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Achieving global goals of eradicating hunger and poverty before 2030 requires improved 

resource management. This research analyses the historic use of marine fish in Sierra Leone 

from 1976 to 2019, captures original data of local market access, profit and waste in 2020, and 

presents worldwide case studies and a new transferable framework to assist national authorities 

and managers to increase food security and improve management, achieving related 

Sustainable Development Goals (SDGs) through policies, technology and economics. Fish 

catch, export and Catch Per Unit Effort (CPUE) data from FAO FishStatJ, fisheries ministry 

and secondary sources, and 218 surveys of marketplace fish sellers, were analysed by simple 

descriptive and comparative statistics. Total fish catch increased substantially in recent 

decades, while CPUE fluctuates and declined between 1999/2000 and 2010. Many fisheries 

are exploited or overexploited and market sellers commonly do not have access to enough fish. 

Exports are consistently low. Case studies in developing and developed countries demonstrate 

that resolutions are three-pronged: improved awareness of environmental impacts, laws and 

policing; science and technology utilisation in monitoring resources and fishing activities, and 

establishing best practice, and; international cooperation, agreements and fair use policies. 

Priority should be given to unite government and community fishing relationships. 
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1. INTRODUCTION

Eradicating hunger and poverty are two fundamental targets 

integrated into the United Nations Sustainable Development 

Goals (SDGs) endorsed by 193 nations in 2015 [1, 2]. 

Meanwhile, food demand has increased more than ever before, 

across the breadth of the agriculture sector and food pyramids 

[3]. Due to the growing human population and shortcomings 

of current global food systems [4], there is urgent need to 

progress towards sustainability, thereby ensuring food security. 

Sustainability is having enough food to eat, today and for 

future generations; it is the ability to achieve long-lasting 

maintenance of human societies and natural ecosystems 

without the depletion of resources, and is at the centre of 

delivering social, economic and environmental benefits. 

Sustainability is also about innovation, utilising already-

reduced resources wisely and efficiently, promoting 

restoration, and taking the environment and ecology into 

consideration [5, 6]. Remarkable progress towards these goals 

has already been achieved in few short decades, including in 

several notable developing countries, such as China [7], Chile, 

and the Gambia [8]. Most nations are now ambitiously striving 

to end hunger and poverty by 2030.  

Sierra Leone is well known around the world for its 

abundance of natural resources, such as minerals, agriculture, 

forestry and marine resources, which historically attracted 

interest and generated income for both the colonial master and 

the indigenous peoples [9, 10]. During the 19th century, 

agricultural exports from Sierra Leone were well recognised 

among Sub-Saharan countries [11]. A national legal marketing 

body even came into effect in 1949 responsible for the 

purchasing, importing and exporting of Sierra Leone’s 

agricultural products [11]. However, around this time a shift 

occurred, as the value of agricultural products gradually 

declined and people left the agriculture sector to move into the 

more economical mining sector for diamond [11].  

After gaining independence from their British colonial 

master in 1961, Sierra Leone – like other newly-independent 

African States – failed to make the “great leap forward” and 

take its rightful place among the rising democracies of the 

1960s [11]. Problems started within the decade, propelled with 

corruption, bad governance, nepotism and partisan, resulting 

in the country receiving little benefit from the natural 

resources. Subsequently, eleven years of civil unrest ensued 

from 1991 to 2002, creating a fragile state. During this period, 

people were displaced from rural communities as they 

migrated to urban areas, agricultural development and 

economic activities became disengaged, and local land rights 

were lost, threatening livelihoods and food security [9]. Thus, 

poverty and hunger is incommensurable in the country and up 

to now the country is still facing these challenges, dependent 

on imports even for basic commodities the country is 

ecologically capable of producing domestically [12]. 

The tropical climate and rich soils favour agricultural 

production in Sierra Leone on land and at sea, but the 

government is currently not paying adequate attention to the 

sector [13]. An engaged agriculture sector, however, gives 

hope for the country’s economic development and food 

security, and renders a multitude of benefits for sustainable 

development in contrast to the extraction of minerals [14]. 
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Developing sustainable solutions for various areas of the 

economy requires diversification and taking risks of 

innovation to stay in the market and achieve economic growth, 

especially considering consumer values in environmental 

responsibility and demands of a growing, wealthier human 

population [15]. With great awareness and attention to end 

hunger and poverty, many researchers have offered solutions 

[16]. Broadly in the case of Sierra Leone, government, NGOs 

and other donor partners should actively engage in nationally 

harmonised agriculture and aquaculture systems which (when 

managed appropriately) are environmentally and 

economically sustainable, including agreeing standards and 

regulations from parliament, and securing adequate economic 

support and stakeholder engagement. 

