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ABSTRACT

Lake Albert supports a diverse artisanal fishery characterized by multi-species exploitation
using a wide range of fishing gears. The fishery is increasingly dominated by two small pelagic fish
species (SPS), Brycinus nurse and Engraulicypris bredoi, which are primarily harvested using
vertically stacked small seine nets operated in conjunction with artificial light attraction. Despite their
growing importance, the ecosystem-level impacts of these fishing techniques on both target and non-
target fish stocks remain poorly understood. The use of these light assisted gears has also generated
conflicts with fishers targeting large-bodied species, particularly Nile perch (Lates niloticus), due to
perceptions that these gears negatively affect the recruitment and availability of larger species stocks.

This study was conducted on the Uganda portion of Lake Albert between September 2019
and July 2022, with the aim of evaluating the socio-ecological effects of light-attraction fishing
techniques as a basis for informing sustainable fisheries management. A mixed-method approach was
adopted, integrating literature reviews, experimental fishing, catch assessment surveys, hydroacoustic
assessments, and stakeholder consultations. These methods were used to quantify catch rates, species
abundance and distribution, life-history traits, exploitation patterns, and biological reference points

relevant to the management of the lake’s artisanal fisheries.

Results indicated a substatial light-attraction fishing effort on Lake Albert, accounting for
approximately 40% of the lake’s active fishing vessels. Fishing activity peaked during moonless
nights and was significantly (P<0.05) associated with higher SPS catch rates. High bycatch,
unregulated expansion of light-fishing effort, excessive net stacking, and the increasing use of solar-

powered fishing lights emerged as the principal drivers of user conflict within the fishery.

Marked spatial variation in SPS abundance was observed across the lake. Engraulicypris
bredoi dominated catches in the central region (F (2, 15240) = 172.45, p<0.001), whereas B. nurse
was more abundant in the southern region (F (2, 4447) = 41.166, p<0.001). Hydroacoustic survey and
artisanal catch statistics consistently demonstrated the dominance of SPS, which constituted
approximately 82% and 70% of total biological scatter and catch volume, respectively, indicating a

high standing biomass of small pelagic species stocks in Lake Albert.

Analysis of life history traits revealed pronounced sexual dimorphism in length at 50%
maturity (Lmso) for both species. Male E. bredoi matured at a larger size (31.6 mm) than females (23.9

XX



mm), whereas female B. nurse matured earlier and at a larger size (60.9 mm) than males (56.8 mm).
Both species exhibited positive allometric growth and high condition factor: B. nurse (b = 3.21, K =
2.08) and E. bredoi (b = 3.06, K = 1.27), suggesting favourable physiological condition and relatively
healthy stock status.

Experimental fishing trials demonstrated that light attraction significantly enhanced SPS catch
rates (p<0.05), with near-zero catches recorded under control treatments without light. This finding
corroborates observed fishing patterns characterized by intensified effort during dark nights and
confrims the functional necessity of artificial light in SPS exploitation. Bycatch, particularly of Lates
niloticus, Oreochromis niloticus, Hydrocynus forskahlii, and Distichodus niloticus, was
predominantly recorded in shallow inshore waters (< 20 m depth). These habitats serve as critical
zones for biodiversity conservation, recruitment, and stock replenishment, underscoring the need for

their protection from intensive fishing pressure.

Net stacking was found to significantly increase both SPS catch rates and bycatch. Optimal
SPS yields with comparatively minimal bycatch were achived at a net depth of approximately 16
meters (eight panels), suggesting a a potential management threshold for regulating fishing effort.
Estimates of maximum sustainable yield (MSY) and fishing effort at MSY indicated that current
exploitation levels for both E. bredoi (~90,000 t; 2500 boats) and B. nurse (~37,000 t; 2000 boats)
remained below 2022 observed thresholds, implying that SPS were not yet fully exploited.

These findings have important implications for sustainable management of Lake Albert’s SPS
fisheries. The study recommends revising existing fishing regulations to incorporate SPS-specific
management measures, including species-specific licensing, protection of inshore breeding and
nursery habitats, regulation of net stacking, and promotion of standardized solar fishing lights. In
addition, strengthening regional collaboration for comprehensive stock assessments and harmonized
fisheries management frameworks is essential. These measures, when implemented could contribute
to reduction in bycatch, mitigate fishing conflicts, and promote the long-term coexistence of multi-

species fisheries within the Lake Albert ecosystem.
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CHAPTER ONE: INTRODUCTION

1.1. Background to the study

Inland fisheries play a vital role in global food security and socio-economic development
by providing food, income, and employment to millions of people worldwide (FAO, 2022).
Globally, fish contributes approximately 17% of the total animal protein intake and supports direct
employment to about 62 million people in the primary production sector (FAO, 2022). Inland
fisheries are particularly important in developing countries, where they underpin rural livelihoods
and serve as an affordable source of high-quality animal protein (Welcomme et al., 2010; Hara et
al., 2021).

Historically, capture fisheries were the dominant source of global fish production.
However, over the past three decades, capture fisheries output has stagnated and declined,
contributing only 49% of total global fish supply by 2022, slightly lower than aquaculture
production (FAO, 2022). In Africa’s Great Lakes (AGLS), including Lakes Albert, Victoria, Kivu,
Malawi, and Tanganyika, the contribution of large-bodied fish species to total landings has
markedly declined (Cowx and Ogutu-Owhayo, 2019; Kolding et al., 2019; LVFO, 2022; FAO,
2024). This decline has been driven by multiple interacting factors, including increasing
anthropogenic pressures, rapid population growth, overexploitation, illegal, unreported and
unregulated (IUU) fishing, habitat degradation, and climate change. Compounding these
challenges is a persistent scarcity of robust, long-term fisheries data, which has constrained the
development and implementation of science-based management strategies for these complex
multispecies fisheries.

In Uganda, the predominantly freshwater, capture-based fisheries sector is a key
component of the national economy, contributing approximately 3% to the national Gross
Domestic Product (GDP) and up to 12% to the Agricultural GDP (UBOS, 2022). The sector
sustains the livelihoods of more than three million people along the value chain, encompassing
fishing, post-harvest handling, processing, value addition, transportation, marketing and associated
support services. Nile perch (Lates niloticus) remains the national the country’s primary fish export
commaodity (UBOS, 2022; Mpomwenda et al., 2022).



Large-bodied fish species (> 20 cm, total length-TL) historically dominated Uganda’s
major lake fisheries, including Lakes Victoria, Albert, Kyoga, George, and Edward. These species
included L. niloticus (Nile perch), Oreochromis niloticus (Nile tilapia), Bagrus docmak, Clarias
gariepinus, Bagrus bajad, Hydrocynus forskahlii, Alestes baremose, and Protopterus aethiopicus
(Holden, 1963, Cadwalladr & Stoneman, 1966; Greenwood, 1966; Matsuishi et al., 2006; and
Mbabazi et al., 2012). However, sustained fishing pressure and inadequate management have
resulted in marked declines in their abundance and overall contribution to commercial and artisanal
catches (von Sarnowski, 2004; Mbabazi et al., 2012; Nakiyende et al., 2013; Kolding et al., 2019;
FAO, 2020; NaFIRRI, 2021; Mpomwenda et al., 2022; Nakiyende et al., 2023).

The decline in large-bodied fish species has far-reaching socio-economic and nutritional
consquences, including reduced availability of high-quality animal protein, loss of income and
employment, and constarints on achieving the recommended per capita fish consumption of 25 kg
per year (FAO, 2020). Consquently, Uganda’s per capita fish consumption, estimated at 12.5 kg
(Obiero et al., 2019), remains substantially below this benchmark. Furthermore, shortages of large-
bodied fish species raw materials have also contributed to the closure or underutilization of several
fish processing facilities (Namisi, 2000). Ultimately, the shifts in fish producion and species
composition have significant implications for achieving the United Nations Sustainable
Development Goals (SDGs), particularly on poverty reduction (SDG1), zero hunger and food
insecurity (SDG2), and life below water and sustainable fisheries (SDG14) (Colglazier, 2015;
Arora & Mishra, 2019; Haliscelik & Soytas, 2019).

Against this broader backdrop of declining large-bodied fish species and their profound
socio-economic, nutritional, and developmental implications, Lake Albert represents a particularly
instructive case within Uganda’s inland fisheries landscape. The lake’s fisheries have undergone
substantial structural and compositional changes over time, yet these shifts have largely occurred
in the absence of sustained, systematic scientific assessment and adaptive management.
Consequently, Lake Albert’s fisheries have remained vulnerable to both ecological degradation
and socio-economic shocks, reinforcing national trends of declining per capita fish consumption
and underutilization of fisheries infrastructure. This historical research and management gap
underscores the need for robust, ecosystem-based stock assessment approaches to inform

sustainable fisheries management on Lake Albert, particularly in the context of increasing

2



exploitation pressure, environmental change, and the imperative to contribute meaningfully to

national development goals and the Sustainable Development Agenda.

1.1.1 Historical context of fisheries development and management challenges in
Lake Albert

For much of its history, Lake Albert has remained comparatively neglected in terms of
systematic fisheries research and adaptive management, especially when contrasted with other
African Great Lakes such as Victoria and Tanganyika. Early fisheries investigations on Lake
Albert were sporadic and largely descriptive, with most post-independence studies remaining ad
hoc and primarily focused on quantifying fishing effort, gear types, and catch composition
(Worthington, 1929; Holden, 1963; Cadwalladr & Stoneman, 1966; Wandera & Balirwa, 2010;
Mbabazi et al., 2012). While such studies provide important baseline information, effort and catch
statistics alone represent only partial components of comprehensive stock assessment and are
insufficient for evidence-based management of a complex multispecies fishery. Consequently,
critical aspects such as stock size, exploitation rates, spatial dynamics, biological reference points,
and ecosystem interactions have historically received limited attention on Lake Albert.

Commercial exploitation of Lake Albert’s fisheries dates back to the early 20th century,
when Greek entrepreneurs were among the first to engage in organized fishing operations, largely
operating from the Democratic Republic of Congo (DRC) side of the lake and supplying regional
markets (Worthington, 1929; Holden, 1963). On the Ugandan side, attempts at industrial-scale
processing emerged much later. In 2006, a Nile perch processing facility, the World Catch fish
factory, was established at Butiaba with the primary objective of tapping into what was then
perceived as abundant Nile perch stocks. However, the factory’s operation was short-lived, closing
in 2010 due to inadequate and unreliable raw material supply, itself a consequence of declining
Nile perch stocks and weak fisheries management systems (Mbabazi et al., 2012; NaFIRRI, 2012).
The failure of this investment underscores the risks associated with exploiting Lake Albert’s
fisheries in the absence of robust scientific assessments and adaptive management frameworks.
Moreover, this historical trajectory highlights a persistent gap between exploitation and knowledge
generation on Lake Albert and underscores the urgent need for comprehensive, ecosystem-based

studies.



1.1.2 Development of small pelagic species (SPS) artisanal fishery on African
Great Lakes.

Small pelagic species (SPS) are generally defined as small-bodied, short-lived, schooling
fish that occupy the pelagic zone of lakes and seas and are typically harvested using light-assisted
or fine-mesh fishing gears (Beverton, 1990; Patterson, 1992). Owing to their high reproductive
rates, rapid population turnover, and strong sensitivity to environmental variability, SPS often
respond quickly to changes in fishing pressure and ecosystem conditions, making them
ecologically significant and economically important components of inland and marine fisheries
(Saraux et al., 2019).

Across the Africa’s Great Lakes (AGLs), including Lakes Albert, Victoria, Kivu, Malawi,
and Tanganyika (Plisnier et al., 2023), there has been a notable shift in fish abundance and catch
composition over recent decades, characterized by a declining contribution of large-bodied fish
species and a corresponding dominance of SPS in both abundance and catch landings (Mbabazi et
al., 2012; Kolding et al., 2019; LVFO, 2021; Nakiyende et al., 2022). This transition reflects
fundamantal changes in ecosystem structure and fisheries exploitation patterns within the AGLSs.
In Lakes Tanganyika and Kivu, two clupeid SPS, Stolothrissa tanganicae and Limnothrissa
miodon, collectively contribute approximately 50% of total annual fish catches, underscoring their
importance in regional food security and fisheries productivity (Kolding et al., 2019).

Similarly, within Uganda, SPS constitute the bulk of fish landings from Lakes Victoria,
Albert, and Kyoga (Figure 1.1-1) (LVFO, 2021; 2022; Kolding et al., 2019; Mbabazi et al., 2019;
Nakiyende et al., 2023). The small-sized silver cyprinid, Rastrineobola argentea (locally known
as mukene-Uganda, dagaa-Tanzania, and omena-Kenya), accounts for about 60% of annual total
landings estimated at about 588,000 tonnes (t) and 53,000 t in Lakes Victoria and Kyoga
respectively (LVFO, 2021; NaFIRRI, 2015; 2024). In Lake Albert, two dominant SPS
Engraulicypris bredoi (locally known as muziri) and Brycinus nurse (ragoogi) collectively
contribute 70% of the approximately 348,000 t annual total catch (Figure 1.1-1) (NaFIRRI, 2021;
NELSAP, 2021; Nakiyende et al., 2023). These species have therefore become central to the
ecological functioning of these lakes and the livelihoods of dependent fishing communities.

Globally, several interacting factors have been attributed to drive such shifts in fish

community composition and abundance, including intensive exploitation of large-bodied predators



leading to altered predator-prey dynamics, environmental degradation, habitat modification, and
increasing climate variability and change. However, despite the growing dominance of SPS in the
AGLs, the relative importance and mechanistic pathways of these drivers remain poorly
understood at regional and lake-specific scales. In particular, limited empirical evidence exists to
disentangle the ecological and socio-economic processes underpinning the rise of SPS-dominated
fisheries in the African Great Lakes, highlighting a critical knowledge gap for effective ecosystem-

based fisheries management.

Albert
Kyoga Victoria
99, 4.7 . -
NP T 28 PR 10.5%0
NP 26% NP

TL

Figure 1.1-1. Composition of annual total catch landings on Lakes Albert, Kyoga, and Victoria.
NP = Nile perch, TL = Tilapia, OT = Other species grouped, SPS = small pelagic species (Source:
NaFIRRI, 2015; NELSAP, 2019; NaFIRRI, 2021).

1.1.3 Evolution of light-based small pelagic species fishery in Lake Albert.

Lake Albert supports a highly diverse artisanal fishery that targets multiple fish species
across a wide range of size classes (Wandera and Balirwa, 2010; Mbabazi et al., 2012; 2019;
Nakiyende et al., 2013). This diversity spans from small-sized species such as E. bredoi, which
rarely exceed 70 mm total length (TL) at maturity, to large-bodied species such as L. niloticus,
which can attain lengths of up to 2 m TL. The co-existence of such contrasting life-history
strategies necessitates the use of multiple fishing gears and harvesting methods, thereby posing
substantial regulatory and enforcement challenges for sustainable fisheries management.

Despite the multispecies nature of the Lake Albert fishery, existing management
frameworks permit only a limited set of fishing gears, including multifilament gillnets (minimum
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mesh size of four inches or > 100 mm), small seine nets (mesh size eight millimeters), and hooks
(size nine and below) (Fish (Fishing) Rules, 2010). These regulations were largely designed around
large-bodied target species and have struggled to keep pace with the rapid evolution of fishing
practices targeting small pelagic species.

Prior to the 1980s, the Lake Albert artisanal fishery was predominantly oriented towards
large-bodied species such as L. niloticus, D. niloticus, Labeobarbus bynnii, Citharinus spp, Bagrus
bajad, O. niloticus, H. forskahlii, and A. baremose (Worthington, 1929; Holden, 1963; Cadwalladr
& Stoneman, 1966; Greenwood, 1966; and Mbabazi et al., 2012). Harvesting of these species
employed a wide range of conventional fishing gears such as gillnets, hooks, beach seines, basket
traps, boat seines, boat seines, cast nets, and monofilament gillnets (Worthington, 1929; Holden,
1963; Cadwalladr & Stoneman, 1966; Greenwood, 1966; and Mbabazi et al., 2012). During this
period, fishing activities were spatially and temporally structured, and conflicts among fishers
were relatively limited. Overexploitation of these stocks, however, resulted in marked declines in
abundance and catch contribution, creating ecological and economic space for the emergence of
alternative fisheries. By the early 2000s, a distinct fishery targeting two dominant SPS; E. bredoi
and B. nurse, had become established in Lake Albert (Mbabazi et al., 2012; Kolding et al., 2019;
Mbabazi et al., 2019; NaFIRRI, 2021).

In its early stages, the SPS fishery operated largerly at a subsistence level. Harvesting was
predominantly undertaken by women and children, who collected fish during daylight hours by
wading through shallow inshore habitats and scooping them using perforated basins (NaFIRRI,
2021). This practice later evolved into the use of mosquito nets in the same shallow inshore zones,
increasing efficiency but also raising concerns regarding juvenile bycatch and habitat disturbance
(Nakiyende et al., 2023). As participation in the fishery expanded to include adult men, harvesting
techniques became increasingly commercialized and technologically advanced. Fishers adopted
small seine nets formed by joining two to four panels, operated in combination with two to three
kerosene lights during moonless nights to attract fish (NaFIRRI, 2012; Mbabazi et al., 2012;
Nakiyende et al., 2023). Over time, continued intensification of the fishery led to further
technological adaptations, including the use of larger, vertically stacked seine nets comprising
multiple joined panels (up to 20 stacked panels) and the replacement of kerosene lamps with solar-

powered lights (Mbabazi et al., 2012; Nakiyende et al., 2023). These developments substantially



increased fishing efficiency and spatial reach, but also intensified fishing pressure on SPS stocks

and raised new ecological, social, and management concerns.

1.1.4 Fishing conflicts and opportunities in Lake Albert, Uganda.

The rapid expansion of SPS fisheries and the widespread adoption of light-attraction
techniques, notably solar-powered lighting, on Lake Albert have fueled divergent stakeholder
divergence and intensified fishing conflicts (NaFIRRI, 2012, Nakiyende et al., 2023). On Lake
Albert, the fishery is increasingly characterized by tensions between fishers using light-assisted
methods and those targeting large-bodied species such as L. niloticus, A. baremose, H. forskahlii,
and B. bajad. While these large-bodied species are traditionally harvested with large-mesh gears,
they are frequently captured as juvenile bycatch in the fine-mesh nets used for light-attraction
fishing. The simultaneous operation of these distinct practices within shared grounds, especially
during night-time hours, has heightened spatial competition and increased the frequency of user-
group conflicts.

Stakeholders opposing light fishing, notably those involved in the large-bodied species
fishery, argue that light attraction techniques accelearate the decline of large fish stocks. These
concerns are largely attributed to perceived high levels of bycatch rates, particulalrly the incidental
capture and mortality of juvenile large-bodied species within SPS catches. Other concerns include
excessive fishing effort, competition for limited fishing space, and the high intensity of solar-
powered lights, which are believed to increase the visibility of stationery fishing gears such as
gillnets and hooks, thereby facilitating fish avoidance and reducing catch efficiency for traditional
gears (NaFIRRI, 2012). In contrast, proponents of light fishing contend that light attraction is
indispensible for effective exploition of SPS and maintatin that their fishing activities do not
significantly contribute to the decline of large species. They argue that observed reductions in large
species stock are primarily driven by prolonged overfishing, climate variability and change,
pollution, habitat degradation, and the widespread use of undersized and illegal gears within large-
bodied species fishery.

Given the consistent trend of SPS dominance across several AGLs, including Lake Albert,
these fisheries present a strategic pathway for development and livelihood enhancement. Empirical

data from Lake Albert underscores this potential: SPS fishing accounts for approximately 70% of



total annual catch volumes, effectively buffering the impact of declining landings from large-
bodied species (Mbabazi et al., 2012; NELSAP, 2019; NaFIRRI, 2021). This shift supports a broad
socio-economic network, engaging 40% of active fishing vessels and supporting the livelihoods
of nearly 60% of the lakeshore population. The sector exhibits a distinct demographic structure,
with male youths dominating harvesting operations while women primarily drive the post-harvest
and processing value chains (Efitre et al., 2023).

Moreover, the transition from high-value, large-bodied fish to high-volume, low-value SPS
has complex economic implications. While SPS contributes roughly 40% of beach-level revenue,
the reliance on sheer volume to sustain household incomes necessitates careful management. If
managed within biologically sustainable limits, a strategic reallocation of effort toward SPS could
alleviate fishing pressure on overexploited stocks like L. niloticus, facilitating their recovery.
Consequently, the SPS fishery serves as both a vital nutritional safety net and a primary economic
engine, provided that management frameworks can balance increased harvesting intensity with
long-term ecosystem stability.

Realizing these opportunities requires sound scientific understanding and effective
management interventions. However, at the height of fishing conflicts, no comprehensive
empirical study had quantified the extent of large-species bycatch associated with light fishing or
evaluated its broader ecosystem-level impacts in Lake Albert. The divergence in stakeholder
perspectives surrounding light fishing therefore highlights a critical knowledge gap. Hence, robust
empirical evidence is thus needed to assess the ecological and socio-economic consquences of
light attraction fisheries and to provide an objective basis for policy formulation, conflict

resolution, and sustainable management of multispecies fisheries in Lake Albert.

1.2.  Problem Statement.

Small pelagic species, notably Engraulicypris bredoi and Brycinus nurse, have become the
dominant contributors to fish production in Lake Albert, playing an increasingly important role in
food security, livelihoods, and the resilience of the lake’s multispecies fishery. However, the rapid
expansion of this light-based fishery has occurred in the absence of adequate empirical information
required for evidence-based management. In particular, the ecological and socio-economic

implications of artificial light attraction, the primary harvesting technique for SPS, remain poorly



understood, despite growing resistance from fishers targeting large-bodied species, especially Nile
perch.

Key concerns relate to the indiscriminate nature of light-assisted fishing, including elevated
bycatch of juveniles of large-bodied species, increased pressure on inshore breeding and nursery
habitats, and potential alteration of fish community structure and ecosystem functioning. The
persistent conflicts between fishers targeting SPS using light-assisted gears and those targeting
large-bodied species using conventional gears, undermines social cohesion, regulatory
compliance, and effective fisheries governance on Lake Albert.

Management responses to these challenges are further constrained by critical knowledge
gaps on SPS stock size, spatial and temporal distribution, exploitation patterns, population
structure, life-history traits, and biological reference points. In addition, ecosystem-level impacts
of light fishing, particularly on non-target species and habitat use, have not been guantitatively
assessed. Without this information, fisheries managers lack the scientific basis to design SPS-
specific regulations, manage overlapping fishing regimes, and prevent overcapitalization of the
rapidly expanding SPS fishery.

If unaddressed, the Lake Albert SPS fishery risks following a trajectory similar to that of
formerly dominant large-bodied species such as Citharinus citharus, which declined sharply under
unsustainable exploitation. Such a collapse would have far-reaching consequences for food and
nutrition security, livelihoods, and the long-term sustainability of Lake Albert’s fisheries. This
study therefore evaluates the socio-ecological impacts of artificial light-assisted fishing in SPS-
dominated fisheries to generate empirical evidence needed to inform adaptive, ecosystem-based

fisheries management and reduce conflicts among resource users.

1.3. Study Objectives.

1.3.1 General Objective.

The overall objective of this study was to examine the exploitation patterns and ecological
impacts of light-based harvesting technologies on the populations of Engraulicypris bredoi and
Brycinus nurse and bycatch species in Lake Albert and provide knowledge for evidence-based

management of their stocks.



1.3.2 Specific Objectives.

The specific objectives of the study were to:

1. Evaluate stakeholder perceptions of artificial light fishing technologies targeting small pelagic
species in Lake Albert.

Hypothesis: Ho: (Null): There are no significant differences in perceptions and attitudes towards

artificial light-assisted fishing among fisheries stakeholder groups, and these perceptions do not

influence compliance levels, conflict occurrence, or fisheries management decisions.

2. Map the spatial and temporal distribution of the two small pelagic species (Engraulicypris
bredoi and Brycinus nurse) and light fishing effort in Lake Albert.

Hypothesis: Ho (Null): The spatial and temporal distributions of E. bredoi and B. nurse do not

vary significantly across habitats or lunar phases in Lake Albert.

3. Determine the life history traits of Engraulicypris bredoi and Brycinus nurse in Lake Albert.

Hypothesis: Hos (Null): Life-history traits of E. bredoi and B. nurse do not differ significantly

across habitats in Lake Albert.

4. Quantify the effects of artificial light configurations (light type and luminous intensity) and
gear specifications (net-panel depth and mesh size) on the catch rates (CPUE), size structure,
and recruitment patterns of target species (Engraulicypris bredoi and Brycinus nurse) and non-
target species in Lake Albert.

Hypothesis: Hos (Null): Variation in net-panel depth and mesh size, luminous intensity (lumens),

and light source (solar vs. kerosene) does not significantly influence the mean length-at-capture,

species-specific biomass (CPUE), or the catch-to-bycatch ratios of Engraulicypris bredoi and

Brycinus nurse.

5. Establish biological reference points of Engraulicypris bredoi and Brycinus nurse in Lake
Albert.

Hypotheses: Hos (Null): Current exploitation levels of E. bredoi and B. nurse do not differ

significantly from estimated biological reference points for sustainable harvest.

1.4. Research questions.

The study was guided by the following five key research questions:
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1. What perceptions and attitudes do different fisheries stakeholders around Lake Albert hold
towards artificial light-assisted fishing, and how do these perceptions influence compliance,
conflict dynamics, and fisheries management decision-making?

2. How do the spatial and temporal distributions of Engraulicypris bredoi and Brycinus nurse
vary across habitats and lunar cycles in Lake Albert?

3. How do the life history traits (e.g., growth patterns, size at maturity, condition factor) of
Engraulicypris bredoi and Brycinus nurse vary across habitats in Lake Albert, and what
implications do these variations have for sustainable management?

4. How do net-panel configuration and light type and intensity influence catch rates and
selectivity of target SPS (Engraulicypris bredoi and Brycinus nurse) and non-target species
across habitats in Lake Albert?

5. What levels of biological reference points (e.g., maximum sustainable yield, optimal fishing
effort) would promote sustainable harvest of Engraulicypris bredoi and Brycinus nurse in Lake
Albert?

1.5.  Justification of the study.

The rapid emergency and increasing dominance of the small pelagic species fishery in Lake
Albert, particularly Engraulicypris bredoi and Brycinus nurse, represents both an adaptive
response to the collapse of large-bodied fish species stocks and a critical opportunity to realign
fisheries development with principles of sustainability and ecosystem-based management. While
the shift toward SPS exploitation has helped to sustain livelihoods and fish supply in the short
term, its continued expansion in the absence of sound scientific guidance risks repeating the
overexploitation trajectory previously experienced by large-bodied species. A comprehensive
understanding of the ecological dynamics, exploitation patterns, and management requirements of
the SPS fishery is therefore essential to ensure the long-term resilience of Lake Albert’s
multispecies fisheries.

Therefore, this study responds to an urgent need for empirical, science-based evidence to
support sustainable management of E. bredoi and B. nurse fisheries, particularly in the context of
rapidly evolving fishing technologies such as artificial light attraction and net stacking. By
assessing stock abundance, distribution, life-history traits, and exploitation levels across short- and

medium-term temporal scales, the study provides critical information necessary for predicting
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catch potential and future stock trends. Such evidence is fundamental for establishing biological
reference points, informing adaptive regulations, and guiding effective fisheries governance.

The findings contribute directly to the formulation of SPS-specific management strategies,
including regulation of fishing effort, spatial zoning, and control of light-assited fishing practices.
Moreover, by quantifying bycatch and habitat-related impacts, the study supports efforts to
mitigate fishing conflicts, protect critical breeding and nursery habitats, and maintain ecosystem
integrity.

The findings of this research are of relevance to a broader spectrum of stakeholders across the
SPS fisheries value chain (Figure 1.5-1), including fishers, processors, traders, fisheries managers,
policymakers, investors, local governments, researchers, and academic institutions. Beyond Lake
Albert, the study provides insights applicable to other African Great Lakes including Lakes
Victoria and Kivu and inland waters such Kyoga and Nabugabo experiencing similar shifts
towards SPS-dominated fisheries, and where similar fishing technologies and management
challenges are increasingly evident. The comparative relevance of these findings strengthens their
utility beyond Lake Albert, supporting regional learning and harmonized fisheries management
approaches across shared water bodies.

12



Support services like financial Input dealers e.g. fishing/drying Boat owner/Fisher (Some process,
(money lenders, SACCOs ) and nets, fuel, kerosene lamps, some sell it fresh)
training (BDS, value addition). preservatives e.g. salt

!
- I ] !

Fish traders i.e.
Fish traders i.e. Retail traders Wholesalers and commission

\ 4

Fish processors (Mainly for sun

4;

drying)
agents.

Transporters and Exporters (boda
bodas and trucks heading to other

4 districts and neighboring countries)

y
Fish meal, animal feed traders,
Consumers etc
Inputs and

Production Distribution Consumption

support services

Figure 1.5-1. Value chain map for the small fish species, including Rastrineobola argentea
(Mukene), Engraulicypris bredoi (Muziri) and Brycinus nurse (Ragoge). Source: Modified from
AfDB report, 2022.

Overall, this research contrinbutes to evidence-based policy reform, informed investment
planning, and sustainable fisheries development, while supporting food and nutrition security,
livelihoods, and the long-term productivity of Lake Albert’s aquatic ecosystems. In addition to
evidence-bsased decision-making, the study further contributes to the realization of several United
Nations Sustainable Development Goals (SDGs), notably SDG 1 (No Poverty) through livelihood
security, SDG 2 (Zero Hunger) by improving access to affordable and nutritious fish, and SDG 14
(Life Below Water) through the promotion of sustainable exploitation and conservation of aquatic
resources (Table 1.5-1) (H&k & Moldan, 2016; Allen et al., 2018; Cowx & Ogutu-Owhayo, 2019).
By integrating ecological sustainability with socio-economic benefits, this research provides a
robust foundation for long-term fisheries resilience in Lake Albert and comparable inland fisheries
systems.

Table 1.5-1. Contribution of the current study to Sustainable Development Goals (SDGSs).

SDG Sustainable Contribution of Policy Brief

Development Goal
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SDG 1

SDG 2

SDG 5

SDG 8

SDG 12

SDG 13

SDG 14

SDG 15

SDG 17

No Poverty

Zero hunger

Gender equality

Decent work and

economic growth
Responsible
consumption and

production

Climate action

Life below water

Life on Land

Partnerships for the

goals

The study supports poverty reduction by promoting sustainable
fishing practices, which are essential for the livelihoods of fishing
communities, helping to alleviate poverty.

By promoting sustainable fisheries management, the study
contributes to ensuring the availability of fish as a vital source of
nutrition, helping to achieve zero hunger.

The study recognizes the role of women and youths in fisheries and
suggests affirmative actions, such as promotion of user-friendly
production and processing technologies like solar energy,
contributing to gender equality.

Sustainable fisheries support economic growth and provide decent
work opportunities, particularly for fishing communities, aligning
with the goal of decent work and economic growth.

The study advocates for responsible fishing practices, which align
with the goal of responsible consumption and production of fish
resources.

Encouraging the use of environmentally friendly solar lights over
kerosene lanterns reduces carbon emissions, contributing to climate
action.

The study promotes sustainable fisheries management, reducing
overfishing and bycatch, which aligns with the goal of conserving
life below water.

Sustainable fisheries management helps protect terrestrial and
aquatic ecosystems, supporting the goal of conserving life on land.
The study encourages collaborative research, involving
governments, agencies, research institutions, departments, and
fishing communities, promoting partnerships for achieving the
SDGs.
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1.6. Conceptual Framework.

This study is anchored in an integrated socio-ecological systems conceptual framework,
which recognizes fisheries as complex adaptive systems composed of resource users (fishers and
institutions), biological resources (fish populations), and the supporting habitats and ecosystems
within which these interactions occur (Figure 1.6-1). The framework draws on complementary
theories from fisheries ecology, evolutionary biology, ecosystem science, economics, and
governance to comprehensively examine exploitation dynamics of Engraulicypris bredoi and
Brycinus nurse in the Lake Albert Small Pelagic Species (SPS) fishery.

By drawing on these theories, the study examines how key independent variables, namely;
light fishing effort inputs (such as light type, intensity, and net stacking), temporal factors
(seasonality and lunar phase), and habitat characteristics (inshore shallow versus offshore deep
areas), influence critical dependent outcomes. These include fishing depth, catch rates (both for
target and bycatch species), size structure of fish populations, and spatial distribution patterns
(Figure 1.6-1). Integrating these empirical variables within a strong theoretical context enables a
deeper exploration of the ecological processes, gear interactions, and socio-technical dynamics
that shape the sustainability of the SPS fishery in Lake Albert.

At the core of the study is the Common-Pool Resource (CPR) Theory (Ostrom, 1990;
Schlager, 2004), which conceptualizes fisheries as shared resources that are rivalrous and non-
excludable, thus prone to overexploitation in the absence of effective governance. This theory
underscores the importance of management institutions and co-management strategies in
regulating access and ensuring long-term sustainability. Closely related is the Tragedy of the
Commons (Hardin, 1968), which explains the tendency of open-access resources such as fisheries
to be overexploited in the absence of well-defined user rights and effective governance. In such
settings, individual fishers are incentivized to maximize personal gain, often at the cost of long-
term resource sustainability. This concept is particularly relevant to Lake Albert, where increasing
fishing pressure, driven by light fishing and net stacking, threatens the ecological integrity of small
pelagic fish stocks. The theory underscores the urgent need for robust governance mechanisms,

including community-inclusive approaches, to ensure equitable and sustainable resource use.
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Figure 1.6-1. Conceptual framework illustrating relationships between independent (left) and
dependent (right) variables of the study.

To understand the ecological vulnerability of E. bredoi and B. nurse, the study draws from
Life History Theory (Stearns, 1992), which examines how species allocate energy toward growth,
reproduction, and survival. SPS typically exhibit rapid growth, early maturation, and high
fecundity traits that make them resilient but also vulnerable to recruitment overfishing, especially
during juvenile stages when light fishing gears may increase catchability. This justifies the need
for biological reference points, temporal closures, and size-based regulations to preserve
reproductive capacity. The framework also employs the Precautionary Principle (FAO, 1995),
advocating for proactive management interventions even in the face of scientific uncertainty.
Given the emerging and poorly regulated nature of light fishing gears on Lake Albert,
precautionary measures such as gears limitation, and fishing closures are vital to mitigate risks to
fish stocks and ecosystems. From a socio-institutional lens, the study is informed by Cross-Scale
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Governance Theory (Cash et al., 2006), which recognizes the need for coordination across local,
national, and regional governance levels. The transboundary nature of Lake Albert fisheries
necessitates joint monitoring and enforcement mechanisms between Uganda and the Democratic
Republic of Congo to address cross-border fishing, gear migration, and shared conservation
objectives.

Furthermore, aligned with this study is the principle of Maximum Sustainable Yield
(MSY), a classical fisheries concept introduced by Graham (1935) and later formalized through
biological reference points (Schaefer, 1954). MSY serves as a benchmark for the maximum level
of harvest that allows fish populations to replenish, thus avoiding recruitment overfishing. In this
study, MSY and associated reference points such as fishing mortality and biomass thresholds are
applied to assess whether current exploitation levels of B. nurse and E. bredoi are biologically
sustainable and to inform potential harvest control rules. Bioeconomic models further enhance this
analysis by integrating ecological and economic dimensions of fisheries. These models, as
articulated by Clark (1990; 2010), evaluate the interplay between stock dynamics and fisher
behaviour under various policy and effort scenarios. In resource-dependent contexts like Lake
Albert, bioeconomic models provide valuable insights into the trade-offs between maximizing
short-term economic returns and ensuring long-term ecological viability, enabling the design of
balanced and effective management interventions.

To capture the broader ecological context, the study also draws on Ecosystem-Based
Fisheries Management (EBFM) principles (Pikitch et al., 2004; Browman & Stergiou, 2004),
advocating for a holistic management approach that transcends single-species focus to consider
multispecies interactions, habitat integrity, and environmental variability. In this regard, the study
examined spatial and temporal abundance and distribution of both target and non-target species
(bycatch) trends, and the ecological impacts of light fishing technologies on the lake ecosystem.
This perspective is critical in recognizing the interconnectedness of species and habitats within
Lake Albert and the cascading effects of exploitation on ecosystem resilience.

The human dimensions of fisheries management are equally integral to this framework.
Fishers are not just resource users but adaptive agents whose perceptions, decision-making, and
compliance influence management outcomes (Sen and Nielsen, 1996; Jentoft, 2000; Pomeroy &
Rivera-Guieb, 2006; Béné et al., 2007). The study captures local knowledge, attitudes toward light

fishing, and behavioural responses to seasonal and regulatory changes. It also explores socio-
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economic drivers of conflict and cooperation, providing an in-depth understanding of the social
fabric underpinning exploitation dynamics and potential pathways for participatory governance.
In line with this, the study considers co-management and adaptive management frameworks as
practical governance models for complex and dynamic fisheries. Co-management promotes shared
responsibility between government agencies and local communities, while adaptive management
emphasizes iterative, learning-based responses to ecological and socio-economic feedback
(Holling, 1978; Berkes et al., 2001). These approaches are particularly relevant to Lake Albert,
where uncertainty, environmental change, and diverse stakeholder interests demand flexible and
inclusive solutions.

Technological advances in the fishery are addressed through the lens of fishing technology
and gear efficiency. While innovations such as light fishing and net stacking can improve catch
rates, they may also increase pressure on juvenile stocks and non-target species if not regulated
appropriately (Sainsbury et al., 2000). The study critically assesses the influence of net stacking,
light source and intensity, and effort concentration on catch composition and stock structure,
informing recommendations on technical controls, such as gear limits and spatial closures. Lastly,
the study invokes evolutionary ideas like Survival of the Fittest and the “Fit Gene” theory (Darwin,
1859), using them a benchmark to describe how selective pressures from fishing gear and
environmental stressors may shape species composition and community structure. These dynamics
have implications for biodiversity conservation and ecosystem stability, as certain species or life
stages may be disproportionately impacted, leading to shifts in trophic relationships and ecosystem
functioning.

To address institutional complexity, the framework incorporates governance and
institutional theories, including cross-scale governance (Cash et al., 2006) and polycentric
governance concepts. Lake Albert’s transboundary nature necessitates coordination between local
communities, national agencies, and bilateral mechanisms between Uganda and the Democratic
Republic of Congo. These theories provide a basis for recommending harmonized regulations,
joint monitoring, and shared enforcement strategies. In addition, the framework recognizes the
eight core fisheries management principles, including sustainability, precaution, ecosystem
integrity, participation, equity, efficiency, compliance, and adaptability—and links each to
practical management functions such as effort control, gear regulation, spatial protection,

monitoring, and stakeholder engagement.
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Finally, the framework is underpinned by the Precautionary Principle (FAO, 1995) and
adaptive management theory (Holling, 1978). Given uncertainties surrounding stock dynamics,
environmental variability, and emerging fishing technologies, the study advocates for proactive,
learning-based management that iteratively adjusts regulations in response to ecological and socio-
economic feedback.

Collectively, these theoretical and conceptual underpinnings provide a robust analytical
lens for assessing exploitation patterns, ecological risks, and governance responses in the Lake
Albert SPS fishery. They facilitate a holistic understanding of the ecological, technological, and
socio-economic factors that shape the sustainability of the fishery and support the development of
responsive, precautionary, spatially aware, socially inclusive, institutionally coordinated, and

ecosystem-sensitive management measures.

1.7.  Study scope.

The research was conducted at four experimental sites and six fish landing sites on the
Ugandan side of Lake Albert (Figure 1.7-1), focusing on Engraulicypris bredoi and Brycinus
nurse, which are predominantly harvested using light-assisted fishing technologies such as solar
bulbs, kerosene lanterns, and small seine nets. Lake Albert has 78 landing sites documented along
the Ugandan shoreline (NaFIRRI, 2021); the six landing sites selected for this study were
purposively chosen to be representative of the spatial, ecological, and operational diversity of the
fishery. Specifically, the lake was stratified into three broad regions/zones (northern, central, and
southern), with two landing sites sampled per zone, ensuring balanced spatial coverage across the
lake.

The southern and northern regions are characterized by extensive shallow, vegetated
littoral habitats and are strongly influenced by riverine inflows, namely the Semliki River in the
south and the Murchison Nile-Albert Nile Delta system in the north, which support important
breeding and nursery areas for small pelagic and other fish species. In contrast, the central region
is dominated by steep escarpments and a large expanse of deep offshore waters, supporting distinct
fishing strategies, gear deployment patterns, and habitat use. The four experimental fishing sites
were established within this central region, as it encompasses the full gradient of habitats exploited
by the SPS fishery, including deep offshore waters, shallow inshore zones, vegetated margins,
rivers, and lagoon systems (Wandera and Balirwa, 2010; NELSAP, 2018; Hamilton et al., 2022),
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thereby allowing controlled comparison of fishing depth, light use, and habitat-specific catch

dynamics.
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Figure 1.7-1. Map of Lake Albert indicating the landing sites sampled for commercial catch

assessment surveys and community-based perception data collection.

Monthly fishery-dependent data collection was conducted at the selected landing sites to

capture seasonal and temporal variability in catches and effort. In addition, historical catch and

effort data from NaFIRRI archives were analysed alongside current observations to contextualize

trends over time. For stakeholder and community perceptions data, three landing sites were

selected, one per lake region (north, central, and south), to ensure representation of diverse

ecological settings, fishing practices, and stakeholder interests across the entire Ugandan section

of Lake Albert. This stratified and purposive sampling approach ensured that the study captured
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spatial, ecological, and social heterogeneity while remaining logistically feasible and analytically

robust.

1.8. Structure and organization of thesis.

This PhD thesis is composed of nine chapters, structured to allow each chapter, except the first,
third, and last, to stand alone as publishable journal articles. These chapters are either already
published, under peer review, or being prepared for submission to peer reviewed journals. Cross
referencing is used where necessary to maintain information flow and avoid repetitions. Each of
the four chapters four to eight provides an abstract, introduction, materials and methods, results,
discussion, conclusion and recommendations, and references.

Chapter 1 - General introduction: This chapter provides a comprehensive background to the
fisheries sector, focusing on global, regional (Africa), and national (Uganda) contexts. It discusses
significant shifts in the capture fisheries, particularly a transition from large-bodied species to
small pelagic species-based fisheries in the African Great Lakes, with emphasis on Lake Albert in
Uganda since the 1960s. The chapter also explores the emerging conflicts due to light fishing
technologies and the challenges of managing a multi-species fishery. It concludes with the study’s
problem statement, objectives (both overall and specific), guiding research questions, study
justification, and the thesis structure (this section).

Chapter 2 - Literature review: The chapter is based on a published manuscript titled “A
review of light fishing on Lake Albert, Uganda: Implications for a multi-species artisanal fishery,
published in journal of Fisheries Research, 258, 106535
(https://www.sciencedirect.com/science/article/pii/S0165783622003125).” The paper provides an

extensive overview of the existing knowledge on small pelagic species and light fishing
technologies. It discusses the dynamics of Lake Albert’s artisanal fisheries, highlighting major
shifts in catch species composition and fishing effort since the 1960s. The chapter identifies critical
knowledge gaps that this study aimed to address to facilitate sustainable fisheries management on
Lake Albert. This chapter formed a foundation upon which this study was designed.

Chapter 3 - Overview of the methodological framework: This chapter presents the research
design, approach, study area, study population, and sampling strategy employed to address the five
study objectives of this PhD research. The chapter provides an integrated overview of the
methodological framework adopted to assess the socio-ecological impacts of artificial light-
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assisted fishing targeting small pelagic species (SPS), Engraulicypris bredoi and Brycinus nurse,
in Lake Albert, Uganda. Detailed methodological procedures are presented and elaborated under
each specific objective in subsequent sections of the thesis.

