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INTRODUCTION
Both aquaculture and fisheries sectors have forward linkages to postharvest handling, processing, and marketing that ultimately determine fish price (Delgado et al. 2003). Small scale fish producers will remain at a disadvantage unless they develop better links in their product’s value chain (FAO-EIFAC/EC 2001). Several studies have demonstrated that usually small scale fish harvesters obtain a small portion of the retail price in undeveloped fisheries (Gudmundsson et al. 2006; Gestsson et al. 2010). The situation is worse for poor fishers who have very limited access to capital, new technologies, and land and water resources, in that they do not benefit proportionately from recent improvements in technology and market expansion (Dey et al. 2008).
Fish production has become increasingly market-driven and linkages between production and consumer demand are tightening. There is therefore need for options to enable poor fish producers to find a niche while participating and competing in fisheries and aquaculture production, marketing, and trade (Dey et al. 2008). This can be done by carrying out economic research into the demand for freshwater species in the domestic and export markets in order to get a better understanding of how consumers respond to changes in prices and the effects to the fishers (FAO-EIFAC/EC 2001).

Several factors affect fish prices in Uganda due to a variety of factors but especially variability of supply and demand plus the processing industry having influence on various market prices at various fish landing sites (MAAIF 2004). Species in Uganda that sustain the small-scale fishers’ livelihoods have been hardly researched. A price study involving both these domestic and export species helps in understanding how the different value chains are affected by shocks in prices. Shares of final retail-price are used as proxies for the division of value added or economic surplus (Keane 2008). This is further true when small-scale producers need to be integrated with domestic as well as international fish markets (Shamsuddoha 2007).
Using time series price data for Nile perch, tilapia, Rastrineobola, catfish and Bagrus at each node in the relevant value chain; the study will analyse the predictive power prices on fish marketing and effects on livelihoods of producers. Statistical analysis will involve reduced form econometric models for price transmissions similar to Asche et al. (2007). 
The framework of the report is as follows: A background of fisheries and aquaculture in Uganda detailing the production and price trends and external factors affecting the sector. This is followed by a brief methodology detailing the relevant fish species’ value chains and data capture methods, analysis and results of the study. A discussion section follows to detail the findings of the study and how they relate to observed trends and findings of other researchers.  Lastly, a conclusion and recommendations from the study.
1. BACKGROUND:  FISHERIES AND AQUACULTURE OF UGANDA

Uganda located in East Africa is a landlocked country about 1.8 times the size of England.  Its location on the equator gives it a tropical climate with no seasonality and warm temperatures. The country is landlocked with an estimated 165 lakes accounting for 18% of total country area (SEATINI 2008). However, Uganda has got five major inland freshwater bodies and River Nile that are responsible for most of the wild fish catches (Figure 1). 
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	Figure 1:   Map showing location of Uganda and major water bodies


These lakes provide 80% of all Uganda’s capture fish production. Lake Victoria leads the production statistics (58%) of the important export species Nile perch. Much as the country has over 365 fish species, the most important of these for commercial and subsistence exploitation include Nile tilapia, Sardine-like Rastrineobola sp, African catfish (Clarias gariepinus), Bagrus docmac, haplochromis and Lungfish (Protopterus sp). There are numerous small lakes and streams plus a high water table in most locations that have made it possible for small scale aquaculture. Aquaculture is further enhanced by availability of local species that can be cultured under controlled environments. These are African catfish and Nile tilapia accounting for 67% and 32% respectively in terms of production statistics (FAO-Fishstat 2009). These are the two main species of commercial importance for the country (Dickson 2011). 
Contribution to the economy of Uganda

In 2010, the national gross domestic product (GDP) was $ 17.70 billion bringing per capita GDP to $ 517. The average inflation rate of Uganda is 10.5 (IMF 2010). Uganda’s economy is supported by agriculture which contributes about 28% of the national GDP, employs 80% of the economically active population and accounts for 70% of exports (IMF 2010). In 2009, trade in fisheries and aquaculture contributed about 2.8% of the national GDP. Recent data shows that the fishery sector is important for poverty reduction as it provides the main direct source of income for over 266,000 households, equivalent to around 1.2 million people which is approximately four percent of the population (MTTI 2006a; Fulgencio 2009). 
By 2006, those engaged in fishing for example fishers, boat owners and crew, employees in fish processing factories were reported to have higher incomes than those engaged in manufacturing, and agricultural export crops (MTTI 2006a). However since then, the declining wild fish catches and increase in fuel and labour costs have lowered the profitability of these businesses. Most fishers find it worthwhile to engage in alternative business in order to be able to support their family needs (Mugabira 2008). 
The major export earner is Nile perch which accounts for 90% of the total formal fish exports to the EU (65%), Australia (12%), South East Asia (12%), Middle East (6%), Africa (5%) and the rest to the Americas (UIA 2005; UBoS 2010). Nile perch has been a close substitute of tradition white fillet fish like cod in these countries but the recent past the emergence of farmed cod and Pangasius from Vietnam are threatening exports from Uganda (ACP-EU 2010).
Harvesting of fish

