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ABSTRACT 

The biological and economic factors that influence the semi-industrial fishery, 

one of the three major subsectors of the fishing industry in Ghana, was studied 

from November 2020 to May 2021, in order to determine the most efficient 

management and optimize policy for the fishery. Historical catch, effort and 

revenue data from 1980 to 2019 were obtained from the Fisheries Scientific 

Survey Division (FSSD), Ghana. Structured questionnaire and interviews were 

used in collecting primary data from fisher folks, some key informants and 

stakeholders along the value chain. The Gordon Schaefer surplus production 

model based on the empirical data on the semi-industrial fishery, was applied to 

determine the static reference points of the model and the results were discussed. 

Gross Margin analysis was also used to evaluate for the profitability of the 

fishery at each node of the value chain. 

The results revealed a steady decline in CPUE over the period (1980-2018) 

which may be symptomatic of overexploitation of the fishery. In spite of the 

fact that the current (2018) fishery reference situation had not exceeded 

optimum level yet, the trends revealed that, in the past years the fishery had 

experienced gross economic overfishing. The poor economic conditions forced 

most of the fishers to move out of the fishery, thereby reaching the current 

reference point. Illegal, unreported and unregulated fishing activities (e.g. 

Saiko) and high cost of fuel (marine gas oil) have been the major challenges 

impeding the proper management of the fishery, putting the fishery at the verge 

of vulnerability against changing climatic and economic conditions. Hence, the 

current study calls for policy intervention to rescue the stock from the existing 

high fishing pressure that would lead to depletion. 
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CHAPTER ONE 

INTRODUCTION 

Globally, fishery resources contribute significantly to the livelihoods of 

millions of coastal inhabitants, food and nutrition security, and economy growth 

(Andrew et al., 2007). The capture fishery, as opposed to capital-intensive 

aquaculture activities, is one of the most essential activities related to fish 

resources that makes a significant contribution to the livelihood of most fishing 

communities (Anna et al., 2017). Capture fishery is usually done on subsistence, 

commercial and recreational purposes which in some ways have impact on the 

growth dynamics, availability, carrying capacity and sustainability of fish stock 

under exploitation. With the introduction of information about price, cost and 

the relationship between profit and output, a model could be developed that 

could aid policy makers in forecasting the likely level of effort and associated 

outputs required to sustain the contribution these resources provide to both 

humans and the ecosystem.   

The contribution of fisheries resource to the global economy is 

enormous, especially in developing countries. It has been estimated that the 

marine fisheries contribute over $270 billion to global Gross Domestic Product 

(GDP) each year, making sustainable fishery resource exploitation a crucial 

component of a flourishing blue economy (World Bank, 2012).  Therefore, a 

sudden decline of these resources would have a significant impact on the many 

livelihoods that directly or indirectly depend on them. According to Akpalu 

(2002), fishing activities provide a major source of employment to inhabitants 

in the coastal communities of Ghana. In the face of near-collapsed commercial 

marine fish stocks off the coast of Ghana, policy makers are drawn into a 
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situation whereby they have to ensure increasing productivity and stabilize 

livelihoods (employment) on one hand, while also ensuring sustainable 

exploitation of stocks to prevent the risk of industry collapse as a result of 

resource depletion in the near future on other hand. Management of the fisheries 

system is surrounded by several uncertainties and risk due the its dynamics 

(Évora & Kristófersso, 2016).  

Therefore, fisheries management, however would necessitate the 

incorporation of several components of the resource (biology, ecology and 

economic factors) in order to predict fishers’ behaviour over space and time 

(Anderson & Seijo, 2010). Even though both the biological and ecological 

health assessment of different marine species in Ghanaian waters and other part 

of the world have been undertaken by several researchers (Amponsah et al., 

2017; Kassah, 2020; Bannerman & Cowx, 2020), there seems to be very little 

information on the bioeconomic analysis of Ghanaian fisheries. Taking into 

account the numerous challenges facing the fishery industry Ahiable (2015), 

especially with regards to the semi-industrial fishery, it is prudent to undertake 

a current research to help develop a bioeconomic model for such fishery in 

Ghana. This will help guide stakeholders to make informed decisions on 

sustainable management policies to avoid the risk of the collapse of this sector 

of the Ghanaian fishery. 

1.1 Background of Study 

In many developing coastal countries, such as Ghana, fishery resources 

are a major component of animal protein. It accounts for approximately one-

third of animal protein in the West African region. Fish protein is estimated to 

account for approximately 60% of Ghanaians' animal protein intake (FAO, 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



3 

 

2016). Of the total annual domestic fish production, it is estimated that 75% is 

consumed domestically, accounting for approximately 22.4% of total household 

consumption expenditure (Nunoo et al., 2015). Additionally, the fisheries sector 

further employs and sustains a sizeable portion of the active labor force, 

including women who perform critical responsibilities in post-harvest activities 

on-shore such as fish trading, processing and storage (Ameyaw et al., 2020). 

Ghana’s fishing industry revolves around the marine and inland 

(freshwater), coastal lagoons and estuaries. Ghana as a sovereign state has a 

long fishing history and heritage, with a vibrant and diverse variety of fishing 

activities extending from subsistence (motorized and unmotorized) to semi-

industrial (including the “china-china” boats) as well as the industrial fisheries 

(shrimpers, tuna and trawlers) (MoFAD, 2015). Of the three subsectors, the 

artisanal fisheries are the most important of all in terms of its contribution to 

production and local fish supply of about 60% - 70% of total annual fish 

landings (MoFAD, 2015; Ashitey, 2019). The fishing industry also plays a 

pivotal role in the eradication of poverty in Ghana, with approximately 10% of 

the population reliant on the sector for their livelihood (BOG, 2008).  

Following the assertion of an Exclusive Economic Zone in many of the 

nations where Ghanaian fleets fished in the 1980s, Ghana's distant-water fleet 

came back to its home waters, instigating a drastic decline of some domestic 

stocks. Contributions derived from the inshore fisheries to Ghana’s economy is 

gradually declining as a result of the use of primitive technology and the 

activities of industrial vessels, which further impoverish already threatened 

communities, while industrial fisheries (specially tuna vessels) are increasing 
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their profit margins due to the adoption of advanced technology and operations 

in less exploited areas of Ghana's continental shelf (Nunoo et al., 2014).  

It must be emphasized that the decline in fisheries resources is of global 

concern, and Ghana cannot be exempted from this crisis. Ghana’s national 

fisheries statistics show that marine fish production has generally been on the 

decline for the last decades (STWG, 2015; Lazar et al., 2016). This is 

demonstrated by the fact that the contribution of fisheries to the country’s GDP 

has declined from approximately 6% in 1993 to 4.5% in 2015 (MOFAD, 2015; 

FAO, 2016). According to recent estimates, the fisheries sector contributes 

approximately 1.2% of the nation's GDP (Quagrainie et al., 2019). Ghana, as an 

importer of fish in 2018, imported $311 million in seafood and fish products, an 

estimated 48% of its total demand, compared to an estimated 35% in 2010 

(Ashitey, 2019). These parameters indicate the current status and economic 

contribution of the sector to the nation and the urgency for effective 

management regimes. 

Some fish production policies and regulations geared towards 

revamping collapsed and dwindling fisheries, developing fish stocks, as well as 

improving the yield of aquaculture have been enacted both globally and locally. 

As shown in the FAO Guidelines for Responsible Fisheries (FAO, 1995), the 

2030 Agenda for Sustainable Development aims at contributing towards food 

security and nutrition through aquaculture and fisheries in a manner that would 

ensure sustainable development in economics, environmental and social 

development (FAO, 2018a). Moreover, as presented by FAO (2017), the 

Sustainable Development Goal (SDG) 14 calls for the conservation and wise 

use of the oceans, seas, and marine resources for sustainable development. The 
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implementation of the SDGs is to be carried out by countries through the 

application of the best scientific information available.  Several international 

instruments contain this principle, including the (a) Sustainable Small-scale 

Fisheries (SSF) Guidelines, the (b) Code of Conduct for Responsible Fisheries 

(CCRF), and the (c) United Nations Fish Stocks Agreement (UNFSA). The SSF 

Guidelines focus on the recognition of small-scale fishing communities as 

“holders, providers, and receivers of knowledge.” Furthermore, the scientific 

information available should be coupled with existing traditional knowledge in 

policy making, management, and sustainable use of small-scale fisheries (FAO, 

2020b).  

Locally, the Ghana Fisheries Act 625 (2002) requires that the resources 

(marine, inland, and aquaculture) in Ghana be regulated and well managed.  

Ghana’s Fisheries Act 625 (2002), PART IV – Fisheries Management and 

Development, Sub-Part – Fishery Plans, “A fishery plan prepared by the 

Commission for the management and development of fisheries shall (a) be 

based on the best scientific information available; (b) ensure the optimum 

utilization of the fishery resources but avoid overexploitation; and (c) be 

consistent with good management principles.” As part of the content of a fishery 

plan, fishery resources and their characteristics are to be identified, assessed to 

ascertain the current state of exploitation based on relevant social, economic, 

and biological factors to determine potential average annual yields; and the 

measures taken to promote the development of the resources specified. 

According to King (2013), the depletion and eventual collapse of fish 

stocks is a major concern for social welfare and global food security. Pillay and 

Kutty (2005) highlighted the overfishing and depletion of fish stocks as a living 
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reality. They pointed out the recognition by management bodies in appreciating 

the necessity to recover or create new stocks by human intervention. According 

to FAO (2018a), the state of fisheries resources in 2017 indicates that SDG 

Target 14.4 (which aims to climax overfishing in the marine sector by 2020) is 

unlikely to achieve its target. In general, well-managed fisheries have produced 

significant results, such as a reduction in the total fishing effort and increasing 

stock sizes, with some reaching their optimal sustainable limit, as opposed to 

poorly managed or unregulated fisheries, which have seen some collapse and, 

in extreme cases, extinction. To effectively implement the legal and regulatory 

framework in fisheries, developing mechanisms capable of effectively 

replicating successful policies and measures in fisheries with minimal 

management is critical. 

According to FAO (2020a), capture fisheries and aquaculture provided 

approximately 179 million tonnes to the world in 2018. Finfish accounted for 

85% of total marine capture production, with gadiforms and tuna-like species 

coming in second and third, respectively. The total size of Africa's fleet now 

accounts for 20% of the global total. Based on FAO’s evaluation of assessed 

commercial fishery resources, the percentage of biologically sustainable fish 

stocks has decreased from 90% in 1974 to 65.8% in 2017. The percentage of 

stocks fished at biologically unsustainable levels increased from 10% to 34.2% 

between 1974 and 2017 (FAO, 2020a). The increasing proportion of overfished 

stocks and decreasing percentage of non-fully exploited species around the 

world serve as a warning that global fisheries are declining, hence negatively 

impacting fishery production. Overfishing have negative ecological 

consequences as well as a reduction in fish production, both of which has 
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negative social and economic implications. Illegal, unreported, and unregulated 

fishing, which generates between USD 10 and USD 22 billion in undocumented 

revenue, has a negative impact on fish stocks. According to the World Bank, 

poorly managed fisheries and regulations results in annual revenue losses of 

more than USD 80 billion, which could be retrieved if global fisheries were 

significantly reformed, including a 44% reduction in fishing intensity (World 

Bank, 2017).  

Several studies (Keen et al., 2018; Sumaila et al., 2020) have shown that 

only well-managed and governed fisheries can add value to the blue economy 

in the long term, making governance reform an integral element of the transition 

to a blue economy. The "blue economy" concept aims to boost and stimulate 

economic growth, social integration, and livelihood preservation and 

improvement while also ensuring the environmental sustainability of the oceans 

and coastal areas (Hasan et al., 2018; Karani & Failer, 2020). 

In addition, the FAO Code of Conduct for Responsible Fisheries 

(CCRF) and related international agreements provide such a strong framework 

for the industry that it can and should be used more widely. The SSF Guidelines 

complement the Code of Conduct for Responsible Fisheries (CCRF), which 

takes a comprehensive perspective on the small-scale fisheries governance 

system. This implies that small-scale fisheries resource management, social and 

economic development must all be addressed simultaneously and given equal 

relevance (FAO, 2020b). The African Development Program (AfDP), African 

Union (AU) Commission, and United Nation Development Programme 

(UNDP), through the execution of its Ten-Year Strategy, outline the aspiration 

of Africa to become economically integrated and a major global partner (2013-
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2022). This Agenda ranked “Feed Africa” (through fisheries, aquaculture, and 

agriculture) as its second prioritized area. The five prioritized areas, which are 

also referred to as the “High Fives” are closely linked to the SDGs and the 

continental framework, Agenda 2063. (Africa, UNDP, 2017). 

1.2 Statement of the Problem 

According to several experts, many US and global fisheries are afflicted 

by a combination of poor economic sustainability, low stock abundance, 

discarding, by-catch, and fishing's impact on marine ecosystems (Squires et al., 

1998; Hilborn, 2007; Rutherford, 2008). In Ghana, the semi-industrial is one of 

the sub-sectors of the fishery industry that lands very economically viable 

species such as snappers, sea bream, burrito and cuttlefish, contributes 

significantly to the fishery’s GDP of the country and also supports over 150,000 

livelihoods in the country. However, this sector has over the years suffered 

economic woes due to high cost of fishing inputs (operational cost: fuel, gear, 

marine engines), lack of capital, trade agreements, climate change, global 

economic integration of the fisheries sector, and the prevalence of foreign 

industrial trawlers in the inshore zone of Ghana and their use of unauthorized 

gears (Koranteng, 1998).  

The decline of the semi-industrial sector has had a significant economic 

impact, leading to a reduction in fishing investment, GDP contributions, and 

employment (Atta-Mills et al., 2004). The numbers in terms of the fleet shrank 

from 248 vessels in 1980 to 165 vessels in 1996. (Koranteng, 1998). Many of 

the local fishing companies that thrived in West Africa in the 1960s and 1970s, 

such as Mankoadze Fishing, Ocean Fisheries, Commodore, Obuorwe, and 

Obedru, have either terminated or shifted their focus to the importation of fish 
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and retailing. Some of the semi-industrial fishers have been absorbed into the 

artisanal fleet, where they fish for subsistence and a little extra income (Atta-

mills et al., 2004).  

According to MOFAD (2015), there are approximately 403 boats in the 

semi-industrial sector along Ghana's coast. Regardless of the fact that overall 

numbers have more than doubled in the last ten years, catches have decreased 

by half and are now reported to be less than 10,000mt (MOFAD, 2015). For a 

decade now, the economic rent on fishing operations in this sector has been 

reported to be the lowest of the three sectors of the Ghanaian fishing industry 

(MOFAD, 2015).  Recently, the number has again been drastically reduced due 

to high economic losses incurred through their operations. It has been estimated 

that just about 10% of the inshore fleet are able to make returns on their 

operations, while a percentage of them also break even on their cost of inputs 

and revenue (perscomm, GIFA secretariat). Some boat owners have even been 

forced to dock their boats and sell their gear due to the high cost of debt incurred 

from operations. 

According to the World Bank, the semi-industrial segment shrank by 

half (from 401 to 201 vessels) in the year 2016 to 2018 during the Ghana-West 

Africa Regional Fisheries Program (WARFP) project's lifetime due to 

competition from the industrial sector, which targets and exploits the same 

species and fishing zones (World Bank, 2011). Although this trend is positive 

in terms of effort reduction, it is negative in terms of domestic ownership 

because the industrial sector is characterized by foreign investors in partnership 

with some Ghanaian stakeholders, whereas the semi-industrial segment is 

dominated entirely by Ghanaians (World Bank, 2011). This industrial fleet 
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harvests highly commercialized fish for export, whiles low-value fish are 

imported into Ghana. In 2007, Ghana imported three times more protein than it 

exported in an effort to match its protein deficit (GEPC, 2008; MRFD, 2008). 

This presupposes that local fisheries are not meeting consumer demands, and it 

serves as a signal to the government and other stakeholders that fishery 

resources must be managed sustainably. Mauritius as a small island nation, has 

been able to manage its semi-industrial fleets to land a total catch of about six 

tons of fish per trip. Access to semi-industrial fisheries has caused a shift from 

family livelihood to business management (European Commission, 2021).  

Although several reports on the biological and ecological health 

assessment of different marine species in Ghanaian waters has been undertaken 

by several researchers (Amponsah et al., 2017; Kassah, 2020; Bannerman & 

Cowx, 2020), information on the bioeconomic analysis of the semi-industrial 

fishery seem to be very scarce, except few (Bortier-Verstraaten, 2000; Bailey et 

al., 2011) mostly dealing with the artisanal and industrial fishery resources. 

Over the years, Ghana’s fisheries management policy has emphasized much on 

artisanal (contribution to food security and livelihood) and industrial fleets 

(export for foreign exchange) as compared to inshore fleet, despite the fact these 

fleets are capable of exploiting both demersal and pelagic stocks. However, a 

proper and detailed understanding of bioeconomic resources and its utilization 

is an urgent need to promote sustainable development of the fishery resources 

exploited by the semi-industrial fishery. It has therefore become prudent to 

investigate the biological and economic factors that influence the profitability 

and long-term viability of Ghana's semi-industrial (inshore) fishery using the 

empirical data. 
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1.3 Purpose of the study 

The purpose of this study is to furnish stakeholders with the necessary 

information on the economic and biological reference points of Ghana’s semi-

industrial fishery under changing climatic and economic conditions, 

profitability associated with these reference points, challenges facing the sector, 

and the need for interested stakeholders to make informed decisions on optimal 

and sustainable management regimes which would help increase the annual 

production, profitability, and also sustain this sector. 

1.4 Research Objectives 

The overarching goal of this study was to examine the biological and 

economic factors that affect or influence the semi-industrial fishery in order to 

determine the most efficient management options for optimizing outputs from 

the fishery.  

The study's specific objectives were to: 

1. Examine the annual trends of catch and catch per unit effort of the semi-

industrial fishery (1980 - 2019). 

2. Analyse the biological and economic reference points and conditions of 

the semi-industrial fishery. 

3. Evaluate the profitability of the fishery and suggest optimal utilisation 

policy. 

The following hypotheses helped in guiding this study: 

1. The biological and economic reference points of the semi-industrial 

fishery have been exceeded. 

2. There are economic losses incurred along the value chain of the fishery 

which might lead to the collapse of this sector. 
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1.5 Significance of the study 

The problems in Ghanaian fisheries surpass policy implementation. 

There is a wide data gap that results from the interplay between climate change, 

unsustainable resource exploitation techniques, a lack of fisheries management 

systems, bioeconomic analysis and modeling of resources, increasing 

population, and the overall quantification of fishery resources. This has led to 

the gradual collapse of our fisheries. Ghanaian marine commercial fishery like 

any other fishery worldwide, is undertaken for profitability purposes. As a 

result, just like every other economic actor, boatowners and fishermen are 

motivated by the short-term maximization of profit (Conrad & Clark, 1987). 

Thus, fishing effort and fishermen can be considered rational economic agents 

that, collectively, will make decisions in order to improve their well-being 

within the restrictions of the institutional and legal incentive schemes foisted on 

them (Hilborn, 2007). These challenges, coupled with other failures in existing 

management measures, could possibly be the cause of the gradual collapse of 

the semi-industrial fishery.   

It is therefore timely to use a bioeconomic model approach to investigate 

the effects of stock decline and its economic implications on the profitability of 

stakeholders and fishers in the industry. Bioeconomic analysis and models are 

extremely useful for simultaneously addressing both the economic and 

biological components of a fishery. They are also employed to test the 

performance of management techniques and to provide a discussion forum 

among the diverse participants in the fishing industry. 

Furthermore, because fisheries resources are both biological and food-

supply resources, their decline and eventual collapse will pose a substantial 
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economic challenge to fisherfolk and many others who make a living from 

fishing. To avoid this tragedy, it is clearly desirable and necessary to establish 

biologically and economically sustainable fisheries. Biological and economic 

management options should be combined to better understand how they interact 

within a fishery (Anderson & Seijo, 2010). As a result, the purpose of this study 

is to use bioeconomic analysis to determine the most effective management and 

the effective fisheries policy for Ghana's semi-industrial fishery.  

1.6 Delimitations 

The study was carried out to examine the biological and economic factors that 

influence the semi-industrial fishery along the coast of Ghana in order to 

determine the most efficient management options for optimizing outputs from 

the fishery. Moreover, a structured questionnaire and an interview guide were 

used to elicit socioeconomic information from the actors along the fisheries 

value chain to help evaluate the profitability of the fishery.  

1.7 Limitations  

The unavailability of data on catch, effort, and the economics of the semi-

industrial fishery posed a challenge in this research. Due to this limitation, only 

the effort (number of licensed vessels) was used in the overall estimation of the 

Maximum Economic Yield, Maximum Sustainable Yield, and Open Access 

Equilibrium, although effort (days spent at sea) was also used in the estimation 

of Maximum Sustainable Yield only.  

Again, the lunar cycle affected the collection of socioeconomic data from the 

actors of the fishery. Fishermen involved in inshore fishing did not often operate 

during this season. They explained that during this period, fish are able to detect 

their fishing gears and boats and evade capture during operations. They intend 
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to stay home or sometimes come to the landing to repair their gears and boats. 

This “break” in some way also affected the subsequent actors in the fishery, 

since they got their supplies from the fisherman.   

The model (Gordon-Schaefer) employed in this study assumes a constant 

environmental condition. However, the fishery is a dynamic system which 

involves the interaction of several components (biological, environmental, and 

technical). In Ghanaian multispecies fisheries, there is a high degree of 

biological and technical interaction, resulting in untargeted species mortality 

from fishing gears. As a result of the model's sustainable effort level for 

exploitation, some species may be overfished while others remain unaffected 

(Jennings et al., 2001). In spite of the usefulness of this model, there are some 

limitations in managing tropical fisheries that have varying maturity ages. 

However, this model can help determine optimal fishing effort levels and be 

used to compare other large-data modeling approaches (Hannesson, 1993). 

1.8 Definition of Terms 

Maximum Sustainable Yield – the level at which the largest average catch can 

be exploited from the biomass under existing environmental conditions.  

Maximum Economic Yield – the level of sustainable catch which coincides 

with the effort that allows for returns to be maximized from the fishery.   

Open Access Equilibrium – the level at which the total revenue derived from 

the fishery is equal to the total cost of operation.  

Intrinsic growth rate – the rate at which the stock would grow with no external 

effects. 

Mortality rate – the portion of the stock that is taken either naturally or by 

fishing operation 
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Carrying capacity – the largest size of the stock that a specific ecosystem can 

support  

Cost Benefit Analysis - a technique, that is used to compare, the various cost 

associated with the investment of the company with the benefits that is proposes 

in return. 

Catch per Unit Effort - an indirect measure of the abundance of a target species 

that is used in long term monitoring of a fishery. 

Value Chain - full range of activities performed to add value to a product or 

service from conception to final disposal. 

1.9 Organization of the Study  

This study is structured into six chapters. The first section entails the 

study's background, problem statement, justification, purpose, research 

objectives, hypothesis, and organization. A review of literature is presented in 

Chapter Two, which summarizes current status of fishery management in 

Ghana, along with the models used to measure the profitability of the semi-

industrial fishery. Chapter three constitutes the materials and methods of the 

study with a focus on the study area, data collection, and data analyses to mainly 

address the research objectives. The findings are presented in Chapter Four, 

which comprises figures and tables with statistical analyses as well as comments 

on the results. Chapter Five is a discussion of the results with reference to 

relevant literature. Chapter Six presents the summary, conclusions of the 

findings, and recommendations from the study. 
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CHAPTER TWO 

LITERATURE REVIEW 

This study focuses on the aspect of the biological and economic 

reference points to inform policies and strategies for the optimization of yield, 

sustainable management, and an increase in economic rent of the semi-industrial 

fishery. The chapter two of this research work constitutes a comprehensive 

review of relevant literature on the subject under investigation. The following 

thematic areas are used to organize the literature review: a general overview of 

the fishery sector of Ghana, current fishery management options, theoretical 

perspectives of bioeconomic models in fisheries, the concept of fishery value 

chain, and an empirical review. Except for the general overview of the fishery 

sector of Ghana and current fishery management options, the thematic areas are 

structured by way of introduction, body (background to methodology, 

theories/concepts, and past and current research), and conclusion (literature 

gaps). 