Chapter 4 to 8: These chapters address the five specific objectives of the study, each focusing
on key findings and their implications for managing SPS fishery in Lake Albert.

Chapter four explores stakeholder perceptions of light fishing technologies, the main source
of conflicts on Lake Albert, and suggests management measures for sustainable fisheries and
conflict resolution. The chapter is based on a published manuscript titled “Light-based small
pelagic species fishing in Lake Albert: Divergent perceptions, conflicts, and implications for
multispecies  fishery  management. Journal of Great Lakes Research, 102664.
(10.1016/j.jglr.2025.102664)”.

Chapter five documents the spatial and temporal distribution of E. bredoi and B. nurse and
the associated light fishing effort across Lake Albert, providing insights for management decisions.
It examines trends in fishing effort (fishing gears, boats, and fishers), annual catch, and economic
revenue of E. bredoi and B. nurse over a 15-year period (2007 up to 2022) and discusses the
influence of lunar phases and fishing duration on catch rates.

Chapter six presents the life history traits and growth parameters of E. bredoi and B. nurse,
including size at 50% maturity, length-weight relationship, mortality, recruitment, and condition
factor across Lake Albert and how these can be leveraged to inform sustainable fisheries
management. It compares population size structure across habitats, year months, and mesh sizes
(legal size used in experimental sampling and illegal ones largely employed in artisanal fishers’
fleet). It also discusses the impact of non-compliance with legal sizes on target species stocks.

Chapter seven examines the effects of artificial light fishing technologies, specifically light
type (solar and kerosene powered lights), light intensity, and stacking of small seine nets (net
paneling) on target and bycatch species. The chapter is based on a published manuscript titled
“Effects of artificial illumination and net panel configurations on small pelagic fisheries and
bycatch on Lake Albert, East Africa. Journal of Great Lakes Research, 102690
(10.1016/}.jglr.2025.102690)”. It provides recommendations for optimizing SPS catch,
minimizing juvenile bycatch of large species, and promoting co-existence and overall fisheries

sustainability in a multispecies ecosystem.
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Chapter eight presents the results of four stock assessment models (Virtual Population
Analysis-VPA, catch_MSY-Martell and Froese; 2012, Fox and Schaefer) used to establish growth
parameters and biological reference points for E. bredoi and B. nurse in Lake Albert. The chapter
discusses the implications of these findings for SPS management in Lake Albert and offers policy
recommendations.

Chapter nine: General discussion, conclusion, and recommendations: This final chapter
synthesizes the study’s finding across all chapters and provides an overall assessment of the
exploitation patterns and the socio-ecological dimensions of the SPS light fishery in Lake Albert.
It concludes with key recommendations for sustainable fisheries management, addressing the
needs of various stakeholders, including managers, researchers, policy makers, private sector

industry, and fishing communities.

REFERENCES

Allen, C., Metternicht, G., & Wiedmann, T. (2018). Initial progress in implementing the
Sustainable  Development Goals (SDGs): A review of evidence from
countries. Sustainability science, 13(5), 1453-1467.

Arora, N. K., & Mishra, I. (2019). United Nations Sustainable Development Goals 2030 and
environmental sustainability: race against time. Environmental Sustainability, 2(4), 339-
342.

Cadwalladr, D. A. and J. Stoneman. (1966). A Review of the fisheries of the Uganda waters
of Lake Albert (1928-1965/66). East African freshwater Fisheries Research Organisation,
Jinja.

Creswell, J. W. (2014). A concise introduction to mixed methods research. SAGE publications.

Creswell, J. W., & Tashakkori, A. (2007). Differing perspectives on mixed methods research.

Colglazier, W. (2015). Sustainable development agenda: 2030. Science, 349(6252), 1048-1050.

Cowx, L. G., & Ogutu-Owhayo, R. (2019). Towards sustainable fisheries and aquaculture
management in the African Great Lakes. Fisheries Management and Ecology, 26(5), 397-
405.

Das, D., Pal, S., Bhaumik, U., Paria, T., Mazumdar, D., & Pal, S. (2015). The optimum fishing
day is based on moon. International Journal of Fisheries and Aquatic Studies, 2(4), 304-
309.

FAO. (1989). Past and recent trends in the exploitation of the great lakes fisheries of Uganda.
Fisheries Statistics and Information Systems (FISHIN): [Online] Awvailable at:
http://www.fao.org/docrep/006/AD143E/AD143E00.htm.

FAO. (1995). Code of conduct for responsible fisheries. Food & Agriculture Organization of
the United Nations.

FAO. 2024. The State of World Fisheries and Aquaculture 2024. Blue Transformation in action.
Rome. https://doi.org/10.4060/cd0683en

Funge-Smith, S.J. (2018). Review of the state of world fishery resources: inland fisheries. FAO
Fisheries and Aquaculture Circular No. C942 Rev.3, Rome. 397 pp.

23


https://doi.org/10.4060/cd0683en

GoU. (2010). The fish (FISHING) Rules, 2010. In MAAIF, editor. The Uganda Gazette No.
53 Volume CllIl, Entebbe pp 193-254.

Greenwood, P. H. (1966). The fishes of Uganda. The Uganda Society, Kampala. 73 pp.

Haddon, M. (2011). Modelling and quantitative methods in fisheries (2" ed). CRC Press, ISBN
978-1-58488-561-0

Hak, T., Janouskova, S., & Moldan, B. (2016). Sustainable Development Goals: A need for
relevant indicators. Ecological indicators, 60, 565-573.

Haliscelik, E., & Soytas, M. A. (2019). Sustainable development from millennium 2015 to
Sustainable Development Goals 2030. Sustainable Development, 27(4), 545-572.

Hall, S. J., & Mainprize, B. (2004). Towards ecosystem-based fisheries management. Fish and
Fisheries, 5(1), 1-20.

Hecky, 2007 (edits Stuart Heather-Clark and Albert de Jong). Strategic Environmental and
Social Overview of Lake Albert, Uganda: Lake Overview Report: [Online] Available at:
http://www.erm.com [Accessed June 2013].

Hewison, G. J. (1996). The precautionary approach to fisheries management: an environmental
perspective. The International Journal of Marine and Coastal Law, 11(3), 301-332.

Holden, M. J. (1963). Report on the Fisheries of Lake Albert mimeo; Fisheries Laboratory
Lowestoft.

Howes, G.J. (1984). A review of the anatomy, taxonomy, phylogeny and biogeography of the
African neoboline cyprinid fishes. Bull. Br. Mus. nat. Hist. (Zool.) 47(3):151-185.

King, M. (1995). Fisheries biology, assessment and management. Fishing News Books. Oshey
Mead, Oxyford, England, 342 pp.

Kolding, J., van Zwieten, P., Marttin, F., Funge-Smith, S., & Poulain, F. (2019). Freshwater
small pelagic fish and fisheries in major African lakes and reservoirs in relation to food
security and nutrition. FAO Fisheries and Aquaculture Technical Paper No. 642. Rome,
FAO. 124 pp. FAO. Licence: CC BY-NC-SA 3.0 IGO.

Link, J. S. (2002). What does ecosystem-based fisheries management mean. Fisheries, 27(4),
18-21.

Lowry, M., Williams, D., & Metti, Y. (2007). Lunar landings—Relationship between lunar
phase and catch rates for an Australian gamefish-tournament fishery. Fisheries
Research, 88(1-3), 15-23.

LVFO. (2007). Standard Operating Procedures SOPs for Catch Assessment Surveys on Lake
Victoria. LVFO Standard Operating Procedures No. 3, LVFO, Jinja. 45 pp.

LVFO. (2005). Standard Operating Procedures for collecting Biological Information from the
Fisheries of Lake Victoria. LVFO Standard Operating Procedures No.1.

Mace, P. M. (2001). A new role for MSY in single-species and ecosystem approaches to
fisheries stock assessment and management. Fish and fisheries, 2(1), 2-32.

Mangeni-Sande, R., Taabu-Munyaho, A., Ogutu-Ohwayo, R., Nkalubo, W., Natugonza, V.,
Nakiyende, H., ... & Muwanika, V. B. (2019). Spatial and temporal differences in life
history parameters of Rastrineobola argentea (Pellegrin, 1904) in the Lake Victoria basin
in relation to fishing intensity. Fisheries Management and Ecology, 26(5), 406-412.

Mbabazi, D, Nakiyende, H., Muhumuza, E., Bassa, S., Kato F., and Kizza, J. (2019). Economic
value of small-scale fisheries in the Victoria Nile-Lake Albert Delta, Uganda. Implications
for nutritional security. Nature & Faune Journal, 32(2) (30-37).

Mbabazi, D., Taabu-Munyaho, A., Muhoozi, L. I., Nakiyende, H., Bassa, S., Muhunuza, E., ...

24



& Balirwa, J. S. (2012). The past, present and projected scenarios in the Lake Albert and
Albert Nile fisheries: Implications for sustainable management. Uganda Journal of
Agricultural Sciences, 13(2), 47-64.

McHenry M.P, Doepel D, Onyango B.O., & Opara U.L. (2014) Small-scale portable
photovoltaic-battery-LED systems with submersible LED units to replace kerosene-based
artisanal fishing lamps for sub-Saharan African lakes. Renewable Energy 62, 276-284.

Mills, E., Gengnagel, T., & Wollburg, P. (2014). Solar-LED alternatives to fuel-based lighting
for night fishing. Energy for Sustainable Development, 21, 30-41.

Morishita, J. (2008). What is the ecosystem approach for fisheries management?. Marine
Policy, Volume 32, p. 19-26.

Morgan, M. J. and J. M. Hoening. (1997). Estimating maturity-at-age from length stratified
sampling. Journal of Northwest Atlantic Fishery Science 21:51-64.

Mpomwenda, V., Tomasson, T., Pétursson, J. G., Taabu-Munyaho, A., Nakiyende, H., &
Kristofersson, D. M. (2022). Adaptation Strategies to a Changing Resource Base: Case of
the Gillnet Nile Perch Fishery on Lake Victoria in Uganda. Sustainability, 14(4), 2376.

NaFIRRI (2012a). A report of Frame Survey on Lake Albert—Albert Nile conducted in
December 2012. 22 pp.

NaFIRRI. (2012b). Capture Fisheries in Uganda; POLICY BRIEF NO. 1 OF 2012; The Nile
perch Fishery: Traditional and Emerging Fisheries; Overfishing and the use of illegal gears
on Lake Albert. National Fisheries Resources Research Institute, Jinja, Uganda.

NaFIRRI. (2014). A report of Catch Assessment Survey of Lake Albert—Albert Nile conducted
in November 2013 and July 2014. 20 pp.

NaFIRRI. (2015). Technical report of Frame and Catch Assessment Surveys on Lake Kyoga and
basin lakes for the period November 2013 and September 2014.

NaFIRRI (2019). National report of the Catch Assessment Survey on lakes Edward and Albert,
Uganda. A technical report prepared for the Nile Basin Initiative / Nile Equatorial Lakes
Subsidiary Action Program (NBI/ NELSAP). 49 pp.

Nagasai, F., Chikuni, S. (1989). Management of multi-species resources and multi-gear
fisheries. Experience in coastal waters around Japan. FAO Fisheries Technical Paper. No.
305. Rome, FAO. 1989. 68 p. ISBN 92-5-102848-6.

Nakiyende H., Mbabazi D., Taabu-Munyaho A., Bassa S., Muhumuza E., and J. Efitre. (2013).
The decline of Alestes baremose and Hydrocynus forskalli (Pisces) stocks in Lake Albert:
Implications for sustainable management of their Fisheries. Uganda Journal of Agricultural
Sciences, 2013, 14(2):125-139 ISSN 1026-0919.

Nambooze, A. (2006). Population characteristics of Neobola bredoi (Pisces: C4 Prindae) in
lake Albert, Uganda.

Namisi, P. W. (2000). Socio-economic implications of the fish export trade on the fishers and

fisheries of Lake Victoria in Uganda.

NDP 111 (2020). Third National Development Plan (2020 — 2025). National Planning
Authority.

NEMA. (2012). The Environmental monitoring Plan for the Albertine Graben 2012-2017.

NELSAP. (2019). Identification, Characterization and Mapping of Fish Breeding Areas on
lakes Edward and Albert (Contract No: NELSAP/LEAF/2018/SVS/FBA). Final Report
Submitted by National Fisheries Resources Research Institute (NaFIRRI), P.O. Box 343,
Jinja.

Nguyen, K. Q., & Winger, P. D. (2019). Artificial light in commercial industrialized fishing

25



applications: a review. Reviews in Fisheries Science & Aquaculture, 27(1), 106-126.

Nkalubo, W., Chapman, L., & Muyodi, F. (2014). Feeding ecology of the intensively fished Nile
Perch, Lates niloticus, in Lake Victoria, Uganda. Aquatic Ecosystem Health &
Management, 17(1), 62-69.

Nirmal, A., Sidar, Y. K., Gajbhiye, R., & Laxmi, J. (2017). The effects of moonlight phases
on light-trap catches of insects. Journal of Entomology and Zoology Studies, 5(2), 1209-
1210.

Obiero, K., Meulenbroek, P., Drexler, S., Dagne, A., Akoll, P., Odong, R., ... & Waidbacher, H.
(2019). The contribution of fish to food and nutrition security in Eastern Africa: Emerging
trends and future outlooks. Sustainability, 11(6), 1636.

Ogari, J. (1988). Predator-prey relationship in Lake Victoria with special reference to Nile perch,
Lates niloticus (Linne). Predator-prey relationships, population dynamics and fisheries
productivities of large African lakes. CIFA Occasional Papers (15), 53-68.

Paterson, J. A., & Chapman, L. J. (2009). Fishing down and fishing hard: ecological change in the
Nile perch of Lake Nabugabo, Uganda. Ecology of Freshwater Fish, 18(3), 380-3

Sharpe, D. M., Langerhans, R. B., Low-Décarie, E., & Chapman, L. J. (2015). Little evidence
for morphological change in a resilient endemic species following the introduction of a
novel predator. Journal of Evolutionary Biology, 28(11), 2054-2067.

Silvia Salas, Ratana Chuenpagdee, Juan Carlos Seijo, Anthony Charles. (2007). Challenges in
the assessment and management of small-scale fisheries in Latin America and the
Caribbean. Fisheries Research, 87(2), 5-16. ISSN 0165-7836.
https://doi.org/10.1016/j.fishres.2007.06.015.

Solomon, O. 0., & Ahmed, O. 0. (2016). Fishing with light: Ecological consequences for
coastal habitats. International Journal of Fisheries and Aquatic Studies, 4(2), 474-483.

Sparre P. and S. C. Venema. (1998) Introduction to tropical fish stock assessment. Part 1.
Manual. FAO Fisheries Technical Paper. No. 306.1, Rev 2. Rome, FAO, 1998. 407p.

UBOS. (2019). Uganda Bearaeu of statistics: 2019 Statistical Abstract, 347 pp.

Van Saane, N., Sluiter, J. K., Verbeek, J. H. A. M., & Frings-Dresen, M. H. W. (2003).
Reliability and validity of instruments measuring job satisfaction—a systematic
review. Occupational medicine, 53(3), 191-200.

Von Bertalanffy, L. (1934). Untersuchungen uber die Gesetzlichkeiten des Wachstums. 1.
Allemeine Grundlagen der Theorie. Roux’Arch. Entwicklungsmech. Org., 131: 613-653.

Von Sarnowski, A. (2004). The artisanal fisheries of lake Albert and the problem of
overfishing. in Proceedings: Conference on International Agricultural Research for
Development.< www. tropentag. de/de/2004/proceedings/node402. html.

Wagner, T., Midway, S. R., Vidal, T., Irwin, B. J., & Jackson, J. R. (2016). Detecting unusual
temporal patterns in fisheries time series data. Transactions of the American Fisheries
Society, 145(4), 786-794.

Wandera, S. B. & Balirwa, J. S. (2010). Fish species diversity and relative abundance in Lake
Albert-Uganda. Aquatic Ecosystem Health & Management,13, 284-29

Wandera, S. B. (2000). Report on the current state of the Ugandan sector of Lake Albert.
Prepared for the FAO Sub regional representative for Southern and Eastern Africa (SAFD).
Fisheries Resources Research Institute, Jinja, Uganda. 24 pp.

Wandera, S.B. (1990). The exploitation of small pelagic fishes of the great lakes of Africa with

26



reference to the Mukene (Rastrineobola argentea) fishery of the northern waters of Lake
Victoria. Occassional paper No.3 in international Agricultural Center, Wagenningen, The
Netherlands Fisheries and Aquaculture Unit.

Worthington, E. B. (1929). A Report on the Fishing Survey of Lakes Albert and Kioga: March
to July, 1928. Government of Uganda Protectorate by the Crown Agents for the Colonies.

Ajzen, 1. (1991). The theory of planned behaviour. Organizational Behaviour and Human
Decision Processes, 50(2), 179-211.

Béné, C., Neiland, A.E., Jolley, T., et al. (2007). Increasing the contribution of small-scale
fisheries to poverty alleviation and food security. FAO Fisheries Technical Paper No. 481.

Berkes, F., Colding, J., & Folke, C. (2001). Navigating Social-Ecological Systems: Building
Resilience for Complexity and Change. Cambridge University Press.

Browman, H.l. & Stergiou, K.I. (2004). Perspectives on ecosystem-based approaches to the
management of marine resources. Marine Ecology Progress Series, 274: 269-303.

Cash, D. W., et al. (2006). Scale and cross-scale dynamics: Governance and information in a
multilevel world. Ecology and Society, 11(2).

Clark, C. W. (2010). Mathematical bioeconomics: the optimal management of renewable
resources. John Wiley & Sons.

Clark, C.W. (1990). Mathematical Bioeconomics: The Optimal Management of Renewable
Resources. Wiley-Interscience.

Darwin, C. (1859). On the origin of species by means of natural selection, or the preservation of
favoured races in the struggle for life. John Murray.

De Young, B., Charles, A., Chuenpagdee, R., Curran, K., Duda, A., Finlayson, A. C., ... & Wilson,
D. C. (2008). Toward ecosystem-based principles for sustainable ocean fisheries. Marine
Policy, 32(5), 851-860.

FAO (1995). Code of Conduct for Responsible Fisheries. Food and Agriculture Organization of
the United Nations.

FAO. (1997). FAO Technical Guidelines for Responsible Fisheries — Precautionary Approach to
Capture Fisheries and Species Introductions.

Graham, M. (1935). Modern theory of exploiting a fishery and application to North Sea trawling.

Journal du Conseil International pour I'Exploration de la Mer, 10(3), 264-274.

Hardin, G. (1968). The tragedy of the commons. Science, 162(3859), 1243-1248.

Holling, C. S. (1978). Adaptive environmental assessment and management. John Wiley & Sons.

Jentoft, S. (2000). The community: a missing link of fisheries management. Marine Policy, 24(1),
53-61.

Ostrom, E. (1990). Governing the Commons: The Evolution of Institutions for Collective Action.
Cambridge University Press.

Pikitch, E. K., Santora, C., Babcock, E. A., Bakun, A., Bonfil, R., Conover, D. O., and Worm, B.
(2004). Ecosystem-based fishery management. Science, 305(5682), 346-347.

Pomeroy, R. S., & Rivera-Guieb, R. (2006). Fisheries co-management: a practical handbook.
ABI.

Sainsbury, K. J., Punt, A. E., & Smith, A. D. (2000). Design of operational management strategies
for achieving fishery ecosystem objectives. ICES Journal of Marine Science, 57(3), 731-
741.

Schaefer, M.B. (1954). Some aspects of the dynamics of populations important to the management
of commercial marine fisheries. Inter-American Tropical Tuna Commission Bulletin, 1(2):
25-56.

27



Schlager, E. (2004). Common-pool resource theory. Environmental governance reconsidered:
Challenges, choices, and opportunities, 145-175.

Sen, S., and Nielsen, J. R. (1996). Fisheries co-management: a comparative analysis. Marine
Policy, 20(5), 405-418.

Stearns, S. C. (1992). The Evolution of Life Histories. Oxford University Press.

Stewart, K.M. (1991). Gear technology and fisheries management. ICES marine science symposia,
193: 13-18.

Walters, C. J. (1986). Adaptive management of renewable resources. Macmillan.

28



CHAPTER TWO: LITERATURE REVIEW
CONTEXT

This chapter provides a comprehensive synthesis of documented literature on light-assisted
fishing technologies in relation to the small pelagic species fisheries, focusing on the historical
development, technological transitions, and current management status of light-assisted fisheries on
Lake Albert. Historically, the lake’s fishing industry was dominated by large-bodied species such as
Nile perch (Lates niloticus) and tilapia. However, overfishing and environmental shifts have triggered
a transition toward small pelagic species (SPS), specifically Engraulicypris bredoi and Brycinus
nurse. The review highlights that while light fishing was introduced to exploit these abundant pelagic
stocks, it has transformed the lake's socio-economic landscape, now contributing over 70% of the total

catch by weight.

The review identifies the shift from traditional kerosene pressure lamps to modern solar-
powered LED systems as a pivotal technological milestone. While kerosene lamps were associated
with high operational costs, water contamination, and fire hazards, solar-LEDs offer a cleaner, more
cost-effective, and technically efficient alternative. Despite these benefits, the literature underscores
a significant "policy lag"; existing fisheries legislation in Uganda was largely designed for demersal
gears (gillnets and longlines) targeting large-bodied species such as Nile perch and does not
adequately address the unique dynamics of light-attraction technologies, such as the "vacuum effect"
on juvenile fish and the resulting spatial conflicts between user groups.

Furthermore, the review situates Lake Albert within the broader context of the African Great
Lakes, drawing parallels with the Rastrineobola argentea (Mukene) fishery of Lake Victoria. It notes
that Lake Albert faces unique transboundary challenges, as the lack of accurate and adequate up-to-
date scientific data, and non-harmonized regulations between Uganda and the Democratic Republic
of Congo (DRC) complicates the enforcement of gear standards and closed seasons. This synthesis
emphasizes that the sustainability of the SPS fishery depends on moving beyond "command-and-
control” tactics toward an Ecosystem Approach to Fisheries Management (EAFM) that integrates

technical gear restrictions with socio-economic incentives for fishers.

Ultimately, this chapter serves as the theoretical anchor for the dissertation, identifying the

critical knowledge gaps, particularly in spatial effort distribution and stock-specific life history, that
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the subsequent experimental and empirical chapters aim to fill. It argues that a science-informed,
transboundary co-management framework is the only viable path to preventing the collapse of this
vital multispecies resource.

The detailed literature review is presented below as published in Fisheries Research, 258, 106535
(https://www.sciencedirect.com/science/article/pii/S0165783622003125)
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ARTICLE INFO ABSTHRACT

Handled by Jason M. Cope: Lake Albert is one of the transboundary African Great Lakes, shared by Uganda and Democratic Republic of

Conga. The lake supports a multi-species artisanal fshery, comprissd of —20 species, that vary in harvestable

Faywards: sizes. These range from small-sized Ashes (<10 cm total length) sach as Engroulicyprs beadol to large-boded

Brycioo nurse species such as Lates miloticus that can grow to 2 m in length. However, the abundance of large-bodied fishes

I_rqmmq.f;.: rnchel has declined, leading to the emergence of a fishery around 2004, that targets small-sized pelagic species - SPS
3 = ) (E bredoi and Bryoms rerse) using light. The aim of this article was to review the carrent umderganding and

Srrall pelagic apecie

Sedar lights identify important knowledge gaps in light fishing on Lake Albert, to inform sustainable fisheries management.

Information was retrieved from Googls Scholar, PishBase, IICHN, peer-reviewesd articles, policy documents, and
umpuhlished technical reports. We fooused on light fishing effort, SPS catch, and their implications for a multi

species Ashery. Transformaticns corresponding with light fishing infroduction on Laks Albert from 2007 to 2021
include: (i) increase in number of boats and gears targeting SPS from 1632 to 1867 and from 1619 o 49725,
respectively, (§i) thres-fold increass in net panels per boat from & to L&, (fii) adoption of sodar bulbs rather than
kerosene lantems, (fv) increase in annoal lakes catch from 144,900 to 348 536 tonnes, {v) shifts in catch
composition from dominance of large-badied species to currently SPS (—70 %), and {vi} increase in proportion of
fishing boats (—30 %), and the lakeside population (60 %) engaged in light fishery activities. Light fishing has
also triggered fishing conflicts, maindy from competiion for fishing areas and by-catch of juoveniles of large
species. We recommend a detadled scientific investigation of impacts of light Gshing techniques an the laks
figheries, to inform on appropriate harvesting gears, fishing areas, fishing periods, and optimal fishing effort.

Trassboundary flaberies

1. Introduoction rardines, cyprinids and clupeids, precandy dominate caprore ficheries

production woddwide (Tacon and Metian, 200%; Van Anrooy et al,

Globally, capturs fzheriss play a critical rols in the social, cultural|
and economic development, providing food, employment, and income
to millions of dependents (Cooke et al, 2016; Lynch et al| 2017; Van
Anrooy et al, 2022). The production of capture fizheries hao largely
depended on large-bodied fich species, guch as the large breameo and
carpa of family Cyprinidas and parches (Perciformes). However, catch
landingz of the large speciec have declined in many fisheries, and the
zmall pelagic cpecies (SPS) that incdude anchovies, herring, mackeral,
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Within the African Oreat Lakes such az Vietoria, Malawd, Tanga-
nyika, Kivo, and Albert, the SPS account for 40-50 % of the total anmual
landingn, depending on the water body and season (Folding et al|
2019). The fiching pressure previoualy exerted on the large fish species,
haz hifted towarde the 5P5. This raizes a2 major concern for the fdheriec
managers and acientizts because the exploitation of 5P3 iz taking place
without comprehensive scientific evaluation of the fichery specific and
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ecogystem affecn (Folding et al, 2019]). The S5PS are perceived ao re-
sources with “low economic valoe™ by ficheries managers, hence, they
have received limited recearch and monitoring attention, leading to
major gapa in our understanding of their full potential (Folding et al.,
2019). Further, given their small gice, the SPG are inevitably harested
uzing unselective fiching gears such a2z small seine nets, that are made of
cmall mesh gizes. These gears are congidersd illegal by most fOcheries
laginlations aimed at protecting juvenile: of the larger species. Conoe-
quendy, the current capture technigues hawve led to conflicts between
fzhers and managers,

Two cmall pelagic species namely Engroulicypris bredoi (locally
kmown 2z musidd) and Brydme mese (locally kmowm an ragooge),
dominate (=70 %) the lakewide caxch in Lake Albert, estimated at
595,450 tonz in 3021 for both Uganda and DRC (NELSAP, 2021 a) These
rpecies wers previouoly targeted for manufsctoring animal fesd, bt
have increazingly become 2 major target for human consumption. They
are harveated mainly during the moonless nights, wing light attraction
techniques that employ a light source (zolar bulbs or herooene Lampe)
anid multiple zmall seine neto that are vertically joinad together (Kolding
et al | 201%; Mbabasi e al | 201%; NELSAP, 2021a bl

The uze of light fithing methoda, particularly zolar bulbs on Lake
Albart haz lad to conflicts with fichers that target large-bodied fiches
such 2= Latrs miloticus (Mile perch), Bagrus bajad (Catfizh), Hydrocymes
forskakli (Tiger fich), Alestes boremose (Angara), and Oreochromin milo-
tiraes (Nile tilapia), that are mainly targeted vzing multifilament gillnes
and long line hooks (WELSAP, 20212kl In addition to limited under-
standing of the effects of light fshing on other fizh species, Little iz
kmvowen about the biclogy and ecology of the target cpecien, information
that io key to guiding sustainable ficherisaz managsment, particularhy of 2
multi-cpecies fishery such an that of Lake Albert. In this review, we
symithesize the curment state of knowledge on light Aoheries targeting SPS

Fisharies Riseurck 268 [2023) 1GERS

form the foundation for the policymabers and development practitioners
to design and implement sustainable management strategies for the Lake
Rlb-:rtmult—npea.:ﬂﬂnhﬂm

2. Materials and methods

21 Seudy area

Within the African Jreat Lakes region, the tranchoundary Lake Al
bert (Fig. 1), sharad by Uganda (54 %) and Democratic Republic of
Congo — DRC (46 %) iz Africa’s seventh largsct Lake. It iz one of the few
lakea that supports a multi-opecies artizanal fishery that iz both subais-
tence and commercial (Von-Sarnowski, 2004 Mbabazi =t al., 2012,
2019). The lake iz located at the morthern tip of the weatern branch of
the Oreat Bact African Rift valley, at an altitede of 619 m above sex level
(Ollier, 1990 NEMA, 2012k I has a surface area of 5500 km® and an
average and maximum depth of 26 m and 58 m, regpectively (Wander
amil Balirwa, 2010). On the Uganda zide, the lake iz fed by two major
inflowing rivers: River Semiliki in the south and the Victoria Nile at the
northem tip, with the Albert Nile as the major cutflow (Holden, 1963;
Wandera and Balirwa, 2010 Lake Albert in a major sousce of water,
employment, food, and income to the fparian communities (UBOS,
2019), with fiching as the primary ecomomic activity.

2.2, Doz acquisifion

Thiz article waz bared on a comprehenzive review of existing liter-
ature and data on light atoraction fiching techniques, with a specific
focuz on the Uganda portion of Lake Albert (Fig. 1 & &), whese light
fizhing iz a major component of the multi-opacies commercial ficheries.
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Fig. 1. Map showing the location of Lake Albert and the associated inflow and oatflow rivers.
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We retrieved 1260 information sources including policy briefz, statutory
instruments, technical reports, preprint, PhD and Master theses, and
peer reviewed articles from Joogle Scholar and FichBaze (Fig. 2). The
information searches were based on zpecific heyword: ndueding,
Engraulicypriz bredoi, Brycinus nurse, Lake Albert fizheries, herooene light
fishing, solar light fishing, amall scale fisheries, and artizanal ficheriea.
The biological data on E. bredoi and B. nurse quch az size at first matarisy
and feading habitz or modes and the geographical distribution were
retrieved from PichBape (Paugy and Gchaefer, 2007; FishBase team
EMCA, 2021). Information on their conservation statuz was collated
from the International Union for Conservation of Mature (hrtpa:/ v
ivcoredlizst.org/). Duplicates based om zame awthors, title, abotract
summary, year of publication, and publizhers that appeared in mulsiple
search termsz were removed. Additional fltering was based on the
geographical soope, species, and type of light fizhing technology. A total
of 49 information sources (Fiz. 21, which were within the study ccope
(gmographical species, and fiching method) were retained for detailed
review. Additional information wan retrieved from unpublished articles
and technical reports {(Worthington, 1929 Oreenwood, 1976, 1966;
Holden, 1963; Cadwalladr and Stoneman, 1966; Walker, 1972; Nyeko
and GCoenen, 1991; NELSAF, 2021abyx) policy documents including
{Fich (Fizhing) Fules, 2010), and information dissemination packages
zuch as brochurea.

3. Results and diseussion
3.1. Ghifs in fishing effort variables on the Usenda portion of Lake Alberr

Prame Survey (FZ5), the complete censua of all landing sites and
aspociated fohing affort variables on a water body, hao remained one of
the valwable sources of infarmation needed for the fisheries manage-
ment decizions on Lake Albert. [deally, a PS5 chould be condweted bi-
annually, during which every landing zite iz vizsited once to enumerate

Fishevies Reseanch 258 (20230 06535

aJJﬁalﬁ.ng effort variables md:.unlmhrafﬁ:hgm,ﬁnhiug bna.iz,md
fizhing gears. However, becauze of logictical constraints, PS5 on Lake
Albert have been inconcistent and limited. Records indicate that the
traditional fichery on Lake Albert around the 19002 involved mainly
simiple local fiching gears including harpoons, woven reed baskets, and
rpeara, but these progrewively advanced to the use of gillnem (=
200 mm mesh zize], seine nets, long-line and hand-line hooks (Wior-
thington, 192% Cadwalladr and Stonsman, 1966). The fmt Frame
Survey (F5) on the Ugandan gide of Lake Albart wazs conducted in 1950
to guide fiching boat licenzing and focuzed on enumeration of fiching
boats, with 497 fishing boats recorded (Myeko and Coenen, 19910
Subzequent surveys in 1956, 1570, and 1971 chowed an increaze in
fizhing boatz to 700, 826, and 985 recpectively (Nyeko and Coenen
1991 The later Pz of 2000, 2007, 2012, 2016, 2013, and 2021
(Table 2] wers more comprehenszive, focuzing mainly on key variables of
fizhing effort guch ag landing sites, fishing boats, fisherm, fishing gearm,
and gear sizes (Mbabazi ot al | 201 2; NELSAP, 2021a,bc). Theos urveys
reveal a gubstantial increage in Uganda for the majority of fizhing =ffort
wvariables between 2007 and 2015 and a general reduction in these
metrics in 2021 (Table 2). Por example, the number of landing zites in
Uganda increased from 72 to 102 (41.7 %) bapwesn 2007 and 2015 bat
declined to 7% in 2021; the number of Aching boats increased from 5764
to 37E1 (69.7 %) batween 2007 and 2016 but declined to 5075 in 2021,
while that of fishers increased from 15,364 to 27,944 (51.9 %) between
2007 and 2013 and then declined to 13,999 in 2021, Owver the came
period, a zimilar trend was observed for illagal fishing geams such az
monofilament gillnets, under-sized multifilament gillnets (< 102 mm],
beach /boat oeines, and cast neto (Table 2. In contraszt, the number of
rmall peine nets used in light fizhing almost doubled from 1619 to 3076
betweman 2007 and 20015, with a further increaze to 4929 in 2021
[MELZAF, 2021a). The majority (—99 %, Fiz. 4) of amall seines uzed on
Lake Albert ars balow § mm, recommended az the minimum mech size
for harvesting Rostrincobols argenszee (locally knewn 2z mukens in

N= 123§ N=1 N=12
Information sources |
(Total searches) —I—. Gaogle scholas FushBase UCN
N 1260 | T l T
i
M= 66 Discasded duplicates with
I N=1195: Retained for similar title, vear, authars, and
. further processmg whatract
=100 N=19 N=10 M= 100 N= 897 N=39
Key search terms | Kesosene Sm;'i::;: - Engraulicypris Brycinus Lake Albert | | Satarlight
light fishing Gisheries bredoi HErEe Fisheries fishing
N=49 I_., N= 1144: Discarded because they were ot
Retained for eritical of the geographical, species, or fishing
review of this amicle method scope far the stady
Salar light fidhing L'zlegu:-ry
i o ) |
I = Small scale fisherics
| E o . Bk
o Lake Albert fisheries - CoPr
| B oo g kg B B
i T icypris bhredo . Rapont
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Fig. 2. Criteria used to acosss and prioritize litertare used in this review.
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Uganda and daaga in Henya and Tanzania), a comparable small cpprinid
in lakes Vietoria, Eyoga, and Mabugabo (The Pich (Fiching Ruoles, 2010;
Mangeni-Gande et al | 201E).

The observed increaces in fiching effort variables, especially the
illegal fishing gears berween 2007 and 2018 could have been triggered
b the nead to increace catches of SPE. Indeed, the 5PS catches doubled
from 116,400 & to — 230,000 t (Mbabazi et al., 2012; NELZAP, 2021ab)
owver thiz period. However, the reduction in key fiching affort variables,
particularly of illegal ctatua, between 2018 and 2021 can largely be
attributed to the intencification of enforcement of fizharias regulations
om the lake. Around 2017, Uganda took drastic meamures to curb illagal,
unreported, and unregulated (IUU) fshing practices on ito territorial
water by creating a Fizheries Protection Unit (FPU), a cection of the
Uganda People’s Defenze Porce (UPDF). The PPU was first introduced on
Lake Wictoria in 2017 (Mpomwenda et al | 2021), and later on Lakea
Edwrard and George in 2013 (MELSAR, 2021h), Lake Eyoga in 2018, and
om Lake Albert in 2021. Coinciding with the FPU deploymeant on Lake
Albert were lake-wide joint enforcement patrols by the fisheries man-
agere from Uganda and DRC, supported and coocdination by the Lakes
Biward Albert Integrated Picheries and Water Resources Management
[LEAT I} project. Both the FPU deployment and LEAF 11 joint pamals
regulted in destruction of a number of illegal fishing affort (boats and
gears) that were reported on Lake Albert during the 2008 PG (WELSAP,
2021h). Purther, during the COVID-19 pandemic, the government of
Uganda closed some landing zites on Lake Albert that were concidered
catalyzts to the spread of the contagions virm. Additional Ianding zites
were aloo imroluntarily cloged by the foods experienced on the Lake
pricr to the 2021 F5. Therefore, the effective enforcement coupled with
restrictionz due to the COVID-19 pandemic and floods could have
contributed to the drastic decline in the illegal fiching affort in partic-
ular, on Lake Albert in the 2021 FS.

Fichers uzually recpond to declining catches with a guits of adaptive
strategies that include & switch to more effective fAching gears, which in
gear units (Silaz =t al| 20200 Such stategies can lead to oves-
exploitation and potential collapoe of the target stocks (Hjsrmann et al |
2004; Mugabe et al., 2021, hence the need for affsctive enforcement of
the management meagures. The drastic increase in illegal fishing effort
indlicators on Lake Albert, evidenced by the high concentration of fich
landing zites along the lake shoreline (Fig. 1), the rampant increace of
illegal gears, and the increase in the mumber of seine net panals could
therefore be a pointer to weak enforcement of Aoheries regulations even
with the LEAF [I project, az well az reduced abundance of target species,
hence calling for strengthening enforcement through monitoring, con-
trol and surveillance.

3.2, Dynamics of fuwh catch composition on Lake Albert

Cremrall there iz a paucity of dat on the fisheries of Lake Albart
however, previous stodies do allow for a general temporal analyzia of
changes in the lake's fisheries. Until the 1990z, the commercial fishery
in Lake Albert was entirely dependent on large-bodied species;
L. nilodicus, B bojed, O. nilofos, and the moon fishes inclsding Diés-
dichodis miloticws, Citherinus citherus, H forskakli, and Alester baremose
(Worthington, 192%; Holden, 1963; Cadwalladr and Stoneman, 1966;
Oreenwood, 1966; Mbabazi =t al., 2012). However, ower-exploitation
lad to declines in fish stocks of the large mpecies in Lake Albert (Von--
Sarmowski, 2004; Mbabazi st al | 2012; Nakiyende st al | 2013). The lake
haz gince experienced a chift in the commercial cawch compogition, from
a dominance of large-bodisd species to two SP5, namely B bredod and
B. murse (Folding et al., 2019%; NELSAP, 201% Mbabazi et al., 201%;
MELSAP, 20212 b).

The maditional fizhing on Lake Albert that started around the 19%
century focused on simple fishing gearn (Worthington, 1929). Some dam
collection on the lake catches started in 1920, following the formation of
Uganda Game Department that was charged with the responsibility of
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fizheries management in the country (Cadwalladr and Stoneman 1966).
Little work was done until trained officers were recruited in 1947 a0 part
of the then British Colonial policy and posted to Lake Albert in 1949, The
fizheries of Lake Albert expanded more rapidly in the lage 194000 az a
recult of increased demand in the Belgian Congo (now Democratic Re-
public of Congo - DRC) market, but also reflected the greatar use of
gill-netz and long beach seines (3000 m), operated by Oreek fichers from
the present DRC. At the time, few native fchers could afford these
effective fiching gears due to the prohibitive cost, and fizhing was mainky
confined to inchore shallow waters. The artizanal fichery at that time
waz comprised of —20 fizh opecies, dominated by C. citharus, D. nilstieus,
L niloticus, and L. macrophalmus {Cadwalladr and Stoneman, 1966). The
other harvestable speciec were: 0. miloticuz, B. bajad, A. baromose,
H. forskahlii, Synodonts spp, and Mormymos spp. The €. cithanus popula-
tion in Lake Albert started to chow aigna of stock decline around 1942,
which wag attributed to axtencive uoe of beach saines (Cadweallsdr and
Stoneman, 1966). Thua, beach ceinsr were prohibited and fzherm
encouraged to ue the flux gillnets. Despite the limited catch records, it
appearc that the large-bodied species dominated the articanal fishery
until the 1960 (Holden, 1963: Cadwalladr and Stoneman, 1966). Thare
iz hardly any meaningful information on catch and effart on Lake Alber:,
for the pericd between the 1960a and late 2000z Catch records
(2007-2019) obtained through lake-wide Catch Assessment Surveys
(CAS:) indicate a drastic reduction in the relstive compesition of
large-bodied spacies from —100 % to < 30 % (Fig. 3) of the total lake
catch over a thres-dacade period (1990z up-to-date). The substantial
decline in the total lake catch in 2014 can be attributed to biases amo-
ciated with timing of sampling. The 2014 CAS wasz conducted during the
full moon phase (brightest night) of the month (NaFIREL, 2014k As
already indicatad above, the cawch on Lake Albert iz dominated by the
two 5PS Engroulicypriz bredoi and Bryecinus nurse, which are harvested
mainly during the moonle=ss nights. Hence, sampling during the full
moon, with almost no fiching activity for the SPS concequentially
affected the overall catches in 2014, Thizs calls for 2 rational zampling
degign that takec into account the variability due to s2ason and lunation.

While Lake Albert otill supports 2 multi-cpecies commercial fichary,
there hag been a switch to the dominance of SPS (5. nuse and E. bredod),
which conastitute &0-80 % of the lake's annual catch (Fig. 3, Mbabasi
et al, 2012; Kolding ec al | 2019; Mbabazi et al | 2019; NELSAP, 2021a,
b). Becords aloo reveal a general increase in the overall annual catch on
the Uganda zide of the lake from — 144200 ¢ to — 340,000 ¢ bepwean
2007 and 2020 (Mbabazi et al., 2012 NELSAP, 20212 k). The catch of
large-bodied species iz mainly comprized of jurenils fizh (Mbabazi et al |
2012; MELZAP, 2021ab), an indication of oversxploitation that hag
rubstantially reduced their stocks. The catch per unit affort (CPUE], an
alternative measure of specisz relative abumdance (Maloom, 2001
Myamweya =t al, 20200, has aloo dedlined for the large-bodied fich
speciea (WELSAP, 2021a,b). The increase in volume of B bredoi amd
B. nurse in the commercial catches ic likely reflecting the increasze in
fizhing effort targeting these opecies and a reduction in predation pres-
rure by the large-bodiad species. The increase of 5PS presents anormous
potential for bridging the fish supply and per-capita consumption gaps;
howewer, sustainability of thiz potential will depend largely on effective
enforcement of ocience-bared managemen: measurer amd  active
imrolvemant of fichar: in resource managemens (Fig. ).

3.8. Devcopment of light fshing

Light fizhing iz 2 common method that has existed for centuries
acrocs the globe (Sahrhage and Lundbeck, 1967; Solomon and Ahmed,
2016; Nguyen and Winger, 2019, and has proven to be effective in
catching SP5 at night (Yami, 1976; Solomon and Ahmed, 2016). The
technique iz widespread in Africa, where it io wsed in harvesting 5P5
suwch ac cyprinida, clupeide, sardines and hemings that contribute
cignificantly to the total catch yisld and economic value of most African
Bisherien (Mpuyen and Winger, 2019). Light fiching developed from an
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Fig. 4. Trends in the pumber of small seines used on Lake Albert bebtwesn 2007
and 20X (Modified frofm NELSAP, 2021c PFrame Survey Technical Heport)

observation that Goh were attracted to the lake shores dluminated by
camp fires (Mguyen and Winger, 2019). The method dlowly advanced to
the uze of movable torches, and later, the oil/ kerosene, gaz lantern-
&/lamps floated on water. Currendy, powerful light attraction devices
Dicde (LED), and solar bulbs are in uze (Yami, 1976: Mills et =l 2014
Solomon amd Akmed, 2016).

