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Abstract

:

Sustainable management of fisheries has proven to be a daunting exercise for Lake Victoria. Exploitation patterns in the fishery are driven by fishers who adopt different strategies as a response to changing economic, management, socio-economic, and resource conditions. Fisheries managers, however, seldom consider these changes in management policies. The aim of the study, therefore, was to evaluate the adaptation strategies of the Nile perch gillnet fishers on Lake Victoria in Uganda using 8-year catch and effort data collected in the period from 2005 to 2015. Trends of the selected effort and catch variables in the study period identified two adaptive fishing strategies by gillnet fishers on the lake. The first group, the paddled fishermen whose gillnet use varied in the first half of the study, diverted to harvesting juvenile Nile perch by using smaller, mesh sizes, monofilament nets and gillnets of less depth in the second half of the study. Motorized fishers, on the other hand, maintained their mesh size, using multifilament gillnets, however, they increased the depth of their nets in the second half of the study period to maintain their targeted fish size. Fishers on Lake Victoria adapted strategies to cope with their constraints and opportunities based on the Nile perch population structure and their economic needs. It is important for fishery managers to consider that the fishers are an integral part of the fisheries ecosystems, and considering their behavior in management decisions will aid in devising adaptive policies for sustainable resource use and sustainable livelihood development of the fishers’ communities.
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1. Introduction


1.1. Background


Sustainable management of fisheries has proven to be a daunting exercise for most African inland water fisheries which are largely small-scale (SSF), employing about 12% of world fishers and also playing a crucial role as a source of livelihoods, food security, and income for millions of people and national economies [1]. SSF fisheries are characterized by multiple harvesting patterns, being open access or common property resources with a growing population dependent on them, makes them complex and difficult to manage [2,3,4,5]. SSF are vulnerable to overexploitation, and they face environmental degradation as well as poor management outcomes [6,7].



To enable sustainable management of SSF, international legal and policy frameworks (e.g., FAOs code of conduct, voluntary guidelines for small scale fisheries, and Sustainable Development Goal (SDG) 14b) encourage the Ecosystem Approach to Fisheries (EAF) as a guiding principle to management. The EAF approach denotes the need for fisheries management as a holistic linkage across human and natural systems, identifying conflicts between competing ecosystem services and the direct and indirect impacts of fishing activities. The approach considers that the health of the aquatic ecosystem and associated biodiversity are a fundamental basis for fisher community livelihoods, recognizing the contribution of SSF to global food security and nutrition, equitable development of fishing communities and poverty eradication [8,9,10]. However, the international legal and policy frameworks do not guarantee any requirement for the SSF to adopt the approach unless this is specifically mandated in the individual country’s legal and policy frameworks.



Fishing is a highly uncertain activity and managers in SSF are still faced with the challenge of managing the dynamic and unpredictable interdependance between resource users and the fisheries resource. Understanding the interactions between the fishers and the fisheries resource can provide insights to enable holistic and sustainable fisheries management of SSF. Fishers are able to re-organize and develop strategies to adapt to resource changes, opportunities, and even address uncertainity associated with fishing activities [11,12,13]. Fishery managers, on the other hand, have focused on understanding biological fishery processes, neglecting fisher responses to changes in resource availability, market conditions, and also management regulations [12,13,14]. Managers therefore need to identify and understand the dynamics of fisher strategies, based on the contraints, goals and opportunities, to generate relevant information necessary to design sustainable fisheries management frameworks.



It is a common assumption that data or information on inland SSF are limited, and if they are available then they are considered to be highly unreliable in guiding authorities towards sustainable decision making in fisheries management [7,15,16,17]. However, a complete lack of data is not always the case for African inland fisheries. Lake Victoria accounts for more than 1% of global capture fisheries and the lake and its fisheries have been studied widely [18,19]. Substantial support has been provided for data collection, analysis, and governance structures. It is, however, still open to debate as to whether the acquired knowledge and information has led to the intended improvements in the fishery. Recurring challenges on the lake, such as perceived reduced catches, use of illegal gear and governance issues, have been reported in some studies [4,19]. Notwithstanding some inconsistencies in the data, the available information can be used to assess fishery management issues, such as the effectiveness of regulations and to explore different fisher strategies and their influence on fisheries production.



The aim of the paper was to evaluate the adaptative strategies of the Nile perch gillnet fishers and operators using 8-year catch and effort data collected in the period 2005 to 2015. The specific objectives of the study included determining the dynamics of gillnet use by vessel groups, identifying fishing strategies and evaluating the effects on the sustainability of the Nile perch fishery on Lake Victoria in Uganda.



Firstly, we looked at the trends in vessel characteristics in the Nile perch fishery based on mode of propulsion, i.e., paddled or motorized vessels. Secondly, fishing strategies were defined to include how the use of gillnets has changed over time in terms of mesh size, set up of the gillnet (adjusting depth), type of material, i.e., monofilament versus multifilament nets, and how changes in gillnet use affected the size and quantity of the Nile perch catch. The resultant adaptive strategies of fishers in the eight-year period were then used to reflect on the policy and livelihood implications of gillnet use in fishing Nile perch on the lake.