2.1 An overview of Ghana’s fishing industry 

Ghana as a nation is endowed with rich fishery resources which can be 

broadly classified into two categories, namely, the inland and marine fisheries. 

There are three major subsectors within the marine fisheries sector (Amador et 

al., 2006), which includes the artisanal (motorized and unmotorized canoes), 

semi-industrial (wooden planked boats) and industrial (shrimpers, trawlers, and 

tuna) fisheries. Fishing activities of these subsectors takes place within 200 

nautical miles of the nation’s waters exclusive economic zone (EEZ), 

authorizing them to exploit both pelagic and demersal fishery resources. The 

inland fisheries encompass the Volta Lake and aquaculture subsectors. (MOFA, 
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2012) and are mostly exploited at subsistence and artisanal levels. Amongst 

these fishery resources, the marine, inland and aquaculture contributes 70.1%, 

17.1% and 12.8% respectively (MOFAD, 2017).  

2.1.1 The marine fisheries sector  

This subsector accounts for roughly 80% of all fish produced in Ghana 

(FAO, 2016), with an annual catch of around 300,000 mt. The Ghanaian 

fisheries sector has three subsectors: industrial (shrimpers, trawlers, and tuna), 

semi-industrial (inshore) and artisanal (canoe) fleets (Amador et al., 2006). The 

Fisheries Act 625 of Ghana authorizes the small-scale fishery (except trawlers) 

to operate within a 30m depth limit, while the large-scale fishery is eligible to 

operate in waters deeper than 30m depth. Seasonal upwelling in the Gulf of 

Guinea affects this industry. Biological activity increases during upwelling 

seasons (December/January–February and July–September), increasing fish 

food production and abundance.  

2.1.2 Artisanal fishery 

This subsector involves dynamic activities that range from subsistence 

to commercial fishing activities and from traditional to advanced (motorized) 

methods of exploiting the fishery resources. The motorized canoes, which are 

usually known as the “lagas canoes,” possess insulated containers and ice for 

the preservation of highly valued fish at sea. A variety of fishing gears are used 

in the artisanal sector, including purse seine nets (for adult sardinellas and chub 

mackerel), drifting gill nets (for large pelagics), beach seines (for adult and 

juvenile fish species such as red snapper, grey snapper, mullet, and ribbonfish), 

and hook and line (targeting demersal resources including, seabreams and 

snappers). It employs around 1.5 million people in 189 fishing villages with 304 
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landing sites along the coast. The greater proportion (60%-70%) of the total 

annual catch of small pelagic species (sardinellas, mackerels, and anchovies) is 

caught by this subsector (NAFAG, 2007). Outboard motors with up to 40 hp are 

installed in about half of the dugout canoes (Armador et al., 2006). The artisanal 

fisheries according to FAO (2007) accounts for roughly 90% of all small pelagic 

resource landings each year in terms of volume.  

2.1.3 Semi-industrial fishery  

They are usually locally built wooden hulled dual vessels with 90 – 400 

hp inboard diesel engines (Nunoo et al., 2009; Bannerman & Cowx, 2002; DoF, 

2003) and vary from 8m to 37m in length overall. The semi-industrial fleet berth 

at Winneba, Mumford, Apam, and Elmina (in the Central Region), Tema (in 

Greater Accra), Axim, Sekondi, and Takoradi (in the Western Region). They 

are classified by their size and the gears they use. The size classification includes 

large semi-industrial vessels (10 to 37m long) and small semi-industrial vessels 

(8 to 10m long) (Quaatey, 1997), and the gear classification includes purse 

seines and trawlers. Purse seine nets are typically 400–800 meters long, 40–70 

meters deep, and 25–40 millimeters wide in terms of mesh size, though larger 

vessels use nets up to 2 kilometers long.  

During periods of major and minor upwelling, the semi-industrial 

vessels employ the purse seine and trawl nets, respectively. The purse seiners 

have about 20 to 25 crews, while the trawlers have about 7 to 10 crews. Semi-

industrial purse seiners operate in the same waters as the artisanal fishery, but 

trawling by semi-industrial takes place beyond 30m of water depth (Koranteng, 

1997b). Operating within the same waters as the artisanal fishery frequently 

leads to disputes among these fleets (Marquette et al., 2002). The purse seiners 
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mainly exploit chub mackerel, sardinellas, and other carangidae species. The 

small-sized trawlers also exploit Grey triggerfish while the others exploit 

seabreams, cassava fish, snappers, burrito, red mullet and groupers. Bottom 

trawling targets shrimps, seabreams and cuttlefish for export in waters deeper 

than 30m (Heinbuch, 1994). Because most of these vessels have inboard 

freezing facilities for preserving fish, fishing trips typically last three to five 

days (FAO, 2004).  

2.1.4 Industrial fishery 

These are large steel-hulled foreign-built vessels that operate from Tema 

and Takoradi fishing harbors, which have appropriate berthing infrastructure 

(NAFAG, 2005). These vessels are managed by companies and are run through 

joint ventures between foreigners and Ghanaians. The fisheries law requires that 

at least 75% of the crew be Ghanaians (Directorate of Fisheries, 2004). Tuna 

bait boats, pair trawlers, industrial trawlers, shrimpers, and tuna purse-seiners 

are the different types of vessels in this sector. These vessels, by law, are 

mandated to operate in waters deeper than 30m because of how sophisticated 

they are built (Fisheries Act 625, 2002). Demersal species are targeted by 

trawlers and shrimpers. These vessels have freezers installed for fish 

preservation during operations, which increases their propensity to stay at sea 

for months. Trawlers are typically over 35 meters long and have engines that 

produce over 600 hp, whereas shrimpers are up to 30 meters long and have 

engines that produce over 350 horsepower. Trawlers initially fished off the west 

and south coasts of Africa, particularly between Sierra Leone and Mauritania, 

as well as between Angola and Namibia. These vessels have been forced out of 

these waters as a result of these countries' approval of the 200-nautical mile EEZ 
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Law. Shrimpers are also permitted by law to operate in waters deeper than 30 

meters. These vessels export all of the shrimp they catch. These shrimpers catch 

finfish such as soles, seabreams, cassava fish, cuttlefish, and red mullet as by-

catch.  

The tuna fleets target mainly yellowfin tuna, skipjack tuna, and bigeye 

tuna. The majority of tuna vessels are operated as part of a joint venture, with 

at least half of the shares held by Ghanaian owners, as required by the Fisheries 

Act 625. In general, the number of industrial fleets has increased substantially 

since 1984, when the Ghanaian government's policy targeted industrial fishing 

as a way of enhancing non-traditional exports (Quaatey, 1997; FAO, 2007).  

2.1.5 Brief history of the semi-industrial fishery 

Ghana's commercial fishing began in the 19th century when river boats 

were modified to handle the rough waves and currents (Agbodeka, 1992). Ever 

since these boats provided accessibility to coastal resources, Ghana's inshore 

artisanal and commercial (semi-industrial) fishing sectors grew rapidly. The 

high demand for fish in the late 19th and early 20th centuries led to the 

formation of fishing companies, with foreign offices directing semi-industrial 

fishing operations in distant waters. Ghanaian companies recruit native 

fishermen to crew their sea-faring vessels. Ghana had become a fishing power 

in West Africa by the mid-20th century due to the advancement of a semi-

industrial fleet in foreign waters (Agbodeka, 1992). 

The Ghanaian semi-industrial fleet was not equipped to fish offshore in 

the early 1960s, making it difficult to explore new inshore fishing areas. In 

Ghana, accessible fishing grounds were already heavily exploited, and Ghana's 

newly independent government recognized it as such. As a result, the new 
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government and private industry heavily invested in offshore industrial fishing 

vessels in the 1960s and 1970s (Adjetey, 1973). In 1961, Ghana established the 

State Fishing Corporation to encourage local entrepreneurs to start fishing 

businesses. While Ghana's politics became more stable in the 1990s, the 

economy remained unstable, and access to distant fishing grounds was 

prohibitively expensive. Marine resources were overexploited in the 1990s, 

contributing to the decline of semi-industrial fleets. From 1980 to 2019, catch 

per unit effort declined in both semi-industrial and industrial fleets. Small 

pelagic species such as sardinellas and chub mackerel (Scomber japonicus) 

were overexploited, according to an IOC report (1997). These trends have 

hampered the sector's performance. 

Fishing, particularly artisanal and semi-industrial fishing, was a major 

source of employment for unskilled young men (Pauly, 1976). In 1992, Ghana's 

fishing industry employed around 500,000 people (IOC, 1997), but by 1996, 

that number had declined to 400,000. (FAO, 1998). Up to 100,000 jobs lost in 

four years is a significant shift in the labor force. Some of the fishermen who 

lost their jobs in the semi-industrial sector have been absorbed into the artisanal 

sector, where they fish for subsistence and extra money. However, the resource 

is overfished and cannot support any additional effort. 

2.1.6 The Fishery Sector’s Economic Contribution  

Fish is Ghana's most important non-traditional export commodity, 

accounting for over 50% of export earnings (Bennett, 2000; Sarpong et al., 

2005). Annual national fish production is estimated at 420,000 metric tons, 

which is 460,000 metric tons short of national needs, a more than 50% deficit. 

Fish imports worth over $200 million annually help balance the deficit (Ministry 
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of Food and Agriculture, 2012). Fish imports surged to $373 million in 2013. 

(FAO, 2016). Fisheries are vital to Ghana's economy, livelihoods, nutrition, 

wealth creation, and food security. Fishing activities are important livelihoods 

in Ghana (Pittaluga et al., 2003). The coastal economy of Ghana is based on 

marine fisheries (Hen Mpoano, 2013). It generates over $1 billion annually 

(World Bank, 2009). Ghana's fisheries employ an estimated 210,000 people. 

Directly or indirectly, the sector employs 2.2 million Ghanaians, or roughly 

20%. (Atta-Mills et al., 2004; World Bank, 2009). According to FAO (2016), 

the fishing industry employ over 250,000 people and over 29,300 fishing 

vessels. The fisheries sector employs 372,049 people according to the World 

Bank (2011). Despite its importance, the fishing industry's economic 

contribution has declined. 

2.2 Current Fishery Management Options  

To sustainably benefit from Ghana's fisheries, traditional (local 

authorities) or formal (government of Ghana) management must be improved. 

The traditional government regulates access to Ghanaian fisheries, contributing 

to sustainable fish stock utilization. In almost every fishing village, non-fishing 

days are observed on which fishers maintain gear and equipment, resolve 

conflicts, rest, and socialize. Also, some fishing communities or ethnic groups 

have a two-week fishing ban prior to and during annual festivals (Nunoo et al., 

2015). 

Several decades ago, the Ministry of Food and Agriculture had a 

Directorate of Fisheries and a Fisheries Commission that was responsible for 

policy formulation and implementation. Under the direction of the Fisheries 

Commission, this directorate managed and controlled the fishing industry. The 
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Commission was established by the Fisheries Act 625 (2002) to regulate and 

manage Ghana's fisheries and to coordinate related policies. It also ensured 

proper conservation of fishery resources by reducing overfishing. It also reports 

to and advises the Ministry on all fishing-related matters. As a result of these 

global trends and innovations in fisheries management, Community-Based 

Fisheries Management Committees have been established and operated since 

1997. (CBFMC). Ghana's fisheries co-management system is currently fragile 

and unsustainable (Nunoo et al., 2015). The newly established Ministry of 

Fisheries and Aquaculture Development (MOFAD) is mandated to carry out 

development interventions to move the fisheries sector and industry to 

contribute efficiently to the Ghanaian economy. Post-harvest losses are reduced 

by reducing effort and fishing capacity control, biological/stock assessment, 

marine habitat and biodiversity protection, social interventions, and inter-

agency linkages (MoFAD, 2015). The sector is divided into five divisions: 

Marine Fisheries Management, Marine Fisheries Research, Inland Fisheries 

Management, Monitoring, Control and Surveillance, and Operations and 

Administration. The current management options in this sector can be broadly 

categorized under five key components; effort and fishing capacity control, 

biology/stock assessment, marine habitat & biodiversity protection, post- 

harvest losses reduction, and social interventions and inter agency linkages 

(MoFAD, 2015). To effectively and efficiently perform the mandate assigned 

to the sector, there are five (5) divisions, namely; Inland Fisheries Management 

Division, Marine Fisheries Research Division, Operations and Administration 

Division, Monitoring, Control and Surveillance Divisions and Marine Fisheries 

Management Division.  
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The Fisheries Act 625 (2002) was enacted in 2002 to consolidate and 

amend all fisheries laws. In addition to the Fisheries Act, the Fisheries 

Regulations (LI 1968) were passed in 2010 to complete Ghana's legal 

framework for fisheries management. The Fisheries Act 625 (2002) and the 

Fisheries Regulations, LI 1968, currently govern fishing in Ghana (2010). The 

Ghana Shared Growth Development Agenda II, the Republic of Ghana National 

Fisheries and Aquaculture Policy (2008), the Republic of Ghana Fisheries and 

Aquaculture Development Plan 2011-2016, the Ghana National Aquaculture 

Development Plan, and the Fisheries Management Plan of Ghana (Marine 

Fisheries Sector) 2015-2019 are all existing fisheries policy documents. 

Management strategies based on these instruments that have been implemented 

over the years to manage fisheries are geared toward limiting fishing methods 

and gears, regulating mesh sizes, and assessing stock status to set targets and 

thresholds for fishing mortality rates and other biological reference points.  

The overarching goal of these strategies was to keep fish stocks at their 

current levels in order to achieve maximum sustainable yield (MSY). However, 

due to poor governance as a result of a lack of resources (both human and 

financial) and political will to deal with the issue of increasing fishing effort and 

capacity as a result of the open access nature of the fishery, these options have 

not been very effective for managing the stocks. 

2.3 Theoretical Approach in Bioeconomic Models and Value Chain 

Analysis 

2.3.1 Theoretical Perspective of Bioeconomic Models in Fisheries  

Regardless of the negative economic consequences of closures, there is 

a perceived risk of extinction associated with allowing a fishery to remain open 
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during periods of low stock levels, which is high enough to justify a closure. 

The phenomenon known as the “tragedy of the commons” is one of the most 

common challenges in fisheries management (Hardin, 1998). Fishermen operate 

under the assumption that the fishery resource is fugitive and that fish that are 

not caught today may be caught tomorrow by someone else. This logic among 

fishermen may inevitably lead to the extinction of the very resource on which 

they rely. Overfished stocks have historically failed to recover (Safina et al., 

2005; Rosenberg et al., 2006; Worm et al., 2009). However, as Larkin et al. 

(2006) demonstrated, rebuilding stocks as quickly as possible has social 

consequences. Bioeconomic models that explicitly evaluate biological and 

economic risks can assist in balancing these costs with the risk of stock growth 

or extinction that is less than expected. 

Several studies (Sumaila & Suatoni, 2005; Gates, 2009) have found that 

delaying rebuilding can increase average harvest levels and benefits 

significantly. The Gordon-Schaefer model is the most commonly used 

bioeconomic model. This model selects a harvest and effort level that 

maximizes the net present value of harvests over time. This "equilibrium" 

solution maximizes economic yield (MEY) as opposed to maximizing harvest 

level over time or sustainable yield (MSY). The divergence of these two 

solutions provides recommendations for bioeconomic policy. This method is 

useful for rebuilding, but it lacks information on the optimal time horizon or 

time path. Because they omit information on transition and reasons for 

rebuilding, static models are insufficient for addressing fisheries rebuilding 

(Clark, 2006a). Sustainable fisheries, particularly commercial fisheries, are a 

global concern (Hilborn et al., 2005; Worm et al., 2009). To rebuild fisheries, 
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some countries and international organizations have revised management plans 

and established specific protocols (Khwaja & Cox, 2009). Calculating reference 

points can help manage and rebuild fish stocks. These rules ignore fisherman's 

behavior and economic conditions (Hilborn, 2002; Clark, 2006b). Global 

management ignores local biological realities. Reference points frequently stifle 

management innovation (Hilborn, 2002). While reference point-based 

management may aid in stock recovery, it is difficult to determine whether the 

stock has met its fishing objectives. 

To achieve a biological rebuilding target, many efforts first estimate it. 

This approach is often mandatory, but it is incompatible with long-term fishery 

management. A fishery or community may not be stabilized if the MSY is not 

economically viable. The sustainable yield curve is used to determine a target 

stock level, but it ignores the economy. When it comes to economics, the 

benefits and costs must be balanced. The widespread assumption is that 

economics should be used only after determining a rebuilding target or resolving 

any imbalances between stock size and fishing capacity (Penas, 2007; Khwaja 

& Cox, 2009). Even in a stable economy, determining a target MSY level for 

rebuilding is difficult. The MSY is a long-term concept that will change as 

biological parameters, fishing effort, or the relationship between stock and 

harvest level change. If the general economic conditions or technology change, 

fishing effort may vary (Whitmarsh et al., 2000). Exogenous factors can have 

an impact on fishing mortality and, therefore, MSY estimation, or they can 

change MSY during the rebuilding process. These variations are feasible, but 

they are not covered by a guideline that calls for a ten-year target. Caddy & 

Agnew (2004) argue that stock calculations, which are frequently 
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overestimated, are less important than the management infrastructure and 

socioeconomic context. 

Establishing an MSY target above current stock levels shows future 

resource productivity and how management can improve a fishery. For 

sustainable fisheries and stock rebuilding, Munro (2010) contends that harvest 

timing is as important as stock size. Without endangering the lost potential in 

fisheries, Homans and Wilen (2005) modeled potential market effects of 

changing harvest schedules and their impact on optimal management. An MSY 

target with zero or negative profits may not be sustainable for the community 

(fishery) (Kompas et al., 2009). However, MSY is still used to rebuild stocks. 

They show that harvesting below the MSY maximizes benefits. However, 

compared to MEY, MSY biomass size depends on species growth rate rather 

than traditional economic factors like prices, costs, or discount rates. Ward and 

Kelly (2009) argue that even if simple biological stock assessments are accurate, 

they are not good indicators of fisheries management success or failure because 

managers must balance multiple objectives. Bioeconomic models can require a 

lot of data and advanced problem-solving skills (Smith & Wilen, 2003). While 

applied bioeconomic models require more data, the level of data required varies 

by model. 

MEY can be calculated using simple surplus production models and fish 

prices (Milon et al., 1999). A fishery with distinct cohorts may need price and 

yield data by age and size, as well as seasonal data (Larkin & Sylvia, 1999). 

Bioeconomic models can help evaluate alternative rebuilding targets and 

approaches. That is, short-term policies justified by economic concerns 

contradict biological advice (Aps et al., 2007). A range of policy-relevant 
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analyses can be conducted using bioeconomic modelling (Whitmarsh et al., 

2000; CEMARE, 2009). Less focus on target stock level determination and 

more on management tools that best account for fishermen's incentives while 

maximizing net societal benefits. The question of whether such systems are 

universally beneficial (despite the bioeconomic evidence) remains unanswered. 

Deterministic bioeconomic models can forecast sustainable harvest 

levels or the best exploitation path for stocks. This may not be the case in 

overfished stocks. Establishing explicit management objectives and valuing a 

fishery's rents can be difficult. De facto, adjusting model-predicted harvest or 

effort levels may jeopardize the fishery's ability to achieve (Milon et al., 1999; 

Kompas & Che, 2004). Misuse of the models to support a policy can lead to the 

unjustified dismissal of the bioeconomic technique. As a result of the 

uncertainty, it is not reasonable to approach an estimated target slowly (Kompas 

et al., 2009). 

2.3.2 Concept of Value Chain 

A value chain connects all production, processing, and distribution steps 

of a product, allowing each step to be evaluated in relation to the previous and 

following steps (Russel & Hanoomanjee, 2012). The value chain has vertical 

relationships as the product moves through various processing stages and 

horizontal relationships as it moves to various markets (Hempel, 2010). A key 

idea is that all decisions have consequences, regardless of their direction 

(Hempel, 2010). Equipment suppliers and research organizations produce 

inputs for upstream activities. Downstream activities include harvesting, 

processing, and shipping (Hempel, 2010). Each player or actor in the value 

chain plays a distinct role in the value chain (NiMble, 2005). Legislation, trade 
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agreements, policies, and infrastructure are examples of value chain enabling 

environments. As a result, the product can advance up the value chain (Hellin 

& Meijer, 2006). Supporting organizations are institutions, associations, or 

businesses that help in the efficient operation of a value chain (Hellin & Meijer, 

2006).  

The Value Chain concept was introduced by Michael Porter in his 1985 

book, “Competitive Advantage: Creating and Sustaining Superior 

Performance”. According to Michael Porter, a value chain is a series of 

activities that work together to provide value to a consumer, whereas a value 

system is a link between value chains (Porter, 1998). The value chain approach 

takes into account the value created by a product or service as it moves from 

raw material to finished product for consumers. According to Kaplinsky and 

Morris (2000), the value chain is "the full range of activities performed to add 

value to a product or service from conception to final disposal." It is critical to 

understand the market before engaging with value chain operators. To approach 

the value chain, one must first comprehend the interdependence of consumer 

demands, distribution, and marketing. GTZ (2007) 

A Value Chain Analysis is a method for mapping and analyzing value 

chains (VCA). Figure 2.1 reveals a value chain map that depicts the typical 

activities that take place along the semi-industrial fishery. A value chain 

analysis (VCA) is a systematic and analytical tool for understanding the 

processes at work in an industry or system, as well as highlighting the costs at 

each stage of the system or chain (Russel & Hanoomanjee, 2012). A well-

designed economic study, such as the VCA, can provide a thorough 

understanding of an industry. Constraints and major issues can be identified, 
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and a general overview of the revenue flow from production to retail can be 

provided. The VCA can be used to characterize a process from beginning to end 

and allocate cost proportions, or it can be used as a model in more analytical 

studies (Porter, 1985). Finally, it is a diagnostic tool that can help with the 

design of projects and programs that support a value chain. The goal is to 

achieve a specific development outcome, which can be purely business-related, 

such as lowering processing costs in a company, or it can be for social 

development, such as identifying where value addition is needed in the 

agricultural value chain of a developing region. 

According to Gooch (2005), value chain management practices can help 

businesses improve their competitiveness and stay in business. Based on his 

research, Porter (1980) discovered that organizations must coordinate 

operational and support services to be profitable. As a result of these activities, 

a product's value is increased as it moves downstream to the end market (Gooch, 

2005). The value chain model is used to identify sources of competitive 

advantage. On the other hand, Porter, on the other hand, argued that these 

sources can only be identified by breaking the firm down into activities. There 

are two types of activities: primary and secondary activities (M4P, 2008), which 

assist in increasing the customer's profit margin (Roduner, 2004).  
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Figure 1: A value chain map showing the main actors of the semi-industrial 

fishery. Source: Field survey, (2020-2021) 
 

Several researchers have recently used the VCA in the fisheries sector. 

The majority of studies are recent, indicating that this method is still relatively 

new in fisheries science. Aquaculture, as well as artisanal and industrial 

fisheries, are examples of applications for the VCA. In developing countries, 

the VCA is now widely used to study value addition in fisheries. Increased 

economic benefits and job opportunities are critical concepts that encourage 

value addition (Rosales et al., 2017). As a result, VCAs may assist researchers 

in better understanding a commodity chain and, as a result, identifying realistic 

opportunities to increase income or profit. When the value chain is mapped, 

certain aspects, such as revenue distribution, can be examined in greater depth. 

Prices and costs show how much actors earn, spend, and occasionally lose in 

their business (O’Neil, 2013). The distribution of profits, losses, and costs can 

be seen by examining the finances at each stage of the value chain. In revenue 

distribution studies, the total cost, the purchase price, the selling price, the profit, 
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the margin, and the added cost are all important concepts to understand. 

Fisheries value chain analysis and bioeconomics are linked because they both 

aim to understand and optimize the use of fishery resources. A value chain 

analysis can help identify ways to improve the efficiency of the production and 

distribution of fishery products, which can increase the economic benefits of the 

fishery sector. However, this must be done in a way that takes into account the 

ecological sustainability of the fishery resources, which is the focus of 

bioeconomics 

The fishery value chain actors and their roles in Ghana have received 

the attention of researchers and practitioners over the years as shown in Fig.1 

(Odotei, 1991; Overa, 1993; Gordon et al., 2011; Aheto et al., 2012; Entee, 

2015b; Nunoo et al., 2015; Samey, 2015; Torell et al., 2015; Quagrainie & Chu, 

2019; Ameyaw et al., 2020). The actors in the semi industrial value chain play 

different roles, even though some of these roles are minor. Yet, each actor has 

a different interest, which makes management of the sector a complex task. The 

actors include boat owners, fishers, fish mummies, fish processors, and traders. 

