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Abstract
Background
The group of small pelagic fish is the largest species group landed globally. A significant proportion of this nutrient-rich food is processed and lost to livestock feed, fish feed, fish oil, pet food and omega-rich vitamins. The nutritional importance of small pelagics as an easily digestible protein source, rich in essential lipids with fatty acids (EPA/DHA), essential amino acids, minerals and vitamins, is well known and documented. Small pelagics contain all the elements of a healthy and nutritionally optimal food source for humans and are an important contributor to the food and nutritional security of many poor, low-income households in developing countries.

Findings
Large-scale and small-scale fisheries play an important role in contributing to food security and nutrition. Yet, all of the anchovy landings from large-scale fisheries are reduced to animal feed, fish oil and pet food in South Africa. The size of the species, labour costs and lack of incentives by the state are some of the challenges to redirecting anchovy for human consumption. This trend is also now prevalent in Tanzania, where most (84%) of the dagaa fished is reduced to fishmeal in Kenya, mainly to feed chickens. The main challenges are post-harvest handling and sanitation.

Conclusions
The redirecting of small pelagics to human consumption will depend on the role of the state in Tanzania and South Africa in investing in post-harvest processing. The role small-scale fisheries play in providing fish for food security needs to be understood in the context of economic viability and of how data are reported in this sector as compared to large-scale fisheries.
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Background
Long-term food insecurity leads to undernourishment, in which the body receives insufficient nutrients, either macro- or micronutrients. Protein is an example of a macronutrient, and amino acids, vitamins and minerals are examples of micronutrients. Undernourishment has been studied extensively in underweight children stunted by growth and wasted around the waist. In an attempt to stress the importance of nutrition, pregnant women and breastfeeding mothers are also important focus groups being studied extensively. In 2013, UNICEF reported the alarming malnutrition statistic that over one-third of all stunted (low height for age, caused by long-term insufficient nutrient intake) children and one-third of all wasted (low weight for height, a strong predictor of mortality among children under five) children lived in Africa [1]. About one-third of all deaths among under-5-year children in Africa are caused by malnutrition. In addition, food and nutrition security is still one of the major constraints facing child survival in many African countries today. Furthermore, micronutrient deficiency is a major problem worldwide, as two billion people are reported to be deficient in the micronutrients crucial for human development [2, 3]. In many countries in Africa, diet consists predominantly of starch, while fish is fairly readily available in many riparian and coastal communities and could play an important role in enriching diets deficient in vitamins and minerals.
Fish as food does not represent a significant percentage of the calorie intake for many poor people, although it is a healthy and affordable food source, rich in high-quality protein and essential micronutrients and vitamins. Adding fish to the rice, maize, bread and noodles, etc., consumed by many poor, would contribute significantly to providing vitally needed nutrients.
International recognition of fish as nutrient source
The International Conference on Sustainable Contribution of Fisheries to Food Supply held in Kyoto, Japan, in 1995 identified fish (marine, inland or aquaculture) as playing a significant role in food security. Delegate states approved a Declaration and Action Plan to enhance the contribution of fisheries to human food supply [4, 5].
To address the right to food for many poor and malnourished people, there is an increased emphasis in international organisations (Committee on Food Security, Food and Agriculture Organisation and many donor countries) on the importance of the nutritional contribution of fish as food to be considered in the diet of the poor. International instruments and commitments, such as the Voluntary Guidelines on Responsible Governance of Tenure of Land, Fisheries and Forests in the context of National Food Security (Tenure Guidelines) [6] and the Voluntary Guidelines on the Progressive Realization of the Right to Adequate Food in the Context of National Food Security (Right to Food Guidelines) [7], endorse the important role of small-scale fisheries in contributing to food security. More specifically, the UN’s Special Rapporteur on the Right to Food makes “the explicit link between right to food and rights of those who produce it, to fair access to resources such as fish and water” [8].

International recognition of small fisheries
The often ignored, underestimated, undervalued and overlooked small-scale fisheries finally gained traction when the Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries in the Context of Food Security and Poverty (Small-Scale Fisheries Guidelines) [9] by the Committee on Fisheries of the Food and Agriculture Organization of the United Nations (FAO) was adopted in 2014. The Committee on Food Security (CFS/FAO) Higher Level Panel of Experts (HLPE) [3] report on Sustainable Fisheries and Aquaculture for Food Security and Nutrition reconfirmed the importance of small-scale fisheries in contributing to food security and nutrition.
Internationally the debates on fish as food, livelihood, income, trade, feed and forage have all been gaining traction internationally with specific reference to small-scale fisheries and the right to food campaigns by civil society. The nutritional importance of small pelagics, which include sardines, mackerels, anchovies, etc., is widely known, and many small-scale fishing communities consume the small fish. Since fish is one of the most traded commodities in the world, the nutritional importance of protein and micronutrients in developing countries is often compromised for sale on the local, regional and international markets. Feeding into the debate fish as a livelihood and income to provide indirect food security, the findings of the FAO/NORAD report in 2013 indicated that local fishers rarely benefit from “fish for whom” debates concerning the international demand for small pelagics competing with the fish as food [10].