On the African Oreat Lakes, light fiching hac itz origing on lales
Tanganyika and Malawi, where it was introduced to target the two
cupeide (Smlathrizss mmgenicoe and L hrisa meodom) amd dhe
cyprinid Engraulicypris serdella (locally known as Udipa), respectively.
Both cpecies ztill account for —50 % of the landed catch on thess Lales
(Folding =t al., 20019 Light fiching was mubsequenty introduced to
other lakes in the region. On Lake Fivy, the technique was introduoced o
harvest Limnathrisa misdon, which accounts for 75 % of the annual casch
(Muderhwa and Matabaro, 2010; Mgana =t al | 2019). In Uganda, light
fizhing wan firet intoduced into Lake Wictoria in the early 1970
[Table 1), targeting B arpentea (Wandera, 1990). The technique later
spread to Lake Kyoga in the 1990 Lake Albert in early 2000 g (Mam-
booze, 2008; MaFIRRI, 2012], and Lake Mabugabo around 2009 (Orowves
et al | 2021). Light fishing imvolwes the use of light (kerocene lampa

P P PP P

Wieears

LR R

Table 1

The period of ot aof light fishing for the Small Pelagic Fishes (SFF) on
Ugandan lakes (Soarce: NaFIRRL, 200 % Kolding e al, 201%). Target species are
those fish that were the focus of the fishery at the time the light fishing for SPF
wis imitiated.

Year  Lakesystem  Target species saail pelagsc fishes
1570s  Viesorda Tilapdas, Clerias spp, and Bogns spp R arpeniea
1994 Eyoga Hili: tilapia and Nike perch K. argenad
3002 Albeer A boreosiee, . forshohlll, Mle B s and
pesch E. bredal
000 Mabugabo Hiliz peseh and Nile tilapia K. argentad

and/or zolar bulbz) and an encircling tmall peine net (commonly
referred to as a lampara net). For conzistency in this article, the formes
name will be uzed. & zingle emall seine net usually measures 100 m in
length and 2 m in width When many ceine net panels are joined wersi-
cally with hauling ropes attached to both ends, they constimute an
encircling fiching net (Fig. 51 Light fching war initially out-lawed in
Uganila by the Pich and Crocodile Act (Fizh Act, 1951], but waz later
permitted under the current fching regulstions (Fizh (Fiching) Fules,
2010, despite the absence of concdugive scientific information vo guide
itz operation.

ermall seine neez (M=FIERIL, 20170, On 2 zingle Aching night, each boat
uzed agingle net comprized of 46 net panels, that wers vertically joined
into a single fiching wnit and a maximum of four kerosene lampa .
Around 2016, the tachnique advanced to the adoption of solar bulbs o
replace the kerosene lampa as the primary source of light { Plate 1). This
waz accompanied by a corresponding increaze in the light fishing effort
[boats, net panels, and lamps) targeting SPS. Az examples, the number of
Fishing boats targeting EPS increased by 88% from 1632 in 2007 o 3069
in 2018, amd then dedlined to 1867 in 2021 (Table 23 The total number
Fram 1619 in 2007 to 4529 in 2021 (Table 2, Fig. 4). Currently, 2 zsingle
unit of zmall seine net wsed in each fdhing boat targeting SPS in
comprized of 12-20 panel:. The majority of amall seine nets woed on
Lake Albert are below & mm of medh gize (WELSAP, 2021c) , that i
prohibited (Fich (Fizhing) Bulez, 2010). The increase in net paneling
catch. The deep opan waters are aloo areas of operation for fichers tar-
geting large opecisz, hence may undacly, at least in part recurring
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Fig. 5. (a-f). llustration of small seine net, light raft and light fishing operations.

Plate 1. Light fishing effort at Kaiso landing site, Lake Albert, Uganda: fishing boats and gears (a), solar bulbs and floats (b), solar bulbs and small seine nets spread
on shore to dry after a fishing trip (c & d). Photo credit: Mr. Nakiyende Herbert, February, 2020.

conflicts. Thiz highlights the need for gear selectivity and light attraction 3.4, Operation of a typical light fishing gear and targeted specics for light
studies to determine the optimal mech zize and light for the SPSin Lake  fishing in Loke Aot
Albers.
The light fiching cetup involves attaching a light attraction device(z)
(hurricane or incandescent lampa, bulbe, metal halide lamp) to a firm
structure (raft), that iz floated on the lake surface to aterace fich (Fig. Sa-
e). The fizh 1 the illumi 1 area and are scooped out
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Table 2

Trends of key fishing «fort indicators on Lake Albert, Uganda. (Extracted Som (MELSAF, 20212) Prame Sarvey Technical Beport). * * The legal status is based on the

Uganda fiching regulations (Fish (Fishing) Bules, 20100,
Fiating o indicaar Legal scapss®* Feriod

00T amz e ] zome 2021

Landing sice 7z 72 TE a2 73
Fishers 15, 364 15, 424 »nTI 7,044 13,999
Flahing boars BG4 G20 B5T2 7Bl 5075
Boars using perforared basina iBegal 3z 33 0 30
Baars uging beneh sen new IBegul 44 2 x> 228 124
Boals using boal seimne mers iDegal e =29 B3
Boals using coo me iDegad a1 s 14 254 182
Boars using muldillamen gilloes begal B> 4 in. b L] 260G 2025 2232 1049
Boals ufing hassd-limes legal &I size< 9 14 za =2 =2 7
Baars uming kng-lines Lgal B sime = 0 1520 527 L] Q48 651
Boars using manalilamen gilloers iDegal 195 519 1249 2133 f44
Baacs using other geass iBegad 35 14
Boars using small seine s Legal 1633 230 =2t ] 2060 1867
Boars using baskes oraps iBegal 53 55 159 408 354
et Ty peet
ool amvenir g5 1t iDegal T4 SOTS 22,886 6128
Evultifilasnens pillmes - 4 in. iDegad 54 250 N0z, &5T7 B8 006 57,237 19716
mvalifilasnens gillness = 4 in. Legal 43 355 42574 13184 16,325 45,044
Taotal Gillessts 26,715 l4g 521 9T =0 73,562 64,760
Recarg e Bomnkes = @ Legal 353,605
Bosreglbree: hoookes = 9 iDegal 1054,643
Tewal longline hooks 105,576 T&5, TS 169,280 1B54,706 1408,248
Brach ssine nets iBegal 44 -} ] am Bl
Boal SeEne me iDegad e 38 182
Cacit hiis IBegul a1 125 £29 453 1741
Hamnd-line: hoaks Laegral if sizee = 9 L] a7 13,266 210 1944
Baked Craps IBegul EES T4S x0=7 by | 6500
Socop DE Dol +7 10
Small seine necs (B mm muegh o) iDegad 1619 nxz a0 2077 475
Small seine recs (B mm muedh ) Legal 175 2 2 24
Total Smadl Seires meEr 1619 9T Za08 2079 4029

uzing a variety of gear, usually an encircling seine net. The fzhing with
an encircling gear, in thiz case 2 small seine net, iz vgwally pecformed by
2 — 3 crew (ficherz) on a single fizhing vessel unit, to target the 5PS much
az R argentea, B bredoi, and B. nuwse. The target species wsually move in
wchools cloze to the water ourface, and feed mainly on zooplankton
(Millz =t al_ | 2014). Once the choal of fich has concentrated around dhe
illhaminated zone, an encircling gear (2mall seine net) iz then surrounded
around the light raft, and the two wings of the net are hapled at the zame
time to concentrate the catch. A detailed illustration of light fiching gear
component and fiching operations iz presentad in Fig. Sa-f The main
impact of thiz gear category ic occasional bycarch /discards, in particular
when the net iz used in ascociation with a fish aggregating device (FAD).

Marchesan et al (2005) suggested that the light primarily attracts
enall aquatic organizma such as sooplankton and insects, which are prey
for the SPS. The attracted omall organizme in tum entice the SPS to
congregate in schools to feed. The large opecies that prey on 5PS io also
attracted to follow their prey. During the encircling and hauling proceos,
both the 3PS and their predator (bycatch] are trapped in the fiching gear.

Before the introduction of Light fizhing on Lale Albert, B bredoi was
never harvested, while B. mose was harvested on a amall scale by women
who could wade through the inchore shallow waters, using parforated
basinz or badkets baited with fich or local brew (locally known =z mabwa)
dregs or waste (MNaFIERL 2012). However, az the light fichery developed
om Lake Albert, it was noted that B murse was aloo captured in gub-
stantial quantitiez of up to 30% alongoide B bredsé, and hence wan
conzidersd a targst of the light fishing technologies. Other than light
B. nurse iz also Ianded in geare prohibited on Lake Albert (Fizh (Fizhing)
Rulez, 20100, such az small gillnetz of 40-50 mm stretched mesh zize,
monofilament gillnets, and beach/boat geines (Table 3). Thece gears
contribute 2040 % of the opecies” total annual carch (WELSAR, 20212,
bl In addition to the 5P5, substantial guantitias of juseniles and aduls
of other large-bodied fich species are aloo caprured in the light fshing
gears. Thiz has sparked conflict with other fizhers, mostly thooe targeting
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Table 3

Catch Per Unit Fffort CFUE (Kg/Boat/Thay = 5E) of Bryims mrse and
FErgrahoypris bredod landed in the different fishing gears on Lake Albert
(Uzanda} betwesn 3019 and 2020

Vi Frbing g ClEney CPUE (g Boat/Tay] = 5E
B s E beedoi

019 Brach selne net 980 £ 150
Boat S et IEEETT
Small mesh sine gillner 230+ 1O
Mancdilament gillmer FELLE

Small wine e 558 = 118 1717 =66
2020 Small mesh sdre gillnet 50.4 £ 10.2
Mancdilament gillmer 489+ 42

Small wine e 1323+ 65 2290 =120

large species such az the Nile perch, az some of the bycatch in comprized
of juvenile Nile perch.

3.5, Description of biological and ccological charoeteristics of B bredoi
end B. nurse in Lake Albere

Little iz known about the biology, ecology, and life-hiztory charac-
teristics (age/mise at maturity, growth rates, mavimmm size, mavizmim
age, fecundity, and egg zize) of B. breded and B. morse in Labe Albert. Such
information iz critical to the formulation of scogystem based manage-
ment gtrategies (Fing, 1995; Malcom, 2001). Here, we summarize the
current state of knowladge of the biclogy and ecology of both species.
Ergroulicypris bredoi (Flate 2a) iz a amall gilver pelagic zooplanktisoroua
cpecies of the family Cyprinidas and iz endemic to Lake Albert (Jreen-
wood, 1966 Howe, 1984: Riddin =t al, 2016 Wandera and Balinwa,
20110; FichBaze team BMCA, 2021). The species grows up to 45 mm in
total length - TL (Homtela and Stacey, 1990) and i known to inhabit the
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a). Engraulicypris bredoi

b). Brycinus nurse

Plate 2. Target species of light fishing on Lake albert, Uganda (Photo credic Mr. Mulowoza Alex, MaFIRRI, November 2021)

challosr and desp water habitatz. It is also categorized ag volnerable by
the IUCH Bed List of Threatensd Species {Mamgonza and Musingu=i
2022). Brycinus murse (Plare 2b) iz a silvery palagic species of family
Alestidae, that can grow up to 250 mm in total length (TL). The species iz
widerpread in West African waters, The Nile River, and Lake Albert
(Oresmwood, 1966; Bailey, 1994; Salin and Pagade, 2003; Oetzhun
2007) and categorized az least concern under the IUCH RedList (Lalaye
2020). Brycimo murse i omnivorous, feeding on zooplankton, water
dhrimp, insects, anails, and vegetation (Bailey, 1994; Paugy and Schae-
far, 2007). The cpecies aloo serves as prey for the larger-bodisd pisci-
woreg induding L nilotouws, B. bajad, Barbuz bymni, and A baremose
(Wandera and Balirwa, 2010). Current information on the key biological
characteristics such az species population structure, size at matority,
frcundity, disribution, abundance, stock biomase, spatial and temparal
wariations, and inter-ospecies interactions for both B bredoi and B, muse
in Lalke Albert iz lacking, but critical to informing palicy and mansgs-
ment decizions (Fing, 1995; Fromentin and Fonteneau, 2001; Mace
2001; Sharpe et al |, 2012}

3.6, Comtroversies of light fishing on Ugardan portion of Lake Albert

Light, the main technique for fiching E bredoi and B. nurse on the
Uganda portion of Lake Albert (Uganda), iz completaly prohibited i
DRC. Uzsing the technique, particularly solar bulbe on the Uganda
portion of Lake Albert has triggered conflict with fichar targeting the
large-bodied cpeciea, scpacially Mile parch (MaFIREL 2002) The con-
flicts are fusled by competition for fching grounds, unregulated fGzhing
effort for B bredoi and B. naurse (Fig. 6; Plate 1), and high bycatch that ia
dominated by juveniles of Mile parch, A. baremase and B. bajad. Conflict
among foheries stakeholderz are commeon (Salayo et al | 2006; Dahlat
and Sanches Lizagzo, 2021}, and they arize from diffsrences in power,
interects, valwes, priorities, manner of resource exploitation, and inst-
tutional failures in managing fAcheries and enforcing laws and regula-
thomz (Murzhed-s-Jahan et al | 2014). Por example, resource uee conflicta
have been reported between the artizanal and shrimp bottom trawd
fizheries in Fenya's Malindi-Ungwana Bay (Munga et al, Z014) and
betwesn amall-scale and industrialized fishers in the Indian Coromandal
Coagt (Bavinck, Z005). Resolving ouch conflictn entaile a clear undes-
sanding of the dsmamics and social-ecological interactions of the
exploited stocks. In some fisheriss, fiching conflict have been resolved
through closed seasons and closed areas (Murched-e-Jahan et al | 2014).
convenient, environmentally zafe, time zaving, and coat-effective, with
batter catches than the traditional herosens lantema (McHenry =t oal,
2014; Mills et al | 201 4). Howewver, theoe techniques are often amociated
with greenhouze gas emiscions (wia herocens lampe), overfishing, high
brcatch, and plastic pollution (Mguwren and Winger, 2019). These hag
never besn a detailed study to assess impacts of light fching on Lake
Albert and in Uganda az 2 whale, to inform sustainable management of
the 5P5 light fcheries. A one-off mapping of distribution of light fishing
effort on Lake Albert conducted in 2020 revealed widespread concen-
tration of light on the Uganda poction, during the moonlscz: nighs
(Fig. 6). Studies by Lowry et al (2007) and Poimon et al. (2010 have

thown that lunar phase influences the distributions and behavior of
betwean catch and hinar phases on Lake Albert, information that iz wital
for management decizion tools such az possible fishing holidays {cdoged
fizhing periodz) on the Lake.

3.7, Previous research end measures to guide light fhing in Uganda

Initial effortz to guide light fohing started in the 1990z on Lake
Victoria (Wandera, 19900, where B argentec i a major target for light
fizhing. Small peine nets of 5-10 mm and a maximum of four hurricans
karogens lamps were recommended to harvest the cpacies in waters
# 2 km from choreline, to protect juveniles and breeding stocks of the
target and non-target gpeciea. Later studies on the lake (Mangeni-Gand=
et al | 2013) obeerred a reduction in mean gize (length) of R. arpentea,
which was astributed to non-compliance by the fithers to the earlier
recommendation. The study obosrved that fichers had shifted from the
G — 10 mm seines to majocly < 5 mm, doubled seine net panels from
betwesn zix and =ight g0 12-20 panels per boatm, and adopted zolar
lamps. On Lake Alber: the Mational Ficherie: Resources Research
Inctitate  (MaFIRRI] recommendsd four panels of zmall oeines
(3 10 mm) and four keroseme lamps per boat az a precautionary
management meszure for the light fshing (WaFIRRL, 2002). This wasz
based om the catch and fiching effort data for B bredoi and B murse
(2007-2008) (Mbabazi et al | 2012). A more comprehengive study was
recommended, to quantify the biological and scological charseteristica
of 5P5 and effects of Light hareesting methods on their stocks to inform
long-term management decizions. However, fishers in Lake Albert
quickly chifted to uzing solar bulbs and progressively increased net
panals by almest four-fold in attempt to increaze catches. Thiz has
escalated conflicts among fichers following a petiion from the Mils
pezch fichers, who continue to proteat the uze of light fiching on Uganda
waters. Consequently, the use of solar light fishing in fizhing was banned
brw H_E the Prezident of the Republic of Uganda in 201 3. Despite the ban,
fizhery continue to stealthily we golar bulbs to harvest E bredoi and
B. nuwse in Lake Albert. There iz therefore, need for comprehenaive
imvectigation of light fiching methods on Lake Albert, to undarstand
their impacts at ecogystem level to inform the long-term sustainable
mansgemeant meamures such a3 catch and effort limits, fzhing grounds,
and fiching seasons in a multi-cpecies petting of Lake Albert.

3.8 Post-harvest handling, processing, and marketing of B. bredod and
B. murse on Lake Albert

Both B bredoi and B. nurse are harvested during the night, and the
catch in variously processed during the day. Engroulicypris bredod iz
exclusively sun-dried on platforms, incduding raized racks, rocks, and
bare ground mixed with sand (Kolding =t al., 2019 Brysime nawse in
run-dried 2 above, but also deep fried and sold 2z enacks. The procesoed
sun-dried fizh iz sold for either animal feeds or human consumption,
with some exported to the neighboring counmise, majorly the DRC and
South Sudan (Folding =t al | 2019). Although B. nuse and E bredoi nowr
dominate the Lake Albert ficheries by wolume, their economic chare of

38



H. Nekiyende et al

Flsheries Research 258 (2023) 106535

D.R CONGO

R Muzizi

Albert Nile

Vidong Nile

iegtti

1 =]
ya : z
~Hoima
Light fishery landing sites
No. of boats 4
. «=50
® 51-100
® 10120
®
Q  Light fishery rafts
(®) Majrtoums -
, -
—  Najor tivers z

I
30.50°E

31.00°E

1 |

Fig. 6. Map of Lake Albert showing distribution of light fishing effort targeting Brycinus nurse and Engraulicypris bredoi on the Uganda portion of the lake in 2020.

the annual revenue iz < 20 9% (NELSAP, 20212), with the undeslying
cauzezs not well documented. However, facilities for post-harvest
handling and processing of amall fiches on Lake Albert are otill inade-
quaze, with the largest volume of the catch pr d on bare ground
vhere it is expoced o contaminants and post-harvest losses,
thuz rendering it unfit for human consumption. For example, Ofoyo
(2021), documented losses of 10-43 % in E bredoi alone. The current
effortz to improve the handling and processing of SPS uzing a solar tent
dryer under the IDRC/ACIAR-funded-Nutrifich project should be
srengthened and upzcaled to improve their quality for human
conzumption.

4. Concluzion and dats

Thiz review chows that both E. bredot and B. nurse have become the
major zpeciez of the Lake Albert commercial fichery. These SPS have
enormous potential to bridge the fizh supply gap and the per-capita

e AR Byl aly lats
mainly because they are abundant, affordable, highly nutritious
(consumed whole), and have a wide distribution and long chelf-life
when well processed. However, thiz potential iz hampered by zocial,
technical, legal and policy intz, thus exacerbating the conflicta
among the different resource user groups on the lake. There iz limited
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Inowledge of the stock dynamic: and appropriate Light harvesting
the multi-cpecies ficheries in Lake Albert will require an ecosyotem
approach to fcheries management Thiz demands a comprehenaive
stock asoemsment of the 5PS to undertand their stock dymamics,
ecological intersctione with the diverse lake species, and impact of
data to facilitate recommendations on i) appropriate fiching gears, net
panels, light sourcea, and light intensity; i) optimal number of fiching
boats, i) quitable fiching areas, allowable catch, and iv) fishing perioda
andl peasons for the 5PS5. In addition, underlying factors to the low =co-
nomic contribution of the SPS, decpite dominaring fizh casches i the
addition and mitigation of poct-harest losses and wastage to fully
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CHAPTER THREE: GENERAL METHODOLOGY

This section provides the overarching methodological framework guiding the study, while
detailed methodologies corresponding to each specific objective are presented in the respective
chapters aligned to specific objectives of the study.

3.1. Research design

This study employed a mixed-methods research design, quantitatively dominant, to collect and
integrate both qualitative and quantitative data (Creswell, 2014; Grover, 2015). This design enables
comprehensive analysis by allowing triangulation, enhancing the validity of findings, and addressing
the research problem from multiple perspectives (Creswell & Tashakkori, 2007; Maxwell, 2016). The
combination of methodologies helps to bridge gaps in understanding that might exist when using
either approach in isolation.

3.2. Research approaches

Both deductive and inductive reasoning approaches were adopted (Ali & Birley, 1999). The
deductive approach was used in the testing of hypotheses based on existing theory and previous
studies, while the inductive approach enabled the exploration of new insights from qualitative data,

especially regarding community perceptions and undocumented fishing practices.

3.3. Description of study area

The research was conducted in the Ugandan portion of Lake Albert (see Figure 1.7-1), a
transboundary water body shared between Uganda (54%) and the Democratic Republic of Congo
(46%). Situated in the northern end of the western rift valley (between latitudes 1°01'N and 2°21'N,
and longitudes 30°32'E and 31°28'E), Lake Albert lies at an elevation of 618 meters above sea level,
with a surface area of approximately 5,270 km? and a mean depth of 25 meters (NEMA, 2012). In
Uganda, Lake Albert borders the districts of Pakwach, Buliisa, Hoima, Kikuube, Kagadi, and Ntoroko.
It receives inflow from several rivers including the Semliki, Kafu, Muzizi, Nkusi, Wambabya, Waaki,
and the Victoria Nile, with the Albert Nile serving as the main outflow.

Ecologically, Lake Albert has been characterized into four major habitats: shallow inshore
areas, lagoons and large bays, river inlets, and deep offshore waters (Holden, 1963; Wandera &

Balirwa, 2010). Recent fishery surveys have further stratified the lake into three zones: northern,
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central, and southern, based on ecological and fishing patterns (Mbabazi et al., 2012; NaFIRRI, 2012a;
Kabir, 2016; NaFIRRI, 2019).

In this study, the lake was stratified into inshore (shallow, vegetated, and river-influenced
habitats) and offshore (deep open-water habitats) ecological zones (Section 3.3), recognizing that light
fishing occurs across both zones but may produce different catch compositions and size structures.
Six landing sites and four experimental sampling sites were purposively selected, encompassing
inshore and offshore zones, to reflect areas of high light-fishing activity across the lake’s ecological
gradients. Site selection was informed by historical catch records (Mbabazi et al., 2012; NaFIRRI,
2012), prior bathymetric surveys (Hamilton et al., 2022), and consultations with fisheries officers and
local fishers to ensure that sampling locations represented the diversity of fishing grounds where light

attraction is actively used.

3.4. Study population

The study focused on two small pelagic species (SPS), Brycinus nurse and Engraulicypris
bredoi. Quantitative data were obtained through experimental fishing trials conducted at four lake
stations and from commercial catches sampled at six lakeshore landing sites where light-assisted
fishing was actively practiced. These sites were selected to capture spatial and operational variability
in SPS harvesting across the lake.

The qualitative component targeted members of the fishing communities operating at the
selected landing sites, including fishers and other key stakeholders, who were purposively selected to
provide insights into perceptions, practices, and experiences related to light-assisted fishing
technologies. Parameters measured from experimental fishing and commercial catch assessments
included species composition, catch quantities (by weight), types and intensity of light sources used,
net configurations, and key life-history characteristics of the target species, including length, weight,
maturity stage, and fecundity. Together, these data supported integrated analysis of exploitation
patterns, gear performance, and biological responses of the SPS fishery.

Given that light-assisted fishing occurs widely across Lake Albert and spans multiple
ecological zones, Engraulicypris bredoi and Brycinus nurse were assumed not to occupy identical
habitats uniformly across the lake. Rather, they were treated as co-caught species whose spatial
overlap is mediated by fishing technology, depth, seasonality, and habitat accessibility. Given the
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mobility of light-based fishing units and their documented deployment in both inshore and offshore

waters, the study adopted a stratified ecological sampling approach to capture this heterogeneity.

3.5. Sampling strategy and data collection framework

The study adopted a mixed-methods research approach, integrating complementary qualitative
and quantitative techniques to comprehensively assess exploitation patterns, ecological responses, and
governance dimensions of the Lake Albert small pelagic species fishery. Mixed-methods designs are
particularly suited to complex fisheries systems, as they enable triangulation of ecological data with
socio-economic and institutional insights (Creswell & Plano Clark, 2018).

Data collection employed a proportionate stratified sampling strategy (Etikan & Bala, 2017),
with sampling intensity aligned to observed fishing effort within each ecological zone. Quantitative
fishery-dependent data were collected monthly over a 24-month period to capture seasonal and lunar
variability, while qualitative data were collected once using a cross-sectional design through
interviews and focus group discussions with fishers and key stakeholders at selected landing sites.
This approach ensured that the widespread spatial deployment of light fishing across the lake was
explicitly accounted for, rather than implicitly assumed.

A systematic literature review was first undertaken to synthesize existing knowledge on small
pelagic fisheries, light-assisted fishing technologies, and ecosystem-based fisheries management, and
to identify key knowledge gaps relevant to Lake Albert. This resulted in a peer-reviewed publication:
“A review of light fishing on Lake Albert, Uganda: implications for a multi-species artisanal fishery
(Fisheries Research, 258, 106535) .

Key Informant Interviews (Klls), defined as semi-structured interviews with individuals
possessing specialized knowledge such as fisheries officers, BMU leaders, and experienced fishers,
were conducted to capture expert insights on fishing practices, governance arrangements, and
emerging management challenges (Kumar, 2014). These were complemented by Focus Group
Discussions (FGDs), which are structured group interviews used to elicit shared perceptions, norms,
and conflict dynamics among fishers and other stakeholders.

Quantitative fishery-dependent data were collected through Catch Assessment Surveys (CAS),
which involve systematic sampling of catches at landing sites to estimate catch composition, effort,
catch rates, and size structure over time (FAO, 2016). Frame Surveys (FS), periodic censuses of

fishing units, gears, and vessels, were used to quantify fishing capacity and effort distribution,
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providing the sampling frame for CAS and supporting effort standardization (FAO, 2015). To assess
fish distribution independent of catches, hydroacoustic surveys were conducted. These use scientific
echosounders to estimate fish abundance, vertical distribution, and spatial patterns in the water
column, particularly useful for small pelagic species (Simmonds & MacLennan, 2005).

Spatial dynamics of fishing pressure were further examined using geospatial mapping of night-
time fishing effort, which combined GPS tracking and spatial analysis to map the distribution and
intensity of light-assisted fishing across ecological zones. In addition, experimental fishing trials were
undertaken to evaluate the effects of gear configurations, light types, and fishing depth on catch
composition and size selectivity under controlled conditions.

Finally, statistical and modelling approaches, including generalized linear models and bio-
ecological analyses, were applied to quantify relationships between fishing effort, environmental
proxies, and biological responses, thereby supporting inference and management-oriented decision-

making.

3.6. Objective-Specific Methodologies

Objective 1: Evaluate stakeholder perceptions of artificial light fishing technologies targeting
SPS in Lake Albert. Using a mixed-methods approach (Creswell, 2014), data were collected in August
2020 through structured questionnaires, direct field observations, focus group discussions (FGDs),
and key informant interviews (KIIs) (Morgan, 1996; Longhurst, 2003; Rindfleisch et al., 2008;
Zohrabi, 2013; Gaizauskaite, 2012). While questionnaires, FGDs, and KllIs were used to capture
stakeholder perceptions, attitudes, and knowledge regarding artificial light fishing technologies, direct
observations provided additional empirical insights into actual fishing practices, gear use, compliance
behaviour, and interactions among different user groups, thereby extending the analysis beyond stated
perceptions.

In addition, the study characterized fishery users by documenting their roles within the fishery,
fishing experience, gear ownership, target species, and patterns of participation in light-assisted
fishing. This allowed the analysis to situate perceptions within the broader social and operational
context of the fishery, recognizing fishers as heterogeneous actors whose behaviours and decisions
influence exploitation outcomes. Data were collected at Ntoroko, Kaiso, and Dei landing sites,
selected to represent the northern, central, and southern lake regions, respectively, and identified
through prior NaFIRRI surveys as areas of high light-fishing activity (NELSAP, 2021a).
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Objective 2: Map the spatial-temporal distribution of SPS and light fishing effort in Lake Albert.
Data sources included: Commercial catch records (2019-2022), Acoustic surveys, Spatial mapping of
fishing effort, and Historical effort and catch data (2007-2022). The lake was zoned into northern,
central, and southern regions (NaFIRRI, 2007; 2012; 2018; 2019; 2021), and monthly Catch
Assessment Surveys (CASs) were conducted at selected landing sites during four lunar phases (new
moon, first quarter, full moon, and third quarter) to capture the effect of lunar illumination. Spatial
analyses were guided by Hamilton et al. (2022) to capture distribution across depth gradients and
habitats.

Objective 3: Determine life history traits of E. bredoi and B. nurse. Experimental fishing was
conducted at four lake sites (2 shallow, 2 deep). Fish were captured using solar and kerosene lights
under varied intensities, with net settings standardized across trials. Biometric data were collected and
analyzed to estimate maturity, fecundity, sex ratios, growth, and mortality following methods in King
(1995), LVFO (2005, 2007), and Pinello et al. (2017).

Objective 4: Evaluate the effects of light fishing technologies on target and non-target species.
This objective addressed concerns about net panel expansion and increased light intensities. It utilized
both commercial and experimental data under controlled settings with variations in net panel length,
light type, and intensity across shallow and deep habitats.

Obijective 5: Establish biological reference points (BRPs) for E. bredoi and B. nurse. Catch, effort,
weight, and length data from both experimental and commercial surveys were input into the FAO

FISAT Il software to estimate growth parameters and derive BRPs (Pauly & Gayanilo, 1997).

46



CHAPTER FOUR

EVALUATION OF STAKEHOLDER PERCEPTIONS OF ARTIFICIAL LIGHT
FISHING TECHNOLOGIES TARGETING SMALL PELAGIC SPECIES IN LAKE
ALBERT.

CONTEXT

This chapter investigates the socio-economic and governance complexities arising from the
introduction and rapid expansion of light-based small pelagic species (SPS) fishing on Lake Albert.
By synthesized stakeholder interviews and focus group discussions, the research explores the
divergent perceptions between pelagic fishers and traditional demersal fishers regarding resource
competition and ecological impact. The core problem identified is a growing crisis of social cohesion,
fueled by the perception among traditional fishers that the highly efficient light-attraction technologies
act as "vacuum cleaners" that indiscriminately harvest juvenile Nile perch and other high-value stocks.
These perceived threats have escalated into overt spatial conflicts and gear sabotage, undermining

existing local management structures.

The findings reveal that while pelagic fishers view light fishing as a vital socio-economic
lifeline that compensates for the decline of large-bodied species, they also acknowledge the lack of
standardized regulations as a driver of instability. The study highlights that the "nature and magnitude
of conflicts" are often exacerbated by the absence of clear spatial zoning and the use of unregulated,

deep-set nets that penetrate demersal nurseries.

To bridge these socio-political divides, the chapter argues for a management approach
grounded in participatory governance and conflict transformation. By integrating stakeholder
perceptions with the technical and biological evidence presented in later chapters, management can
move toward a more inclusive and transparent framework. This approach not only addresses the
immediate social tensions but also fosters a sense of collective ownership necessary for the successful
implementation of the ecosystem-based management (EBM) strategies required to safeguard Lake

Albert’s multispecies future.

The detailed chapter is presented as a publication titled “Light-based small pelagic species
fishing in Lake Albert: Divergent perceptions, conflicts, and implications for multispecies fishery
management. Journal of Great Lakes Research, 102664. (10.1016/j.jglr.2025.102664)”
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ARTICLE INFO ABSTRACT

Commurdeatsd by Vivian Ngupen Introduced arcund the tum of the 21st century, light-based fishing targeting small pelagic species (SP5) like

Engraulicyprs bradod and Bryecimus rurse (belonging to orders Cypriniformes and Charsciformes, respectively, and

Fipwonds: kmown locally 25 muziri and rogoogi) has markedly trapsformed Lake Albert’'s artisanal fishery. 5PS now
Byruich constitube an estimated $0-70 % of the laks's annual catch, signalling a shift from the previously dominant large:
Pealiing emfhot bodied demersal species that defined the fshery until the 1990z, While this expansicn reflacts growing signifi
Light fishing

Hile camce of SPS in contemporary fisheries, it has generated divergent perceptions and conflicts among stakehioldars.

These tensions are exacerbated by the lack of empirical evidence on the ecosystem-wide effects of light-hased
fishing, particularly its impacts on stocks of large-bodied species. This study, conducted across three landing
sites (Ded, Kaiso, and Mtorcke) spatially spresd along the Lake Albert shoreline, employsd qualitative methods,
including struchared questionnaires and interviews, to investigate stakeholder perceptions of light-based fishing.
Fishers targeting large-bodied species reported concerns over increased byecatch, gear damage, habitat degra

daticn, and spatial competition. In contrast, stakeholders in the $P% sector emphasized the socio-sconomic
Benefits of the light fishery, particularly employment and income opportmities for youth and women alang
the entire value chain, from fishing to procesing and trade. The contrasting views underscore the complexity of
managing a rapidly evolving multispecies fishery. The findings highlight the urgent need for scosystem-hased
assessments of light-based fishing impacts to inform science.based management strategies that can promote
the sustainable growth of the SPS fishery while fostering coexistence and aquity among diverse fisher groups.

Szl pelagic lisheres

1. Introduction

Lake Albert, a tramsboundary African Great Lake chared between
Uganda and the Democratic Bepublic of the Congo (DRC), supports a
biologically diverse, multizpecies fghery targeting both large-bodied
and amall-gized species (Mbabazi et al | 2012; Nakiyends st al, 20232,
2023k, 2025; Wandera and Balirvwea, 2010). This fshery iz charactarizad
by a wide range of gear types adapted to exploit the lake’s ecological
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Becsived 11 May 2024; Accepted 29 August H25
Available anline & September 2025

beterogeneity (MaFIREI, 2012; Makivende =t al., 2023k]), wet it faces
multifaceted management challenges that threaten itz long-term zuz-
tainability. The diversity of fizhing gears ueed on Lake Albest (Tabl= 173
reflects the fichery’s multi-cpecies nature (Mbabazi =t al, 2012; 201%;
MaFIREl, 2012; MNakiyende et al., 20232, 2023k).

Current national fizhing regulstions, the Uganda Fizh (Fizhing) Ruolea
(Tovernment of Uganda, 20010), permit gillnets with 4-inch (10 cm]
minimum mesh gize and longline hooks of size number nine and belaw,

U380-1 33040 2025 International Association for Great Lakes Research. Published by Elsevier BY. All rights are reserved, including those for text and data mining,

Al training, asd similar technologies.
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for the harvest of large-bodied species much a0 Larer nilogicus (Nile perch),
Oreochromis niloticus (Nile tilapia), Bagrus bajad (Black Nile catfish), and
Labeobarbus bynni (Mile barb). Por small pelagic cpeacies (5P5), such az
the cypriniform Engraulicypriz bredoi (known locally as muozird) and
characiform Brycimes muse (nume tetra or ragoogi locally), small zeine
(lampara) nets of § mm mesh zize are permitted.

Di=cpite theoe regulations, a wide rangs of illegal gear are in uee
[Table 1} Gillnets with mesh sizes below the legal 4-inch threshold and
longlinec below the legal limitn (Oovernment of Uganda, 200100 are
commonly uaed for the caphure of juveniles and undemized individuals
of large-bodiad species (eg., Lotes nilotdous and characiforms such az
Alestes baremose (pebbly fich) and Hydrocymo forskahli (elongate
tigerfich]) and 5PE (e.g., B. mwsel Additionally, active (illegal) geara
ruch an beach zeinss, boat ceines, and cast nets are aloo wsed across
dirrerge habitatz (inshore and offshore), often resulting in non-zelective
catches. Backet traps, another illegal method, are frequently used to
harvest cpeciec like Clarias gorieptmue (Morth African catfizh), Molzp-
torwrus electriows (electric catfish), Synodonty zpp. (squeaker, catfich
family Mochokidae), and Mormyrus zpp. (elephant-cnowt fishes). The
obaerved prevalence of illegal fiching gears degpite the existence of clear
fizhing regulationa suggest both non-compliance and weak enforcement,
poszibly due to complexities involved in enforcing much regulations in a
multicpecien fichery like the one in Lake Albert.

Light fiching, a method that uses night-time illumination to attract
fizh, particularly shoaling 5PE, iz the primary technique uzed to harreat
E bredoi and B murse in Lake Albert (Namboozo, 2008; Mbabasi et al.,
2012, 201%; MaFIRRI, 2012; Makiyende et al | 2023a, 2023b). The
technique in widely practiced globally and haz a historical lineage
(Mguyen and Winger, 201% Solomon and Ahmed, 2016). Is efficacy in
capturing 5P in well-locumented (Solomon and Abmed, 2016; Yami,
1976). The technology has evoleed from cimple tools ;och 2 torches to
floating oil, kerocens, and gac lantems, and it now includec high-
intencity lighting systems such as incandescent, fuorescent, LED, and
solar-powerad lamps (Mills =t al, 2014; Solomon and Ahmed, 2016;
Yami, 1976).

In the African Great Lakes light-based fizhing wasz first introduced in
Lakes Tanganyika and Malawi, where it targeted SPS such az Stolo-
thrisza tanganicae (Lake Tanganyika cpeat), Limnothriza miodon (Laks
Tanganyika mardine), and Bngraulicypriz cardella (Lake Malawi
“rardine™) (Holding et 2l | 2019). In Uganda, the technology was firat
adopted on Lake Victoria in the early 1970z for harvesting Rastrineobolz
orpentea (ailver cyprinid) (Wandeca, 1993), and it waz later extended to
Lake Fyoga in the 1990z and Lake Nabugabo around 2009 { Oroves et al |
2022). Lake Albert embraced light-based fiching in the =arly 2000z
(Mamboozo, 2008; MaPIRRIL, 2012), following these earlier imple-
mentationa, The method smploy: iluminated lampara nets ao the

Table 1

Joioral of Gre Lakes Rk 51 (2025) 102054
primary gear to targst the two key 5P5 E. bredoi and B. murse (Mbabazi
et al, 2012, 201'%; MaFIRRI, 2012 Nakiyends et al., 20232, 20230

Light-baced fiching practices remain a major source of contention
among different fishing clusters, fuelling conflict between those for and
thooe oppooed to itn use (MaPIRRI, 2012 Makiyende =t al | 2023a,
2023b; Mile Poat, 2024; Uganda Radio Metwock, 2006). Theee conflicta
have been documentad in recent madia reporta and institutional studies
highlighting tensions at warious landing sites, over access, gear config-
urations, anid ecological impacts (Harvest Money, 2024h; MaPIREL
2012; The Cooperator Mews, 2024). The primary driver of thia conflict i
the unregulated nature of the light-bazed SPS fishery, characterized by a
perceived excessive use of cmall zeine net panels and diverse lLight
sources (such az solar bulbe and herogene lantsms). The night-time
operation of these gears iz perceived to result in high bycarch levels,
particularly of juvenile Nile perch, raizing concerna about potential
threats to fizh biodiversity and the long-term sustainability of the fizheny
(Solomon and Ahmed, 20015).

Contributing to this incresse in affort, the expanzion of the GPS
fizhery has peen fizhers transition from the original 2-3 herocens lampa
and 4-6 net panels per boat to the we of colar lamps and wp to 20 net
panels par boat {Mbabasi «t al | 2012; NaPIRRI, 201 2; Nakiyende etal |
2023a). The ocarcity of scientific dats, particularly conceming gear
pelectivity and the impact of light fishing techniques (incuding net
panalling) on the 53PS fishary and other stocks, hinder the development
SPS fichery and non-target (bycatch) speciss to overexploitation amd
potential collapse, and it continues to socalate conflict among fshing
communities.

The conflict haz led stakeholders aligned swith large-boudied species,
particularly Nile perch Gahers, to Lobby the Ugandan govemment to hale
SP5 fiching, citing concerns over declining catches and juvenile bycatch
(Nile Poat, 2024; Uzanda Badic Metwork, 2006). Thiz advocacy culmi-
nated in a controverzial ministerial directive from the minister of state
for foheri=s resources, suspending the use of light-bazed geam (zmall
ceine nets and solar lights) via media pronouncement (Harest Money,
2024a; Daily Monitor, 2024b; Uganda Badio Necwork, 2006), despite
the absence of a clearly articulated legal or scientific baziz.

Heowever, enforcement of this directive by the Fizherisa Protection
Unit (FRU), a specialized arm of the Uganda People’s Defence Porce
(UPDF) establiched in 2017 to support the Directorate of Picheries Ra-
sources (DNFR) in ficheries contmol and surveillance, haz faced strong
resistance from SPS fichern and value chain actors (Africa-Press, 2024;
Harvest Money, 2024b; Monitor, 2024; The Cooperator Mews, 2024;
Uganda Times, 2024). Stakeholders havre questioned both the faimess
anid effectivensss of the enforcement, citing continued uze of zsimilar

Characteristics of fishing gears and targeted species in Lake Albert, including gear legality and common catch patterns. Data Source: NaFIERI (2012), Mbabazi ef al.
(2012), NELSAF (2021h), Nakiyende et al. (2023). {*) denotes gear legality based on classification under the Fish (Fishing) Rules (Government of Uganda, 20000, (%]
denotes species commonly retained in 2 & 3-inch mesh sizes {5.1 & 7.6 cm), and (***) denotes species commonly retaimed in meshes below 2 in (< 5.1 cm)

e Typ Legalicy® Mode of Frimary Tanget Spocies Prinsary Fishing groand  Fishing
Operation Period
Gillneets < 4 in Megal Active, passhve Aleses boeoanse 5, Fiydlrocymaes forshabdii*®, Loses malorios, Oreochromis Shallow Enshee Dy s
£10 cmn) spp.., Bryclms nuese 5%, Synodonds spp., Mormmrus spp. night
Gllnes = 4 in. Legal Active, passive, Laees relindious, Oreochrombs spp.., Distchodis niloricus, Bagres bajad Basth shallow inshore and  Might
(10 =) drifting disep offshare
Longline hooks Lejgal Fasgive Lates relindions, OFeochroms spp., Bagrs bajod, Clavies gavtepinus, D effshore Hight
(Bainead) Mulgpenons e s
Bench asines Olegal Active Loges pelinpisus and all othes specics netained Shallow inghise Dy
Boal st Tiegal Active Pates relindicus, Bogrs bajod, Aleses boremede, Hydrocymus forskahii Dweep offshore Dy
Cast ness Megal Actwe O hroeads spp. Shallow Inshese Dy ad
night
Mlumsinared small Legal Active Engradicypris bredod, Brpclu mese Bath shallow inshore and  Might
sedines disep effshare
Baaker Traps Mlegal Eualtead, Passive Clarios geriapinus, Malgpierus decriae, Soudonns spp., M Spp. Shallow inshore Dy and
night
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countries ruch 2z Kanya amd Tancania (LVPO, 2020; 2022). Thee con-
cernz are further complicated by the inadequate regulation of the light-
baged fishery, which targetss primarily 5PS such B argentea, E. bredoi,
and B. murse (MELSAP, 20210; LVPO, 2022) Uganda's existing reguls-
tiomz, Pizh (Pishing) Rules (Oovernment of Uganda, Z010), specify legal
mech gizes for lampara nets of & mm for Lake Albert and 10 mm for Lakes
Victoria and Fyoga However, the regulations are cilent on other crucial
aspects of the fichary, such ac the allowable number of net panels (nat
depth) an cpecifisd for gillnets, and the type or intancity of light naed,
key concerns raiced by stakeholder: opposed to light-based fzhing
practicea.