The chain of supply builds on the gender sharing of work tasks. The harvesting 

aspect is primarily done by men, while women control the post-harvest part of 

the value chain (Overa, 1993). 

Boat owners and operators 

Semi-industrial fleet owners are currently dominated by men. The boat 

operators purchase the inputs (boats, engines, and gear) for the fishing 

operation. They also employ fishers for the harvesting activities, and some of 

them participate in fishing (Gordon et al., 2011). The number of crew employed 

per vessel ranges between 8 and 24 based on the size and purpose of the boat 
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(Tobey et al., 2016). The boatowner foots the cost of fishing operations (fuel, 

food, water, and other miscellaneous) through the support of the fish mummies, 

family, friends, and, in rare cases, bank loans. 

Fishermen 

The fishers are the crew employed by the boat owners. Fishing is 

traditionally carried out by men. They typically fish daily, except on Tuesdays, 

which are observed as traditional fishing holidays in most fishing communities 

(Gordon et al., 2011). A fishing trip can take 1 to 3 days, depending on the 

amount of fuel and ice for catch preservation (Gordon et al., 2011; Tobey et al., 

2016). Fishers operate throughout the year and are known to land large sums of 

catch during the upwelling seasons. The major upwelling season is from July to 

September, and the minor bumper season is February and March. The fishers’ 

fish little or not at other times when catches do not cover fishing expenditure. 

However, in recent times, there has been an increase in illegal activities. Fishers 

use light to attract fish and nets with tiny mesh sizes to catch even juveniles in 

reasonable quantities all year round (Gordon et al., 2011; Samey, 2015; Dovlo 

et al., 2016; Afoakwah et al., 2018). 

Fish processors  

Processing of fish is traditionally done by women in the coastal 

communities. Basically, all species of fish caught in the country can be smoked, 

and an estimated 70-80% are marketed locally by the processors (Samey, 2015). 

During the lean season, fish processors buy cold-storage fish and process them 

or travel to other landing sites where there is the availability of fish for purchase. 

Fish processors employ manual labor to help in fish processing. The most 

commonly used processing kilns are the Chorkor kilns, which are easy to use, 
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cheap to build, and fast in smoking, but produce fish with high concentrations 

of polycyclic aromatic hydrocarbons (PAH) and consume a lot of fuelwood as 

compared with other kilns (Gordon et al., 2011; Samey, 2015; Kwarteng et al., 

2016b). Fish processors find it difficult to adapt to the newly modified kilns 

known as Ahotor smokers because of their slow rate of heating, hence the 

relatively shorter shelf life of smoked fish. Although these advanced kilns have 

been experimented to produce very low PAH and a lower risk of health 

conditions (Beran, 2018), it has been observed that fish processors along the 

coast of Ghana resort to the Chorkor smoker as compared to the Ahotor smoker.    

Fish traders 

Fish transported to the market is normally sold to wholesalers or retailers 

who then sell it to the consumers. Even though fish processors transport the fish 

to the market, they do not sell it directly to the consumers. There are mostly 

women who serve as intermediaries (wholesalers and retailers) between 

consumers and fish processors. In some cases, the fish is sold to wholesalers 

who then sell it on to retailers before it reaches the final consumer (Overa, 1993; 

Tetteh, 2007; Gordon et al., 2011). 

2.4 Empirical Review 

Several attempts to conserve renewable natural resources have been 

initiated using various management tools, from which bioeconomic models 

cannot be exempted. The mathematical and dynamic bioeconomic models 

concerning the management of fisheries resources have been systematically 

developed by Clark (1990, 2006b) based on Schaefer (1954) and Gordon 

(1954). Clark and Munro (1975) extended the Gordon-Schaefer model by 

making it non-autonomous and nonlinear, which was static in nature. Studies 
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conducted by Lleonart and Merino (2010) also extended the G-S model by 

proposing an alternative way to unregulated or poorly managed fisheries by 

modeling the biomass yield using a time series data. The conclusion of this 

study suggested that poorly managed or unregulated fisheries tend to be 

overexploited but not at a level sufficient to dissipate the net revenue in its 

entirety.   

Bioeconomic models have been used to manage both the single and 

multi-species fisheries over the years. Saha Ray and Chaudhuri (1996) studied 

the exploitation of a two-species prey-predator fishery, considering the effects 

of environmental perturbations on the populations. A study conducted by 

Waileruny et al. (2014), which employed the surplus production model 

combined with the Fox algorithm, was used to determine the bioeconomic 

equilibrium of the skip jack fishery in Banda Sea. The results of the study 

revealed that, utilization at MEY and MSY level had a narrow range with a 

small profit difference, which attracted the fishermen to expand the effort. As a 

result, the skip jack fishery in the Banda Sea may exhaust and this may affect 

the skip jack business activities. Studies conducted in a single-species fishery 

by Chaudhuri and Johnson (1990) show that the use of the catch-rate function 

is more realistic as compared to the CPUE, which is widely used in developing 

a bioeconomic model for a fishery. The conclusions of this studies suggest that 

a suitable tax on the landings should be imposed as a tool for governing and 

regulating the exploitation and optimal harvest policy. 

Gumulira et al. (2019) used a simple biomass dynamic model, thus the 

ASPIC software and Schaefer’s (1954) model, to determine the biological and 

economic reference points of the Usipa fishery in Lake Malawi. The results of 
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the model suggest that the fishery is overexploited and that the catch from recent 

years is above the MSY and MEY. This informs policymakers to reduce effort 

to as close as the calculated MSY reference point and possibly to the effort at 

MEY as calculated in the model. This would aid sustain the exploitation of stock 

and increase economic rent as well. Aswathy et al. (2009) analysed the 

bioeconomic condition of the marine fish production in Kerala using the Fox 

model by assuming the Gompertz function. Recommendations made from this 

study include improvement of stock through community-based fishery 

management practices such as marine protected areas and the promotion and 

expansion of mariculture and aquaculture. Christensen (2009) conducted a 

study using the revenue and cost from the value chain of a fishery instead of 

considering only that of the fishing fleet, which has been accepted worldwide. 

Findings of the study shows that the MEY-level moves closer to, but slightly 

below, the MSY-level, which indicates that the MSY-level is the more 

appropriate target to manage a fishery.  

Pitcher et al. assessed 33 countries' performance in ecosystem-based 

fisheries in three fields (principles, criteria and implantation) using quantitative 

ordination including uncertainty (2009). This 33-country EBM fisheries 

performance was not evaluated empirically. For example, Pomeroy et al. (2009) 

advocated for improved fisheries statistics, a coordinated and integrated 

approach to resource management, resource restoration, economic and 

community development, and new governance. The recommendations were 

made without using any fisheries statistics. 
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CHAPTER THREE  

MATERIALS AND METHODS 

The chapter provides an in-depth description and explanation of relevant 

methods that were employed in carrying out the research. These methods were 

used to test the hypotheses that the biological and economic reference points of 

the semi-industrial fishery have not been exceeded; that there are no differences 

in resource economic rents between MSY and MEY of the fishery; and that 

there are no economic losses incurred along the value chain of the fishery, which 

might not lead to the collapse of this sector. The chapter is divided into four 

sections, covering: (i)Study Area; (ii) Data sources and collection, which 

describes the procedures and processes that were used in obtaining the data; (iii) 

Fisheries and bioeconomic model details some models adopted and used to 

estimate some parameters and conditions: (iv) Data analysis which describes in 

detail how catch-effort data, bioeconomic data, and value chain analysis were 

analyzed, including some computer programs. 

3.1 Study Area 

Ghana’s coastline extends for 550 km which lies between latitudes of 4° 

and 12° N and longitude 4°W and 2°E (Koranteng, 2001). The Exclusive 

Economic Zone of Ghana is about 218,100 km2 (DoF, 2003) and has a 

continental shelf with a length of 24,300 km (Ayivi, 2012) which serves a 

fishing population of over 107,518 (Amador et al., 2006). The semi-industrial 

fishery has eight (8) landing sites along Ghana’s coast. The study was conducted 

within three (3) selected landing sites of the semi-industrial fleets, namely, 

Tema Fishing Harbor, Elmina fish landing quay, and Sekondi Fishing Harbor 

(also known as Albert Bosomtwi-Sam (ABS) Fishing Harbor). These landing 
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sites are known to be the largest along the coast of Ghana and contribute 

significantly to the fisheries industry (Okpei et al., 2020). Moreover, they are 

also characterized by well-structured facilities that enable a high number of 

fleets to berth in these communities as compared to the other communities. The 

coastal zone of Ghana may be divided into three geomorphological areas, which 

are: the Eastern coast (128 km), the Central coast (330 km) and the Western 

coast (93 km) (Yankson & Obodai, 1999). 

The study of the eastern coast of Ghana’s shoreline was conducted at 

Tema Fishing Harbor with geographical coordinates of 5.6333° N, 0.0167° W. 

Fishing and its related activities form the primary livelihoods of most 

inhabitants around the Tema fishing harbor with few engaged in alternate 

livelihoods such as petty trading. On the central coast of Ghana, the study 

focused on Elmina landing beach, which is located at 5.0931°N, 1.3383°W. It 

is the third largest landing site in Ghana after Tema and Sekondi fishing harbors, 

making a significant contribution of about 15% of the country’s total fishery 

production (Doortmont, 2003).  On the western coast, the study was carried out 

at the Albert Bosomtwi-Sam fishing harbor. The harbor is characterized by a 

200m long breakwater and a 76m long groyne, which helps in the berthing of 

fleets. It lies at longitude 4° 92'N and latitude 1° 77'W. 
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Figure 2: Map of the study area, showing the sampling sites 

3.2 Data Collection 

For the purpose of this research, data was gathered from a variety of sources. 

The data required was classified into three categories: biological, effort, and 

economic information. 

Biological data 

Historical production and annual catch data (in tonnes, T) of semi-industrial 

vessels, for the period 1980 to 2018 were collected from the Fisheries Scientific 

and Survey Division (FSSD) of the Fisheries Commission (FC), under the 

Ministry of Fisheries and Aquaculture Development of Ghana. 

Effort data  

The fishing effort used in this study was based on data on the number of 

licensed vessels as reported by FSSD from 1980-2018 and the number of days 
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spent at sea (2005-2019). For semi-industrial fleet, both the number of licensed 

vessels and days spent at sea were used as measures of fishing effort. The 

number of fishermen in each active licensed vessel was recorded at each landing 

during the survey. These were used to calculate each vessel’s CPUE. 

Economic data  

Evaluation of the economics of the semi-industrial fishery was estimated 

based on the total costs, revenues, and profits, which included the harvest effort 

and fish price from data from the field and FSSD collected. However, the costs 

incurred by the “typical” vessels were used in calculating the total costs incurred 

by other vessels. The “typical” vessels selected for the study had comparable 

technical characteristics (engine horse power, length overall (LOA) and gear 

type). “Typical” vessels carry out fishing expeditions or trips 15 to 18 days per 

month with an average of two days at sea. They tend to carry out fishing 

expeditions for 11 months a year, with one month designated for “closed 

season”. Therefore, the number of fishing days per year was 182 days. 

In order to select fisherfolk (fish traders, fish processors, and fishermen) 

in the three coastal communities for the collection of socioeconomic data, a 

simple random sampling approach was employed. The socioeconomic data was 

collected through structured interviews with a total of 100 fishermen and 50 fish 

processors. Also, a total of 100 fish traders were purposively selected at the 

landing site and near-by markets, adding up to a total of 250 respondents. Lastly, 

to complement the field data undertaken, a focus group discussion with the 

major actors and stakeholders of the coastal fisheries value chain was held. 

A survey with closed and open-ended questions about the respondents' 

socioeconomic profile (e.g., work experience, fishing income, and alternative 
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livelihoods) and fishing activity (e.g., characteristics of boats and gears, trip 

length, exploited species, fish price, processing, and marketing) guided the 

interviews. The average price per kilogram of each species, at the first-hand 

market, was recorded in the national currency (GHC). The interviews took place 

at the respondents’ workplaces, at the landing sites, and at the fish markets. 

3.2.1. Sample size 

A multi-stage sampling technique was deployed, where Greater Accra, Central 

Region and Western Region were purposively selected. Three landing harbors 

were systematically selected which included Elmina fishing harbor, Sekondi 

fishing harbor, and Tema fishing harbor. Simple random sampling was 

employed in the selection of the 250 respondents. 100 fishermen, 50 fish 

processors and 100 fish traders were randomly selected from the study area. A 

pilot survey was carried out in the study are to pre-test questionnaires. New 

information from the pilot survey were used to update questionnaires before 

moving to the field for data collection. 

3.3 Data Analysis 

3.3.1 Catch Per Unit Effort (CPUE) 

CPUE is an indirect measure of the abundance of a target species that is used in 

long term monitoring of a fishery. The CPUE was calculated in order to 

ascertain the abundance and level of fishery resource utilization in the system. 

The data on both production (catch) and efforts were computed. The number of 

fishing days and licensed fishing boats were the focus of this effort. The CPUE 

was calculated using the following formulas: 

𝐶𝑃𝑈𝐸𝑡= 
𝐶𝑎𝑡𝑐ℎ𝑡

𝐸𝑓𝑓𝑜𝑟𝑡𝑡
  (Quinn, 1999) 
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Where 𝐶𝑃𝑈𝐸𝑡 represent fish catch per effort in year, t, 𝐶𝑎𝑡𝑐ℎ𝑡  represent the 

fish catchment in year, t as well as 𝐸𝑓𝑓𝑜𝑟𝑡𝑡   is the effort in year t. 

The rate of change in CPUE for a particular year 𝑌1 was calculated as the 

difference between the CPUE of that year (𝐶𝑃𝑈𝐸1) and the previous year, 𝑌𝑜, 

(𝐶𝑃𝑈𝐸0) divided by 𝐶𝑃𝑈𝐸1, and expressed in decimals. 

Thus, the rate of change in 𝐶𝑃𝑈𝐸1 can be expressed as 𝐶𝑃𝑈𝐸1 = 
𝐶𝑃𝑈𝐸1− 𝐶𝑃𝑈𝐸0

𝐶𝑃𝑈𝐸1
 

3.3.2 Fisheries and Bioeconomic Models  

Cochrane (2002) describes fisheries management as an integrated 

procedure that aims to attain economic, ecological, biological, and social 

objectives. As a result, predictive fisheries models are used to forecast the 

evolution of a resource's abundance and provide management guidance for a 

fishery (Defeo & Seijo, 1999; Ulrich et al., 2002). This is needed in order to 

take timely development and management measures (Garcia, 1981). In cases 

where comprehensive population dynamic model data is not readily available 

(e.g. mortalities, fish growth, age, class structure, and recruitment), simple 

biological predictive models like the Gordon-Schaefer Model could be 

employed, since they only utilize historical catch and effort data, which are most 

often available to analyse fishery dynamics (Sparre & Venema,1992).  

Estimation of parameters 

Three key functional relationships are required in this fisheries model, 

which include: i. biomass growth function, ii. harvest function and iii. fisheries 

profit function. Nonetheless, “the Gordon-Schaefer Model” (Graham, 1935; 

Gordon, 1954; Anderson, 1979; Anderson & Seijo, 2010) were used in the 

estimation of MSY. The modelling approach employed in this study is based on 
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the works of Verhulst (1838), but often associated to Gordon-Schaefer (1954) 

because of the earlier works done in bioeconomic modeling. 

Specific functional forms 

The key functional relationships in the fisheries model employed can precisely 

be expressed as; 

i. Biomass growth function 

where X denotes biomass, ẋ represents the biomass growth, and Y is the 

yield or harvest from fishing. Natural biomass growth is the function G(X) 

ii. Harvest function 

  

where, y, represent yield or harvest which is dependent on fishing effort, E, 

and the biomass, X to which the fishing is applied. 

iii. Profit function 

   

where p denotes the landed fish unit price, C (y, E) represents the variable cost, 

and fk is the fixed cost. The revenue for the fishing activity is also denoted by 

the expression p.Y (E, X). The profit function is based on the price of the 

harvested fish landings, the sustainable fish yield and the fishing operation 

costs.  

The natural growth function G (X), the harvest function Y (E, X) and the cost 

function C (e) are the three basic functions deployed in the model and expressed 

as follows.   

 

ẋ = G (X) – Y            (Net Biomass growth)              (1) 

Y = y (E, X)         (Harvesting function)             (2) 

𝜋 = p.Y (E, X) – C (y,E) - fk (Net Benefit or Profit function)  (3) 
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The biomass growth function 

The fish stock, measured in terms of biomass, is the system's natural capital. Its 

potential to procreate and provide new recruits, as well as growth rates, natural 

mortality rates, and fishing mortality rates, are all important factors to consider. 

These populations cannot grow indefinitely due to the constraints in 

environmental factors and food availability. This has to do relation with 

population size and marginal growth. Thus, when the population size increases, 

marginal growth decreases and vice versa. This is known as density-dependent 

growth. Such populations' biological growth functions can be expressed as 

follows: 

 

Where X, is stock size, G (X) represents natural biomass growth, r represents 

the population's intrinsic growth rate, and s represents the growth rate to 

carrying capacity ratio. This is the logistic growth equation, also known as the 

parabolic equation (Anderson & Seijo, 2010). 

The parameter s can be expressed in terms of environmental carrying capacity, 

K, and intrinsic growth, as follows:  

                                 

Substituting S in equation (5) into equation (4) the expression of the logistic 

growth equation is derived and expressed as: 

 

The term rX in the equation, reveals that growth is proportional to stock size, 

whereas the term (1- 
𝑋

𝐾
 ) introduces the complexity that growth declines with 

S = - 
𝑟

𝐾
                                     (5) 
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stock density,  
𝑋

𝐾
 , and eventually falls to zero when the stock size equals the 

carrying capacity. By setting the first order derivative of equation (6) to zero 

and solving for X, the maximum natural growth and corresponding stock size 

were calculated mathematically: 

 

Stock size at maximum sustainable yield is: 

   

Because recruitment increases with stock size, the effect on individual growth 

increases with stock size. Recruitment and individual growth slow as the stock 

approaches environmental carrying capacity. It is proportional to stock size and 

eventually reaches zero. This equation assumes that effort removes a fixed 

proportion of the stock. 

 

H (E, X) is the biomass catch per unit effort; E represents fishing effort, and q 

is a constant catchability coefficient.  

When population and harvest are equal, surplus growth is expressed as a rate of 

change of biomass,   

Based on equation (6) and (9) it implies that, , thus, biomass at 

equilibrium, X is expressed as:  
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Equation (10) is inserted into equation (9) to give the long-term catch 

equation.  

                            

To derive the relationship between CPUE and fishing effort, which is linear, 

both sides of (10) were divided by effort (E) and expressed as: 

                       

For the long-term harvest function, the catch effort data can be expressed as 

follows:  

   

Where a = qK and b = 
𝑞2𝐾

𝑟
. Using a linear regression of  

𝐻

𝐸
  against E (Conrad 

and Clark, 1994), the estimated coefficients a and b can be derived, where: a = 

intercept of plot; b = slope; 

The availability of catch and effort data over a period of time of the semi-

industrial fishery allowed the parameters a and b to be estimated through a linear 

regression of the catch per unit effort on the relative fishing effort data. 

Parameters K and r can be calculated from the estimated a and b as follows: 

 

 

Hence CPUE = 
𝐻

𝐸
 can be expressed as follows: 
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Estimation of reference points  

The MEY, OAY, and MSY were calculated using biological and economic 

parameters. These performance measures were analyzed for future fisheries and 

ecosystem development. 

Maximum Sustainable Yield (MSY)  

In equation (13), the partial derivative of H with respect to E is set to zero to 

obtain the effort at maximum sustainable yield:  

 

And the output at MSY is: 

  

The Harvest Function 

The deliberate effort in exploiting fishery resources by fishermen leads to the 

catch per vessel. Taking into account how exploitation impacts fish population 

dynamics, thus, the changes in stock size in relation to harvest can be expressed 

as: 

 

This indicates that the stock size for the subsequent year will be at equilibrium 

with the stock size this year minus the catch of this year and expressed as  

 𝐺(𝑋𝑡) = 𝐻𝑎𝑟𝑣𝑒𝑠𝑡𝑡. 

Supposing each unit of effort harvested equals the desired amount of stock size, 

the stock size (x) at equilibrium can be expressed in the form of carrying 

capacity (K), catchability coefficient (q), and fishing effort (E) for the 
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harvesting model in conformance with the generalized (Schaefer, 1954) 

(Anderson & Seijo, 2010) model, represented in short-term yield as; 

     

Where q denotes the catchability coefficient and 𝐸𝑡  also represents the fishing 

effort. The catchability coefficient is a physical representation of the technology 

used to catch fish. Because of technological and management changes, the 

catchability coefficient evolves over time. 

Generalized Schaefer: 

   

Thus, coefficient β, denotes the degree of schooling behavior by the fish, where 

 β Є [0, 1] and 0 < α ≤ 1 

The cost and profit function 

As a result, the cost of fishing operation (effort) will be a linear function of the 

magnitude of effort. The annual cost, C(e) of fishing, is proportional to effort 

(e). The fishing boats were assumed to be homogeneous for this study. The cost 

function is written as: 

 

Where C represent the marginal costs and f k represent the fixed costs  

The net benefits function assumes a constant price p, which when multiplied by 

harvests yields the fishery revenues (R). Profits (𝜋) however are calculated by 

deducting total costs (C (e)) from the marginal revenues (R) resulting in the 

following: 
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Where 𝑐1 represents the fuel cost and engine oil, 𝑐2 denotes the cost of ice for 

fish preservation at sea, 𝑐3 denotes the cost of food,  𝑐4 is the cost fresh water 

and 𝑐5 is the wages of crew 

 

Where 𝑓𝑘1  is the value of vessel depreciation, 𝑓𝑘2 is the value of boat 

registration and license, and 𝑓𝑘3  is the cost of maintaining a vessel and fishing 

gear and E represents the effort (number of licensed vessels). 

The short-run total cost 𝐶𝑠 may be represented: 

 

Where δ (p y e -𝐶𝑠 𝑒) represents the share of the crew, and 1> 𝛿 ≥ 0, and 𝐶𝑠 e 

represents the variable cost per fishing day in a short-run option, the following 

is represented:  

The long-run total cost 𝐶𝑙 can be expressed as: 

   

Where 𝐶𝑙 e represents the variable cost per fishing day in a long-run option, and 

the f 𝑘𝑙 represents the fixed cost in a long run option that can be expressed: 

f 𝑘𝑙 = 
𝑓𝑘

𝐸

1

𝐷𝐴𝑆
 

DAS represents the average number of days spent at sea per vessel each year; 

which is estimated to be 182 days at sea per vessel each year based on available 

fishing effort data.  

C = 
𝒄𝟏𝒆+𝒄𝟐𝒆+𝒄𝟑𝒆+𝒄𝟒𝒆+⋯

𝒆𝒏𝒐.𝒐𝒇 𝒇𝒊𝒔𝒉𝒊𝒏𝒈 𝒅𝒂𝒚 𝒑𝒆𝒓 𝒗𝒆𝒔𝒔𝒆𝒍
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The profit is a function of total revenue, R = py (e) minus the total cost C (e) 

which is expressed as:  

 

Or, the profits at Short-run 𝜋𝑠 can be expressed: 

 

The profits at long-run 𝜋𝑙 can be expressed: 

 

Economic Model 

Biological models of fisheries support economic models, which makes it an 

important component for the development of an effective economic model for 

managing a fishery (Munro, 1982).  The catch-effort function (equation 13) can 

be converted to define the revenue as a function of standardized effort units 

based on constant price and unit cost of effort. In other words, the total revenue 

(TR) in equilibrium was estimated using the formulae as follows 

 

Where p represents the average price per kilogram of fish. 