Globally, fishery resources are in decline [17]. The 

proportion of stocks which are overfished has near 

continuously increased between 1974 and 2015 and the 

available stocks which are underfished (i.e., those not fully 

exploited) has near continuously decreased in the same period 

[17]. In 2017, biologically sustainable fish stocks represented 

65.8% [18], divided as ‘maximally sustainably fished’ plus 

‘underfished’ [17]. Of the 17 internationally-agreed SDGs, 

SDG14 aims to ensure the sustainable use of the seas, oceans, 

and marine resources [1], and SDG 14.4 specifically targets to 

end overfishing by 2020. Overfishing continues to increase 

(though at a lesser rate), and corrective performance is vastly 

inadequate, falling far short of what is required. Effectively, 

93% of global fish stocks were fished at maximum capacity 

(approximately 59%) or overfished (approximately 33%) in 

2015 [17]. If the world is to benefit from fisheries sustainably, 

damage from human activities must be alleviated [19], 

including protection of the marine environment supported by 

well-enforced laws which control Illegal, Unreported and 

Unregulated (IUU) fishing and pollution, the adoption of an 

ecosystem approach to management, and climate change 

mitigation and adaptation, among other measures [6]. 

Climate change, as a result of unsustainable human activity, 

poses to further threaten marine fish resources, with the ocean 

absorbing more than 90% of excess heat resulting in ocean 

warming, driving a global 4.1% decline (1.4 million metric 

tonnes) in maximum sustainable yield between 1930 and 2010 

[20]. Although changes in catch are likely to vary by latitude 

(including as a result of warming-driven shifts in animal 

distributions [5]), reduced ocean productivity and catch 

potential due to climate change will add more pressure on 

marine-dependent communities such as those in West Africa, 

affecting income, food security and nutritional health [21]. 

The recent scientific report from the Intergovernmental Panel 

on Climate Change (IPCC) makes unquestionably clear that 

global society must reduce greenhouse gas emissions in order 

to keep to 1.5℃ of global warming above pre-industrial levels 

through the century [22]. As a fuel-intensive activity which 

contributes around 4% of food production emissions [23] and 

has seen a 4.1- and 5.8-fold increase in emissions from 

industrial and small-scale fisheries, respectively, since 1950 

[24], fisheries should be part of emission reduction strategies. 

This study analyses marine fisheries resource use in Sierra 

Leone because it is a nationally important source of economic 

income and nutrition (protein). The objectives of this study are 

to compile original and secondary data from a range of local, 

national and international sources on the present and historic 

use of marine fish resources in Sierra Leone to provide context 

and rationale for sustainable use, and to identify and present 

diverse solutions, case studies and a model for their adaptation 

to demonstrate evidence of successful implementation and to 

assist responsible authorities in Sierra Leone and other 

countries to improve resource management towards achieving 

related SDGs; for Sierra Leone, we have prepared this work as 

a navigational map to help the Ministry of Fisheries and 

Marine Resources (MFMR) achieve sustainability if followed.  

 

 

2. METHOD 

 

2.1 Literature review and secondary data 

 

Reviewed literature principally included academic research, 

publicly available government documents, and authoritative 

websites such as United Nations and its agencies. Case studies 

presented in this article have been evidenced to have had 

positive outcomes and are considered here to be easily 

replicable in Sierra Leone and other countries following an 

adjustment/correction process (described in 3.2).  

Primary longitudinal data of marine fisheries resources and 

their use in Sierra Leone is notoriously difficult to obtain, and 

secondary data is both limited and likely distorted and 

somewhat fails to represent truth [25]. Despite these 

limitations, we aim to present the best-quality data available, 

including total marine fish catch data in Sierra Leone from 

1976 to 2018, extracted from the Food and Agriculture 

Organisation of the United Nations (FAO) FishstatJ database 

[26], expanding on the work of Seto et al. [27]. We also present 

Catch Per Unit Effort (CPUE) data from secondary sources 

[27-30] to gauge trends in fish availability over time as a proxy 

of fish stock, for which measurements were unavailable. This 

is supplemented by the additional presentation of marine fish 

export data for the same period, sourced from FAO FishstatJ 

and independently from MFMR (2016 and 2019 only). This 

chosen study period not only represents the full extent of the 

FAO dataset for fisheries production and trade, and most of 

the capture production dataset, but is also selected to reflect on 

a duration length in which alleviating poverty and hunger in a 

developing country is demonstrably possible, as accomplished 

by China, for example [31].  