The Ugandan fisheries sector is mostly artisanal in nature. Technology used is a combination of traditional and modern (UIA 2005). Harvesting is done by i) artisanal fishers with manually propelled boats fishing in areas less than 30kms offshore and ii) those with wooden plank boats that are powered with outboard engines and fishing in deeper waters. The latter are mostly are involved in catches of Nile perch and Tilapia for export.  The lack of industrial fleets has been reported to be a government strategy to protect the small scale fisher folk whose livelihoods solely depend on these lakes (MTTI 2006a).
Gillnets are the widely used gear for harvesting fish; set in the evening and hauled in the morning. Since spoilage begins on capture, the freshness of landed fish also varies (Ponte 2005). Nets range in sizes depending on the target species and size for example the minimum for Nile perch capture is a stretch mesh size of not less than 5 inches or fish total length of minimum 20 inches (Dhatemwa 2009). The average catch of Nile perch per month varies between 400 and 900 kg for motorised boats and between 130 and 250 kg for non-motorised boats (Ponte 2005).  With increasing demand for high quality fish by processors, there has been a surge in the use of baited long line for the capture of Nile perch. Baits include Haplochromines and juvenile catfish that are harvested either from the wild or fish farms. 
The sardine-like Rastrineobola is harvested in shallow waters close to the shoreline using seine nets similar to mosquito-nets. A study by Legros and Masette (2010) revealed that Rastrineobola fishers use single canoes with different techniques for example fishers use light from paraffin lanterns attached on poles and others floating within the vicinity of fishing boats and they cast and haul the net every 30 minutes. The catch is a result of insects that the fish are attracted to as a result of the light and each haul is estimated at 20 kg. African catfish and Bagrus are usually harvested with gillnets set in marshy areas of the lake that are where they usually come to breed especially in the rainy season. 
Use of illegal gear has also been cited. These gears include seine nets, small gill nets of less than the minimum five inches mesh size, monofilament nets and various active fishing gears which do not allow for the regeneration of the stocks (Dhatemwa 2009). Financial losses accruing annually from illegal fisheries as a result of stock degradation and wastage have been estimated in to be $ 30 million (UBoS 2010).  According to Dhatemwa (2009) landed immature fish is openly marketed within the region as salted, sun dried or smoked products.
There two types of landing sites, non-gazetted sites (majority) with little or no infrastructure and gazetted (upgraded) sites with raised platforms for handling fish and with the most number of motorised boats (Ponte 2005). 

Table 1:  Gazetted landing sites in comparison to non-gazetted landing sites 

	
	Gazetted
	Non-gazetted

	Value of investment in Nile perch fishing units
	High
	Low or none

	Incomes by boat-owners and crew-members
	High
	Low

	Risk by crew-members
	High: Paid in proportion of net revenue
	Gross revenue

	Artisanal processing of Nile perch at the beach level, focusing on rejects and juvenile fish; 
	Low
	High

	Prices paid by artisanal processors
	40% of those paid by factory agents 
	Variable

	Levels of activity by local traders
	Low levels of activity by local traders in Nile perch as they cannot match prices offered by factory agents; Deal mostly with tilapia and lower quality Nile perch
	Deal mostly with tilapia, illegal catches and lower quality Nile perch

	Per capita consumption of fish
	Low
	High


Adapted from (Ponte 2005; FRRI 2003)
When fish is landed, it is either auctioned in batches or sold individually. On most gazetted landing sites the auction system is used where a batch of five or more mature pieces of fish are sold to the highest bidder (Dickson 2011). The fish is then bought by factory agents, wholesalers, artisanal processors, retailers and consumers. The price offered per kilogram is determined by the amount landed and the available price offering from factories and therefore price fluctuations are common. On non-gazetted landing sites around the lakes, fish is sold in pieces to processors and consumers. These landing sites are common outlets for fish caught illegally (Dhatemwa 2009). Also a considerable amount of fish is harvested and landed across Lake Victoria in Kenya or Tanzania (MTTI 2006b).

In aquaculture, the practice involves use of seine nets for sampling and complete harvest of ponds while cast nets are used to sample cages for example at SoN fish farm.

Production volumes and exports
The fisheries export sector in Uganda grew from $ 0.5 million in 1998 to $ 140 million in 2008 (ABP 2009). However the situation since early 2000s has been changing for the worse in capture fisheries (Kabahenda and Hüsken 2009). The maximum sustainable yield (MSY) for Lake Victoria is approximately 300,000 tonnes and therefore further increase in wild catches is not probable considering the lake is a shared resource among Kenya Uganda and Tanzania. By 2004, Uganda was already harvesting above this MSY (Figure 2). 
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Figure 2:   Trends in total volumes of capture fisheries (UBoS 2010) and aquaculture in Uganda (FAO-Fishstat 2009)
Available figures show that Uganda species abundance is of the order Nile perch (46%), tilapia (38%), Rastrineobola (6%), Protopterus (4%) and others (6%). It should be noted that there are no figures for the overall stock standings for the different species although a 2005 survey by the Department of Fisheries Resources (DFR) of the Ministry of Agriculture, Animal Industries and Fisheries (MAAIF) estimated total annual yield at about 330,000 tonnes (SEATINI 2008). Stocks of other species including the various tilapines and the pelagic fish species, like Rastrineobola argentea are only roughly estimated to be 750,000 metric tonnes, pending more appropriate sampling techniques (UIA 2005).
Increased fishing pressure, pollution and illegal fishing practises have all contributed to this decrease in stocks from lakes.  Fish processing industries have closed due to lack of fish while others operate at low capacity (Mugabira 2008).  There was a 46% drop in revenues from fish exports in the period 2006 to 2009 from $ 141 million in 2006 to $ 75.6 million in 2009 due to decreasing Nile perch export volumes (Hammerle et al. 2010). There are indicators that the exports dropped further after 2009 (Figure 3).
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Figure 3: Trends in total formal export volumes of fisheries products from Uganda by volume and value (UBoS 2010; Hammerle et al. 2010)
Statistics from the ministry showed that from January to June 2010, only 5,000 tonnes worth $ 25 million had been exported (Mwijagye 2011). Uganda also exports processed fish to neighbouring countries mainly Rwanda, DRC and Kenya (Dhatemwa 2009). It is estimated that about 25,000 tonnes of fish are exported informally across land borders (SEATINI 2008).
Fisheries management

Being an Open access fishery, Uganda’s fisheries sector faces the challenges of sustainable exploitation of capture fisheries; upgrading landing sites; and development of aquaculture as a supplementation measure (MTTI 2006b).  In 2003, the government established a community fisheries management scheme referred to as Beach Management Units (BMUs). This ensured the decentralisation of fisheries management with the BMUs as the preferred method of local management at all gazetted landing sites. A BMU committee requires the representation of four stakeholder groups: 30% boat owners, 30% crew, 30% other and 10% fishmongers with a representation of 30% women (Marriott et al. 2004). The processors are reported to have the dominant representation on these committees. Fisheries management is mostly focused on technical measures like fish size and mesh size limits (MTTI 2006b). No serious attempt has been made to address the fundamental open access nature of the fishery (MTTI 2006a). This has resulted in increasing fishing capacity without control. It is further noted that even effective policies for management are crippled by lack of implementation capacity.