Current predominant use of small pelagics worldwide
More small pelagic fish are landed globally than any other type of fish. (“Landed” refers to the portion of the catch retained and not discarded at sea.) Large-scale trawling for pelagic species, with notable exceptions, is most often linked to supplying fish feed for industrial aquaculture [11]. Forage species, into which small pelagic fish fall, are among the most populous in the world, and demand for products derived from forage fish is increasing. Some would argue that forage species are at the heart of the human food system.
Small pelagics are used to fuel the growing global demand for animal protein as global incomes rise and diets change. Large-scale industries process forage fish using what is called “reduction”, which involves cooking, grinding and chemically separating the fat from its protein and micronutrients. The fat and protein form key ingredients in the chemical inputs into animal feed for aquaculture, industrial livestock, chicken farming, a growing pet food sector and bait. The micronutrients such as nitrogen, phosphorus and potassium are converted into crop and vegetable fertiliser. This oil- and protein-rich meal becomes animal feed. The fats are used to make human nutritional supplements such as fish oil and omega-3 fatty acid tablets. Small pelagics are as important for human consumption as they are for the ecosystem, and the balance is important [12–16].

Defining small pelagics
Small pelagics are small forage fish that live in the surface and near-surface waters over the continental shelf of most of the coast. Forage fish are small schooling fish that feed on plankton and occupy a vital place in marine foodwebs. Generally, these species eat herbivorous (phytoplankton) or carnivorous (zooplankton) plankton and are eaten by larger predators that occur higher up in the foodweb. Forage fish therefore play a fundamental role in marine ecosystems by converting energy from lower trophic levels into food for larger fish, marine mammals and seabirds—essentially all predators at higher trophic levels in the marine environment [17]. This paper focuses on small pelagic species in two case study sites in South Africa (marine—ocean fisheries) and Tanzania (inland—freshwater lake fisheries).

The South African west coast small pelagic fisheries
The South African, small pelagics (anchovy Engraulis encrasicolus and sardine Sardinops sagax), together with associated bycatch for red-eye round herring (Eriumeus whiteheadii) and cape horse mackerel (Trachurus trachurus), form a capital-intensive industrial fishery based on the west coast of South Africa in the southern Benguela region (Fig. 1). Most of the small pelagic fishery infrastructure (the fishing fleet and major canning and fishmeal factories) is situated on the west coast in the greater Saldanha Bay, St Helena Bay and Velddrif areas. Since the 1940s, canning and fishmeal have been part of this sector’s operations, and 6 canning and processing companies and 15 packing entities have been operational. Coastal communities have settled in and around this area, largely based on employment derived from the fishing industry [17, 18].[image: A40066_2016_73_Fig1_HTML.gif]
Fig. 1Map of location, spawning grounds of Agulhas Bank, surface winds upwelling, spatial shifts




                        
Sardine catches have dominated to the extent that 60‒90% of the pelagic industry in South Africa consisted of pilchard (sardine) and anchovy (see Fig. 2). The ratio between pilchard and anchovy landings has, however, fluctuated over the decades. Two collapses of the sardine fishery have been reported: in the early 1960s and 1997 due to intensive overfishing and in the early 2000s due to the regime shift of sardine to the southern Benguela coast [21, 22]. The significant shifts in winds in the El Niño years of 1983 and 1997 resulted in increased upwelling variability, causing a sudden upsurge in abundance of small pelagic in the southern Benguela. Views on what caused these environmental changes are contested, but El Niño, climate change, global warming and overfishing were frequently mentioned as factors that impacted on the productivity of the small pelagic resources, fishing possibilities and the distribution of the resource [23].[image: A40066_2016_73_Fig2_HTML.gif]
Fig. 2Annual catches of sardine, anchovy and round herring taken by South African pelagics fishery from 1949 to 2011 [58: 46]




                        

Governance of South African small pelagic fisheries
South Africa’s fisheries are a right-based system of allocating Individual Transferable Quotas based on scientific inputs through Operational Management Procedures (OMPs) that sets annual TAC for anchovy and sardines. The Ecosystem Approach to Fisheries has governed the fisheries since 2002 [19, 20] supported by a consultative and advisory form of comanagement via the Scientific Working Group and Resource Management Working Groups, on which fisheries department scientists, University scientists, government officials, NGOs (WWF and industry associations) are represented.