In the following sub-section, the paper illustrates the general context of the status of fisheries and a description of gillnet use on Lake Victoria in Uganda. Section 2 describes the data used for the study, the data attributes selected for analysis, and the method used for data analysis. Section 3 presents the study results, Section 4 presents the discussion, and finally the study’s conclusions are presented in Section 5.




1.2. Overview of the Lake Victoria Fisheries in Uganda


1.2.1. Background


In Uganda, Lake Victoria lies in the nation’s north-western quadrant, covering 31,000 km2 and a shoreline length of 1750 km. In 2014, the fisheries on the lake contributed more than half (54%) of the 467,000 MT of landings in Uganda. There were about 65,000 fishers, 16,745 boat owners (12% female), and many others involved in fisheries on the lake through trading, processing, transportation, and provision of fishing inputs and regulation [20]. Fishing vessels are locally made and operated using paddles (17,164), outboard engines (10,057), or sails (856). In addition, 162 fishers do not rely on vessels for their operation. Three species dominate commercial catches, including the small pelagic silver cyprinid, locally known as dagaa, Rastrineobola argentea (Pellegrin, 1904), Nile perch (Lates niloticus; Linnaeus, 1758), and Nile tilapia (Oreochromis niloticus; Linnaeus, 1758), all of which serve different markets. Nile perch is processed as chilled and frozen products to Europe, the Far East, the Middle East, the USA, and South America, while Nile tilapia is mainly consumed locally, either fresh or sundried. Dagaa is sundried and utilized as human food and in industrial feed mills as a raw material for production of feeds for poultry, fish, and livestock. The species is consumed locally and also exported regionally to the Democratic Republic of Congo, Kenya, South Sudan, and Rwanda [21,22,23]. Processing fish for local consumption is largely artisanal involving women mostly [24,25,26].



The number of fishing vessels targeting each species reflects their economic importance. Out of 28,239 vessels enumerated in 2014, 54% targeted Nile perch, 27% Nile tilapia, 16% dagaa, and 3% other species [20]. Consequently, most management measures on fishing are enforced on the lake mainly to protect the Nile perch, such as a ban on indiscriminate fishing gears and methods such as cast nets, beach seines, poison, <5 inch gillnets, and >9 hook size. Other regulations include licensing, closed seasons, and areas; however, these are seldom enforced [27].



Fisheries management on Lake Victoria has undergone institutional changes. In Uganda, the co-management system was disrupted when the local level Beach Management Units (BMUs) were abolished in November 2015 and replaced by military law enforcement. This was after a reportedly rampant increase in the use of illegal gears on the lake and the failure of BMUs in eliminating illegal fishing [27,28,29]. Military enforcement on the lake includes eliminating indiscrimanate fishing gears, vessels <28 ft and seine nets > eight panels for the dagaa fisheries. Natural resource management in the country, including in the fisheries, is reportedly structured to favour market values and revenue generation than social values. Therefore the need to protect Nile perch could explain the disbandment of the BMU system in Uganda [28,30,31]. The policy framework in the country relies on the Fish Act cap 197 of 2000 and its amendment in 2011, the Fisheries policy of 2004, and currently the fisheries and aquaculture bill of 2017, which will provide management measures in both capture fisheries and aquaculture.




1.2.2. Gillnets on the Lake


Gillnets were introduced into Lake Victoria fisheries over a century ago due to their catch efficiency, replacing native fishing gears in exploiting the endemic tilapia species Oreochromis esculentus [32], which at the time was the most important commercially exploited fish species. However, with increased effort, catches soon declined. Surveys on the major fishing grounds showed a decline from 25 fish per net in 1925 to 5 fish in the late 1930s, which led to the introduction of a minimum mesh size of 5 inches for the fishery [33]. Nile perch was introduced into Lake Victoria in the 1960s, and the 5-inch minimum mesh size regulation was maintained for the developing Nile perch fishery [34] However, the circumstances for adopting the same regulation for the Nile perch were unclear, especially once the native tilapia stocks collapsed [35,36]. In the 1990s, a slot size of 50–<85 cm TL was introduced for commercial catches, aimed at protecting the juvenile and spawning stock of the Nile perch [32,34]. About half of the fishing vessels on the lake in Uganda target Nile perch, primarily using longlines and gillnets. In 2014, gillnets were the dominant fishing gear used by 40% of the fishing vessels, followed by hooks (32%), seine nets (21%), and 7% of vessels used other gear such as basket traps [20]. Boat ownership on the lake varies between species, with large boat owners mainly venturing more into fishing Nile perch than other commercial species. Boat owners in the perch business supply mainly to factories and employ their fishing crew mainly through kinship. Boat owners have a background in fishing or fish trading, and in cases where they own several vessels, they employ a boat manager and crew to fish on their behalf [37,38,39].