The emergence of these BMUs has made it possible to demonstrate responsible fishing for example, establishing of licenses at the national level which is followed by implementation and allocation of access rights by these community management structures. These legally backed BMUs in conjunction with the law enforcement arm of the government (police and armed forces) are responsible for stopping illegal fishing on the lake and punishing offenders. These BMUs have also been cited as vital in addressing the issues of rights allocation and deficient hygiene standards at landing sites that expose Uganda’s fish exports to risks of future EU bans like those experienced in early 2000s (Marriott et al. 2004). These are part of the implementation of the Lake Victoria Fisheries Management Plan (LVFMP) but there has been criticism on the side of the state for not being effective in creating an enabling environment for strengthening the functionality of BMUs (MTTI 2006b).

Regulations

Management of the fisheries in Uganda is a joint task carried out by several institutions directly under or alongside the department of fisheries resources as illustrated in Appendix 1. The government of Uganda has set Fisheries management regulations including the fish act of 1967 for the control of fish and conservation of fish and all matters of fisheries and fisheries products’ transactions. There is also a fisheries policy from MAAIF giving guiding principles on the management of the resource under local and international law like the 1995 FAO code of conduct for responsible fisheries (MAAIF 2004). In terms of responsible fisheries, food safety and marketing, the rules and regulations are enforced by issuing permits to stakeholders. These permits outline in appendix 2 (i, ii, iii); are domestic, regional and international. The permits and respective tariffs act as barriers to entry into or exit from the fishery and specific markets. 

For exports food safety, basic framework for fisheries products was laid out in the EC Directive 91/493 of 1991 and deals with the production and placing on the market of fishery products for human consumption (Ponte 2005). According to this directive, Uganda had to put in place systems of inspection and control to ensure the safety of fisheries products, including the implementation of Good Hygiene Practices (GHPs) and Hazard Analysis and Critical Control Point (HACCP). Other regulations affecting exports of fisheries products are EU Regulation 466/2001 setting the maximum limits for heavy metals in a number of species of fish and shellfish, and EU Regulation 2065 / 2001 on labelling information of fishery and aquaculture products (Ponte 2005).

The development of a legal framework to regulate the development of ecolabels and voluntary certifications, and laying down guidelines for the monitoring of claims in the EU has been reported (Ponte 2006). 

Due to the open access nature of the fishery in Uganda, fisheries management restrictions and regulations are hard to enforce. Mugabira (2008) observed that enforcement of regulations like the ban on immature fishing and control of gear restrictions, and restricted entry to fish breeding grounds was not sufficiently done. Slackness has also been noted in enforcing the ban on sale of unprocessed fish regionally as there reports of fresh fish from Uganda being landed in Kenya and Tanzania across Lake Victoria (Dhatemwa 2009). Majority of landing sites in Uganda from which export fish is sourced still fail to comply with basic hygiene requirements which might put the industry at risk of bans (MTTI 2006b).
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Plate 1: Much transporting fish in passenger vehicles is illegal; here traders offload a batch of fresh tilapia for sale from the back of a passenger van.
Aquaculture development

Aquaculture has been practised in Uganda since 1950s but has always remained at a subsistence scale with negligible production volumes and extensive production systems (Balarin 1985). With production volumes of less than 5000 tonnes annually, it hardly contributed to national fisheries production figures up to the year 2004 (Figure 4). Since 2005, the decreasing wild fish catches and exports prompted an alternative to bridge the deficit (Kabahenda & Hüsken 2009). To improve the self-sufficiency in fish supplies for close to 75% of the population located close to major towns along the lakes with a tradition of eating fish, considerable efforts have been made to increase aquaculture production (Isyagi 2007). There was need to transform the sector into a self-sustaining commercial aquaculture industry (USAID-FISH 2009). Aquaculture has now attracted interest and investment from both the private sector and public institutions in the country (UIA 2005). It has grown in the past 10 years from less than 5000 tonnes a year in 2002 to over 50,000 tonnes in 2008 with African catfish (Clarias gariepinus) accounting for two thirds of the production. 
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Figure 4:  Aquaculture production in Uganda by specie since 1995 (FAO-Fishstat 2009)
It should, however, be noted that these official figures from aquaculture have been challenged that they probably reflect the potential production from farms’ acreage and not necessarily volumes produced.

Uganda now lies second in aquaculture production in Sub-saharan Africa next to Nigeria much as the global contribution is less than 0.5%. In terms of industrial drivers, there are currently 11 hatcheries providing quality catfish fingerlings to farmers and one farm with sex reversed tilapia. The feed industry that started with producing sinking feed in 2006 is now fully installed with extrusion facilities for floating pellets (USAID-FISH 2009). Another driver is the ready local market for the cultured species although prices have been reported to be low (Dickson 2011).  It should also be noted that Uganda’s aquaculture sector suffers from an uncoordinated marketing system (Hammerle et al. 2010). With increased government commitment to develop aquaculture, the industry has good prospects for further development. For example Uganda Investment Authority encourages large commercial scale investment in the sector by providing a tax holiday and an aquaculture development strategy that will be furthered into a policy has already been drafted (UIA 2005; Wathum & Rutaisire 2008). The government target is a yearly production volume of 100,000 tonnes by 2017 (NEMA/UNEP 2004).
Profitability of Aquaculture in Uganda
Value (profit) is created when the price the customer is willing to pay for a product in excess of the costs incurred by the producer (Grant 2005). Tilapia and catfish species produced in Uganda are low value species and the margins experiences by farmers are usually small with reports of losses in some cases (USAID-FISH 2009). A large part of a product’s value addition is made outside the firm, by its suppliers and customers, who therefore have a large impact on the total cost of the production and margin in the value chain (Kaplinsky & Morris 2000). Even with best management practices, profitability of aquaculture in Uganda gets crippled by rising feed prices (about 60-70% of production costs) without a proportionate improvement in FCR performance and low fish prices at the end of the chain. However, some sectors like hatchery production have had been considered more profitable than grow-out (Dhatemwa 2009). Cages also perform better than ponds in tilapia production (Leonard & Blow 2007). To improve aquaculture fish price, solutions like live fish sales, processing and establishing niche markets; are being used (Dickson 2011). Cost-benefit ratios depend on the species being cultured and currently it is not possible to predict probable profit margins for all production systems (Rutaisire et al. 2009).