The Lake Victoria small pelagic fisheries
Lake Victoria is the largest fresh water body in Africa, and Kenya, Uganda and Tanzania share the management responsibilities (see Fig. 3). Commercially important species are Nile perch, dagaa and tilapia. The Nile perch and Nile tilapia were introduced to Lake Victoria in the 1950s and experienced explosive population growth in the 1970s, while negatively impacting the 300 indigenous species almost to extinction. This study specifically focuses on the small pelagic dagaa silver cyprinid (Rastrineobola agrentea), a species in the family of Cyprinidae, found in Lake Victoria [24]. The silver cyprinid is known by various local names such as dagaa in Tanzania, mukene in Uganda and omena in Kenya.[image: A40066_2016_73_Fig3_HTML.gif]
Fig. 3Map of Lake Victoria, field sites in the Magu district, Mwanza Tanzania




                        
This fishery is a labour intensive, artisanal and small scale in nature using traditional methods of fishing in dug-out canoes, purse-seine and bright lanterns as fishing activity mainly takes place at night. When the fish is landed, it is sold to women who spread it out in the sun to dry for a period of 2 days. Drying is often done on sand, rocks and nets and some instances on drying racks [24, 25].
The Dagaa stocks have steadily increased, along with the catches, since the mid-1980s (see Fig. 4). Since 2005 it has become the largest fishery in the lake by weight and there are no signs of overexploitation. As the stock size, based on hydroacoustic surveys, still appears to be increasing, this would indicate that there is still room for expansion of this fishery [26].[image: A40066_2016_73_Fig4_HTML.gif]
Fig. 4Total catch of Lake Victoria from 1959 to 2010 [26]




                        

Governance of dagaa fisheries on Lake Victoria
The dagaa fishery is situated in traditional communal tenure systems that link the management of land, lake (water) and fish species. An open-access fisheries management system is still prevalent on Lake Victoria for the dagaa fisheries, with a comanagement system established with the creation of Beach Management Units (BMUs). The role of the BMU is mainly self-policing, but it is not actually part of the decision-making structures. Onyango 2011 [27] labels the comanagement introduced by the World Bank as a top-down system that lacks legitimacy and compliance at local level around the lake. More or less at the same time a regional management institution, known as the Lake Victoria Fisheries Organisation (LVFO), was established, and all states (Kenya, Tanzania and Uganda) that share the resource formed part of this structure to manage and develop the utilisation of the fisheries, as well as to coordinate research and management regulations [26, 27].


Methods
The methodology for this paper is gleaned from literature review and fieldwork in Tanzania and South Africa on unpacking the contribution of small pelagics to fish as food or income. Data collection in South Africa for this paper is gleaned from key informant interviews and interviews with workers, unions and industry associations between 2012 and 2015. In Tanzania interviews were conducted with Beach Village Committee members, fisheries officials, cooperatives in the fish markets and fisheries researchers in the Magu district of Kayenze Ndogo, Nyakasenge Chabula, Kayenze and Kirumba fish market in October 2015 (Fig. 3).
The frame of analysis for this paper is mainly gleaned from the social and economic indicators originally developed by Thomson in 1980 (see Fig. 5) to show how national and international fisheries policies tend to favour the large-scale sector through fuel subsidies and investments, while small-scale fisheries remain undervalued, data on them are often not reported, and they are often ignored in their contribution to food and nutrition security [28]. The key indicators for this paper aim to examine the extent to which large- versus small-scale small pelagics contribute to food security and nutrition, and are landed value, human consumption, employment, discards and fishmeal reduction. The main argument for this paper is based on the following key questions: What is the nutritional importance of small pelagics especially to the poor and vulnerable in the developing countries? To what extent are small and large-scale fisheries contributing to food security and nutrition? What percentage of small pelagics (marine and inland) is reduced to animal feed, aquaculture feed, fish oil, etc., in South Africa and Tanzania, and what percentage is directed for human consumption?[image: A40066_2016_73_Fig5_HTML.gif]
Fig. 5Advantages for small-scale fisheries when comparing large-scale fisheries operations [updated from 3, 28, 53, 64]




                     