1.2.3. Description of Gillnet Use on the Lake Victoria


A gillnet on Lake Victoria consists of a series of panels, each being about 50 m long depending on the hanging ratio and 26 meshes deep. Panels can be joined, both horizontally to increase the length of the gillnet or vertically to increase the depth [height] of the net [20,40].



A net of one panel deep is recorded as a single panel net. As panels are joined vertically, the nets are recorded as double, triple, and so forth (Figure 1). The overall set is then a gillnet that is either bottom set or set at a certain depth in the water column using anchors like rocks, which must be sufficiently heavy to neutralize the buoyancy of the floats.



Fishers operate their gillnets in three main ways: firstly, through active fishing, where fishers, by beating the water using a heavy hardwood club, scare fish into the net and several hauls are made at different sites in one night. The second method is passive fishing, whereby a gillnet is set at the bottom of the lake, anchored at one site overnight, and the third method is drift fishing, where the net is set either in-surface or mid-waters and allowed to drift with the current throughout the fishing period. Active fishing is illegal and fishers using active fishing are reported to operate in the shallow inshore waters using monofilament nets <5″, which are also illegal [40,41,43]. Drift and set (passive) nets are mainly multifilament. Fishers using these two methods have also been known to connect nets vertically, enabling them to fish up to 50 m deep from the surface to the bottom. Multiple panel nets are mainly used on vessels equipped with outboard engines or sails, which are able to navigate in the coastal and deeper offshore parts of the lake [40,41].






2. Materials and Methods


2.1. Data Collection


Data for the study were selected for vessels using gillnets at 54 landing sites (Figure 2). The Lake Victoria Fisheries Organisation (LVFO) monitors catch rates through periodic frame surveys when a census is made of the number of fishers, and the number, size, and propulsion mode of vessels and gear used. These surveys are termed frame surveys, which are then complemented with catch assessment surveys, where catch data from a sample of individual vessels are collected throughout the year at representative landing sites.



In this study, data were sourced from six frame surveys conducted every second year from 2004 to 2014. Catch assessment surveys were conducted at 54 landing sites in eight years, 2005–2008, 2010–2011, and 2014–2015. Both datasets were collected by trained enumerators and based on the Lake Victoria Fisheries Organisation (LVFO) harmonized Standard Operating Procedures and data forms [44].



From the frame survey, we selected two key vessel variables: mode of propulsion (paddled, motorized, or sailed) and target species. From the catch assessment survey, we selected gillnet vessels targeting Nile perch and data relating to effort and catch. These included the following:




	(i)

	
vessel-specific characteristics, such as vessel length and mode of propulsion;




	(ii)

	
gear specific information i.e., gillnet type [monofilament or multifilament], mode of operation [active, drift or stationary], mesh size, number of panels, and if panels were vertically joined;




	(iii)

	
hours fished and catch specific information, such as the number of Nile perch caught and the total weight of the catch.









From the resulting set of data, we selected trips that operated with gillnets of only one mesh size (e.g, only 6 or 7 inches). This was done to eliminate any bias due to the uncertainty of identifying which mesh was used to capture fish at the time of sampling. Outliers and missing information rows were removed from the dataset. The final dataset comprised 14,630 trip records for eight years in the period 2005 to 2015.




2.2. Data Analysis


To analyse the data, we employed the trend analysis recommended in [45], and applied to compare catches between the recreational and commercial fishermen on Lake Annecy in France [46]. The trend analysis is based on a time series of catch, effort, and the catch per unit effort (CPUE) of the focal fishery. The catch and effort variables collected from the independent cross-sectional surveys in the eight-year period were merged to form time-series data to be used for further analysis. The selected variables were repeatedly sampled in the specified period, and this allows for the assessment and interpretation of effort in relation to catch trends and vice versa.



In the first stage of the analysis, we identified variables that would adequately describe operational differences (and later strategies) among the gillnet fishing vessels. These are specified in 2.1 above. Variables concerning general vessel characteristics were selected from the frame survey data, and gear characteristics, fish catch, hours fished, and vessel length were obtained from the catch assessment data.



In the second stage, two proxy variables were calculated—the average weight of fish landed, calculated as the recorded total weight of the catch divided by the number of fish, and illustration of CPUE (per kg and number of fish) using the number of gillnet panels and hours fished as measures of effort.



Lastly, interpretation of the trends was presented in graphs and tables, where changes in effort, catch and CPUE were used to explain the changing patterns of exploitation in the fishery.



Statistical analysis and graphical displays were performed using R software [47]. We compared the mean between variables i.e., mesh size and numbers of vertical panels versus fish size. The mean differences were tested using Analysis of Variance (ANOVA) and the level of significance (p values) denoted as; **** = <0.001, *** = 0.001, ** = 0.01, * = 0.05, not significant = >0.05.