 

2.2 Local fish market questionnaire survey 

 

To understand local-level access to fish, profit and waste, 

and to identify common challenges and potential improvement 

measures, we designed a simple 10-question online 

questionnaire (www.surveymonkey.com) which was 

delivered in-person on a mobile device at three of the largest 

fish markets in Sierra Leone: Tombo (Western Rural), 

Goderich (Western Urban), and Kissy dockyard (centre of 

Freetown). These market areas are highly populated 

(especially Tombo and Goderich), represent an important 

distribution centre for both domestic and foreign fishing stocks 

(Kissy dockyard), and are geographically significant for the 

distribution of marine fish to the national population inland.  

The survey was completed between November 2020 and 

January 2021, with a pilot study undertaken in October 2020 

to test and refine questions. Although there is some temporal 

misalignment between these data and the other sources 

mentioned above, food security is an historical issue in Sierra 

Leone spanning decades, and we consider this sampling 

disparity acceptable here. Respondents were female market 

sellers because: (1) market sellers are assumed to have more 

knowledge about fish availability, profit and waste, etc., than 

936



 

does the general population, and; (2) women are more 

involved in local trade than their male counterparts (who are 

typically involved in the fishing activities). 

Recognising that precise data may be difficult to obtain or 

estimate/recall, and may therefore, lead to false conclusions, 

for the purposes of this questionnaire research, we considered 

it reasonable and sufficient to collect categorical data for all 

questions except two open-ended questions on motivations 

and challenges. Besides simple descriptive statistics and 

qualitative summaries of open-ended questions, we were also 

interested to investigate any potential relationships between 

categorical variables, analysed in RStudio Version 1.3 by Chi-

squared contingency analysis with Monte Carlo simulation 

(based on 2000 replicates) to account for small sample size.  

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Situation in Sierra Leone 

 

3.1.1 Fish Stock, Catch and Catch Per Unit Effort (CPUE) 

Many marine fish stocks in Sierra Leone are fully exploited 

or overexploited, according to an FAO/CECAF Working 

Group report [13]. There is also strong evidence that 

overfishing has led to scarcity across the Gulf of Guinea [1]. 

Hence, it is already apparently clear for the need to urgently 

restore overexploited fish stocks and to ensure sustainable 

management in this region. 

It would of course be helpful to know how many fish there 

are in the sea and to monitor status and trends over time, 

signaling further depletion, stability or recovery. Proper, 

standardised and replicable stock assessments are incredibly 

valuable (and advised) to inform evidence-based decision 

making and adaptive management. In the absence of such 

assessments, as in Sierra Leone, Catch Per Unit Effort (CPUE) 

may offer a proxy [32]. Five expert CPUE assessments 

undertaken in 1977, 1987/1989, 1999/2000, 2010 and 2015 are 

presented (Figure 1). Values have fluctuated over these 

decades with a peak in 1999/2000 followed by a distinct sharp 

decline to 2010 which may correspond with the considerable 

increase in total catch. Although the CPUE assessment in 2015 

may suggest some recovery or stability, a re-assessment in 

2020 (or the earliest opportunity thereafter) following the 

same methodology as in earlier decades would be of 

significant value, specifically in order to investigate whether 

indeed CPUE can be equally high now as in the late 1980s 

despite total catch being more than five times higher today 

than then.  

Official fish catch data from FAO for the period 1976 to 

2018 are presented (Figure 1). Due to large discrepancies 

between different sources of information in Sierra Leone [27], 

these data are assumed to be largely conservative and should 

be considered as an underestimate. Trends however, may at 

least signal cause for responsive action or indicate effects of 

implementation measures. The one month ban introduced in 

Sierra Leone in April 2019 [33], for example, is expected to 

be reflected in the 2019 data as reduced total annual catch, 

assuming it was not compensated for in other months. These 

data were unavailable at the time of writing in 2021, but could 

potentially later help us to explore short-term effects on catch 

statistics, including any reduction or compensatory effects. 

Longer-term, we may be able to use CPUE measurements to 

evaluate effects of fishing bans, as in Torre Guaceto, Italy 

where a well-implemented ban increased fish productivity – 

an evidenced success. Additionally, it is worth considering 

total catch in relation to human population size, realistically 

evaluating whether demands can be met and sustained for an 

increasing (and increasingly demanding) population and 

planning appropriate sustainability measures to secure long-

term fish stocks and food security [34]. 