The regional inconzistency, combined with the lack of scientific ev-
idence gpecific to the impacts of light wage and net panelling, hag
miggered a oeries of cabeholder congultations, including techmical
meetings, policy dialogue, and roundtables. These have involved fich-
eries managers, the FPU, recearchern, and academics; regional man-
agement bodiez such az the Lake Victoria Ficheriss Organization (LVPO)
and the Lake Bdward and Albert Ficheries and Aquacultore Organization
[LEAPAD]; and representatives from fisher amsociations, including the
Amociation of Pichers and Lake Users in Ugamda (AFALUY. A hey
outcome from these engagements was a consensuz on the need for
evidance-baced research to guide the formuolation of harmonized and
context-appropriate SPS management regulations acrosz Ugandas
lakea.

Emerging trends from several African Great Lakes, such az Victoria,
Malawi and Tanganyika, indicate a growing dominance of 5PS in arti-
sanal catches, which has altered catch compogition and reduced pro-
portional contribution of large-bodied species in owerall landings
(Orowes et al | 2022 Kolding =t al | 201%; LVPO, 2020; NaFIRRI, 2012;
Malkiyends et al | 20232, 2023k). Although this ohift does not necessarily
sgnify a decline in absolute abundance of large-bodied species (Folding
et al, Z019], it has heightened stakeholder parceptions that light-based
fizhing may be displacing raditional high-value species. These percep-
tiomz, in the abzence of robust empirical evidence eatabliching the direct
link, continwe to fual contmoversy around light-based fiching practices.
The contention iz further amplifiad by unresolved acological and socico-
economic concems, particularly regarding net stacking, light type and
intenzity, and juvenile bycatch. While acisntific literature explicidy
linking light-bazed fching to wser conflicts acrosz other African Great
Lakes remaing limited, the tengions observed on Lake Albert underocore
the potential for similar disputes to emerge in other lakes, such Vicboria,
Fivu, Tanganyika, and Malawi Miama MNyasa, whers lighe-baced fizhing
technologies are widely used for hammsting SPS (LVPO, 2020, 2022
Mangeni-Sande et al | 201%; Mgana =t al | 2019).

Diacpite the controversies surrounding light fching techniques in
Lake Albert GPS—especially B bredod and B, nwrse—have become
i important in sustaining livelihoods around Lake Albert
(Namboozs, 2008; Mbabazi et al | 2012; Makiyende et al , 20232,
2023h). Bvidence from these studies chow a marked increaze in light-
baged fiching effort zince the sarly 2000z, accompanied by a zignifi-
cant chift in catch compogition, from large-bodied zpeci=z o SPS
dominance, largely artributed to the adoption of light fishing technal-
ogies. Currently, the light-based fchery in Lake Albert comtributes
approximately 7O % of the lake's toml annual catch, supportz about
60 % of local ficheries-related amployment, and involwes nearky 40 % of
the active fishing boats (Mbabazi et al |, 201% Nakivende et al | 2023a).
Similar trends of increacing SPS contribution to total landings have bean
dorumented in some African Oreat Labes, particularky Lakes Victoria,
Malawi, and Tanganyika (Folding et al , 2019). In many of these lakes,
EPS now account for 50-70 % of total annual catch landings, surpaming
thooe of large-bodied cpecies (Folding et al | 2019). Thiz tramcition
alignz with patterns obrerved in multicpecies ficheries, where rzing
fizhing prescure increases exploitation of smaller-bodied species,
conzigtent with the concept of balanced haorecting, which promotes
moderate fishing mortality acroas all zize clazoss (Darcia =c al | 2016;

Holding et al., 2015).
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Beyond their economic role, PS5 aleo provide an affordable and
highly nutritious source of animal protein for mral communities (Aura
etal 2022 Clarke et sl 2022 Bfitre at al | 2023- FAD, 2023- loaacs,
2016; Kolding et al |, 2019). Their saze of processing, scpecially gun-
drying, extenda zhelf life and improves local distribution withowt the
need for packaging or refrigeration (lkape amd Cheilomla, 2017
Magetts 20153 Mazette and Fhakaza 2017). While direct homan con-
rumption of $P5 in urban Uganda remaine limited due to perceived
hygisne concerna, their growing use in animal fead production further
enhances their ntility { Afresn and Ucak, 2020; FAQ, 2023; Masette and
Fhakaza 2012- Tacon amd Metian, 2009

Recognizing the critical role of smmbeholder perceptions in chaping
fisheries, recent literature emphasizes the importance of participatory
approaches in the development and implementation of inclusive policiea
anid management initiatives (van Densen and McCay, 2007). Howewer,
effective integration of stakehalder insight into palicy frameworhs re-
guirez careful svaluation, s perceptions often reflect divergsnt un-
derstandingz of fsheries gystema, dhaped by differing prioritiee and
Imowledge bases across groups, such as scientiotz, fishers, managera, and
policymakers (Verweij and van Dengen, 20100

Thiz study, therefore, examined and documented the varied stake-
holder percpectives reganding the use of light attraction fishing tech-
nologiea for hancesting SPS in Lake Albert Specifically, it aimed to
uniderstand:

» Gtakeholder perceptionz of light attraction fching techniques,
inchading solar lamps, kerosene lampa, and wvertical joining of new
(net panelling), in termz of their effects on the catch rates of both
target opecies (SPS5) and non-target speciec (bycatch).

& The key sources of conflict between different fishing groups, azse-
ciated with the 5P5 light fizhing methoda.

# The main challsnges affecting the SPS light-based fichery.

» The staheholder-proposed management meagures and  theic
perceived effectivensss in mitigating conflict and promoting the
fichary.

Thiz study was focussed on Lake Albert and provides a foundatiomnal
bagiz for further scientific investigations, particularly those exploring
ecological dymamics and gear-uee comflictz. o fndings are directly
relevant to the development of evidence-based ficheries policies and
management ctrategies that promote conflict resolution and the sus-
tzinable cosxistence of diverse fiching practices within the Lake Albert
multicpecies ficheny.

2. Methods
2.1. Study area and scope

The study waz conducted on the Uganda zside of Lake Albert whers
light fishing techniques targsting SPS are more prevalent (MELSAP,
2021b, 2021a; Nakivende et al, 2023a, 2023b). Crosa-sectional (zingle
point) dats collection occurred at each stdy gite in August 2020, prior
to the FPU"z enforcement of the ministerial directive to suspend SP3
fizhing (particuladly with solar lights), enmring the inchizion of all
targeted respondent categoriss. Three landing sites were selacted for the
study- Ntoroko (Southem), Kaise (Central), and Diei (Northearn) (Fiz. 1).
These zites were chosen duwe to their active ficheries for both SPS and
large opecies, with over 200 fshing boats operating at each gite. The
stabeholder recpondents comprized four broad categories: fishers, fizh
traders‘procesmor, beach management leaders, and district local gow-
emument fisheriss managers (District Pisharies Officers) (Table 2).

To facilitate comprahensive data collaction, stakeholder recpondens
for Pocuz Group Discussions (POD:), excluding beach management
leaders and District Picheries Officer, were categorized nto two distinct
groups based on their imvolvement in either the large-bodied zpeciea
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Fig. 1. Map of the study area. [nset shows the location of Lake Albert in the map of Uganda.
Fable 2 beach management leaders amd ficheries manager possess valuable

Perception study on Lake Albert- Respondents, data collection tools and sample

size.

Cabegory of Tosol msed Sample sime

resposdent

Flshers mrgeting 5F5  Semi-sirecnsned Tomal of B pespondens (14
and large species uEsEannaine eespondents per fsher group at

Eaden and Dei landing sites and 13
pespeodenrs per fisher group ac
Muoroko landing sice)

Fish processars and Bocused Group Theree: PGD groups (compeising
Fish raders o Discussion (PGO) 1012 ow=abers) adednisoered ar
landing siee cheeklist each snudy landing sice

DiEstricr Nsherbes Ky [nfoemant O inervicwos: per district
exrension sl Inresviews (KII)

Landing sie lesders KIT Core: intervicwes per lanfing sine

walue chain {fizhers, traders, and processors, dominated by Nile perch)
or the SPS valwe chain (dominated by E breded and B. murze). Fich pro-
ceasore and traders for both opecies groups were included becauze they
are integral to the fiching community, directly receiving fish from
fizhere, and some serve on beach management committess. Similacly,

lmvowledge of Aohing operations at the stady aites due to their recpective
leadership and management roles.

22 Date collection method

The sudy adopted a2 mixed-methods approach (Cregwell, 2014,
combining both qualitative and quantitative data collection techniques.
Semi-gtructured gquestionnaires (Electronic Supplementary Materials
(E5M) Appendix 51) were ured to gather quantitative data while PODa
and Fey Informant Interviews (Ellz) provided qualitstive das

(Gaizanzkaite, 2012}

221, Smuctwred quolitetive date collection

Structured face-to-face interviews were conduct=d uwsing a gues-
tionnaire (EEM Appendix 510 administered separately to Oohers (boat
captaing) targeting 5P5 and large opecies (L3) at the thres study landing
pites (Table 2). Intarviesws were carried out during peak activity periods:
morning (06:00-11:00) and evening (16:00-13:00) to engurs intsraction
with fishers returning from or preparing for fizhing tripz. A total of 52
fBizhers, primarily boat captaing (41 targeting 5P and 41 wrgeting L5
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groups (Tabls 23

A ctratified random sampling approach was employed at the boat
lewel, to engure a reprecentative cample. Uging daza from the 2020
Prame Survey (MaFIRERL 2021) and goided by landing site chairparsona
familiar with local operations, fishing boatz were categorized into two
crata based on target opecien: (i) GPS boats wing light attraction
methodz and (ii) L5 boats uzing gillnetz and hooks. Gillnet and longline
boat were selected based on their legality, ao these gear gpes are
permitted for uwse on Lake Albert under the Fich (Fiching) Rules
(Jovernment of Uganda, 20100, Within each stratum, active fshing
units were listed and “zample boats™ were mndomly selected uzing B
software (B Core Team, 2024). Boat captaing or their designated rep-
regentatives were interviewed wzing the structured guestionnaire
(Table 2).

222 Unstructured gualitotive data collection

In addition to the stroctored interciews, PODe (Oaizsuckaite, 200I)
were held with three ctakeholder categories: fizhern targeting SPS,
fizhers targeting LE, and fich processors/traders. Participants wers
nominated by landing zite leaders bagsed on their knowledge of landing
gite dymamica, ensuring no overap with individuals previouzly inter-
wiewed to avoid bias. Each FOD comprized 10-12 participants (Tabls 2],
providing a platform for open discuzzion and the sharing of divergent
pemspectives.

The PODz explored perceived drivers of conflict between fizhing
g;mupz and gathered local stakeholder incights on inclozive and faazibls

management options. Particolar attention was given to contentionz

surrounding the incidental capture of juvenilss of high-value largs-
bodied species such az Mile parch, H. forskehlii, and A. baremoze by 5PS
geare. These discussions enriched the study by capruring local knowd-
edge and practical ideac for conflict-sencitive ficheries management
srategies. Additionalby, Flla were conducted with Dictrice Local Govw-
emment Pisheries Officers and landing gite (beach) leaders to comple-
ment fisher peropectives and provide broadar institotional inzights into
emerging conflict immues and perceptions on the use of light-based fiching
methodz.

2.8. Duta processing and analysis

Dieccriptive statisticn were wsed to summarize respondents’ charac-
teristice and to provide an overview of their parceptions. (roalitative
data from the Kllz and POD: were organized into thematic matrices.
Analyziz of thiz qualitative data focuzed on identifying recurring izsuwes
and peropectives, which were then oynthesized and reported under
emerging themes. These gqualitative insight: complemented the
interview-based findings and enriched the understanding of stake-
holders” perceptionz regarding the SPS light-based fichery on Lake
Albert.

To examine how seasonal wariations and light fiching technology
influenced fishing swcceas, a two-way ANOVA was conducted to test for
significant differences in mean catch rates (catch-per-unit-effort, in kg
boat/day) of B. bredoé and B. awrse across two factors: seazsons (high wa.
low catch periods) and light sources (solar-powered va. herocens-
powersd lights). The catch rate data for thiz analyzic were bazed on
fizher-reported  sctimate: from  semi-ctructored  interviews. Whils
anmwering question 13 (on quantity of catch landad per day) (ESM Ap-
pendix 51], recpondents across the stody zites consiztently mentionsd
that catches difered betwesn two main fizhing cessons: high-catch
(peak) and low-catch periods. Thin infarmation wasz followed wp dur-
ing intervisws, and rezpondents were requected to estimate ypical daily
catch quantitiss for each season acroos the different light sources and
indicate the corresponding monthe. These sstimates were recorded and
later organized for comparative analygiz. Thiz analyzic addremed the
sudy objective of underctanding fishere' parception of factors chaping
5P5 dymamice on Lake Albert.
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2.4. Bthicel considerations

Ethical clearance for thiz study was granted by the Uganda National
Council of Science and Technology (UNCST) under the “MUTRIFISH
Project.” Prior to conducting interviews, informed conzent wasz obtained
from willing participants. Thizs involved ransparently commumicating
the gurvey’s purpose, the intended use of their dats, potential benefits,
and assurances of confidentiality and anonymity. Measures wers
implemented to protect respondent privacy, including refraining from
exposing names and contact details, and wilizing secure storage and
encryption methods to prevent unauthorized access to the data

3. Resultz
3.1. Poccived causes of fishing conflict on Lake Albart

All study respondent (100 %), including those from PODe and Kk,
unequivecally acknowladged the existence of fiching conflict in Lake
Albert. Theoe conflicts primarily manifest bebween fichen targeting SP3
uzing light attraction techniques and thooe targeting LS uzing traditional
gillnats and long-line hooks. The frequenty cited cause of conflict by
both groups waz the parcaived high bycatch of juveniles of commercially
impartant L5, particularly Mile perch, by SPS-targeting gears (LS re-
rpondentz: 20.2 % 5P5 recpondentz: 63.53 %), In addition, the increasing
uce of colar lights wac identified as a major driver of tengion (LS re-
rpondentz: 75.6 ¥ SPS recpondent: 43.9 %) (Table 3.

Other contributing factorn incloded owverlap and compesition for
fizhing grounda, perceived sxcemive affort in the 5PS ficheary (charac-
terized by a surge in fiching boata, an increagse in the number of fshing
lighta from 2 to 3 kerosens lanterns to many aa 21 eolar bulba per boat,
anid expancion of net panelling from 4 to & to currentdy 13-20 panels),
often happening in the aboence of clear regulatory limits or scientific
guidance. Additional sources of conflict included theft or destruction of
fizhing gearz and catch, parceived damage to lake bottom and associated
communities, arpacially by zmall seine nets during their active opera-
tion, and the perceived disturbance or “zcaring away/gear avoidance™ of
large-bodied fich opecies (Table 31 Specifically, solar lights wers
perceived to be exceszively bright, increasing the winibility of LS fizhing
trigger avoidance behaviour in target LS, thereby regulting in reduced
catch rates for fizhers uging theee traditional gears. [t iz also notevworthy

Table 3
Percaived causes of fishing conflict among fishers on Lake Albert, Uganda. Dats
from small pelagic species (SPS) and large species (1L5) fishers” respondents,
n— 82X

Soiree ol Large spacies (B — 41) Smmall pelaghe spacies
eomflict (m = 41)
Hix of L] M ol L]
d B d sesporsdenss Respomdence
Seare of large 1 s
Fislh s
\Crsim ot 5 fiosie .1 EOS 17 415
SpacE &l
fishing
ground
Destruetion of a 20
exritical
buiabvi cars
High byeatch af 37 002 = k]
large spocices
Thadt off Mshisg 18 429 12 nzs
s and
canch
Excessive 575 26 B34
Fishing et
e ool e 31 J5E | 1] £29
Ligha
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that the majority of respondents were male (89 %) (EZM Pig. 51),
reflecting the male-dominated natore of the Gzheries valoe chain on
Lake Albert.

3.2 Poceptions on light fpes wsed to horvest 873 and associated impacts

In the 5PS fichery, solar bulbe and kerocens lantemns were the pri-
mary sources of light used for fizh attraction (Table 4). Among 5PS-
targeting recpondents, solar lishtn were overwhelmingly prefersed,
with 0.2 % indicating them as their choice. Thiz strong prefarance waz
astributad to their perceived cost-effectivenssz, enhanced casch perfor-
mance, user-friendliness, market availabiliny, and relatively lower
environmental impacts compared to kerogens lanterns (Table 41, In
contrast, 5P5-targeting fichers who reported uging kerocene lanternz
indicated that their decicion wacr influenced by complisnce with a
Minigterial directive suspending the uee of solar lightz, enforced by the
FPU, ac to avoid arrest and prosecution

Although LS fishers do ot directly uze light attraction in their op-
erations, the majority (76 %, n = 41) expresced a preference for kerogens
lantemns in the SPS fichery over solar lampa. This preference stemmed
from their perception that kerosene lantems emit lower-intengity lights,
which regults in reduced bycatch of juvenile L5, particularly Mile perch
They believed thiz reduction in juvenils bycatch would minimizs
adverse effectz on the sustinability and future availability of adul: LS
mocka.

POD participanty widely perceived polar-powersd lamps 2z mors
advantageous compared to waditional kerorene lanterns. They cited
lower maintsnance costs, longer operational lifespan, greater ralisbilicy
(lesz prome to extinguizhing), and better environmental performance,
particularly duwe o the abosnce of fuel cpillage and gresnhouse gas
emizzions. Omne FOD participant noted:

“After purchaosing the solar, it can aoke four to six months when it's sell

Kl including Fisheries Officers and landing cite leaders achoed
theae visws. They advocated for a gradual chift from kerosens lanterng
to polar-powered lampe, citing their cost-affectivensm, environmental
benefita, and operational conveniemnce.

Both POD participants and most Fllz ascociated lantems with mul-
tiple rizks and operational challenges. Theee included boat accident
cauzed by burcting flames (sometimes resulting in bumaz or drowning],
fuel zpillage on water and fish catch, the need for frequent pumping to
maintain fame intenzity, vulnerability to wind, and high maintenanes
cogtz. Az one FOD participant sxpluined:

“Lonterns require attemtion throughowt the fishing activitier through

pumping to maintain the fleme, 5o the fishes don't hove tme to relax

while on the loke, while the solar lights are ensy fo wse. ™

These findings reflect a broad stakeholder consensus favouring salar

lighting, largely due to itm cafety, efficiency, and sustainabiling
advantages.

3.3, Peceived bycatch composition in lighe-besed 575 fsheries

The proportion of bycatch was amessed baced on fchers’ gelf-
reported estimates of its perceived contribution to the total catch. Two
fizh species, B bredoi and B. murse, were consizstently identified ag the
dominant catch of the 5PS light fizhery on Lake Alber: (Fig. 2). The
perceived incidence of bycatch did not vary significandy (p < 0.05)
betwesn light sources, accounting for 3.1 % and 5.5 % (by weight) of the
total SPS catch per boat per day for colar and herosens lampa, respec-
tively (Fig. 20 Acrosz both light types, the most frequently repocted
brcasch gpecies included juwenile Mile pesch, Alestes opp., Hydrocymus
tpp., anid Orecchromis app. (Fig. 2). It iz important o adknowledze that
thege pelf-reported estimares may differ from empirically measured data,
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Table 4
Comparative advantages of fishing light types (sclar bulbs and kerosene Lan
terns) utilized for harvesting small pelagic fish species (SP5) on the Ugandan side

of Lake Albert.
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Fig. 2. Perceived composition of total catch by light type (upper panels) and byeatch species compesition by light type (lower panels), expressed as percentage

proportion in the light-based small pelagic species (SPS) fishary on Lake Albert.

thae to factors cuch az recpondent biag, variations in the interpretation of
what constitwtes “bypeatch,” or sconomic incentives. These limitations
could highlight a need for empirical sodies to validate theoe obaenva-
tionz by comprehengively evaluating bycatch compogition, to determine
mstainable limit, and develop appropriate mitigation strategies.
landingz and increazing income from the light-based SPS fiching. On the
other hand, it woas viewsd 2z a threat to the oostainabilicy of LG atocks.
Ome participant remarked:

“There iz usmally a lot of bycarches, which enhances our cotches and

c I 1 Inimedt

“It is becowse of excessive fuvenide bycatch of the lorge-bodied species

caught in small seines and solar bulbs which hos cawsed the decline of all

larpe-bodied species stocks. ™

KII recpondents, induding foheries officers, expressed similar con-
cerns reganling sustainability, particularly the frequent pregence of ju-
wenile Nile perch in solar light catches. These oboervations underscore a
clear divergence in stabsholder perceptions: while 5PS fichers empha-
rizei] the economic gains, ficharies managere and LS ficher highlighted
the potential long-term ricks to stock sustainability and ecocyotem
seability.

3.4. Fishing ground: (habitots} for Engraulicypriz bredoi and Brycinus

TS

Respondents identified two main habitats for GPS fAching: challow
inchore waters (< 20 m, deep), including river mouths, and deeper open
waters (= 20.m, desp) (Table 5). The majority (50 %) of surveyed fchem
operating in desper offthore areasz (20-40 m, deep) reported higher SP3
abundance and catch ratea. Theee fichers alzo noted their compliance
with the 2-km buffar zone regulation (Government of Uganda, 20000),
intended to zafeguand censitive inchore fch habitat (Wandera amd

Table 5
Perceptions of factors influsncing chaice of fishing grounds for £ Bbredod and
B. raurze on Lake Albert, Uganda. Data from SPS fisher respondents, n — 41.
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WlErs b
= 20 im] (=20 mj
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fishing growsd
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downidance and protection of Fah beesding (I7.4 %)

areag

Bt capch rates of E bkl and B, nurse (5 %) (17.8%)

High abendance of £ beafod and B. mese (48 %) (2.6
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Balirwa, 200100, Conversely, respondents who preferred shallosw inshore
areas cited security and safety concerns in the desper waters bordering
the DRC, alongzide lower operational and imestment costz. Piching in
challoswr areas typically raquired fewer net panels and less fuel making it
a more acceszible and affordable option for zmall-scale operators.

3.5 Waotical joining of small seine net panels in lighe-hesed fsheries

On Lake Albert both B. mwse and B. bredoi were harvested wing
surrounding lampara nets. Bach boat commonly deploye betwoeen 6 and
15 netz, joined vertically, a practice locally refemed to 2z gorofa
(Fig. 3a). The number of net panels ueed war influenced by multiple
factore targst fching depth (51.3 % of respondents), anticipated catch
(3.7 %), regulatory compliance (11.5 %), and financial capital (2.6 %)
(Fig. b). Fichess operating in deep-swater fiching grounds: generally uoed
mare net panels to increase their carch rates, whereas those with limited
capital opted for fewer panels in the challow inchore waters. Motably,
fizhers using zix panels reported doing oo to comply with FPUs guide-
linez, a0 a precantionary meazsure aimed at regulating light fiching afort
in the light-based fizhery on Lake Albart.

3.6. Pishing crew, active fishing days, and factors influencing lighe-based
fizhing actviy

Bach light fiching boat targeting B. bredoi and B. mwse typically
operated with a crew of 34 individuals per trip. Although light fiching
waz conducted year-round, the majority of respondentz (61.9 %) re-
ported fching actively for about 15-21 days in each month, which i
approximately 3 weeks per month (Fig. 4a). Piching activigy was influ-
enced primarily by lunar phase and weather conditiona. Moest fichers
(71.4 %) identified moonless (dark nights) ag the moat favourable pe-
rods for light fshing, while 11 % cited calm weather az another
important factor (Fig. 4b). Adverce weather and full moon nights were
reported to reduce Aohing activity, due to decreased catchability and
operational difficulties.

3.7, Variation in eetch retes of Engraulicypriz bredoi and Bryctnus nurse
by season and light source

The reported catch rat=g {catch-per-amit-effort in kg/boar/day) of
both cpeciea did not diffar significantly (p > 0.05) betwesn light sourcea
(E. bredot ¢ = 0.62, df = 6609 and B. nurse: ¢ = 0.22, 4f = 131.83).
Monsthelesz, B, bredoi consiztently exhibited higher catch rates than

2] mumber of small seime net pemels
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B. nurse (Fig. 5).

Pizhers identified two distinct SPS production eeasons in Lake Albers
high-casch (April to June and September to Movember] and lovw-catch
[December to March and July to Auguat) (Fig. 5). Catch rates varied
vignificantly (p « 0.05) betwesn these zeasonz for both B bredsi
(t= 7.933, df = 59.578) and B. murse (t = 5.4852, Jf = 70.5851.

During high-cacch pericda, B. nurse catch-per-unit-affort (4 standasd
error) averaged 1929 4+ 562 kg/boat/day in oolar lights amd
165.7 + 28.8 kg/boat/day uzing herosene lights, These declined to
36.5 + 3.9 kg/boat/day and 55.1 + 10.9 kg/boat/day, respectively,
tharing low-catch seasons (Fig. 5). Por B bredoi cawch rates averaged
466.41 + 528 kg/boat/day (salar lights) and 523.5 + 89.4 kg/boat/day
(kerosene lightz) in the high-catch season, falling to 33.1 + 13.1 kg
boat/day amd 1020 + 26.1 kg /boat/day, recpactively, during low-catch
perioda (Fig. 5.

The interaction between light sowrce and season waz not significant
for either opecies (B bredo Py yqqy = 0.329, p > 0.05; B. muse: Fyy,
131) = 0.2164, p = 005

3.8 Drivers of fishing effort shift from LS 1 SPS fisheries

Several factore were reported to influence the transiton from tradi-
tional LS fshing methodz (e.g., gillnets and hooks) to light-bazed 5P3
fizhing (Tzble 5). The most cited driver was the perceived higher catch
rates of light-baged SPS gears, reported by 90.2 % of recpondents (36 L3
wa. 38 5PS fshers). Declining catch rates in traditional gears wag cited by
7B.0 % of recpondents (30 L5 and 34 SPS fishera), while 68.3 % (26 L3
and 30 5PE fichers) identified high oparational coct of traditional gears
az a key factor, suggecting that economic considerations strongly in-
flusnce gear choices. Qear thaft, damage or loso emerged a2 hey
concem for 65.9 % (54 out of 32 respondents), particularly among 5P3
Bizhers (36 5PS ve. 13 LS recpondents). Within thiz, 43.9 % (36 out of 52
respondentz 26 SP3 v, 8 LS) specifically mentioned frequent gear losoes
az a major factor.

Jurenile bycatch of large-bodied speciac within SP5S catches, a hay
point of contention between fzhing clugters, was reported by only
58.5 % of regpondent (48 out of 82: 32 LS and 16 5P5). Heightensd
[izheries enforcement againet illagal gear uze aloo influenced the chife
reported by 51.2 % (42 out of B2; 16 L5 and 26 5P5 fcher). A minerity
of respondentz (24.4 % or 20 out of &2; 12 5P5 and B LS fshers) aloo
cited the opportunity to rest, particularly during the full meon phaze
when light-based fiching iz typically paused due to reduced catches, az
an additional incentive for chifting to light-bazed SPS fiching.

bl Pactors mfuensing rad panzling |

Percantage propartions

[ TS T E R |
MNumber of pancls

Complisnce  Highcarch  "Water deptl
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Fig. 3. Percentages of respondents reporting distribution of joined net pansls per boat (a) and factors influencing net panelling (b) in small pelagic species (SP5] light

based fishery on Lake Albert. Data are from SF% fisher respondents (no= 417
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3.9, Challempes foced by the SPS light-fishoy on Lake Alhert, Uipanda

In addition to inter-gear conflict, SPE fshers highlighted several
operational challenges. The moct preming concern was theft and
cutboard engines, often attributed to perpetratore from the DRC zide of
the lake, cited by 725 % of respondentz (Fig. 61 Other challenges
include extreme weather conditions (138 %) and low fich prices
(6.2 %%]. These challenges collectively were parceived to poce significant
threats to the profitability and sustainabilisy of the 5P Achery.

3.10. Management measures propesed by respondents for sustminable
management of lght-based 8P2 and LS fisheries in Lake Alberr

Respondents from both LS and 5P5 proposed a range of management
long-term oumtainability of Lake Albert’'s multizpecies fichery. Theess
inzights were gathered through structured interviewn, FOD:, and Klls,
where recpondents were asked about their perceived zolutions to de-
eocalate conflict related to the SPS light-based fohery, while snmuring
overall guztainability of the multi-cpeciez fichery. The proportion

(p=< OLOS)E high and low seasons for each respective light source, as

reported below reflects support within each ficher group (LS or GPS).

The moet widely proposed measure was regulating 5PS fizhing =ffore,
specifically limiting the number of fching boats, net panels, and light
intenzity, supported by 60 % of LS respondents and 33 % of SPS re-
rpondents (Fig. Ta). Other proposed mearures incloded:

= Cloged seazon/fiching holidaye favoured by 77 % of L5 wo. 27 % of
SPS fichers

» Catch control limits: supported by 85 % of LS va. 8 % of 5PS fishem
» Decignated excluzion zones: ouggested by 53 % of LS v 10 % of 5P
fichers

» Jear and mech size restrictions: propoced by 50 % of SPS wa. 25 %ol
LS fishers, highlighting the urgent nesd to eliminate undermize and
illegal gillnetz widely woed on the lake, which zignificandy
contribute to the bycatch of juvenile LS.

FOD: and Kllz strongly supported these measures as effactive otra-
tegiea for reducing conflict and aiding the recovery of fch stocks. Amaong
thoze in favour of closed ceasonz and fishing holidaye, 3.4 % recom-
mended aligning them with the full moon period, a time when light-
baged fiching iz natmrally redwcsd. Thin recommendation reflects
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Table &
Perceived socic-ecomomic and ecological factors driving the transition from
traditional to light-based small pelagic species (SP%) fishing gears in Lake Albert.

Faetors identified Respondests
L8 P Total *
(n =41} (== 41) (n = 82)

Restwend catch ranes im of 3 34 64 TR
rradissanal legal fisking gear
(gillness and hoaks)

Highes cacel rates of 75 flshisg. 36 S 74 90.2
pears

High cperational coams socianed 26 30 56 68.3
with traditicnal legal fishing
geear (gillnes and hoaks)

High bycarch of large speciesin 32 16 48 58.5
the 575 rarch

ThedtdesoruetionJos of 18 35 54 65.9
rradissanal legal fisking gear
(gillness and hoaks) and rarch

Froguent low of rodisonal begd 8 = 36 439
fubing gear (gillnees and
haekes)

Inrensified fsteries 18 6 42 51.2

enloreemnencs targetiog Hlegal
fesbing acrivities

JAlbos Feless T Foesl [OF S ] 12 20 24.4
diys during full scon

Challenges n 505

r;.'ruml:lp' al r\u[lel'a‘]-'l\.

Fig. &. Percentage of respondents reporting challenges and constraints faced by
the 5PS light-based fishery on lLake Albert. Data are from SPS e
spandents (B — 41}
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traditional practice, where moat fishers voluntarily panse light-based
fishing activity for about a2 week during the full moon. It almo co-
incides with a similar cloged ceazon reportedly enforced on the DRC zide;
however, specific details regarding its timing and rationale could not be
werified due to 2 lack of documented literature. Motably, respondents
reported a significant influx of fizhers from the DRC to the Uganda sid=
during such cloures.

Perceived benefits of these proposed meazsures varied by fisher group
(Fig. 7b)l. Among LS respondents, benefin included stock recowery
[—85 %), improved bresding or cpawming (—67 %), and muztained
catches [—55 %). SPS dentz emphagized conflict reduction
[—47 %, otock recovery (—50 %), and rect pariod (—20 %). FOD pas-
ticipants further propoced spatial and temporal coning of fdhing activ-
itisz, suggesting the oegregation of fching grounds and scheduling
diztince time slotz or periods for LS and SPS fishing. Ome participamt
otated:

nurze) and the lorpe-bodied specics should be defned, for exomple,

musini/rogogi during the night and otha pecies during the day. ™

Another regpondent elaborated:

“Since muziri/ragoagt fuhers largely aperate during dork periods, they

should be allowed to fush soricdy for oo weeks of the dark moor phase,

during which L3 fishers could rest, and vice versa ™

While thece recommendations reflact localized knowdedge and con-
flict mitigation strategies, their feacibility requires Jislogue amd
hammonization with prevailing practices and regulatory frameworhs,
inclding Uganda’a Pizh (Fiching) Roles (Jovernment of Uganda, 20100,
Civen that fiching activity on Lake Albart, in line with other national
territorial waters, predominantdy occurs at night, such propoaals must be
carefully evaluated within the context of current operational norms and
lagal prowisions.

4. Dnoeussion
4.1. Drivers of light-based fishing expansion

Multiple factors have contributed to the intengification of light-bazsed
fishing in Lake Albert, driving divergent opinions, and generating con-
flicts among fshing groups. Chief among them ic the perceived decline
in catches of large-bodied speciec, often attributed to heightened fizhing
presgure on traditional stocks. Additionally, stricter enforcement of
regulations against illegal fiching, frequent gear losses, and the high
operational coots of passive gears have puched ficham towands altama-
tive methods.

The rize of SPS light-based fshing haz been particularly appealing
due to perceptiona of higher catch ratec, interpreted az indicators of
greater abundance. The incidental caprure (bycatch) of large, high-alue
rpecies during SPS operations provides an economic incentive, ag thege
fizh are zold ceparately at premivm prices. The lower daily costn of
operating colar-powered lighting syztems compared to traditiomal
pources further reinforce their astractivensc:, ecpecially for small-scals
fizhers. Theee trends mirror earlier Andings from Lake Albert (Holding
et al | 201%; Mbabaci et al | 2012; Nakipende st al | 2013, 20232) and
other African Great Lakes such az Lakes Victoria, Tanganyika, and

Malavei (LVFO, 2022; Mgana et al |, 2019 Taabu-Munyaho et al, 2016).
4.2. Evolwtion of fishing procticer and pear wse

Historically, Lake Albert's fichary waz subcistence-based, targesing
large-bodied characiform opecies like © cithorws, H. forskohii
A baremosge, and Distichodus rilotices (Nile distichodua) (Holden, 1963;
Waorthington, 1929). Traditional gears incloded large-mech gillnets,
beach seines, baited longlines, and backst trapa. However, population
growth and increazed fich demand have led to 2 surge in artizanal fizhing
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effort and gear divemification, including cast nets, boat seines, and
enall-mesh gillnetn (Mbabazi et al | 2012; NaPIRRL, 2012 Nakiyende
etal 2013, 20232, 2025h), come of which are prohibited under current
regulations {Jovernment of Uganda, 20010].

Since the eacly 2000z, the adoption of luminated amall seine net
targeting 5P5 hao intengified (Mbabazi et al |, 2012; Naliyemnde et al |
2023a, 2023k). Thiz gear evolution reflacts a broader pattam in African
inland fisherisz, where fiching presoure drives adaptive chifn toward
uniderexploited speciezs and smaller zize clagoes, consictent with the
principles of balanced harvesting (Jarcia et al., 2016; Holding =t al.,
2016; Thou et al | 2019). Howewver, without effective management, thiz
chift may further andanger vulnerable large-bodied species. Historical
declines in & citharus, H. forskehli, A. baremase, and D. nilogiciws hawe
been linked to excemive fiching effort and the rise of modern gillnet
Osheries (Cadwalladr and Stoneman, 1966; Holden, 1963; Nakiyends=
et al | 2013; Voo Sarnowski, 2004).

4.3, Conflict and regulztory gaps

The emeargence of the SPS light Azhery has sparked tencions, sope-
cially between SPS and LE fAchern. Conflicts revolve around acces:s to
fishing grounds, gear intarference, declining catches, and the perceived
ecological effectn of light-based fiching practices. Theoe reflect broader
govemance challenge: and divergent views on sustainabiliny. Uganda's
current regulstions for 5P5 fishing are minimal, limited to cpecifying an
B-mm mech zize (Dovemment of Uganda, 2010), without covering
critical factors such 2z net panel configuration, light type, or light in-
tenwity, which are central to ongoing conflicts betwoesn fizhing groupe. In
the absence of empirical data stakeholder perceptions and poaitions
remain gubjective and unaligned.

Fey concerns include eantanglements betwesn pascive and active
gears (e.g., gillnetz and light rafiz) and the unregulated sxpansion of SPS
boats and netspanel configurations, which may increage jueenils
brcasch and harm demercal species and bemthic habitatm. Although
actively operated gears like bottom trawls have documented impactz on
lakebed ecogyatems (Buhl-Mortensen and Buhl-Mortensen, 200135; Jonez,
1992, gimilar stodies on illuminsted small seine nets in Lake Albert ars
lacking, hindering effective management Another unrecolved isowe i
the bycatch of juvenils LS, particulasly Nile perch, linked to excemive
net panelling and high-intenzity lighting (number of lampa/bulba).
Stakeholdess reported that solar lights increaze gear wisibility, causing
avoidance bahandour among larger, more cantiows fzh

Diacpite ongoing debates, smpirical dats on the sxtent of bycawch
tenoities remain limited. Thiz gap hinders the identification of optimal
combinations that could maximize SP5 catches while minimizing the
brcasch of LS.

From stakeholder percpectivec, there iz 2 growing consensuz that
current regulations swch az those in the Fich (Fiching) Rules
[Tovernment of Uganda, 2010) are insufficient to address the complex
mstainability challenges facing the SPS fishery. Stakeholders empha-
ized the urgent need for additional management measuras, including:
(i) fishing affort control, ancompassing limit on the number of fiching
boat, net panels, and spacifications for light source type and intenaity;
(i) gear zize restrictionsz, to reduce juwenile bycasch and protect eacdy
Life stages of L5; (iii) catch contral, informed by maximum sugtainable
wield ectimates; (i) cosed areaz, to protect ecologically critical habitam
rach az spawming and marsery grounds; and (v) introduction of closed
peasonz or fiching holidaye, to anable stock recovery during key repro-
ductive parioda.

While these proposed meagures are consistent with the PAD s Code
of Conduct for Responcible Ficheries (FAQ, 1995) and the ecosyatem-
baged approach to ficheries management (Morgichita, 2008, their
implementation requires robust ocientific data to inform policy design.
Eey data gaps include biclogical reference points (eg., maximum zus-
tainable wi=ld, allowable fiching efort), sear eelectivity, seasonal
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dynamics in catch composition, reproductive biology, life-history traits,
ani] habitat utilization (Lawrence at al | 2023; Nakiyends =t al | 2025,
2023b). Currenthy, such dats are lacking for many targes apeciss in Lake
Albert, including the 5PS (Nakivende =t al., 2013, 2023a)

Although a fizhing holiday iz reportedly observed on the DRC gide of
the lake, it enforcement, effectiveness, and legal bazis remain unclear.
Oiven the manshoundary namre of Lake Albart, there iz a justifiable need
for harmonized, bilateral ficheries managemeant to guide coordinated
efforts, such az seasonal closures and gear standardization. Without such
cooperation, the sustainability of the 5P3 Aahery and broader ecological
balance of Lake Albert will remain under threat.

4.4 Peorepdon divides and techricel considerctians

5PS valwe chain actorn favour solar lights due to their affordability,
efficiency, environmental sustainshility, and convenience, benefit
echoed in stodies on other large lakes (McHenry et al, 2012, 2014
Mgana et al | 20019; Millz et al | 2014; Solomon and Ahmed, 2016; Tian
Hua and Xing, 2013). In contrast, L5 actom targeting species like Mile
perch and A baremoze oppose solar light, citing gear avoidance and
increased bycatch of juvenile fich, The fchers aoociated with LS hanme
called for restrictions on SPS light Ashing, citing viclations of Ugandaa
prohibition of active fshing gears (Jovemment of Uganda, 20100 Their
advocacy led to 2 minicterial directive banning 5PS fizhing with zmall
ceine netn (commonly referred to s “humpup” nets due to their rapid
deployment) and the use of solar light (Harveat Money, 2024a; Daily
Monitor, 2024b; Uganda Badio Metwodk, 2006). However, from the 5PS
fizhery’ perzpective, illuminated zeine nets remain the only practical
method for effectively targeting 5P5 shoals. Az a recult, they have pro-
tegted the divective (Africa-Presc, 2024; Harveat Money, 2024h;
Momnitor, 2024; The Cooparator News, 2024; Uganda Times, 2024).

Moreower, attempts to reintroduce altemative fzhing methods such
az illuminated ring scoop net (chota-chota), previoualy wsed on Lake
Victoria (Wandera, 1953, 2005), have had limited success due to chal-
lenges including rough offsthore conditions and non-compliance with
habitat protection regulations (Oovernmeant of Uganda, 20100 These
netn were largely abandoned during the sarly development of the SPS
fizhery and are mainly suitable for inchore challow watsrm, az they lack
the robustness to withstand the harch weather and wawve action n
offshore deep waters. Purthermore, their use in dhallow habitatz con-
travensas axisting regulations aimed at protecting critical fich habitats,
such an spawning and mumery grounde (Govemment of Uganda, 2000;
Mkalubo etal, 201 5). Stadies from Lake Victoria, where s similar fehery
for B argentra exists, show reduced bycatch in ofshore waters (> 20 m
depth] (Mangeni-Sande =t al., 2019). However, the deployment of illu-
minated lift neta, whether twin boatz {commenly catamarans) or fixed
fizhing rige, haz showm limited feasibility on Lake Victoria decpite being
technically compatible with offchore deepwater fiching (Wandera,
2005). The major constraintz: are their high capital and operational
coots.

Therefore, the persistent aboence of clear regulstory proviziona
cpecific to 5PS fishing methode in Uganda (Oovernment of Uganda,
2000), beyond mech nize restrictions, continues to hinder the optimi-
zation of SP5 ficheries, eopecially amid ongoing conflict with fizher
targeting LS. There iz an urgent ne=d for targeted research to develop
and evaluate alternative fiching technologies that reduce bycatch of
large and juvenile gpecies, while enhancing 575 harvest efficiency, of-
fering a oustainable and conflict-sensitive path forwand.

4.5, Smoll-pelegic species eatch dynamics, operational chellenges, and
post-harvest losses

Seaponal variation in the reported catch rates of B bredoi and B.
nurze iz likely influenced by local weather patteama, with higher catches
generally obeerved during rainy months (MEMA, 2016). Rainy perioda
are typically associated with moreased food availability and bresding
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activity {Castillo-Riwvera, 2013; Rioc-Pulgarn et al, 2016), which
enhance localized fish abundance and capture probabiliny. Converzely,
dry seasonc often coincide with reduced catches, asributed to fich
dizsperzal and lower biological productivity.

Beyond conflict-related iscues, the SPS fidhery on Lake Albert faces
multipls operational constraint. These include adveme weather condi-
tiomnz, croas-border by fzhers from the DRC, and zsignificant
post-harest losses, which have been reparted to reach up to 40 % (Efme
etal  2023). Thess losoes result primarily from inadequate handling and
storage infragtructure at landing sitea. Poor-quality fish, often canzed by
rpoilage or unhygienic handling, are commonly diverted to the animal
fred marke: rather than human comsumption (Mordhagen, 20210
Addreming thiz challenge requires targsted imvestments in cold chain
infrastructure, improwved drying technologies, and stronger market
linkages. Smategic interventions chould therefore focuz on enhancing
infraseructure, building capacity in value addition, and developing
stronger markst comnections. Purthermors, swarensss campaigne and
training in water zafety and wse of life-saving gear are critical for zafe-
guarding ficharn during poor weathear conditions (Oporia et al. | 2022).
Additionally, active engagpement of Oiher communitisz in co-
management and decizion-making iz escential, az supported by global
best practices (Ban =t al., 2017; Butler =¢ al | 20012).

