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Post-harvest losses in fisheries refer to the reduction in quantity and quality of fish and seafood after harvesting, but before consumption or final processing. These losses impose a heavy burden on livelihoods, food security and resource sustainability. This article analyses the causes, impacts and mitigation strategies of post-harvest losses in fisheries. First, it categorises major causes such as physical damage, spoilage (biochemical/microbiological), inadequate infrastructure (storage, transport, processing), market inefficiencies, and information/skills gaps. It then examines the impacts of losses: economic losses to fishers and value chain actors; reduced food and nutrition security (fish providing 17 % of global animal protein in some regions); environmental consequences (wasted resources, extra pressure on stocks); and social impacts (small-scale fishers' vulnerability). The article reviews mitigation strategies at each stage of the value chain: improved handling, chilling, value addition/processing, infrastructure investment, training and capacity building, market linkages and policy/institutional support. Case studies from Bangladesh, Zambia, and other developing-country fisheries illustrate how catch losses of up to 10 % or more occur and how simple interventions can reduce them. Data from a study in Zambia show that up to ~10 % of the catch was lost by artisanal and commercial fishers owing to post-harvest factors. The article argues that reducing losses is not only a technical challenge but also requires attention to governance, financing, value chain coordination, and sustainable infrastructure. For small-scale fishers in developing countries, targeted interventions can yield relatively high returns by reducing waste, improving incomes, and advancing food security objectives. To deliver these benefits at scale, national policies must prioritise cold‑chain infrastructure, training and market integration, and private-public partnerships. 
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1. Introduction
Fish and seafood play a crucial role in global food systems. They are primary source of animal protein, essential fatty acids, and micronutrients for millions of people, particularly in coastal, inland, and island communities. Globally, fish provide about 17% of animal protein intake, with the contribution significantly higher in some regions, such as small island developing states, where fish account for as much as 70% of total animal protein consumption (1,2).
Despite their importance, a significant portion of the harvested fish never reaches consumers in optimal condition or is lost before it can be processed, marketed, or consumed. These post-harvest losses (PHL) are a primary concern in fisheries, with significant economic, social, and environmental consequences. Post-harvest losses encompass any reduction in quantity, quality, or value of fish from the point of harvest to consumption. This can include fish being discarded, lost to spoilage, or downgraded in market value due to mishandling or inadequate storage (2,3).
The magnitude of post-harvest losses in fisheries is substantial. For example, in some regions, up to 10% of the catch is lost before it reaches the market. (3,4) These losses affect not only the income of fishers and other stakeholders in the value chain but also contribute to food insecurity, as fewer fish are available for consumption. Furthermore, the waste of fish resources places undue pressure on already vulnerable fish stocks. It harms the environment by wasting the energy and resources invested in harvesting, transporting, and processing fish (4,5).
The causes of post-harvest losses are diverse, ranging from physical damage during harvesting and handling to spoilage caused by inadequate storage and poor transport infrastructure. Market inefficiencies, such as price fluctuations, inadequate market linkages, and insufficient knowledge of fish preservation methods, further exacerbate the problem. Inadequate infrastructure, particularly cold-chain facilities, remains a significant barrier in many developing countries, where fish spoil quickly due to high temperatures and poor transport conditions (6,7).
The impacts of these losses are far-reaching. Economic impacts include reduced income for fishers, who are unable to sell their full catch at market value, and higher costs for consumers who face higher prices for available fish. The environmental impact is also significant, as wasted fish represent wasted resources that could otherwise contribute to food security. Additionally, post-harvest losses disproportionately affect small-scale and artisanal fisheries, where limited resources and infrastructure make it challenging to reduce losses (8,9).
This article explores the causes, impacts, and mitigation strategies for post-harvest losses in fisheries, with a focus on small-scale and artisanal fisheries in developing countries. While the challenges faced by these fisheries are often more pronounced, the lessons learned can be applied more broadly to improve the efficiency and sustainability of the global fish supply chain. By understanding the causes and impacts of these losses, practitioners, policymakers, and value-chain actors can develop actionable strategies to mitigate them, improving the livelihoods of fishers, enhancing food security, and contributing to more sustainable fisheries management (10,11).
2. Definition and Scope of Post-Harvest Losses in Fisheries
Post-harvest losses (PHL) in fisheries refer to any reduction in the quantity or quality of fish and seafood products after harvest, but before they are consumed or processed. These losses occur at various stages of the fish value chain, from the point of capture or harvest, through transportation, handling, storage, processing, and ultimately reaching the consumer. (12,13) They are not limited to physical losses (e.g., discarded fish) but also include reduced product quality (e.g., spoilage) and nutritional degradation (e.g., loss of essential fatty acids and vitamins).
The scope of post-harvest losses in fisheries can be categorised into several key areas:
2.1 Physical Losses
Physical losses refer to the loss of fish that are either discarded or cannot be sold due to damage or deterioration. This may occur due to mishandling during harvesting, rough transport, or poor storage conditions. For example, fish that are bruised, broken, or crushed during handling may not meet market standards and are therefore discarded. These losses can occur at any stage of the supply chain and may involve significant quantities of fish, particularly if the fish are not packed or handled carefully (14,15).
In small-scale fisheries, fish are often handled by hand or in rudimentary containers, increasing the likelihood of physical damage. The lack of proper packaging or protective measures makes the catch vulnerable to mechanical damage during transport, storage, and processing (16,17).