3. Results


3.1. Vessel Characteristics on Lake Victoria in Uganda


Fishers on the lake operate their vessels using two dominant modes of propulsion, paddles, and outboard engines, while few operate using sails (Figure 3a). From 2004 to 2014, the number of motorized vessels more than trebled from around 3000 to over 10,000. The number of paddled vessels, on the other hand, increased by 40% between 2004 and 2006, but their numbers remained relatively constant for the rest of the study period. The number of sailed vessels was relatively low, with about 1000 vessels recorded with no significant changes over time.



Motorized vessels predominantly targeted Nile perch (>80%) throughout the study period, although the proportion of motorized dagaa vessels increased from 6% to 18% over the period 2010 to 2014 (Figure 3b). Paddled vessels targeted tilapia and Nile perch in almost equal proportions, with no significant changes in the number of vessels per target species from 2010 to 2014. The average length of a motorized vessel was approximately 10 m, about 4 m longer than a paddled vessel. Vessel length remained constant for both groups of vessels throughout the period of study (Appendix, Table A1). Nile perch vessels dominate in the fishery and thus were considered for further analysis.




3.2. Gillnet Use in the Nile Perch Fishery


Motorized vessels used mesh sizes up to 8″ and only rarely <4″ with the modal mesh sizes between 5″ and 6″. The use of nets >6″ became less common over time. Paddled vessels in all years used a much wider range of mesh sizes, from 2.5″–8″. With time, two modes of mesh size used become apparent in the paddled fleet, a larger mode at 2.5″–3.5″ and a smaller mode at 5–6″ (Figure 4).



At the beginning of the study period, both vessel groups predominantly (>90%) used multifilament gillnets. However, from 2010, an increase in the proportion of the monofilament gillnets was evident for the paddled vessels, rising from 16% in 2011 to 42% in 2015 as paddled operators were increasingly using smaller meshes (Appendix, Table A1, Figure 4). Motorized vessels, on the other hand, maintained the use of multifilament gillnets and maintained the modal mesh size of 6″. The use of monofilament gillnets was dominant in mesh sizes <6″ (Appendix, Figure A1).



More than half of the paddled vessels operated using passive [stationery] set gillnets, followed by drift nets, however, in 2014–2015, there was a decline in fishers using drift nets. Motorized vessels primarily used drift and passively set gillnets, though, by 2015, sampled vessels using drift nets declined (39%) and were exceeded by those using passive nets (61%) (Appendix, Table A1).



Gillnets are made from panels of a standard dimension, but different mesh sizes. Motorized vessels, on average, used 60 panels while paddled vessels used 40 panels (Figure 5a). No increase in the number of panels per gillnet was observed throughout the study period for either vessel group, however, fishers were observed to alter the depth of the gillnets. Motorized vessels predominantly (>80%) used double vertical panel gillnets in 2005 and shifted to triple vertical panel gillnets in 2015. Paddled vessels, on the other hand, were observed to fish using both the single vertical and double vertical panel gillnets in the first four years of the study, but, a gradual shift to the use of single vertical panel gillnets occurred, with these constituting >80% of the sampled vessels in 2015 (Figure 5b).



The median mesh size between panels was significantly (p < 0.05) different as the number of gillnet panels increased with mesh size (Figure 6). Single panel nets had a wide range of mesh sizes from 2.5″ to 7″, double panel nets varied between 3.5″ to 7″, while the triple and quadruple nets were comprised of a narrow range of mesh sizes mainly >5″ to 8″ and 6″ to 7″, respectively.




3.3. Fish Catches


The average weight of fish harvested increased with increased mesh size (p value < 0.05), although the variation in average weight of individuals caught also increased with increasing mesh size. Fish sizes harvested with the 7- and 8-inch nets varied widely, with the largest average fish sizes of about 6 kg and 9 kg, respectively. The average catch per trip increased with mesh size, with vessels using 2.5″–4″ nets on average harvesting about 15 kg per trip. Those using 4.5″–5.5″ harvested on average around 20 kg, while the increase is greatest for the two largest mesh sizes, with about 25 kg in 7″ nets and 35 kg in 8″ nets (Figure 7b).



The average weight of individual fish caught increased significantly and differed (p < 0.05) from one to two and from two to three-panel gillnets (Figure 8). The average fish size in triple and quadruple gillnet panels was not significantly different (p > 0.05). Single panelled nets harvested fish sizes <2.5 kg, while the fish sizes in double panel gillnets varied most among all panels, with average fish sizes of up to 4.5 kg harvested.



From 2005 to 2007, there was a wide range of Nile perch weight harvested by motorized vessels, with modal weights observed at 1 kg, 2 kg, and 3 kg, however, from 2011 to 2015, the modal average fish size harvested by this vessel group was maintained at about 2 kg (Figure 9a).



Paddled vessels also caught a wide size range of Nile perch at the beginning of the study period, with the modal weights of about 1 and 2 kg. However, this is followed by a gradual decline over time, as the overall distribution became narrower, and by 2015 the modal average fish size was <1 kg (Figure 9b).



