becomes nutrient-rich. 

3. If the pond is manured and the fish 
are fed. the pond is a source of fertilizer 
for crops from the organically enriched pond 
mud that is periodically removed from the 
pond's bottom and spread over the 
vegetable field. 

4. They act as a sediment trap to catch 
friable soils eroded from upstream during 
the wet season. 

5. And. if well-constructed. they serve 
as a "buffer" to reduce wet season rainfall 
runoff and the likelihood of flooding in low­
lands and valley bottoms. 

The two main symbiotic pathways be­
tween vegetable field and pond are: ( 1) 
as mentioned above, the nutrient-rich pond 
mud and water delivered to the field; and 
(2) the use of vegetable waste. such as 
outer cabbage leaves, as fish food. 
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Appendix I. Policy towards Fisheries Development 
in Ghana 

Fisheries Department 
Ministry of Agriculture 

Accra, Ghana 

The existing policy (ROG-MOA)• towards aquaculture and fisheries 
development in Ghana is designed to: 

1. increase fish production for local consumption and for export; 
2. alleviate poverty in the fishing communities; 
3. assist in the development of a resource management plan for the entire fishery; 
4. integrate fishery into the farming systems through the promotion of aquaculture; 

and 
5. strengthen the Fisheries Department to carry out all these assignments. 

"ROG-MO A (Republic of Ghana, Ministry of Agriculture). 1990. Medium-term Agricultural Development 
Plan (MTADP). Vols. 1 and 2. Ministry of Agriculture, Accra. 
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Appendix II. Workshop Program 

Research for the Future Development of Aquaculture in Ghana 
Institute of Aquatic Biology 

Council for Scientific and Industrial Research 
Accra, Ghana 

11-13 March 1993 

Wednesday, 10 March 

Arrival of international participants and registration 
Opening ceremony (combined with the adjoined Workshop on Tilapia Genetic Resources 

of Ghana) 
M.A. Odei (Acting Director General, CSIR). Welcome and introduction 
Hon. Ibrahim Adam (Minister of Food and Agriculture), ff Meijer(FAO Regional Rep­

resentative), M. Bilio (GTZ Representative) and R.S. V. Pullin (Director, Inland Aquatic 
Resource Systems Program, ICLARM). Welcoming address 

Navy Captain K.A. Buta Rtd. (Minister of Science and Technology). Keynote address and 
opening 

Evening reception 

Thursday, 11 March 

Welcoming session 

M.A. Odei. Welcoming remarks and schedule presentation 
R.S. V. Pul/ln. Outline of project rationale and objectives 
M. Bilio. Scope of GTZ support for research and development of aquaculture in Africa 

Coffee break 
Group photograph 

M. Prein and f K. Ofori. Past initiatives for promoting aquaculture in Ghana 
C. Lightfoot, M. Prein and fK. Ofori. Analytical framework for rethinking aquaculture 

development for smallholder farmers 

Lunch break 
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M. Preinandj.K. Ofori. Mapping of aquatic resource systems with areas of potential for 
aquaculture in Ghana 

A.L. Dassah, F. U/zen-Appiahand H.N.N. Buffey. Social and economic characteristics of 
small-scale farmers in Ghana 

B. Fiawatsror, A.L. Dassah, F. Ulzen-Appiahand H.NN. Bu/fey. Gender issues in resource­
poor farm households in Ghana 

S. Sefa-Dedeh and j. Nketsia-Tabiri. Post-production issues and aquaculture development 
in Ghana 

j.K. Ofori and M. Prein. Rapid appraisal of low-input aquaculture systems 
K. Ruddle. Aspects of the human ecological context of resource-poor farmers in Ghana 
S. Hem. Coastal lagoon aquaculture in C6te d'Ivoire as example for application in Ghana 

Friday, 12 March 

Field visits 

Departure for Mampong Valley, Akuapem, Eastern Region 

Visit to the Yensi Centre, Ghana Rural Reconstruction Movement: farmer cooperators, new 
entrants to integrated agriculture-aquaculture, farm visits and demonstrations 

Saturday, t 3 March 

j.K. Ofori. A. Asamoah and M. Prein. Experiments for integrated agriculture-aquaculture 
systems design 