2.2 Quality Losses
Quality losses are reductions in the desirability or marketability of fish caused by spoilage. Spoilage is a natural process that occurs after fish are caught and is caused by microbial action (e.g., bacteria, fungi), enzymatic breakdown, or oxidation. Fish that are not chilled or processed promptly are particularly susceptible to spoilage, leading to a decline in nutritional quality and visual appeal. The sensory attributes of fish, including texture, colour, flavour and smell, may deteriorate significantly within hours if not properly preserved. (9,10)
Spoilage occurs due to several factors, including temperature abuse (lack of refrigeration or inadequate icing), transportation delays, and improper handling. In tropical and subtropical regions with high temperatures, spoilage can begin within a few hours of capture. As a result, without proper preservation methods, the majority of the catch may become unsuitable for human consumption, resulting in significant waste (10,11).
2.3 Opportunity Losses
Opportunity losses refer to the missed economic value of fish that cannot be marketed at the highest price due to their quality degradation. For example, fish that are slightly spoiled or of a smaller size may be sold at a much lower price or, in some cases, may not be sold at all. These fish are often relegated to lower-value markets, which reduces the potential income of fishers (12,13).
The lack of proper storage facilities, poor handling practices and inadequate market access contribute significantly to opportunity losses. In many regions, fishers face price volatility, and poor market linkages can result in fish being sold under duress or at suboptimal times, further reducing their value. Fish that might have otherwise been sold for human consumption may instead be sold for animal feed or discarded altogether (14,15).
2.4 Nutritional Losses
Fish are a rich source of essential nutrients, including omega-3 fatty acids, protein (essential amino acids), vitamins (e.g., vitamin D and B12), and minerals (e.g., calcium and iodine). Nutritional losses refer to the degradation of these nutrients during handling, storage, and transport. For instance, prolonged exposure to high temperatures or inadequate preservation techniques can reduce the nutritional quality of the fish (15,16).
As fish are often consumed fresh or minimally processed in many developing countries, maintaining their nutritional value is critical to local diets. However, without proper preservation and transportation methods, the loss of vital nutrients can compromise the food security of vulnerable populations, particularly in regions where fish constitutes a large proportion of the diet (17,18).
2.5 Environmental and Resource Losses
Environmental and resource losses refer to the waste of fish resources, energy, and labour that go into capturing, transporting, and processing fish, only to be wasted due to post-harvest inefficiencies. The environmental impact of post-harvest losses extends beyond the waste of fish itself. It includes the wasted inputs-such as fuel, labour, water, and energy-invested in the harvesting process (19,20).
For example, in the case of overfishing or poorly managed fisheries, when fish are lost due to spoilage or wastage, it places additional pressure on already overexploited fish stocks. The act of harvesting fish that ultimately goes to waste further exacerbates environmental degradation, as more fish are caught than are consumed, leading to unsustainable fishing practices (21,22).
2.6 Magnitude and Regional Variation
The magnitude of post-harvest losses in fisheries varies widely by region, species, and fishery type. In tropical countries with high temperatures and limited infrastructure, losses can reach 30% or more of the catch. According to the FAO (Food and Agriculture Organisation), in some developing countries, losses can exceed 10%, particularly in small-scale and artisanal fisheries. (12,13). Recent studies indicate that India’s average post harvest loss in fisheries sector is approximately 9.3% for marine fisheries and 8.84% for inland fisheries. These losses are primarily due to inadequate infrastructure and poor handling practices.
Studies from countries such as Bangladesh, Indonesia, and Zambia have highlighted the severity of post-harvest losses, where losses of up to 20 % of the total catch are common. These figures represent significant economic losses and missed opportunities for both fishers and consumers. However, in developed countries with advanced cold-chain infrastructure, losses tend to be lower but still significant, particularly for high-value species like tuna or salmon, where quality degradation can result in substantial financial loss (14,15).
2.7 Measurement and Monitoring of Losses
Accurate measurement and monitoring of post-harvest losses are essential for designing effective mitigation strategies. However, measuring post-harvest losses in fisheries can be challenging due to the complex supply chain and the diverse factors involved. In many cases, losses are underreported or unquantified due to a lack of standardised methods and data-collection systems (16,17).
The FAO and other organisations have worked to develop frameworks for measuring and monitoring fish losses, but comprehensive and consistent data collection remains a challenge. One approach is to conduct surveys and case studies across regions to capture data on losses at different stages of the value chain. This data is crucial for informing policy and investment decisions to reduce losses (18,19).
3. Major Causes of Post-Harvest Losses
Post-harvest losses in fisheries are caused by a variety of factors that span the entire value chain, from the moment fish are captured to when they are consumed. These causes can be broadly categorised into physical damage, spoilage due to biochemical or microbiological processes, inadequate infrastructure, market inefficiencies, and knowledge gaps in handling and preservation techniques. Understanding these causes is key to identifying effective strategies for mitigating losses (20,21).
3.1 Physical Damage and Handling Losses
Physical damage to fish during handling is one of the most common causes of post-harvest losses in fisheries. Fish are highly susceptible to injury, particularly during harvesting, transport, and handling. Mishandling often occurs at landing sites, during offloading, and in transit, leading to bruising, cuts, or broken fish. Belly bursting in oily fish caused by self-digestion of belly wall due to enzymatic action. Such damage significantly reduces the quality of fish, making it unsuitable for sale or consumption. These losses are especially prevalent in small-scale and artisanal fisheries, where the absence of mechanised systems and proper handling equipment increases the likelihood of physical damage (22,23).