From the mathematical equation, p, denotes the constant price per unit of the 

harvest. Similarly, total cost (TC) of fishing effort is given as follows: 

 

Where, c is the unit cost of effort. The cost constitutes the fixed, variable, and 

opportunity costs of capital and labor. Fixed cost is cost incurred independent 

of the fishing operation whereas the variable costs is dependent on the fishery. 
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Resource rent at equilibrium is expressed as a function of fishing effort and can 

be derived from equations (30) and (31) as follows: 

   

Open Access Equilibrium 

In the case of OAE, the total cost of fishing operation would be at equilibrium 

to the total revenues generated from the fishery since vessels are considered to 

be homogenous. The effort at open access was calculated by equating  

TC(E) = TR (E) which yields: 

 

Maximum Economic Yield 

At this point, returns from the fishery is achieved with lower fishing effort. This 

is because positive economic rent can only be achieved with efforts lower than 

effort at open access yield. The effort at which profit is maximized at Maximum 

Economic Yield is obtained by using equation (31), 𝛱(E) = 0 or 
𝑑𝑇𝑅(𝐸)

𝑑𝐸
 = 

𝑑𝑇𝐶(𝐸)

𝑑𝐸
.  

Therefore, the effort at maximum economic yield is: 

 

Trend analysis of annual economic rent 

To maximize economic efficiency, both fishing costs and total catch revenues 

must be considered. The catch-effort relationship must be used to define 

revenues and costs. According to Seijo et al. (1998), the annual economic rent 

can be interpreted as follows: Given a price, p, as per unit of fish harvested each 

year, the total revenue, TR, was calculated as follows: 
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where TR denotes the total revenue, p represents the average price of landed fish 

per year and H is the harvest/yield per year. 

The total costs of fishing operation, TC (including TVC and TFC) of can be 

estimated when cost, c, per unit of effort per year is given. Thus, TC can be 

expressed as: 

 

Where TC represents the total cost of fishing, c denotes the unit cost of fishing 

per year and E denotes the effort level of fishing per year. 

The sustainable economic rent generated by a fishery at any given level of 

fishing effort can be described as the variation between total revenue and total 

cost of fishing.  

 

The total revenue function was based on actual catch and price data per year. 

The total cost function included fuel, crew wages, food, annual license, 

maintenance, gear, and boat costs. Semi-industrial fleet is estimated to operate 

15–18 days per month and, as such, 182 days per year, which was used in 

calculating the annual variable cost for the fishery. 

Estimation of present value  

To compare money over time, the present value of a future revenue stream was 

estimated. Because the future sum could not be invested immediately, the 

estimated values were discounted. The study used the Bank of Ghana's (BoG) 

discount rate (13.5%) for 2021. Discounting does not mean future earnings are 

lost, but that they are not worth the same now as they will be in the future due 

TC = c. E                     (35) 

𝛱(E) = TR (E) – TC(E)                 (36) 
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to future catch risk and uncertainty. The present value of future revenue was 

estimated for a 12-year period from 2018 to 2030. Seijo et al. (1998) defined 

present value as follows: 

 

Where i denotes the social rate of discount and PV represents the present value 

profit.  

Net present value (NPV) which ascertains the viability of semi –industrial 

fishing through time was estimated. The NPV was obtained according to 

Sumaila and Suatoni, (2005): 

 

where P denotes the present value from 1 to 12 years 

Sensitivity Analysis  

The sensitivity analysis involves changing the model and management measure 

parameters and observing the results. The model used to measure short- and 

long-term sustainable fisheries is surrounded with risk and uncertainties. The 

model's parameters, for example, may be inaccurate. A sensitivity analysis of 

short-run and long-run sustainable fisheries to parameter values was performed 

to assess the robustness of the parameter misspecification. The levels of 

variables were defined by variations between -10 % and 25% around the 

reference value of the main parameters, total cost, unit price, growth rate, and 

carrying capacity, in analysing the effect of each parameter independently on 

the response variables (maximizing net benefits). 

𝑃𝑉𝜋 =
𝑃1

(1+𝑖)1 + 
𝑃2

(1+𝑖)2 + 
𝑃3

(1+𝑖)3 + 
𝑃4

(1+𝑖)4……….. + 
𝑃10

(1+𝑖)12                 (38) 
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Assumptions for the production model 

In most surplus production models, environmental factors are found to 

be ignored over time. However, this is evident that climatic variables as well as 

anthropogenic factors driven environmental variability have a notable impact 

on fisheries stock and its growth. The increasing human activities have become 

a major factor in progressive environmental degradation on the global scale, 

particularly biological structures and ecological processes that mean a reduction 

in the ecosystem’s carrying capacity (Zalewski, 2002). Therefore, in the present 

model, nine environmental scenarios have been considered, including the 

present situation (Scenario 0). The scenarios were based on the current model 

where each scenario represents possible climate change and anthropogenic 

consequences. Recent studies (Alison et al.,2009, Muringai et al., 2021) have 

shown that the subsequent decline of marine fish stock in Ghanaian waters is as 

a result of the effect of climate changes. Changes in the physico-chemical 

parameters of the marine ecosystem can alter productivity and growth rate of 

the fish stock (Munday et al., 2008; Bajaj, 2017; Sanon et al., 2020). The authors 

in (Eiden & Heen, 2002) described environmental scenario and possible growth 

rates. As Ghana is also prone to climate change impact, therefore, we assume 

that the following nine scenarios are included: 

(0) current situation (i.e., r and K as now), 

(1) growth rate change by 10% (i.e., r-10% and K as now), 

(2) growth rate and carrying capacity both change by 10% (i.e., r-10% and K-

10%), 

(3) carrying capacity change by 10% (i.e., r as now and K- 10%), 

(4) growth rate change by 25% (i.e., r-25% and K as now), 
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(5) carrying capacity by 10% and growth rate by 25% (i.e., K-10% and r-25%), 

(6) carrying capacity change by 25% (i.e., r as now and K-25%), 

(7) growth rate change by 10% and carrying capacity by 25% (i.e., r-10% and 

K-25%), 

(8) growth rate and carrying capacity both change by 25% (i.e., r-25% and K-

25%). 

3.3.3 Profitability along the Value Chain of the Industry 

Analytical Procedures 

The data was analyzed using a combination of statistical, budgetary, and 

parametric analysis. Descriptive analysis, inferential statistics, and profitability 

indicators are examples of these.  

Descriptive Statistical Tools 

The socio-economic characteristics of the respondents were characterized using 

frequencies, tables, bar charts, and percentages. Fishing income, alternate 

source of livelihood, source of capital, working experience, impact of industrial 

and artisanal fishing activities, etc. were among the characteristics. 

Gross margin analysis (GM)  

The budgetary method was employed to determine the gross margin income at 

each node of the value chain. The gross margin is described as the variation 

between total revenue and variable costs incurred (GM). A straight-line method 

was used to depreciate fixed items. The gross margin was calculated using the 

budgetary technique. 

This technique includes the cost and return analysis at each node of the actors 

along value chain to determine the profitability of the fishery in the study area. 
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GM denotes gross margin, TR denotes total revenue, TVC is the total variable 

cost 

 

𝑃𝑦  is the unit price of output produced (GHC) and 𝑌𝑖  is the quantity of output 

 

𝑃𝑥 is the unit price of variable input (GHC) and X is the quantity of variable 

input. 

 

TC is the total cost (GHC), TVC is the total variable cost (GHC) and TR is the 

total revenue (GHC). 

 

NFI is the net farm income (GHC) and TFC is the total fixed cost 

      

NROI is the net returns on investment (GHC)  

 

NPM is the net profit margin (GHC) 

            

ESR is the expense structure ratio (%) 

 

BCR is benefit cost ratio (%) 

Depreciation values of respondent fixed items were calculated using this 

formula: 

NFI = GM – TFC                        (43) 
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Where, S is the salvage or scrap value, n is the estimated life of years, D is the 

annual depreciation and C is the cost of asset. 

Statistics and statistical packages 

A confidence interval of 95 % and an alpha level of 0.05 was employed for all 

inferential statistics. The study also employed the use of descriptive statistics, 

1-sample t-test and linear regression for analyses of the data. A number of 

statistical packages where used in the various analyses, these are Microsoft 

Excel 2019, Minitab (version 19) and SPSS (version 20). 
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CHAPTER FOUR 

RESULTS 

The findings originating from the study which focuses on the examination of 

the annual catch and catch per unit effort, estimation of the biological and 

economic reference points and conditions, and evaluation of the profitability of 

the semi -industrial fishery are presented in this chapter. The data have been 

analyzed and shown in tables and figures and arranged in a sequence that 

addresses the study objectives. It must be noted that due to unavailability of time 

series data, the data on number of vessels begins from 1980 to 2018, whereas 

that of days spent at sea starts from 2005 to 2019. The data on the value of the 

catch landed also began in 2005 and ended in 2018. 

4.1 Catch and Catch per Unit Effort (CPUE) Analysis 

4.1.1 Trends of fishing vessels and total landings of semi-industrial fishery  

The number of fishing fleet for the first eight years (1980 to 1988) 

tended to be fairly stable between 238 and 244. The number of fishing boats 

decreased sharply from 1989 to 1991, from 244 to 146, a reduction of about 98 

fishing boats accounting for 40% decrease in fleet numbers. There was a rise in 

the number of fishing vessels from 1992 to 2005 (152 to 183) and then to a peak 

of 339 from 2006 to 2008. In other words, the fleet size in the sector increased 

by 86% between these years. The situation was different in 2009 to 2017, when 

it experienced significant fluctuations in fleet size. The highest peak of fleet in 

the fishery was reached in 2013 with 360 fishing boats. After 2013, the size has 

significantly declined to a present state of 182 boats in 2018, accounting for 

about 96% decrease in fleet size as shown in Figure 3. Generally, the number of 

fishing vessels in the fishery have been increasing over the years.   

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



59 

 

The trend of annual production by the semi-industrial sector in Ghana 

increased steadily, with the highest level of production occurring in 1986 

(22,000 tonnes). The annual landings since 1986 have experienced a steady 

decline and fluctuation from 1987 to 2002. The lowest annual production was 

recorded in 1999 with 5149.4 tonnes, and this can be seen in Figure 4. From 

2003 to 2009, semi-industrial annual catch production fluctuated greatly, 

increasing and decreasing at different times. Another declining trend was 

noticed for a four-year period (2010 to 2014) after which landings seemed to 

have stabilized between 11,000 tonnes and 13,000 tonnes, from 2015 to 2017 

and later declined in successive years (2018 to 2019) with a percentage of 20% 

reduction in total annual production. 

Earlier in the 1980’s, the annual total production was significantly 

greater (Figure 5) and an increase in catches of about 22,000 tonnes was 

observed in 1986, before dropping to around 7,400 tonnes during the year 1991. 

The decline in the catch subsequently precipitated a decrease in the number of 

boats from 238 to 146 in 1980 and 1991, respectively. The fleet size remained 

relatively constant until 2006, when the numbers rapidly expanded from 153 to 

339 in 2008, with a lower catch of about 6140 tonnes. However, the year 2009 

experienced a sudden upsurge in catches of about 12,000 tonnes following some 

fluctuations in subsequent years. The number of fishing vessels in this sector 

have declined owing to the fluctuations in targeted stock (Figure 5) from 2009 

to 2018. In general, the number of licensed vessels showed an increasing trend 

within declining annual production. 
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Figure 3: Historical trends of licensed fleets of the semi -industrial fishery from 

1980 to 2018 

 

 
Figure 4: Historical catch trends (tonnes) of the semi- industrial fishery during 

the period 1980 to 2019
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Figure 5: Historical trends between annual catch and semi – industrial fleet 

from 1980 to 2018 

 

4.1.2 Total Standard Catch Per Unit Effort Trends 

CPUE for number of licensed vessels  

Figure 6 revealed that the overall catch per unit effort increased from 20.2 to 
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the trend gradually declined to 53.3 as shown in Figure 6. In general, the CPUE 

for number of licensed vessels showed a decreasing trend. 

Figure 6: Trends between the effort (no. of fishing vessels) and CPUE of semi– 

industrial fishery during 1980 to 2018 

 

CPUE for number of days at sea 
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Figure 7: Trends between the effort (no. of days at sea) and CPUE of semi-

industrial fishery during 2005 to 2019 
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Figure 8: Trends between number of days spent at sea and number of fishing 

vessels from 2005 to 2018 
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Figure 9: Decadal rate of change in CPUE for number of licensed vessels by 

the semi -industrial fishery from 1980 to 2018 
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by 86% where the lowest CPUE was reached, and sharply upsurge to 0.088 in 

2019. 

 Cuttlefish from 2005 to 2019 have experienced a very low CPUE of 

less than 0.028 in the semi-industrial fishery. The maximum CPUE attained was 

in 2018, which accounted for an index of 0.032. The CPUE of flat sardines 

recorded a steadily increasing trend from 2005 to 2011 within a range of 0.018 

– 0.166. For three consecutive years, its CPUE fluctuated again, approaching 

one of its lowest levels (0.007) in 2014. The trend of its CPUE showed yet 

another significant increase, with a 96% increase from 2014 to 2017 (0.210), 

the highest CPUE ever recorded. The CPUE dropped sharply by 0.018 in 2018, 

but it did rise in 2019. (0.108). The CPUE of cassava croaker has also remained 

continually stable for about a decade and more but have experienced slight 

fluctuations markedly for the years 2003 and 2015; declining by 27% from 2013 

to 2014 and slightly rising to 0.029 in 2015 (Figure 10). Since then, there have 

been a few spikes, notably in 2016 and 2019.  

Generally, the CPUE of shrimps has also remained fairly constant and 

has experienced slight variations for some years (2005 to 2019). The highest 

peak of CPUE reached was recorded in the year 2010 with an index of 0.045, 

and another slight decline for three consecutive years was observed from 2011 

to 2013 (0.038- 0.019). 
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Figure 10: CPUE of some targeted species landed by the semi -industrial fishery 

from 2005 to 2019 

 

4.1.6 The value of landing by the semi- industrial fishery 

As shown in Figure 11, the trends in the monetary value of fish landings 

by the semi-industrial fishery over a period of time are shown. The total catch 

by this sector from 2005-2018 is estimated to be around 150,000 tonnes, which 

includes both pelagic and demersal stocks. The total value of landings (67,000 

GHc – 93,000 GHc) increased rapidly during the first three consecutive years 

(2005–2007), paralleling an increase in annual production. The highest peak of 

landing revenue (93, 506 GHc) was attained in 2007, which had an outstanding 

peak with a total annual production of 10008.96 tonnes. Between 2008 and 

2010, the trend in the value of the total landings decline exhibited the lowest 

landing value in the fishery of about 79%, thus from 76,557 GHc to 15,792 

GHc. 
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Although the annual catch in 2009 was around 12,000 tonnes, which was 

more than that of 2007 (10008.96 tonnes), it accounted for one of the lowest 

landing values (16,1684 GHc). However, the condition was quite different from 

2011 - 2018, when the annual landing value experienced a notable increasing 

trend of about 23,065 GHc – 86,187 GHc despite the fluctuating trends in annual 

production (catch). In other words, the total value of fish landings by this sector 

of the fishery increased by about 73% between these years. 

Figure 11: Annual catch (tonnes) and the estimated value of the landed catch 

from the semi – industrial fishery for the period 2005 to 2018 (Source: FSSD, 

2021) 
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4.2.1 Yield-effort curve (number of days at sea) 

The CPUE-effort regression analysis of the semi-industrial fishery was 

described by the equation CPUE = a – b (f), where a = intercept (intrinsic 

growth rate) and b = slope (mortality rate) as shown in Figure 12. The 
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analysis (F =16.628, df = 1, p < 0.001) suggested a negative and moderately 

significant relationship between the CPUE and effort (number of fishing days 

at sea). The coefficient of determination (𝑅2= 0.5612) of the regression 

indicated that about 56% of the increase in CPUE could be explained by unit of 

effort.  Again, the correlation between efforts and CPUE showed negative 

growth in 2005 to 2019; CPUE = 0.141 - 5−07𝑓, implying that putting more 

effort will lower the CPUE. The findings revealed that Ghana's semi-industrial 

fishery is experiencing catchment pressure.  

Figure 12: Regression Analysis of CPUE on the corresponding Efforts level of 

the Semi – industrial fishery in Ghana from 2005 to 2019 

 

Figure 13, shows the graph of yield (𝑌𝑡) versus effort (𝐸𝑡) for the Gordon-

Schaefer model fit to the data (using the method of least squares which can be 

expressed as, Y = a f - b f 2). According to the figure, the Maximum Sustainable 

Yield for Ghana's semi-industrial fishery was 10,740.58 tonnes. The 

corresponding efforts at MSY was 152,804.14 days at sea.  Y= 0.141f - 5−07 𝑓2 

CPUE = 0.141 - 5 -07f

R² = 0.5612

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0 50000 100000 150000 200000 250000

C
at

ch
 P

er
 U

n
it

 E
ff

o
rt

Effort (Days at Sea)

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



70 

 

 

Figure 13: Gordon- Schaefer Harvest Curve for the semi-industrial fishery from 

2005 to 2019  
 

The values of a and b were estimated as 0.1405798 and -0.000000461 

respectively. To derive these values, a regression analysis of CPUE was 

performed on the corresponding effort level, as shown in Table 1. The lower 

and upper interval at 95% for a was 0.10336 and 0.17779 respectively and that 

of b was 7.1116E-07 and 2.1085E-07. By inserting the estimated values of the 

a, b and q (4.6101E-07) in equations (17) and (18), the values of K (304,936.47) 

and r (0.141), 𝐸𝑀𝑆𝑌 (152,804),  𝑌𝑀𝑆𝑌 (10,740 tonnes) and 𝐹𝑀𝑆𝑌 (0.1) were 

computed. 
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Table 1:Biological parameters estimated from the Gordon Schaefer (1954) 

model for the Semi-Industrial Fishery in Ghana from 2005 - 2019 

Biological parameter Estimate 

Lower 

95% Upper 95% 

R 

square 

Alpha (α) 0.140579808 0.10336264 0.177796977 0.5612 

Beta (β) - 4.61E-07 7.11E-07 2.11E-07 
      

K 304,936.47 145,581 846,652.27   

𝐸𝑀𝑆𝑌 152,804.14 72,790.59 423,326.14 
 

𝑌𝑀𝑆𝑌 10,740.58 3,761.91 37,633.05 
 

𝐹𝑀𝑆𝑌 0.07044 0.05168 0.08890   

𝐸𝐶𝑈𝑅𝑅𝐸𝑁𝑇 144,591.00    

𝑌𝐶𝑈𝑅𝑅𝐸𝑁𝑇 11,701.69    

 

4.2.2 Yield – effort curve (number of vessels) 

The CPUE- effort regression of the semi-industrial fishery was described by the 

equation CPUE = a – b (f), where a = intercept (intrinsic growth rate) and b = 

slope (mortality rate), as shown in Figure 14. The correlation coefficient (r = 

0.3083) and analysis of variance of the regression analysis (F = 3.888, df = 1, p 

< 0.001) suggested a negative and relatively significant relationship between the 

CPUE and effort (number of licensed vessels). The coefficient of determination 

(𝑅2= 0.0951) of the regression indicated that about 10% of the increase in CPUE 

could be explained by the unit of effort. Again, the relationship between efforts 

and CPUE showed a negative trend from 1980 - 2018; CPUE = 71.178 - 0.1 f, 

which means that more efforts applied would lower the CPUE. The findings 

revealed that Ghana's semi-industrial fishery is facing catchment pressures.  
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Figure 14: Regression Analysis of CPUE on the corresponding Efforts level 

of the semi – industrial fishery in Ghana from 1980 to 2018 

 

Figure 15, shows the graph of yield (𝑌𝑡) versus effort (𝐸𝑡) for the Gordon-

Schaefer model fit to the data (using the method of least squares). According to 

the figure, the MSY for Ghana's semi-industrial fishery was 12,661 tonnes. This 

MSY yield is approximately 2000 tonnes higher than the Maximum Economic 

Yield (10,493.62 tonnes). Since MEY is generally a more conservative 

reference point, this result was expected (Seijo et al., 1998). The corresponding 

efforts at MSY and MEY were 355 and 208 licensed vessels, respectively. The 

model also estimated the Open Access Equilibrium (OAE) as 12,250 tonnes 

with a corresponding effort of 417 licensed vessels. 
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Figure 15: Gordon- Schaefer Harvest Curve for the semi-industrial fishery from 

1980 to 2018 

 

Table 2: Bioeconomic parameters estimated from the Gordon Schaefer (1954) 
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4.2.3 Estimates of MSY, MEY and Current costs, revenues and economic 

rents of the fishery   

Table 2 shows the costs, revenue, and rents associated with MSY, MEY, and 

the current status quo. The figures were derived from estimated MSY, MEY, 

and current catch in tonnes, as well as effort in the number of licensed vessels. 

Table 3: Estimates of MSY and MEY Costs, Revenues and Economic rents 

Conditions 

Total Revenue 

(GHC) 

Total Cost 

(GHC) 

Economic Rent 

(GHC) 

MSY 158,270,375.00 130,982,293.24 27,288,081.76 

MEY 131,170,194.40 76,782,649.17 54,387,545.23 

Current 121,237,500.00 67,005,959.93 54,231,540.07 

 

 

Figure 16: MSY, MEY, OAE and Current status for the semi – industrial fishery 

from 1980 to 2018 
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From Figure 16, it was estimated that the economic rent at MEY and MSY for 

semi-industrial fishery was 54,387,545.23 GHC and 27,288,081.76 GHC, 

respectively. The maximum economic rent of the current fishery status as at 

2018 was 54,231,540.07 GHC. The total revenue of the fishery at MEY and 

MSY was 131,170,194.40 GHC and 158,270,375.00 GHC, respectively, 

whereas that of the total cost of production at MEY and MSY was estimated to 

be 76,782,649.17 GHC and 130,982,293.24 GHC, respectively. The total cost 

and revenue of the current status quo (2018) of the semi-industrial fishery was 

estimated to be 67,005,959.93 GHC and 121,237,500.00 GHC, respectively. 

4.2.4 Trends of annual fishery economic rent 

The trend analysis of annual fishery economic rents of semi - industrial fishery 

from 1980 to 2018 is illustrated in Figures 17. 

Figure 17: Trend of annual economic rents for semi–industrial fishery from 

1980 to 2018 
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Figure 17 demonstrates that the annual rent of semi-industrial fishery has been 

declining over time. Positive economic rents were observed from 1981 to 1987 

with maximum economic rent in 1986. This coincided with the highest peak of 

CPUE. A decline in economic rent of approximately 3,000,000.00 GHC – 

600,000.00GHC was experienced in 1988 and 1999. Since 1988, there has been 

a fluctuating and declining trend with few increasing peaks in 2003 and 2017. 

The fishery experienced some levels of negative economic rents in the 2008, 

2013 and 2014 and this concurred with the period of overcapacity and 

overexploitation. 

4.2.5 Estimates of present value of fishery 

The estimates for present value of semi-industrial fishery were projected for the 

next 13 years covering the period from 2018 to 2030. The current state of fishery 

economic rents was discounted to estimate present values, which were then 

compared to the MEY and MSY present values. Figure 18, depicts the results 

of the present value for semi-industrial fishery. 

 

Figure 18: Estimates of the present value of semi – industrial fishery from 2018 

to 2030 
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The results reveal that the present values for the semi-industrial fishery 

economic rents, MEY and MSY from 2018 to 2030 are positive but lowering 

with time. As a whole, the current MEY values and current fishery status are 

greater than the current MSY values. 

4.2.6 Estimates of Net Present Value (NPV)  

The Net Present Value was calculated to ascertain the economic profitability of 

Ghana’s semi-industrial fishery. The result of estimated NPV is presented in 

Figure 19. 

 
Figure 19: Estimated Net Present Value for different conditions of the semi-

industrial fishery 
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4.2.7 Sensitivity Analysis 

Environmental Scenarios 

Under each regime, the biological parameters have been varied with 

individual climatic and anthropogenic consequences, as shown in Table 4. 

These were done to ascertain the possible impact of potential climatic and 

anthropogenic changes on the fisheries resources.  

Scenario 0 (current status): The current status based on the K and r which were 

derivatives of the catch-effort data, reveals that the current status quo of the 

fishery is below the MEY and MSY as well. However, the difference in profit 

level between the MEY and the current state was 156,024.01 GHC, whereas the 

profit level of the MSY was found to be 27,287,897.41 GHC and that of the 

MEY level was 54,387,563.17 GHC. 

Scenario 1 (K = current status; r = -10%): This scenario gives an account of a 

regime where the carrying capacity (K) remains constant while the growth rate 

(r) is reduced by 10%. At MEY and MSY, the differences in economic rent 

between this scenario and the current situation (scenario 0) varied by about 

0.25% and 80% respectively. Furthermore, when compared to the current state, 

the harvest levels at MEY and MSY have changed by 10% and 19%, 

respectively. 