Fish farmers associations
The aquaculture industry in Uganda is marred by large number small scale producers producing less than one tonne of fish/ha/year (Ssebisubi 2011). To counter this size problem, fish farmers have formed several fish farmers groups to be able to sustain the markets for farmed products and harness economies of scale through hire of equipment and services and bulk purchasing of inputs.  Association of fish farmers include Walimi fish cooperative society (WAFICOS) in central Uganda, Iganga zonal fish farmers in Eastern Uganda and Kabeihura fish farmers in Western Uganda (Isyagi et al. 2009). WAFICOS particularly has been sound in bargaining and lobbying for both public and private interventions for member fish farmers on issues ranging from production to marketing and training. Proposals for aqua parks are also underway to increase economies of scale from the industry (Rutaisire et al. 2009).
Regulations

The MAAIF fisheries policy gives stipulates the way forward for development of commercial aquaculture whose strategy has been recently drafted (Wathum & Rutaisire 2008). The government has also put in place rules for governing aquaculture as an enterprise (GoU 2003). Further still, responsible aquaculture is ensured by issuing permits to stakeholders from farm siting to marketing of farmed fish products. Permits for aquaculture are outlined in appendix 2. Similar to the capture fisheries permits and respective tariffs, permits in aquaculture can act as barriers to entry or exit in production and marketing. Uganda is still in the process of developing certification procedures and regulations that will aid in international exportation of aquaculture products. 
2. Processing

Most of the fish landed in Uganda is sold fresh and a small proportion is processed. In general fresh fish is preferred to processed products although it cannot available regularly because of the bottlenecks in the distribution system (SEATINI 2008). Available figures from the Uganda Investment Authority approximate that 60% of the fish landed is marketed fresh, while 20% is processed by traditional methods, mainly smoking (UIA 2005). It is illegal in Uganda to export unprocessed fish (Dhatemwa 2009). Industrial processing has mostly served the international and regional export market. 
Available figures approximate the fish processing sector to employ about 5000 individuals (SEATINI 2008). This probably has declined with decreasing fish catches and closure of industrial processing plants. By 2007 Uganda had 18 fish factories although, with to rapidly declining fish landings, six closed down (Fulgencio 2009). All fisheries industries were built around Lake Victoria as it is the largest contributor of fisheries resources. 
Processing of aquaculture products is still negligible but growing. Processing plants deal in specialised fish products and are geared to serve primarily overseas market. Some of the leading operators in this category are Green Fields (U) Ltd, Uganda Fish Packers, Marine and Agro, Hwang sung, Ngege (U) Ltd among others. A report by SEATINI (2008) revealed a total installed capacity of about 545 tonnes per day and a 40 % capacity utilization of only 255 tonnes per day.
Chilled and frozen fillets make the largest proportion of fish products for export and the affluent market in Uganda. Majority of Nile perch catches are processed for fillets and by-products that are gaining particular interest among processors of recent (Kabahenda and Hüsken 2009). The whole fish constitutes about 37- 40% fillet and the remainder is by-products which include frames, skins, fats, trimmings, fish bladders, fish maws, and rejects from the processing line. The frames account for 40- 43% of the by-products weight followed by red meats, skins, fats, fish maws, trimmings and eggs at 7.8%, 6.8%, 2.6%, 2%, 0.3%, and 0.2%, respectively (FRRI 2003). Tilapia of low quality is sundried and/or salted (makayabu) and sold in the local and regional markets including Kenya, Sudan and Congo.  Much as the domestic market is reported to prefer fresh frames and heads of Nile perch, the export regional market especially the Congo is a major destination for salted heads, frames and skins of Nile perch (Dhatemwa 2009).
Fish maws are dried or frozen and exported to Asia where they are a delicacy in making soup stocks or to Europe for use in filtering beer (Kabahenda & Hüsken 2009). 
Tilapia, catfish, and Bagrus are mostly retailed fresh in the local markets but smoked and dried tilapia has been reportedly sold to the regional markets like Sudan, Congo and Kenya (Dhatemwa 2009). Farmed catfish is smoked or salted for sell within the region. Currently only Greenfields (U) Ltd has been able to process substantial amounts of farmed catfish for the regional market (WAFICOS sales data). With the lack of cold chains in the country, processing for local markets is less of value addition and more of preservation majorly carried out by artisan processors. The products are mainly consumed on the local and regional market where the demand is estimated to be close to million tonnes (Ssebisubi 2011). 
There are several by-products sold locally, regionally and internationally. Important among these are fish maws, fish skins, fish oil, fish bladders and meal. Processing plants for chilled and frozen fillets are the biggest exporters of fish by-products (Kabahenda & Hüsken 2009). Fish meal and fish oil are mainly consumed within the country. Processed Nile perch maws and skins are exported to Asia and Europe (UIA 2005).

The processing of Rastrineobola has a different processing process as reported by Legros and Masette (2010). Salt is applied (1.66 % w/w) on-board to facilitate the drying process plus its anti-bacterial and preservation properties. At the landing sites women head-carry the catch from the fishing boats to the drying area using plastic containers to the drying area. The fish is dried for about 6 to 12 hours on bare ground or raised platforms with non-rust netting surfaces about a metre high. Legros and Masette (2010) report that the market determines the drying surface for example raised platforms are used for Rastrineobola destined for human consumption while the bare ground is for animal feed industry. 
The different products and by-products are shown in figure 5. 
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Figure 5:   Fish and fish products from Uganda adapted from Kabahenda and Hüsken (2009)
Fish destined for the export market is demand driven and production has to maintain the highest quality standards. Input costs are mostly attributed to in the order freight costs, raw material, ice, labour, local transportation from landings, power costs and packaging at processing plants. 