For example, in many developing countries, fish are manually handled and packed in baskets or boxes without adequate cushioning or insulation. When fish are thrown or dropped, they can sustain bruising or other injuries, making them more prone to bacterial spoilage. At times, poorly designed or inadequate storage containers contribute to damage. This is a serious issue for species such as tuna, salmon, and shrimp, where even minor damage can lead to a rapid decline in market value (11,17).
Case studies have shown that fishers in developing countries often use rudimentary methods to transport their catch, with minimal care taken to avoid damage. In Bangladesh, for instance, post-harvest losses due to physical damage were found to be significant during offloading, with rough handling by untrained labourers leading to bruising and breakage of fish, particularly during high-volume harvests. In such cases, fish that were once suitable for human consumption are downgraded to lower-value markets or fish meal preparation or discarded (21,22).
3.2 Biochemical and Microbiological Spoilage
Once fish are harvested, they begin to undergo biochemical changes and microbiological spoilage. Various factors, including temperature, time, and the cleanliness of handling environments, influence this natural process. Spoilage occurs when enzymes and bacteria break down the fish's muscle, leading to unpleasant odours, off-textures, and discolouration. Biochemical spoilage occurs when enzymes inside the fish's body continue to act after death, breaking down muscle proteins and fats. If the fish is not promptly cooled or processed, spoilage can accelerate quickly, particularly in warmer climates (23,24).
Microbiological spoilage, caused by bacteria, moulds, and yeasts, is a significant factor contributing to post-harvest losses in fisheries. (25,26) Bacteria thrive in the warm, humid conditions often found at landing sites, especially when fish are not immediately cleaned or chilled / refrigerated. Without proper sanitation, fish get contaminated by bacteria such as Pseudomonas, Enterobacter, Salmonella, Shigella and Vibrio, which can cause a rapid decline in the quality of fish (25,26).
In tropical regions, the combination of high temperatures and the lack of refrigeration or ice results in a short shelf life for fish. For example, in areas like Southeast Asia and sub-Saharan Africa, fish may spoil within few hours if not chilled or processed immediately after capture. Studies in coastal East Africa show that spoilage due to poor temperature control accounts for a significant share of total fisheries losses. In some cases, fish can lose up to 50% of their market value within 24 hours due to spoilage under these conditions (27,28).
To reduce spoilage, fish must be stored at low temperatures - either through icing or refrigeration, or freezing - as soon as they are harvested. Without these methods, spoilage sets in quickly, leading to both nutritional and economic losses (26,27).
3.3 Infrastructure and Logistics Constraints
In many developing countries, inadequate infrastructure is a key contributor to post-harvest losses in fisheries sector. This includes a lack of cold storage facilities, poor road networks, and insufficient transport systems. Cold-chain infrastructure, in particular, is vital for maintaining the freshness of fish and preventing spoilage. Without reliable cooling systems, fish can spoil rapidly after being harvested (21,22).
At landing sites, insufficient or poorly maintained storage facilities often lead to significant losses. In many cases, fish are stored in open-air conditions, exposed to the sun, or left in makeshift storage units without proper ventilation or cooling. This is especially true in rural or isolated areas, where infrastructure investments are often limited. Inadequate transportation systems, such as the lack of refrigerated trucks or containers, further exacerbate the problem, making it challenging to transport fish to distant markets while maintaining their quality (23,24).
Inefficient logistics mean that fish are often stored for longer than necessary, increasing the likelihood of spoilage. A study conducted in Zambia’s Siavonga district found that a significant proportion of fish was lost during transportation, with fish exposed to high temperatures for extended periods before reaching markets. Inadequate transport infrastructure, such as poor road conditions and slow delivery times, compounded the problem (25,26).
In many cases, investments in cold storage and better transportation can significantly reduce losses. For example, the introduction of ice storage at landing sites in some African countries has been shown to maintain fish quality and reduce spoilage. However, the high cost of infrastructure development remains a significant barrier to its widespread adoption (27,28).
3.4 Market and Value-Chain Inefficiencies
Market inefficiencies, including price fluctuations, limited market access, and insufficient market information, contribute significantly to post-harvest losses. In many fisheries, fishers face challenges in accessing formal markets, and often must sell their catch to intermediaries at low prices, sometimes on the same day it is harvested. This is especially true in small-scale fisheries, where fishers have little bargaining power, and fish are sold quickly, often at a loss, before they can spoil (27,28).
The lack of proper market linkages can lead to the hasty sale of fish, resulting in lower prices for fishers and further pressure on product quality. Additionally, in some regions, fishers are forced to sell fish at lower prices due to competition from other fishers or weak market demand, which discourages them from investing in quality preservation techniques such as chilling or processing (29,30).
Price fluctuations also contribute to inefficiencies in the value chain. In many developing countries, fish prices are volatile and influenced by seasonal supply and demand. Fishers may feel pressured to sell quickly when prices are low, even if the fish is not in optimal condition. This can result in fish being sold at lower prices, thereby reducing the fishery's profitability and increasing the likelihood of losses (31,32).
Moreover, market information and consumer preferences often drive fishers to discard particular species or sizes of fish that are considered less valuable. For instance, small fish or less popular species might be discarded because they do not meet market / consumers preferences, even though they could still be consumed or processed into lower-value products (33,34).
3.5 Knowledge, Skills, and Institutional Factors
A significant cause of post-harvest losses in fisheries is the lack of knowledge and technical skills among fishers and processors. Many small-scale fishers are unaware of proper handling, hygiene, and preservation techniques that could reduce spoilage and improve the quality of their catch. Inadequate training on best practices in fish handling, cleaning, and packaging often leads to unnecessary losses (35,36).