Contextualising food and nutrition security
Situating food security in context of the food system
The notions of food security and the nutritional needs of the poor need to be understood within the food system; therefore, access to food includes the availability, affordability and consumption practices of food. Linking food security to the food system needs to address the issue of what the economic, social and environmental drivers are that affect the food security of the poor [29]. At the centre of these concerns is the demand for high-quality fish at low prices [30], and a better understanding of consumption and purchasing practices among the global rich [31]. How does the demand for high-quality fish impact on the livelihoods and income of many small-scale fisheries around the world? As one of the most traded commodities in the world, the trade of fish is integrated into national economies and to the global economy through trade and investment rules and privatisation and is supported by technological advances. On the other hand, localisation is a process that reverses the trend of globalisation by discriminating in favour of the local [32, 33]. Researchers [3, 10, 34–37] warn us that the food quality standards imposed by international trade institutions and importing countries are excluding small-scale fishers from benefitting from the high-value fish trade. Hence, the many small-scale fisher organisations are promoting direct local trade instead of international trade.
Malnutrition can be defined as chronic food consumption deficiencies, or the excess consumption of nutritionally poor food, or the consumption of mainly industrialised, processed food, or an abnormal physiological condition caused by deficiencies, excesses or imbalances in energy, protein and/or other nutrients [2: 4]. Malnutrition can include being under- or overweight, due to the correct nutrients not being consumed [39]. Malnutrition is not only caused as a result of a shortage of food, but is a result of a lack of nutritionally adequate food [38]. South Africa, a middle-income country, faces this “double burden” of malnutrition: both undernourishment and obesity [40]. The double burden is related to South Africa’s extreme levels of inequality and the country’s large poor population and is exacerbated by rapid change in the South African food system. Many poor people are increasingly distanced from self-sufficiency as they abandon local dietary foods and increase their dependence on processed and industrialised foods [41]. Families eat the same very limited foods day in and day out. Highly processed starchy foods are prioritised for energy and take up substantial space on the plate. The animal proteins many families consume tend to be of very poor quality, for example, processed meat and chicken feet and heads with increased levels of salt and fat. “Women are carrying their poverty on their bodies” with the increased intake in starchy, sugary and processed cheap foods [42: 26].

Value of small pelagics in nutrition
Fish provides an excellent solution for food insecurity and malnutrition, especially small pelagics that are rich in macro- and micronutrients. Fish is a particularly good source of protein for children, which is vital for their growth, and their underdeveloped digestive systems often cannot process the more starchy staple foods [43]. Fish in the human diet makes a significant contribution to meeting health needs, as it provides protein that contains all essential amino acids, lipids with essential omega-3 fatty acids and other vitamins and minerals [3]. It is crucial that fish protein of sustainably harvested species like small pelagics is directed towards human consumption [41]. Small pelagics provide easily digestible protein, and the bioavailability (the rate of absorption and availability of a substance to the human body) of the protein in fish is 5–15% higher than the protein from plant sources [3, 43, 44].
The nutritional benefits of small pelagic fish go beyond the importance of the role it plays as a source of protein. The lipid composition of fish is different from that of other proteins, and the long-chain, polyunsaturated fatty acids (LCPUFAs) have a number of potential health benefits [3]. The omega-3 docosahexaenoic (DHA) is also believed to be important during pregnancy, breastfeeding and infancy for neurodevelopment [3, 45]. This omega-3 fatty acid, an important building block for neural and brain development in young children, is also found in various vegetable oils, but in these it is a form of fatty acid (alphalinolenic acid—ALA) that needs to be converted into DHA to be effective. The human body is, in fact, inefficient at converting the ALA into the necessary DHA. Therefore, fish is a far more reliable source of DHA. For brain development in children to be optimal, it is believed that an intake of only 150 mg of small pelagic fish daily is necessary [3].
The omega-3 oils found in fish have also been found to reduce unhealthy cholesterol and triglycerides (both of which are causes of heart disease) as well as increase healthy cholesterol [3, 46–49].
Fish is a source of lysine and methionine, which are essential micronutrients in the form of amino acids [3, 43]. Further micronutrients found in fish include Vitamins A, D, B1 and B2, as well as iron, phosphorous and calcium [3, 43]. Vitamin A is present in fish as retinol and an hydroretinol, which is more easily preserved through the cooking process and more readily absorbed by humans than the form of Vitamin A found in vegetables [50]. The calcium in fish, digested when the bones and organs are eaten, is even slightly more effective than milk as a source of calcium [50]. Fish is a rich source of iron and also aids the bioavailability of iron of other foods in a meal, such as rice [50]. The deaths of 800,000 children globally each year are attributed to zinc deficiency [3]. Small pelagic fish contain all of these micronutrients in significant amounts.
Over 30% of people in the world are reported to be iron deficient, including up to 50% of pregnant women and children in developing countries, with approximately two billion being anaemic [3, 38]. Lack of iron impairs cognitive development, growth and immune function, very often resulting in suboptimal performance at school and in adulthood [38]. Fish added to the traditional blend of staple diets will increase the utilisation of micronutrients, indirectly boosting the immune system. Vulnerable populations such as young children, the aged and immune-compromised persons living with HIV and AIDS would benefit significantly from introducing small pelagics into their diet [5]. More importantly, fish as food is separated from the consumption of other foods produced on the land.