Fish catch per trip and hours fished was higher in motorized vessels than paddled vessels. Catches for both vessel groups show the same trend, though this fluctuated until 2010, followed by a continuous decline, especially for the motorized fishing vessels (Figure 10). By 2015, catch per trip and catch per hour reduced to almost half from about 30 kg per trip and approximately 4 kg per hour at the beginning of the study to less than 20 kg per trip and 2 kg per hour in 2015, respectively. The catch per trip and hours fished in paddled vessels, on the other hand, fluctuated throughout the study period, ranging between 10 to 15 kg per trip and 1.5 to 2 kg per hour, respectively.



Similar to the catches depicted in Figure 10 above, the CPUE kg per panel hours fished fluctuated for both vessel groups between 2005 to 2010. For motorized vessels, there was then continuous decline until 2015, when the vessels’ CPUE was <3 kg per panel compared to about 4.5 kg at the beginning of the study period. In contrast, the CPUE for paddled vessels stabilized at 4 kg per panel hours fished (Figure 11a). Motorized fishing vessels harvested about 3 fish per panel hour fished throughout the study period, with the number of specimens harvested per panel for the paddled vessel increasing gradually; in 2005, each panel of the gillnet captured about 5 fish, and by 2015 vessels harvested about 15 Nile perch specimen per panel (Figure 11b).





4. Discussion


4.1. Gillnet Use and Adaptive Fishing Strategies


To improve the understanding of fisher adaptive strategies in the gillnet Nile perch fishery, we analyzed the trends of selected effort and catch indicators to evaluate changes in the fisher’s exploitation environment. Evaluation of catch and effort statistics can help fisheries’ policies to become more consistent, acknowledging the diversity of fishing practices and identifying appropriate points of intervention, especially the formation of policies aimed at reducing fishing effort or even improving adaptive capacity within the fishing communities [45,48]. In the study, we identify fisher adaptive responses (changes in gillnet use) as a result of changes in the population structure and abundance (catches) of Nile perch in Lake Victoria. The comparison made between vessel groups in the study, i.e., motorized and paddled, was derived from earlier studies indicating spatial differences, with the motorized vessels mainly operating in the offshore and coastal areas of the lake, while the latter operate largely inshore [23,41]. The operational differences between the two vessel groups in the Nile perch gillnet fishery further reinforce the distinction between artisanal and commercial SSF [27,49]. Artisanal Nile perch fishers target fish sold to local and regional markets; here the fish is sold fresh, smoked, or deep fried, while commercial fishers target Nile perch purposely for the fish factories who process Nile perch as fillets destined for the export market [21,22,23]. Other distinctions include boat/vessel ownership. Owners of paddled vessels engage in fishing themselves, while owners of motorized vessels mostly employ their fishing crew. Irrespective, both are considered as fishers in this study, which assumes that a fishing strategy is a collective effort and the owners of motorized vessel are experienced fishers [38].



For the two vessel groups, fishers over time adapted their fishing operations according to resource constraints, i.e., their ability to harvest large fish or small Nile perch, and also as a result of opportunities availed to them to maximise their objectives. Operations of the motorized and paddled vessel groups reflect the dynamics behind the commercial gillnet fishery, which target the export market, and the artisanal fishers who focus on local and regional markets [22,38,49]. These are further described as follows.



4.1.1. Paddled Vessels


During the first four years of the study, gillnet use among the paddled fishers was diversified as some fishers employed larger mesh sizes, double vertical panels, and multifilament gillnets, characteristics observed in the motorized (commercial) fleet. However, over time, the fishers switched their gillnet use to smaller meshes and dominantly adapted to single vertical panels. The rationale for this development is two-fold. Firstly, it represented a resource opportunity based on the abundant stock of juvenile Nile perch; secondly, there was a constraint, with an inability to raise sufficient capital to compete with the motorized vessel group.



Generally, the status of Nile perch fish stocks (resource health) on Lake Victoria have been widely studied, with mixed opinions on abundance. Some argue that they are overfished [50,51,52] and some that they are not overfished [4,53]. Nile perch biomass estimates in the hydroacoustic surveys conducted in this period indicated that the population structure of Nile perch was by 2015 dominated (>90%) by small-sized Nile perch (<10 cm TL) found in shallow inshore areas [54]. In the study, paddled vessels switched to smaller meshes and changed depth of their gillnets and were able to maintain their fish catch and also increase the number of fish per panel (Figure 11). The strategy to target smaller fishes by the paddled vessels signifies an opportunity response of utilizing the abundant stock of the population to remain in the fishery. Paddled vessels operate mainly in inshore areas and also target Nile tilapia (Figure 3b), whose distribution is mostly areas that are < 10 m deep [52,55]). Juvenile Nile perch and Nile tilapia have a high market demand in the local and regional markets in the DRC and South Sudan, markets that provide an opportunity for fishers to maintain their livelihood [21,22].



It is also worth noting that the use of small mesh sizes (<5″) and monofilament nets is prohibited on the lake: however, enforcement of regulations was challenging, with the co-management system providing a comparative advantage for paddled fishers to shift strategy [39,56]. In terms of capital constraints, an average artisanal fisher, due to his largely intensive fishing methods and limited capital, can scarcely afford to match the efficiency of larger vessels, more nets, and an out board engine [38,57].