Consequences  

According to this scenario, the MSY level has changed by about 19%, which is 

not a positive indication for the economic growth of the country.  

Scenario 2 (K = current status; r = -25%): This scenario gives an account of a 

regime where the carrying capacity (K) remains constant while the growth rate 

(r) is reduced by 25%. In this scenario, the MSY and MEY levels varied by 
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about 133% and 0.09% in profit and 44% and 25% in harvest, respectively, 

compared with the current situation. 

Consequences 

In comparison to the current situation, this could result in a change of 

36,497,618.12 GHC and 46,919.5 5GHC at MSY and MEY, respectively.  

Scenario 3 (K = -10%; r = current status): This scenario gives an account of a 

regime where the carrying capacity (K) is reduced by 10% while the growth rate 

(r) still remains constant. The current state and the MSY of this scenario 

recorded the same harvest level, but there was a difference of 1507.04 tonnes at 

MEY compared to the current state.   

Consequences 

Because both carrying capacity and profit change in the negative direction, the 

MEY and profit are expected to be lower. In comparison to the reference 

situation, the profit level has been reduced by 34% at the MEY level. 

Scenario 4 (K = -10%; r = -10%): This scenario gives an account of a regime 

where the carrying capacity (K) is reduced by 10% while the growth rate (r) is 

also reduced by 10%. The model's results based on this scenario vary by 10% 

in effort at MSY and 17% in effort at MEY and OAE. In comparison to scenario 

0, the average change in harvest level was 20% at MSY and MEY levels. 

Consequences 

In comparison to the reference scenario, the profit contribution is estimated to 

be around 62% and 31% lower at MSY and MEY levels, respectively. 
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Table 4: Yield, corresponding Effort and Rent at MEY, MSY and OAE level in response to changes in the Biological parameters K and r with 

potential changing Environmental scenarios 

K= 711.54 -20% r = 71.178 - 25% r = 71.178 -10% r = 71.178 

 Scenario 8 Scenario 7 Scenario 6 

 E_MSY 266.83 E_MSY 320.19 E_MSY 355.77 

 E_MEY 119.61 E_MEY 172.98 E_MEY 208.56 

 E_OAY 239.23 E_OAY 345.96 E_OAY 417.11 

 Y_MSY 7122.15 Y_MSY 10255.90 Y_MSY 12661.61 

 Y_MEY 4954.17 Y_MEY 5945.00 Y_MEY 6605.55 

 П_MSY -9,209,720.71 П_MSY 10,314,798.66 П_MSY 27,287,897.41 

 П_MEY 17,889,974.56 П_MEY 10,628,058.98 П_MEY 5,786,781.93 
       
K = 711.54 -10% Scenario 5 Scenario 4 Scenario 3 

 E_MSY 266.83 E_MSY 320.19 E_MSY 355.77 

 E_MEY 119.61 E_MEY 172.98 E_MEY 208.56 

 E_OAY 239.23 E_OAY 345.96 E_OAY 417.11 

 Y_MSY 7122.15 Y_MSY 10255.90 Y_MSY  
 

12661.61 

 Y_MEY 6739.93 Y_MEY 8087.91 Y_MEY 8986.58 

 П_MSY -9,209,720.71 П_MSY 10,314,798.66 П_MSY 27,287,897.41 

 П_MEY 40,212,071.46 П_MEY 37,414,466.50 П_MEY 35,549,577.79 
       

K = 711.54 Scenario 2 Scenario 1 Scenario 0 

 E_MSY 266.83 E_MSY 320.19 E_MSY 355.77 

 E_MEY 119.61 E_MEY 172.98 E_MEY 208.56 

 E_OAY 239.23 E_OAY 345.96 E_OAY 417.11 

 Y_MSY 7122.15 Y_MSY 10255.90 Y_MSY 12661.61 

 Y_MEY 7870.22 Y_MEY 9444.25 Y_MEY 10493.62 

 П_MSY -9,209,720.71 П_MSY 10,314,798.66 П_MSY 27,287,897.41 

 П_MEY 54,340,643.62 П_MEY 54,368,745.02 П_MEY 54,387,563.17 

      П_Current 54,231,539.16 
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Scenario 5 (K = -10%; r = -25%): This scenario gives an account of a regime 

where the carrying capacity (K) is reduced by 10% while the growth rate (r) is 

also reduced by 25%. Roughly, about 43% and 35% of the harvest levels at 

MEY and MSY were accounted lower in this scenario than in the current 

situation. 

Consequences 

MEY's profit margins were approximately 89% lower than they are presently. 

Scenario 6 (K = -20%; r = current status): This scenario gives an account of a 

regime where the carrying capacity (K) is reduced by 20% while the growth rate 

(r) still remains constant. There was no difference in the effort levels compared 

to the reference situation. In contrast, there was a difference in harvest level at 

MEY which were estimated to be 3888.0 tonnes compared to the present 

scenario. 

Consequences 

In terms of the current situation, the profit level has been impacted by 89 % on 

MEY level. 

Scenario 7 (K = -20%; r = -10%): This scenario gives an account of a regime 

where the carrying capacity (K) is reduced by 20% while the growth rate (r) is 

also reduced by 10%. In comparison to the reference scenario, this scenario has 

a higher difference in harvest and profit levels. 

Consequences 

In relation to the current situation, the difference in profit level was 43,759,504 

GHC at MEY level. 

Scenario 8 (K = -20%; r = -25%): This scenario gives an account of a regime 

where the carrying capacity (K) is reduced by 20% while the growth rate (r) is 
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also reduced by 25%. In comparison to the current situation, harvest level 

variations were found to be 5,539.45 tonnes at both MEY and MSY levels. 

Because of the substantial changes in carrying capacity and growth rate of the 

semi-industrial fishery in this scenario, these significant variations were 

expected. 

Consequences 

This sort of extreme change in growth and carrying capacity has an impact on 

profit by 67% at MEY level compared to the present situation. 

Economic Scenarios 

Sensitivity analysis shows how a project is capable of absorbing 

“shocks” due to increase in costs, decrease in benefits or both. It is used to 

measure the riskiness of the investment due to uncertainties. either one or both 

It is used to assess the investment's riskiness in the face of unknowns. The 

analysis was undertaken and the findings were focused primarily on variations 

in the total cost and revenue of the reference situation (2018). As shown in Table 

5, all the scenarios were compared to the market dynamics in order to quantify 

the potential impact on fisheries resources.  

Generally, the yield at MSY with its corresponding effort level remained 

unaffected throughout all the scenarios despite the variations in total cost and 

revenue.  

Scenario 0 (current status): This scenario gives an account of a regime where 

the current total cost of operations remains constant while the current price of 

harvest also remains constant. The difference in profit level between the MEY 

and current state was 156,201.01 GHC, whereas the profit level of the MSY was 

found to be 27,287,897.41 GHC and that of MEY level was 54,387,563.17 
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GHC. The yield at MEY and the current state varied by 7.5%, whereas that of 

the MSY and the current status varied with a percentage of 23.4%.  The 

corresponding effort as OAE, MSY, MEY and Current status were recorded as 

417, 355, 208 and 182 respectively.  

Scenario 1 (C = current status; P = 10%): This scenario gives an account of a 

regime where the current total cost of operations remains constant while the 

current price of harvest is increased by 10%. Based on this scenario, the results 

of the model showed a profit variation of about 102,057,026.24GHC, 

75,258,333.24GHC and 48,181,613.85GHC at MSY, MEY and the current 

status respectively. The change in effort level was 38.5% at MEY compared to 

scenario 0. 

Consequences 

The effort impact is estimated to be around 39% at MEY level which is greater 

than the reference situation (scenario 0). The effort at MEY level at this scenario 

would take an increase of 4.6% to reach MSY of the current situation, which 

economically might be undesirable. 

Scenario 2 (C = current status; P = 20%): This scenario gives an account of a 

regime where the current total cost of operations remains constant while the 

current price of harvest is increased by 20%. In this scenario, the change in yield 

at MEY level was estimated to be about 6%, and the effort level at MEY was 

estimated to be about 10% higher than the current situation. 

Consequences 

This could lead to changes in the profit level at MSY and MEY of an estimated 

increase of about 54% and 33% respectively compared with current scenario. 
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Scenario 3 (C = -10%; P = 20%): This scenario gives an account of a regime 

where the total cost of operations was reduced by 10% while the current price 

of harvest is increased by 20%. About 8% increase in harvest was accounted for 

MEY under this scenario compared to present situation whereas roughly 15% 

increase in effort level of both OA and MSY level occurred in this scenario. 

Consequences 

The level of profit at MSY, MEY current status under this scenario was 

approximately 62%, 40% and 36% respectively from the present situation. 

Scenario 4 (C = -10%; P = 10%): This scenario gives an account of a regime 

where the total cost of operations was reduced by 10% while the current price 

of harvest is increased by 10%. There were no differences of harvest level at 

MSY and MEY, respectively, compared to the current situation. Compared to 

the current situation, the average change in profitability level was 10% lower. 

Consequences 

The MSY, MEY, and current status, as well as their corresponding profits, are 

all lower than expected. In comparison to the current situation, the profit level 

has decreased by about 10%. 

Scenario 5 (C = -10%; P = current status): This scenario gives an account of a 

regime where the total cost of operations was reduced by 10% while the current 

price of harvest still remains constant. The results of the model predicated on 

this scenario differ by about 6.6% in effort level at OAE and by an average of 

1.2% in OAE, MEY, and MSY harvest levels when compared to scenario 0. 

Consequences 

The profit contribution on MSY is approximately 32% when compared to the 

reference situation. 
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Scenario 6 (C = -20%; P = 20%): This scenario gives an account of a regime 

where the total cost of operations was reduced by 20% while the current price 

of harvest is increased by 20%. The drastic changes observed in this scenario 

contributed approximately 10.3% to an increase in harvest level at MEY when 

compared to the current situation, while almost 68% and approximately 33% 

changes in profit were observed at the MSY and MEY levels, respectively.  

Consequences 

At MEY, the effort was roughly 10.5% higher than the present situation. 

Scenario 7 (C= -20%; P= 10%): This scenario gives an account of a regime 

where the total cost of operations was reduced by 20% while the current price 

of harvest is increased by 10%. Comparatively, this scenario showed a higher 

variation in profit levels at MSY, MEY and current status as compared to the 

reference scenario with corresponding effort at MEY increasing by 6%.  

Consequences 

There has been a difference between the profitability at MSY, MEY and current 

status level of about 60%, 41% and 32% respectively as compared to the current 

situation. 

Scenario 8 (C = -20%; P = current status): This scenario gives an account of a 

regime where the total cost of operations was reduced by 20% while the current 

price of harvest is still constant. The increase in profit across the MSY, MEY, 

and current status under this regime was triggered by the difference in effort and 

yield from the current status (scenario 0). In comparison to the current situation, 

the difference in harvest level at MEY was found to be 1204 tonnes, and the 

corresponding effort was 19% higher. The effort at OAE also experienced an 

increase of about 19% compared to the current situation.  

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



86 

 

Table 5: Yield, corresponding Effort and Rent at MEY, MSY, OAE and Current level in response to changes in the Economic parameters c and p 

with potential changing Economic scenarios 

C = 368,164.62 GHC -20% P = 12,500 GHC +20% P =12,500 GHC +10% P = 12,500 GHC 

 Scenario 6 Scenario 7 Scenario 8 

 E_Curr 182.00 E_Curr 182.00 E_Curr 182.00 

 E_MSY 355.77 E_MSY 355.77 E_MSY 355.77 

 E_MEY 233.09 E_MEY 221.94 E_MEY 257.63 

 E_OAY 466.18 E_OAY 443.88 E_OAY 515.25 

 Y_Curr 9,699.00 Y_Curr 9,699.00 Y_Curr 9,699.00 

 Y_MSY 12,661.63 Y_MSY 12,661.63 Y_MSY 12,661.63 

 Y_MEY 11,698.05 Y_MEY 11,514.90 Y_MEY 11,698.05 

 П_MSY 85,138,613.98 П_MSY 69,311,576.48 П_MSY 85,138,613.98 

 П_MEY 106,818,036.11 П_MEY 92,961,929.11 П_MEY 99,591,429.02 

 П_Current 91,880,231.33 П_Current 79,756,481.33 П_Current 91,880,231.33 

C = 368,164.62 GHC - 10% Scenario 3 Scenario 4 Scenario 5 

 E_Curr 182.00 E_Curr 182.00 E_Curr 182.00 

 E_MSY 355.77 E_MSY 355.77 E_MSY 355.77 

 E_MEY 245.4 E_MEY 208.56 E_MEY 223.28 

 E_OAY 490.7 E_OAY 417.11 E_OAY 446.55 

 Y_Curr 9,699.00 Y_Curr 9,699.00 Y_Curr 9,699.00 

 Y_MSY 12,661.63 Y_MSY 12,661.63 Y_MSY 12,661.63 

 Y_MEY 11,442.11 Y_MEY 10,493.62 Y_MEY 10,905.53 

 П_MSY 72,040,384.48 П_MSY 24,559,271.98 П_MSY 40,386,309.48 

 П_MEY 90,332,341.08 П_MEY 48,948,789.77 П_MEY 62,336,810.51 

 П_Current 85,179,635.24 П_Current 48,808,385.24 П_Current 60,932,135.24 

  

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



87 

 

 

 

C = 368,164.62  

 

GHC Scenario 2 Scenario 1 Scenario 0 

 E_Curr 182 E_Curr 182 E_Curr 182 

 E_MSY 355.77 E_MSY 355.77 E_MSY 355.77 

 E_MEY 233.09 E_MEY 339.41 E_MEY 208.6  

 E_OAY 466.18 E_OAY 678.83 E_OAY 417.11 

 Y_Curr 9,699.00 Y_Curr 9,699.00 Y_Curr 9,699.00 

 Y_MSY 12,661.63 Y_MSY 12,661.63 Y_MSY 12,661.63 

 Y_MEY 11,156.05 Y_MEY 12,634.83 Y_MEY 10,493.62 

 П_MSY 58,942,156.76 П_MSY 129,345,108.00 П_MSY 27,288,081.76 

 П_MEY 81,524,916.93 П_MEY 129,645,878.47 П_MEY 54,387,545.23 

 П_Current 78,479,040.07 П_Current 102,413,153.92 П_Current 54,231,540.07 

 

 

 

P = 12,500 GHC +20%   P =12,500 GHC +10%        P = 12,500 GHC 
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Consequences 

 The reduction of cost by 20% had an influence in increasing profitability at 

MSY, MEY and current status by 68%, 45% and 41% respectively 

4.3 Value Chain Analysis of the Semi - industrial fishery  

The analysis of the actors in the value chain in the semi- industrial sector of 

Ghana begins with a some descriptive of the demographic and socioeconomic 

characteristics (Table 6). These criteria are crucial in determining the variations 

in socioeconomic level between the actors of the value chain. 

Table 6: Study Population and Location (N = 250) 

Value Chain Actors 

Fishing Communities Fishermen Fish Processors Fish Traders Total 

Tema fishing harbor 27 12 14 53 

Elmina landing quay 29 12 60 101 

Sekondi fishing harbor 44 26 26 96 

Total 100 50 100 250 

Source: Field survey 2020 to 2021 

4.3.1 Socioeconomic Characteristics of the Value Chain Actors 

The socio-demographic characteristics of the 250 respondents in the value chain 

of the semi – industrial fishery in Ghana are presented in Table 7 below. Along 

the value chain 100% of the men dominated as boatowners/fishermen with 4% 

and 10% as fish processors and fish traders respectively. Women were not 

represented as boatowners but dominated the fish processing and trading with a 

percentage of 96% and 90% respectively. Majority of the respondents had over 

20 years of working experience in their occupation with a percentage of 47%, 

50% and 55% respectively for fishermen, fish processor and fish traders.  A few 

percentage of fishermen, fish processors and fish traders (15.2%, 10% and 10% 

respectively) had less than 5 years of working experience.  Results from the 
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study discovered that 84.8% of the fishermen, 86% of the fish processors and 

86% of the fish traders, had fishing activities as their only sources of income. 

These findings revealed that the majority of the actors rely on fishing as a daily 

means of income. Although the results showed majority of the actors’ livelihood 

depends on fishing activities, 8.4% of the total respondents were involved in 

trading, whereas 11% of the fishermen were electricians and mechanics as an 

alternate source of livelihood.  

From the results presented in Appendix I, the major source of funding for the 

fishing operation of most boat owners were from their family and friends. This 

constituted about 70% of the respondent whereas 20% of the funding for 

operation were derived from fish processors or mammies. 4% of the respondent 

revealed that, they acquired their source of funding from credit union and susu 

collectors. Just 1% of the respondent revealed their source of funding was 

derived from the bank.  

In the survey, the most common season of abundant fish catch was from June 

to August (61.6%) whereas 17% of the respondents couldn’t associate abundant 

fish catch to any season of the year. However, 6% of the fishermen could ascribe 

the season of abundant fish catch from April- May while and 15% of them 

attributed it to September to December. Nonetheless, the results from the semi-

industrial fishery showed that 52.5% of the respondents always except Tuesday 

go for fishing while 36% of the respondent only go for fishing every day except 

the lunar cycle (full moon).  However, 11% of the respondent do not go fishing 

in the rainy season. 
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Table 7: Socioeconomic characteristics of the Value Chain Actors (N =250) 

Variables 
Fishermen/Boat 

Owners 

Fish 

Processors 

Fish 

Traders 

  Freq % F Freq % F Freq % F 

Gender       
Male 100 100 2 4 10 10 

Female 0 0 48 96 90 90 

Total 100 100 50 100 100 100 

       
Years of experience       
Less than 5yrs 15 15.2 5 10 10 10 

6-10yrs 17 17.2 6 12 21 21 

11 - 20yrs 21 21.2 14 28 24 34 

Above 20yrs 48 47.5 25 50 45 55 

Total 100 100 50 100 100 100 

        
Fishing as the only means of 

income       
Yes 84 84.8 43 86 86 86 

No 16 15.2 7 14 14 14 

Total 100 100 50 100 100 100 

       
Other source of income       
Trading 4 4 7 14 10 10 

Electrician/ Mechanic 11 11.1 0 0 0 0 

No other source 85 84.8 43 86 90 90 

Total 100 100 50 100 100 100 

 

4.3.2 Variations in fish prices 

The study specified certain factors that influenced the pricing of fishes as shown 

in Figure 20. A larger percentage of fishermen, fish processors and fish traders 

(50%, 58% and 51% respectively) associated the variations of fish pricing to the 

availability and abundance of fishes. A total of 16.4%, 13.3% and 10.8% of the 

respondent interviewed also liaised the variations of fish pricing to increase in 

fuel pricing and other fishing inputs, quality and size range and seasonality 

respectively.  7.6 % of the respondent represented the percentage of people who 

suggested there are no variations in fish pricing throughout the year. 
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Figure 20: Factors influencing the variations of fish prices in the fishery 

industry 

 

4.3.3 Major constraints that impedes marketing of fish products 

Fish processors and traders from the results revealed the major constraint that 

impeded the marketing of their fish products. The results presented in Figure 21 

shows that, about 28% of total respondent indicated lack of storage facilities as 

one of the major challenges in marketing. However, 17.3% of processors and 

traders also revealed low profitability and losses and health issues as a major 

source of constraint impeding marketing. 14.0% and 13.3% of the total 

respondent also attributed insufficient capital and credit-based purchasing from 

their customers respectively as a major constraint whiles 10.0% of them 

ascribed unstable fish prices as part of the constraints inhibiting marketing.  
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Figure 21: Constraints and challenges impeding marketing among the value 

chain actors 

 

4.3.4 Impact of Artisanal fishery on the operations of semi-industrial  

About 62.6% of fishermen interviewed, reported that the artisanal fishery had 

no impact on their operations, with only 37.4% indicating the impact of artisanal 

fishery on their operations as shown in Appendix I. Out of the 37.4% 

respondent, 20% attributed the destructive fishing as a major impact while 

17.1% also associated the use of noxious substance and unauthorized mesh 

gears as the major impact of which the activities of artisanal have on their 

operations. 

4.3.5 Impact of Industrial fishery on the operations of semi-industrial  

Figure 22 depicts, the impact of the industrial fishery on the semi- industrial 

fishery. A greater percentage of the respondent (76%) reported the impact of 

industrial vessel on their operations while 23.2% also revealed that the industrial 

fishery had no impact on their operations. Out of the 76% respondent, 28% 

ascribed the trawling in inshore waters by the industrial as the major impact on 

their operation. 15% of these respondents also attributed the use of unauthorized 
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gears and mesh sizes as an impact on their operation. Dumping of unwanted by-

catches and targeting of pelagic fishes instead of demersals also scored 13% and 

11% respectively.  

Figure 22: Impact of industrial fishery on the operations of semi-industrial 

fishery at various study areas 

 

4.3.6 Major causes of fluctuation of fleets in the sector 

As revealed by the boatowners in Figure 23, 25% of them indicated the main 

cause of fluctuations of fleets to the high pricing of fuel and other fishing input 

and also “Saiko” fishing and high influx of industrial trawlers. 22.2% and 15.2% 

of the respondent confirmed that low catch and lack of boatyards or dry dock 

respectively had precipitated the fluctuation of vessels in the sector. This survey 

also revealed that only 12% of the respondent reported the lack of marine 

engines as a major case of the fluctuation in fleets by the sector. 
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Figure 23: Major causes of the fluctuations in the semi-industrial fishery 

Figure 24: Major causes of the fluctuations in the semi-industrial fishery at the 

three selected study sites 

 

4.3.7 Proposed government intervention to improve the fishery  

Presented in table 8 are some proposed government interventions to improve 
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government should ban “Saiko” fishing activities and regulate the industrial 

trawlers effectively, while 20% suggested the provision of subsidies on fuel 

prices. Saiko fishing is an indigenous name ascribed to illegal trans-shipments, 

where industrial trawlers transfer frozen fish to specially adapted canoes 

offshore in exchange for cash and/or other items. However, 17% of the 

respondent reported that the fisheries laws must be strictly enforced to prosecute 

culprits, whereas 11% indicated easy access to credit facilities as a proposed 

tool for improvement of the sector. Nonetheless, provision of marine engines 

and other fishing technology were also suggested by 9% of the respondent and 

8% of the respondent also revealed that the construction of boatyards and dry 

docks could also help improve the semi-industrial fishing activities. Of the total 

respondents, only 4% indicated that measure should be put in place to curb the 

risk of oil spillage. 

Table 8: Government Interventions to improve the Sector 

Changes to improve the sector Freq % Freq 

 

Ban and/ or regulation industrial trawlers and 

Saiko fishing activities 30 30.3 

Easy access to credit facilities 11 11.1 

Enforcement of the laws 17 17.2 

Provision of subsidies on fuel prices 20 20.2 

Provision of marine engines and other fishing 

technology 9 9.1 

Construction of boatyards or dry dock 8 8.1 

Measures to reduce the risk of oil spillage 5 4 

Total 100 100 

 

  

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



96 

 

4.3.8 Characteristics of Semi – Industrial Fishing Fleet 

The study's findings, as presented in Appendix II, revealed that the fleet 

in this sector are multipurposed (i.e. have dual purpose). The fleet size 

comprised of trawlers (56.6%) and purse seiners (43.4%). Majority (43.4%) of 

the fleets an overall length between the ranges of 36ft – 50ft while 17.2% of the 

total sampled fleets had an overall length between 61ft – 69ft. However, about 

15.2% of the fleets recorded ranged between the length of 51ft – 60ft, whereas 

13.1% represented 70ft and above LOA. Appendix II presented the range of 

horse power engines used by the fleets in this sector. The inboard engines 

ranged from 90 hp – 450 hp, with majority (28.3%) of the sampled vessels 

having 90 - 140 hp and vessels with inboard engines of 391 hp- 440 hp and 241 

hp - 290 hp having the least percentage of 5.1%.  

The average number of crews/ fishers in each sampled fleet is presented 

in Appendix II indicating majority (48.5%) of the vessels had 6 -10 crews on 

board for their fishing operation, whiles 5.1% vessels had a crew number of 26 

– 30. Majority of the vessels (60.6%) go for fishing 18 days in a month, while 

39.4% also go for fishing 15 days in a month. The highest number of days spent 

at sea was 3-4 days which recorded a percentage of 23.2, whereas the least 

number of days spent at sea is 1 day represented 32.2%. Majority (44.4%) of 

the sampled boats spent 1-2 days at sea as shown in Appendix II. 