Findings
The consumption of fish contributes approximately 17% to the global intake of protein. In some countries in Africa, particularly West Africa, this can be significantly higher—up to 72% in Sierra Leone and 55% in Ghana and the Gambia [3]. The fish frequently consumed by local populations in Africa is the small pelagic fish, often regarded as a lower-value fish in terms of international trade.
Difficulties of small pelagics for human consumption
Small pelagics with their high fat content tend to spoil easily, which results in many post-harvest losses during handling, sanitation and drying. When small pelagics are placed directly on the soil, they become contaminated and become rancid, and placing fish on mats, concrete or drying racks improves the quality of the product [50]. In small pelagics, rancidity is caused by the oxidation of fish lipids, which leaves a bad odour and bitter taste. Smoking and salting small pelagics are not very popular in most parts of Africa. Salt is very expensive, and it changes the product, because, as with smoking, the species is easily charred [50] (blackened). Canning is one way of preserving the fish for human consumption, but is expensive, and canning is mostly confined to South Africa and Namibia.

Advantages of small-scale fisheries in small pelagic fishing
Large-scale pelagic trawls straddle temperate and tropical waters to harvest large shoals of small pelagic species within the Economic Exclusive Zones (extending 200 nautical miles of ocean space) many countries. Such operations are undertaken on a perennial basis. Along with the target pelagic species, significant numbers of larger-sized fish and marine mammals are also harvested, since the former are prey for the latter. Small-scale fishers would have caught these larger fish using more selective methods during the appropriate seasons. This again results in competition with local small-scale fishers, who are also often totally marginalised. In many quota-managed fisheries, these larger species are considered overexploited and hence denied to small-scale fishers, but the “incidental” catch by trawlers is often overlooked or condoned [43]. In these debates on fish as food, small-scale fisheries play the role of being more affordable, available and accessible to many poor populations and important to their livelihood [3]. The direct and indirect contribution to food security from small-scale fisheries outweighs the contribution of large-scale fisheries. The series of socio-economic indicators developed by Thomson in 1980 has been updated several times over the past 36 years [28, 51–55] to compare the contribution of large- versus small-scale fisheries, to address global estimates of employment, catches, bycatch and discards, human consumption and employment created through investments.


Case studies
The case of sardine and anchovy in South Africa
The economic boom for purse-seining started off along the underdeveloped west coast of South Africa in the late 1930s and significantly increased with the post-Second World War demand for canned fish, technological advances and high unemployment rates [56]. This sector provided increased employment opportunities for many locals in the area [57]. From the 1950s to the 1980s, during the closed seasons between August and December, workers engaged in alternative livelihoods, i.e. fishing for west coast rock lobster and handline as a form of subsistence [57].
These fish are targeted by around 100 purse-seiners (dragnet fishing boats) that catch up to 400 tonnes a single haul. Anchovy and most of the round herring caught are reduced to fishmeal and fish oil in industries along the west coast. Sardines (also known as pilchards) are caught on the west and south coast of South Africa and canned or frozen locally for human consumption, pet food and bait. Established in the 1940s, the South African small pelagic industry, of which sardine is one of the main species fished, is the largest by landed volume and second only to demersal hake in terms of value [15, 58–60]. The employment in the sector is around 4500, but because operation is seasonal, it is difficult to differentiate employment that is permanent, temporary or seasonal.
The number of operational fishing vessels in the sector has declined by nearly one-third in the past decade, mainly as a result of most independent vessel owners leaving the industry. Also, factories have bought new and bigger boats following the assurance of being granted medium- and long-term rights. Further, owners have replaced old wooden vessels with larger, more fuel-efficient steel or fibreglass vessels with refrigeration systems. The maximum number of vessels allowed in the sector is about 100 [20]. The number of vessels operating at any given time is largely influenced by the annual quota size; for example, only 71 vessels were declared operational for the 2011 season, based on permits issued. The use of fewer, more efficient, mechanised vessels has resulted in job losses for skippers and crew [60]. Smaller operators off the Gansbaai coast have been pushed out by larger companies, because when there is an oversupply, large companies prioritise their own vessels over contracted vessels [18, 60]. Increased competition for fish and crew employment to land an increased quantity and quality of catch has lead to the closing of fishing areas, high grading and dumping [60].