For artisanal processors, those who smoke fish have firewood and storage costs. Processors of dry Rastrineobola, tilapia, and fish by-products incur costs of transport, salt, and rent of drying area and protection from birds. 
3. Transportation

A typical fishing ground is about two to four hours away from land by motorboats which are usually too small and cannot accommodate ice (Ponte 2005). Harvests are placed on the bottom of the boat and covered by plastic sheets or vegetation to protect from direct sun rays and spoilage resulting from high temperatures. Ice is only applied when the fish reaches the collector boats (locally known as ‘kinaala’) at the transit sites. These are privately owned open outboard motorised boats that deliver fish to the mainland landing sites and come back loaded with ice supplies (Ponte 2005; Dhatemwa 2009). According to Ponte (2005) a typical collector boat trip spends two to three days in the transit sites (island sites) before coming back to the mainland and in case ice is unavailable fish is purchased from fishers early morning and delivered to the mainland the same day. 
Dhatemwa (2009) reported that ‘kinaala’ operators sell the fish on the mainland and return the proceeds to the owners on the next visit to the island or transit site for a commission. The study revealed how fishers lacked control over the selling process and were often cheated mostly due to a large time lag between capture and receipt of income. 

Poor road networks and lack of a railway line have been cited as the major obstacle to wider domestic distribution and availability of fish Ugandans. This has led to challenges in supply of fresh and processed fish and this is greater since domestic consumers generally prefer fresh (SEATINI 2008).
Accessibility of landing sites is important in fish trade in Uganda. Ponte (2005) reported that marketing and prices of landing sites did not vary in landing sites of similar infrastructure but those of different infrastructure due to the difficult in the road networks to reach them. This transport network also determined the traders at the landing sites with gazetted landing sites having truck or pick-up truck traders and factory agents; and non-gazetted landing sites only having bicycle and motorcycle traders. Export grade fish is iced and delivered by insulated trucks to processing establishments (SEATINI 2008). Generally fishers associate factory trucks with positive impacts like increased fish prices, ready market for fish and employment opportunities (Ponte 2005). Fish for domestic consumption is traded fresh at the landing site and transported on pickup trucks. Fish that is destined for curing is mostly purchased by women who head-carry it to smoking kilns. Hired trucks are the most common mode of transporting fish to far markets (Figure 6). A recent ban on transporting fish on passenger vehicles has further decreased use of public transport. 
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Figure 6:   Relative use of different modes of transport for fish products from Uganda adapted from data by Dhatemwa (2009)
Much as hired trucks are the commonly used form of transport, their cost can be prohibitive and therefore traders often share truck space to reduce individual costs. These six to eight ton capacity trucks operate regional transportation e.g. Uganda to Sudan and their costs include mileage and border clearance costs totalling about $ 0.2 per kg of fish which will sell above $ 3 per kg at destination (Dhatemwa 2009).
Among the costs, artisanal processors regard transportation as the highest cost item while traders and consumers highlight high fish prices and competition for fish supplies (FRRI 2003; Ponte 2005; Dhatemwa 2009).

In international trade, it has been reported that trade in freshwater products is limited, partly as a result of high transportation costs compared to product value; however, exceptions include fresh Nile perch to Europe from Africa (FAO-EIFAC/EC 2001). 

For Rastrineobola, after drying, is packed in hessian bags and transported on Lorries, pick-ups and bicycles to markets. The form of transport varies with market destination with hired trucks being used for regional markets and pick-ups for local distant markets and bicycles for nearby fish markets (Legros & Masette 2010).
Transport issues in Ugandan aquaculture

Most farmers sell their fish by the pond side. In rural areas the most commonly used mode of transport for delivering fresh catfish or tilapia are bicycles and motorcycles. Where accessibility to major town markets is possible, the farmers deliver live catfish. Farmers in a associations transport their harvest for sale to the head offices in open tanks at the back of a hired pickup truck. Typical hiring rates are estimated at about the $ 0.3 to 0.5 per km and live fish sells between $ 2 to 3 per kilogram (Ssebisubi 2011). Therefore, long trips are costly to the farmer. Since transport costs are a direct function of fuel price, the 65% increase in fuel prices between 2010 and 2011 has probably pushed these transport costs higher. In terms of product distribution, these producers should have enough volumes to justify the transportation costs (Erik 2010). Thus, transportation option is costly to a farmer with inconsistent production output typical of Ugandan fish farmers.
For hatchery operators, the farmer (fingerlings) or fisherman (bait) incurs the transportation costs. These costs are regarded as prohibitive to customers to the extent that they opt for wild sources as the distance to the source is short. Dhatemwa (2009) estimated the cost of transport to be in the range from 30% to 300% of the seed purchase. There are also incidences of transporting bait over water in jerry cans especially to Tanzania where fishermen sell it at 200 to 500% of the seed cost which for the preferred size of 9-10 inches is about $ 0.07 to 0.09. Fishing boats carry 500 to1000 baits that live for four days to allow transportation from Uganda across the lake and mid water fishing (Dhatemwa 2009).
It is mandatory that transportation of all aquaculture products is done under a permit issued by MAAIF to reduce incidences of harvesting illegal wild catches guised as aquaculture harvests (GoU 2003). A live fish transport permit is estimated at $ 4 per tonne (GoU 2003).
4. Fish consumption in Uganda
In 2008, at 8.61 kg, Uganda’s fish food supply per capita was higher than both Kenya (7.00) and Tanzania (3.75) (FAO 2010). In terms of food security, fish provides up to 50% of all animal protein to Ugandans. Figures from UBoS and FAO showed a combined fisheries and aquaculture production in 2008 of approximately 400,000 tonnes of freshwater fish majority of which is consumed locally (UBoS 2010; FAO 2010). There are differing figures of per capita fish consumption around 10 kg/person/year for example Jagger and Pender (2001) estimate is 12.7kg, (NEMA/UNEP 2004) estimate is 7kg, and UBoS (2010) estimates 10kg. A report by NEMA/UNEP (2004) revealed that if fish catches were to remain at a domestic demand growth of 3.4% and catches of about 280,000 tons per year, per capita consumption would fall to approximately 5 kg, although the catches increased in the subsequent years. 
Uganda has a high domestic demand for fish but this is countered by low levels of sophistication and is dominated by unprocessed and smoked/dried fish (Hammerle et al. 2010). The demand for fish is supported by income and population growth in urban areas, plus an increasingly food insecure rural population (Jagger & Pender 2001). Fish consumption spending is also offset by rising food prices caused by slower agricultural growth (Dorosh & Thurlow 2009). There are overwhelming majority of poor households in rural areas in agriculture and their average consumption expenditure per adult is reported to be about half of that in urban households (Sender & Uexkull 2009). Areas with low fish consumption (e.g. North east and South-west) in Uganda are those with poor distribution, poor markets and preservation technologies, unreliable transportation networks and cultural ties e.g. the pastoral communities that have clear preferences for livestock as their source of protein (Jagger & Pender 2001).
Nile tilapia is the most consumed fish followed by Nile perch and Rastrineobola and Bagrus (Figure 7a). Substitutes to fish products are mostly beans, vegetables and lastly other meats (Figure 7b). 
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Figure 7: Fish consumption by specie for fish products in Uganda (A) and alternative products consumed (B) adapted from data by Odongkara (2003).
Price development
The price customers are willing to pay for a product partly depends on available substitute products (Grant 2005). There are several substitute protein products listed by the Uganda Bureau of Statistics that directly compete for the same market with fisheries products. These include products of chicken, beef and pork (Figure 8).
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Figure 1: Average retail market prices ($/kg) for animal protein products on the Uganda market 2001 to 2010 (UBoS, FAO)