 
Figure 1. Marine fisheries fish catch, catch per unit effort 

(CPUE) and exports from 1976-2019. MFMR is Ministry of 

Fisheries and Marine Resources. The inset column (right) 

shows total catch in 2015 by foreign and domestic fleets [27]; 

note the descrepancy compared with the FAO FishStatJ catch 

data 

 

For transparency and clarity of catch data, and to consider 

in resource management decisions, it should be emphasised 

that between 1990 and 2015 foreign legal and foreign illegal 

fishing have reduced, whilst domestic fishing has more than 

doubled. Respectively, total catches in 2015 were 

approximately 75,000, 50,000 and 275,000 tonnes [27]. It is 

therefore, likely advisable that the MFMR should pay 

particular attention to domestic fishing based on catch figures. 

 

3.1.2 Exports 

Marine fish exports are an important part of a 

comprehensive resource management plan. The data presented 

from FAO and MFMR (Figure 1) reflect that exports are very 

low and relatively consistent (except for the peak during the 

civil war), despite the huge increase in fish catch in the recent 

decades and the discrepancy between the two sources in 2016 

and 2019. Data of countries receiving fish exports (Figure 2) 

reveal principal trade flows, which can be used to advise and 

develop international trade relations, including determining 

export quotas. In 2016, China, South Korea, and Ghana were 

the highest importers of marine fish from Sierra Leone, 

excluding ‘other carriers’ for which the country was 

unspecified. These countries were also among the top four in 

2019. Though data for economics and development are not 

presented, analyses beyond the scope of this paper could be 

performed to evaluate (and maximise) economic benefit of 

export, division of benefits from government to local 

communities, and whether export is aiding or hindering 

development in Sierra Leone or simply satisfying external 

business and trade obligations and agreements. 
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(a) 2016 

 

 
(b) 2019 

 

Figure 2. Marine fisheries recipient countries for 2016 and 

2019 exports and respective total fish catch weights (tonnes) 

 

3.1.3 Local fish trade 

A total of 218 fish sellers in Tombo (n = 115), Goderich (n 

= 58) and Kissy dockyard (n = 45) markets participated in our 

survey. More than 32% of the respondents had been selling 

fish for 15 years or more, and hence have much experience to 

contribute to this research and, in working together with the 

central government, can be considered a valuable player in 

overcoming challenges and finding long-term solutions. 

The common reasons for respondents to sell fish were for 

important family or local heritage reasons, and that it is 

considered a fast way to achieve quality economic income, 

including for single parents. In a second open-ended question 

(the above being the first), some of the problems the market 

sellers faced were lack of storage facilities due to lack of 

electricity, and limited financial capital to continue trading. 

The logical resolutions could therefore, be the government 

prioritization of access to sustainable and reliable electricity 

(related with SDG7 Affordable and Clean Energy), and 

provision of loans. Micro-credits awarded to women is 

expected to result in micro-business success and reliable loan 

repayments, profiting government at low economic risk [35]. 

An additional, potentially related finding was that most market 

sellers (68.32%) sell more fish in the dry season than in the 

wet season. During the wet season, fishing may become more 

dangerous and outdoor marketplaces less active for trading. 

Seasonal differences in catch and profit should be investigated, 

and consideration given for investment in storage facilities and 

indoor marketplaces which may, we suspect, better support a 

more even seasonal distribution of income and marine-based 

nutrition for market sellers and consumers, respectively. 

When asked whether they have access to enough fish, only 

6.92% of market sellers responded ‘all of the time’. Other 

responses were: ‘most of the time’ (57.23%); ‘about half the 

time’ (16.35%), and; ‘rarely (less than half of the time)’ 

(19.50%). What’s more, we found that access to fish varied 

between the three marketplaces (p < 0.001). More than a third 

of respondents (35.80%) in Tombo market reported rarely 

having access to enough fish, compared with just 2.13% and 

3.23% of respondents at Goderich and Kissy dockyard, 

respectively. Across the market places, 55.55%, 70.97% and 

74.47% of respondents had access to sufficient fish ‘all of the 

time’ or ‘most of the time’ in Tombo, Kissy dockyard and 

Goderich, respectively. Evidently, accessibility to marine fish 

in these markets (and by reasonable extension, Sierra Leone) 

is an issue that the government and other developmental 

partners must work hand in glove to solve for the benefit of 

traders and consumers, as well as actively engaging fishermen 

in the improved distribution of fish across marketplaces. The 

remaining shortfall must be addressed through restoration of 

wild fish populations and better management of its capture. 