Use of sardine in South Africa
Canned sardine (pilchard) is one of the most important food items in the diets of South Africans, especially of the poor. The most common form is canned pilchards which come in mostly three recipes: in tomato sauce, in chilli sauce or in brine. Ease of storage and transportation and consistent quality count in the favour of canned sardines or pilchards. Another advantage is that canned sardines come in small tins of 155, 215 or 400 g, all priced below one US dollar equivalent in South Africa. They can be eaten with bread, rice, potatoes, pap (maize meal) or even on their own. Canned pilchards can be found in all corners of South Africa, right into rural areas. The increasing expansion of South African retail chains into Africa is increasing the distribution and reach of food items such as canned sardines in the rest of Africa. Sardines are rich in micronutrients, vitamins and proteins (e.g. vitamins D and B12, protein and calcium). They are known to be one of the most concentrated sources of the omega-3 fatty acids, which lower triglycerides and cholesterol levels. There is no doubt therefore that sardine is vital for protein food security for the majority of South Africans, and increasingly Southern Africans, especially the poor [3]. It is no surprise that the sardine catches are caught at almost full capacity of the total allowable catch (TAC), see Fig. 6.[image: A40066_2016_73_Fig6_HTML.gif]
Fig. 6Directed sardine total catches [61]




                        

Use and underuse of anchovy in South Africa
Since the 1970s, South Africa’s average annual anchovy landings have exceeded 300,000 tonnes. Some of the products produced earlier in South Africa were anchovy salted, dried or cured in oil, and anchovy paste. With the decrease in the average size of the anchovies (less than 12 cm) in the 1980s, there was an increase in the manual labour required to prepare each fish individually, with a high risk of oxidation and rancidity, and the industry resorted to reducing far more anchovy for fishmeal [61–63]. Figure 7 shows the annual catches of anchovy since 2006, and for a number of years less than 50% of the TAC have been caught [61].[image: A40066_2016_73_Fig7_HTML.gif]
Fig. 7Anchovy total catches [61]




                        
The undercatching of anchovy is a concern within the Department of Agriculture, Forestry and Fisheries in South Africa, as there is a need for food security and job creation in this sector. To mitigate this, in 2012–2013 Ukloba Fishing experimented with a new process of salting, curing and filleting anchovy for human consumption. The outcomes of this experiment were interesting, because filleting anchovy is labour intensive and therefore has job-creation potential. However, the company decided not to continue as the profitability would be low due to the labour costs [61]. In the end, mechanisation of the anchovy product for animal feed and fish oil seems to be the choice of many fishing companies in this sector.
What is the role of small-scale fisheries in the product development of anchovy fillets for the higher end market [61–63]? Small-scale fishers do not target small pelagics due to the vessel size required and distance of the fishing from shore. When sardine shoals are swimming within the small-scale fishing zone, fishers will target them, but will use them for bait rather than consumption. Even small-scale fisher communities are far more likely to obtain their sardines from a tin than fresh.

The case of the dagaa fisheries in Lake Victoria, Tanzania
Lake Victoria is Africa’s largest lake, covering an area of 68,800 square km, and the lake is shared between Tanzania 51%, Uganda 43% and Kenya 6%. The maximum depth of the lake is 84 m, and it has a shoreline of 3450 km. The lake supports 30 million people living in the basin and is a major source of food, livelihoods and employment. Nile perch and Nile tilapia were introduced in the lake in the 1950s, which negatively impacted over 300 indigenous species to near extinction [64, 65].

Dagaa fishing: methods and challenges
The dagaa is a low-value species that is largely consumed around the lake and inland rural areas and animal feed (fishmeal). Trading dagaa on the global market is major challenge, as the post-harvest handling does not meet the minimum hygiene standards. Dagaa fishing is largely subsistence in nature due to the importance of fish consumption for many poor households around the lake, and in Eastern and Southern Africa, and has been a livelihood and income source for many small-scale fishers since the early 1970s [24]. The fish is caught at night with bright lanterns around the dug-out canoe by artisanal and small-scale fishers using traditional methods. When the fish is landed, it is sold to women who spread it out in the sun to dry for a period of 2 days. Drying is often done on sand, rocks and nets and some instances on drying racks.