4.3.9 Profitability Analysis of the fishery  

The value chain's cost and return of the semi-industrial fishery are 

shown in Table 9. The various players in the value chain incurred both fixed 

and variable costs. Along the study areas, the average variable cost of a 

boatowner/fisherman was 94.55% of total production costs, while that for fish 
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processors and marketers were 97.81% and 98.73%, respectively. The fixed cost 

along the value chain constituted 5.45%, 2.19% and 1.27% for the 

boatowners/fishermen, fish processors and fish traders respectively. The 

majority (56.33%) of the total cost of operation for the boatowners was based 

on fuel and lubricant (oil) whereas the amount of fish purchased accounted for 

88.6% and 90.95% of total cost of production for fish processors and fish 

traders, respectively. Crew wages and ice also formed 23.65% and 9.6% of the 

total production cost by the boatowners, respectively. The cost of firewood 

accounted for 4.16% and 2.48% of the total cost of operation by the fish 

processor and fish trader respectively, whereas packaging materials also 

accounted for 1.97% and 2.65% of the total cost of both the fish processor and 

fish trader respectively.  

Net farm income analysis used to assess the profitability of the value 

chain revealed that an average boatowner/ fisherman earned a margin of about 

GH₵ 76,983.00 per annum which was on the average approximately GH₵ 

422.99 ($73.00) per daily fishing trip, whereas an average fish processor earned 

an average per annum margin of GH₵ 81,366.50, which was approximately 

daily GH₵ 447.07 ($77.21) and an average fish trader earned an average per 

annum margin of GH₵ 83,043.00 implying a daily earning of GH₵ 456.28 

($78.80) daily. As of August 8, 2021, the dollar exchange rates were $1 to GH₵ 

5.7974, according to the Bank of Ghana (BoG). The Net Return on Investment 

(NROI) of 0.20 for boatowners/fishermen, 0.25 for fish processors, and 0.27 for 

fish traders meant that for every Ghana cedi invested into the fishing activities, 

boatowners, fish processors, and fish traders received 0.20, 0.25, and 0.27 GHC, 

respectively. 
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Gross margins were computed for fishermen, processors and fish-

marketers. The findings revealed that the average boat owner/fisherman earned 

a margin of about GH₵ 97,597.50 per annum which represented 21.45% of the 

total revenue, whereas fish processors and fish traders acquired GH₵ 88,433.50 

(21.85%) of the total revenue and GH₵ 86,952.00 (22%) of the total revenue 

respectively. The expense structure ratio of 0.05, 0.02 and 0.01 for the three 

main actors in the value chain implied that about 5.4%, 2.2% and 1.27% of the 

total cost of production was made up of the fixed cost; while 0.17, 0.20 and 0.21 

values for the net profit margin implied that profit margins of 17%, 20% and 

21% respectively for the fishermen, processors and fish traders respectively per 

annum. The Benefit Cost Ratio of 1.20 (fishermen/ boatowners), 1.25 (fish 

processors) and 1.27 (fish traders) revealed that value chain of the semi-

industrial fishery is economically viable despite the challenges impeding its 

expansion. 
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Table 9: Average Cost and Return Analysis of Value Chain Actor per Annum 

Items 

Boat Owners/ Fishermen 

(49ft) Fish Processors Fish Traders 

 Amount (GHC) 

% of 

Total cost Amount (GHC) 

% of Total 

cost Amount (GHC) 

% of 

Total cost 

Fixed Cost       
Vessel depreciation  14,608.00 3.86 - - - - 

Boat registration & license  506.00 0.13 - - - - 

Boat & gear maintenance 5,500.00 1.45 - - - - 

Wire Gauze - - 1,365.00 0.42   
Oven / Freezer - - 5,460.00 1.69 3,640.00 1.18 

Dep. Knife / Scissors - - 36.00 0.01 27.00 0.01 

Dep. Pan or Basket - - 160.00 0.05 160.00 0.05 

Dep. Table - - 56.00 0.02 25.00 0.01 

Dep. Flat wooden tray - - - - 57.00 0.02 

Total Fixed Cost (TFC) 20,614.00 5.45 7,077.00 2.19 3,909.00 1.27 
       
Variable cost        
Fuel & Lubricants (oil) 212,940.00 56.33 - - - - 

Ice for fish conservation 36,400.00 9.63 - - - - 

Food 15,470.00 4.09 - - - - 

Fresh water 3,185.00 0.84 546.00 0.17 455.00 0.15 

Crew wages 89,407.50 23.65 - - - - 

Packaging material - - 6,370.00 1.97 8,190.00 2.65 

Labor - - 5,460.00 1.69 3,640.00 1.18 

Firewood - - 13,468.00 4.16 7,644.00 2.48 

Transportation  - - 3,458.00 1.07 3,640.00 1.18 

Toll (tax) - - 455.00 0.14 455.00 0.15 

Fish  - - 286,650.00 88.61 280,644.00 90.95 
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Items 

Boat Owners/ Fishermen 

(49ft) Fish Processors Fish Traders 

 Amount (GHC) 

% of 

Total cost Amount (GHC) 

% of Total 

cost Amount (GHC) 

% of 

Total cost 

Total Variable Cost (TVC) 357,402.50 94.55 316,407.00 97.81 304,668.00 98.73 
       
Total cost (TC) 378,016.50  323,484.00  308,577.00  
Total Revenue (TR) 455,000.00  404,850.50  391,620.00  
Gross Margin (GM) 97,597.50  88,443.50  86,952.00  
Net Farm Income (NFI) 76,983.50  81,366.50  83,043.00  
Net Returns on Investment 

(NROI)  0.20  0.25  0.27  
Net Profit Margin (NPM) 0.17  0.20  0.21  
Expense Structure Ratio 

(ESR) 0.05  0.02  0.01  
Benefit Cost Ratio (BCR) 1.20   1.25   1.27   
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CHAPTER FIVE 

DISCUSSION 

The current findings are interpreted in this chapter, with references to relevant 

previous literature. It looks at trends in catch and catch per unit effort, as well 

as a bioeconomic analysis of the fishery and the industry's profitability along 

Ghana's coast. 

5.1 Trends in Catch and Catch per Unit Effort  

Stock levels fluctuate due to a variety of factors, including changes in 

the marine environment, fishing intensity (effort), market demand and prices, 

target species, and capture technology (catchability coefficient) (Caddy and 

Gulland, 1983; de Mutsert et al., 2008).  As shown in Figure 4, the trend of 

annual production (catch) has experienced some fluctuations and declined 

steadily over time, with an increasing trend in effort in the fishery as 

demonstrated in Figure 3. This suggests that the fishery stock is dwindling at a 

faster rate than the catches (FAO, 2006). Currently, the Ghanaian fishery, as 

reported by MOFAD (2015), has experienced excessive fishing capacity, 

exploiting the current stock level, especially in the trawl sector. As shown in 

Figure 5, it could be observed that over time, as fishing efforts increased, the 

annual catch also decreased and vice versa, which is an indication of the effect 

of increasing effort on stock levels.  

When no detailed effort data is available, total catch trends, as important 

as they are, may not provide a complete picture of the state of the fishery. 

However, catch per unit effort (CPUE) can be used to determine the relative 

abundance of a fishery when the general trend of the corresponding fishing 

efforts is available. This is due to the fact that the same quantity of fish could 
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be harvested within different time frames, but the level of effort employed in 

the exploitation might differ. CPUE has widely been reported as a 

developmental indicator for sustainable fisheries utilization (Garcia & Staples, 

2000). It is often assumed to be proportional to fish abundance and extensively 

used as a yardstick in measuring relative stock abundance in fisheries science 

(Richards & Schnute, 1986). The increasing trends in CPUE depict that 

exploitation of resources can still progress, whereas a declining CPUE indicate 

overfishing as a result of overexploitation. A fairly constant trend in CPUE 

indicates that impact on the fish stock on the fishery is very minimal (Hoggarth 

et al., 2006). As shown in Figure 6 the declining trend in CPUE indicates the 

presence of overexploitation of the fishery resources targeted by the semi-

industrial fishery. Considering the increasing effort trends with decreasing 

annual catch trend as shown in Figure 6, the catch per fishing vessel has also 

declined. The results indicate a significant decline in catch per unit effort 

(CPUE) for the semi-industrial fleets, which agrees with Finegold et al., (2010). 

This trend, when continued over time, can result in a typified Malthusian 

overfishing (Pauly, 1994; McClanahan et al., 2008) and in worse cases, 

depletion of stocks (Hannesson, 1996).  

The declining trend of CPUE recorded for this present study is similar 

to that of the trends in other subsectors of the Ghanaian fishery (Attah Mills et 

al., 2004; MOFAD, 2015) and in most West African fisheries (Silva et al., 2017; 

Coulibaly et al., 2018). According to the MFRD, as cited by Sackey-Mensah et 

al., (2012), the high proportion of artisanal fishing fleet in Ghana has resulted 

in overcapacity and overexploitation of fish stocks. The current declining catch 

per unit effort (CPUE) in this sector is supported by this report, which shows 
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how overcapacity has led to overexploitation and, as a result, a decline in 

profitability. As shown in this study, the average CPUE has decreased by one-

third in the last ten years (World Bank, 2011). In spite of the fact that fleet 

composition provides a measure of effort which is widely used in most instances 

(FAO 2004; Hanchet et al., 2005; Soldo et al., 2019), it does not on its own 

provides the magnitude of fishing pressure exerted on the stock. Evolution in 

the number of trips, days/hours spent at sea, employment of advance and 

innovative technologies (gears, engines, inboard storage facilities, GPS and fish 

finding devices) and increasing the number of crew is likely to expand and have 

a dramatic impact on the fishing pressure on the resources. Finegold et al., 

(2010) reported how relatively important it is to know how long vessels spend 

fishing as fishing pressure goes beyond vessel numbers. If the number of vessels 

increases but the number of days each vessel spends fishing decreases, vessel 

numbers alone may overestimate the change in fishing effort. Figure 7 reveals 

that the CPUE in terms of the number of days generally increased. This might 

be due to the fact that, the number of days spent at sea kept on increasing despite 

the fluctuation and declining trend of the fishing fleets and fish stocks. From 

figure 8, it could be inferred that there was an inverse relation between the 

number of days spent at sea and the size of the fleet in the fishery over time, 

which was mirrored in the results of the various CPUE trends. 

The decadal rate of change in catch per unit effort as shown in Figure 9 

reveals a decline of -0.68 in the first decade (1980 to 1990) which tends to 

increase from 1991 to 2000 and recorded the highest index of 0.73 showing a 

clear distinction. This increasing trend is unlikely to be the result of stock 

rebuilding or large stock sizes in Ghanaian waters. This is due to the fact that 
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the decadal rate significantly declined to 0.14 from 2001 to 2010 and has 

negatively declined to an index of -0.36 currently. The decline could indicate 

that the fishery has reached its maximum level of overexploitation, and as such, 

the decline in decadal catch rates signifies overfishing. According to Hoof and 

Salz (2001), a decrease in CPUE correlates with a decrease in stock size. 

Unlike the temperate regions where most of the fisheries are single 

species (Alverson, 1987; Carlson et al., 2018), the fisheries in the tropics show 

a distinct variation in multi-species (Mees, 1995; MRAG, 1996; Pinaya et al., 

2016) and the case of Ghana cannot be exempted. This implies that fishing 

vessels, although they have targeted species, cannot exclude some level of by-

catch in their operations. The semi-industrial fleets in Ghana are specially 

designed for trawling and purse seining purposes. According to the available 

historical catch data, the fishery depicts a perfect multi-species fishery, which 

targets both demersal and pelagic species. In order to derive the number of 

efforts per species, an assumption was made which directly related the quantity 

of harvest of individuals species to the level of effort that was applied. The total 

fishing days per vessel which landed a particular species was used as the fishing 

effort of an individual species. As a result, the CPUE per year for each species 

is equal to the ratio of each species' annual total landings to the total effort (days 

at sea) applied that year. The pelagic species (Chub mackerel, Round sardines 

and Flat sardine) had higher CPUE indices as compared to the demersal species 

(Cassava croaker, Shrimps, Cuttle fish) as revealed in Figure 10. Although from 

the survey, all these species abundance depends seasonality and mostly 

upwelling (Tall & Failler, 2012; Nunoo et al., 2015), the efforts exerted in 

harvesting them differ.  
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The semi-industrial, as reported by (Samey et al., 2015), operates as 

purse seiners during the upwelling seasons, targeting small pelagics, which are 

abundant in the Gulf of Guinea (GoG) during this season, while in the lean 

season they operate as trawlers targeting demersals. From the survey, it could 

be inferred that the size of purse seine boats is often larger (45ft – over 70ft 

LOA) in sizes with larger gear lengths as compared to trawlers. Again, the 

number of crew sizes ranges from 16 to 30 people on board in the purse seine 

boats, whereas the size of the crew ranges from 5 to 12 people at most in the 

trawl boats. All these characteristics of these boats can be said to contribute 

greatly to the fishing effort, which directly impacts the annual production, 

thereby driving an increasing effort. 

Figure 10, illustrates an increasing trend in the CPUE of the three small 

pelagics except for Chub mackerel, which exhibited a declining trend in the 

CPUE, signifying a declining trend in stocks. According to USAID (2015), the 

total annual catches of chub mackerel have declined and are reported to be less 

than 10,000 mt from 2012 to date. Generally, the current fishing pressure 

exerted on the small pelagics by the semi-industrial fishery has exceeded the 

acceptable level of fishing pressure 0.40, a situation caused by excess fishing 

effort (USAID, 2015). The small pelagic fishery in Ghana is currently said to 

be overexploited; with a current decline in three of the four main species 

(USAID, 2015; Lazar et al., 2017; Lazar et al., 2018). The total annual catches 

of all three demersal species fluctuated considerably, with a general declining 

trend. According to Gulland et al., 1973, the CPUE of demersal stocks has 

generally shown a declining trend over a period of time.  
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The fishery sector of Ghana contributes significantly to the national 

economy, generating over US $1 billion in revenue each year, accounting for 

1.2% of fisheries’ Gross Domestic Product (GDP) (Quagrainie, 2019). Figure 

11 shows the trends of the estimated revenue the semi-industrial fishery 

contributes to the fisheries GDP from 2005 - 2018. The revenue of the fishery 

is derived from total amount of income generated by the sales of the total annual 

production, corporate taxes, licensing fees, and other levies and investments. It 

could be observed that year-2007 recorded the highest revenue of about 

93,500.00 GHC with a total annual production of 10,000 tonnes, whereas 2009, 

which recorded an annual catch of about 12,000 tonnes recorded the lowest 

revenue of 16,684.00 GHC. Several factors account for the pricing of fish 

landed. From the survey, availability and abundance is one of the key 

components that affect the prices of fishes. The trends observed in figure 10 

could be a primary factor contributing to the fluctuations in the revenue of the 

fishery. Sizes and quality of fishes as well competition from other fishery also 

affect the market value of the fishery as revealed from the survey. In general, 

the revenue of the semi-industrial fishery has declined over the years, and 

according to Koranteng (1998), the decline of the semi-industrial sector has had 

a significant impact on the economy, reducing investment in fishing, GDP 

contribution, and employment. 

5.2 Bioeconomics and Fisheries Management 

Managing multispecies fisheries is a challenging task; as a result, efforts 

have been made over the years to develop new models to manage complex 

fisheries systems. Such models include: the Gordon-Schaefer model (Gordon & 

Schaefer, 1954), the Fox model (Fox, 1975), the Walters-Hiborn model 
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(Walters & Hilborn, 1976), the Schnute model (Schnute, 1977), the CYP model 

(Clarke et al., 1992). This study employed a static model approach based on 

Gordon-Schaefer specifications to provide an estimate for the optimal 

utilization policy of the semi- industrial fishery in Ghana.  

To determine the ecological sustainability of current fish harvesting 

practices, the estimated MSY and associated effort levels were compared to 

actual or observed catch and effort levels. According to the findings of this study 

(Figure 14), the semi-industrial fishery is characterized by an increasing fishing 

effort and a decreasing CPUE. The yield-effort curve is derived from the current 

model results, as shown in Figure 15, with the catch and effort levels 

corresponding to the MSY (i.e., red vertical line), MEY (i.e., green vertical line) 

based on the cost of fishing (i.e., upward sloping black line), OAY (i.e., yellow 

line), and current level of effort (i.e., the blue line). 

The current status quo of effort in the fishery deviated from the usual 

pattern of many fisheries in Africa (Gumulira et al., 2019) and the world at large 

(Kar & Chakraborty, 2010), where the current condition always exceeded the 

MEY and/or MSY. The observed current condition portrays that the fishing 

effort has been reduced drastically below the MSY and even the MEY level. In 

the past years (2007 to 2012), the effort levels of the semi-industrial fishery 

exceeded the current MEY level (208 licensed vessels) and in 2013 the level of 

effort went beyond the MSY level (356 licensed vessels), which clearly 

indicated overcapacity, overexploitation, and subsequent decline in economic 

benefit. These findings also depict that a lot of livelihoods revolve around the 

fishery. According to Grafton et al. (2007) overexploitation results in economic 

losses. This is based on an increasing fishing effort, according to FAO (2018). 
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This is also true of the semi-industrial fishery's number of days at sea, as the 

effort required at MSY (152,804 days at sea) with an annual harvest of 10740 

tonnes/annum surpassed the calculated effort at MSY in previous years (2005, 

2006, 2007 and 2009). 

Fishermen are hunters and would always respond by moving to locations 

where the rate of economic opportunity is higher (Hillborn, 2007). They tend to 

maximize their profit by increasing their catch.  However, stocks may encounter 

extinction if the total catch per unit vessel is not regulated properly (Clark, 

1973), which in the long-term afflict the fishery with economic losses. The 

current condition was due to high cost incurred in fishing operations, and low 

revenue generated, which were not able to offset the cost of operations, let alone 

talk about making substantial profit in previous years (2007 to 2013). This 

economic condition forced most of the fishers and stakeholders to move out of 

the fishery and dock their boats, as reported by ex-vessel owners. This situation 

is comparable to that discussed by Atta-Mills et al., (2004). MOFAD reported 

that, the semi – industrial fishery produces the lowest landings amongst the three 

major fisheries subsectors of Ghana, although its efforts have doubled over the 

last decade (MOFAD, 2015). Again, the activities of the Saiko fishers have 

hampered the total revenue of these local fishers. The Saiko fishers tend to sell 

their landings at a relatively cheaper price as compared to that of the semi-

industrial fishers. Hence, the local fishers (semi-industrial) are also compelled 

to reduce their fish prices so as to compete with them at the landing site.  

Using the estimated parameter values, the maximum sustainable 

production (MSY) of the semi-industrial fishery in Ghana was calculated to be 

12,661.63 tonnes/annum with a corresponding effort of 356 licensed vessels. 
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This indicates that sustaining the fishery biologically without destructing the 

biomass requires not more than 356 licensed vessels in the fishery. The Open 

Access Yield gave the highest effort level of about 417 licensed vessels with an 

estimated catch of 12,250 tonnes/year. The results from the OAY reveal that, 

the yield at MSY level (12,661 tonnes) is very close to that of the OAY, which 

indicates that fishing at the MSY level will need effective monitoring and 

management so as to prevent the fishery from reaching the condition of the 

OAY. At this level, poorly managing or regulating the fishery for short-term 

economic maximization will tend to overexploitation, but will avoid the 

complete dissipation of economic rent (Lleonart & Merino, 2010). Because of 

the economic phenomenon of the open-access regime mechanism, if effort is 

not controlled in the future, fishing costs will increase and revenue will fall 

(Hardin, 1968). To avoid this situation, current effort levels could be maintained 

or increased by 12.5% over the next ten years to reach MEY, and more attention 

should be focused on increasing total economic revenue and lowering total costs 

through proper policy implementation. 

The economic equilibrium was determined by calculating the Maximum 

Economic Yield (MEY) from the estimated biological and economic 

parameters. This is the point at which there is the greatest disparity between 

total revenue and the total cost of fishing (Clark, 1985). According to the study, 

the harvest and cost of harvest are lower at the MEY level than at the MSY and 

OAY levels, but the economic rents are higher. The maximum profit at MSY 

was estimated to be GH₵27,288,081.76, whereas at MEY the profitability was 

maximized to an estimated value of GH₵54,387,545.23. Since the total revenue 

at open access equilibrium is equal to that of the total cost of operation, zero 
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profit was made at this point. According to Kompas (2005), the effort level at 

MEY is the most socially desirable level of effort because it generates the 

highest net returns and makes efficient use of fishing resources. 

Furthermore, the MEY point had a relatively larger range, with the 

maximum production at MSY of 12,661 tonnes/annum and the effort of 356 

licensed vessels, due to higher operational costs and low revenue. Clark (1990) 

as cited by Sumaila and Hannesson (2010), explains that perhaps MSY and 

MEY are equal when the fishing cost is zero. However, the relatively greater 

difference between MSY and MEY levels may result in a win-win situation for 

both the fishers operating at MEY (added profitability) and the environment 

(larger fish stocks and lower impacts on the rest of the ecosystem) (Kompass et 

al., 2010). A given amount of production and effort would produce zero profit 

at bionomic equilibrium (Clarke, 1976). At the condition when the effort level 

exceeds the open access equilibrium, then total cost will be bigger than the total 

revenue (TC > TR). Thus, the economic rent will be negative. At this point the 

fishermen and boatowners will tend to suffer from loss and tend to leave the 

business. This is because the benefits of the fishery in terms of natural 

productivity are offset by competitive forces that result in overexploitation, 

lowering the return on fishing effort (Kompass et al., 2010). The result of the 

model suggests that, the current actual average production is 9,699 tonnes per 

annum which is lower than the optimum utilization at MSY and MEY level. It 

means that semi-industrial fishery utilization in Ghana has not optimum yet.  

This study therefore conforms with the findings of Habib et al. (2014), which 

reported that the fishery of Bay of Bengal had also not been biologically 

overexploited.  
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However, this necessitates effective regulations to maintain the current 

status quo of the fishery and even if there would be an increment in effort, it 

must not exceed the level of Maximum Economic Yield. Weak and ineffective 

management of semi-industrial fisheries has been hindered by increased fishing 

effort, industrial trawler impact, and insufficient institutional and legal 

frameworks. Thus, the current study recommends policy intervention to save 

the stock from depletion and subsequent collapse. 

The historical fishery profitability results are as predicted. Fisheries 

operated near and beyond the MSY. From 1980 to 2018, the fishery's economic 

rent fluctuated immensely. The fluctuations in the economic rent were mainly 

due to excessive fishing effort, which precipitated the low catch per vessel and 

therefore resulted in lower revenue despite the high cost of fishing operation. 

The negative rents recorded in 2008, 2013 and 2014 reveal that the efforts of 

the fishery were very close to the MSY and sometimes even beyond. The current 

status quo suggest that should effort be maintained; the fishery would generate 

a net benefit of GH₵ 54,231,540.07 per annum. This current state would require 

management to regulate the fishery effectively.  

The net present value (NPV) of projected cash flows is an important 

economic measure used to assess the profitability of a project or investment 

where decision making is based on the investment with the highest positive 

NPV (Sumaila et al., 2012). The change in NPV for different fisheries 

management conditions was used to represent the economic benefits of fishing 

(Current status quo, MSY, and MEY). The fishery business is an industry where 

cash flow is uncertain due to climate change and changes in stock size. This 
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implies that actors and stakeholders in this industry would want to get the 

highest present value on the amount spent on acquiring the capital goods.  

With the current status quo, the net present value was estimated to be 

GH₵ 324,273,930.29 after inflation adjustment, which means that the total 

benefits were approximately 19% lower than the total cost. Under the MSY 

condition, the NPV was estimated to GH₵163,167,291.78 which is about twice 

(GH₵ 161,106,638.51) less than the current status at the same discount rate. It 

is vital to note that, the total discount rates are the same for all the conditions. 