The existence of these substitutes means that demand is elastic with respect to price of fish (Grant 2005). Prices of substitutes averaged over the whole country have been increasing for the past ten years (Ssebisubi 2011). Among fish, dry tilapia and Rastrineobola show the highest and lowest price per kilo respectively while among other meats chicken is the most expensive. The price per kilogram offered for fish and substitute products has been below $ 3 up to 2007 but current figures in local markets indicate a rise in all food prices which the increase in fuel prices and prolonged drought and the resultant doubling of inflation (Wafula 2011).  The closeness of prices for all products may be an indicator for of low demand for fish quality differentiation from consumers. Most consumers are driven by the price of the fish or substitute product and would buy easily switch to products that are considered cheap (Garrett & Brown 2009). The low prices offered locally for fresh fish also presents a barrier for importers to sell fresh fish on the same market (Vallejo et al. 2009). 
Consumed products
As a result of exports, there are very small quantities of Nile perch in domestic markets mostly illegal catches, factory by-products and rejects reducing fish consumption levels (Odongkara 2003; Marriott et al. 2004). 
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Plate 1. Illegal size dried Nile perch sold alongside other vegetables as marketing strategy to attract customers

By-products’ consumption has increased as consumers regard them as cheaper alternatives to the high price of whole fish (Marriott et al. 2004). Fish by-product trade started in 1991 following a government ban on exports of unprocessed whole fish to Kenya and the filleting that ensued led to a new industry of fresh and processed by-products (Kabahenda & Hüsken 2009). 
Table 2: Fish products and consumption details in Uganda
	Product
	Utilisation details

	Fresh fish from lakes and farms
	Most common fish form consumed on the domestic market due to lack of cold chains in the country. No exports of unprocessed fish

	Fish heads
	most popular by-product for direct human consumption

	Fish frames
	mostly deep fried and consumed as snack or used to make soups and sauces as side dishes to accompany staple foods 

	Smoked/dried fish frames
	Mostly exported though through informal channels (Dhatemwa 2009) Democratic Republic of Congo (DRC) and Sudan

	De-scaled and frozen skins
	Locally used for direct human consumption
Internationally used for making office glue sold to Portugal and Spain

	Eggs
	Each perch produces about 16 million eggs at a time 

Locally roasted or deep fried for consumption
Regionally eggs from tilapia are sun-dried and sold to DRC

	Trimmings
	Threads of fatty meat, skin, and bones. Moulded into fish balls which are deep fried and sold as snacks to supplement fish soups and sauces

	Fish guts
	Proposals for utilisation of guts in processing feed and for direct consumption to improved intake of animal proteins

	Fresh pieces of Nile perch
	Sold fresh or deep fried in chops weighing 25-30 grams sold at US$ 0.06. An average consumer buys five to 10 pieces

	Deep fried Nile perch, catfish, and tilapines
	Openly sold at local markets

	Juveniles of tilapia
	Deep fried and commonly sold at night alongside other foods

	Smoked and deep-fried juveniles of tilapia and Nile perch and Catfish
	Graded according to their size and sold alongside other raw foods in open markets low-price that has boosted trade of juvenile fish

	Juveniles of catfish
	Most wanted by consumers sold at slightly higher prices

	Mukene (Rastrineobola argentea)

	Handling and processing of Mukene often results in a poor quality product that does not fetch good prices. 

Mukene has been labelled a ‘poor man’s food’ since it is mostly consumed by low and middle income fish consumers

The price of mukene is reported to be about one fifth of the price of Nile perch and about a third the price of tilapia.

It is affordable, highly divisible, and has a longer shelf life when compared to other fish products available

Mukene is eaten whole, including head, fins, scales, and bones, which makes this fish is a major source of calcium and magnesium 

Fried with tomatoes and onions make a stew used as a relish.

A large proportion of mukene is being used to make fish meal for both human consumption and animal feeds

	Bagrus docmac, and Clarias gariepinus
	Mostly smoked and sold at local marketed with other juvenile fish 

Because catfish is a bit oily and has better aroma than Nile perch and tilapia juveniles, it often sells faster and at higher price than other juvenile fish 

Smoked catfish is often used to make fish soup or mixed with groundnuts and makes a major contribution to protein intake of local populations