Loss of dagaa to human consumption
The nature of the post-harvest handling of the fish, no cold chain (ice and refrigeration) and few drying racks mean that dagaa fishing does not meet the minimum hygiene standards to export globally. The Kirumba market sells mainly to local and regional markets, and currently most—almost 80%—of the dagaa sold at the Kirumba market in Mwanza is reduced for animal feed. The product is packed with sand and shells and for transportation in huge quantities to agents for the animal feed industries or to individual poultry farmers, mainly in the region, for example to Kenya, Burundi, Rwanda, Congo and within Tanzania [24]. There are new markets in the Far East such as Malaysia and Cambodia that import dagaa from Kirumba market [24, 25] in small quantities for their aquaculture production [24, 25].

Potential value of dagaa fishing
In 2007, the estimated harvest level for the three riparian countries of Tanzania, Uganda and Kenya reached approximately 600,000 tonnes annually [65]. Since 2005, dagaa has become the largest fishing focus in the lake by weight, and there are no signs of overexploitation. Scientists and government officials agree that there is room for expansion in this arena of fishing [25, 26]. The development goals for the dagaa fisheries in Lake Victoria are to provide food security, employment and wealth creation. In line with these goals is the formalisation of the value chain to create more wealth and employment.

Nutritional value of dagaa
The nutritional value of dagaa is similar to that of marine small pelagic fish, in that they contain protein and micronutrients essential in the diet of growing children, pregnant and breastfeeding women and undernourished and malnourished communities. However, the handling and processing of the fish is key in ensuring the nutrition value is sustained [24].


Discussion
Benefits of small-scale fisheries
Globally, the landed value of large-scale fisheries is around 50 million tonnes annually, while for small-scale fisheries it is 40 million tonnes. About 8% of the catch is dumped before landing, and global discards are around 7 million tonnes annually [3]. Small-scale fisheries generate less wastage in the form of discards. There are many artisanal fishers, for example, in Mozambique that collect discards from large-scale vessels [3, 66]. In the large-scale fisheries sector, huge quantities of small pelagic fish are reduced to fishmeal and fish oil. About 27 million tonnes of fish (34 per cent of the world fisheries catch) are processed into fishmeal, oil and pet food, etc., annually [2, 7, 39, 67]. In the case study of South Africa, 100% of the anchovy and red-eye round herring are reduced to fishmeal, fish oil and pet food.
 More of the small pelagic fish, even that reduced to fishmeal, could be used for human consumption. In Southeast Asia, specifically Thailand, most of the fishmeal is converted to products for human consumption. In the case of the dagaa fisheries, tonnes are reduced to fishmeal for chicken feed, and increasing amounts are exported to the new Far East markets for aquaculture production. This is of great concern as an important protein and micronutrients are reduced to protein for animal feed for foreign direct income, wealth creation and job creation, while millions of poor people around Lake Victoria are at risk from malnourishment.
Most of the fish—90–95% [68]—caught by small-scale fisheries is destined for human consumption, while only 80% of the large-scale fisheries’ landings goes to human consumption [3]. Although large-scale fisheries produce four times the catch, the same amount in tonnes as for small-scale fisheries goes for human consumption. Mills et al. [68: 8] state that “an estimated 94% (13 million tonnes) of small-scale inland production is consumed within the country of origin”. Ultimately, both large-scale and small-scale fisheries make an important contribution to food security. The dagaa fish are consumed by the poor rural and urban people of the riparian states around the Lake Victoria, and they are clearly an important protein and micronutrient source to many. The sardine canning industry plays a significant role in providing nutritious meals to many urban and rural poor in South Africa. The trade of canned fish from South Africa also extends to Lesotho, Swaziland, Namibia, Zimbabwe and Malawi.
In terms of employment, however, over 90% of the fishers and fish workers are employed in small-scale fisheries. Employment in small-scale fisheries is several times higher per tonne than in large-scale fisheries [69]. An estimated 35 million commercial fishers are engaged in harvesting operations in the developing and developed countries [3].
Kurien’s work on food security and trade makes the distinction between Bluefin tuna as fish for “luxury consumption” and anchovies as fish for “nutritional consumption” [43: 5]. The trade link to luxury consumption in Europe, Japan and the USA [43] results in the increase of income to small-scale fishers. In Tanzania, this rationale results in the high-value species Nile perch (fillet of white flesh fish) being exported to Europe and USA, while the bones and heads remain for locals to eat. This trend of increasing the amount of dagaa for animal feed will make the species more desirable for foreign income and compromise the protein and micronutrients available to the local poor. The food and nutrition needs of the poor in developing countries are often compromised by the need for income from trade and foreign investment, especially with the higher-value species [10]. The poor, who often harvest the fish, are not able to consume it. Protecting nutritionally important species for local consumption, rather than reducing it to animal feed, would be a first step in addressing the malnutrition of many vulnerable poor in Africa and especially Southern Africa. In addition, the small pelagics sector shows that the focus on efficiency, profit and the mechanisation of vessels and factories have failed dismally in creating employment, because these imperatives cause the shedding of jobs or zero growth in new jobs.