5. Conelusion and recommendations

Thiz study rewealed tha: the promizing potential of a light-bazed
emall palagic cpecies (5P5) fohery in Lake Albert iz significantly con-
strained by persistent fiching conflicts. These disputes are largely driven
by divergent stakeholder perceptions, particolarly bepwesn fizhern tar-
geting large-bodied cpecien (L5} and those engaged in the SPS valus
chain. Thess are further intenzified by a critical lack of empirical dats on
multicpecien ecosystem dynamics. This complex interplay undemcores
the urgent need for 2 more informed, svidence-based, and collaborative
approach to fizheries management.

A key finding iz the knowledge gap and lack of empirical research to
guide sustainable exploitation of 5PS recource. Specifically, robust data
are required on optimal fshing affort, net panel confizurations, light
type, and intensity, to minimize bycatch and support the establishment
of scientifically informed harreat limite. Purther research iz also needed
to evaluate gear configurations and selectivity, quantify bycawch
compogition, and ascecs habitat impacts, which are all aresz currentdy
lacking in rigorous scientific evidence. Additionally, the ceasonal wari-
ability of 5P5 catch rates obearved during this study warrants targeted
ecological invectigations to support opatial-temporal management
strategies.
regulatory mearures such 2z mech size limita. While many stakeholders
demonstrate an awareness of sustainable practices, congistent with the
PAD's Code of Conduct for Recponzible Picheriss (FAD, 1995) and the
Ecooyotem-Baced Approach to Ficheriss Management, these are often
not reflectad in corrent regulations due to the lack of ccientific data on
moat exploited stocks. Thiz regulatory gap ha contributed to the saca-
lation of fizhing-related conflict.

The widespread uoe of illegal fAching gearm by both LS and GPS
Bshers, as documented by Mbabaci =t al. (2012), NaFIRRI (2012), and
Makiyende et al (2023a), further complicates effective management
Addreming thiz issue requires not only strangthensd enforcement by the
Directorate of Ficheries Resources (DGFE) under the Ministry of Agri-
culture, Animal Indutry and Fisheries (MAAIF), but also the active
imrolvement of local communities through co-management and celf-
regulation mechanizms.

Ultimately, the sustainable management of Lake Albert’s multizpe-
cizz ficheries acogystem demands an integrated approach, anchored in
robuat scientific research, adaptive ficherias governance, ctabaholder
engagement, and post-harvest oyotem improvementn. Fey priorities
include upgrading post-harvest infrastructure, building local capacity in
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walue addition, and enhancing market linkages to improve the economic
and nutritional value of SP3, whooe potential io corrently undenatilizad
due to high post-hamest losses,

Laztly, given Lake Albert’s transhoumdary nature, cross-border
harmonization with the Democratic Republic of the Congo iz essential
Coordinated efforts in implemeanting measures ouch az seasonal closures
and gear regulationa will be critical to ensuring efective and sustainable
fizheries management. By adopting these integrated strategies the
dirveroe communities dependent on Lake Albert can navigate the current
challenge: and meowe toward a funirs of peaceful co-exiztence and long-
term mustainability within thiz vital fishery.
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CHAPTER FIVE:
SPATIAL AND TEMPORAL DISTRIBUTION OF THE TWO SMALL PELAGIC
SPECIES (ENGRAULICYPRIS BREDOI AND BRYCINUS NURSE) AND LIGHT
FISHING EFFORT IN LAKE ALBERT.

CONTEXT

This chapter examines the fundamental drivers of the ecological distribution and catchability
of Engraulicypris bredoi and Brycinus nurse and light-assisted fishing effort in Lake Albert. The
ecological distribution and catchability of Engraulicypris bredoi and Brycinus nurse in Lake Albert
are fundamentally governed by lunar periodicity. Hydroacoustic assessments and spatial mapping
reveal that light-assisted fishing effort is now a lake-wide phenomenon, spanning the entire Ugandan
shoreline. However, species distribution exhibits significant regional variation: E. bredoi maintains a
higher biomass in the central region of the lake, while B. nurse is most abundant in the northern and
southern sectors. This spatial heterogeneity suggests that "blanket” management may be less effective

than region-specific interventions tailored to the dominant species' biological requirements.

The study establishes a direct correlation between natural illumination and fishing intensity.
During dark lunar phases (New Moon), artificial light-attraction efficiency is maximized, leading to
a densification of fishing effort in deep offshore waters (exceeding 20 meters). These periods coincide
with peak catch rates and a high degree of species selectivity. Conversely, the full moon phase
introduces a "lunar illumination effect” that dissipates fish schools throughout the water column,

causing a precipitous drop in catchability.

Despite this biological dispersal and reduced technical efficiency, a significant portion of the
fishing fleet persists in "continuous fishing" throughout the lunar cycle. During bright phases, effort
shifts from productive offshore waters to shallow inshore habitats (less than 20 meters). This localized
concentration of light-assisted gear in inshore zones is particularly destructive, as it penetrates critical
breeding and nursery grounds, significantly increasing the incidental capture of juvenile large-bodied

species.

To address this misalignment between effort and ecology, the study advocates for a dual
management approach grounded in Temporal and Spatial Closures. First, the adoption of a Lunar-
Synchronized Fishing Calendar is essential to formalize the full moon period as a mandatory “rest

holiday." This intervention would effectively reduce annual fishing mortality ($F$) without
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compromising the periods of highest economic productivity. Second, the evidence justifies a
Complete Spatial Closure of shallow inshore habitats to all light-based gear and human-related
disturbances. Protecting these inshore refugia is critical for safeguarding spawning stocks and
ensuring the long-term recruitment of both target small pelagics and the multispecies complex of Lake
Albert.

The detailed chapter is presented below as a publishable article under the title “Spatial—
temporal responses of light-based small-pelagic-species fisheries to lunar cycles in Lake Albert:

Implications for sustainable management.”

ABSTRACT

Small pelagic species (SPS), including sardines, anchovies, herrings, and cyprinids, underpin
food security and livelihoods globally, sustaining some of the most productive marine and inland
fisheries. Their behavioral sensitivity to light and lunar cycles influences availability and catchability,
yet the management implications of these dynamics remain underexplored, particularly in data-limited
tropical inland systems such as Lake Albert. This study uses Lake Albert (East Africa) as a case study
to examine the factors that influence the spatial-temporal dynamics of SPS fisheries. Drawing on
geospatial mapping, catch assessment, and hydroacoustic surveys, the study examined the distribution
and fishery responses of Engraulicypris bredoi and Brycinus nurse, which together contribute ~70%
of Lake Albert’s annual yield.

Results revealed that lunar peridocity had the most pronounced effects on fishing effort and
fish distribution, with both effort and catch rates peaking during moonless nights and declining sharply
under full-moon illumination. Spatially, E. bredoi aggregated in deeper central-basin waters, while B.
nurse occupied shallower, vegetated northern and southern habitats. Hydroacoustic backscatter
confirmed the dominance of SPS, accounting for ~80% of total pelagic biomass.

These findings underscore the role of lunar cycles as critical drivers of SPS fisheries and
demonstrate the value of integrating lunar metrics into stock assessments and management strategies.
The study highlights broader implications for similar light-based SPS fisheries, including the potential
utility of lunar-based fishing calendars, adaptive effort controls, and cross-border governance

frameworks. Embedding lunar dynamics in ecosystem-based fisheries management could enhance
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stock sustainability, reduce pressure, and improve resilience of small pelagic resources that support
millions of livelihoods globally.
Keywords: African Great Lakes, Engraulicypris bredoi, Light fishing, Lunar-based closures; Small

pelagic species.

5.1. INTRODUCTION

Small pelagic species (SPS) support some of the world’s most important fisheries, both in
marine and inland waters, and their exploitation is often closely linked to lunar periodicity. Globally,
SPS such as sardines, anchovies, herrings, and cyprinids form the backbone of food security and
livelihoods for millions of people (Cooke et al., 2017; Nguyen & Winger, 2019; Alheit and Peck,
2019; Nhat et al., 2023). In tropical systems, lunar cycles strongly influence diel vertical migrations,
aggregation behaviour, and catchability, with light fishing emerging as a dominant strategy to
optimize harvests during darker nights (Arimoto et al., 2007; Nightingale et al., 2006; Pulver, 2017).
These dynamics are not unique to any single water body but represent a widespread challenge and
opportunity in balancing harvest efficiency with long-term sustainability. Despite their global
significance, SPS light fisheries remain under-studied in inland waters, where data limitations often
hinder adaptive management.

Lake Albert, a transboundary water body shared by Uganda and the Democratic Republic of
the Congo (DRC) (Hamilton et al., 2022), hosts Uganda’s second-largest artisanal fishery after Lake
Victoria (Mbabazi et al., 2012; LVFO, 2022; Nakiyende et al., 2023a). Since the early 2000s, the
artisanal fishery has shifted toward dominance by two small pelagic fish species (SPS), Engraulicypris
bredoi and Brycinus nurse, which together contribute over 70% of the annual catch, estimated at ~
340,000-tonnes (Mbabazi et al., 2012, 2019; Kolding et al., 2019; Nakiyende et al., 2023). These
species are primarily harvested using artificial light attraction during dark nights (NaFIRRI, 2012a,
2012b, 2021b; Nakiyende et al., 2023), reflecting both their behavioural sensitivity to light and the
adaptive strategies of fishers responding to lunar cues (Hammerschlag et al., 2017; Regular et al.,
2021; Andrzejaczek et al., 2024).

The role of lunar illumination as a fundamental driver of spatial-temporal catch patterns has
been well documented in both marine and inland SPS fisheries (Demirci & Simsek, 2025; Arimoto,
2013; Nguyen & Winger, 2019). Moonlight influences vertical migration and aggregation, thereby

directly shaping the efficiency of light-attraction gears. During darker lunar phases, reduced
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illumination enhances the effectiveness of artificial lights in concentrating and aggregating fish near
the surface, while brighter full moons disperse schools and reduce catchability (Pulver, 2017; Nhat et
al., 2023). Fishers exploit these ecological windows by deploying artificial illumination sources such
as solar lamps, kerosene lamps, or other devices to attract fish, which are subsequently harvested with
small seine or lampara nets (Nightingale et al., 2006; Becker et al., 2013).

On Lake Albert, the light-based SPS fishery is characterized by distinct vessel types,
propulsion systems, lighting technologies, gear configurations, and fishing effort patterns (Table
5.1-1). Two vessel types dominate: the Congo barque (CB) and the Ssese flat-at-one-end (SF) boat,
propelled either by outboard engines or paddles (NaFIRRI, 2021b; Nakiyende et al., 2023b). Fishing
operations rely exclusively on artificial light, primarily solar-powered bulbs (SPB) or kerosene
pressure lamps (KPL). Each vessel typically mounts three to four rafts per vessel, with SPB units
deploying up to 16 bulbs compared to only three lamps for the KPL units (NaFIRRI, 2021b). The
main gear used is a small-seine net (5-6 mm mesh size), with configuration varying by vessel
propulsion and lighting technology (Mbabazi et al., 2012, 2019; Nakiyende et al., 2023b).

Table 5.1-1. Operational characteristics of small pelagic light-based fishing effort indicators on the
Uganda side of Lake Albert. Source: Frame Survey Technical Report (NaFIRRI, 2018; 2021b). SPB
= Solar powered bulbs, KPL = Kerosene lamps, SS = small seine nets.

Fishery Characteristic Variable Measure

Fishing Vessel Congo barque, Ssese flat-at-one-end
Propulsion Mode Outboard engine, Paddles, Towed
Fishing Light SPB (Solar-powered bulbs), KPL (Kerosene lamps)
No. of Rafts per Vessel 3-4

No. of Lights per Raft SPB: 3-4 bulbs; KPL: 1 lamp

No. of Lights per Vessel Range from 3 (KPL) to 16 (SPB)
Fishing Gear Small Seine (SS)

Mesh Size (mm) 5mm -6 mm

Average Number of SS Panels per Vessel — 7-12

Range of SS Panels per Vessel 4-20

Crew per Vessel 3

Fishing Days per Month 21 (up to 30 for some SF-SPB units)

SPS fishing effort on Lake Albert, like many African Great Lakes (AGLS) such as Lakes

Victoria, Tanganyika, Malawi, and Kivu is optimized during dark moon nights (Mgana et al., 2019;
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LVFO, 2022, Nakiyende et al., 2023b), with some fishers withdrawing their gears during full moon
nights. However, others continue operating across all moon phases, provided weather conditions
permit (Nakiyende et al., 2025). Concerns have been raised about the continuous fishing, particularly
among fishers targeting large-bodied species fishers, who argue that uninterrupted SPS harvest
elevates bycatch of large, especially during full moon months. They further contend that this practice
conflicts the traditional fishing norms in which light fishing was restricted to approximately three
weeks of dark nights, with full moon periods reserved for alternative livelihood activities such as
farming. Such rotational practice is reported historically to have facilitated stock recovery, reduced
inter-group conflicts, and promoted harmony between SPS and large-bodied fisheries (personal
comm.).

Despite their ecological and economic importance, the population dynamics and catch patterns
of SPS in Lake Albert remain underexplored, particularly in relation to lunar cycles and artificial
lighting. Research on this lake has historically focussed on large-bodied commercial species such as
Lates niloticus, Alestes baremoze, Hydrocynus forskahlii, and Bagrus bajad (Mbabazi et al., 2012;
Nakiyende et al., 2013; Matunguru et al., 2023). In contrast, SPS—though they now dominate catches
and likely contribute most of the pelagic biomass, have received comparatively little scientific
attention (Efitre et al., 2023). Existing knowledge on the two dominant SPS (Engraulicypris bredoi
and Brycinus nurse) in Lake Albert is limited to assessments of their catch, effort, and partially
population structure (Namboozo, 2008, Nakiyende et al., 2023a, 2023b, 2025), with vital ecological
aspects such as lunar-species interactions, behavioural dynamics, and spatial-temporal variability
remaining poorly understood.

Understanding these dynamics is essential for developing sustainable management strategies,
including effort regulation, seasonal closures, and spatial planning (Poisson et al., 2010; Chakraborty,
2020; Jose et al., 2022; Cerim et al., 2023). This study uses Lake Albert as a case study to investigate
lunar-driven dynamics in a tropical inland SPS fishery, while situating the results in the broader
context of artisanal light-based fisheries across similar AGLs ecosystems and beyond. By doing so,
the study contributes to the design of adaptive, ecosystem-based management strategies that can
simultaneously support food security, sustain livelihoods, and mitigate risks of overexploitation in
data-limited fisheries. More broadly, insights into the interplay between lunar periodicity, fishing

technology, and SPS behaviour are increasingly relevant for the AGLs such as Victoria, Tanganyika,
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Kivu, and Malawi, where light-based SPS fisheries form the backbone of production, but management
faces persistent challenges (Guillard et al., 2012; Kolding et al., 2019; Mbabazi et al., 2012; Mgana
et al., 2019; Nakiyende et al., 2023a, 2023b, 2025).

5.2. MATERIALS AND METHODS

5.2.1. Study area

The study was conducted in the Ugandan sector of Lake Albert (see Figure 1.7-1), an area
renowned for its intensive light-based fishery targeting E. bredoi and B. nurse (Mbabazi et al., 2012;
NELSAP, 2019; Nakiyende et al., 2023a; 2023b). A multi-method sampling design incorporating
hydroacoustic surveys, geospatial surveys, and Catch Assessment Surveys (CASs) was employed to
characterize the spatial-temporal dynamics of these SPS (Creswell and Tashakkori, 2007; Creswell,
2014; LVFO, 2019). Lake Albert’s habitats were classified based on Hamilton et al. (2022) into:
shallow inshore (<20 meters deep), mid-shore coastal (20-40 meters deep), deep offshore (>40 meters
deep), and lagoons, bays, and river inlets.

To capture spatial heterogeneity, the lake was stratified into three zones (northern, central and

southern) consistent with previous assessments from 2007 — 2021 (NaFIRRI, 2021a).

1. Northern region: Pakwach and Buliisa districts (Murchison Nile-Delta to River Waaki)

2. Central region: Including Hoima and Kikuube districts (River Waaki to Nkondo)

3. Southern region: Encompassing Kagadi and Ntoroko districts (Nkondo to River Semiliki)
Historical datasets (2007-2022) on fishing effort and catch landings were also integrated to provide

temporal depth.

5.2.2. Acoustic survey for mapping species abundance and distribution

A lake-wide acoustic survey was conducted in September 2021, covering ~2850 km? of the
Ugandan waters of Lake Albert (Figure 5.2-1). Transects were systematically laid across three regions
and stratified by depth class: inshore (<20 meters), coastal/mid-water (20-40 meters), and deep
offshore (>40 meters) (Hamilton et al., 2022). Data were collected aboard a twin-engine (40 & 75 HP)
survey vessel operating at an average cruising speed of nine knots.

The survey vessel was equipped with a Simrad EK80 WBT split-beam echo-sounder system
operating at 120 kHz mounted 1 meter below the water surface. Calibration was conducted using a

38.1 mm tungsten carbide sphere (TS -38.1 dB) in calm inshore waters near Kaiso landing site using
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standard calibration split-beam protocol (Foote et al., 1987). Acoustic data collection followed LVFO
hydroacoustic protocols (LVFO, 2022), and surveys were conducted between 0800 and 1800 hours.

Parallel transects were spaced at 5-kilometre intervals. Fish targets were categorized by size as small

pelagics (<13 cm TL) and large-bodied fish (>13 cm TL).
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Figure 5.2-1. Acoustic cruise tracks and catch assessment survey sites sampled for data collection on

Lake Albert, Uganda.
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5.2.3. Geospatial surveys of fishing effort distribution

To assess fishing effort distribution and vessel deployment, geospatial surveys were
undertaken during new moon (total darkness) and full moon (maximum brightness) periods. Three
field teams used GPS units to geo-reference active light-fishing units (rafts) observed at night across
the lake. Effort data were supplemented with Frame Survey records from 2007—-2019 and CAS records
from NaFIRRI between 2007 and 2021 (Mbabazi et al., 2012; NaFIRRI, 2021a). Light-fishing
technologies, including solar lamps, kerosene lanterns, and lampara nets, were documented in relation

to depth strata and moon phases.

5.2.4. Catch Assessment Surveys of artisanal catches

CASs were conducted at six strategically selected landing sites (Figure 1.7-1), two per region,
based on documented SPS activity (NaFIRRI, 2021b): North (Dei and Walukuba), Central (Runga
and Kaiso), and South (Nsonga and Songarawo). Monthly CASs were carried out between September
2019 and August 2022, with a COVID-19 related suspension between September 2020 and July 2021.
Data collection followed LVFO (2019) protocols. At each site, 30 randomly selected boats were
sampled per day over two consecutive days during each lunar phase: New Moon (N), First Quarter
(Q), Full Moon (F), and Third Quarter (T). Trained enumerators recruited from within the landing site
community recorded catch composition (species, volume), gear type, light source, and effort
characteristics. Coordination was enhanced through a dedicated WhatsApp group for real-time
troubleshooting and schedule dissemination (Plate 5.2-1). Moon phase schedules were sourced from

Www.moongiant.com.
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Plate 5.2-1. WhatsApp communication between enumerators and researcher during catch data
collection on Lake Albert, Uganda.

5.3.  Data processing and analysis
5.3.1. Species spatial distribution and abundance using acoustic surveys

Hydroacoustic data were processed and analysed using Echoview version 12.1 (Echoview
Software Pty Ltd, 2021) to estimate the spatial distribution, relative abundance, and biomass indices
of pelagic fish communities. The analysis employed two core methodologies: Echo integration for
small pelagic species and Single Target Analysis (STA) for large-bodied individuals (Kayanda et al
2012, Nyamweya et al. 2023).

Target classification and threshold: Fish echoes were classified based on target strength (TS)
thresholds. A minimum threshold of -50 dB was used to discriminate between small pelagic fishes
and larger-bodied individuals (Kayanda et al., 2012; Taabu-Munyaho et al., 2014; LVFO, 2022).
Echoes with TS < -50 dB were interpreted as small pelagics, and quantified using echo integration,
whereas Echoes with TS > -50 dB were considered single targets representing large-bodied fishes and
were analysed using the Single Target Split Beam Method 2 algorithm, which utilizes split-beam
outputs of both power and angular position to resolve discrete individual echoes (Nyamweya et al.,
2023).

Data filtering and quality control: To ensure analytical rigor, near-surface noise was
minimized by setting a Topline exclusion at 3.9 m depth. Similarly, the Bottomline was set 0.5 m
above the lakebed to exclude bottom dead zones and minimize signal interference (Nyamweya et al.,

2023).
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Spatial segmentation and biomass estimation: The water column was divided into discrete
sampling units known as Elementary Distance Sampling Units (EDSUs), with a vertical resolution of
2 m and a horizontal resolution of 1 km, following established guidelines (Getabu, 2003; Taabu-
Munyaho et al., 2014). Transects shorter than 1 km were weighted proportionally in biomass
estimation to account for reduced spatial coverage.

Backscatter data were integrated within each EDSU to estimate volume backscattering
strength (Sv), which was then converted into fish density estimates using appropriate target strength-
to-length regression equations. This method provided a high-resolution spatial overview of species
distribution and abundance patterns across the surveyed transects, enabling quantification of
biological backscatter and robust biomass indexing of pelagic fish assemblages.

SvSingle targets — TSmean + 10logNTargets - 10logVBeam —23 (1)

The Area Backscattering Coefficient (ABC) for discrete fish targets was derived from volume
backscattering strength values (S,) specific to single targets using a standard logarithmic

transformation as shown in Equation 2 (LVFO, 2022):

ABCsingle targets = 10 Svsingte targes/ 10 (2)

Where: S.

VSingle targets

is the measured volume backscattering strength in decibels (dB re I m—1 m™)

is associated with large-bodied individual fish detections.
Following this, the derived ABC values were scaled to the Nautical Area Backscattering
Coefficient (NASC), a standardized metric used to express backscatter per unit nautical area, using

equation 3:

NASC = 4m * (18522) x ABCsingie targets 3)
Where: NASC is expressed in square meters per nautical mile (m2/nmi?),
1852 represents the meters in one nautical mile, and

47 represents the spherical spreading factor in underwater acoustics.

5.3.2. Echo integration for small pelagic species
Echo integration was performed across defined vertical strata (from the Topline set at 3.9 m

below the surface to the checked bottom line defined as 0.5 m above the substrate (Plate 5.3-1), to
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quantify the backscatter attributed to small pelagic species. The Sv values were extracted for each
EDSU, defined as 2 m vertical x 1 km horizontal segments, and organized by spatial location
(transects and regions). These Sv values represent the intensity of acoustic energy reflected by
aggregations of small pelagic fish.

Conversion to area backscattering coefficient (ABC): The Sv values attributed to small
pelagic fish were converted into the Area Backscattering Coefficient (ABC) using the logarithmic
relationship in Equation 4:

ABCSYnall pelagics = 10(SVSmall pelagics/lo) (4)

Where; S, is the volume backscattering strength in decibels (dB re 1 m—1 m™!).

Small pelagics
Integration across vertical layers: ABC values from all vertical EDSUs within each sampling

transect were summed to estimate total area density per unit horizontal distance, representing the

cumulative backscatter contribution of small pelagic fish within the echo-integration layer.

Scaling to nautical area scattering coefficient (NASC): The integrated ABC values were
scaled to the Nautical Area Scattering Coefficient (NASC) to express acoustic energy per unit nautical
area, a standard metric in fisheries acoustics. NASC, typically expressed in square meters per nautical
mile squared (m?/nmi?), facilitates inter-comparison of fish biomass estimates across space and time.
This process enabled the derivation of quantitative indices of pelagic fish biomass and spatial
distribution across the sampled regions of Lake Albert, providing robust input data for subsequent

density and abundance estimation.

5.3.3. Fishing effort composition and distribution (geospatial analysis)

Geospatial maps illustrating the spatial distribution of SPS light-fishing effort along the
Ugandan shoreline of Lake Albert, as well as the spatial-temporal deployment patterns of fishing
lights during two contrasting lunar phases, new moon (total darkness) and full moon (maximum
illumination), were developed using QGIS Version 3.12 (QGIS Development Team, 2018) and R
software. This geospatial analysis provided a comprehensive visualization of the intensity and

distribution patterns of SPS light-fishing effort across the Ugandan sector of the lake.
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Plate 5.3-1. Echograms illustrating target strength and analysis lines. The top ecogram displays Echo
Integration, with analysis lines referenced to the water surface. The bottom ecogram depicts single

targets, with analysis lines referenced to the echosounder-detected bottom. The coloured legend on

the y-axis represents target strength in decibels (dB).

5.3.4. SPS catch rates across regions, months, and lunar phases
Catch Assessment Survey (CAS) data were used to evaluate the catch performance of the SPS

light fishery. Catch per unit effort (CPUE), specifically for E. bredoi and B. nurse, was computed by
lunar phase, region, and month, and expressed as kilograms per boat per day. The CPUE calculations
followed standard formulas prescribed in LVFO (2019).

e CPUE (kg boat™ day™) for each species s by region r was calculated as:

C
CPUE, = % (5)

s,T
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Where Cs is the total catch (kg) of species s in the region r, E is the total effort (number of boats)
contributing to the total catch in the region.

e CPUE (kg boat-1 day-1) for each species in each sampled in the month (m) was calculated as:

Cs
CPUEs; = == (6)

N

Where Cs is total catch (kg) of species s from all boats sampled, Es is total number of boats

contributing to the total catch.

e CPUE (kg boat day™) for each species in each moon phase mp was calculated as:

N

C
CPUEsmp = ==

N

()

Note: Samples from landing sites sampled in the region were pooled to estimate regional CPUE, while

CPUEs by month and moon phase were based on samples from all sampled sites.

5.3.5. Estimation of monthly and annual total catch

The total monthly catch (t) for each study species by sampled month m was calculated as:

Cigsm = CPUEsm.Xygs.BACygm . ADygm (8)

Where; Cyg4m = Catch of species, X;,; <= Number of boats targeting species, AD,,, ., = Active days
fished in a month, BAC,,, ,,, = Boat activity coefficient, s = Species, m = Month, vg = vessel-gear types
(boats).

The Boat Activity Coefficient (BAC) quantifies the likelihood that a specific vessel-gear (v-g)
type will be active on any given day of the month. It is calculated as the mean number of days boats
in each effort group fished in a week divided by the number of days in a week multiplied by 30 days
in a month.

The total annual catch (t) for each species was calculated as the sum of the monthly catch for

all sampled months within a year, expressed as:
Cs,y = ng Zm Zy Cég,s,m (9)
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To account for annual variation, data were analyzed separately for each year, allowing
identification of inter-annual trends in catch composition, catch per unit effort (CPUE), and species

abundance.

5.3.6. Estimation of annual Gross Value of Production (GVP) of SPS in Lake Albert

The GVP of fresh fish for each species determined at the beach level was calculated by
multiplying the average price per kilogram of fresh fish of the species by the total catch weight in the
year (Equation 6).

GVP = Cyyy . By (10)

Where P,

g.5,y 1S the species mean price for vessel gear vg, during year y.

Results of annual catches and gross value of production from this study were compared with those

reported in previous studies (NaFIRRI, 2021a) to identify temporal trends.

5.4.  Statistical analysis of catch rates

To assess spatial variation in SPS catch rates, a two-way Analysis of Variance (ANOVA) was
conducted to determine whether mean catch per unit effort (CPUE) differed significantly among the
sampled regions. Where significant differences were detected, a post-hoc Tukey’s Honestly
Significant Difference (HSD) test was applied to identify specific pairwise regional differences. To
evaluate temporal variation, a two-way ANOVA was used to examine the effects of sampling month
and year on CPUE. This allowed for the assessment of both individual and interactive effects of
temporal factors on catch rates. Independent sample t-tests were performed to compare mean CPUE
for each target species (E. bredoi and B. nurse) between different vessel propulsion types (i.e.,
outboard engines versus paddles).

All statistical analyses were conducted using R version 4.3.2 (R Core Team, 2023). Spatial
analyses, including the development of effort distribution maps and survey transects, were performed
using QGIS version 3.12 (QGIS Development Team, 2018).

55. RESULTS

5.5.1. Spatial distribution of light-based fishing effort across landing sites on Lake Albert.
Analysis of 2021 Frame Survey data identified 78 landing sites along the Ugandan shoreline

of Lake Albert (Figure 5.5-1), all of which supported light fishing activities, primarily targeting the

small pelagic species E. bredoi and B. nurse. Of the 9760 fishing boats recorded lake-wide,
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approximately 40% (3904 boats) were engaged in light-based fishing for SPS. Fishing effort exhibited
a geographically skewed distribution, with the central region harbouring the highest concentration
(Figure 5.5-1). Specifically, the central region accounted for 46.6% of landing sites, followed by the
northern (32.9%) and southern (20.5%) regions. This pattern was also reflected in the distribution of
fishing boats, with 52% (5,075 boats) located in the central region, compared to 24.7% in the north
and 23.3% in the south. Similarly, of the 14,000 fishers recorded in 2021, 58% operated in the central

region, while the northern and southern regions accounted for 24% and 18%, respectively.
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Figure 5.5-1. Geospatial distribution of fishing effort along the Ugandan shoreline of Lake Albert
based on the 2021 Frame Survey. Red circles indicate the number of boats per landing site. Black

circles denote Catch Assessment Survey (CAS) landing sites used for monthly data collection in this

study.
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5.5.2. Temporal variation in light-based small-pelagic species catch, effort, and GVP (2007-

2022).

Annual catch data from 2007 to 2022 revealed consistently higher landings of Engraulicypris
bredoi compared to Brycinus nurse in the Ugandan waters of Lake Albert (Table 5.5-1). The catch of
E. bredoi rose sharply from 34,665 tonnes in 2007 to a peak of 154,463 tonnes in 2020, before
declining moderately to 74,060 tonnes by 2022 (Table 5.5-1). In contrast, catches of B. nurse declined
steadily over the same period, falling from 116,702 tonnes in 2007 to 28,002 tonnes in 2022 (Table
5.5-1). Gross Value of Production (GVP) followed as similar trajectory to the catch trends, increasing
from USD 35.16 billion in 2007 to a peak of USD 299.8 billion in 2020, largely driven by a surge in
E. bredoi landings. This was followed by a further decline to USD 161.4 billion in 2022, coinciding
with a reduction catch and a contraction in fishing effort (Table 5.5-1). Fishing effort, measured by
the number of boats targeting small-pelagic species (SPS), increased steadily from 1,619 in 2007 to a
peak of 3,200 in 2019-2020. However, a sharp reduction occurred in 2021, with active SPS fishing
boats declining by 41.7% to 1,867 (Table 5.5-1).

Table 5.5-1. Temporal trends in catch (tonnes), fishing effort (number of boats), and Gross Value of
Production (USD billions) for Engraulicypris bredoi and Brycinus nurse in the Ugandan waters of
Lake Albert from 2007 to 2022. Source: national reports (Mbabazi et al., 2012; NaFIRRI, 2007;
Nakiyende et al., 2023b), and estimates from current. Exchange rates were derived from Bank of

Uganda.

Period Effort Catch (tonnes) Gross Value Source of Data
of Production
Year No. of Boats E.bredoi B.nurse Total GVP (USD)

2007 1,619 34,665 116,702 151,367 35,160 NaFIRRI, 2007
2012 2,303 78,042 50,905 128,947 47,862 Mbabazi et al, 2012
2013 2,673 101,048 31,832 132,880 95,568 NaFIRRI, 2014
2014 3,043 34,096 13,795 47,891 26,066 NaFIRRI, 2014
2019 3,200 121,106 67,332 188,437 198,280 NaFIRRI, 2019
2019 3,200 97,699 28,780 126,479 160,279 Current study

2020 3,200 154,463 92,181 246,644 229,777 NaFIRRI, 2021a
2020 3,200 129,540 31,195 160,735 207,644 Current study

2021 1,867 84,158 49,589 133,747 189,397 Current study

2022 1,867 74,060 28,002 102,062 161,398 Current study
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The presence of two datasets for 2019 and 2020 reflects differences in data sources and
estimation approaches, as clarified in the final column of Table 5.5-1. The first estimates are derived
from NaFIRRI national fisheries statistical reports, which are based on conventional Catch
Assessment Survey (CAS) procedures without explicit consideration of lunar periodicity. The second
estimates are generated from the current study, which incorporated lunar phase effects into catch
estimation. Presenting both datasets illustrate how methodological differences, particularly the
inclusion or exclusion of lunar cycles, can influence catch and production estimates, thereby

highlighting variability between standard reporting approaches and refined analytical methods.

5.5.3. Temporal trends in fishing effort indicators on Lake Albert

Figure 5.5-2 illustrates temporal changes in key fishing effort indicators on the Ugandan side
of Lake Albert between 2007 and 2021, namely the number of fishing boats, gears used, and fishers.
A general increase was observed across most indicators between 2007 and 2018, followed by a notable
decline in 2021 (Figure 5.5-2). Specifically, the number of fishing boats, fishers, and small seine nets
rose sharply up to 2018, then declined significantly by 2021. Basket traps showed a steady increase
throughout the entire period. In contrast, the use of gillnets and associated boats increased modestly
from 2007 to 2012, then declined gradually through 2021. Longline hooks and their associated boats
exhibited a unique pattern: initially declining sharply between 2007 and 2012, rebounding in 2016,
and stabilizing thereafter. Similar trends were observed for monofilaments and beach seines, which

peaked in 2018 before decreasing in the 2021 survey.
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Figure 5.5-2. Temporal trends in key fishing effort indicators on the Ugandan side of Lake Albert
from 2007 to 2021. Sourced from national Frame Survey reports from 2007 — 2021 (NaFIRRI, 2021b).

5.5.4. Spatial-temporal distribution of fishing lights during new and full-moon phases.

The spatial and temporal distribution of fishing lights exhibited clear distinctions between new
(dark) and full (bright) moon phases (Figure 5.5-3). Fishing activity indicated by the presence of
fishing lights, was substantially higher during the new moon, averaging eight boats per square
kilometre, compared to three boats per square kilometre during the full moon. During the full moon,
fishing lights were predominantly concentrated in shallow inshore areas near the shoreline. In contrast,
during the new moon, fishing lights were more broadly and evenly distributed across the lake,
including deeper offshore zones. Notably, the spatial extent of fishing lights encompassed the entire
Uganda portion of Lake Albert, with some lights detected beyond the international boundary into the
Democratic Republic of the Congo (DRC), where light fishing is prohibited.
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Figure 5.5-3. Spatial-temporal distribution of fishing lights in the Ugandan waters of Lake Albert

during the dark (black) and full (yellow) moon phases. Data were acquired in September 2020.

5.5.5. Catch Rates (kg/boat/day) of target species across lunar phases.

The analysis of catch rates across lunar phases revealed a distinct and statistically significant
influence of moonlight on the catchability of both Brycinus nurse and Engraulicypris bredoi (Figure
5.5-4). For B. nurse, the mean catch rate was highest during the New Moon (124.82 + 2.21
kg/boat/day) and lowest during the Full Moon (92.34 + 2.30 kg/boat/day). Catch rates showed a
consistent decline from the New Moon through the First and Third Quarter phases, indicating a strong

negative correlation with increasing moonlight.

A similar pattern was observed for E. bredoi, with the highest mean catch rate during the New
Moon (157.61 + 1.60 kg/boat/day) and the lowest during the Full Moon (111.97 £ 1.84 kg/boat/day).
A two-way ANOVA confirmed that lunar phase had a highly significant effect on catch rates for both
species (p < 0.001). Post-hoc comparisons further revealed that the differences between New Moon
and Full Moon catch rates were highly significant for both B. nurse and E. bredoi (p < 0.001).
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Additionally, E. bredoi consistently exhibited significantly higher catch rates than B. nurse across all

lunar phases (p < 0.001).
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Figure 5.5-4. Variation of catch rates (kg/boat/day) for B. nurse and E. bredoi across lunar phases.
Error bars represent the standard error. N = New moon, Q = First quarter, F = Full moon, T = Third

quarter.

5.5.6. Mean catch rates (kg/boat/day) of common bycatch species in SPS catches across lunar
phases.

The mean catch-per-unit-effort (CPUE) of common bycatch species recorded with SPS fishing
operations varied considerably across lunar phases and light types (Figure 5.5-5). Generally, lower
catch rates were observed during the full moon phase; however, species- and light-source-specific
exceptions occurred. For example, Lates niloticus caught using kerosene pressure lamps (KPL)
recorded its lowest mean catch rates during the first quarter moon phase (0.80 & 0.09 kg/boat/day). In
contrast, A. baremoze exhibited peak catch rates during the third quarter moon, with
0.79 + 0.09 kg/boat/day under KPL and a significantly higher CPUE of 8.50 + 1.28 kg/boat/day under

solar-powered bulbs (SPB). Hydrocynus forskahlii showed the highest catch rates during the first
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quarter moon when using SPB (3.53 + 0.71 kg/boat/day), and during the new moon when using KPL
(2.29 £ 0.25 kg/boat/day).
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Figure 5.5-5. Mean catch rates (kg/boat/day + SE) of common bycatch species associated with SPS
fishing operations on Lake Albert, Uganda, across lunar phases and light types (KPL = kerosene
pressure lamps; SPB = solar-powered bulbs). The “Others” category comprises Bagrus bajad, Barbus
bynnii, Clarias gariepinus, Citharinus niloticus, Distichodus niloticus, Malapterurus electricus,

Polypterus senegalis, Mormyrus spp., Labeo spp., Schilbe spp., and Haplochromines.

5.5.7. Spatial and lunar variations in catch rates (kg/boat/day) of Brycinus nurse and

Engraulicypris bredoi.

Catch rates of both B. nurse and E. bredoi were significantly influenced by moon phase and
region (Figure 5.5-6). For B. nurse, the effect of moon phase was statistically significant (F = 3.51, p
< 0.05), although less pronounced than the regional effect (F = 1020.67, p < 0.0001). There was no
significant interaction between moon phase and region (F = 1.58, p > 0.05). Post-hoc analysis revealed
that catch rates for B. nurse were significantly higher during the New Moon and Third Quarter phases
compared to the Full Moon (mean difference = 1.59 kg/boat/day, p < 0.05). Although catch rates
during the First Quarter were also higher than those of the Full Moon, the difference was not
statistically significant (p > 0.05). No other lunar phase pairwise comparisons showed significant

differences (p > 0.05). However, all regional pairwise comparisons were statistically significant (p <
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0.001), with the Northern region consistently recording the highest catch rates, followed by the
Southern and Central regions.

For E. bredoi, catch rates were significantly influenced by moon phase (F = 110.38, p <
0.0001), region (F = 767.65, p < 0.0001), and their interaction (F = 7.54, p < 0.0001). Post-hoc tests
revealed region-specific lunar effects. In the Northern region, catch rates during the New Moon were
significantly higher than during the Full Moon (P < 0.0001). In contrast, this difference was not
significant in the Southern region (P > 0.05). Further analysis showed that during the Full Moon and
Third Quarter phases, catch rates in the Northern region were significantly lower than those in the
Central region (P < 0.0001). Notably, catch rates during the New Moon were higher in the Central
region than during the Full Moon, but the opposite was observed in the Northern region (Figure 5.5-6).
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Figure 5.5-6. Mean catch rates (kg/boat/day + SE) of Engraulicypris bredoi and Brycinus nurse
across regions of the Ugandan side of Lake Albert, categorized by moon phase. Moon phases are
abbreviated as follows: F = Full moon, N = New moon, Q = First Quarter moon, and T = Third Quarter

moon.
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5.5.8. Temporal variability in catch rates of Engraulicypris bredoi and Brycinus nurse across
months.

Monthly catch rates (kg/boat/day) of E. bredoi and B. nurse exhibited clear seasonal
fluctuations across both sampling periods (2019-2020 and 2021-2022), as shown in Figure 5.5-7.
Catch rates of both varied significantly across months in both years (p < 0.05), with pronounced
declines observed between March and June of 2019-2020, and between June and October for the
2021/2022 period (Figure 5.5-7). However, mean annual catch rates did not differ between the two
years (B. nurse: F =1.6387, DF = 1, p > 0.05; E. bredoi: F =0.2417, DF = 1, p > 0.05).
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Figure 5.5-7. Monthly variation in mean catch rates (kg/boat/day +SE) of Engraulicypris bredoi and
Brycinus nurse on the Ugandan side of Lake Albert for the 2019/2020 and 2021/2022 sampling

periods.
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5.5.9. Influence of fishing duration on catch rates of Engraulicypris bredoi and Brycinus nurse.

Fishing duration had a pronounced and species-specific influence on catch-per-unit-effort
(CPUE) for both E. bredoi and B. nurse (Figure 5.5-8). For E. bredoi, catch rates increased sharply
with longer fishing durations, peaking between 6 to 8 hours at approximately 115 kg/boat/day. Beyond
8 hours, a gradual decline in CPUE was observed, although catch rates remained relatively high until
the 10th hour before declining more steeply toward the 12th hour.

In contrast, B. nurse exhibited relatively low and stable catch rates across most fishing
durations, with no clear peak. CPUE values ranged between 5-15 kg/boat/day for durations from 2 to
11 hours, indicating a weak relationship between fishing duration and catch rate. However, slightly
elevated catch rates were recorded at 1 and 12 hours, though variability was high, as shown by larger
error bars. Statistical analysis confirmed a significant effect of fishing duration on CPUE for E. bredoi
(DF =11, F=19.936, p < 0.001), whereas B. nurse showed no statistically significant variation across
hours fished (DF = 11, F = 17.572, p > 0.05).
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Figure 5.5-8. Variation in mean catch rates (kg/boat/day +SE) of Engraulicypris bredoi (black
triangles, dashed line) and Brycinus nurse (blue circles, dotted line) in relation to hours fished per
night on Lake Albert, Uganda.

5.5.10. Variation in mean catch rates (kg/boat/day) by vessel propulsion mode

Mean catch rates of Engraulicypris bredoi and Brycinus nurse varied significantly with vessel
propulsion mode (Table 5.5-2). For E. bredoi, outboard-powered boats recorded a significantly higher
mean catch rate (172.2 = 1.4 kg/boat/day) compared to paddle-powered boats (108.8 + 3.05
kg/boat/day; t = 18.84, DF = 1289.6, p < 0.001). A similar trend was observed for B. nurse, with
outboard-powered boats yielding 109.45 + 1.2 kg/boat/day compared to 77.6 = 9.1 kg/boat/day for
paddle-powered vessels (t = 3.47, DF = 212.1, p < 0.001).
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Table 5.5-2. Mean catch-per-unit-effort (kg/boat/day) for E. bredoi and B. nurse, disaggregated by
vessel propulsion mode. Statistical comparisons were made using Welch’s t-test to account for

unequal variances.