Recognised by the market sellers as an important economic 

activity, respondents reported daily profits of less than 20,000 

Le (7.14%), 20,000 to 30,000 Le (23.38%), 30,000 to 40,000 

Le (41.56%), and more than 40,000 Le (27.92%). For 

important reference, SDG1 No Poverty has performance 

indicators at $1.90 USD/day (approximately equivalent to 

19,491 Le) and $3.20 USD/day (approximately equivalent to 

32,825 Le), suggesting that most market sellers are above the 

lower recognized poverty threshold, if not the higher threshold.  

Concerning waste, 42.33% of respondents reported zero 

waste; others discard less than half (34.39%), approximately 

half (12.17%) or more than half (11.11%) of their fish stock 

every week. Levels of waste were different between the three 

marketplaces (p < 0.001), as was the occurrence of zero waste 

(p < 0.001). Specifically, 27.45% of respondents in Goderich 

discarded more than half of their fish each week, compared 

with 10.00% and 3.06% of respondents in Kissy dockyard and 

Tombo, respectively. Secondly, Tombo market had higher 

occurrence of zero waste (59.18% of respondents), compared 

with Kissy dockyard (37.50%) and Goderich (13.73%). 

Despite Goderich and Kissy dockyard having access to an 

electricity supply, and therefore, potentially cold storage, 

waste was more prevalent in these marketplaces. However, in 

this regard, the data revealed that having cold storage did not 

influence whether there was waste or not (p = 0.5617), and 

oddly resulted in variability in levels of waste (p < 0.001), with 

25.00% of those with an ice box discarding approximately half 

of their fish each week, compared with 4.27% of respondents 

without such facilities. Wasting food is of course not a good 

habit by any measure, especially considering prevalence of 

hunger. Moving forward, food waste monitoring should be 

initiated within these communities, perhaps especially in 

Goderich, to find suitable approaches to minimise waste and 

reward high levels of zero waste such as in Tombo. 

Finally, we found that 58.47% of respondents were selling 

smoked fish, compared with 40.98% selling raw fish and 

0.55% selling both raw and smoked fish. Notably, we found 

that the type of fish sold (i.e., raw or smoked) was related with 

the amount of fish discarded each week (p = 0.007) as well as 
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the prevalence of zero waste (p = 0.005). Specifically, 51.40% 

of smoked fish sellers reported zero waste, compared with 

30.67% of respondents selling raw fish, and of those wasting 

fish, 69.23% of smoked fish sellers discarded less than half, 

compared with 53.85% of raw fish sellers. We suspect the 

reduced levels of waste observed for smoked fish sellers can 

be attributed to the extended shelf life. What’s more, although 

the percentage of respondents making less than 20,000 Le 

profit per day was virtually the same for smoked fish sellers 

(6.67%) and raw fish sellers (7.94%), daily profits across the 

full spectrum were different between these two groups (p = 

0.0065) with a near-significant difference between these two 

groups when comparing above or below the higher SDG 

poverty performance indicator value (i.e., 30,000 Le or more; 

p = 0.0525); it is probable that sellers of smoked fish have 

higher daily profits than do sellers of raw fish and are more 

likely to be above the higher poverty line. 

 

3.2 Emulating and adapting successful case studies 

 

There are numerous strategies and respective case studies of 

improved fisheries resource management demonstrated 

around the world that a country or administration can seek to 

emulate, such as by MFMR in Sierra Leone and in other 

developing countries experiencing poverty (Table 1). Yet, they 

will likely require some level of adaptation or correction to 

meet the specific needs, goals and circumstances of the 

management unit (e.g., country or resource area). As a 

framework to aid planners and decision makers in this process, 

we propose a transferable five-step process for the design, 

development and implementation of improved resource 

management plans (Figure 3a), and five principal correction 

factors (Figure 3b) which bear interrelationships with 

achieving targets across the breadth of the SDGs. 

In this five-step process, the advisor/decision-maker begins 

by assessing the current situation of the resource and its use 

(step 1) and reviewing a range of relevant case studies, 

recommendations and observations (step 2). Potential 

candidate management systems identified in step 2 are then 

adapted to fit the conditions, needs and goals of the given 

situation (step 3), formulating a plan for trial implementation 

(step 4). The process ends with scientific monitoring, public 

sharing of results, and continuous adaptive management (step 

5), routinely evaluating performance against scientific and 

meaningful indicators such as fish stock, Catch Per Unit Effort 

and standardized SDG indicators; it is important to adjust the 

implementation strategy as appropriate, and implement as an 

holistic long-term adaptive management plan. Expected 

outcomes from improved management (marked as ‘+’ in 

Figure 3a) include achievement of SDGs, such as SDG1 No 

Poverty, SDG2 Zero Hunger, and SDG14 Life Below Water, 

and the collection and communication of scientific data and 

analyses which contribute to the important pool of case studies 

and current datasets to guide further evidence-based decision 

making. 