D. Kumah. D. Bagbara and j.K. Ofori. Rice-fish culture experiments in the To no irrigation 
scheme 

A. Fastenau. Strategic considerations for aquaculture development in northern Ghana 
C. Lightfoot, M. Frein and j.K. Ofori. The potential impact of integrated agriculture-aqua­

culture systems on sustainable farming 
K. Ruddle. The potential role of integrated management of natural resourcesin improving 

the nutritional and economic status of resource-poor farm households in Ghana 

Lunch break 

Discussion of presentations 

Closing remarks 
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Council for Scientific and Industrial Research 
P.O. Box 38, Achimota, Ghana 

Tel.: +233-21-775511, 775135; Fax: +233-21-777655 
Dr. M.A. Odei, Director 
Mr. C.A. Biney, Research Officer 
Dr. £. K. Abban, Research Officer 
Mr. L.K. Ofori, Research Officer 
Mr. P.K. Ofori-Danson, Research Officer 
Mr. j.A. Ampofo, Research Officer 
Mr. 0. Ansa-Asare, Research Officer 
Ms. V. Vanderpuye, Research Officer 
Mr. M. Owusu-Frimpong, Research Officer 
Mr. j.N. Padi, Research Officer 
Ms. M. Entsua-Mensah, Research Officer 
Mr. K. Agbogah, Scientific Secretary 
Mr. A. Asamoah, Assistant Research Officer 
Ms. R. Hammond, Assistant Research Officer 
Ms. M. Darkwa, Assistant Research Officer 

International Center for Living Aquatic Resources Management 
MCPO Box 2631, 0718 Makati City 
Metro Manila, Philippines 
Tel.: +63-2-8180466, 8189283, 8175255, 8175163 
Fax: +63-2-8163183 
E-mail: iclarm@cgnet.com 
Dr. R.5. V. Pullin, Director, IARSP 
Dr. C. Lightfoot, Research Scientist (Project Coordinator} 
Dr. M. Prein, Associate Scientist (Project Leader} 

Consultant 
Dr. K. Ruddle, Professor 

School of Policy Studies 
Kwansei Gakuin University 
Kobe-Sanda Campus 
2-1 Gakuen, Sanda, Hyogo-ken 669-13, Japan 
Tel.: +81-798-712904; Fax: +81-798-712904 
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Dr. M. Bi!io, Senior Adviser 
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Mrs. M. Gutteridge, Head of Liaison Office 
Mr. A. Fastenau, Team Leader, PRA/GTZ/NORRIP 

Ghana Fisheries Department 

Fisheries Department, Ministry of Agriculture 
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Mr. L.A. Kumali, Regional Fisheries Officer 

Fisheries Department, Ministry of Agriculture 
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P.O. Box 40, Denu, Volta Region, Ghana 
Mr. P. Y. Atobrah, Fisheries Officer 
Mr. M. Etchells, Fisheries Officer/Voluntary Service Overseas 

University of Ghana 
Department of Oceanography and Fisheries 
University of Ghana, P.O. Box 99, Legon, Ghana 
Tel.: +233-21-775381 ext. 8449: Telex: 2556 ugl gh 
Prof. C. /. Vanderpuye, Head 
Mr. M. Dade 



Department of Nutrition and Food Science 
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Tel.: +233-21-775381 ext. 8449; Telex: 2556 ugl gh 
Dr. S. Sefa-Dedeh, Head 

University of Cape Coast 
Department of Zoology, University of Cape Coast 
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Tel.: +233-42-2489; Telex: 2552 ucc gh 
Prof. K.N. Eyeson, Head 

University of Science and Technology 
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University of Science and Technology 
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Mr. A.L. Dassah, Lecturer 
Mr. H.N.N. Buffey, Assistant Lecturer 
Ms. B. Fiawatsror, Assistant Lecturer 

Department of Biological Sciences 
University of Science and Technology 
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Dr. £. Frimpong, Lecturer 

Ghana Rural Reconstruction Movement 
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Mr. F. Afum 
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and P.O. Box 70, Tono, Navrongo 
Upper East Region, Ghana 
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Mr. R. Agbob!i, fr., National Service Officer 
Mr. j. Akomeah, National Service Officer 
Mr. W Amegah, National Service Officer 
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Mr. C.K. Aheto, Farm Owner 