Even so, we can see that the total estimated cost plays an important role as the 

outcomes with the same discount rates differ from one another. The net present 

value with a MEY level was also calculated and the result show a positive value 

of GH₵ 325,206,752.90 which is approximately GH₵ 932,000.00 higher than 

the NPV at MSY, accounting for a 49.82% difference. The net present value 

(NPV) for the current state and MEY level of the semi-industrial fishery reveals 

that the fishery is economically viable and sustainable for exploitation at the 

effort levels of these conditions. Although exploitation would be economically 

viable at MSY in short terms since it has a positive NPV, the rate of returns 

would be low and would be advisable if fishing exploitation should operate at 

the current status or the MEY level. As a result, immediate intervention is 

necessary to reevaluate current management measures for the sustainable 

management of semi-industrial fisheries. 

Environmental and economic scenarios 

The United States Sustainable Fisheries Act (Office of Coastal 

Management, 2019) and the United Nations Convention on the Law of the Sea 

(United Nations, 1982) both emphasize the importance of considering 
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economic, environmental, and social implications when managing any fishery. 

The model must be inclusive by taking into account the three dimensions: the 

biology of the fish, the economics of harvesting, and the environment. However, 

the current study did take into account some of these potential scenarios. With 

nine different scenarios, the fishery's sensitivity to potential climatic change and 

economic conditions was examined in terms of carrying capacity, growth rate, 

and economic performance. Scenarios 3, 5, 6, and 8 showed a distinct 

percentage change in harvest level (MEY and MSY), corresponding effort, and 

profit level. In comparison to the current situation, these four scenarios showed 

profit levels of GH₵ 19 million (35%), GH₵ 14 million (26%), GH₵ 49 million 

(89%), and GH₵ 36 million (67%) at MEY level respectively. 

The occurrence of such scenarios is not expected in the case of semi-

industrial fishery. However, current human-induced activities, climatic 

variations, and existing fishery management measures can easily lead to the 

situation predicted in Scenarios 1, 4, and 7. However, in light of the potential 

consequences of climate change, the fishery manager should make every effort 

to maintain existing MEY, which will help to sustain the semi-industrial fishery. 

The impact of climate change on the of fish stocks could be categorized into 

two, which includes; the physical changes (e.g. changes in salinity, ocean 

acidification and rise in sea surface temperature) and the biological changes 

(e.g. growth, recruitment, primary production, and spatial fish stock 

distribution), (Eide & Heen, 2002; Mohammed & Uraguchi, 2013). 

According to Hare et al. (2010), the success of stock recruitment may be 

influenced by changes in climatic conditions, which tend to impact the 

productivity of the population. Biological parameters such as growth, mortality, 
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and recruitment are extremely related to a specific range of environmental 

conditions both spatially and temporally (Orensaz, 1986; Kifani et al., 2018). 

Hence, changes in climatic conditions may interrupt with projections and 

assessments of the future fishery if not duly considered in predictive models. 

From the model employed in this study, it could be deduced that, climate 

induced changes in the fishery can significantly impact the profitability of the 

fishery. According to some assessments reported by (IPCC, 2007; Westlund et 

al., 2007; FAO, 2018), the fishery resources in the West African coasts are 

gradually becoming scarcer, which is likely to affect profitability of the small-

scale fishing operations because of the increase in time spent per fishing 

operation, cost of operation (fuel expenditure) and irregular catches. According 

to collective studies based on global models, the Guinea Current subregion's 

marine catch potential will be significantly reduced by 2050. (Cheung et al., 

2010). This situation might be the same or worse in the Ghanaian marine fishery 

as it often suffers from anthropogenic stressors. The changes in climatic 

conditions also impacted the effort level and yield at various scenarios. In the 

current scenario, the effort at MSY, MEY, and OAY were consistent with that 

of scenario 3 and 6.  

The sensitivity analysis also revealed that in the current situation, the 

model is extremely sensitive to changes in revenue and operating costs, 

resulting in changes in profit levels. The sensitivity analysis revealed that, even 

if biological parameter estimates and price and cost information significantly 

change, the semi-industrial fishery has the ability to increase economic rents 

ranging from GH₵ 49 million to GH₵ 130 million at MEY, and GH₵ 24 million 

to GH₵ 129 million at MSY from the model at different scenarios. At the 
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current level the fishery is likely to generate an economic rent between GH₵ 49 

million to GH₵ 102 million. In addition, should cost decrease by 10%, keeping 

the current fish price constant, the revenue acquired from the fishery could 

increase by 13% (GH₵ 7 million) with an increase in the effort of 7% (15 

licensed vessels) at MEY. The bioeconomic model developed in this study 

shows that the semi-industrial fishery is generally profitable. But in the phase 

of unaddressed constraints the prospective outcomes of implementing the 

optimum reference points derived from the model for the fishery would be 

inhibited.  

5.3 Profitability of the semi – industrial fishery 

Gender roles plays an essential component of the Ghanaian fishery, 

according to Odotei (1995). The present study focuses on the profitability of the 

semi-industrial fishery in Ghana which was assessed through value chain 

analysis. The study identified three major nodes in the value chain, including; 

fishermen, fish processors and fish traders. Along this chain 100% of the men 

dominated as fishermen with 4% and 10% as fish processors and fish traders 

respectively. Women as well were not represented as fishers but dominated the 

fish processing and trading with a percentage of 96% and 90% respectively. 

These results may be attributed to the energetic and multi-tasking nature of 

commercial marine fishing activities, which the male gender may be able to 

handle effectively compared to the female gender, whereas the activities 

associated with getting fish landed at the beach to the consumer, as described 

by Over (1992), are best handled by women. 

Women tend to dominate the processing and distribution chains 

(Sackey, 2007; Pomeroy & Andrew, 2011; Harper et al., 2013). The few men 
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encountered in the processing (4%) and trading (10%) sections of the value 

chain revealed that they were engaged in it as part time and that it was only done 

to support their wives when demands were high or catches were in excess to 

prevent post-harvest losses. The above findings suggest that the value chain is 

gender sensitive, with males dominating as fishermen and females dominating 

as fish processors and traders. These findings were in agreement with the results 

of Olubanjo et al., (2007); Olawumi et al., (2010); and Odebiyi et al., (2013) 

that the fishing industry was gender sensitive. 

The years of working experience was empirically evidential that a 

greater percentage of the actors in the value chain had more than 20 years of 

experience in the business with a percentage of 47%, 50% and 55% fishermen, 

fish processor and fish traders respectively.  The fish traders had a higher 

percentage of respondents due to the fact that, labor turnover for traders are 

lower than that of the fisherman and processors. According to Akpalu (2002) 

fishing and fish related business is one of the most important forms of both 

direct and indirect employment-generating activity in Ghana’s coastal area. 

According to the study, the majority of actors were entirely reliant on fishing-

related activities for their income and livelihood. This finding also conforms 

with that of Ameyaw et al. (2020) which found out that the sector employs and 

sustains the livelihoods of a significant number of the active labor force, 

including women who play key roles in the on-shore post-harvest activities, 

undertaking fish processing and storage and trade activities along the coast of 

Ghana. The few percentage (8.4%) of respondents who had an alternate source 

of income and livelihood operated predominantly during the lean or closed 

season. 
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Due to the current decline and fluctuations in the fishery as cited by Atta-

Mills et al. (2004) and World Bank (2019), fish mammies and processors who 

played a vital role in financing fishing trips (Britwum, 2009, Chikondi et al., 

2017, Ameyaw et al., 2020) constituted 20% with family and friends 

constituting 70% of the respondent as shown in Appendix I. This might be due 

to some consistent losses incurred for sometimes on the premises of low catches 

by the fishing fleets they fund. Furthermore, owing to the requirements for a 

formal bank loan including the provision of collateral and a regular income both 

of which might be lacking by the fisher folks, and the high rate of interest 

charged on loans (McKernan, 2002), boatowners/ fishermen tend to resort to 

their family and friends for their source of funding which comes with some sort 

of flexible conditions as revealed by some respondents. From the study only 1% 

of the respondents disclosed that their source of funding was derived from the 

bank. 

In Ghana, marine fisheries have been confirmed to be largely influenced 

by seasonal upwelling (Perry & Sumaila, 2007; Neokye et al., 2021); major 

season (July-September) and minor season (December-January/February) that 

occur in its coastal waters, which tends to increase its biological production and 

abundance. In the current study, the most common season of abundant fish catch 

was from June to August (61.6%) and September to December (15%), as 

reported by the respondents. This conforms with that of Taller and Failer (2012). 

Meanwhile, 17% of the respondents could not associate abundant fish catch to 

any season of the year. It is evidential from the results that a greater proportion 

(50%, 58% and 51%) of the fishermen, fish processor and traders associated the 

variations of fish prices to availability and abundance. This result was 
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anticipated since it appeared to be consistent with the scarcity principle in 

economic theory. According to the principle, the price of a scarce good would 

rise until an equilibrium is reached between demand and supply. Therefore, the 

prices of fish landed are not fixed as a result of the mismatch between the 

desired supply and demand equilibrium.  

The increase in fuel prices and other fishing input also had a great 

influence in fish pricing which scored 16.4% out of the total respondent. In 

economics, the cost of production influence prices because they directly affect 

supply. The increase in prices of gasoline over the years have been a key driver 

in the variations in fish prices experienced.  Ochiewo, 2004 reported that, 

seasonality is one of the major factors which influences fish prices. From the 

study, it could be inferred that, during the upwelling periods, the prices of fishes 

reduce because of increase in productivity as compared to that of the lean season 

when productivity is relatively low. The few respondent (7.6%) who recorded 

that prices do not vary argued that fish prices are relatively stable throughout 

the year and that no factors influence the price of the fishes. 

This study revealed certain constraints encountered by the women in the 

value chain which impeded the marketing of their fish product. A total of six 

(6) major constraints were identified from the results. Majority (28%) of the 

respondent indicated that the lack of storage facilities is one of the key 

challenges in the fish value chain development. A larger group among fish 

processors preserve fresh fish mainly through smoking (Odebiyi, 2013). This is 

done to increase the shelf life of the fish and also for value addition purposes 

before reaching consumers. During the peak seasons, there is a significant rate 

of fish decay as a result of poor storage facilities making large quantity of fish 
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go bad thereby contributing to huge economic losses. Due to this constraint, 

prices of fishes are reduced and sold at relatively cheaper prices to prevent zero 

economic losses. 

In addition, the technology (chorkor smoker) employed by most fish 

processors in smoking their fish tends to have implication on their health.  

Health issues as cited by Ameyaw et al. (2019) are focused around lung 

problems and irritations of the eyes caused by continuous ingestion and 

inhalation of fumes and exposure to heat during the fish processing activities. 

This was evidential in the percentage (17.3%) of respondents who indicated 

health issues as a major constraint affecting their livelihood. However low 

profit, insufficient capital, credit- based purchasing and unstable fish prices 

were other constraints which hampered the sustainability of the livelihood of 

these women to a great extent.  These limitations were no different from that 

which are been experienced by women in other parts of Sub Saharan Africa 

(Matsue et al., 2014; FAO, 2019). In Malawi, as reported by Manyungwa-

Pasani et al., (2017), some traders do return back home when they are unable to 

sell their fishes because of low prices offered by traders and retailers, tied with 

the fact that the landing sites and markets do not have proper storage facilities 

for preservation of fishes until prices are conducive for sale. Further studies 

conducted in Lake Victoria, Tanzania also revealed that low financial capacities 

for women in fisheries, especially fish processors were those who had failed to 

generate products with acceptable quality for regional markets. This was based 

on the fact that, the terms and condition set by financial institutions for loan 

accessibility are almost impossible for women to fulfil (EMEDO, 2007). 
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Effect of industrial on semi industrial operations 

The number in fleet size of industrial trawlers in Ghanaian waters has in 

recent years expanded (EJF, 2020) and has shifted focus from their authorized 

species to those licensed for the inshore sector. The current study indicates that, 

about 76% of the respondents reported the impact of industrial vessels on their 

operations. A greater proportion (28%) of the 76% of the respondents 

emphasized that, trawling in inshore waters by industrial trawlers has had a 

significant impact on their output. This is due to the fact that these vessels are 

well-sophisticated, which tends to destruct the seabed and fish habitat during 

their operations in inshore waters. This causes some fish species to migrate 

upstream in search of conducive habitats. Under the fisheries law, Act 625, 

towing gears are prohibited to operate in shallow waters with a depth of less 

than 30 meters, but due to lax monitoring and surveillance, these vessels 

continue to operate, causing substantial economic losses to the inshore fishery. 

Unauthorized mesh sizes and gears have now been employed by 

industrial trawlers according to 15% of the respondent interviewed. EJF (2020) 

confirmed that some industrial trawlers line their trawl nets with a small 

unauthorized mesh size at the codend, resulting in the capture of juvenile fishes. 

In addition, some bottom trawl gears have been adjusted to serve as mid-water 

trawls to target pelagics within the water column. Due to these illegal practices, 

semi-industrial fishers have to triple their effort at sea to recoup the cost of 

operations. Some key informants in this sector reported that most fishers are not 

even able to break even on their cost of operation, let alone make a profit. This 

validates the report by MOFAD (2015) that the profitability in this subsector is 

the lowest amongst the three subsectors in Ghana. Recently, research conducted 
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by EJF and Hen Mpoano proved that several tonnes of unwanted bycatches are 

dumped into the sea by these industrial trawlers.   

Under the fisheries regulation Act 625, gears of industrial trawlers are 

prohibited to land more than 10% bycatch of their total landings. Owing to this, 

they are forced to select the desirable sizes of the commercially important 

species and dump the remains at sea. When this occurs, the dumped fishes 

(organic matter) tend to decompose, utilizing oxygen in the process and 

producing methane (foul smell) which causes an anoxic environment, 

compelling the fishes to migrate from their breeding and feeding grounds in 

search of a favorable environment. Unfortunately, most of these illegal practices 

(dumping) are undertaken within the fishing grounds of the inshore fishery, 

which have a great impact on their operations, as reported by 13% of the 

respondents. 

One of the most talked about IUU practices precipitating the collapse of 

the semi-industrial fishery and the Ghanaian fishery at large, is the act of 

transshipment, popularly known as the “Saiko fishing” in Ghana. This activity 

has become very deliberate in exploiting juvenile fish and non-targeted species, 

such as the small pelagics for transshipment at sea to specially adapted canoes 

(EJF & Hen Mpoano, 2018).  In 2017, as reported by (Aheto et al., 2020: EJF 

& Hen Mpoano, 2019), an estimated catch of about 100,000 tonnes of fishes 

were landed by industrial trawlers through Saiko fishing activities, which were 

predominantly made up of small pelagics. Economically, this illegal fishing 

business poses a severe threat to the inshore fishery since it creates some kind 

of competition between them and these Chinese vessels (SFMP, 2018). The 
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number of specialized adapted canoes involved in these transshipment activities 

is on the increase in the central and western parts of Ghana (Dovlo et al., 2016). 

In recent years, there has been a significant overcapacity of industrial 

fleets in the waters of Ghana. Industrial trawlers have increased by a rate of 49% 

from 52 vessels in 2009 to 103 vessels in 2014. As of 2016, the industrial fishery 

constituted a total of 98 vessels, and currently (2018), there are 76 registered 

industrial vessels (FSSD). According to MoFAD (2015) report, the current 

status of the industrial fleet (effort) in Ghanaian waters exceeds the 

corresponding Maximum Sustainable Yield (MSY) reference point, which is an 

indication of overcapacity and overfishing in Ghanaian waters. Under the 

Management Plan of MoFAD (2015), one of the five key issues it purposed to 

address was the reduction of fishing effort by 50% and overcapacity of the 

industrial trawlers, which has seemingly become impossible to initiate due to 

political interference. These vessels, instead of operating beyond the Inshore 

Exclusion Zone (IEZ), are now seen competing in the same waters as the semi-

industrial fleets. Due to low capacity, most of the semi-industrial boats are 

unable to operate beyond the IEZ which are reserved for them, but this is vice 

versa for the industrial vessels. Eriksen et al., (2018) indicated that the industry 

is likely to lose an accumulated sum of over USD 200 million to these trawlers. 

Globally, ineffective fisheries management results in revenue losses of more 

than USD 80 billion per year, which could be recovered if global fisheries were 

significantly reformed, including a 44% reduction in fishing intensity (World 

Bank, 2017).  

Prices of petroleum products have constantly increased over the last 

decade in the Ghanaian market, increasing the cost of operations in goods and 
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services. Per Bennet & Mallick (2002), the prevailing economic conditions have 

had a number of effects, even in the context of fisheries. The rise in petroleum 

prices has increased the cost of fishing operations and input prices. As the 

operational cost rises, so do the fish prices also rise to compensate it (GoG, 

2000). Actors involved in subsequent nodes of the value chain also experience 

a rise in their cost of operations. The knock-on effect is widely spread. 

Maintenance and repair of boats are one of the core sections of the industry that 

could generate substantial revenue for the development of the semi-industrial 

fishery in Ghana. In general, a well-maintained boat would increase its effective 

performance, thereby increasing its life span and maximizing revenue 

generated. Two main Boatyard Corporation were established by the 

Government of Ghana in Sekondi (1952) and Tema (1962) for semi-industrial 

fishery but due to lack of proper management and maintenance, these facilities 

have lost it main purpose. These boatyards have now been converted into slum 

settlements by fisherfolk and other infrastructural development in recent times. 

Proper maintenance and mending of fishing boats has really become a burden 

for boatowners due to the lack of drydocks along the coast of Ghana.  

As reported in Sekondi fishing harbor by some key informants, the only 

functional boatyard operating has been made specially for industrial vessels. 

This facility is private-owned and hence their services are relatively expensive, 

which comes in foreign currency (dollars), which these boat owners are not able 

to afford. About 15.2% of the boatowners revealed that, a lot of faulty boats 

have been docked at the harbor for years and are in very poor condition. In the 

long run, the alternative method of maintaining and repairing boats along the 
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coast worsens their conditions and shortens their lifespan, causing economic 

insecurity for the owners. 

Government interventions to improve the sector 

The fisherfolks in this subsector were then asked about the policies and 

strategies the government implement to improve the sector and the industry at 

large as far as their livelihood were concerned. In all, seven (7) different forms 

of suggestions were mentioned by respondents across the three coastal regions. 

Majority (30.3%) of the respondents were of the view that the ban on Saiko 

fishing activities and effective regulation of the industrial trawlers is the number 

one prerequisite of revamping the sector. Most boatowners and fisherfolks 

hinted that apart from these industrial trawlers pursuing the same species of 

semi-industrial f, fleet, their involvement in Saiko fishing activities create a 

competitive market for them and tends defaces their total revenue at the long 

round. Good fishing revenues from landings help compensate for cost of fishing 

operations and improves livelihood of fisherfolks. Provision of subsidies on 

petroleum products (diesel) was one pertinent interventions policy suggested by 

20% of the respondents. Higher cost of fishing inputs especially fuel have 

indirectly reduced the number of hours spent per trawl and days spent at sea.  

Although from an effort reduction perspective, it may look positive, this 

trend is negative from an economic point of view because, among the small-

scale fishers, semi-industrial vessels are the only subsector that pays licensing 

fees and other levies each year before they are permitted to operate. Meanwhile 

they operate in the same waters (IEZ) and targets the same species with the 

artisanal whose fuel cost and other fishing input such as outboard motors and 

gears are been subsidized. However, another prominent request of the 
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fisherfolks was found to be easy access to credit facilities. The nature of their 

work is capital-intensive and requires money to invest due to the cost of fishing 

trips as well as logistics for operations. Without a doubt, in the small-scale 

fisheries sector, access to fishing inputs, loans, and other financial support is 

critical to one's ability to thrive (World bank, 2009). Also 17% of the respondent 

highlighted enforcement of the law as a key driver in improving the sector. 

Sanctioning and fining violators of the fisheries laws could deter others from 

committing that same crime, but most often what is been observed is the 

weakness in the system for prosecution of offenders.  

Cases of trawlers charged with violating regulations, according to 

Eriksen et al. (2018), may be taken to court or transferred to an arbitration 

arrangement known as Alternative Dispute Resolution (ADR), where 

settlements are reached and violators fined. However, because the penalties are 

too low, these agreements do not dissuade perpetrators. Political power and 

influence are a major roadblock to enacting effective legislation and regulations. 

Following up from this, the provision of marine engines and other fishing 

technologies and the construction of boatyards or drydocks were some 

interventions schemes revealed by the respondents. Currently, most of the 

inboard engines used by the semi – industrial fleets are altered heavy-duty diesel 

engines, which turns to consume a lot of fuel because of the high rate of 

combustion. Owing to the high cost of marine inboard engines, only a small 

percentage of fleet owners in this industry have them. 

Fisherfolk suggested that the government could import marine inboard 

engines and subsidize them, so they pay them in installments to improve their 

livelihood. They further added that the altered heavy-duty diesel engine 
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increases their cost of operation (fuel and maintenance), thereby reducing their 

rents. The few (4%) respondents who suggested measures to reduce the risk of 

oil spillage interventions were based in Sekondi fishing harbor. This could be 

due to their proximity and interactions with the Jubilee Oil Field and its 

unforeseen consequences. 

Profitability of the fishery 

The net return on investment (NROI), net profit margin (NPM), and net 

farm income (NFI) were calculated (Table 9) for each actor along the value 

chain. The total revenue derived from the fishery activities by the boatowner, 

fish processor, and fish trader was GH₵ 455,000.00, GH₵ 404,850.50, and 

GH₵ 391,620.00, respectively. The total costs incurred by the boatowner, fish 

processor, and fish trader were GH₵ 378,016.50, GH₵ 323,484.00, and GH₵ 

308,57700 per annum, respectively. In outright terms, the boatowner, fish 

processor and fish trader acquired, GH₵ 97,597.50, GH₵ 88,433.50, and GH₵ 

86,952.00 worth of profit from the fishery activities per annum respectively. 

Similar values were recorded by Asmah (2008).  

Fishing operations by all actors in the study areas are profitable, from 

the net margin analysis. From the analysis of profitability indicators, the NROI 

for the fishermen, processors, and traders was 0.20, 0.25, and 0.27, respectively 

as shown in (Table 9). This shows that for every Ghana cedi invested in the 

business, a return of the GHC 0.20, GHC 0.25 and GHC 0.27 respectively was 

obtained by fishermen, processors, and traders, which further showed that there 

is relatively high profit across the value chain. In terms of economics, the fish 

trader would earn a higher return on investment than the other actors in the chain 

for every unit of capital invested. This is in contrast with the findings of 
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Adewuyi et al. (2010) in their studies on profitability of fish farming and 

economic analysis of coastal fisheries value chain. Moreover, the BCR as shown 

in (Table 9) for all the actors in the value chain was greater than 1, as revealed 

in the table which implied that the fish value chain was profitable irrespective 

of the stage in the value. 
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CHAPTER SIX 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

6.1 Summary 

The overarching aim of this study was to empirically examine the 

biological and economic factors that affect or influence the semi-industrial 

fishery in order to determine the most efficient management options for 

optimizing outputs from the fishery. The trends in annual catch, effort, and catch 

per unit effort per unit of the fishery are presented in this study. The study also 

employed a bioeconomic model for the semi-industrial fishery from 1980-2018, 

which highlighted the various fishery reference point (maximum sustainable 

yield, maximum economic yield, open access yield, and current status) as well 

as the efforts required to achieve them. The economic rents achieved at each 

reference points were also estimated. Data from the Fishery Scientific Survey 

Division was used to assess information on the value of the fishery from 1980 

to 2018. (FSSD).  

To ascertain the profitability of the fishery at each reference points, the 

net present value (NPV) at each reference point was determined. Sensitivity 

analyses (SA) were run to determine the impact of potential climatic and 

economic variations that might possibly influence the biological and economic 

parameters of the fishery in the future. For the socioeconomics of the semi-

industrial fishery, information on the demography of various actors along the 

value chain and profitability of the fishery are presented.  
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6.2 Conclusions 

Generally, the CPUE for the semi-industrial fishery in Ghanaian waters 

showed a steady declining trend over the years. Such trends in a fishery may be 

symptomatic of overfishing and fishermen might suffer high costs if no fisheries 

subsidies are given (Willmann et al., 2010). The observed trends were in 

conformity with the findings of Dovlo (2020) where there was a decline in 

CPUE of the artisanal fishery in Ghanaian waters as well as Habib et al., 2014, 

where the commercial fishery in the Bay of Bengal experienced a decline in 

CPUE. Small fish, which do not contribute much in terms of total weight in 

yield, are subjected to increased effort pressure, which reflects the declining 

trend. CPUE has traditionally been used as a stock abundance index, including 

assessments of pelagic and demersal resources (Koranteng, 1998; Hoyle et al., 

2014). 