The lack of extension services or technical support further compounds the problem. In many regions, fishers operate in isolation without access to information on modern preservation technologies or market trends. Inadequate training in fish processing also means that value-added products, such as fillets, smoked fish, or canned fish, are not produced as efficiently as they could be, thereby limiting opportunities to increase income from fish (21,22).
Institutional factors, such as weak governance, insufficient regulations, and limited policy support, also contribute to high post-harvest losses. Many countries lack adequate policies to address post-harvest losses, and where policies exist, implementation is often weak. Furthermore, the absence of formalised cooperatives or fishers’ organisations means that fishers usually lack collective bargaining power and are unable to advocate for improvements along the value chain (23,24).
4. Impacts of Post-Harvest Losses
Post-harvest losses (PHL) in fisheries have far-reaching economic, social, environmental, and food security implications. These losses not only affect the fishers and the value chain actors directly involved but also contribute to broader societal issues, such as food insecurity, economic instability, and environmental degradation. Understanding these impacts is crucial to prioritising interventions and developing policies that mitigate these losses (27,28).
4.1 Economic Impacts on Fishers and Value-Chain Actors
The economic impacts of post-harvest losses are significant for all actors in the fisheries value chain, from small-scale fishers to large-scale processors and traders. For fishers, these losses translate into direct financial losses, as they are unable to sell their entire catch or must sell it at a reduced price due to quality deterioration. In some cases, fish that could have been soldat higher prices are discarded because they are no longer suitable for the market due to physical damage or spoilage. This directly reduces the income of fishers, who often operate on narrow margins and are highly vulnerable to market fluctuations (29,30).
For example, in Zambia’s Siavonga district, a study found that nearly 40% of artisanal fishers lost up to 10% of their catch due to poor post-harvest handling, resulting in reduced income. Commercial fishers, while somewhat better off, still faced losses, with 5-10% of their catch spoiled, damaged, or deteriorating in quality during transport. As fishers are typically paid by the volume or weight of the catch, any loss directly reduces their earnings (31,32).
The economic impacts extend beyond the fishers to other actors in the value chain, including processors, wholesalers, and retailers. Processors who rely on high-quality raw materials may face reduced supplies of suitable fish, leading to higher costs or the need to source from other, less efficient suppliers. This can cause market inefficiencies, as businesses have to adapt to inconsistent supply and higher costs, ultimately passing those costs onto consumers (33,34).
In addition to income losses, PHL also reduces the profitability of investments in fisheries. The lack of reliable income from fish catch can discourage further investments in sustainable fisheries practices, technologies, and cold-chain infrastructure. This perpetuates a cycle of low productivity, low quality, and poor economic returns in the sector (35,36).
4.2 Food and Nutrition Security Implications
Fish are a vital source of nutrition for millions of people worldwide, particularly in coastal and inland communities. As one of the most accessible forms of animal protein, fish provide essential nutrients such as omega-3 fatty acids, proteins, vitamins (e.g., B12, D), and minerals (e.g., iodine, calcium), which are critical for human health. Fish also play an essential role in addressing malnutrition, especially in developing countries where other sources of animal protein may be scarce or expensive (23,24).
Post-harvest losses reduce the amount of fish available for human consumption, which directly impacts food security. According to the FAO, fish account for about 17% of global animal protein intake, and in some developing countries, this figure is even higher. In small island states or coastal areas, fish can provide up to 70% of the total animal protein intake. When fish are lost due to spoilage or mishandling, the available supply for human consumption is reduced, exacerbating food insecurity, particularly among vulnerable populations, such as low-income families, women, and children (11,12).
Additionally, the nutritional quality of fish declines as spoilage progresses. Fish that are not properly handled or stored lose their nutritional value over time. For instance, the omega-3 fatty acid content, which is crucial for brain health, deteriorates when fish are not chilled or processed immediately. In communities that rely heavily on fish for their daily protein and essential nutrients, these losses can lead to deficiencies and increased diet-related diseases, such as stunting and malnutrition (13,14).
In many developing countries, where food systems are already strained, post-harvest losses in fisheries represent a significant missed opportunity to improve public health and nutrition. Reducing these losses would not only increase the availability of fish for consumption but also improve nutrition outcomes and overall public health (15,16).
4.3 Environmental and Resource Sustainability Impacts
Environmental and resource sustainability are closely linked to post-harvest losses. The resources invested in harvesting fish-such as fuel, labour, and capitalare wasted when the fish are lost due to spoilage or mishandling. In regions where fisheries are overexploited or under pressure from environmental changes, post-harvest losses exacerbate the problem by wasting fish that could otherwise contribute to food security (17,18).
Moreover, the environmental impacts extend beyond the direct wastage of fish. If the fish are lost in the value chain, the energy, water, and labour used to catch them effectively go to waste. This increases the overall environmental footprint of the fishing industry, contributing to unnecessary resource depletion. The act of catching fish that eventually gets discarded or wasted represents an inefficient use of natural resources, and this inefficiency is particularly concerning in overexploited fisheries (19,20).
For example, in many tropical fisheries where large volumes of fish are caught, high post-harvest losses increase pressure on fish stocks, as fishers may attempt to compensate for these losses by catching more fish. This overfishing further depletes fish populations, reducing the sustainability of fisheries and threatening the balance of marine ecosystems. The resulting decline in fish stocks affects not only the fishing industry but also the broader ecosystem, as fish play vital roles in maintaining biodiversity and food webs (21,22).
Sustainability in fisheries requires reducing post-harvest losses, as these losses directly affect the efficiency of the fishing process and help preserve fish stocks for future generations. Sustainable practices in fish harvesting, processing, and distribution can help to reduce resource waste while improving overall sector productivity (23,24).