FAO Regional Office for Africa 
P.O. Box 1628, Accra, Ghana 
Tel.: +233-21-666854 to 4 
Fax: +233-21-668427; Telex: 2139 foodagri gh 
E-mail: fao-rafr@cgnet.com 
Mr. j.f. Meijer, Assistant FAO Representative in Ghan< 
Ms. £. Holmgren, Assistant Officer 

Cornell University 
College of Agriculture and Life Sciences 
Department of Natural Resources 
118 Fernow Hall, Ithaca, N.Y. 14853-3001, USA 
Tel.: + 1-607-2552298; Fax: + 1-607-2550349 
E-mail: jlassoie@empire.cce.cornell.edu 
Dr. J.P. Lassoie, Chairman 

CARDER-Mono 
B.P. 31, Lokossa, Republique du Benin 
Dr. B.R.H. Fooz, Researcher 
Mr. j. Quake, Researcher 

CRODT 
B.P. 2241, Dakar, Senegal 
Mr. A. Diallo, Researcher 

Centre de Recherches Oceanologlques (CRO) 
29 Rue des Pecheurs 
B.P. VIS, Abidian, Cote d'Ivoire 
Tel.: +225-351155; Telex: 214235 attn.mix CROA 
Mr. S. Hem, Senior Scientist 
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Participants In the ICLARM/IAB Workshop on Research for the future Development of Aquaculture In Ghana, 1 t-13 March 1993, 

Accra, Ghana. (Photo by Mark Preln.) 
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Deutsche Gesellschaft fiir Technlsche Zusammenarbeit {GTZ) 

GTZ is owned by the Government of the Federal Republic of Germany. It is commissioned 
to undertake specialist technical planning and implementation of measures for technical 
cooperation with developing countries. This takes place on the basis of a General Agreement 
with the Federal Government. Development policy is formulated by the German Ministry 
for Economic Cooperation and Development (BMZ). GTZ draws on the facilities available 
in both the public and private sectors as far as this is expedient and cost-effective. 

Institute of Aquatic Biology 

JAB was established by the Council for Scientific and Industrial Research (CSIR) of 
Ghana in t 965. It has the mandate to conduct research in all aspects of the resources 
of the inland, estuarine, lagoonal and the immediate coastal inshore water systems of 
Ghana and to provide needed information for the proper utilization, exploitation, development 
and management of the resources (abiotic and biotic, fauna and flora). The institute 
operates through five interactive scientific divisions, namely, Limnochemistry, Hydrobiology, 
Aquatic Plants and River Basin Management, Fisheries, and Parasitology/E.ntomology/ 
Microbiology. The institute undertakes special training in relevant areas for user agencies 
and is a government-subvented organization. 

International Center for Living Aquatic Resources Management 

ICLARM is an autonomous, nongovernmental, nonprofit, international scientific and 
technical center which has been organized to conduct, stimulate and accelerate research 
on all aspects of fisheries and other living aquatic resources. It was incorporated in 
Manila in t 977. It became a member of the Consultative Group on International Agricultural 
Research (CGIAR) in t 992. 

ICLARM is an operational organization, not a granting entity. Its program of work is 
aimed to resolve critical, technical and socioeconomic constraints to increased production, 
improved resource management and equitable distribution of benefits in economically 
developing countries. The center's work focuses on tropical developing countries in 
both marine and freshwater areas. Research is carried out on the population dynamics, 
on alternative management schemes and on improving the productivity of key species. 
The work includes cooperative research with institutions in developing count_ries and 
supporting activities in information and training. The programs of ICLARM are supported 
by a number of private foundations and governments. 

Policies are set by a Board of Trustees with members drawn from the international 
community. Direction of ICLARM, under the policies set by the Board, is the responsibility 
of the Director General. 



ICLARM ORGANIZATIONAL STATEMENT 

"For those who use and depend on fish and aquatic life in the developing world" 

ICLARM's VISION 

Our Goal: To enhance the well-being of present and future generations of poor people in the developing 
world through production, management and conservation of living aquatic resources. 