Adapted from (Kabahenda & Hüsken 2009; Legros & Masette 2010)
Quality issues

At the fishing-grounds cleaning of fishing boats is not a daily practice and when done contaminated water from the lake is used (Ponte 2005). For fish meant for local consumption, additional bruising also results from throwing catches onto pick-up trucks that transport fish to local markets (Mugabira 2008). Distribution of fish on the local and regional market to a large extent is done without refrigeration and is accompanied by postharvest loss and deterioration (UIA 2005). Exporters lack retailing facilities and buyers take responsibilities such as long time storage as a result of no cold distribution chain. Much as grocery stores the country lack refrigeration facilities and therefore unable to retail fish, there is evidence that consumers are willing to pay for the cost of maintaining quality (UIA 2005). 
For exports, the Ugandan industry regained its status as a ‘safe’ source of fish to the EU by fixing ‘the system’ (regulations and inspections) and performing the ritual of laboratory testing for all consignments for exports (Ponte 2005). Fifteen (15) fish processing establishments are applying modern processing techniques alongside HACCP control systems being fully compliant with international requirements (MTTI 2006a). All fish exporting companies have food safety systems in place such as ISO 22000, GHP and HACCP with the Uganda Bureau of Standards. The motivation to have this in place is due to the export market requirements and consequently they devote more time and resources to the standardization processes (UNIDO 2009). 
5. Market Structure
The buying and selling of fish in Uganda is dependent on the prevailing price. At each link in the value chain, there are hardly any noticeable differences in the prices of fish among actors. 

In the Islands, there are big industrial suppliers with boats designed to carry ice and can hold from one to eight tonnes of fish. These make ‘informal agreements’ with small-scale fishers whom they supply with motorboats and nets and later pool their catch. These fishers are then paid a commission of the catch. Any form of marketing is in-kind between a few big suppliers and a large number of small scale fishermen and controlled by the suppliers. 

Majority of the fish landed on non-gazetted landing sites is sold to wholesalers and retailers by size and rarely by weight. Marketing and ultimately the price is determined by the number of buyers and sellers available on landing. 

On gazetted landing sites, the fish destined for industrial processing (Nile perch and Tilapia) need not spend time exposed; and from the supplier boats it is swiftly weighed and loaded in refrigerated trucks. Since there are no formal contracts between suppliers and processing plants, the fish is usually sold to processors offering a relatively high price. It is common practise that these suppliers receive checks for the fish sold to industries in which case an industry willing to pay cash usually gets supply priority even when the price per kilo offered is slightly low. 
Fresh fish destined for local consumption and processing is auctioned on raised platforms and the highest bidder gets the fish. Fishermen hand over the fish to the auctioneer who pays the fishermen after sales for a commission.  The fish is sold by numbers and size and not by weight (to be verified at other landing sites). Traders usually are willing to pay a price within a profitable range as they know what their customers are able to pay. 

Fishmongers usually on bicycles and motorcycle ride their fish volumes from landing sites and follow two paths. Some hawk the fish door to door among households in usually small volumes of less than 100kg per day. These traders establish specific routes for specific days with customers that can consume the traded volumes. In this trade, the buyer has high bargaining power since the fish has to be sold within a few hours or else it spoils and it is common to find fish prices going down late in the evening. Another type of mongers buys and trades their fish in specific markets alongside other retailers of fresh and smoked/dried fish. 
Retailers in open local markets are the most common source of fish to local consumers. Fish that is usually small in size (mostly illegal catches) is sold by the piece to consumers and or processors who deep-fry it in candlelit markets for the final consumer. Large size fish that cannot be bought by a single household is cut into pieces and sold by weight (Plate 3). 
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Plate 3: Whole (tilapia) and chopped (Nile perch) fresh fish in a local market

Unlike sales by the piece, sales by weight have little or no room for bargaining on price. The customer buys what their money can afford. There is a small volume of fish that goes as frozen fillets (Nile perch and Tilapia) in supermarkets. This is sold by the gram. 
In aquaculture, there is total lack of seller power, fish is sold either by piece to households or by weight to traders. The fish (Catfish and Tilapia) harvested from ponds is sold to bicycle mongers or transported to nearby markets for sale. Due to the size of farmed fish, consumers usually pay low prices in comparison to wild fish. Marketing costs and low margins can increase with a wrong quality or product at a wrong place and time of delivery, where nobody gains from the mistake and everybody lose (Tveterås & Kvaløy 2006). To combat this problem, farmers now hold the fish live to the point of sale. This live fish attracts customers who end up paying better prices for the fish. It also has the advantage of returning fish to the ponds when it is not purchased. 
6. Data Availability
The study requires time series data for fish prices along value chains of Nile perch, tilapia, Rastrineobola, catfish and bagrus. Detailed data and information is limited, provided by fellow traders, Fisheries Officers, Customs Officers and BMUs due to poor and limited facilities, supplies and equipment used for data collection and processing, except for the Customs Officers (Dhatemwa 2009). However prices can be tracked by in primary data collection from most nodes in the relevant value chains. Among individual firms, information provides business power (especially sensitive information related to margins) and thus some firms cannot release it. However some are willing to share this information as a corporate social responsibility. For example among the industrial processors visited; positive response was only gotten from Greenfields (U) ltd. Farmers, fishermen and local retailers have been cooperative in this regard. Table 3 summarises the availability of fisheries data.
Table 3.  Fisheries Data souces for Uganda
	Source
	Data available
	Reliability

	UBoS
	Time series fish prices in local markets
Wild catches for Uganda
	Good 

	FAO
	Time series Fisheries production figures for Uganda
	Moderate/Questionable

	Ministry of Agriculture Animal Industry and fisheries
	Regulations, Surveys
	Good

	Aquaculture Research Development Center
	Aquaculture technologies
	Good

	Fishermen, Farmers, Processors, Traders, Local Retailers
	Prices  (need to visit several of them to develop a time series)
	Excellent

	Online
	Prices of products outside Uganda
	Hard to Verify. Difficulty in tracking time series data on retail prices of Products (Nile perch and Tilapia) in Europe by time.