4.4 Social and Livelihood Effects
Post-harvest losses in fisheries also have significant social and livelihood impacts, particularly for small-scale fishers who depend on fishing as their primary source of income. Small-scale and artisanal fisheries are often characterised by limited access to capital, inadequate infrastructure, and vulnerability to external shocks. In these contexts, post-harvest losses represent a critical challenge, as any reduction in the catch or income can push fishers and their families deeper into poverty (25,26).
The social impacts of post-harvest losses are especially pronounced in communities where fishing is the primary livelihood. For many rural and coastal communities, fishing is not only a source of income but also a critical cultural practice. When fishers face significant post-harvest losses, their ability to support their families and communities is jeopardised, thereby increasing vulnerability and social instability (25,26).
Furthermore, the impacts of post-harvest losses are often gendered. Women in many fishing communities are responsible for post-harvest activities, including processing, selling, and managing income from fish sales. When losses occur, women are disproportionately affected, as they are often tasked with overseeing the household's food security and economic well-being. As a result, the loss of fish can lead to income losses, reduced access to nutrition, and increased stress for women and their families. (25,26)
Additionally, post-harvest losses can contribute to rural-urban migration. In areas where fishers are unable to sell their catch at a profitable price or face constant losses due to poor infrastructure and handling practices, many are forced to abandon fishing and migrate to urban areas in search of alternative employment. This migration, while providing economic relief for some, can strain urban job markets and contribute to social unrest (27,28).
In conclusion, post-harvest losses in fisheries are not just an economic concern; they have significant social, nutritional, and environmental consequences. Reducing these losses will have wide-ranging benefits for food security, financial stability, and the sustainability of fisheries (29,30).
5. Case Studies and Empirical Evidence
Implementing mitigation strategies for post-harvest losses in fisheries often requires empirical evidence to assess the scale of the problem and identify practical solutions. Case studies from various regions provide valuable insights into the causes, extent, and potential solutions to post-harvest losses. By examining specific examples from different countries, we can better understand the challenges faced by small-scale fishers and the broader value chain, as well as the successes of interventions aimed at reducing losses (27,28).
5.1 Case: Bangladesh Marine Fisheries
In Bangladesh, post-harvest losses in marine fisheries have been a persistent issue, particularly in coastal regions where artisanal fisheries dominate. The country's fisheries sector is a crucial source of income for millions of people, yet losses from spoilage, physical damage, and inadequate infrastructure continue to undermine its potential (27,28).
A study conducted by the Bangladesh Fisheries Research Institute (BFRI) found that fish losses during handling and transport are significant, with the most common causes being poor storage conditions and delays in reaching markets. The study revealed that a substantial portion of the fish was lost due to mishandling by labourers during offloading at landing sites. This damage included bruising, cutting, and broken fish, leading to reduced marketability and a higher spoilage rate (29,30).
Moreover, the absence of a robust cold chain system exacerbates the problem. In the absence of refrigeration or ice storage, fish were often transported to markets in high temperatures, leading to rapid deterioration in quality. According to the study, the losses due to poor post-harvest handling were estimated at around 10–15% of the total catch. The findings highlighted the need for improved handling techniques, better storage facilities, and access to reliable transportation systems to minimise losses (21,22).
In response to these challenges, several interventions have been implemented. For example, the introduction of low-cost ice storage units at landing sites and the promotion of better handling practices have shown promising results in reducing spoilage and physical damage. These measures have helped improve the quality of fish and increased the profitability of fishers. The study emphasised that while infrastructure improvements are crucial, providing training on post-harvest handling and hygiene is equally important to reduce losses (23,24).
5.2 Case: Zambia Freshwater Fisheries (Siavonga District)
Zambia's freshwater fisheries, particularly in the Siavonga district along Lake Kariba, also face significant post-harvest losses. In this region, small-scale artisanal fishers dominate the fishing industry, and post-harvest losses from spoilage, physical damage, and market inefficiencies are widespread. A study conducted by the Food and Agriculture Organisation (FAO) in the district found that losses were particularly high during transportation, when fish were often exposed to high temperatures for long periods before reaching markets (25,26).
The study found that nearly all fishers surveyed experienced post-harvest losses, with 79.6% of artisanal fishers losing up to 10% of their catch due to poor handling, spoilage, and delays in reaching markets. Among commercial fishers, the losses were similar, with 5–10% of the catch being lost due to handling and storage issues. The most common mitigation strategy employed by fishers was quick selling while the fish were still fresh. However, this strategy did not always prove effective, as fishers were often forced to sell at low prices due to market conditions, resulting in opportunity losses (21,22).
A key finding of the study was the role of infrastructure in reducing post-harvest losses. Many fishers lacked access to proper storage facilities, and refrigeration was often unavailable or prohibitively expensive. The study recommended the construction of cold storage facilities at landing sites and the provision of refrigerated transport to help preserve fish quality during transport. Additionally, the introduction of improved market linkages, enabling fishers to sell their catch at higher prices, was identified as a potential solution to reduce economic losses (22,23).
In response to these recommendations, local governments and NGOs have begun supporting the development of cold chain infrastructure and providing training on post-harvest handling. For example, the introduction of solar-powered ice-making machines and refrigerated trucks has helped to reduce spoilage and maintain the quality of fish for longer periods. These efforts have reduced post-harvest losses and increased incomes for fishers, demonstrating the effectiveness of infrastructure investments and market coordination (24,25).