 In terms of species wise, pelagic species tend to have a higher CPUE 

than demersals. This could be as a result of size of the vessels, crews, horse 

power of inboard engines, gears and technologies employed in purse seine 

operations, which are more efficient as compared to that of the trawlers. Though 

both the CPUE’s and the annual catch of purse seine boats were higher than that 

of trawlers, the cost of operations by the trawlers are relatively lesser than that 

of purse seine boats. The value of CPUE of semi-industrial fishery in Ghanaian 

waters over a period of 39 years (1980-2018) shows a fluctuating and declining 

trend. The average CPUE value is 50 tonnes per vessel, whereas the highest 

CPUE value occurred in 1986 which was 90.5 tonnes per vessel and the lowest 

CPUE value occurred in 2008, which was 18.1 tonnes per vessel.  
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Factors such as the amount of fuel, fishermen’s experience, size of boats, 

horse power of engines and the number of days spent at sea simultaneously 

(concurrently) had a significant effect on the fishing production of semi-

industrial. The amount of fuel is the dominant factor or has a strong influence 

in the fishing production in the fishery since it reflects the number of days spent 

at sea per vessel, which generally showed an increasing trend in CPUE from 

2005-2019. The major factors associated with semi-industrial fishery recording 

the lowest annual production over the past decades in Ghana could also be a 

result of overcapacity of fishing fleet, leading to overexploitation of the fishery 

resources and the subsequent decline of stocks. Illegal activities on the part of 

industrial trawlers, such as Saiko fishing, trawling in the inshore zone and 

destruction of fishing grounds by the use of sophisticated gears can be said to 

be a contributing factor to the decline in the annual production of the fishery. 

This study then employed a surplus production model to determine the 

most appropriate management strategy for Ghana's semi-industrial fishery. 

Economic models and other population growth models can be used in the 

management and regulation of such fisheries. The Gordon-Schaefer model was 

chosen over other models because it is a comprehensive model that can be used 

to understand the fate of fisheries under natural open-access and can describe 

their economic efficiency (Valatin, 2000; McGoodwin, 2020). Despite this 

strength, the Gordon Schaefer (G-S) model has some flaws due to unrealistic 

assumptions. Again, the biological process and spatial distribution are ignored. 

The reasons for fluctuations in fishing or natural processes are unclear (Seijo et 

al., 1998).  
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The findings of the current status of this study are in contrast with the 

general perception that the fishery is experiencing an overcapacity of fishing 

efforts, which eventually leads to overfishing. Despite the overall findings of 

the status of the fishery currently, the fishery had exceeded the level of 

maximum economic yield and even, to an extent, gone beyond the sustainable 

production level some years ago, which necessitated an effective management 

regime to prevent it from negatively overtaking the bionomic equilibrium. The 

years 1980 to 1988 and 2007 to 2014 show a clear instance where effort at both 

MEY and MSY exceeded the current reference points of the fishery. The highest 

profit was made at a production level of 10,490 tonnes/annum with an effort 

level of 208 vessels/year, whereas the best biological utilization of semi-

industrial fishery occurred at a production level of 12,661 tonnes/annum with 

an effort level of 356 vessel/year. At an effort level of 417 vessels, the profit 

will gradually decrease to zero after passing through the MSY level (which is 

equal to the effort at open access equilibrium). 

Currently, the actual average production is 9,699 tonnes per annum with 

an effort level of 182 vessels per year which is below the optimum utilisation at 

MSY and MEY levels. This depicts that the semi-industrial fishery utilisation 

in Ghana has not reached its optimum level yet. Utilization of the biological 

resources at MSY and MEY had a relatively narrow range, but the profitability 

at MEY was twice that of MSY from estimations derived in this study. These 

results show that it is more profitable to operate at the current status quo and 

MEY for the fishery at MSY. It is therefore prudent that the fishery should be 

managed intensively by the fishery managers and all interested stakeholders 

with strong emphasis in enforcement of the existing regulations and also 
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maintaining the fishery effort at the current status quo or if any expansion should 

not exceed the MEY. Further expansion in fishing effort beyond the MEY and 

close to the MSY will produce a relatively smaller profit and subsequently yield 

zero economic benefit at effort beyond the MSY level. When this occurs, there 

would be an unnecessary wastage of fishing inputs such as money, labor, and 

fuel in the fishery, and this would disturb its biological and economic 

equilibrium. For conservation, restoration, and sustainability of the fishery, it is 

necessary to develop regulations and enforce laws with respect to the reference 

points. In this respect, it should be noted that this study provides an estimated 

value of fishing effort to achieve MEY, which is a globally accepted fishery 

management tool to manage the resource sustainably.  

Despite the fact that the number of vessels has reduced over time and is 

currently below the MEY level, the study also reveals that if there is no effective 

management and conservation policy, semi-industrial fisheries may experience 

overexploitation, owing to an increase in corresponding effort (number of days 

spent at sea). The effort (number of days at sea; 144,591) had almost reached 

the optimum effort level (MSY; 152,804) with its corresponding yield (11,701 

tonnes) exceeding the maximum production level (10,740 tonnes per annum), 

indicating overfishing. Since the corresponding effort levels (number of days 

spent at sea) of the semi-industrial fishery has already achieved MEY and are 

very close to MSY, there is a pressing need to monitor the dynamics of this 

fishery resource in order to ensure its long-term viability. The expansion of 

effort in terms of the number of days spent at sea may threaten the fishery and 

lead to the gradual collapse of the fishery economically.  Thus, not only increase 

in the number of vessels should be regulated but also the number of fishing days 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



133 

 

spent at sea should be monitored. The semi-industrial fishery shows that MEY 

and MSY have a positive present value and are decreasing over time. The 

current MEY levels are, on average, higher than the current MSY levels. Using 

the discounted rents from MEY and MSY for the fishery, the net present value 

of GH₵ 325,206,752.90 and GH₵ 163,167,291.78 would be achieved, 

respectively. In view of this, it can be concluded that exploitation of semi-

industrial stocks will be more economically viable even till the year 2030 if the 

fisheries are exploited at MEY and the current status quo.  

In spite of the estimated profitability of this subsector of the Ghanaian 

fishery at various conditions, the study also highlighted some major constraints 

that impeded the development of the semi-industrial fishery. Saiko fishing 

activities and the high influx of trawling vessels, high prices of fuel and other 

fishing inputs lack of boatyards or dry docks, and lack of marine engines were 

the major constraints that accounted for the major fluctuations of the semi-

industrial fleets in Ghanaian waters. Management strategies are unlikely to 

produce optimum results in the existence of these constraints impeding the 

development of the fishery. Therefore, regulations and policies to curb these 

constraints must be addressed to enhance the implementation of any 

management regime yielding tangible results. 

To evaluate the profitability of the fishery, the value chain analysis 

approach was employed. Three main actors were identified in the fish value 

chains of the semi-industrial fishery in Ghana. They are the fishermen (solely 

men), the fish processors (dominated by women), and the fish traders 

(dominated by women). The actors in the distribution of fish to the final 

consumers performed different functions such as buying and selling, 
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processing, packaging, transportation, and storage which could be classified 

into physical, exchange, and facilitating functions (Amador et al., 2006). The 

landings and marketing from the semi-industrial fishery are locally consumed 

and some demersals are occasionally exported. Most often fish processors along 

the chain handled their fishes through smoking (chorkor smokers).  

All value chain actors lived above the World Bank's international 

poverty line of $1.90 per day, according to the net margin analysis. The high 

Expense Structure Ratio of the fishery can be attributed to the fishermen's 

earnings, which are just above the poverty line. Despite the fact that the net 

margin analysis revealed that the fish traders were the most profitable actors in 

the value chain, the results revealed that they had a higher benefit cost ratio 

(BCR). All of the value chain activities had BCRs greater than 1.0, indicating 

that they all provided high returns to the actors. Each actor's investment yielded 

a profit. The semi-industrial value chain can thus be used as a tool for poverty 

alleviation in the coastal areas and also promote food security in Ghana.  

The Net Farm Income (NFI) and Net Return on Investment (NROI) for 

the various actors along the semi-industrial value chain are significantly 

inequitably distributed and hence very competitive. Although the value chain 

was found to be profitable at each node, the problems of lack of storage 

facilities, low profit and losses, health issues, insufficient capital, credit-based 

purchasing, and unstable fish prices were the major constraints inhibiting the 

development of the main actors in the value chain and this is a cause for concern. 

6.3 Recommendations 

The following are recommendations derived from the study's findings 

that are thought to be beneficial to the long-term sustainability of Ghana's semi-
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industrial fishery. To maximize the economic rent of the local fishery (semi -

industrial fishery), illegal activities by the foreign vessels (industrial trawlers) 

such as Saiko fishing, trawling in inshore waters and the destruction of the sea 

bed should be monitored and regulated effectively by the government of Ghana, 

Fisheries commission and Ghana Maritime Authority. The government should 

restrict the number based on the health of available stock and intensify 

monitoring and enforcement on their operations. Fish stocks and marine 

biodiversity would be able to rebuild if the heavy industrial fishing pressure are 

reduced, which leads to a decreased negative impact on the ecosystem. 

The local fishers involved in illegal fishing practices should be 

sensitized and educated to desist from it, due to the long-term mayhem (decline 

and subsequent depletion of stocks) these illegalities have on the nation’s food 

security (decline of annual fish production) and its socio-economic implications 

on the livelihood of coastal inhabitants at large. In addition, the current number 

of semi-industrial vessels (182) operating in Ghanaian waters are not based on 

any particular limits set by the authorities but as results of high debt incurred. 

For biological and economic sustainability, semi-industrial fishery resource 

utilization should be done at MEY level using at least a maximum effort of 208 

vessel/annum from now to 2030.The government could collaborate with 

interested stakeholders in the development and construction of boatyards or dry 

docks along the coast of Ghana to aid reduce the high cost of fishing operation 

and sustain the lifespan of the fishing fleets which in a long-term generate 

income for the fishery. 

The Fisheries Scientific Survey Division and other institutions tasked 

with collecting fisheries data should consider collecting consistent and reliable 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



136 

 

economic data for the fishery and making it more easily accessible. This would 

help enhance research by students, research scientist and others which would 

inform decisions and improve policy making in the fishery sector. Again, 

although the fishery value chain is lucrative, the government and other financial 

institutions can improve the livelihood of the actors through easy accessibility 

to credit facilities; for the purchase or leasing of fishing inputs and processing 

equipment. This could help reduce the high unemployment among youth in the 

coastal areas and gradually alleviate poverty. Since the semi-industrial and 

artisanal operate in the same waters, subsidies on outboard engines and premix 

fuel provided by the government through MOFAD to the artisanal fishery 

should be redirected to the post-harvest sector through the construction and 

development of cold room facilities, landing beaches and market facilities and 

fish processing facilities to enhance value addition. This would help reduce 

overexploitation and increase the shelf life of the fishes.  

To further contribute to the biological and economic sustainability of the 

semi-industrial fishery, the following recommendations for future studies are 

made: 

I. Comparative bioeconomic analysis of semi-industrial fishery in 

Ghanaian waters.  

II. Ecological impact assessment of some selected fishing grounds in the 

inshore economic zone (IEZ) of Ghanaian waters. 

III.  Economic performance of unauthorized fishing practices. A case study 

of gears and light fishing in the semi-industrial fishery of Ghana. 
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APPENDICES 

Appendix I:  Socioeconomic characteristics of the semi-industrial 

fishery   
Source of funding for operation Freq % Freq 

Bank 1 1 

Credit union 4 4 

Susu collectors 4 4 

Family and friends 70 70.7 

Fish Processors and mummies 20 20.2 

Total 99 100 
   

Seasons of abundant fish catch   
June - August 61 61.6 

September - December 6 6.1 

April - May 15 15.8 

I don't know 17 17.2 

Total 99 100 
   

Period of No fishing   
Rainy Season 11 11.1 

Every day except full moon 36 36.4 

Always except Tuesday 52 52.5 

Total 99 100 
   

Impact of artisanal fishers on operation  
Yes 37 37.4 

No 62 62.6 

Total 99 100 
   

If Yes, how?   
Destructive fishing 20 20.2 

The use of noxious substances and unauthorized 

gears 
17 17.1 

No Impact / I don't Know 62 62.6 

Total 99 100 
   

Impact of industrial fishers on operation  
Yes 76 76.8 

No 23 23.2 

Total 99 100 

If Yes, how?   
Trawling in inshore waters 28 28.3 

Dumping of unwanted by- catches 13 13.1 

The use of an unauthorized gears and mesh sizes 15 15.2 

Targeting pelagic fishes instead demersal 11 11.1 

Destruction of seabed and fish habitat 9 9.1 

No Impact / I don't know 23 23.2 

Total 99 100 
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Appendix II: Characteristics of Semi – industrial fishing fleets 

 

Fishing Communities Elmina Tema Sekondi 

  Freq % Freq Freq % Freq Freq 

% 

Freq 

Total     

Freq 

Total %     

F 

Boat purpose         
Trawling 29 100 12 44.4 15 34.9 56 56.6 

Purse seining 0 0 15 55.6 28 65.1 43 43.4 

Total 29 100 27 100 43 100 99 100 
         

Boat length (LOA/ ft)         
25 – 35 6 20.7 3 11.1 2 4.7 11 11.1 

36 - 50  23 79.3 7 25.9 13 30.2 43 43.4 

51- 60 0 0 5 18.5 10 23.3 15 15.2 

61-69 0 0 4 14.8 13 30.2 17 17.2 

Above 70 0 0 8 29.6 5 11.6 13 13.1 

Total 29 100 27 100 43 100 99 100 

         
HP of inboard engines         
90 – 140 16 55.2 10 37 2 4.7 28 28.3 

141 – 190 5 17.2 3 11.1 4 9.3 12 12.1 

191 – 240 8 27.6 2 7.4 8 18.6 18 18.2 

241 – 290 0 0 1 3.7 4 9.3 5 5.1 

291 – 340 0 0 1 3.7 6 14 7 7.1 

341 – 390 0 0 7 25.9 17 39.5 24 24.2 

391 – 440 0 0 3 11.1 2 4.7 5 5.1 

Total 29 100 27 100 43 100 99 100 
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Number of fishers / Crew         
1 – 5 4 13.8 2 7.4 5 11.6 11 11.1 

6 – 10 25 86.2 9 33.3 14 32.6 48 48.5 

11 – 15 0 0 1 3.7 5 11.6 6 6.1 

16 – 20 0 0 6 22.2 5 11.6 11 11.1 

21 – 25 0 0 7 33.3 11 25.6 18 18.2 

26 – 30+ 0 0 2 7.4 3 7 5 5.1 

Total 29 100 27 100 43 100 99 100 
         

 

Av. days of operation/month        
15 13 44.8 12 44.4 14 32.6 39 39.4 

18 16 55.2 15 55.6 29 67.4 60 60.6 

Total 29 100 27 100 43 100 99 100 
         

 

Days spent at sea         
0 – 1 18 62.1 2 7.4 12 27.9 32 32.3 

1 – 2 11 37.9 12 44.4 21 48.8 44 44.4 

3 – 4 0 0 13 48.1 10 23.3 23 23.2 

Total 29 100 27 100 43 100 99 100 
         

Type of gears         
Trawl net 29 96.6 12 44.4 15 34.9 56 56.6 

Purse seine net 0 3.4 15 55.6 28 65.1 43 43.4 

Total 29 100 27 100 43 100 99 100 
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Appendix III: Interview Guide for the Socioeconomic Assessment of the Semi - 

industrial fishery  

SURVEY OF FISH PROCESSORS AND FISH TRADERS ALONG THE 

COAST OF GHANA  

Interview site/ location: …………………. Form no.: …………….

 Date: ……………… 

Hello my name is ……………………………………. I am undertaking a 

research under the World Bank African Center of Excellence in Coastal 

Resilience project. As part of my research, I am conducting a survey on fish 

processors and fish traders in this area. I would like to ask you a series of 

questions which will take about 10-15 minutes. Would you be able to 

participate? 

This is an independent survey I am conducting as part of my research. I am 

going to ask you a series of questions. There are no right or wrong answers. This 

interview is completely confidential. Your name is not required and, hence, you 

will not be associated with your answers in any form. 

Demographic information 

1. Gender  

 Female     Male 

 

2. Are you a fish processor or fish trader?  

 Fish trader     Fish processor    Both  

Socio- economic information 

1. How many years have you been a fish processor or fish trader? 

 Less than 5yrs    5yrs- 10yrs    10yrs-20yrs 

  above 20yrs 

2. Is fish processing or fish trading your only source of income? 

 Yes      No 

If No, list other sources of income: 

………………………………………. 

3. How often do you get your fish supplies? 

 Always   Often   Rarely      Very rarely       I don’t 

know 
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4. Which fishing fleets do you mostly get your fish supplies from? 

 Artisanal (canoe)    Semi – Industrial (inshore)    

5. Do you use ice blocks? 

 Yes       No 

If Yes,  

Quantity ………………….   Value 

(GHC)………………... 

If No, why not?........................................................................................ 

6. List the types and form of fish you mostly purchase (in terms of pans, 

pieces baskets).  List the highest to the lowest priced fish you purchase 

(1-8). 

7.  

VALUE/ PRICE OF DIFFERENT FORMS OF FISH SPECIES PURCHASED PER/DAY 

BY FISH TRADER AND PROCESSORS 

 FRESH                       SMOKED                                   DRIED                                      

 SALTED 

 No. Fish species/ Family 

Total number of 

pans/baskets/pieces 

Total weight 

(pans) 

Value / Price 

(GHC) 

1  
 

      

2 
 

      

3 
 

      

4 
 

      

5 
 

      

6 
 

      

7 
 

      

8         
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8. List the types of fish you sell the most (in terms of kilograms, pans, 

pieces baskets). List the most type you sell to the least types of fish 

you sell (1-7).  Circle all forms by which fishes are sold that apply to 

each type of fish. 

Fish Type 

Total number of 

pans/baskets/pieces 

Value / 

Price 

(GHC) Forms in which fishes are sold 

1.   fresh/ dried/ smoked/ salted/ others: 

2.   fresh/ dried/ smoked/ salted/ others: 

3.   fresh/ dried/ smoked/ salted/ others: 

4.   fresh/ dried/ smoked/ salted/ others: 

5.   fresh/ dried/ smoked/ salted/ others: 

6.   fresh/ dried/ smoked/ salted/ others: 

7.   fresh/ dried/ smoked/ salted/ others: 

 

9. Do prices vary over the year?   Yes   No 

If Yes how? ……………………………………………………………… 

10. Whom do you supply your fishes to? 

 Fish traders    Fish markets   Restaurants    Hotels 

  Individuals  Local food vendors  Others (specify): ………… 

11. How far do you live from the landing site?  

 0 to 10 minutes      5 to 20 minutes       20 to 40 minutes    

Beyond 40 minutes 

 

12. By what means do you use to transport your fishes? 

 Walk    Taxi  Bus     Others …… 

13. Cost of transportation for marketing? …………………GHC 

14. Any constraints with marketing? 

…………………………………………………………………… 
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15. What is the biggest challenge facing you in your job? 

AVERAGE COST OF OPERATION AND RETURN OF FISH TRADER AND 

FISH PROCESSORS IN THE VALUE CHAIN 

ITEMS  FISH PROCESSOR  FISH TRADER 

  FIXED COST 

  Amount/ Value (GHC) Amount/ Value (GHC) 

Wire Gauze     

Shop / Store     

Oven / Freezer     

Knife   

Pan or Basket   

Table     

   

   

   

   

  

TOTAL FIXED COST 

(TFC)     

      

  VARIABLE COST 

Electricity      

Salt    

Water     

Kerosene     

Packaging material     

Labor     

Firewood     

Transportation      

Basket     

Toll (tax)     

Fish      

     

     

   

    

TOTAL VARIABLE 

COST (TVC)     
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SURVEY OF BOAT OWNERS AND CREW HEADS OF SEMI- 

INDUSTRIAL FLEETS ALONG THE COAST OF GHANA 

Interview site/ location: ………………………… Date: ……………….   

Form no.: ……….  

Hello my name is ……………………………………. I am undertaking a 

research under the World Bank African Center of Excellence in Coastal 

Resilience project. As part of my research, I am conducting a survey on boat 

owners and crew heads of semi-industrial fleets in this area. I would like to ask 

you a series of questions which will take about 10-15 minutes. Would you be 

able to participate? 

This is an independent survey I am conducting as part of my research. I am 

going to ask you a series of questions. There are no right or wrong answers. This 

interview is completely confidential. Your name is not required and, hence, you 

will not be associated with your answers in any form.  

Demographic information 

1. Gender of boat owner? 

 Female      Male 

2.  How many boats do you have? 

 1 boat   2 – 5 boats    5 – 8 boats   Above 8 boats 

3. How many years can your boat last? 

 1 – 10yrs   10 – 15yrs    15 – 20yrs   Above 20yrs 

4. How many years have you being using your boat? 

………………………… 

5. How long have you been fishing? 

 1 – 10yrs   10 – 20yrs    20 – 30yrs   Above 30yrs 

Socioeconomic information 

1. What is/ are your source(s) of funding for your operations? 

 Bank      Credit Union    Susu collectors    Family & friends   

Fish processors 

2. Which month (s) are the most abundant fish caught by the semi 

industrial sector? 

 June – August  September – December  January – March April -May 

 I don’t know 

3. What are the periods of time during the year that you do not fish? 

…………………………………………………………………………. 

4. During this time what do you do for living? 

……………………………………………………………………………… 

6. List the economically valuable group of fishes you mostly catch (in 

terms of pieces/ pans/ baskets). List the most group of fish catch to the 
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least group of fish catch (1-6).  Tick how often you mostly catch these 

fishes as applied to each group of fishes. 

Group of 

fish 

Total number of 

pans/baskets/pieces 

Value / 

Price 

(GHC) 

How often do you get these group of 

fishes 

1.   

Always    Often     Rarely      

Very rarely              I don’t know  

2.   

Always    Often     Rarely      

Very rarely              I don’t know  

3.   

Always    Often     Rarely      

Very rarely              I don’t know  

4.   

Always    Often     Rarely      

Very rarely              I don’t know  

5.   

Always    Often     Rarely      

Very rarely              I don’t know  

6.   

Always    Often     Rarely      

Very rarely              I don’t know  

 

5. Do the operations of the artisanal fishers have any impact of your 

operation?  

 Yes     No 

If yes, how? ………………………………………………………………… 

6. Do the operations of the industrial fishers have any impact of your 

operation?  

 Yes     No 

If yes, how? 

………………………………………………………………………………. 

7. When you have a conflict with other fishers, how are they resolved? 

……………………………………………………………………………. 

8. In your own view what is/are the main cause(s) of the fluctuation in the 

number of fleets in the inshore fishery? 

……………………………………………………………………………… 

9. What would you like to see change in this sector of fisheries to improve 

your life? 

……………………………………………………………………………… 

10. How are profit shared amongst boat owners, crew head and crew? 

(specify in percentages, %) 

Boat owner: …………% Crew head: …………%  Crew: …………% 

Any other means? ………………………………………………….. 
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CATCH AND EFFORT ASSESSMENT SHEET ON SEMI INDUSTRIAL 

FISHERY, GHANA  

  Form No.: 

Vessel registration number: Date: 

Landing site:  Boat purpose: Boat length: 

Type of gear used: Total length of gear: Mesh size: 

HP of inboard engines: 

No. of fishers 

/ Crew: 
Time spent in operation: 

Days spent at 

sea: 

Total weight of catch/kg: 
Area fished: 

 Average days of 

operations/month:  Twine size: 

        

FIXED COST 

Amount/ 

value (GHC) VARIABLE COST 

Amount/ value 

(GHC) 

        

Vessel depreciation    Fuel & Lubricants (oil)   

Vessel & Gear insurance    Ice for fish conservation   

Boat registration & 

license    Foods   

Boat & gear maintenance   Fresh water   

   Crew wages   

  Captain wages  

  Miscellaneous  

TOTAL FIXED COST 

(TFC)   

TOTAL VARIABLE 

COST (TVC)   

        

        

  DAILY AVERAGE INCOME   

 Daily average catch 

Fish species / 

family 

Weight (no. of pans/ 

pieces) 

 Value/ Price 

(GHC) 

 1.     

 2.   

  3.     

 4.   

 5.   

Catches given out to 

friends & relatives, etc.    
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