When adapting case studies and recommendations in the 

management plan design phase (i.e., step 3), five principal 

correction factor themes should be considered: history; people; 

resources; governance and administration, and; foreign 

relations. 
 

Table 1. Marine fisheries management solutions towards achieving sustainability goals 
 

Solutions Recommendations for Sierra Leone 

1. Trading systems and eco-labels [36] Organise a score-based assessment of fish stocks, environment and management [32]; Label 

sustainable stocks and products. 

2. Environmental awareness, peer-to-peer 

education, scientific methods [37, 38]  

Invite experts to talk with officials of the Ministry of Fisheries and Marine Resources 

(MFMR) and locals; Build understanding and scientific capacity. 

3. Marine Protected Areas (MPAs) and 

their governance [39] 

Management plans for MPAs should be produced by 2025 and a management committee set 

up within the MFMR according to Sierra Leone’s Second National Biodiversity Strategy and 

Action Plan 2017 – 2026 [40]. 

4. Global Positioning System (GPS) 

technology [41] 

Register all domestic and international vessels and their GPS units as a requirement of 

entering the Exclusive Economic Zone (EEZ); Provide science and technology training. 

5. Security patrols and policing [1,37] Operate day and night patrols; Mobilise Navy and MFMR to secure the sea, including arrests 

of IUU perpetrators. 

6. Global partnerships and building 

intergovernmental and institutional 

capacity [37, 42] 

Understand and implement the agreements already committed to, such as the Fishing 

Partnership Agreement [37]; Rectify legal violations in the Gulf of Guinea, including the 

duplicity of the EU Common Fisheries Policy [37]. 

7. Fishing register, including quotas and 

fishing bans [43] 

All vessels should be registered in a uniform, accessible format; Fishing quotas, including 

number of vessels and catch, based on science, policy and stakeholder agreement [40]. 

8. Financing and subsidies [44] Eradicate subsidies that contribute to overfishing or support IUU fishing [45]. 

9. Government and fishermen cooperation 

[46] 

All parties involved in fishing should be aware of the importance of marine fisheries 

sustainability [46]. 

10. Public communication and community 

engagement [47] 

Use available communication channels such as TV, radio and mobile phone to inform 

communities about government plans for the transition towards the sustainability of marine 

fisheries. 

(1) History is a set of experiences of the past, and may 

include independence, war, famine, and disease, and may help 

to identify potential preconditions, such as the collapse of food 

security and development in Sierra Leone in the 1970s/1980s 

which many link with the change in political landscape [11]. 

(2) Concerning people, a major challenge in Sierra Leone is 

illiteracy and unemployment, particularly of youth who lack 

skills and education and are largely disengaged [48]. The 

youth literacy rate is 66.6% [31] (adult literacy rate: 41% [48]) 

and 70% of youth are unemployed or underemployed [48]. 

Implementing any improved management measures must 

therefore, ensure that key messages are well communicated 

and understood within the population, such as government 

laws, Marine Protected Area (MPA) signage and fishing quota 

documentation, and mass public communications and 

consumer messages. Building quality education (SDG4) 

would likely have real implications on resource sustainability, 

as currently more than 80% of fishermen in Sierra Leone are 

illiterate and supposedly do not agree with the potential for 

fish stock depletion [25]. Better involving women and youth 
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in the decision-making process would increase progress, 

inclusiveness and equality (SDG5) [49]. Moreover, authorities 

must consider public health and nutrition. 

 

 
(a) Five-step process from assessment (step 1) to adaptive 

management implementation (step 5). Refer to manuscript 

text for further description and examples 

 

 
(b) Five principal correction factor themes 

 

Figure 3. Schematic diagram of key processes and 

components in the proposed design, development and 

implementation of an improved resource management plan 

(a) and correction factors to be considered when adapting 

case studies and recommendations (b). The UN SDG 

(https://www.un.org/sustainabledevelopment/) colour wheel 

has been used with permission. The content of this 

publication has not been approved by the United Nations and 

does not reflect the views of the United Nations or its 

officials or Member States 

 

(3) Regarding resources, beyond the abundance and 

distribution of marine fish resources and related fishing gear 

and boats (and respective total emissions and emissions per kg 

fish catch [24]), a holistic management plan needs to consider 

access to non-marine calorie and protein sources, including 

road networks and transportation infrastructure, which could 

be currently limiting food distribution and production in Sierra 

Leone [50]. Additionally, the distribution of money may have 

cascading effects. For example, some suggest that inadequate 

investment in the fisheries sector in Sierra Leone at least partly 

explains the low quality and quantity of fish data, limiting its 

capacity to inform decisions [25]. Science and technology 

must be considered. 