5.3 Comparative Insights from Other Regions
Beyond Bangladesh and Zambia, case studies from other regions also highlight the widespread nature of post-harvest losses in fisheries and the diverse causes and impacts across different contexts.
For instance, in West Africa, studies have shown that post-harvest losses in both marine and inland fisheries are linked to inadequate transportation infrastructure, poor storage conditions, and lack of access to cooling technologies. In Ghana, fish losses were found to be particularly high due to insufficient ice supply and unsanitary handling practices, resulting in both economic and nutritional losses. Similarly, in Kenya, fishers on Lake Victoria face challenges due to a lack of cold storage facilities and inefficient market access, resulting in significant post-harvest losses. In both countries, the introduction of community-based cold storage facilities and ice production units has proven effective in reducing spoilage and improving fish quality (25,26).
In Southeast Asia, countries like Indonesia and the Philippines have implemented successful interventions to reduce post-harvest losses by improving handling techniques, expanding cold-chain infrastructure, and promoting value-added processing. For example, in the Philippines, fish processors have been trained in modern preservation techniques, such as smoking and drying, which help extend the shelf life of fish and reduce waste. In Indonesia, the establishment of cooperative groups has enabled small-scale fishers to pool resources to build better transportation and storage facilities, thereby significantly lowering losses in remote fishing communities (27,28).
These comparative case studies highlight the importance of context-specific solutions and the need for a combination of infrastructure improvements, training, and market interventions to reduce post-harvest losses. They also underscore the role of policy and governance in facilitating these interventions, as well as the need for multi-stakeholder partnerships involving fishers, local governments, NGOs, and private sector actors (27,28).
6. Mitigation Strategies
Reducing post-harvest losses (PHL) in fisheries requires a comprehensive set of strategies that address the causes of loss at every stage of the value chain. Mitigation strategies need to be context-specific, taking into account local infrastructure, resources, and capacities. This section outlines key strategiesimplemented to reduce post-harvest losses, with an emphasis on improving handling practices, strengthening infrastructure, and enhancing market linkages (29,30).
6.1 Improved Handling and Processing Practices
One of the most effective ways to reduce post-harvest losses is to improve handling practices throughout the fisheries value chain. Proper handling reduces physical damage to fish, delays spoilage, and improves the overall quality of the product. Simple interventions, such as careful offloading, adequate sorting, and efficient use of storage containers, can significantly reduce losses at landing sites and during transport (23,24).
Practices:
· Gentle Handling: Fish should be handled gently during offloading, sorting, and packing to prevent bruising or crushing. In regions where fish are handled manually, training fishers in proper techniques, such as lifting fish rather than throwing them into containers, can significantly reduce physical damage (7,11).
· Sorting and Grading: Sorting fish by size and species at the landing site ensures that the fish with the highest market value are prioritised and handled appropriately. Smaller or less desirable fish can be processed or sold in lower-value markets, reducing overall losses (8,12).
· Culling and Disposal: Culling (removing damaged or spoiled fish) as soon as they are identified prevents them from contaminating the rest of the catch. Early disposal of damaged fish also prevents spoilage from spreading to other fish that are still suitable for consumption (13,14).
By implementing these practices, the overall quality of the fish improves and spoilage rates decrease. For example, in small-scale fisheries in Zambia, fishers who adopted better sorting and handling techniques saw a reduction in the proportion of fish discarded due to physical damage (17,19).
6.2 Cold-Chain and Storage Infrastructure
The lack of proper cold storage is one of the primary contributors to post-harvest losses in fisheries, especially in tropical regions where temperatures are high, and spoilage happens quickly. Cold-chain infrastructure, including ice storage, refrigeration, and refrigerated transport, is critical for extending the shelf life of fish and reducing spoilage (11,12).
Strategies for Cold-Chain Improvements:
· Cold Storage Facilities at Landing Sites: The provision of ice boxes or refrigerated containers at landing sites ensures that fish are kept cool immediately after capture. This is especially important in areas with limited access to electricity, where solar-powered coolers or ice-making machines can be used as affordable alternatives to traditional refrigeration (11,13).
· Refrigerated Transport: Ensuring that fish are transported in refrigerated trucks or containers can significantly reduce spoilage during transit. In areas where refrigerated transport is unavailable, insulated boxes or coolers can help maintain fish quality until it reaches markets or processing plants (12,13).
· Ice Supply Chains: Reliable access to ice is essential to preserving the quality of fish during transport and storage. Fishers and processors can form cooperatives or partnerships with ice producers to ensure a consistent and affordable supply (19,20).
Investing in cold-chain infrastructure is particularly beneficial in remote fishing communities, where transportation times are long, and refrigeration is scarce. In Bangladesh, for example, a project introducing solar-powered ice-making units in coastal areas reduced post-harvest losses by 30%, improving fish quality and extending shelf life (21,22).
6.3 Value Addition, Processing, and Diversification
One of the most effective ways to reduce post-harvest losses is through value addition and processing. Fish can be preserved through methods such as smoking, drying, salting, and canning, which not only extend the product's shelf life but also increase its market value. Additionally, value-added products can reach a broader market, including international markets, and generate higher profits for fishers (23,24).
Value Addition Methods:
· Smoking and Drying: These are standard preservation techniques that can be used to reduce spoilage and create high-demand products. Smoking not only extends the shelf life of fish but also adds a unique flavour, making the product more desirable. Similarly, sun-drying or mechanical drying can preserve fish for more extended periods without refrigeration (25,26).
· Canning and Freezing: In addition to smoking and drying, canning and freezing are effective ways to preserve fish, especially for markets that demand processed products. These methods can significantly reduce spoilage and allow fish to be stored for extended periods, making them available year-round (27,28).