4.1.2. Motorized Vessels


A rapid increase in vessel motorization was observed since 2004 (Figure 3a), and this was particularly evident for the Nile perch fleet (Figure 3b), indicating a technological intensification in response to available resources and market opportunities [58]. Fishing pressure can directly affect a target species’ population; however, changes in market prices, management regulations and environmental and socio-economic conditions also generate synergies that affect fishing pressure over time, impacting the availability of resources [12,14,59]. In Uganda, the need for economic growth in terms of foreign exchange revenue is a major driver of resource exploitation.



Nile perch products are the major (>90%) fish exports in Uganda, thus fishers in this vessel group equip themselves to harvest for the export market. This is observed in the study as these fishersmaintained mesh size, used multifilament gillnets, and used double and triple panels of their gillnet, and on average caught 2 kg Nile perch throughout the study period. A development in the fishing strategy in this vessel group was observed, with the shift of gillnet panels from two to three vertical panels in the second half of the study (Figure 5). The increase in vertical panels is directly related to an increase in fishing depth and could be attributed to the increased competition in the fishery and a need to search for new fishing grounds. Large sized Nile perch (>40 cm TL) are mainly located in the deeper parts of the lake. Notwithstanding this, the size structure of large Nile perch in biomass estimates in that period reflected a small proportion of this population [55,60,61]. Salas et al., 2004 indicates that fishers tend to shift strategies if they perceive an increase in uncertainity in their catches and profits, especially when competition increases.



It is important to note that the development of the commercial Nile perch industry has existed for about 4 decades since the 1980s and this has been exacerbated by international market demand of white fish and donor-driven improvement in fish processing and exporting policies in the country [37,62]. In 2006, the factories established self-regulating policies, which included processing only of fish 50–85 cm to suit the demands of international markets. This meant that factory agents were only permitted to purchase fish sizes of 50–85 cm total length [37,62]. In a study of the Nile perch value chain, Bagumire et al., (2018) indicates that in the first stage of the value chain, at the beach, fish of processable quality and allowable slot-size is sold directly to factory agents, whilst poor quality fish and fish below and beyond the allowable size are then sold to the local traders. The allowable fish slot sizes of 50–85 cm correspond to about 2–10 kg fish from fish sampled in other commercial vessels [63,64], which also coincides with the modal fish size of the motorized fishers in this study. Fishers have mastered strategies, and with the use of triple panel gillnets, they were able to obtain fish sizes within this range (Figure 8). Besides, currently in Uganda and Lake Victoria, there is an emerging fish maw industry, where the value of the fish maw increases with the size of the Nile perch. Nile perch beyond the factory allowable size limit >85 cm TL are targeted for the fish maws and their price per kg (50 USD) is 10 times more than that of fish fillets (5 USD) [64]. Unregulated fishing of large fish sizes threatens the population of the spawning stock.





4.2. Effects of Strategies on Catch and CPUE


CPUE is a basic fisheries science measure used as the first-order evaluation of broad trends in the likely relative abundance or biomass of underlying fish stocks over time [7,65]. However, it is important to note that catches and CPUE are a resultant effect of the fishing strategies to maintain catches. Paddled vessels switched to smaller mesh sizes and single vertical panels to maintain their catch, while the motorized vessels aimed at maintaining a particular fish size by increasing the depth of the gillnet.



In terms of catches, the abundance of the small-sized fish enabled paddled vessels to maintain their catches over time while a decline was observed for the motorized vessels. By 2015, about half of the 20 fishing factories in Uganda had closed and those still in the business operated below their capacity due to the inadequate supply of fish [36]. The observed decline in the catches of the motorized vessels had a direct effect on the factories. The shift in fishing strategy from double to triple panels is also indicative of the measures the fishers devised to maintain their catch and supply the factories. CPUE as a measure of abundance assumes that changes in catch rates directly reflect the abundance and disregard the development of productivity due to improvements in technology or any changes in fishers’ behavior [45]. The fishers here were endogenously reacting to changes in the environment by changing their strategy on how they set their nets, and such responses in the future could greatly affect subsequent CPUE interpretations.