(4) Good governance (and its resourcing) is fundamental in 

the appropriate management of society, resources and 

international relations. Key actors may include governments 

and traditional leaders, and there may be several systems at 

play, including tribal systems. In Sierra Leone, focus on tribal 

and political issues may divert focus from the common 

suffering of poverty and hunger [11], and the blame for 

depleting fish stocks crisscrosses between stakeholders [51]. 

As the parent body, government has the authority to regulate 

different users of the marine fish resources, including foreign 

and domestic industrial and small-scale vessels.  

(5) Foreign relations, as a correction factor in our proposed 

model, may include financial aid, international trade, and 

exploitation and fairness. Currently, Sierra Leone imports 

more than it exports, but could benefit from concerted efforts 

to boost production and sustainable use of marine and other 

agricultural products. Coastal communities feel that foreign 

vessels and industrial fishing fleets have played a large role in 

the reduction of fish stocks in Sierra Leone, because of their 

choice of fishing gear (e.g., trawl nets) which have high levels 

of bycatch and discards, and their illegal fishing within the 

inshore economic zone (IEZ) intended for small-scale fishers 

[25]. There is clearly much to be done in Sierra Leone to 

ensure fairness, including effective enforcement of 

international laws, and reconciling relationships among users, 

managers, and authorities engaged in marine fishing. 

 

3.3 Principal needs and solutions for Sierra Leone 

 

3.3.1 Policy solutions 

Countries that want to develop should not only have good 

policies, but also effective implementation backed up by good 

institutions and recognise development as a process [52-54]. 

From the administrative point of view in Sierra Leone, the 

institutions in the country are not working effectively or, one 

may say, the institutions are not well equipped either because 

of rampant corruption in the country or bad governance [10].  

In order to achieve good results from their policymaking, 

such as increasing food security, the below points may benefit 

Sierra Leone. Furthermore, if laws and their implementation 

are fully realised, effects may also transcend to other countries 

around the world who will follow the demonstrated methods, 

as Sierra Leone, too, can do from present leaders [55-57].  

(1) Develop as a formidable government which guarantees 

the effective implementation of regulations through inspection 

from parliamentarians, and monitoring and punishment by the 

authorities of people who violate these laws [58]. 

(2) Government should use laws to protect the environment. 

For example, fishing vessels should understand and adhere to 

agreed conditions and limits, including types of fishing lines 

and equipment [59]. This is to avoid degradation and 

destruction, as was seen in the 1970s during the period of 

diamond mining and trade in the absence of strong 

environmental protection laws [10, 28, 60-63].  

(3) Government officials should carefully listen to the 

recommendations of both national and international expertise 

on science, policy making, and sustainable development goals.  

(4) To address IUU and overfishing, the MFMR – through 

the central government – should put a hold on fishing for at 

least two months every year, similar to April 2019, and 

monitor effects as part of adaptive management [33], and/or 

establish ‘no take’ zones in MPA core areas to increase 

productivity and regulate fishing of ‘spillover’ in buffer zones. 

Embedded in policies should be the involved working with 

traditional knowledge systems concerning ways of fishing 

[52].  

 

3.3.2 Technology solutions 

Sierra Leone is presently lacking in science and technology 

[64]. To advance in this area they should start with the cutting-

edge tools already available at their disposal. In Sierra Leone, 
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these are traditional practices and cultures, and modern 

technologies such as mobile phones. Countries rich in science 

and technology such as the UK and China started from 

somewhere [64, 65] and today can utilise new technologies 

capable of data management and the mapping and monitoring 

fish populations and environmental conditions, including early 

warning weather systems for safeguarding fisherman [66]. 

Concerning marine vessels, Sierra Leone is not a rich 

country and cannot afford to buy or produce ships by 

themselves. Motorised boats with large engines are needed to 

effectively patrol the sea, providing workers with the means to 

properly police the ocean for intruders and illegal activities 

among both international and domestic vessels [66]. For patrol 

boats and observers to have reliable communications with 

authorities, GPS and phone technology should be upgraded, 

extending signal coverage and network strength. There is also 

need to introduce new technology such as sophisticated 

cameras to record events happening in the ocean, such as IUU 

fishing in the Exclusive Economic Zone [67]. 