Species Propulsion Mode Mean Catch Rate  t-value DF p-value
(kg/boat/day) = SE

Engraulicypris bredoi  Outboard Engine  172.2+1.4 18.837 1290 <0.001

Engraulicypris bredoi  Paddle-powered 108.8 £ 3.05

Brycinus nurse Outboard Engine  109.45+ 1.2 3.47 212.1 0.0006

Brycinus nurse Paddle-powered 776+9.1

5.5.11. Species spatial abundance and distribution (acoustic biological backscatter) across lake
regions).

The total mean biological backscatter (abundance) across all surveyed regions, expressed as
the Nautical Area Scattering Coefficient (NASC), was estimated at 4664 m?-n.mi 2. Among the three
lake regions, the Southern region recorded the highest abundance, while the Northern region had the
lowest (Table 5.5-3). Small pelagics accounted for the majority of the total biological backscatter,
with a mean NASC of 3822 m?-n.mi2, representing approximately 81.9% of the total. The South
Coastal stratum contributed the highest share of this abundance at 1068 m?-n.mi2 (22.9%), followed
by the Central Deep stratum with 584.8 m?-n.mi 2 (12.5%), while the South Inshore had the lowest at
83.2 m?n.mi 2 (1.8%).

Single targets (indicative of larger-bodied fish) contributed 842.3 m2-n.mi 2, accounting for
18.1% of the total backscatter. Again, the South Coastal stratum recorded the highest abundance of
single target (395.17 m?-n.mi 2; 8.5%), while the South Inshore had the lowest (16.52 m?-n.mi2; 0.4%)
(Table 5.5-3). Overall, deeper strata tended to support higher fish abundance, except in the southern

region, where the coastal exhibited greater abundance than the adjacent inshore zone.

Table 5.5-3. Mean Nautical Area Scattering Coefficient (NASC + SE) across lake strata, estimated
from hydroacoustic backscatter data collected in Lake Albert, Uganda, in September 2021. Estimates
are presented for: (i) all scatter (total backscatter), (ii) large-bodied fish (single targets), and (iii) small

pelagic species (SPS) based on echo integration.

Region/Stratum Total Backscatter Single Targets Small Pelagic Species

Mean Low Upper n  Mean Low Upper n Mean Low Upper n

Central Coastal  665.7 532.7 8117 161 131.3 89.1 1852 144 566.1 4541 6919 144
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Central Deep 748.7 6229 877.6 183 1115 89.6 1358 179 584.8 4947 682.7 179
Central Inshore  236.2 1420 355.0 27 614 137 1481 18 2274 1166 380.1 18
North Coastal 2128 176.1 250.1 50 275 19.0 36.6 44 1912 1578 226.31 44
North Deep 4383 3176 589.6 61 64.6 436 91.0 60 3544 2557 4810 60
North Inshore 2435 1950 2973 75 731 468 1166 66 166.7 1416 1941 66
South Coastal 1417 1081.4 1804.4 116 283.8 201.8 376.3 112 1068.0 831.1 1337.7 112
South Deep 6289 3629 999.7 27 771 206 1743 24 5796 3541 8573 24
South Inshore 2.7 58.6 877 76 119 6.7 18.0 38 83.2 63.3 1049 38
Subtotal 4664 3489.1 6073 842.3 529.2 1263.1 3822 2868.9 4956.2

5.6. DISCUSSION
5.6.1. Spatial-temporal dynamics of light-based SPS fisheries on Lake Albert.

The Lake Albert fishery supports a diverse assemblage of both selective and non-selective
fishing gears targeting a range of species, including small-bodied pelagic and large-bodied fishes
(Mbabazi et al., 2012; Nakiyende et al., 2013; 2023a; 2023b). The SPS fishery, dominated by E. bredoi
and B. nurse, primarily relies on artificial light attraction in combination with small seine (Lampara)
nets, a method widely applied across AGLs including Victoria, Malawi, and Tanganyika (Kolding et
al., 2019; Mgana et al., 2019; LVFO, 2020; Wandera, 1990). Similar reliance on light-based pelagic
fisheries is also seen globally, in systems as diverse as Southeast Asian reservoirs, Mediterranean
sardine fisheries, and South American anchoveta fisheries, underscoring the growing economic
dependence on these highly productive but environmentally sensitive resources (Ben-Yami, 1976;
Marchesan et al., 2005).

Since 2007, fishing effort on Lake Albert has markedly increased, evidenced by a rise in the
number of fishing boats, gear units, and fishers, with a notable but temporary decline between 2018
and 2021 following heightened enforcement by the Fisheries Protection Unit (FPU) (NaFIRRI,
2021b). This expansion coincided with a shift in target species from large-bodied fishes such as L.
niloticus, H. forskahlii, A. baremoze, and Oreochromis spp. to small pelagic species, mirroring
broader regional trends where SPS have become increasingly dominant in artisanal and commercial
fisheries (Kolding et al., 2019; Mangeni-Sande et al., 2019; LVFO, 2022). Comparable transitions
have been reported in other inland and coastal systems globally, where overfishing of large-bodied

taxa has been followed by increasing reliance on small, fast-reproducing pelagic species (Allan et al.,
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2005; FAO, 2022). This shift highlights both the ecological resilience and the vulnerability of SPS-

dominated fisheries, particularly where management institutions remain weak.

Spatially, the concentration of light-based SPS fishing effort and catches in the central regions
of Lake Albert likely reflects ecological suitability, combined with proximity to infrastructure and
markets such as Hoima. Variability in CPUE across regions could reflect underlying environmental
heterogeneity (Hamilton et al., 2022). The shallower, vegetated northern and southern areas appeared
preferential for B. nurse, while deeper central areas supported higher abundance of E. bredoi,
consistent with catch records (Mbabazi et al., 2012; Nakiyende et al., 2023b). These species-specific
spatial niches mirror observations from Lake Tanganyika, Lake Victoria, and other tropical lakes
where depth and habitat structure influence pelagic distributions and catchability (Mulimbwa et al.,
2014; Mgana et al., 2019).

Catch rate patterns across fishing duration highlight species-specific behavioural responses to
light attraction. For E. bredoi, catch rates rose sharply to peak after 6-8 hours of illumination before
declining, suggesting a relatively narrow optimal harvest window, possibly due to light saturation or
avoidance behaviour. B. nurse, by contrast, maintained lower but steadier catch rates across the fishing
night, indicative of weaker phototaxis or greater avoidance of illuminated zones. These dynamics,
observed in other SPS such as Stolothrissa tanganicae and Rastrineobola argentea, emphasize the
need to align fishing schedules with behavioural ecology to optimize effort and minimize waste
(Wandera & Balirwa, 2010; Mgana et al., 2019).

5.6.2. Influence of lunar cycles on light-based SPS fisheries

Fishing activity and catch rates for E. bredoi and B. nurse peaked during dark moon phases,
when low ambient light enhanced the effectiveness of artificial illumination (Bassi et al., 2022;
Czarnecka et al., 2019). Conversely, full moon periods reduced catch rates and shifted effort toward
inshore areas, consistent with classical observations of phototactic schooling fishes (Blaxter & Parrish,
1965; Pavlov & Kasumyan, 2000). Similar lunar effects have been documented in pelagic fisheries
globally—from sardines in the Mediterranean to anchovies in Southeast Asia—where moonlight
modulates catchability, fishing effort, and fleet dynamics (Marchesan et al., 2005; Lowry et al., 2007;
Poisson et al., 2010).
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The higher CPUE of E. bredoi during dark phases suggests greater vulnerability or catchability
relative to B. nurse. Such lunar-driven catchability cycles have management implications beyond Lake
Albert. In several global small pelagic fisheries, effort adjustments aligned with lunar phases have
been used to create de facto fishing refuges and stabilize catch fluctuations (Pulver, 2017;
Andrzejaczek et al., 2024). For Lake Albert, this presents an opportunity to apply biologically
informed temporal management, such as instituting fishing holidays during full moon phases when

catchability is low and economic returns are marginal.

5.6.3. Acoustic insights and multi-species dynamics

Hydroacoustic surveys confirmed the dominance of SPS, which comprised ~80% of total
biological backscatter (NASC), consistent with artisanal catch data where E. bredoi and B. nurse
contribute ~70% of annual landings (Mbabazi et al., 2012; 2019; Nakiyende et al., 2013, 2023a;
2023b). The remaining acoustic signal is plausibly linked to large-bodied species (L. niloticus, A.
baremoze, H. forskahlii, Oreochromis spp.), which persist in the fishery but at reduced levels.
Comparable acoustic dominance of SPS has been reported in other AGLs and in marine upwelling
systems (e.g., Peruvian anchoveta), reinforcing their ecological centrality in energy transfer and food
web support (Kolding et al., 2019; FAO, 2022). The lack of species-specific target strength data,
however, constrains biomass precision—a limitation echoed in regional acoustic monitoring programs
(Mgana et al., 2019). Addressing this knowledge gap through coordinated research would improve

accuracy of stock assessments across AGLs and similar pelagic systems globally.

5.6.4. Management implications and transboundary coordination

Findings underscore the urgent need for adaptive management of Lake Albert’s SPS fishery,
particularly given its transboundary nature and shared resource base with the Democratic Republic of
Congo (DRC). Regional experiences from Lakes Victoria and Tanganyika demonstrate that
uncoordinated exploitation of highly mobile pelagic stocks can accelerate resource depletion and fuel
cross-border conflicts (LVFO, 2020; Mulimbwa et al., 2014). Coordinated regulations between
Uganda and DRC—such as joint lunar-based effort controls restricting light fishing to dark moon
periods (approximately 21 nights per month)—could reduce pressure while delivering cost savings to

fishers. Similar low-cost, calendar-based management strategies have been employed in Asian and
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South American small pelagic fisheries, yielding both ecological and socio-economic benefits (Das et
al., 2015; FAO, 2022).

The significant interaction between lunar phase and fishing region for E. bredoi highlights the
influence of local limnology and behavioural plasticity on catch dynamics (Libini & Khan, 2012;
Nirmal et al., 2017). Such complexity is not unique to Lake Albert; in Lake Tanganyika and Lake
Malawi, upwelling, diel vertical migration, and lunar cycles jointly shape SPS distribution and
catchability (Mulimbwa et al., 2014; Mgana et al., 2019). Globally, similar spatiotemporal interactions
have necessitated regionally nuanced, behaviourally informed strategies that couple gear regulation,
effort limitation, and seasonal or lunar-based closures. For Lake Albert, embedding such approaches
in transboundary frameworks would strengthen resilience, align with international best practice, and

secure the long-term viability of its SPS-dominated fishery.

5.6.5. Broader management implications

The findings from Lake Albert’s light-based SPS fishery highlight management challenges
and opportunities that extend well beyond this single system. Light-based fisheries targeting SPS are
common across tropical inland waters such as Lakes Victoria, Tanganyika, Malawi, Kivu, and
Turkana (Kolding et al., 2019, Mgana, 2019), as well as in coastal marine systems, where lunar cycles
strongly influence catchability and fisher behavior (Nightingale et al., 2006; Nhat et al., 2023).
Understanding how lunar periodicity shapes spatial-temporal catch patterns is therefore critical for
designing harvest regulations that balance efficiency with sustainability in data-limited contexts. For
example, aligning effort regulation and seasonal closures with predictable lunar-driven fluctuations

could simultaneously reduce overexploitation risks and sustain fisher profitability.

More broadly, these insights emphasize the importance of management frameworks that
explicitly account for behavioral ecology and fisher responses to natural cycles (Wilen et al., 2002;
Salas and Gaertner, 2004). This is particularly relevant in small-scale fisheries where monitoring
capacity is limited, but adaptive and low-cost measures, such as lunar-based fishing calendars,
targeted effort caps, or gear restrictions, can be practically implemented. The Lake Albert case study
thus contributes to a growing body of evidence on how artisanal light-based SPS fisheries in tropical

ecosystems can be managed sustainably. Lessons from Lake Albert also resonate with SPS fisheries
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in Asia and South America, where sustainability hinges on integrating behavioral ecology,
technological adoption, and socio-economic dependence into management frameworks (Pauly et al.,
2005; Fréon et al., 2008; Eriksson et al., 2016).

5.7.  Conclusion and Recommendations
5.7.1. Conclusion

This study demonstrates that lunar cycles strongly influence the spatial-temporal dynamics of
the small pelagic species (SPS) fishery in Lake Albert. Catch rates and fishing effort peaked during
dark moon phases and declined under full moon illumination, highlighting the critical role of lunar
periodicity in shaping fishing success. Spatially, Engraulicypris bredoi dominated deeper central
waters, while Brycinus nurse was more prevalent in shallow, vegetated northern and southern zones,
reflecting habitat-specific distributions and fisher preferences linked to market access and operational

feasibility.

These patterns align with observations from other African Great Lakes and tropical small
pelagic fisheries globally, where lunar-driven catchability and habitat partitioning have profound
implications for stock assessment and management. By integrating spatial, temporal, and behavioural
dynamics into management frameworks, this study provides a robust, science-based foundation for
adaptive, ecosystem-based approaches. Importantly, it also underscores the need for regional
cooperation, particularly in transboundary systems like Lake Albert, to harmonize effort controls,
optimize fishing calendars, and ensure the long-term sustainability of SPS, which are increasingly
central to food security and livelihoods across Africa and other tropical inland fisheries.

5.7.2. Recommendations
1. Adopt a lunar-based fishing calendar: Management measures to restrict SPS light-based
fishing to dark moon phases and implement full-moon closures to reduce fishing pressure on
SPS stocks and protect inshore critical habitats should be adopted. This would require revising
the existing Fishing regulation in Uganda’s Fish (Fishing) Rules, 2010.
2. Integrate lunar phases into routine fisheries monitoring protocols such as Catch Assessment
Surveys (CASS) to capture catch variability across lunar cycles, to improve the accuracy of

stock assessments and management decisions.
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3. Strengthen transboundary fisheries governance: Uganda should enhance collaboration with
the Democratic Republic of the Congo (DRC) to harmonize fishing regulations, coordinate
enforcement, and establish joint SPS management frameworks.

4. Advance hydroacoustic survey precision: Future research should incorporate species-specific
target strength data into acoustic assessments to improve biomass estimation and strengthen
fisheries monitoring capacity.

5. Implement long-term SPS monitoring: Support long-term monitoring research on SPS stocks

to enable timely, adaptive management responses to ecological and fishery changes.
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CHAPTER SIX

LIFE-HISTORY TRAITS OF ENGRAULICYPRIS BREDOI AND BRYCINUS
NURSE IN LAKE ALBERT, UGANDA.

CONTEXT

This chapter provides a biological health check of the target species by assessing key
parameters such as size at maturity, growth patterns, and condition factors. The study finds that E.
bredoi and B. nurse currently exhibit resilient population structures with positive allometric growth,
indicating they are well-adapted to the current environmental conditions of Lake Albert. However, a
critical vulnerability is noted for B. nurse, which is frequently captured at sizes smaller than its length
at 50% maturity (Lmso) due to the small mesh sizes used in light fishing. According to life-history
theory, such sustained size-selective mortality could trigger long-term shifts in reproductive strategies,
such as earlier maturation and stunted growth. To safeguard the long-term productivity of these stocks,
the chapter emphasizes the need for gear-selectivity adjustments that align mesh sizes with the

biological maturation schedules of the species.

The detailed chapter is presented as a publishable manuscript under the title “Life-history traits
and population structure of Nurse tetra (Brycinus nurse) and Engraulicypris bredoi in Lake Albert.

Implications for sustainable management.”

ABSTRACT

Understanding life-history traits of fishes is essential for effective fisheries management. This
study determined the size at 50% maturity (Lmso), length-weight relationship (LWR), condition factor
(K), breeding pattern, and population size structure of Brycinus nurse and Engraulicypris bredoi in
Lake Albert, Uganda. Data were collected through experimental fishing and examination of artisanal
catches from February 2021 to June 2022.

Results showed differences in Lmso between species and sexes. Brycinus nurse females
matured at a larger size (60.9 mm) than males (56.8 mm), while E. bredoi females matured at smaller
size (23.9 mm) than males (31.6 mm). Brycinus nurse displayed a tri-modal size structure, while E.
bredoi, maintained consistent size distribution throughout the year. Condition factor calculated for B.
nurse and E. bredoi was 2.2 and 1.2, respectively, suggesting potential health and body shape
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differences. Both species displayed positive allometric growth and year-round breeding, with seasonal
variations. Breeding peaked in June for E. bredoi and between February and March for B. nurse.
Avrtisanal catches (harvested using 5-mm mesh-size nets) revealed a notable prevalence of immature
fish, with B. nurse and E. bredoi averaging 43.5 mm, and 29.8 mm Standard Length (SL) respectively,
compared to 53 mm and 34.3 mm respectively in experimental catches (harvested using 8-mm mesh-
size nets).

These results indicate an overall robust health of stocks of two species studied in Lake Albert.
However, the presence of immature fish in artisanal catches raises concerns over gear size compliance,
highlighting the necessity for strict enforcement of fishing regulations and regular monitoring of the
fish populations to ensure sustainable management practices.

Key words. Artisanal fishery, breeding peak, fisheries management, sexual maturity, sustainable

fishing.

6.1. INTRODUCTION

Understanding the life history traits of fishes is fundamental for effective fisheries
management (Fryxell et al., 2015; Dang and Kienzler, 2019; Geffroy and Wedekind, 2020). These
traits offer valuable insights into population dynamics and responses to fishing pressure and
environmental changes (King and McFarlane, 2003; Chambers and Trippel, 2012; Cailliet, 2015;
Lappalainen et al., 2016). Attributes such as size at maturity, condition, and breeding patterns play
pivotal roles in shaping fish populations and management strategies (Sparre and Venema, 1998;
Cadima, 2003; Haddon, 2011; Newman et al., 2016; Santos et al., 2021; 2022), aiding detection of
fishery-induced changes in stock characteristics (Grabowska and Przybylski, 2015), and providing
insight on how these populations respond to exploitation and environmental pressures (Sharpe and
Hendry, 2009; Devine, 2012; Liang et al., 2014). In heavily exploited fish stocks, changes such as
reduced size at maturity, reduction in egg size and increased fecundity, as well as alteration in sex
ratios are common (Groves et al., 2022), and have been suggested to be a manifestation of fishing

pressure impacts on fish stock (Grabowska and Przybylski, 2015).

Lake Albert, situated within the African Great Lakes network (Salzburger et al., 2014; Thierry

et al., 2015; Hamilton et al., 2022), has a rich history of artisanal fisheries dating centuries back
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(Worthington, 1929; Holden, 1963), initially targeting large-bodied species like Nile perch and Nile
tilapia. However, recent decades have witnessed a significant shift towards small-sized pelagic
species, notably Engraulicypris bredoi and Brycinus nurse (Mbabazi et al., 2012; 2019; Kolding et
al., 2019; Nakiyende et al., 2023), driven by factors such as overfishing of large-bodied species and
changes in climate and environmental conditions (Wandera, 2000; von Sarnowski, 2004, Nakiyende
et al., 2013). Despite the economic importance of these small-sized species, information on their
biological and ecological characteristics are lacking (Wandera and Balirwa, 2010; Mbabazi et al.,
2012; Nakiyende et al., 2023), posing significant risks like over-exploitation (von Sarnowski, 2004)
and stock collapse, as observed in once-dominant large-bodied fish species like Citharinus citharus
(Worthington, 1929; Holden, 1963; Orach-Meza et al., 1989; Cadwalladr and Stoneman, 1966). These
challenges are further compounded by the complexity of the lake's multi-species multi-gear artisanal
fishery (Wandera and Balirwa, 2010; Mbabazi et al., 2012), leading to conflicting interests and
competing resource demands among fishers (Nakiyende et al., 2013; 2023).

The limited knowledge of the life-history attributes of the diverse exploited species in Lake
Albert (Wandera and Balirwa, 2010; Nakiyende et al., 2013; 2023), highlights the critical knowledge
gap that needs to be addressed in order to sustainably manage these stocks. Specifically, the available
information on biological characteristics of E. bredoi and B. nurse is inadequate, scanty, and largely
based on historical studies in other regions (Ita, 1984; Olopade et al, 2020) and simulated models
(Froese et al., 2014; 2017) as summarized in

Table 6.1-1. Engraulicypris bredoi has a narrow distribution range as it is endemic to Lake
Albert (Greenwood, 1966; Wandera and Balirwa, 2010; Riddin et al., 2016). The distribution of B.
nurse extends to other water bodies including lakes Rudolf (Turkana) and Chad, and Rivers Aswa,
Nile, Niger, Gambia, and Senegal (Greenwood, 1966; Bailey, 1994; Getahun, 2007; IUCN, 2022),
however, data on its biological characteristics is scarce. Moreover, both species play a critical role as
prey for larger-bodied predators such as Alestes baremose and Hydrocynus forskahlii (Namulemo et
al., 2008), indicating their ecological significance within the Lake Albert ecosystem. Therefore,
assessing their stocks in relation to their biological characteristics is essential for informed

management decisions (Grabowska and Przybylski, 2015).
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Table 6.1-1. Basic geographical (distribution), biological (life-history traits), and ecological (trophic

levels) information available on Engraulicypris bredoi and Brycinus nurse.

Species E. bredoi Reference B. nurse Reference
Author Poll, 1945 (https://www.fishbase.se  Ruppell, 1832 Olopade et
/summary/11594) al, 2020
Endemism Lake Albert Howes, 1984; Riddinet  None
al., 2016
Environment Freshwater Freshwater
Depth range Benthopelagic ~ Riddin, 2016 Pelagic
Distribution range ~ Tropical Riddin, 2016 Tropical
(Africa) (Africa)
IUCN category Vulnerable IUCN, 2022 Least Concern  IUCN, 2022
(UV)
L_max_historical 45 mm Lévéque and Daget, 25 mm Ita, 1984
1984
L50 Unsexed 35mm (2.6 - (https://www.fishbase.se 89 mm Ita, 1984
4.7 mm) /summary/11594)
L50_Males ?7? ?7?
L50 Females ?7? 7?
Linf ?7? ?7?
K ?7? (0.41-0.92)
Model-based data
Bayesian length- 0.01000 Froese et al., 2014 0.01202 Froese et al.,
weight: a (0.00244 - (0.00929 - 2014
0.04107) 0.01556)
Bayesian length- 3.04 (2.81 - Froese et al., 2014 2.98 (2.93 - Froese et al.,
weight: b 3.27) 3.03) 2014
Phylogenetic 0.5039 (0.5 - Faith, 1992 0.5000 (0.5 -
diversity index 2.0) 2.0)
(PD50)
Trophic level 3.0+0.3se 2.5+ 0.2se
Resilience High Froese et al., 2017 High Froese et al.,
2017
Fishing Low (10 of 100) Cheung et al., 2007 Low to Cheung et
Vulnerability moderate al., 2007

Given the ecological and socio-economic significance of B. nurse and E. bredoi in Lake Albert

(Wandera and Balirwa, 2010; Mbabazi et al., 2012; Kolding et al., 2019), coupled with the unguided
exploitation of these two stocks (Nakiyende et al., 2023), the implementation of sustainable

management measures that balance conservation, whilst maximizing economic benefits as enshrined
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in FAO (1995) and Uganda’s third national development plan (NDP III, 2020) has become crucial.
This study aims to bridge the knowledge gaps regarding the life-history attributes of E. bredoi and B.
nurse in Lake Albert, focusing on key parameters outlined above, essential for informed management

decisions.

6.2. MATERIALS AND METHODS

6.2.1. Study area and sampling procedure

The primary focus of the study was on the Uganda part of Lake Albert (Figure 6.2-1), where
fishing using lights is permitted in accordance with the Fish (Fishing) Rules, 2010. Samples of E.
bredoi and B. nurse were collected through a combination of experimental fishing and examination

of artisanal catches landed by fishers in this region of Lake Albert.

6.2.2. Experimental fishing

Experimental sampling was conducted from February 2021 to June 2022, encompassing four
study sites located within the central region of Uganda’s portion of Lake Albert (Figure 6.2-1). These
sites were further categorized into two broad habitats, with two of the sites situated within the inshore
shallow (<20 m) areas, while the other two were positioned within the deep offshore (> 20 m) habitats
of Lake Albert. These study sites overlapped with regions commonly frequented by artisanal fishers.
Monthly night light fishing experiments were carried out at these locations to collect fish samples,
following the standard operating procedures outlined in LVFO (2005) for biological surveys on Lake
Victoria. Fishing operations were conducted aboard a motorized flat-transomed fishing vessel, locally
known as “ssese flat-at-one-end,” utilizing an 8-mm mesh recommended for Lake Albert (Fish
(Fishing) Rules, 2010), 8-panel small-seine net. The net was operated through encircling the fish
concentrated by light. The experimental surveys replicated the fishing nets employed in artisanal
fisheries, with each net panel measuring 2 meters in width (depth) and 100 meters in length.

6.2.3. Commercial catch evaluation
The catch data obtained through catch assessment surveys, as detailed in chapter four, were
also analyzed and compared with the findings presented in this chapter. It is important to note that

artisanal fishers exclusively utilized 5-mm mesh nets of varying panels for fish harvest.
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6.2.4. Processing of catch

Both experimental and artisanal catch were processed as follows:

Vi.

Vil.

Large individuals (>100 mm, total/Fork length) of the large-bodied species (bycatch) were
sorted from each sampled boat/ fish haul and identified to the species level, with the number,
weight, and length of each species group recorded.

ii. The remaining catch, comprising a mixture of the target species (E. bredoi and B. nurse)
and small individuals of the large-bodied bycatch species was weighed after placing in
weighing buckets.

iii. A random sub-sample of 1 kg was taken from the mixed catch and preserved with 5%
formalin. Samples were identified by labels containing sampling details including date, station,
GPS location, haul number, light type and intensity, as well as species.

iv. All samples were stored in a large airtight container and transported to the NaFIRRI
laboratory for detailed analysis.

v. Upon arrival at the laboratory, each sample was emptied on to a perforated sieve and rinsed
under running tap water to remove excess formalin. The samples were then sorted into species
groups. Both individual fish length (mm) and weight (g) of all fish specimens in the sample
were recorded.

For both E. bredoi and B. nurse, individual lengths were measured and heaped in size groups

at 1 mm intervals.

Ten specimens were randomly selected from each size class. Their individual standard length
(mm) and weight (g) was measured, and they were dissected to determine sex and gonad
maturity. If specimens in a given size group were fewer than 10, all the fish were dissected for

examination.
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Figure 6.2-1. Sites sampled for experimental fishing and artisanal catch evaluation on Lake Albert,
Uganda between February 2021 and June 2022.

6.2.5. Measurement of length, weight, sex, and gonad maturity status.
Fish weight (in grams) and standard length (SL, in millimeters) were measured using a precise
digital weighing scale with an accuracy of 0.01 g and a measuring board with 10 mm gradations,

respectively. To ensure accuracy, fish of similar lengths were grouped, with 10 individuals selected
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randomly from each length category for further examination. These fish were individually re-
measured, dissected, and their internal anatomy examined to determine sex and gonad maturity under
a binocular scope (x45 magnification). Sex was categorized as immature (IMM), Male (M), and
Female (F). Gonadal maturity was assessed using Kesteven's gonad maturity index, employing a
seven-point scale (I-V1I) (Ricker, 1974 cited in LVFO, 2005; West, 1990; Nufiez and Duponchelle,
2009; Brown-Peterson et al., 2011). Fish gonads classified as stage I-111 were considered immature,

while stages 1V-VI indicated maturity for both male and female specimens.

6.2.6. Data analysis.

The Fish Stock Analysis (FSA), specifically the second version of Fish Stock Assessment Tool
(FISAT II) (Gayanalo and Pauly, 1997; King, 2013) and TropFishR packages (Mildenberger et al.,
2017; Taylor and Mildenberger, 2017; Ogle et al., 2023) were utilized. The FSA package offers
functions for fitting various models to data, encompassing length-based, age-based, and surplus
production models. The TropFishR package extends the analysis capabilities to tropical fish stocks,
enabling estimation of key fishery parameters like population size structure and size at sexual

maturity.

6.2.7. Sex ratio.
The sex ratio indicating the proportion of male and female individuals in a population was
computed (Wilson and Hardy, 2002; Ogburn, 2019). A Chi-square test of independence (McHugh,

2013; Turhan, 2020) was performed to test for independence of these proportions across habitat.

6.2.8. Estimation of size at 50% maturity (Lm50).

Size at 50% maturity (Lmso), the length at which 50% of the fish attain sexual maturity, was
determined for each sex by assessing the proportion of mature fish in various length classes (Chen
and Paloheimo, 1994) using a Generalized Linear Model (GLM) with binomial distribution. This
analysis was conducted using the TropFishR packages (Mildenberger et al., 2017), using equation 1.
A binomial distribution (0 = immature, 1 = mature) with a log odds (logit) link was utilized for the
GLM.

P, = TS ST USRS Equation 1

1+ e—K(L-L50)
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Where; Py is the proportion or ratio of reproductive (mature) females/males for each size class; k is a
rate parameter related the speed of size change from non-reproductive to reproductive status; L is the

total length and Lsp is the size at first maturity.

6.2.9. Population size structure

The electronic length frequency analysis (ELEFAN) tool (Taylor and Mildenberger, 2017)
was employed to analyze the length frequency distributions of E. bredoi and B. nurse. This involved
calculating length frequencies for each dataset across different size classes and plotting these

distributions to compare size distributions between experimental and artisanal catches.

6.2.10. Estimation of length-weight relationship

The length-weight relationship of E. bredoi and B. nurse was calculated based on the power
function (equation 2) (Ricker, 1075; Dan-Kishiya, 2013; King, 2013, Kahraman et al., 2014; Roul et
al., 2020; Imam et al., 2021).

W=alP..........cecevess e .. ... Equation 2
Where:
W is weight of the fish (g), L is length of the fish (cm), a is the intercept and b is the slope.

A coefficient “b” of three indicates that the weight of fish increases approximately as the cube
of the length, suggesting proportional growth in length, breadth, and depth. A coefficient “b” greater
than three suggests that the fish become fatter as they grow longer, while a coefficient “b” of less than

three implies that the fish become slightly slenderer as they grow longer. The coefficient “a” serves

as the scaling factor to match the weight to length.

6.2.11. Estimation of relative condition factor (K)

The relative condition factor (K) for E. bredoi and B. nurse, was calculated using Fulton’s
equation (equation 3) (Ricker, 1975) to assess the health state and well-being of fish populations,
based on length-weight relationships (Nehemia et al., 2012; Sarkar et al., 2013; Imam et al., 2021).

K = TP e e e e e et e e e e s Equation 3

Where:
K represents Fulton’s condition factor, W stands for the weight of the fish, L represents the length of

the fish, and b is the exponent in the length-weight equation.
109



6.2.12. Estimation of growth parameters

Growth parameters for E. bredoi and B. nurse were estimated using Virtual Population
Analysis (VPA) within the TropFishR package (Gulland, 1983; Mildenberger et al., 2017; Taylor and
Mildenberger, 2017). The VPA model was parameterized using catch per unit effort (CPUE) and
length-frequency data collected from the Ugandan portion of Lake Albert (FAO, 2006). Iterative
refinement techniques within TropFishR were employed to calibrate the model parameters and ensure
good fit to the observed data. This process yielded estimates of key parameters, including fishing

mortality rates, recruitment, growth rates, and biomass.

Asymptotic length (also referred to as length infinity, L), theoretical age at which length of the
fish would be zero (to), and growth coefficient (K)

Asymptotic length (L), theoretical age at zero length (t0), and growth coefficient (K) for E.
bredoi and B. nurse were estimated using the von Bertalanffy growth equation (Beverton and Holt,
1956; Kirkwood, 1983). Parameter estimation was conducted using FISAT Il software, employing
both Electronic Length Frequency Analysis (ELEFAN) and simulated genetic optimization algorithms
within the ELEFAN framework. The three parameters Loo, to, and K were estimated using the

following equation.
Ly = Loo » (K=D)L e oo Equation 4

Where:

L: is the predicted length at age t, Loo is the asymptotic length (the maximum length that individuals
of a particular fish species can attain if they were to grow indefinitely under optimal conditions
without any constraints such as predation, competition, or fishing pressure), K is a growth constant
also called “stress factor” by Pauly (1980), and to is the theoretical age at which a fish's length would
be zero if it were present in the population from the beginning. The time in years at birth was calculated

by Pauly’s equation denoted as: Logio (-to).

Length at maximum yield (Lopt), the length classes a fishery would obtain maximum possible catch

weight per recruit, was calculated based on the formula:

Lopt = L(B/(B+M/K) e, Equation 5

Where; M is the natural mortality and K is growth coefficient.
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Maximum life span (t,,qx), the maximum age a fish can attain was calculated as the age at 95% of

Lo (length at infinity) using parameters of von Bertalanffy growth function estimated above as:

3 :
Emax = to F e v e Equation 6

Growth performance (¢’), used to compare different populations of the same species between
different habitats of the lake to get an indication of habitat conditions and differences in stocks was
calculated using the formula in equation 4 (Pauly, 1980):

@’ = LogioK + 2 Logioleo vovvvinniiiiiiiiiii, Equation 7

Where K is expressed on an annual basis and L is in cm

Estimation of mortality rates: total mortality (Z), natural mortality (M), and fishing mortality

(F)

Mortality rate was estimated based on the lake surface temperature of (RST) 27.8°C (Beverton and
Holt, 1956).

Z=F+M . ....... Equation8

Where: Z is the total mortality, F is the fishing mortality, M is the natural mortality. The VPA model
iteratively adjusted the F parameter to minimize the difference between observed and predicted

length-frequency distributions, thus yielding accurate estimates of fishing mortality rates.
Estimation of exploitation rate (E)

Exploitation rate was calculated as:

E = g cex e e e e e e e e s e e e e e e e EEQUALTON 9,

Biomass-Based Reference Points
Biomass at maximum sustainable yield
The biomass limit reference points, Biomass at Maximum Sustainable Yield (Bwmsy), was determined

using the following equation (Schaefer, 1954):

dB
BMSY = max (d_F> ver tenme e e e e e 1 EQUAtion 10

Here, B signifies biomass. The model projected the population's biomass trajectory for varying levels

of fishing mortality rates to determine these reference points.
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Yield-per-Recruit (YPR)

The Yield-per-Recruit (YPR) model, a standard approach for assessing population
productivity, was used to estimate the yield generated by harvesting a single recruit at different ages
and sizes (Sparre and Venema, 1998). YPR analysis accounts for species-specific growth, mortality,
and age-at-recruitment parameters to provide insights into optimal harvesting strategies and potential
yields. YPR focuses on the contribution of individual cohorts to overall yield under varying fishing

pressures.

YPR = — Equation 11

Where R represents recruitment. For this analysis, input data included length-frequency distributions,
growth parameters (Loo, K, to), natural mortality rates (M), fishing mortality rates (F), and size at first

capture (Lc) for E. bredoi and B. nurse.

Biomass per Recruit (BPR)
The biomass per recruit (BPR), a metric to used evaluate the biomass available for each recruit

was estimated as follows:

B
BPR = e e s Equation 12

BPR used the same life-history inputs as YPR (length-frequency data, growth parameters, M, F, and
Lc) to assess biomass accumulation per recruit under varying fishing scenarios.
Estimation of size and age at first capture

Understanding size at first capture (the average size at which fish become vulnerable fishing
gear) and age at first capture (the average age when they are first captured) is crucial for assessing a
stock’s vulnerability to fishing mortality (Maunder and Punt, 2013; Froese et al., 2016). These metrics
inform sustainable fisheries management by identifying the minimum size and age at which fish
should be harvested to ensure their reproductive success and long-term population viability. Size and
age at first capture were estimated using a logistic regression function within the TropFishR package
(Mildenberger et al., 2017; Taylor and Mildenberger, 2017).
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6.3. RESULTS

6.3.1. Sex ratio.

An analysis of 2103 samples of B. nurse (comprising 675 females and 1428 males) and 2593
samples of E. bredoi (consisting of 1404 females and 1189 males) from experimental catch revealed
a male-biased sex ratio for B. nurse (1 male for every 2.11 females), while E. bredoi exhibited a sex
ratio of 1.18 females for every 1 male. Statistically significant differences between the observed and
expected values were recorded for E. bredoi (y> = 17.864, DF=1, p< 0.05) but not B. nurse (y*>=269.6,
DF=1, p>0.05).

6.3.2. Size (Length) at 50% (Lm50) maturity.

Size at maturity estimated for fish captured in experimental sampling revealed that females of
B. nurse matured at a larger size (60.9 mm SL) than the males (56.5 mm, SL) across habitats (Figure
6.3-1). In contrast, E. bredoi males matured at a larger size (31.5 mm, SL) than the females (23.9 mm,
SL) (Figure 6.3-2). However, both species exhibited habitat-related variations in Lmso, with offshore
populations maturing at larger sizes compared to the inshore populations (Figure 6.3-1 & Figure
6.3-2).

6.3.3. Proportion of mature and immature populations of E. bredoi and B. nurse across months.

A comparison of mature and immature proportions of E. bredoi and B. nurse captured in
experimental sampling across habitats and months in Lake Albert revealed distinct patterns for each
species (Figure 6.3-3). The proportion of mature E. bredoi individuals was consistently high in both
offshore and inshore habitats across months (Figure 6.3-3). The mature fish constituted 60% to 90%
of the total population size, except for June, which recorded a higher proportion (63.7%) of immature
individuals within the inshore habitat, suggesting a potential breeding peak. Brycinus nurse exhibited
a contrasting pattern, with the offshore habitat registering a higher proportion of immature fish for
most months, while the inshore tended to harbor more mature individuals during the majority months
(Figure 6.3-3). Exceptions were observed in the months of February (immature = 7.8%), March
(immature = 0.0%), and April (immature = 47.6%) for the offshore habitat, and in April-June and
October for the inshore habitat (Figure 6.3-3).
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Figure 6.3-2. Estimated length at 50% maturity of female and male Engraulicypris bredoi in Lake

Albert, Uganda, based on experimental catch data.
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Figure 6.3-3. Proportion of mature and immature Brycinus nurse and Engraulicypris bredoi in the
inshore and offshore habitats of Lake Albert, Uganda, based on experimental catch data.

6.3.4. Population Size Structure.
6.3.4.1.  Population size structure between habitats using experimental nets.

Both B. nurse and E. bredoi displayed a unimodal normal distribution pattern of length-frequency
(standard length) across habitats and sex (Figure 6.3-4), with a mean length of 34.1 mm for E. bredoi
and 52.7 mm for B. nurse. The offshore habitat revealed larger fish of E. bredoi (mean length of 35.7
mm for females and 33.1 mm for males) in contrast to the inshore habitat (mean length of 34.7 mm
for females and 32.8 mm for males). Conversely, the inshore habitat depicted larger fish of B. nurse
(mean length of 69.8 mm for females and 59.5 mm for males) compared to the offshore habitat (mean

length of 66.3 mm for females and 59.2 mm for males) (Figure 6.3-4).
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Figure 6.3-4. Size (length) distribution of Engraulicypris bredoi and Brycinus nurse in Lake Albert,

Uganda presented by habitat among sexes, based on experimental catch data.

6.3.4.2.  Population size structure between months.

Engraulicypris bredoi exhibited a relatively normal length-frequency distribution across
months, with a mean length of 34.2 mm (Figure 6.3-5). In contrast, Brycinus nurse displayed a tri-
modal distribution, indicating three discernible peaks in its length frequency distribution. The first
peak occurred between April and June (34 to 39 mm, SL), followed by an intermediate peak in August
(51 mm, SL), and the third peak manifested between September and March (62 to 70 mm, SL) (Figure
6.3-5).
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Figure 6.3-5. Variation in length (mm) sizes of Brycinus nurse and Engraulicypris bredoi in Lake

Albert, Uganda, based on experimental catch data.

6.3.4.3.  Population size structure between experimental and artisanal (commercial) catch.

A comparison of the length-frequency distribution of E. bredoi and B. nurse populations in the
artisanal and experimental catches on Lake Albert, reveal a consistent pattern of smaller-sized
population in the artisanal catches (Figure 6.3-6). The mean length of B. nurse in the artisanal and
experimental catches were 43.5 mm and 53 mm, respectively. Similarly, the mean length of E. bredoi

was 29.8 mm and 34.3 mm in the artisanal catch and experimental catch, respectively (Figure 6.3-6).
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Figure 6.3-6. Size structure of Brycinus nurse and Engraulicypris bredoi landed in artisanal (red) and
experimental (blue) catches on Lake Albert, Uganda, based on experimental and artisanal catch data.

The vertical lines denote mean lengths.
6.3.5. Length-weight relationship.

Length-weight relationships analyzed based on 4662 samples of B. nurse and 2784 samples of
E. bredoi, obtained from the experimental catch revealed positive allometric growth in both species
(Figure 6.3-7; Figure 6.3-8).
The length-weight relationship equations were derived as follows:
For B. nurse: Weight (W) = 0.00000992 * Length (L)*3.21 ......... Equation 4.
For E. bredoi: Weight (W) = 0.00000918 * Length (L)*3.06 ......... Equation 5.
The overall coefficient 'b* for both B. nurse and E. bredoi in the whole lake was estimated at 3.21 +
0.02 (95% CI) and 3.06 £ 0.07 (95% CI), respectively, indicating that these fish become slightly fatter
as they grow longer. However, variation in 'b' values was observed between inshore and offshore

habitats among sexes of both species (Table 6.3-1).
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Table 6.3-1. The weight-length relationship parameters 'a’ and 'b* for Engraulicypris bredoi and
Brycinus nurse in Lake Albert, Uganda, based on experimental catch data.

Species Habitat Parameter  Estimate std.error  Statistic  p.value conf.low conf.high
B. nurse Combined a 9E-06 0.0375 -310 0 8.3E-06 9.65E-06
B. nurse Combined b 3.21 0.00955 336 0 3.19 3.23
B. nurse Inshore a 9.9E-06 0.0488 -263 0 9.0E-06 1.1E-05
B. nurse Inshore b 3.20 0.0122 263 0 3.17 3.22
B. nurse Offshore a 9.5E-06 0.0517 -224 0 8.6E-06 1.10E-05
B. nurse Offshore b 3.19 0.0133 240 0 3.16 3.22
B. nurse Female a 1.3E-05 0.18 -62.6 3.28E-273 9.1E-06 1.84E-05
B. nurse Female b 3.13 0.0428 73.1  2.19e-310 3.05 3.21
B. nurse Male a 1.7E-05 0.0998 -110 0 1.4E-05 0.000021
B. nurse Male b 3.05 0.0245 125 0 3.01 3.1
E. bredoi Combined a 9.2E-06 0.132 -87.9 0 7.1E-06 1.19E-05
E. bredoi Combined b 3.06 0.0374 82 0 2.99 3.14
E. bredoi  Inshore a 1.4E-05 0.121 -92.2 0 1.1E-05 1.8E-05
E. bredoi  Inshore b 2.95 0.0345 85.6 0 2.89 3.02
E. bredoi  Offshore a 9.2E-06 0.132 -87.9 0 7.1E-06 1.2E-05
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E. bredoi  Offshore b 3.06 0.0374 82.0 0 2.99 3.14
E. bredoi Female a 2.1E-05 0.126 -85.9 0 1.6E-05 2.62E-05
E. bredoi Female b 2.85 0.0353 80.6 0 2.78 2.92
E. bredoi Male a 1.1E-05 0.136 -84.1 0 8.5E-06 1.45E-05
E. bredoi Male b 3.00 0.0388 77.3 0 2.93 3.08

6.3.6. Condition factor.

The mean Fulton’s condition factor (K) was 2.08 for Brycinus nurse and 1.27 for
Engraulicypris bredoi (Figure 6.3-9). To substantiate observed patterns, statistical tests were
conducted to examine differences in condition factor between habitats and among gonad development
stages. A two-way Analysis of Variance (ANOVA), with habitat (inshore vs offshore) and sex as fixed
factors, indicated no statistically significant difference in condition factor between habitats for either
B. nurse or E. bredoi (p > 0.05). Similarly, no significant differences in condition factor were detected
among gonad development stages (p > 0.05), confirming that habitat type did not systematically

influence fish condition (Figure 6.3-9) or gonadal development (Figure 6.3-10).