Individual fishermen will invest in new vessels, technology or methods of fishing if they will make more money by doing so or even fish illegally when it is profitable [14,16,66]. In the case of the Nile perch gillnet fishery, the motorized group is an example of increased investment and effort, while the paddled vessel group have resorted to illegal methods; however, both groups are reacting to changes in the size structure of Nile perch, leading possibly in both cases to negative resource impacts. Hydroacoustic surveys conducted in the period 2005–2015 indicated that Nile perch biomass estimates on the lake increased from about 500,000 MT in 2007 and more than doubled by 2015 [61]. Even if the total biomass of Nile perch appears to have increased, the absolute number of larger perch (>50 cm TL) decreased over the same period and constituted less than 5% of the total biomass, reflecting the resultant catch for the two vessel groups in this study. The strategy of the commercial fishers leads to the progressive harvest of larger individuals (spawning stock) while the artisanal fishers increase the fishing mortality of juvenile fish stocks [67,68]. Consequently, the paddled vessels have been a targeted group in enforcing fishery regulations in Uganda [27]. In terms of fisheries management, it is important to note that the regulations (e.g., mesh sizes) support the existence of the commercial export-oriented fishery, whose benefits are squandered if fish are instead sold to local markets and food chains [3,10,14,59]. Besides, the question of whether reduced fish catches on Lake Victoria are caused by illegal gears or reduced catch leads to the use of illegal gears could probably be explained by understanding the dynamics of fisher strategies on the Lake [23,36,52,53]. The impact on the fishery resource due to the collective effort of fishers adapting to operational strategies to maintain their fishery objective is an element that is seldom considered in fisheries management on Lake Victoria. Most fishers on the lake depend on the fisheries with limited alternative livelihood options available, necessitating adaptive strategies to fishing [22,27]. The sustenance of the fishery benefits to the fishing communities should be the goal of fisheries management.



Sustainable fisheries management must address the need to maintain and improve the economic, social, and ecological benefits of a fishery [8,9,10]. In the case of the Nile perch fishery, the fundamental question should be what the objective of fisheries management is, and why and how the stated objective can be achieved. The type of management system greatly influences the performance and overall sustainability of the fishery [7,69].





5. Conclusions


The study evaluates the adaptive strategies of Nile perch gillnet fishers on Lake Victoria, using 8-year data over the periods 2005–2007, 2010–2011, and 2014–2015. We note that the gillnet Nile perch fishery evolved over this period, with two fishing strategies evident on the lake. The artisanal fishers on paddled vessels adopted a safe strategy of harvesting the large numbers of juvenile Nile perch over time, mostly for local or regional markets, and the small-scale commercial gillnet fishers deployed motorized vessels, specializing their fishing effort to target larger fish purposely for the export market.



The use of catch and effort data in the study provides a means of understanding fisher behavior and its impact. It should also be noted that the study considers fishers as key decision makers; however, their behavior could be dependent on the vessel owners, especially for the larger vessels. Irrespective of whether it is the decision of the crew or the vessel owner, both aim to maximize the benefits from the fishery.



It is important to acknowledge that the Nile perch fishery is a source of livelihood to over 30,000 (50%) fishers on lake Victoria in Uganda and many fishing communities on the shores of the Lake are involved in its value chain [20]. Therefore, any negative effects on the Nile perch fish stocks directly affect the livelihoods of these fishers, their dependents, and everyone involved in the value chain.



The strategies used by both motorized and paddled fishers on Lake Victoria have driving factors that can mostly be attributed to the economic value of the Nile perch. Based on the fisheries’ legal and policy framework, motorized vessels in the study fish legally (≥5″ mesh size multifilament), while paddled vessels fish illegally (<5″ mesh size, monofilament) [70]. Managing the lake’s fishing effort, however, should offer a balanced view of not only eliminating illegal fishers but also managing the capacity of legal ones and what drives changes in the strategies employed by the two groups. The key to maintaining or improving the biological health of fish stocks necessitates studying and restricting fisher behaviour, which is expected to reduce profitability in the short run but improve profits in the long run [10,14]. The expansion of motorized fishing leads to competition, and increasing the depth of the gillnet indicates a strategy that reflects the need for short-term profit margins at the expense of sustaining the Nile perch stocks.



It is important for fishery managers to understand the changes in fisher strategies as these provide important insights for envisioning fishers responses to other factors, such as management measures and resource uncertainities. Additionally, it is important to consider that people (fishers) are an integral part of the fishery ecosystem. Considering their behavior in management decisions will aid in devising adaptive policies to fishery conditions for sustainable resource use, as well as ensuring the livelihood development of the fishers’ communities.
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Table A1. Trend of vessel length and gillnet construction code for the paddled and motorized vessel groups.
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Vessel Group

	
Variable

	
Description

/Measure

	
Survey Years




	
2005

	
2006

	
2007

	
2008

	
2010

	
2011

	
2014

	
2015






	
Motorized

	
Vessel length

	
meters

	
9.81

	
10.03

	
9.99

	
10.00

	
10.24

	
9.72

	
10.11

	
10.03




	
Gillnet construction code

	
Monofilament

	
2 (0.2%)

	
27 (2%)

	
62 (5%)

	
4 (0.6%)

	
0 (0%)

	
3 (0.3%)

	
5 (0.7%)

	
11 (1.3%)




	
Multifilament

	
1649 (99.8%)

	
1396 (98%)

	
1115 (95%)

	
1258 (99.6%)

	
671 (100%)

	
932 (99.7%)

	
668 (99.3%)

	
819 (98.7%)




	
Gillnet operation code

	
Active

	
5 (0.3%)

	
10 (0.7%)

	
2 (0.3%)

	
3 (0.2%)

	
0 (0.0%)