 

3.3.3 Economics solutions 

Marine fisheries boost Sierra Leone’s GDP, accounting for 

about 10 percent [27]. The fisheries sector provides economic 

income through revenue collection for the government and 

coastal fishermen [68]. Exports account for the majority of 

marine sector income due to international currencies [28, 69], 

though there are clearly needs to urgently rectify failing 

agreements so as to optimise economic gain. For example, in 

international trade relationships, foreign countries may 

disproportionately benefit and overexploit the resources and 

economics of developing countries [37]. Furthermore, as fish 

catch data for the industrial sector is reported by on-board 

observers who are paid by vessel owners rather than by 

government, data accuracy is deemed questionable [25]; a 

suitable remedial response might therefore, be for the 

government to recruit, train and safeguard on-board observers, 

increasing data quality and the likelihood of making effective 

and appropriate evidence-based decisions. 

Diversification presents an economic pathway to 

sustainability [70]. Marine fisheries, aquaculture, agriculture, 

forestry, and mineral extraction all have potential to be 

productive sectors if the government manages and resources 

them well, removing the country out of poverty [71]. Investing 

in food diversity by sustainable organic and regenerative 

agriculture also alleviates dependence on marine fisheries and 

foreign imports [72], awarding government loans to local 

farmers (particularly women and youth [68, 73]) and building 

skills and capacity to transition from household subsistence to 

national sustenance [4, 74]. As an integrated systems-level 

sustainability strategy, it is important to consider and counter 

potential rebounds and unintended negative consequences of 

any reduction in fish catch, such as overexploitation of forest 

animals and plants [75, 76], and also recognize the emissions 

of different agriculture and livestock product options [23].  

 

 

4. CONCLUSION 

 

Sierra Leone was very much development-oriented during 

the colonial rule, but immediately after gaining independence, 

the landscape of the political history changed. The governance 

system became corrupted, coupled with eleven years civil war. 

Institutional records were burnt to ashes, and today it is 

difficult to gather accurate data for research analyses. We 

recognise data availability as a limitation of this work and 

encourage the increased collection and publication of 

scientific data of resource monitoring and use, and sharing of 

knowledge and experience to support improved management.  

In light of these difficulties, we have presented data of fish 

catch and access, local and international trade, and 

marketplace waste and community challenges, including data 

derived from a globally trusted organisation, the FAO and 

responsible national institution, MFMR. These data reveal that 

marine fish exports from 1976 to 2018 were consistently low 

in comparison to total catch (excluding the period of the civil 

war), despite the near four-fold higher catch in the most recent 

decade than in the 1970s, 1980s and 1990s. In both 2016 and 

2019, China, Ghana and South Korea were among the highest 

importers of marine fish from Sierra Leone, representing 

principal trade flows. CPUE has evidently fluctuated over time 

and we suspect the reduction between 1999/2000 and 2010 is 

likely related with the three-fold increase in total catch over 

this period. We encourage the continuation of regular 

standardized CPUE measurements, or fish stock assessments, 

including to detect effects of management interventions such 

as fishing bans, thereby better guiding policy and practice to 

benefit present generations and those yet unborn. This includes 

attention to the contribution of different catch sources (e.g., 

legal foreign, legal domestic, and illegal), the data potentially 

aiding conflict resolution and appropriate targeted strategies.  

This work contributes to a growing field of research in 

Sierra Leone, and newly documents the local-level access 

challenges and economic importance of marine fish capture 

and trade. The results help to clarify for the MFMR and central 

government that the marine resources could be better protected 

and utilized, and give confidence that it can take advantage of 

existing expertise and interpret how science, knowledge and 

policies can be effectively implemented to achieve 

sustainability in Sierra Leone: socially, economically, and 

environmentally. Acknowledging that the human population is 

still increasing, and that climate change and current fishing 

practices are leading to reduced ocean productivity, the needs 

for restoration, sustainable use, and diversification are of 

particular essence in order to eradicate hunger and poverty. 

Beyond the broad range of recommendations offered in this 

article for readers who face similar development challenges as 

those in Sierra Leone, as well as case studies and a 

demonstration of how these may be adapted to fit the needs of 

other developing countries and management units, we 

emphasise three principal priorities to increase food security 

and the sustainability of marine fish resources in Sierra Leone: 

(1) Enforce strong policies which protect the marine 

ecosystem, such as a deliberate and effective control of 

IUU fishing and use of illegal fishing gear, even if 

unpopular in the short-term. 

(2) Harmonise government and community fishing 

organisations as a single union to represent and be 

responsible for fishing communities and interests. 

(3) Provide government employment opportunities for a 

greater proportion of workers as observers on fishing 

vessels, safeguard and train them, and yield quality data 

which can further guide improved, effective and 

sustainable use of marine fish resources. 
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