Relook at what economic viability means for small-scale fisheries
The next step is for a better understanding of the concept of economic viability for small-scale fisheries is in their contribution to food security and fish consumption. In analysing economic viability, Schuhbauer and Sumaila expanded the socio-economic indicators of the Thomson scale to include: the degree of economic dependence on fishing; the number of jobs per employment type; the fair distribution of benefits, subsidies, costs and cost structure and fish consumption; and governance indicators [55].
In Tanzania, the case of dagaa shows that the nutritional importance of the fish to food security is compromised by the safety and post-harvest handling of the fish, which causes almost 80% of the landed volume to be reduced to fishmeal. The sustainability of the resource is also threatened by the increasing use of motorised vessels and the decreasing use of dug-out canoes and sailboats. In South Africa, almost 100% of anchovy is reduced to animal meal. More investment in post-harvest handling, safety and improved hygienic standards, would allow a greater direction of dagaa towards human consumption. In South Africa, with the targeting of larger anchovy (10–12 cm), workers will need up-skilling in the process of de-heading and cleaning the anchovy for human consumption. This processing will be labour intensive, which brings opportunities for job creation. It will also bring new economic opportunities for product development in small-scale fisheries. At the same time, there is potential for addressing malnutrition [62].
Despite these opportunities for job creation and food security, it seems that the investment from the industry in further developing this sector is conditional upon government support and economic incentives. The small-scale sector could possibly benefit from product development and incentives from the state.

Small-scale fisheries data—separate but equal
Following on the need to define economic viability for small-scale fisheries, Pauly and Zeller reconstructed fisheries data and found many gaps in the data of the FAO especially when it comes to small-scale fisheries [70]. The data of small-scale fisheries and also subsistence fisheries are often not reported or are underestimated, ignored and rarely included in the national catch statistics [3]. This is especially important for small-scale fisheries and food security in particular inland fisheries and in rural household diets [3]. Pauly and Zeller call for a policy change that would be easy for “the FAO to coordinate and implement with all countries around the world [which] is to request countries to submit their annual catch statistics separately for large-scale and small-scale fisheries, which would be an excellent contribution towards the implementation of the Voluntary Guidelines for Securing Sustainable Small-scale Fisheries in the Context of Food Security and Poverty Eradication” [70: 5].

Implementation and use of the soft laws
The implementation and use of the soft laws (Tenure Guidelines, Right to Food Guidelines, Small-scale fisheries Guidelines [6, 7, 9]) should go further than only raising the profile and importance of small-scale fisheries rights to food and nutrition security, and protection of their livelihoods, by ensuring that these rights are protected in national policies and that the rights are realised. These rights and the livelihoods, lives, shelter and food of many small-scale fishers are also threatened and infringed on a daily basis by access to resources by coastal development, tourism, mining and large-scale acquisitions.


Conclusion
Small pelagic fish (marine and inland) play a critical role in the nutrition of many vulnerable and poor communities, especially in Africa. Mechanisation, overfishing and fishmeal production for cultured fish and animal feed all compromise the key position of small pelagics as food for the many malnourished and vulnerable coastal and inland populations.
The often ignored, undervalued, underestimated role and position of small-scale fisheries is gaining traction with support from the FAO voluntary guidelines (right to food, tenure and small-scale fisheries). Academics, conservation NGOs, donors and funders are all taking a keen interest in this sector. Space for action has been created for small-scale fishery civil society movements, both internationally and locally, to carefully align these soft law tools to the nature and structure of small-scale fisheries. This can be seen in the rights system, the management system (Territorial User Rights System) and the creation of marine protected areas in small-scale fishing zones. To fully realise the critical role small-scale fisheries play in food security and nutrition, they will need their governments’ support in the development of these sector legislation investments.
 Large-scale and small-scale fisheries play an important role in providing food security, as shown in the case of canning in South Africa and dagaa in Tanzania for human consumption. In cases like South Africa, where canning is providing high-quality protein, further investment is needed in the research and development of the role of small-scale fisheries in the use of the anchovy species for human consumption. Supporting investments in local markets and the local economy, and creating local value chains will be important in providing indirect food security through income and livelihood. The case of dagaa in Tanzania shows the need for post-harvest investments to increasing the quality of the fish for human consumption. The complex ecosystem and economic roles of small pelagic fish necessitate a holistic view of their dynamics [16, 17, 71].
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