	
27 (3.1%)

	
3 (0.4%)

	
2 (0.2%)




	
Drift

	
8634 (49.1%)

	
778 (56.0%)

	
697 (59.5%)

	
719 (56.8%)

	
323 (47.0%)

	
537 (56.9%)

	
367(54.7%)

	
322 (38.7%)




	
Passive

	
812 (50.6%)

	
635 (43.3%)

	
478 (40.2%)

	
540 (42.9%)

	
348(53.0%)

	
371 (40.1%)

	
303 (44.9%)

	
506 (61.1%)




	
Sample size

	
Sub-total

	
1651

	
1423

	
1177

	
1262

	
671

	
935

	
673

	
830




	
Paddled

	
Vessel length

	
meters

	
6.69

	
6.58

	
6.44

	
6.48

	
6.73

	
6.80

	
6.58

	
5.91




	
Gillnet construction code

	
Monofilament

	
21 (2.1%)

	
138 (11.3%)

	
139 (15.6%)

	
25 (3.1%)

	
23 (7.1%)

	
65 (16.1%)

	
107 (35.2%)

	
211 (42.4%)




	
Multifilament

	
408 (97.9%)

	
1103 (88.7%)

	
783 (84.4%)

	
800 (96.9%)

	
351 (92.9%)

	
343 (83.9%)

	
204 (64.8%)

	
287 (57.6%)




	
Gillnet operation code

	
Active

	
121 (8.7%)

	
184 (14.9%)

	
144 (15.5%)

	
100 (12.0%)

	
31 (9.2%)

	
46 (11.0%)

	
40 (13.2%)

	
86 (17.3%)




	
Drift

	
439 (28.9%)

	
313 (24.2%)

	
252 (26.6%)

	
178 (21.4%)

	
105 (27.0%)

	
110 (26.4%)

	
57 (17.9%)

	
63 (12.5%)




	
Passive

	
869 (62.5%)

	
744 (61.9%)

	
526 (57.9%)

	
547 (67.6%)

	
238 (64.4%)

	
255 (64.3%)

	
214 (68.9%)

	
349 (70.1%)




	

	
Sample size

	
Sub-total

	
1429

	
1241

	
922

	
825

	
374

	
408

	
311

	
498




	
Total trips sampled

	
3080

	
2664

	
2099

	
2087

	
1045

	
1343

	
984

	
1328
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Figure A1. Gillnet construction type across mesh sizes for the paddled and motorized vessel groups. 
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Figure 1. Schematic illustration of a gillnet assemblage. Illustrated from descriptions in [40,41,42]. 
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Figure 2. Distribution and number of gillnet vessels targeting Nile perch at landing sites included in catch assessment surveys on Lake Victoria, Uganda. Data from LVFO Catch assessment survey. 
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Figure 3. Fishing vessel characteristics (a) total count of vessels on Lake Victoria Uganda grouped by mode of propulsion; (b) vessel count by mode of propulsion per target species (data only available from 2010 onwards). LVFO Frame survey data. 
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Figure 4. Gillnet meshes size distribution between motorized and paddled vessels over the study period. LVFO Catch assessment survey data. 






Figure 4. Gillnet meshes size distribution between motorized and paddled vessels over the study period. LVFO Catch assessment survey data.



[image: Sustainability 14 02376 g004]







[image: Sustainability 14 02376 g005 550] 





Figure 5. (a) Average number of panels per gillnet, irrespective of either vertical or horizontal joining (b) modal distribution of gillnet panel vertical joining for the motorized and paddled vessels. The latter is specified in the CAS survey data. LVFO Catch assessment survey data. 
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Figure 6. Relationship between the number of gillnet panels and mesh sizes. Mean difference between gillnet panels and mesh size tested using ANOVA significant level at p < 0.05. 
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Figure 7. Fish catches (a) the average fish size (kg specimen−1) per mesh size, comparison of mean size of fish between mesh sizes performed using Analysis of Variance (ANOVA) and (b) fish catch (kg trip−1) in the different mesh sizes indicated with mean catch and ± standard error. 






Figure 7. Fish catches (a) the average fish size (kg specimen−1) per mesh size, comparison of mean size of fish between mesh sizes performed using Analysis of Variance (ANOVA) and (b) fish catch (kg trip−1) in the different mesh sizes indicated with mean catch and ± standard error.
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Figure 8. Relationship between gillnet panel and fish size. Mean difference between gillnet panels and fish size tested using ANOVA, significant level at p < 0.05. 
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Figure 9. Frequency distribution of the estimated average size of Nile perch in commercial catches between (a) Motorized fishing vessels and (b) paddled fishing vessels in the survey period. 
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Figure 10. Fish catch in terms of (a) kg per trip and (b) kg per hour fished in motorized and paddled vessels for the study period 2005–2006; 2010–2011 and 2014–2015. Mean catches per vessel are represented as mean and standard error. 
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Figure 11. CPUE per panel hours fished (a) measured as the catch per panel and (b) number of fish per panel. 
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