In summary, Uganda’s fisheries and aquaculture sector is developing with several instruments of production, processing and marketing being fully studied especially for foreign export species like Nile perch. Much as this is true, there is need to have a study on value development for most species and the effect of changing prices along their value chains over time and how these can be used to better equip producers against future shocks in demand and supply and ultimately price. The study will therefore analyse these effects in the Nile perch fishery as the major export revenue earner and tilapia, Rastrineobola, catfish and bagrus as species that support most of the domestic market and livelihoods of small scale fishing communities.
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APPENDIX 1: Institutional framework of Uganda fisheries resources according to Ponte (2005)
	Department of Fisheries Resources (DFR), under the Ministry of Agriculture, Animal Industry and Fisheries (MAAIF)

	• Regulatory agency 

• Competent authority on application of EU food safety regulation on fish

	Lake Victoria Fisheries Organisation (LVFO)

	• inter-governmental organization 

• members: Kenya, Tanzania and Uganda 

• common resource management on Lake Victoria for ensuring sustainable development and maintaining a healthy ecosystem

	Fisheries Resources Research Institute (FIRRI), under the National Agricultural Research Organisation (NARO) 

	• research, much of it on socio-economic aspects of fisheries

Kajjansi Aquaculture Research and Development Centre 

• research on aquaculture, mostly on production and biology

District Fisheries Officers (LFOs), under the Ministry of Local Government 

• extension services

Beach Management Units (BMUs) 

• community-based organizations with the purpose of co-managing fisheries resources with government

	Uganda Fisheries and Fish Conservation Association (UFFCA)

	• NGO established in 1993 

• national collective of community-based fisheries-related organization 

• aims at mobilizing and organizing fisher communities into community-based organizations and build their capacity to undertake natural resource management and development processes

	Uganda Fish Processors and Exporters Association (UFPEA) 

	• industry association representing all fish processors in the country 

• promotes Ugandan fish, provides information 

• facilitates the provision of technical support services to members 

• collaborates with government in developing policies and programmes in the sector 

• coordinates activities in relation to quality assurance

	Quality Assurance Managers Association 

	• association representing quality managers of fish processing plans 

• started in 1997 as a result of the first EU ban 

• tackles technical issues related to quality in the fish industry


APPENDIX 2: Documentation Required for Fish Trade
A2-1: Internal Fish Trading Permits and Licences

	Certificate
	Responsible Agency
	Relevance
	Estimated Cost

	Industrial Fish Processing Licence
	MAAIF, Department of Fisheries (DFR)
	All processing firms
	$ 256

	Health Inspection Certificate
	MAAIF, DFR
	Each consignment destined for export
	$ 10

	Fishing Vessel Licence
	Local District Fisheries Departments (LDFR)
	All fishing vessels
	+$ 10

	Fishing Permit
	LDFR
	Crew members
	$ 2.5-4

	Fishmongers Licence
	LDFR
	(i) Small-scale traders operating within districts

(ii) vehicles between districts
	(i) $ 2.5-7.5

(ii) $ 10

	Marketing Permits
	LDFR
	All traders in secondary and higher markets., including at landing sites
	Tendered out, values vary between districts

	Fish Landing Fees
	LDFR
	All boats landing at designated fish landing sites
	$ 0.25 per boat

	Tender Charges
	LDFR
	Private service providers undertaking tasks such as tax collection, etc. on behalf of LDFR
	variable


Adapted from (Bahiigwa & Keizire 2003).

A2-2: Requirements for Internal Trade of Farmed Fish

	Permits/Certificates Required
	Responsible Agency
	Relevance

	Aquaculture establishment certificate


	MAAIF, DFR

Entebbe
	Medium to Large Scale Aquaculture Semi-intensive to Intensive Establishments

	Fish seed production certificate
	MAAIF, DFR

Entebbe
	Fish Hatcheries

	i) Fish transfer permit
	MAAIF DFR and LDFR

Entebbe
	Marketing of farmed fish within Uganda

	i) Fish import/export permit
	MAAIF DFR

Entebbe
	Export of Farmed Fish


Adapted from The Fish (Aquaculture) Rules, 2003. Statutory Instruments Supplement No. 81. to The Uganda Gazette No. 52 Volume XCVI, 22nd October, 2003.

A2-3:   Certification Required for the Export of Fish
	Certificate
	Organization Name and Responsible person
	Relevancy
	Address

	Animal and Products Export License
	Livestock Health and Entomology - MAAIF (Asst. Commissioner - Disease Control / Inspectorate and Regulations)
	Mandatory (All)
	Entebbe - Uganda

	Animal Health Certificate
	Livestock Health and Entomology - MAAIF (Asst. Commissioner - Disease Control / Inspectorate and Regulations)
	Mandatory (All)
	Entebbe - Uganda

	Certificate of Analysis
	Government Chemist - Food and Drugs Section (Chief Government Chemist)
	On Request (All)
	Wandegeya, Kampala

	Certificate of Origin
	Uganda Export Promotion Board (Public Relations Officer)
	Mandatory (COMESA)
	Conrad Plaza- Kampala

	Certificate of Registration
	Registrar of Companies, Ministry of Justice and Constitutional Affairs
	Statutory Requirement (All)
	Amamu House, George Street Kampala - Uganda

	China SPS Certificate
	Uganda Export Promotion Board (Public Relations Officer)
	Mandatory (China)
	Conrad Plaza- Kampala

	COMESA Certificate
	Uganda Export Promotion Board (Public Relations Officer)
	Mandatory (COMESA)
	Conrad Plaza- Kampala

	Customs Bill of Entry
	Customs & Excise Dept. - Uganda Revenue Authority (The Commissioner)
	Mandatory (All)
	Nakawa Industrial Area-Kampala

	EAC Certificate
	Uganda Export Promotion Board (Public Relations Officer)
	Mandatory (EAC)
	Conrad Plaza- Kampala

	EUR1 Certificate
	Uganda Export Promotion Board (Public Relations Officer)
	Mandatory (European Union)
	Conrad Plaza- Kampala

	Export Certificate
	Ministry of Trade, Tourism and Industry ( Registry)
	Mandatory (All)
	Parliament Avenue-Kampala

	Export Registration Certificate
	Uganda Export Promotion Board (Public Relations Officer)
	Optional (All)
	Conrad Plaza- Kampala

	Fish Export Permit
	Department of Fisheries - MAAIF (Principal Fisheries Inspector (QA))
	Mandatory (All)
	Entebbe - Uganda

	GSP Certificate
	Uganda Export Promotion Board (Public Relations Officer)
	Mandatory (Industrialized Countries)
	Conrad Plaza- Kampala


Source:  Uganda Export Promotions Board (2010)
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