Despite the absence of significant habitat-related effects, sex-based patterns were evident.
Females of E. bredoi exhibited marginally higher condition factors than males across both habitats,
although these differences were weak and not statistically significant (p > 0.05). For B. nurse, linear
regression analysis revealed a significant positive relationship between condition factor and standard
length (p < 0.05), indicating improved somatic condition with increasing size. In contrast, E. bredoi
showed relatively stable condition factors across size classes, with very weak and non-significant
length—condition relationships (R2 < 0.02), suggesting size-independent condition within the sampled

range (Figure 39)..
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6.3.7. Estimated growth parameters for Engraulicypris bredoi and Brycinus nurse

von Bertalanffy Growth Parameters Lo, K, tmax, @, and to

The population dynamics and exploitation parameters of Brycinus nurse and Engraulicypris
bredoi in Lake Albert reveal notable interspecific differences in growth characteristics, mortality, and
fishery reference points (Table 6.3-2). Brycinus nurse attained a higher asymptotic length (Loo =
147.61 mm) compared to E. bredoi (Loo = 54.20 mm), indicating its larger maximum body size

potential under optimal conditions. However, E. bredoi exhibited a higher growth coefficient (K =

0.23 year!') than B. nurse (K = 0.12 year!), suggesting faster attainment of its maximum size.
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The theoretical age at zero length (to) was estimated at 0.63 years for B. nurse and 0.35 years
for E. bredoi, with corresponding maximum lifespans (tmax) of 3.1 and 0.8 years respectively. The
growth performance index (@') was slightly higher in E. bredoi (3.24) than B. nurse (2.98), consistent
with its faster growth (Table 6.3-2).

Mortality and exploitation rates

Mortality estimates indicated that E. bredoi experienced higher natural (M = 0.27 year™') and
total mortality (Z=0.66 year ') compared to B. nurse (M =0.16 year'; Z=0.45 year'). Consequently,
fishing mortality was also higher in E. bredoi (F = 0.39 year!) than in B. nurse (F = 0.29 year!), with
corresponding exploitation rates (E) of 0.59 and 0.64, respectively (Table 6.3-2).

Yield-Per-Recruit (YPR) and Biomass-Per-Recruit (BPR)

Yield-per-recruit (YPR) analyses showed higher predicted yields at Fo.: and Fr.x for B. nurse
(48.79 g and 50.86 g) than for E. bredoi (58.47 g and 88.63 g). Biomass per recruit (BPR) estimates
followed a similar trend, being highest at Fo.s: 781.44 g (B. nurse) and 357.09 g (E. bredoi), indicating

greater biomass retention under conservative fishing levels (Table 6.3-2).

The current catches were estimated at 0.19 tonnes for B. nurse and 0.09 tonnes for E. bredoi,
with corresponding current yields of 3233.02 tonnes and 35.62 tonnes, and biomasses of 97209.29
tonnes and 516.61 tonnes. Length at first capture (Lc) was lower for B. nurse (27.5 mm) than for E.
bredoi (31 mm), indicating earlier recruitment to fishing gear (Table 6.3-2).

Table 6.3-2. Growth parameters of B. nurse and E. bredoi in Lake Albert based on length frequency
data collected between February 2021 and June 2022.

Parameter Description B.nurse  E. bredoi

Loo (mm) Asymptotic length, representing the theoretical 147.61 54.20
maximum average size a fish can attain under
optimal conditions.

K (year?) Growth coefficient (von Bertalanffy growth 0.12 0.23
rate), indicating how quickly a fish approaches its
asymptotic length (L) per year.

to (years) Theoretical age at zero length, indicating age at 0.63 yrs 0.35yrs
which a fish would have zero length if it were
present in the population from the beginning
according to the growth curve.
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tmax (years)

M (year?)

Z (year?)

F (year?)

Fo1 (year?)

Fmax (year?)
Fos (year?)

=
Enmax
Eos
YPR_Foa (g recruit?)

YPR_Fmax (g recruit™)

YPR_Fos (g recruit)

BPR_Fmax (grams)

BPR_Fos (grams)

curr.E

curr.C (tonnes)

curr.Y (tonnes)

Maximum observed or estimated age of the fish
species in the population.

Growth performance indicator, a composite
index that integrates growth rate (K) and
asymptotic length (Loo), used for comparing
growth performance across populations or
species.

Natural mortality rate, representing the annual
rate of death from natural causes (including
disease, predation, pollution) other than fishing.
Total mortality rate, representing combined
annual rate of death due to all causes (fishing and
natural mortality).

Fishing mortality rate, representing the annual
rate of death due to fishing.

Fishing mortality rate that produces a marginal
increase in YPR, often used as precautionary
target reference point to support sustainable
exploitation.

Fishing mortality rate that provides maximum
yield-per-recruit.

Fishing mortality rate that maintains 50% of the
spawning biomass relative to its unfished state.

Fishing mortality effort corresponding to Fo.1.

Fishing mortality effort corresponding to Fmax.
Fishing mortality effort corresponding to Fozs.
Yield per recruit at Fo.,, the predicted catch
weight from one recruit fished at the Fo.: level.
Yield per recruit at Fn., the predicted catch
weight from one recruit fished at the Frax level.

Yield per recruit at Fo.s, the predicted catch
weight from one recruit fished at the Fo.s level.
Biomass per recruit at Fn.x, expected remaining
biomass per recruit after fishing at Fi.x level.

Biomass per recruit at Fo.s, the expected
remaining biomass per recruit after fishing at Fo.s
level.

Current exploitation rate (current fishing effort
relative to total mortality).

Current catch, the total weight of fish landed from the
stock over a given period.

Current vyield, sustainable portion of the catch
contributing to long-term benefits.
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curr.B (tonnes) Current biomass, estimated weight of the living fish 97209.29 516.61
population at the time of assessment.

curr.L.c (mm) Length at first capture or recruitment to the fishing 27.5 31
gear.

Size at first capture and age at 0.5 probability of capture%o.

The observed average size at first capture (Lc) for B. nurse (27.5 mm SL; 6.3-11) and E. bredoi
(30.5 mm SL; 6.3-12) are below the species’ observed Lso (see Figure 6.3-1 & Figure 6.3-2). The
age at 50% probability capture (tso) was observed at 2.2 months for B. nurse and 6.5 months for E.
bredoi, suggesting that B. nurse becomes vulnerable to fishing mortality at a relatively small size and

age, compared to E. bredoi.
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Figure 6.3-11. Estimated yield-per-recruit (YPR), biomass-per-recruit (BPR), fishing mortality rates
(FO1, FO5, Fmax), and length at first capture (Lc) for Brycinus nurse in Lake Albert, based on length-
frequency data collected between February 2021 and June 2022.
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Figure 6.3-12. Analysis of yield-per-recruit (YPR), biomass-per-recruit (BPR), fishing mortality rates
(FO1, FO5, Fmax), and length at first capture (Lc) for Engraulicypris bredoi in Lake Albert, based on
length-frequency data, collected between February 2021 and June 2022.

Probability of capture at 25%, 50%, and 75%.

The probability of capture analysis (Figure ) revealed distinct selectivity patterns for Brycinus
nurse and Engraulicypris bredoi. For B. nurse, the length at 50% probability of capture (Lcso) was
estimated at 52 mm, with 25% and 75% capture probabilities at 40 mm and 65 mm, respectively. In
E. bredoi, Lcso occurred at 34 mm, with corresponding 25% and 75% capture probabilities at 31 mm
and 35 mm, respectively. The selection curve for E. bredoi is steep, indicating a narrow selection

range, while that of B. nurse is broader, with a wider span across length classes.
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Figure 6.3-13. Comparative analysis of length (mm) at 25%, 50%, and 75% probability of capture for
Engraulicypris bredoi and Brycinus nurse in Lake Albert, estimated from VPA, using length-

frequency data collected between February 2021 and June 2022.

6.4. DISCUSSION

The life-history traits exhibited by Brycinus nurse and Engraulicypris bredoi in Lake Albert,
such as sex ratio, size at maturity, population size structure, length—weight relationships, and condition
factor, have critical implications for the sustainable management of these economically and
ecologically important species. These traits not only reflect the adaptive strategies of the species to
their environment but also reveal the effects of fishing pressure and habitat disturbances on their

populations.

Sex ratios and selective fishing pressures

The transition in the sex ratio of B. nurse from a previously reported female-dominated
population (2:1) (Namulemo et al., 2008) to a current male-biased ratio (2:1) is a concerning indicator
of selective fishing mortality. This shift may be attributed to sex-specific behaviors and morphological
characteristics that make larger, fecund females more vulnerable to capture (Bunnefeld et al., 2009;
Marealle et al., 2010). Additionally, environmental stressors and climate-driven changes can influence
sex differentiation and mortality patterns (Serdalen et al., 2018; Jury et al., 2019; Geffroy &
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Wedekind, 2020). Such imbalances can compromise genetic diversity, reduce reproductive potential
(Ogburn, 2019), and ultimately heighten the risk of population collapse (Wedekind, 2012). The larger
size at sexual maturity observed in female B. nurse further supports the hypothesis of size- and sex-

selective exploitation.

Size at maturity and habitat connectivity

Size at maturity is a fundamental parameter for effective fisheries regulation and conservation
(Schill etal., 2010; Gwinn et al., 2015; Ahrens et al., 2020; Piferrer & Anastasiadi, 2023). The stability
in size at maturity over time for B. nurse (Namulemo et al., 2008), coupled with its observed spatial
variation, suggests possible migratory behavior and reliance on specific habitats for reproduction. This
finding underscores the importance of habitat heterogeneity in supporting breeding and recruitment
processes (Riede, 2004; Groves et al., 2022). Previous studies on Lake Albert (Wandera & Balirwa,
2010; NEMA, 2012; NELSAP, 2019) similarly emphasize the critical role of wetlands, shallow
inshore habitats, and riverine inlets in facilitating life-cycle completion for B. nurse. Therefore, the

protection and restoration of these habitats are essential components of fisheries management.

A particularly unique observation is the reversed pattern of maturation in E. bredoi, where
males attain sexual maturity at a larger size than females. This contrasts with patterns commonly
reported for many teleost species, where females often mature at equal or larger sizes than males,
though this is not universal and is strongly species-specific (Magellan & Magurran, 2009). Male-
biased size at maturity has been documented in species with pronounced sexual competition or mating
systems that favor larger males, such as the corkwing wrasse (Symphodus melops) (Halvorsen et al.,
2016), bluehead wrasse (Thalassoma bifasciatum) (Warner, 1984), and guppies (Poecilia reticulata)
(Reynolds & Gross, 1992; Pitcher & Evans, 2004). In E. bredoi, this pattern may confer reproductive
advantages to larger males through enhanced mating success or dominance, while also potentially
reflecting differential fishing pressure between sexes. The presence of mature individuals throughout
the year, with a peak in June, supports a strategy of near-continuous reproduction. Management
measures should therefore consider protection during peak breeding periods, for example through

seasonal or temporal fishing restrictions.
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Population structure and exploitation patterns

Understanding population size structure provides valuable insights into recruitment dynamics,
growth trajectories, and mortality rates, particularly in heavily exploited systems (Froese et al., 2008;
Neumann & Allen, 2012). In this study, B. nurse exhibited a tri-modal length distribution, indicative
of multiple cohorts or spawning events throughout the year, a trait common in r-strategist species
(Paloheimo & Chen, 1996; Haddon, 2011). Conversely, E. bredoi showed a more uniform size
distribution, consistent with continuous recruitment. These differences underscore the importance of
incorporating species-specific dynamics into stock assessment models and management frameworks
(Kolding et al., 2016; Gebremedhin et al., 2021).

Disparities in mean fish length between catches obtained using experimental gears (8-mm
mesh) and those from artisanal fisheries (predominantly 5-mm mesh) clearly reflect non-compliance
with the existing mesh size regulations for Lake Albert (Fish (Fishing) Rules, 2010). The 8-mm mesh
used in the experimental sampling corresponds to the recommended minimum mesh size for the small
pelagic fishery on the lake, whereas the commercial artisanal fleets largely operate with 5-mm meshes
that are below the legal threshold (NaFIRRI, 2021). Consequently, artisanal catches are dominated by
immature individuals, indicating growth overfishing driven by weak enforcement of the few existing
gear regulations. This persistent use of undersized meshes undermines recruitment, compromises
stock replenishment, and threatens long-term sustainability of the small pelagic fishery. Strengthening
monitoring, control and surveillance, alongside community-based compliance and co-management
mechanisms, is therefore critical to improve adherence to mesh size regulations and safeguard future

yields.

Length—-weight relationships and condition factor as health indicators

Length—weight relationships and condition factors (K) are vital indicators of fish health,
reproductive status, and habitat quality (Le Cren, 1951; Gupta & Tripathi, 2017; Mnemba et al., 2022).
In this study, both species exhibited positive allometric growth (b > 3), indicating an increase in body
mass disproportionately higher than length, often associated with good feeding conditions and
environmental suitability (Olopade et al., 2020; Muhammad et al., 2017). Notably, B. nurse
demonstrated a higher condition factor compared to E. bredoi, suggesting better overall physiological
status and possibly greater reproductive success (Sarkar et al., 2013; Ferdaushy & Alam, 2015). This

may also reflect species-specific differences in growth strategies and ecological niches.
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Variability in condition factor among sexes within species may indicate differences in
reproductive investment or energy allocation (Imam et al., 2010; Roul et al., 2020). This metric,
therefore, serves as an important tool for monitoring not only individual species health but also
broader ecosystem trends and anthropogenic impacts (Cavraro et al., 2019). Regular assessment of
condition indices can provide early warnings of overexploitation, declining food availability, or
habitat degradation.

The analysis of growth parameters demonstrates that E. bredoi and B. nurse in Lake Albert
are characterized by divergent life-history strategies that influence their vulnerability to fishing
pressure. E. bredoi grows faster, matures earlier, and has a shorter lifespan, traits typical of r-
strategists (Winemiller & Rose, 1992; King & McFarlane, 2003). Conversely, B. nurse exhibits a
more K-selected strategy, growing slower and living longer, making it inherently more susceptible to
recruitment overfishing if heavily exploited (Froese et al., 2021).

The relatively high estimated values of theoretical age at zero length (to = 0.63 years for B.
nurse and 0.35 years for E. bredoi) likely reflect limitations inherent in length-frequency—based
growth estimation rather than true biological ages at length. For small, fast-growing pelagic species,
sparse representation of early life stages in the catch and gear selectivity against very small individuals
can bias ELEFAN-based fitting, leading to inflated to estimates. Consequently, to was treated as a
model-fitting parameter to improve growth curve alignment, while biological interpretation and
management inferences were based primarily on more robust parameters such as Loo, K, and derived
reference points.

The current exploitation rates (E = 0.59 for E. bredoi and 0.64 for B. nurse) remain below the
estimated biological reference points, with E. bredoi having Eo.: = 1.78, Eo.s = 1.91 and Enux = 7.54,
and B. nurse having Eo.: = 1.63, Eo.s = 0.96 and Emax = 2.37, indicating that both stocks are not yet
overexploited. However, the proximity of current fishing mortality to Fo.s for B. nurse (F =0.29 year™!
versus Fo.s =0.43 year™'), coupled with a relatively low biomass per recruit at Frax (331.63 g), suggests

that this species is approaching its biological limit of sustainable exploitation.

For E. bredoi, although the species is characterized by small body size and rapid population
turnover, which can increase vulnerability to environmental stressors and gear selectivity, particularly

where immature fish are harvested, these same life-history traits also confer a relatively high capacity
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for rapid population recovery when fishing pressure is reduced or effectively managed (Pauly et al.,
2021; Gayanilo & Pauly, 1997).

The low length at first capture (Lc = 30.5 mm) for E. bredoi compared to its asymptotic length
(52.20 mm) and Lso (31.5 mm) suggests premature capture, which undermines stock productivity and
spawning potential. Increasing Lc through mesh size regulation would improve YPR and BPR,
enhancing stock resilience (Froese, 2004). Similarly, the current YPR for B. nurse (4879.24 g at Fo.1)
compared to its potential YPR at Fnax (5086.14 g) indicates that limited yield gains are possible
through higher fishing pressure, reinforcing the prudence of adopting precautionary approaches
around Fo.1 and Fo.s.

The estimated length at 50% capture for both species suggests premature harvesting relative
to their biological maturity, with potential long-term impacts on stock productivity and sustainability.
For E. bredoi, the Lcso (34 mm) exceeds the estimated size at 50% maturity for males (31.5 mm).
Similarly, B. nurse is captured at a mean Lcso of 52 mm, which is well below the estimated 50%
maturity size for females (61 mm), although male maturity occurs earlier. These findings imply that
a significant portion of individuals are being removed from the population before they have had the
chance to spawn at least once, a situation known to compromise the spawning potential and lead to
recruitment overfishing (Froese et al., 2016; Cope & Punt, 2009). From a stock assessment
perspective, this early capture reduces both yield-per-recruit and biomass-per-recruit potential. For
instance, fishing at or above current exploitation levels (E = 0.64 for B. nurse; 0.59 for E. bredoi)
without protective measures could exacerbate declines in spawning biomass, as reflected in the
relatively low BPR values at Fi.x compared to Fo.s for both species. This suggests that current fishing
practices are operating close to or beyond biologically optimal exploitation levels, especially given

the short life span of E. bredoi and its fast growth dynamics.
Life-history implications and transboundary considerations

The life-history analysis of Brycinus nurse and Engraulicypris bredoi revealed key traits
influencing their vulnerability to light-assisted fishing, particularly the early capture of immature
individuals relative to their size at 50% maturity. While the study generated robust data for the
Ugandan side of Lake Albert, it is important to recognize that Lake Albert is a transboundary resource,

with differing fishing regulations on the DRC side where light fishing is prohibited (personal
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communication). These regulatory differences may result in spatial variation in population structure,
growth patterns, and stock resilience, underscoring the importance of coordinated transboundary
resource monitoring and management. Integrating life-history information with cross-border
assessments can provide a more accurate basis for establishing recruitment-sensitive reference points

and harmonized management measures for the shared SPS stocks.

6.5. CONCLUSION AND RECOMMENDATIONS:
6.5.1. Conclusion

This study provides critical insights into the life-history traits, population dynamics, and
exploitation patterns of Brycinus nurse and Engraulicypris bredoi in Lake Albert, contributing
valuable knowledge towards the sustainable management of small pelagic fisheries. The overall
findings indicate generally healthy but vulnerable stocks, with significant intra- and interspecific
differences in biological parameters across habitats. Distinct variation was observed in size at 50%
maturity, length-weight relationships, condition factors, and population structures, hallmarks of
species-specific growth and reproductive strategies shaped by ecological and fishery-driven pressures.

A particularly unique finding was the reversed maturation trend in E. bredoi, where males
attained 50% maturity at a larger size than females, an unusual deviation from the typical teleost
pattern. This could imply complex social structuring, density-dependent maturation, or sex-specific
growth strategies, warranting further ecological and reproductive behavioral studies. Additionally, the
observed shift in B. nurse sex ratio from female- to male-dominated cohorts, especially in larger size
classes, strongly suggests selective removal of larger, mature females, likely a result of prolonged
exploitation with non-selective gears. This has potential implications for spawning biomass and
recruitment, particularly for longer-lived, slow-growing species like B. nurse.

The observed year-round breeding patterns for both species, with seasonal peaks in E. bredoi
(June) and B. nurse (February—March), underscore their resilience and adaptability to Lake Albert’s
dynamic environmental conditions. However, such reproductive flexibility can be undermined by
persistent fishing pressure on immature individuals, as revealed by the widespread use of illegal mesh
sizes and the absence of effective regulatory enforcement.

Furthermore, the tri-modal size distribution in B. nurse suggests the existence of discrete
cohorts or sub-populations, possibly driven by spatial or temporal spawning segregation, whereas E.

bredoi exhibited a more uniform size structure, consistent with continuous recruitment and faster life-
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history turnover. These findings emphasize the need to consider species-specific population structures
and reproductive strategies when designing management interventions.

In conclusion, while the populations of B. nurse and E. bredoi in Lake Albert show signs of
biological resilience, continued overexploitation, particularly of juveniles, poses a long-term threat to
their sustainability. Strengthened enforcement of gear regulations, habitat protection, coordinated
cross-border governance, and the integration of scientific and local knowledge are essential to

safeguard these critical fishery resources and the livelihoods they support.

6.5.2. Recommendations
From a management perspective, the study recommends the following measures to ensure the long-
term sustainability of both small pelagic species and large-bodied fish stocks in Lake Albert:

1. Increase size at first capture through gear regulation: Increase mesh size limits to raise the
length at first capture (Lc) above the size at 50% maturity for B. nurse, to ensure adequate
recruitment and reproductive contribution prior to harvest.

2. Protect critical habitats and juvenile zones: Prioritize inshore nursery and breeding areas for
protection of spawning stocks.

3. Strengthen cross-border and community collaboration: Harmonize fisheries management
policies between Uganda and DRC, and integrate local ecological knowledge from fishers into
management planning, particularly for identifying and safeguarding breeding sites and
seasons.

4. Establish a long-term monitoring and research framework: Institutionalize continuous
ecosystem-based monitoring of life-history traits and population dynamics using advanced
technologies, including molecular tools for maturity and aging assessments, to inform adaptive

and responsive management.

These recommendations are consistent with global guidance advocating ecosystem-based fisheries
management and precautionary reference points in tropical lake systems (FAO, 2020; Lorenzen et al.,
2021).
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CHAPTER SEVEN

EFFECTS OF ARTIFICIAL LIGHT CONFIGURATIONS AND GEAR
SPECIFICATIONS ON THE CATCH RATES (CPUE), SIZE STRUCTURE, AND
RECRUITMENT PATTERNS OF TARGET SPECIES (ENGRAULICYPRIS
BREDOI AND BRYCINUS NURSE) AND NON-TARGET SPECIES IN LAKE
ALBERT.

CONTEXT

This chapter investigates the technical drivers of productivity and inter-fishery conflict,
focusing on artificial light types and net-panel configurations. The rapid expansion of light-based
fisheries has sparked social tensions, as traditional demersal fishers perceive SPS gear as a threat
to large-bodied stocks. Through experimental fishing, the study identifies a "technical optimum™
of eight net panels, reaching a vertical depth of 16 meters, which maximizes SPS yields. Deploying
gear beyond this depth does not significantly increase target catch but leads to an exponential rise
in the bycatch of juvenile high-value species like Nile perch. Furthermore, the research compares
light sources, finding that solar-LED lights provide superior catch efficiency and safety compared
to traditional kerosene lamps. The management implication is clear: standardizing gear to an eight-
panel limit can protect demersal nurseries and mitigate user-group conflicts by reducing the

"vacuum effect” of deep-set pelagic nets.

The detailed chapter is presented as a published muniscript under the title “Effects of
artificial illumination and net panel configurations on small pelagic fisheries and bycatch on Lake
Albert, East Africa. Journal of Great Lakes Research, 102690 (10.1016/j.jglr.2025.102690).”
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ABSTRACT

Communicated by Vivian Nguyen

Fitywonds:
Engrinlicypets beedod
Ligha-basead fishicg
Fishing condflicts

Hile: pesch

Vertical net panedling

Small pelagic fisherias are crucial for socic-economic development, yet their sustainashle management in muolti

speries ecosystems like Lake Albert is challenged by user conflicts, particularly between pelagic and demersal
fishers. These tensions are largely fusled by unverified perceptions surrounding the scological impacts of light

based small pelagic species (5P5) fisheries, including byeatch and pet-pand configurations. This study provides
empirical svidence to inform management decisions that sapport cosxistence within the lake's multi-species
fishery. 'We examined the effects of light type, intensity, and net stacking on catch rates of Engraulicypris bre.

dol and Brycinus nurse (helanging to crders Cypriniformes and Characiformes, respectively, and known locally
as mugziri and rogoogi), as well as the bycatch of sconomically important large-bodied species. Using kerosene
lanterns and solar lights at varying intensities and net configurations, E. bredod showed consistently higher catch
rates (4.5-10 kg/net-haul/day) than B nurse (25-5 kg/net-haul/day), with no significant differences across
light types. Saolar lights, howeswsr, enabled higher nightly catches dwoe to increassd operational eficiency.
Bycatch, predominantly juvenile Nile perch (Lates niloticus), was significantly higher in shallow inshore habitats
and increased with net stacking, from < 0.5 kg/boat/day (six panels) to 15 kgs/boat/day (15 panels) These
results highlight the need to regalate net-panel stacking and implement spatial strategies that shift SPS fishing
offshore, protecting inshore nursery habitats, We recommend revising regulations to limit fishing depth to 16m,
promote sclar light wse, and establish lomg-term moaitoring to sapport balanced and sustainable manag=ment.

1. Introdustion

species ecogyobems.
Lake Albert supports 2 multispecies-based fichery (Mbabazi et al |

Small palsgic fcheries contribute one-third of inland capture fizh
production globally (FACQ, 2022}, and approximately 70 % in many
African Oreat Lakes (Folding =t 2l., 2019). Theoe fisheriss are vital for
global food protein supply, employment, and animal feed production
[(Borques and Hemandes,| 2009; lzaam, 2016; Tacon and Metian, 3009,
2009k). They are particularly important for riparian communities in
developing countries due to their high abundance and afordability
(Sekadende =t al., 20200, Given their significance, undemtanding the
ecology of cmall pelagic apecies and the impacs of fzhing gear is cricial
for making informed, suetainable mansgement decirions in muols-

2012, 2019; NaFIRRL, 2012 NELSAP, 2019), characterized by a variaty
of harvestable species with diverse adult sizes (Nabiyends =t al | 2013,
2023; Wandera and Balirwa, 20100, necesgitating the we of multiple
gear typea. Howewer, management iz complicated by ongoing socio-
economic conflicts between pelagic and demersal fzhing clusters
(MaFIRRL, 2012; Makiyende et al | 2023). Theee conflicts are largely
driven by unverified perceptions regarding the ecological impacts of
Light-bazed small pelagic species (5P5) fching practices, particulacly
with rezpect to juvenile byreatch and the afects of light type, intensity,
and net panel configurations.
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H. Nekiyende er ol
Picheriez bycatch iz a globally recognized threat to both marine and

freshwater scosystems (Homoroake and Lewisem, 2015; Lively amd
McEenzie, 2023; Haby et al, 2001}, and addreming thia peristent
challenge remains particularly difficult in mulst-cspeciac fisherias such az
thoze of the SP5 in Lake Albert and the African Great Lakes. In this smdy,
brrcasch in defined ag the portion of the catch comprizing large-bodied
fizh species that are incidentally retsined as juveniles in SPS harvest-
ing gear or methods, but are not the primary target of the fichary,
whether they are wltimately retained or discarded (Alverson =t al |
1294). While thiz general definition aligns with global fisheriss science,
our application was further informed by fizhers” perceptions on Lake
Albart Pishers conzistently conzidered byrcarch to include large-bodied
rpacies of high commescial and ecological importance tha: are
captured at juvenile stages in gears targeting 5PS. Thees included Lates
riloticus (Mile perch), Alestes baremose (pebbly fish), Hydrocynus for
skahlii (slongate tigecfich), Begrus bajad (Black Nile catfish), Labeobarbues
bynni (Nile barb), Disdchodis nilotiows (Mile distichodws), and various
Tilapia species, among others,

While it iz inherently challenging to incorporate complex intes-
tpaciss  interaction: imto operational multi-opecies management
models for multi-cpecies fdheries (Shem-Mauritzen =t al | 2016; Zhou
et al, 2019), effective management of ecogystema like Lake Albert re-
impacts (Fowler, 1999 Purcell and Pomeroy, 2015). Decpite data limi-
tationz common in onallacals fzheries, strategies to mitigate conflict,
manage bycatch, and optimize fishing practices are essential (Haddon,
2000; Hinz, et al, 20012) Of particular concern iz jusenile bycacch,
defined hare az the incidental capture of sconomically and scologically
impartant juwenile, which contibute directly to stakeholder conflice
Thiz conflict iz especially promounced between the large-cpecies
(demercal) fishers and 5PS light-baced fichers due to concerns over
pesceived excess bycarch of juvenile Mile pesch and other large-bodied
rpecies. These concernz have even led to an unjustified ban, poding a
challenge to managers in the absence of scientific guidance on mitigs-
tion the multi-species multi-gear fishery.

Traditionally, ficheries managemant on Lake Albert and other Baot
African lakes hac pelied on gear-gize-bazsed mansgement regulations,
primarily aiming to protect juvenile and large fecund individoals by
allowing them to reach sexual matority and optimal zize bafore hareeat
(Jovernment of Uganda, 20100 Thic approach seeks to prevent growth
overfiching and encure reproductive sustainability (Carvalho and
Humphrisz, 2022 Cinner et al | 2009). Howewver, gear-gize regulationa
alone often overlook key ecosyvtem dymamics and fiching effort
Growing evidence suggests that such strategiec neither maximize fichery
wields nor sufficiently reduce ecological impacts (Oarcia =t al , 2012
Mpomwenda et al | 2023; NMyamweya et al | 20230

Balanced harrest approachess, adwocating for proportional hareat-
ing acrocs specien and zize classes, offarz a promizing pathway to reduce
ecogystem-level fching impacts, including bycatch (Folding and van
Trwisteny 2014; Thou =t al | 2019). However, adoption of such ap-
proaches in gearzize-regulated cyotems like Lake Albert remaing
limited, hindersd by entrenched mindeet and rigid legal framevworks
[Matugon=a et al, 2027). Bffective management of complex, muls-
rpacies ficheries requires an integrated approach, one tha: combines
gear selectivity, input (=fort) controla, and ecological conniderstions.
Thiz would not only sddress interspecies interactions and resource-use
conflicts but alwo oupport ecological integrity and equitable socio-
economic outcomes for fishing communities.

In Uzanda's waters of Lake Albert, lighe-bazed ficheries actively
target two GPS: the cypriniform Engraulicypriz bredoi (known locally az
muzind) and characiform Bricime nurse (nuree tetra or ragoogi locallyl.
Prom the sarly 2000 o to 2020, thiz fichery expanded zignificantly, re-
flacted in riging numbars of boats, fichers, netz, lights, and light sources
[(Mbabasi et al., 2012; NaFIRRI, 2012; Nakiyende et al, 2023) This
growth i likely asributed to gear efficiency and improwved 5PS catches,
coinciding with a documented decline in the conmibution of large
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epecies to total anmual catchea (Mbabasi et al | 20012, 20019 Nakiyende
et al | 2023). Initially, fzhers uzed 34 kerocens lampes per boat, with
one lamp per raft. With the introdwction of solar lighting, the number of
bulbs increaced dramatically, now ranging from 9 to 21 bulba per boat,
or about three balbs per raft.

Decpite the widespread adoption of SPS light-baged fdhing tech-
nologiea acros Ugandan waters, including Lakes Albert, Victoria, and
Eyoga {Lwfo, 2020, 2022; NaPIRRI, 2012; Nakivende scal | 2025 LVRO,
2019; NaFIREI, 2023), these technologies face opposition, particulachy
from stakeholders fzhing for Mile parch and other large-bodied species.
Concerns centre around the perceived impactz of light fiching on the
sustainability of large-bhodied species (MaFIRRI, 2012; Makivende st al |
2023). In rezponse and acknowladging the economic importance of the
Mile perch fichery in Uganda and East African Community, the minister
responaible for fisheries izgued a directive banning the we of stacked
encircling neta (locally known as “Huomrgeup” due to the cpeedy actiona
tharing hauling oparations) and solar lights for SPS fizhing (Africa-Preas,
2024; Harvest Money, 2024a; Monitor, 2024; Th= Cooperator Mews,
2024; Uganda Radic Network, 2006). This ban, implemented by the
Pizheriea Protection Unit (FPU), was enacted az 2 precantionary meagurs
but lacked scientific justification. Some boam continue to coverdy
deploy the prohibited gears, which are often conflzcated and deotroyed,
anil the fischers apprehended.

Unlike the Mile parch fishery, which iz gowvemed by establizhed
harvesting technology guidelines and regulstions (Covermment of
Uganda, 2010), the 5PS light-based fichery lachs a specific regulatory
framework to ensure sustainability of targeted ctocks and the broader
lake ecosyotem. The ecological effects of SPS fizhing technologies remain
inadequately underctood. Beyond effort and catch data comprehengive
aspesamentn of broader ecosystem impacts, such az juvenile bycatch of
high-alue large cpecies, trophic dicroptions from macs SPS remosal,
habitat dizturbance, and biodiverzity changes are lacking. Thiz knoswl-
edge gap hamper: scisnce-based mansgement that balancess SP5 fchery
benefits with ecosyotem sustainabilisy (FAD, 1995). While shudies from
other regions highlight advantages of light fiching, such x= improved
efficiency and catch rates (Mgana et al, 2019; Nguyen amnd Winger,
201%; Solomon and Ahmed 2016), they aloo repoct potential drawe-
backs, including increazed bycasch, dicruption of natural fish behasw-
ioure, and localized overfiching (Basoi et al | 2022)

To address critical data gaps, this study astemed the impact of light-
baged SP5 fiching on catch compesition, juvenile bycatch, and fshing
efficiency in Uganda’z sector of Lake Albert. By integrating fishery-
dependent (LVPO, 2001% Trimble and Berkee, 2013) and fshery-
independent methods (Cachion =t al, 2013; LVPO, 2007; Mislsen,
2018; Yang =t al, 2022), we examined how light type, intengity, and
wertical net stacking (panelling) influence both targe: 5PS and inciden-
tally caprured largebodied speciea. The otudy provides svidence-bazsed
inzights to guide equitable 5PS fishery management, moving beyvond
perception-driven policies towards scosyatem-based fisheries manage-
ment. These findings are crucial for strengthening regulatory frame-
works amd mitigating fiching conflicts within Lake Albert and other
African Oreat Lakea,

2. Materials and methods

2.]1. Saudy arca and sampling approack

Controlled experimental fizhing merveya (LVFO, 2007) and catch
azpeszment surveys (LVFO, 2019) for SPS were conducted in the Ugan-
dan zector of Lake Albert at four selected fishing sites and cix landing
pites, respectively (Fig. 1). Site selection was guided by the need to
reprezent the lake's diverse habitatz, categorized into challow inohors
(< 10 m desp, < 500 m offchore) and desp open (> 20 m deep,
10002000 m offchore) habitats, following lake bathymetry character-
ization by Hamilton et al (2022). Additional criteria for celection
included the precence of active light fishing throughout lunar cypcles,
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Fig. 1. Locations of sampled sites for experimental and commercial catch data on Lake Albert, Uganda. The inset map indicates landing sites where commercial catch
data were collected, while the zoomed area illustrates the experimental sampling sites.

acceszibility, cooperation from local fishern, and adherence to security
advizories and safety protocols issued by the FPUL To complament data
from experimental and commercial catches, stakeholder perceptiona
regarding bycatch compozition in SPS fisheries were collected through a
sructured gquestionnaire [(Blectronic Supplementary Material (ESMI
Appendiz 51} This approach snhanced the smdy’s comprehensivensss
by integrating both empirical and experimental incights, anabling a
robugt asmsezament of the potential ecological and socis-sconomic im-
pacts of light fiching practices.

2.2, Data collection

2.2 1. Experimentsl fishing surveys

Experimental fizhing was conducted from Pebruary 2021 to June
2022 acroes four sampling stations (Fig. 1) to evaluate affects of artificial
Light type and intensity on catch rates of B bredoi, B. muorse, and associ-
ated bycatch speciea. Three light fypes were tected: kerosene pressure
lantemns (EPL), direct colar-powered LED bulbe (SPE-5), and bastery-
poveersd solar LED bulbe (ZPB-M). SPE-G treatments wers tested at in-
bengities of 175, 275, 500, and 375 Lm (ESM Fig. 51, while FFL and SPE-
M petups ranged from one to four light units (lanterna/bulb). SPB-G
lightz were charged directly from szolar pansl: achore and discon-
nected before deployment, while SPE-M bulba relied on pre-charged
bamteries. All solar LED bulbe used in this stady were supplied by Af-
rica Power Limited (Kua Solar) (httpe://wwew_africaposerltd com/our
-product).

Monthly axperiments were timed to coincide with the new moon

phaze or dark nights (a period of peak light fishing activity) to engure
2 dayu at each of the four gitec over a 12-month pericd (excluding the
months of January, March, and June 2021 mizoed due to adverse
weather conditions), following standard protocols for biological surneys
on Lake Victoria (LVPO, 2007). The mimed months were recampled in
23022

Piching waz conducted using an 3-panel, -mm mech cmall-ceine net
(“lampals net™), with each panel meaguring 2 m in depth and 100 m in
length (BSM Fiz. 52). The 8-mm mesh zize was wsed because it is the only
legally permizaible size for cmall-ceine nets on Lake Albert {Oovemment
of Uganda 2010). Netz of 2 m = 100 m dimensions are also the moat
widely available and commonly wed by artizanal fichers on Lale Albert
and acrosz other regional water bodies, incheding Lakes Victoria and
Eyoga (LVFO, 2022). The use of eight net panels wag further guided by a
temporary advisory from the Ficheries Protection Unit (FPU), which
recommendsd panel limit: a3 a precastionary measure to regulase
rafte to attract fish, after which the net was ooed o encircle and
concentrate the foh (BSM Fig. 53) for harvesting (Ben-Yami, 1976;
Marchezan et al, 2005; Solomon and Ahmed, 2016). Each night of
separated by a 5-hour interval. All fishing experiments were pacformed
uzing a motorized flat-transomed sreszel, commonly knowm to az “ooese
flat-at-one-and.” Siteopecific data, including depth, waz also recorded
iuring the surveys. A summary of the experimental surrey sampling
degign ic precented in Table 1.
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Table 1

Summary of experimental fishing survey sampling design.
Parameter Deseription
Sampling pericd Febrsary 2021 — June 23

Temal number of monds sampled
Mambes of sites

Sampling frequency per site
Wambes ol fishing hauls pes serap
Kumber of light ypes ested
Dimensions of Ded ikl

12 {eveslapping owe calendes yers)

Four (w0 inshiee and two offshone)

Twiee diys per monch

Ulp tor cheres: et hivds P might

Thuer: [ight rype o sousces (KPL, 5FB-8, 5FE-M)
E-peme] small-seine ner (2 m o« 100 m/paned)

222 Catch assessment nmveys (CASs)

Sampling design

CAGz were conducted at gix landing sites with active light-bazed SPS
fzheries: Dei and Walukaba (North), Runga and Faiso (Central), and
Moonga and Songaraw (South) (Fig. 1). These gites were selacted based
on previous obeervations of mixed 5PS catches [ comprizing E. bredoi and
B. nuwrze) obtained using light attraction methods (Mbabazi et al, 2012
NaFIRRI, 2021).

Monthly CAS: were conducted owver a 24-months period between
Geptember 2019 and August 20220 At each landing aite, trained
community-based enumerators collected data on fah catches during two
conzecutive days in each of the four lunar phases (new moomn (M), fret
quarter (), full moon (F), and third quarter (T}) per month, following
LVFD (2019) standard operating procedures. A lunar calendar (hetpa:/
wowrw. moongiantoom,calendar,) was shared with the enumerator to
engure gynchronization of sampling across all zites, under relatively
similar environmental conditions.

Each day, up to 30 boats were randomly sampled upon their retum
from night fiching tripe. Piching typically started around 18:00-15:00
and lasted for up to 12 b Catch data were recorded for cpecies
compoaition, gear used, light type, and caswch quantities. The wee of
community-based enumerators enabled capacity building and reduced
overall cogts amociated with fichery-dependent data acquisition. The
researchers maintained regular commumication with field enumerators
and conducted monthly wviritn to each landing zite, to ensure amict
adherence to sampling procedures. Additionally, a WhatzApp group waz
establizhed to facilitate real-time coordination, allowing for the charing
of experiences and the prompt resolution of data collection d:.aﬂmg\:r_n
mummary of the CAS zampling decign iz presented in Tabl=

Proceszing of catch

Proceasing of catch for both experimental and commercial catch dats
followed a gimilar procedure as deccribed below:

i. Az mentioned in the background section, bycatch in this study
wan defined 2z large-bodied fich speciea (incduding L. niotios, A
baremose, H. forskahlii, B. bajad, L. bynni, D. niloticuz) inci-
dentally retained in SPS fisheriea, primarily az juvenileaz, although
they are not the target of the fichery. From =ach sampled boat or
haul, individuals of these large-bodisd species were sorted and
identified to cpecien lavel

Table 2
Summary of catch assssment sureey (CAS) sampling design.
Parmmeter Deseription
Sampling period Sepresaber 200 % - August 2022
Dresrathcn 24 mnoths
Mumber of |anding e Six
Sampling frequency per sine Two days per bonar phase (four phases
moaith]
Mamber of samplisg days pes Exght days per sipe
muih
Boars sampled per day p 1o 30 bosats par Aay
ESUmeaines TIM}PIH’ sine (hocal mm.u.l.unn:.l -based)
Sampling muthoad dom bost ipding upon landi
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ii. For the common bycatch species, lengths were meagured in
addition to countz and weights to determine population strcnare
and mean lengthe. These were then compared with publizhed
ectimates of length at 50 % maturity from eadier studies (e.g.,
MNakiyende et al | 2013; Nkalubo =t al , 201 5) to aseess the extent
of juwenile capture, which hac been a central point of contention
in the light-based 5P5 fishery.

iii. The remaining catch of the tasget species (B. bredoi and B. nurse)
and =mall individuals of the large-bodied bycatch species were
weighed in buckets and recorded.

iv. Arandom sub-sample of 1 kg was taken from the mived catch and
prezerved in 5 % formalin to allow for detailed laboratory anal-
yuiz, including species wverification, cpecies composition, amd
length—sweight measurementz, that could not be reliably con-
ducted in the fiald Bach presered cample was labelled with
eczential metadata including date, station, OPS location, haul
number, light type and intensity, and species type, to engure
traceability and facilitate subsequent analyzes.

v. All preserved zamplas were ctored in airtight containers amd
trancported to the laboratory for detailed analyvia of species
compoaition, length-weight relationships, and sexual maturity.

vi. In the laboratory, sach sample was emptisd onto a pecforated
zieve and rinsed under runming water to remove sxcess preser-
vative (formalin). The samples wers then zorted into cpecies

102500

groupe.

wii. Both individual fich length at 1-mm intervals and woeight in grama
(g) wese recorded, and individuals were thereafter grouped in
respective gize classes.

viii. For the bycatch of large-bodied speciea, both the total weight and
indlividual length of all fizh specimens were recorded.

2.2 8. Determinction of fishing depth relative to vertical net panel secking

Artizanal SPS fichem on Lake Albert deploy stackhed nets ranging from
four to 20 panele {MaFIRRI, 2012; NaFIRRI, 2021; Makivende et al |
2023). To assess how mtacking influences fishing depth, experimental
fizhing trials were conducted in deep offchore waters (approximately
2040 m depth) uzing netz configured with 4-20 panels, increazing in
incrementz of two (BSM Fig. 541 Bach net configuration was with a DST
TD (Diata Storage Tag with Temperatore Depth sensor), manufactored by
STARODDI, attachad to the foomope. These davices recorded temper-
ature and depth data continually during fghing operations. After =ach
haul, the device was detached, data dowmloaded, and then reattachsd
for the next deployrment. Thres hauls were conducted per net configu-
ration, and the average maximum depth reached by 2ach configurasion
was calculated.

224 Determinction of catch rates by stocked net paneds

To ensure robusmess of the findings, we integrated both experi-
mental and artizanal catch data The net stacking experiment served to
precizely quantify the maximum fzhing depth achieved by each
configuration. Concurrently, data from catch assesoments provided es-
timates of catch rates of the SPS, B bredoi and B. nurse, alongzide inci-
dental bycatch of large-bodied species. Bycatch was fimt asoezsed by
rpecies composition and then pooled to be expressed az a proportion of
the owerall catch in subsequent computations. Thiz integrated anabytical
approach delivered detailad inzights into how net panal configurations
influenced both target yield and bycatch composition.