· Filleting and Packaging: Filleting fish and packaging them in vacuum-sealed bags or other protective packaging can also reduce waste and improve product shelf life. Packaged fillets are easier to store, transport, and sell, making them attractive to consumers and reducing spoilage-related waste (29,30).
Value-added products not only reduce losses but also contribute to the economic empowerment of small-scale fishers by opening up new markets. For example, in the Philippines, fish processors have been trained in various value-added methods such as smoking and filleting, which have allowed them to reduce post-harvest losses and increase income by diversifying their product offerings (31,32).
6.4 Strengthening Market Linkages and Logistics
Effective market linkages and efficient logistics systems are essential for reducing post-harvest losses. In many regions, fishers face difficulties in accessing markets due to poor transportation infrastructure, limited market access, and price fluctuations. By improving market linkages and streamlining logistics, fishers can sell their catch at higher prices and ensure that it reaches consumers in optimal condition (33,34).
Key Strategies for Strengthening Market Linkages:
· Market Access: Establishing direct connections between fishers and consumers or retail markets helps eliminate intermediaries who often drive down prices. For example, fishers in coastal areas may be able to sell directly to local supermarkets or food markets, reducing the need for intermediaries and increasing their profit margins (35,36).
· Cooperatives and Associations: Fishers can form cooperatives or associations to pool resources, negotiate better prices, and share infrastructure. These organisations can help small-scale fishers access larger markets and reduce costs through bulk transportation and joint processing (37,38).
· Supply Chain Coordination: Improved coordination along the value chain, from fishers to processors to retailers, ensures that fish are handled and transported efficiently. This reduces delays and spoilage, ensuring that fish reach the consumer in the best possible condition (37,38).
Market linkages and efficient logistics systems can also help reduce the pressure to sell fish quickly at lower prices. For instance, in West Africa, fishers with access to cold storage and reliable transportation can sell their catch at higher prices in urban markets, reducing the need to discard unsold fish due to spoilage (39,40).
6.5 Capacity Building, Training, and Institutional Support
Reducing post-harvest losses requires a well-coordinated effort that involves not only technical solutions but also education and capacity building. Fishers, processors, and other value chain stakeholders need training on best practices for handling, processing and preservation. Additionally, institutional support, such as access to credit, technical assistance, and extension services, can help improve the adoption of loss-reducing technologies (39,40).
Capacity-Building Strategies:
· Training on Best Practices: Training programs on proper handling, sorting, and preservation techniques can significantly reduce losses. These programs should focus on hygiene, fish handling, and storage methods to help fishers and processors maintain product quality and reduce waste (41,42).
· Technical Assistance and Extension Services: Government agencies, NGOs, and other stakeholders can provide technical assistance and extension services to help fishers implement new technologies and practices. This can include training on the use of refrigeration, ice-making machines, and value-added processing techniques (43,44).
· Institutional Support and Policy Frameworks: Governments and institutions should create policies that support the fisheries sector, provide incentives for investment in cold-chain infrastructure, and ensure that fishers have access to the resources they need to reduce losses. In many cases, the lack of formal regulations and support for post-harvest management contributes to high levels of waste (45,46).
For example, in several African countries, donor-funded projects have focused on training fishers in modern handling and preservation techniques. These projects have shown positive results, with significant reductions in post-harvest losses and increased income for participating fishers (47,48).
6.6 Policy and Governance Frameworks
Effective policy and governance frameworks are critical for addressing post-harvest losses in fisheries. National governments must prioritise fisheries management policies that reduce post-harvest losses through infrastructure development, training, and regulation. Collaborative efforts involving governments, the private sector, and local communities are essential for implementing long-term solutions (41,42).
7. Implementation Challenges and Enablers
Despite the potential of various strategies to reduce post-harvest losses (PHL) in fisheries, implementing these solutions at scale presents significant challenges. These challenges arise from a combination of financial, infrastructural, technological, and institutional barriers. However, there are also enablers-factors that, if leveraged effectively, can accelerate the adoption of solutions and enable long-term success in reducing PHL. This section explores the key challenges to implementing mitigation strategies and the enablers that can facilitate progress (43,44).
7.1 Financing and Cost-Effectiveness
One of the primary challenges in addressing post-harvest losses in fisheries is the high cost of implementing mitigation strategies, especially in developing countries where resources are limited. Investments in cold-chain infrastructure, value-added processing technologies, and market linkages require significant upfront capital, which is often beyond the reach of small-scale fishers and local communities (45,46).
Challenges:
· High Capital Costs: Cold-chain systems, refrigeration units, solar-powered ice machines, and refrigerated transport are expensive investments. Small-scale fishers, particularly in remote areas, often lack access to financing or credit to invest in these technologies (8,9).
· Cost of Training and Capacity Building: Effective training and capacity building programs require funding for materials, trainers, and logistical support. Without adequate financial resources, fishers and processors may not be able to afford or access such programs (10,11).
· Risk of Low Return on Investment: The financial risks involved in investing in new infrastructure and practices can deter private investors and government stakeholders. If fishers do not see a direct, quick return on investment, they may be reluctant to adopt new technologies or practices, especially amid market fluctuations (12,13).
Enablers:
· Microfinancing and Credit Access: Microfinance institutions and credit schemes that target small-scale fishers can provide the necessary funding for investment in cold-chain infrastructure and other loss-reducing technologies. Some NGOs and development agencies offer financial products specifically designed to help fishers access low-interest loans for such investments (14,15).