Our Objectives: Through international research and related activities, and in partnership with national 
research and other institutions, to: 

1. Improve the biological, socioeconomic and institutional management mechanisms for sustainable 
use of aquatic resource systems; 

2. Devise and improve production systems that will provide increasing yet sustainable yields; 
3. Help develop the capacity of national programs to ensure sustainable development of aquatic resources. 

The Functions of ICLARM are to: 

• Conduct and catalyze multidisciplinary strategic research and policy analysis of an international 
public goods nature on all aspects of aquatic resource management, conservation and use; 
Undertake research, training and information activities in partnership with others in national organizations 
1n the developing and developed world; 
Develop global knowledge bases for living aquatic resources; 

• Undertake global reviews and assessments of the status of aquatic resource and those who depend 
on them; 

• Publish and disseminate widely research findings; 
• Hold conferences, meetings and workshops to discuss current and future issues related ro aquatic 

resources and to formulate advice for users and decisionmakers; 
Participate fully as a Center in the Consultative Group on International Agricultural Research (CGIAR) 
and in appropriate international intergovernmental activities. 

The Guiding Principles for our Work Program are: 

• Sustainability; 
• Equity; 

Gender role in development; 
• Participation; 
• Systems approach; 

Anticipatory research. 

Our Values: 

In our work, we are committed to: 

• Excellence in achievement; 
• Relevance to our beneficiaries' needs; 
• Partnerships; 
• Centerwide teamwork; 

Communication; 
• Efficiency and flexibility in program delivery; 

Continual growth in our knowledge and understanding. 
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Research for the future development of aquaculture in 
Ghana. M. Prein, J.K. Ofori and C. Lightfoot, Editors. 1996. 
ICLARM Conf. Proc. 42, 94 p. US$4.25 surface, $8.25 airmail, 
P80. 

TITLES OF RELATED INTEREST 

Aquaculture research and development in rural Africa. B.A. Costa-Pierce, 
C. Lightfoot, I<. Ruddle and R.S.V. Pullin, Editors. 1991. ICLARM Conf. Proc. 
27, 52 p. US$3.50 surface, $5 airmail, PSS. 

Environment and aquaculture in developing countries. R.S.V. Pullin, H. 
Rosenthal and J.L. Maclean, Editors. 1993. ICLARM Conf. Proc. 31, 359 p. 
US$15 surface, $22 airmail, P350. 

Aquaculture policy options for integrated resource management in 
subSaharan Africa. R.E. Brummett, Editor. 1994. ICLARM Conf. Proc. 46. 
38 p. US$2 surface, $4 airmail, P40. 

The context of small-scale integrated agriculture-aquaculture systems 
in Africa: a case study of Malawi. ICLARM and GTZ. 1991. ICLARM Stud. 
Rev. 18, 302 p. US$13.50 surface, $32 airmail, P300. 

Aquaculture for African smallholders. R.E. Brummett and R. Noble. 1995. 
ICLARM Tech. Rep. 46, 69 p. US$6 surface, $8 airmail, Pt 33. 

HOW TO ORDER 

Enquirers from the USA should order directly from our exclusive distributor, the 
International Specialized Book Services, 5804 N.E. Hassalo St,, Portland, Oregon 97213-
3644, to whom payment should be directed using the airmail price. Interested persons in 
Canada and Central and South America may also find ISBS a convenient source. 

Enquirers in Europe may order from Ernst S. Toeche-Mlttler GmbH, Versandbuchhandlung, 
Hindenburgstrasse 33, D-64295 Darmstadt, Federal Republic of Germany, using the airmail 

pr'1ce. 
Enquirers from the Philippines may use the peso price and order directly from: ICLARM. 

MCPO Box 2631, 0718 Makati City, Metro Manila, Philippines; or from our headquarters at 
Bloomingdale Bldg., 205 Salcedo St., Legaspi Village, Makati City, Metro Manila, Philippines. 

Enquirers elsewhere should address orders and payment (payable to ICLARM) in US$ by 
international money order, bankdraft or UNESCO coupons to: The Editor, ICLARM, MCPO Box 
2631, 071 B Makati City, Metro Manila, Philippines. We can accept US$ checks only if from a 
US-based bank due to high clearance fees of other banks. 

Airmail is strongly recommended due to delays of up to six months and occasional 
losses experienced with surface mail. 