· Public-Private Partnerships: Governments can collaborate with private sector players to share the financial burden of infrastructure development. For example, partnerships among governments, international donors, and private companies have successfully financed cold-chain infrastructure in some African and Asian countries (16,17).
· Cost-Effectiveness of Small-Scale Solutions: In some cases, low-cost, small-scale technologies such as solar-powered ice machines or insulated fish containers can be more affordable and practical for fishers in developing countries. These technologies may have a lower initial investment but can still yield significant reductions in losses (18,19).
7.2 Appropriate Technology and Local Context
Implementing technology solutions in fisheries requires careful consideration of the local context, including infrastructure, climate conditions, and the types of fish being harvested. Many technologies that work well in developed countries may not be suitable or affordable for fishers in low-income regions (43,44).
Challenges:
· Mismatch with Local Needs: Technologies such as large-scale refrigerated storage units may not be practical in rural or remote fishing communities where electricity access is unreliable, and transport infrastructure is poor (45,46).
· Cultural and Behavioural Barriers: Even when appropriate technologies are available, fishers and processors may be resistant to adopting them due to cultural practices, traditional methods, or scepticism about the benefits of new technologies (47,48).
· Inadequate Support for Technology Adoption: Even if fishers are provided with access to appropriate technologies, there may be insufficient technical support or training to help them use these technologies effectively. In some cases, technologies may be underutilised or misused due to a lack of understanding of their potential benefits (49,50).
Enablers:
· Context-Specific Solutions: Tailoring solutions to local contexts is crucial. For example, in regions with limited electricity, solar-powered refrigeration and ice-making units can be a more viable solution than traditional electricity-dependent systems. Local adaptations of technologies can also help reduce costs and improve efficiency (42,43).
· Community Engagement and Participatory Approaches: Engaging fishers and community members in the design and implementation of technologies ensures that the solutions meet their needs and are more likely to be adopted. Participatory approaches also help overcome cultural resistance by involving fishers in decision-making (44,45).
· Technical Support Networks: Establishing local technical support and maintenance networks can ensure that technologies continue to function correctly after installation. These networks can provide ongoing training, troubleshooting, and repairs, ensuring the long-term sustainability of the solutions (46,47).
7.3 Scaling Up and Value-Chain Coordination
One of the most significant challenges in reducing post-harvest losses in fisheries is scaling up successful interventions. While small-scale pilot projects may demonstrate the effectiveness of specific technologies or practices, replicating these solutions across larger geographic areas or for larger fisheries requires coordination, funding, and infrastructure (48,49).
Challenges:
· Fragmented Value Chains: The fisheries value chain is often fragmented, with many small-scale fishers and processors operating independently. This fragmentation makes it challenging to implement coordinated interventions that benefit the entire value chain. Each actor in the chain may have different incentives, interests, and capabilities, which complicates efforts to reduce losses (50,51).
· Lack of Coordination Between Stakeholders: Effective reduction of post-harvest losses requires coordination between fishers, transporters, processors, retailers, and government agencies. However, in many cases, these stakeholders do not collaborate effectively, leading to inefficiencies in the supply chain (52,53).
· Limited Access to Large Markets: Small-scale fishers often have limited access to larger, more lucrative markets due to poor infrastructure, inadequate market linkages, or high transportation costs. This limits their ability to benefit from investments in reducing post-harvest losses (52,53).
7.4 Measuring and Monitoring Loss Reduction
Another key challenge in reducing post-harvest losses is the lack of reliable data on their magnitude and causes. Without accurate measurement and monitoring systems, it isn't easy to assess the effectiveness of mitigation strategies or track progress over time (42,43).
Challenges:
· Data Gaps: In many countries, there is limited data on post-harvest losses, making it difficult to understand the full scope of the problem. Losses are often underreported, and there is no standardised methodology for measuring them across regions or fisheries (41,42).
· Difficulty in Monitoring Losses: Monitoring losses in real-time can be challenging, especially when multiple actors handle fish across long supply chains. It is also difficult to measure quality losses (e.g., spoilage and degradation) without specialised equipment or testing (43.44).
· Lack of Incentives for Data Collection: Fishers, processors, and other value-chain actors may not see the immediate benefit of reporting data on post-harvest losses. Without clear incentives, there may be little motivation to invest in data collection or to participate in monitoring efforts (43,44).
8. Conclusion
Post-harvest losses in fisheries pose a significant challenge to the sector, food security, and the livelihoods of millions of people worldwide. The scale of these losses is substantial, and the impacts are felt across the entire value chain, from small-scale fishers to consumers. However, reducing post-harvest losses is not only possible but also imperative for achieving greater sustainability, improved food security, and higher incomes for fishers.Through a combination of investments in infrastructure, improved handling practices, training, value addition, and stronger market linkages, the fisheries sector can reduce post-harvest losses and create a more efficient and sustainable supply chain. In particular, improving cold-chain infrastructure and promoting value-added processing have proven highly effective in preserving fish quality and extending shelf life, thereby reducing spoilage and waste. At the same time, strengthening market access, supporting small-scale fishers with financial incentives, and developing sound policies are critical to addressing the root causes of losses.The successful implementation of these strategies will require collaboration between governments, private-sector actors, NGOs, and local communities. While challenges remain, there is growing recognition of the importance of reducing post-harvest losses as part of broader efforts to enhance food security, improve economic stability, and promote sustainability in the fisheries sector. By taking a coordinated, comprehensive approach to addressing these losses, it is possible to achieve significant improvements in both the quality and availability of fish, benefiting millions of people who rely on fisheries for their livelihoods and food security.
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