225, Pishers’ perceptions of bycaich in Eght-based small pelagic species
fisheries

To complement experimental and artizanal catch aspecaments, and to
provide a socic-=cological perspective on the impacts of the light-bazed
SP5 fichery, fisher” perceptions of bycatch were evaluated. Specifically,
thiz ameszment aimed to underztand the spedies compogition and rels-
tive contribution of non-target large-bodied cpecies in catches, ag
perceived by the fishers themselves. Soructured face-to-face interviews
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were conducted at three landing zites: Dei, Faiso, and Mtoroko (Fiz. 1,
uzing a stamdardized guestionnaire. Respondentz were randomly
selected from fishers utlizing light atraction techniques.

Por clarity and consiztency, “bycatch™ waz defined az the portion of
the catch comprizing apecies not primarily targeted by SPG fshing gear,
regardless of whether retainad or discarded. Pishers were acked wo:

Indicate whether other species were landed ag bycatch in SPS catch
(Wez/MNael.

Identify the most common bycatch gpecies from a pre-gpecified List.
Estimate the proportion of large-opecies bycatch in the light fisheries
catch, selecting from predefined categories: < 5 %, 510 %, 10-20 %,
20-50 %, 30-50 %, ar > 50 % (ESM Appendiz 11.

Theos responces were analyzed to guantify the perceived contribu-
tionz of primary target SPS and non-target large species (perceived ag
bycatch) in the fishery (Nakiyende =t al., 2025). Perception-based esti-
matea were then cross-referenced with axperimental and artizanal casch
aspeczment data to evaluate alignment betwesn fzher’s obsermations
and empirical measurements.

2.8 Data aralysis

Experimeantal data were analyzed to evaluate the sfectm of Light ope
and intengity on catch rates acrom different habitats, Articanal (com-
mercial) catch data were vosd to azsess the impact of net panel stacking
om catch rates of target and non-target cpeciea. Bycatch composition
data from fcher perceptions, experimental catches, and artizanal
catches woere integrated to enable a comprehencive analyziz acrocz all
data sources.

Catch par unit affort (CPUE), axpreseed in kilograms par hour fizhed
(kg howr ') was computed for sach speciza, and compared scroas light
types, light intensity (lumens /number of bulbs,/lantems), habitat type,
anid net panel configurations. A three-way analyzis of variance (ANOVA)
wan used to evaluate differences in mean CPUE, followed by Tukey's
post-hoc test for pairwise comparizson of specific differences between
groupe. Standardization procedure: were applisd to address any
incomplete or missed haols, ensuring the reliabilicy and comparability of
the resule.

Table 3

Joirral of Grear Lakes Researck 5] (20250 102590
3. Resultz

3.1. Ceech rates of Engroudicypris bredoi and Brycinus murse soross Eghe
tvpes, Entensities, and hobitos

The casch rates of 5P5 (B bredoi and B. nurse) ascross diffsrent
habitats choswed no significant diffarence with regpect to light sypes and
intengitiez (p > 0.05; Tabls 31 Howewver, sgnificant differences were
obaerved betwesn control (fiching without light) and the three light
typ=e (FPL, 5PB-M, and SPB-5). Specifically, catch rates were signifi-
cantly lower in the control reatment for both B bredoi (F = 70446, DF
=8, p< 0.001) and B. mwrse (F = 21.523, DF = 3, p < 0L001) compared
to all illuminsted treatments (Table 5; Fig. 2). Additionally, a significant
interaction bepween habitat type and light source was observed for
E Bredai (F = 13.5869, DF = 3, p < 0.001). Poct-hoc Tukey mulripls
comparison tects (2t a 95 % family-wize confidence level) confirmed that
catch rates in the control treatment differed significantly (p < 0.001)
from those under three artificial light types acrom both inshore and
offshore habitsta.

3.2, Bycatch composition in ertisancl catches, experimentol catches, and
fusher perception dam

Bycatch compogition, expressed az the propoction of non-target
cpecies within the total carch, was evaluated from artisanal and sxpes-
imental data o=tz az well az from fishem” pesceptions (Fig. 3). Engrau-
icypris bredsi concistendy dominated the SPS catch, followed by
B. nurse, while the bycatch made up lesz than 10 % of the total catch
acrocs all sources (Fig. 3). Motably, large-bodied cpeacies bycatch was
precent acroas all lighting types (Fig. 3). The highest bycarch proportion
(14.4 %) was recordad in artizanal catches landed wing multiple solar
bulbe (SPB-M, while the lowect (3.2 %) occurred under kerosene lan-
terne. Bycatch proportions for other light types were zsimilar, all below
10 % (Fig. 3). It is important to note that artizanal and perception-bazed
data incloded only fisheries uzing kerosens lanterns and SPE-M, az dam
were unavailable for fishing withowt lights (CTR) and for SPBE-5 (salar
bulbz with a known huminous intencity in lumenc).

3.8, Bycatch specics composition acrass light fypes, intensities, and
Faabirets

A total of 15 fzh species were identified a2 bycatch in the sxpari-
mental catch acroas different light types and intencities in both ghallow
inchore and deep offthore habitats (Fig. 4). The fve most frequentdy
encountered bycarch species were Oreochromis nilaticus (Mile tilapia),

Analysis of variance (AMOVA) results showing the effects of habitat, light type, light intensity, and their interactions on catch rates of Engraalicypris bredod and
Brycimus purse in Lake Albert, Uganda. Degress of freedom (1), sum of squares (Sum %), mean squares (Mean 5q), F-valoes (F value), p-values (Fri= F]), and sig:
nificance levels (Signif) are provided. Sigrificance codes *** p o 0000, ** p < 001, * p < 005,

Specie Variable o S B M 549 F walue Pe(=F] Signil.
Frgraibicypeis beadod Hahitar 1 182 187.97 23404 012664
Light ype 3 1697 565.78 70446 000012 L]
Incensity 8 91.39 1.138 033578
Hahitar: light rype 3 3345 1115.47 128889 9EIE00 ]
Hiahitarn ity 8 =g 111.74 13014 01973
Light rypeinmensicy 5 54 50.82 0.6328 OETEES
HahitarEght rypesintensy 3 124 2282 0.5581 0.64291
Rusiduals 537 43,128 80.31
Bryvinug msse Hiahsitar 1 0.28 0.0171 029
Light rype 3 10865 36216 21823 239E13 ]
Tncensity 8 524 73 04396 0TI
Huhitar: light ryps 3 mE 9.25 0.5574 6434
Hihitar: infensicy 8 511 7.63 0.46 n.Ese]
Light rype: intensiny 5 1354 27,09 1.6322 01496
Hhitar: light rype: Inutesciny 3 4,58 0.2817 B3R
Rusiduals 537 1T 16.6
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Fig. 2. Catch rates [+ 5E) of Engrouicypris bredod and Bryctnas nirse by light type on Lake Albert, Uganda. Light types indude C— control (no light), KPL = kerosene-
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Fig. 2. Byeatch compasition in the different light types based on community percaptions, commercial eatch, and sxperimental data from Lake Albert, Uganda.

L miloticus, Hydrocyme forskehlii, Alestes baremose, and Distichodus nila-
Sews (Fig. 41, Other bycarch cpecies inchoded Malopeerurus electrious
(electric catfish), Labeo horic (Asmuan labeo), Ctomopoma muric (ooel-
lated labyrinth fichl, Bagrus bajod, Alsstes macrolepidotuz (tue big-
ocale tetra), and Labeobarbus bynri. Notably, bycatch quantities were
highear in inthore habitatz, wheare daily cawchea for species like
0. nilaticus, L milofioe, and H. forskohlil reached 10-12.5 kg per day. In
contrast, offzhore catches of thece dominant bycatch species barely
excesded 5 kg per day (Fig. 4). Acrosn all light treatments and in-
tengities, the majority of bycatch speciec were caught in quantities
below 1 kg per day (Fig. 4).

3.4 Corch rates of Bagravlicypriz bredoi and Brycinus muse ooross mets

A gignificant pogitive relationdhip waz observed between net panel
configuration and catch rates for B bredoi and B. nurse in the artizanal
light-bazed fizhery ip < 0.001). The highes catch rates for both cpecies
oocurred at the 14th net panels (Fiz. 5a), with mean daily catch rate (&
standard errer, SE) of 235.0 + 3.66 kg boat™' day ™" for E bredoi and
158.7 + 3.52 kg boar™ " day ™" for B. nwse. Specifically, E. bredsi casch
rates increased st=adily up to the 14th panel before declining, whereas
B. nurse catch rates plateaved after the ninth panel with subsequent
adiditional panels yielding only marginal gains (Fig. Sal.

To evaluate efficiency and economic implications of increaging net
panel numbers, ecpecially in light of concems about unregulated net
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Fig. 4. Comparison of bycatch composition in experimental catches under varied light types and intensities within inshore and offshore habitats of Lake Albert,

Uganda. £P8-M — multiple-mmit solar bulbs, SPB-% — single-unit solar bulbs, and KPL

kercsena-powered lanterns. Light intensity for SPE-M and EPL i quantifisd by

the number of balbs and lamps, respectively, whils $PB-%5 intensity i measured in lumens)

pansl expansion and itz contribution to bycatch, standandized casch
raten (kg/met panel fday) were calculated by dividing the total casch by
the number of paneals (Fig. 5b). Remults revealed an initial rise in catch
per net panel (area), peaking at an optimal threchold before declining.
Beyond thiz threchold, additional panels did not improve catch per unit
area indicating diminiching retuma {Fiz. 5b). For B bredoi the stan-
dardized catch rates peaked ar 24237 4 049 kg/net panel/day with
peven panels and declined to below 15 kg/net panel/day from the sighth
panel onwards (Fig. 5bhl. Similarly, B. nurse chowed a peak at 13.67 4
0.39 kg/net panel /day at eight panels, followed by a gradual decline o
about 5 kg/net panel/per day by the 16th panel (Fig. 5b), indicating
diminizhing returng beyond the optimal panel rangs.

3.5. Bycatch specicy composition across met panel configurations

A total of 13 bycatch cpecien were identified in the artizanal catch
acros: diffsrent net panel configurations. The moat abundant species
included Lotes opp., H. forskahilii, A. baremose, and Tilepia zpp. (Fig. 6).
Other cpecies incduded Protopeers aethigpicus (marbled lumgfizh),
Malapterurus electricus, Clarias goriepinus (Morth African catfish), and
Cariding nrilotice (2 freshwater chrimp of the family Atyidas) (Fig. 61
Lates opp. exhibited a marked increaze in catch rate with panel number,
ranging from approximately 1 kg/boat/day at gix panels o — 15 kg
boat/day at 15 panels. Other species dizplayed more variable wends
acros: net panels. For example, A baromose attained peak catch (3 kg
boat/day) at nine panels, while H. forskofli exhibited dal peals at

peven and 15 panals, each with — 5 kg /boat/day (Fig. 6). The “other
rpecies” category included Bagrus bajod, Lobeobarbus bymni (Mile barb),
Mormyrus opp. (elephant-cnowt fches), and Schilbe opp. (oilurid cat-
fizhes), all of which were recorded in losw quantitias (< 0.5 kg/boat/day)
(Fig. &).

3.6 Monthly variation in byeatch rates of four dominant species

Monthly analyzin of the catch rates of four bycatch cpecies
(L. miloticues, H. forskoklli, A. boremose, and Q. nilaticus) revealed claar
peagonal trende (Fig. 7). Lates miloticus exhibited elevated catch rates
turing April to May and Movember to January. Hydrocymus forskafli
thowed peaks in January and Movembes, while A. baremose peaked in
April, June, and betwesn September and MNovember (Fig. 7). Thec
temporal pattermns suggest potential links with hydrological cycles or
spawning behaviors, relevant for mansgement considerationa.

3.7 Sige structure of major bycatch speies meross habites

The zize structure of the most abundamt bycatch opecies in the
experimental catch demonstrated distinet habitat-related pasterns
(Fig. &) Oweerall the light-based fshery caprored predominantdy
immature individuals, when benchmarked against publiched materity
data (Makiyvende et al | 2013; WNELSAP, 2019). Individuwals from inshore
habitatz were generally smaller than those from offthore habitam
(Fig. 0L Additionally, offthore habitare wielded fewer individuals of
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moat bycatch cpacies compared to inchore cites, with the sxcaption of
A. baremose (Fiz. 0). For inctance, only 26 individoals (2.1 %) of the
1214H. forskahlii cpecimens were recorded offshore. Similarly, 46 (9.7
%) individuals of the 493 L. rilodcws and 43 (19.0 %) specimens of the
2260, nilotous were encountered from the offchore sites. In contrast,
69.3 % (153 mdividuals oot of 262) of A. beremose were recorded
offzhare. Importantly, ower 90 % of & niloticus specimens from offchore
gites were matore and exceeded the legal minimum hareest size of 20 cm
total length, an prescribed by the Fish (Fishing) Rules {Oovermment of
Ugamda, 20000, This contrasts with the immatre siza structure obssrned
for moat other cpeciea, particularly indhore.

4. Duscussion

The study precents empirical data that informs the socio-economic
and ecological debates surrounding the light-based fishery targeting
emall pelagic species on Lake Albert Specifically, it cheda light on the
long-ctanding conflicts between fzhing groups, which are primarily
driven by perceived high byrarch of jusenile Mile parch and the reagulting
ban an the SPG fchery, an action that significantly disrupted the Liveli-
hoods of communities dependent on itz value chaing { Africa-Press, 2024
Harvest Money, 2024b; Monitor, 2024; Uganda Timea, 2024} The study
quantifies catch rates and bycasch composition across different light
sources and net panel configurations to offer evidence-bagsed insights.
These findings care a2 a foundation for further targeted comprehanaive
stock assesoments that are emential for determining the potantial risk of
the 5PS light-based fchery to the large-specie: socks, incloding

152

L. miloticus, and guiding proportionate, cientifically grounded man-
agement recponges.

By quantifying catch rates and bycatch composition across warious
fizhing methods, the study provides baseline information that can
contribute to policy discuszsion and inform adaptive management con-
siderations within Lake Albert's multi-zpecies fishery. The findings help
to bridge knowledge gaps that have fuelled socic-economic tensions,
particularly the conflict between fiching groups over perceived juvenile
bycatch of large-bodisd species, specifically L niloticus and the aubge-
guent ban on the 5PS fichery. The analyric of net panel configurations
and their relationchip to catch rates offers practical inzights inte fzhing
efficiency, suggesting areas where regulatory attention could be
directed. Moreover, the documentation of bycawch composition, scpe-
cially the pregence of juvenils L niedous, directly resonates with the
core concern underlying coment management tensions. Specifically,
catch rats data serve az a foundation for identifying trends and guiding
further scientific inguiry. Hence, the study highlights the importance of
integrating both socio-economic realities and ecological evidence in
in date-limited, multi-gpecies ecogystema such az Lake Albert. Therefore,
the inzighta derived from thiz study can contribute to developing more
equitable and sustainable fichariss management considerations for Lake
Albert and zimilar ecosystema, with a focuz on conflict resolution and
data-informed policy alongride ecological congiderations.
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The observed patterns in E. bredoi and B. nurse catch rates acrosa
varying light sources and net panel configurations offer valuable inzight
into the dynamics of Lake Albert ecosystem The consistently higher
catch rates of B bredoi compared to B. nurse, as reported by previous
seudies (Mbabaci et 2l , 2012, 2019: Nakiyende et al., 2023), may reflect
its greater relative abundance (Trenke! and Rochet, 2003; Ye and Den-
niz, 2009). However, thiz trend could also be influenced by species-
specific gear selectivity (Thambithurai et al, 2018). Por instance,
E. bredoi may display behavioural traits such as stronger phototaxia
(attraction to light) or a greater tendency to school and aggregate within
the effective fizhing zone of the gear (Blaxter and Parizh. 1965: Paviow
and Kasumyan 2000), making them more ptible to cap
Additionally, differences in wvertical distribution within the water

column, influenced by diel migration and other behavioural pattems,
may influence species-specific catchability in relation to the number and
configuration of the net panel (Clark and Levy, 1988).

While relative abundance derived from catch data offer useful in-
sights to a certain degree (Cooke and Beddington, 1984; Hubert and
Fabrizio, ”W?),mmnmhmmnmgﬁ:ﬂymam
comprehenzive that incorporates speciec-gpecific gear

lactivity, behavi | uyamltheamdsbmenmfwdx
target and incidental bycatch species. Therefore, fi h should
prioritize comprehenzive stock ascescment:z integrating hyd tic
and trawl survey techniques, to quantify fich biomase and spatial dis-
gear zelectivity and behavioural aments of target and non-target
species would further enhance the interpretation of catch data and
support the development of effective, evidence-bazed fzheries
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management strategies.

Catch rates of B bredod and B. ruwrse were significanty reduced in the
aboence of artificial light, reaffirming the central rol= of light in driving
the efficiency of thin spedific fichery (Mguyen and Winger, 2019). While
the practical affectivenssa of light iz evident in itz hiztorical and wids-
spread uoe by fichers in the Bast African region (Lwfo, 2020, 2022
MaFIRRI, 2012 Makivende et al, 2023; Nguyen and Winger, 2015
Solomon and Ahmed, 2016; Wandera, 1990, empirical quantification
remainz emential, particularly in the context where policy decizions
have been made to rectrict and ban its uoe under the ascumption that
light iz non-essential or ecalogically harmful (Harvest Money, Z024a;
The Cooperator News, 2024; Uganda Times, 2024). The schooling
behaviour and foraging otrategy of thece SP5 make them highly
respongive to light stimuli (Blasxter and Parish, 1965; Pawlov and
Fasumyan, 2000). Light-induced aggregation hag alzo been observed to
enhance predator foraging efficiency (Becher et al | 20013) These dy-
namice underscore why light ic not merely a supporting tool, but a
fundamental ecological and technological driver of catch succesa in this
fizhery, necessitating science-based guidance in ongoing policy
formulations_

In comtrast to previous studies that report reduced catch rates due to
increaged gear visibility and subsequent fich avoidance in luminated
static gear configurations such an gillnets and trawls (Allmamn et al.,
2021; Senko et al | 2022 Southworth et al | 2020), our study observed
vignificantly higher catch rates during illuminated ceine net de-
ployment. Thiz apparent contradiction likely stems from differences in
fizhing methodologies. Unlike static gears, our stody employed a rapid
around aggregated fizh shoals. Thiz technique minimizes the opportu-
nity for fsh to eccape and effectively counteracts any avoidance
behaviour that might be triggered by enhanced gear visibility. The apesd
and preciziom of thiz seine net deplosment (commonly referred to ag the
“Hurmry-up” technique), particularly in illuminated zones, facilitates the

ent of Uganda, 2010}

swilt concentration of fich, ultimately resulting in high catch rates. By
contract, in static gear cetup like thooe examined by Senko et al (2022),
illumination likely increassr gear wvisibility over sxtended periods,
providing fich ample time to detect and avoid the gear. Theos findings
Light and gear type and suggest the need for future studiea to examine
how light influences the behavior of 5PS in dynamic gear deployments.
policy debates regarding the sustainability of lighe-bazed 5P5 ficheries in
Lake Alber: and other African Oreat Lakess ecooystems. Some stake-
holdars have advocated for a complets ban on all light wee, including
solar lights, citing parceived negative impacts on large-species ficharies.
These concems peraict decpite the abeence of viable alternative methoda
for harvesting SPS stochs. COur fndings ofer empirical svidence to
inform such policy deliberations, highlighting that light iz not simply an
accessory tool, but an integral component of the SPS fichery's opera-
tional framework. Therefore, rather than implementing a blanket ban, a
more nuanced, evidence-based policy approach iz necessary, one that
potential acological impacts whils recognizing the escential role of

4.2, Eronomic and environmentol benghts of solar fshing lights

The adoption of solar lighting technologies in Lake Albert amd
comparabls scosyotems uch ac Lake Victoria has generated consider-
able conflict. Large-gpecias fichers, especially those involved with the
Mile perch fizhery have expremed concema over the uoe of solar lights,
favouring berosens lantema, due to perceived detrimental impacts,
However, our study found no significant differences in catch rates of 5PS
and bycatch opecies acroca differant light sources and intengities teated.
Thiz finding challanges the narrative juctifying a ban on zolar light and
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helpz bridge the policy divide by providing empirical data where it has
bean previoudly lacking. Bwidence-based incights such an these are
mppoct the continued adoption of sclar lights, which offer well-
documented economic and environmental advantages (Aithen and
Zcholle, 2015; Mangeni-Gande et al. |, 2019; Mulyono et al., 2023). These
benefits axtend wall beyond operational sase. Solar lights aliminate the
need for frequent refuelling and re-pressurizing lamps during night-time
fishing operations, thereby reducing operational downtime and
enhancing fishing efficiency. Moreover, their congiztent illumination,
even under adverse weather conditions, snsures relisble catch perfor-
mance and contributes to economic stability for fohers (McHenry ez al |
2014; Mgana et al, 201%; Millo et al, 2014).

Purthermore, the promotion of solar fiching lights precentc a prac-
tical oppartunity for strategic spatial management of fishing effort on
Lake Albert, particularly in the context of ongoing user conflicts and
operational constraintz. Traditionally, SPS fishers have avoided desper
offzhore habitat due to adverse weathar conditions, particolarly strang
winds and storme, which frequently extinguish kerogene-baged fshing
lightz by fipping them into the water, abruptly ending fiching opera-
tionz and making much expeditions economically unviable. In contrast,
solar lights have demonotrated greater resilience under these conditions;
even when overtumed by waves, they continue to emit light and attract
5PS, making affchore fiching more feagible and reliable. By incentivizing
the adoption of zolar lights for offthore uge, fiching pregsure could be
gradually shifted away from ecologically sensitive inchore areas, critical
breeding and nurcery areas that support juvenile recruitment and
biodivemity comservation (Maliyends e=c al, 2013 NELSAP, 201%
Wandera and Balirwa, 20010). Hence, concentrated fching presoure in
thallow inchore habitats could regult in substantial bycatch of jurenils
fizh and may compromize their ecological integrity. Additionally,
Uganida’z Figh (Pishing) Rules {Jovermment of Uganda, 2010) prohibit
the harvest of Nile parch below 50 cm, a aize typically achi=ved only
with S-inch (12.7-cm) gillnetz. Howeswer, the omall-mesh (< 5 mm) neta
the rigk of harvesting immature fich before they contribute to repro-
tuction, potentially undarmining long-tarm stock suztainabilicy. Bxces-
dve juvenile removal, if not balanced acrom size clagees (Bres=n et al.,
2016}, can lead to sbock collapee, particularly in eyotems with muoltiple
rpacies with complex life histories Purthermore, intence fching in
inchore nurcery areaz can disnorb eritical processes such az recroitment,
predator-prey  dynamics, amd habitat wee patternz escential for
ecogystem functioning. Therefors, gpatial management ctratsgies that
redirect effort offthore aloo align with existing legal provizions aimed at
protecting inchore breading grounds and snsuring sustainable hareests.
Az such, offshore light fishing supported by solar technology offers a
feazible approach to deconflict use zones, anhance compliance with cizea-
based harvest restrictionz, and inform balanced, locally appropriate
spatial policies. Thiz approach not only supports sustainability but also
responds directly to operational constraints cited by fishers themzelwes.

4.3, Optimal net penel confipurations for sustmingble fishing

The analysia of 5P5 catch rates across varying net panel configura-
tionz offers empirical dat to support evidence-based decizion making in
the context of Lake Albert's multi-species fichery. Pichers are highly
adaptive, conzistently optimizing gear deployment based on practical
experisnce and sconomic consideration. Thiz trend iz avident on Lake
Albert, whare the continuous incresss of net pansls has unfortunately
eocalated conflicts with those opposed to this practice (N2FIRRI, 2012
Makiyende =t al | 2023). Our study identifies a threchold bevn.n.ﬂwhl.dl
further increass in net pansls regult in diminizhing renams for SPS catch
and increased incidence of non-target cpecies, incduding juveniles of
large-bodied species quch as L. miloficws. Recognizing this obserration i
eozential for informing discussions on gear regulation sgpecially in light
of stakeholder conflicts over bycatch and revource we equity. Therefore,
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thiz study highlights patterne that can guide policy dialogue, balancing
efficiant 5P5 harcests with reduced bycatch risks and ecooyzstem con-
riderations for the long-term resource gustainability of Lake Albert'z
multi-species fizhery. Thiz could be achieved through development of
gear configuration guidelines that maximize catch of target species
while minimizing operational inefficiencies and potential ecological
dizturbances.

44 Bycatch composifion across light types, ight intensities, habitos, and
net panel confipurations on Lake Albert

The study documented a diverse aray of non-targeted species acroea
all light weatmentz, habitat types, and net configurationz, in both
experimental and artisanal catches, consigtent with similar studisz on
Lake Victoria (Oula =t 2l 2022). The use of artificial lightm in fishing
enhances the target species caprure by promoting choaling behaviour, a
phenomenon well-locumented in SPS (Backer =t al | 2013; Blaxter and
Parrish, 1965; Mgana et al, Z2019; Pavlov and Kasumyan, 2000; Solo-
mon and Ahmed, 2016} Variation in catch compesition between inghore
anid offshore habitam likaly reflacts inharent differences in speciec as-
semblages amd life-history traits characteristic of these zones. The highar
proportion of emall individuals and species obaerred in inchore catches
align with the generally higher biodiversity and presence of early-life
rtages (Wakipende et al | 2013; MELSAP, 2019, Wandera and Balinwa,
2010) az well az threatened spacies such as Lates mocrophthelmws (Albert
lapes; IUCH, 2025) in these challow, productive areas. Such patterna
warrant conzideration when developing spatial management gtrategiea
for Lake Albart, particularly where legal frameworks restrict harvest of
immature fch (Jovernment of Uganda, 20100

These findings, which chow lower bycatch rates in offchore
compared to inchore weatesz, ass conzistent with patterng reported in
other oystema (Azesc =t al | 2021). While our study does not directdy
aspess  habitat fl.l.'llllﬂ‘.l.ﬂllJ.Ll.t\’ previouas ressarch on Lake Albest
(Makiyende =t al | 2013; NELSAP, 201% Wandera and Balirea, 2010)
haz identified inshore areas az ecologically significant sones for biodi-
werzity maintenance, fish reproduction, and juvenile recruitment. In thia
context, encouraging offcthore-directed fiching effort could contribuge to
reducing fishing pressure on these scologically important inchore hab-
itats. The disproportionate capmre of immature individuals, particulady
in inchore habitats, raizes management concems related to recruitment
overfiching, egpecially in oystems where legal frameworbs such az
Uganda’a Pish (Pishing) Bulea (Jovemment of Uganda, 2010) empha-
vice protection of juvenils fich to encure they reach marrity and
contribute to populstion replenishment. While Hixon =t 2l (2014
highlight the ecological challenge: ascociated with conserving larger,
oldar fich, in multi-species fisheriag like Lake Albert balancing hareeat
pattemns to prevent both growth and recruitment overfishing remaing
easential, Therefore, this study provides empirical dats to inform tas-
geted spatial and gear-based management interventions aimed at
aligning fishing practices with national conservation objective: and
ecogyatem recilisnce.

Thiz study identified a correlation between net panel configuration
amil bycasch rates, revealing that certain opecies incuding L. niodicus,
H. forskahlii, A beremose, Tilapia zpp., and Syncdontiz cpp. (squeakess,
catfich family Mochokidas) exhibited increaszed catch rate with an
increaging number of net panels, Thizs obeervation could explain the
expanzion of net panal uzage on Lake Albert from previously cix panela
to about 20 panels documented (Mbabazi et al | 20012 Nakivende stal |
2027, 2025). A mimilar trend of et panel joining has alss been docu-
mented on Lake Victoria (LVPD, 20200 The obeerved noesse in
brrcatch with net panel stacking iz a key factor contributing to parmistent
conflict: batwesn the SPS actore and large-species fchem, particulsrly
thooe targeting the L. miloticus on Lake Albert and similacly structured
ecoaystems such as Lakes Victoria and Eyoga (Mil= Poot, 2024) The
landing of undergize L. nilodcws, whils sconomically beneficial to the
EPS fizhers in the chort term (Chala =c al., 2023), intencifies competiton
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owver dhared resources and undermines current gear-zpecific regulations
aimed at protecting juvenile stocke {Jovernment of Uganda, 20100
These outcomes highlight a pressing need for input control measures
(Purcell and Pomeroy, 2015) such az cl=ar gear configuration guidelinea
and enforcement strategies to minimize bycasch-relatsd tenzions and
rupport coexictence of the different ficheries within a chared resource
syatem. The study revealsd that deploying up to eight net panels,
reaching a maximum fizhing depth of 16 m, optimized catch rates of
E. bredoi and B nurse while minimizing bycatch, which dropped to
below 2 kg/boat/day. Beyond this configuration, standardized casch
ratea plateaved, but bycatch, particularly of L mdofioun, incressed
significantly. This finding suggests that excesgive net panelling increages
overlap with water sone (depths) woed by L nilotious and other large-
bodied speciec, potentially escalating gear-related conflictn between
SP5 and Nile perch fishers (Mil= Poat, 2024). While these bycatches of
large-bodied species may hold economic value to the SPS Gcherg (Owla
et al , 2022), their capture by geam primarily optimized for 5PS can
complicate management due to existing gear selectivity roles and mas-
ket zegmentation. The results point to the importance of sgtablishing
panal configuration guidelinas that balance operational efficiency with
reduced inter-fishery conflice.

The atudy revealad elevated byeatch biomass and species richnesa in
challow inshare habitats, conzigtent with previous studies (Malkiyends=
et al, 2013; NELSAP, 2019 Wandera and Balirwa, 20100, which also
identified these areas ac critical for fich spawming, early development,
and gpecies tumover. Their ecological value stems from their role in
mupporting reproductive cycles, sustaining juwenils recruitment, and
maintaining speciss amemblages that contribute to the overall recilisnee
of the lake's fishery syutem. Due to their sensitivity to anthropogenic
stressors and concentrated fiching effort, protecting these inchore hab-
itats iz escential to maintain ecosyrtem function and long-tarm fizh atock
productivity. Specifically, immature bycatch of large-bodied cpacies
ruch 2z Lates niloticus were notably higher in inchore arean laas than 10
m deep, where species richnes: and juvenile presence were alevated. In
contrast, catch compogitions in deeper watern were more selective for
target SPS (B. marse and B bredodl, with reduced bycatch rates. Theoe
pattarnz, along with complementary hydroacoustic assescments, which
indicate greater SP5 abundance in open lake areas, suggect that offchore
fizhing could reduce ecological atress on nearshore breeding and mursery
habitatz. While further investization iz necessary to define sxact spatial
threcholds, our results offer preliminary guidance for management dis-
cussions aimed at aligning gear wse with depth zone: to minimize
brrcatch and cafeguard juvenile stocks. While incidantal bycarch of non-
target species Jduring SPS light fshing incressed particulary with
increaging net panel deployment, mamy of these cpecies hold economic
walue and are retzined by fchers. Motbly, observations from experi-
mental deploymentz indicated that the large-bodied bycarch in-
dividuals, especially Lates miloticis, exhibited zignz of post-capture
viability when handled promptly. Thiz seggests that voluntasy live
release, where feasible and aligned with fisher practices, may offer a
complementary atrategy for conzerving ecologically important species.
Purther research iz nesded to quantify survival rtes, fischer willingness,
and potential trade-offo befors conzidering broader implementation of
roch measures.

The study revealsd temporal variation in catch ratea of commonly
retained bypcatch species ouch as Lotes cpp., H forskohlii, 4. baremase,
and Oreochromis cpp. across the months sampled. Peak catch rates of
these species were oboerved between April to June and Nevember to
Decamber, periods that correspond with the rainy ceasonc in the Lake
Albart region (WEMA, 2009). While thiz pattern may reflect seaconal
chifitz in fich distribution or catchability, it also highlights the nesd for
further research into the life-history dynamic: and temporal availabilicy
of these species within the SP5 fichery. Undemtanding such patterna
could provide upeful incights for guiding adaptive management strate-
gies, particularly in balancing seasonal fishing activities with resource
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management goals worldwide, induding increasing fish otocks amd
improving productivity (Bavinck et al, 2008; Hastingz =t al, 2017
Homrever, the comrent findings do not provide conclusive svidence for
implementing seasonal closures, and any futore regulatory consider-
ationa thould be based on comprehenzive, scosyatem-wide assesoments.

The study consictently observed a clightly lower proportion of
bycasch with herosens lantems across artizanal, experimental, amd
stakeholders’ parception data Thiz marginal diffarence may explain the
continued opposition to solar lighting altematives among Nile parch
fizhers in favour of kerosene light sources. However, the wee of heroseans
lantema precentz notable environmental, health, and safety ricks
(Kakodia et al | 2025 Mills =t al |, 2014- Mills, 2016). These inclode the
potential for il zpills that can contaminate aquatic ecosyotems and fich
catches, the inhalation of harmful fumes such a: carbon monoxide,
which posas health righs to fizhers, and the danger of fire-related acci-
dentz. While systematic data on the frequency of such accidents are
Limited, recurring anecdotal accounts from fdhers and lakezide com-
munities underscore these concerna. Inlight of these ricke, ransitioning
from kerosene to solar lighting ic advizable. Solar lights offer 2 more
environmentally mustainable, zafer, and potentially more cost-effactive
option that alignz with broader goal: for suctainable fsheries
mansgement.

5. Conclusion

Thiz study provides empirical incights into optimizing mall pelagic
fizheries management on Lake Albert, particolarly with recpect to foh-
ing gear configuration, catch composition, and the use of artificial lighe
The bndings confirm the critical role of light-assizted fiching in
enhancing catch efficiency, with significantly lower catch rates obaered
in non-lighted control treatments. This reafficne the functional impoe-
tamce of light in the exploitation of small palagic stochks in Lake Alber:
The resultn also demonstrate that bycatch composition and quantity
wary with fiching depth and net panel configuration. Notably, the pro-
portion of bycatch, especially juvenile individuals of non-target large-
bodied species such az L. niloticus, was observed to increase in shallowes
inchore waterz (< 10 m) and with the use of more than sight net panals.
Thiz depth-related pattern in bycatch suggests thar optimizing gear
configuration, specifically limiting net panels to eight, which corre-
rponded to a maximum fching depth of approximately 16 m, can help
reduce unintended catches while maintining target opecies yislds.
While seasonal variability in bycatch apecies composition was observed,
further regearch iz necescary to determine whether thiz aligns with
lanterna showed alightly lower bycatch in come instances, their
continued uze poses notable environmental and health rigks. Baged on
their safety, environmental benefitz, and growing coct-effectivensss, the
promotion of salar lighting technologies iz encouraged. In summary, this
ctudy offars dama-driven guidance for improving fiching practices amd
minimizing scological impactz. The key mansgsment conziderations
supported by the stody indude: gear-based mansgement (limiting net
panel configurations to 2 maximum of eight to reduce bycatch), depth-
based fiching optimization (encouraging operations beyond challow
inchore areas wheare bycatch tends to be higher), and technological
trancition {promoting environmentally zafer lighting technologies,
particularly solar-powered options). Thess targetad interrentions aim to
improve selectivity in fiching operations, reduce unneceszary catch of
non-target species, and support coexistence of multicpecies fichery in
Lake Albert

6. Recommendations

Based on the descriptive findingz of thia study on the light-baged
cmall pelagic species (GPE) fOchery in Lake Albert, the following prac-
tical and evidence-informad considerations are propozed:
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Beviesw of net paneal configurations to optimize catch efficiency: The
study obssrved that casch ratec for B. norse and E. bredei plateaned
beyond the use of eight net panels (approximately 16 m depth],
while bycatch rates, particularly of L niloticusz, incressed with
additional panels. Thiz ouggests that limiting net panel configura-
tionz to eight may help optimize target SPS cawch while reducing
best practices for gear uze within thiz fishery.

Promote environmentally gafer SPS lighting technologies: While
catch rater did not significantly vary acrom lighting types, the
operational simplicity and reduced snvironmental and health ricka
amociated with solar lights (compared to herosens lanterns) suggest
potential benafit in promoting their wider adoption. Awarenec and
capacity-building programs may help address curent koowledge
gaps and improve fisher acceptance of solar-based technologies.
Conduct further research on 5PS harvecting technologies: Oiven
ongoing user conflicts and gear-cpecific cawch differences, further
regearch into cost-affective, salective, and ocalable SPS harvesting
methods, such az lift nets or other light-assigted alternatives, iz
reduce gear-related conflict in the muolti-species fishery context of
Lake Alhert.

Establich long-term monitoring famework: To track trends in GPS
abunidance, gear performance, and catch composition over time, a
standardized monitoring framework iz recommended. Lad by in-
stitutions such az the National Pisheries Rasources Research Institute
(MaFIRRI), thiz chould include periodic asesoments and ctakehalder
feadback mechanioms to inform adaptive management.

Puture studiss on cpatial and temporal catch dymamics: Observed
depth- and seazon-related variations in bycatch compogition call for
targeted ecological studies to better underctand cpatial and temparal
dsmamico of both target and non-target cpacies. Thiz would provide a
firmer foundation for assesaing habitat wse, potential breading pat-
terma, and whether spatial or seagsonal fching meagure: might be
justified in the funire.
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CHAPTER EIGHT
ESTIMATION OF BIOLOGICAL REFERENCE POINTS OF ENGRAULICYPRIS
BREDOI AND BRYCINUS NURSE IN LAKE ALBERT

CONTEXT

The final chapter of the research component utilizes surplus production models (Schaefer, Fox, and
Catch-MSY) to establish the first quantitative harvest limits for Lake Albert’s SPS fisheries. By
defining Maximum Sustainable Yield (MSY) and associated biological reference points, the study
determines that current exploitation levels for both E. bredoi and B. nurse remain below their
sustainable limits. While this suggests a "harvest potential” for increased catch and revenue, the
chapter warns against unregulated expansion. The "under-harvesting" indicated by the models must
be managed through the technical and spatial constraints identified in previous chapters. The study
concludes that any increase in effort should be concentrated in offshore waters and regulated by the
16-meter depth limit to prevent the fishery from breaching bycatch thresholds for non-target species.
This provides a data-driven foundation for a "Blue Transformation™ that balances economic growth

with ecological stability.

The detailed chapter is presented as a publishable manuscript titled “Harvest potential and
sustainability of Engraulicypris bredoi and Brycinus nurse fisheries in Lake Albert: insights from

surplus production models”

ABSTRACT

Fishery management reference points such as allowable catch, exploitation rates, and
maximum sustainable yield (MSY), are pivotal for informing management strategies aimed at
mitigating resource depletion. However, in data-limited fisheries, achieving resource sustainability
remains a global challenge. Stock assessment models are commonly applied in marine ecosystems to
address data limitations and enhance resource sustainability. This study explores the applicability of
such models to the data-deficient freshwater fisheries of Lake Albert, an African Great Lake known
for its diverse artisanal fishery.

Virtual Population Analysis (VPA), Schaefer, Fox, and Catch MSY models were employed to

establish growth parameters and fishery management reference points for two small-sized pelagic fish
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species, Engraulicyprisbredoi and Brycinus nurse in Lake Albert. Using length data collected from
February 2021 to June 2022 for VPA and catch and effort data from various years (2007, 2012, 2013,
2014, 2019, 2020, 2021, and 2022) for the other models, the study revealed comparable estimates
among models, indicating their suitability for informing fisheries management options in the lake.

The estimated MSY ranged from 34,469 to 37,599 tonnes (t) for B. nurse and 83,587 and
90,858 t for E. bredoi. The MSY estimates exceed the current harvest levels for both species,
suggesting under-utilization and potential for increased catch and effort. However, concerns regarding
the vulnerability of B. nurse to fishing mortality before reproductive maturity highlights sustainability
challenges. Species-specific licensing, robust regulations, regular monitoring, and comprehensive
ecosystem assessments are essential for the long-term sustainability of their stocks.

Key words. Brycinus nurse, Engraulicypris bredoi, data-limited fisheries, maximum sustainable

yields, reference points, stock assessment.

8.1. INTRODUCTION

The understanding of key growth parameters and biological reference points of exploited fish
stocks, including growth, recruitment, mortality, stock biomass, exploitation rate, size at capture,
maximum sustainable yield (MSY), allowable fishing effort (effort at MSY), and allowable catch, is
key in guiding effective fisheries management strategies to prevent resource over-exploitation
(Haddon, 2011; King, 2013). Unfortunately, such vital information is lacking for many exploited
stocks globally (VVasconcellos and Cochrane, 2005; Amorim et al., 2019).

Lake Albert, a transboundary multi-species lake, shared between Uganda and the Democratic
Republic of Congo (DRC), situated within the East African Rift Valley faces similar challenges of
information scarcity on key biological attributes of its exploited stocks (Nakiyende et al., 2022; 2023).
While some data exist on fish species diversity (Wandera and Balirwa, 2010) and catch statistics
(Mbabazi et al., 2012; Plisnier et al., 2022; Nakiyende et al., 2013; 2023), essential information such
as growth parameters and biological reference points for targeted stocks is lacking. This knowledge
gap hampers the development of sustainable management strategies, leaving the exploited stocks
vulnerable to over-exploitation or under-utilization (Acere and Mwene-Beyanga, 1990; Von

Sarnowski, 2004; Vasconcellos and Cochrane, 2005; Purcell and Pomeroy, 2015).
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The consequences of ineffective fisheries management on Lake Albert are evident in the
collapse of once dominant fish stocks such as Citharinus citharus and the decline of several large-
bodied species like Alestes bareomose, Hydrocynus forskahlii, Lates niloticus, Bagrus bajad,
Distichodus niloticus and tilapias (Worthington, 1929; Holden, 1963; Cadwalladr and Stoneman,
1966; Orach-Meza et al., 1989; Von Sarnowski, 2004; Mbabazi et al., 2012; Nakiyende et al., 2013).
Two important small pelagic species (SPS), Engraulicypris bredoi and Brycinus nurse, now dominate
the artisanal catches on Lake Albert (Mbabazi et al., 2012; 2019; Kolding et al., 2019), but crucial
information on their growth parameters and biological reference points is lacking (Nakiyende et al.,
2022; 2023). Additionally, these stocks have experienced considerable increase in fishing effort over
the past decade, but with little knowledge of its impacts on their stocks (Plisnier et al., 2022).

Fisheries stock assessment models, such as surplus production models can provide valuable
insights into growth parameters and biological metrics to inform sustainable management decisions
for exploited stocks (Xiao, 2000; Haddon, 2011; King, 2013; Pedersen and Berg, 2017; Maunder et
al., 2020). These models offer practical insights, particularly in data-limited environments such as in
Lake Albert, because of their minimal data requirements and fewer assumptions compared to complex
ecosystem models (Pons et al., 2020; Samy-Kamal and Teixeira, 2023). Lake Albert supports an
important SPS fishery that requires science-driven policies to ensure its sustainability and the well-

being of dependent communities within the Lake Albert ecosystem.

The overall goal of this study was to determine the growth parameters and generate biological
reference points for Engraulicypris bredoi and Brycinus nurse, to guide data-driven management
decisions for their stock sustainability. The study aimed to answer the following question of what are
the sustainable biological reference points, including maximum sustainable yield, allowable fishing
effort (effort at MSY)), and allowable catch, for Engraulicypris bredoi and Brycinus nurse populations
in Lake Albert?

8.2. MATERIALS AND METHODS
8.2.1. Data sources and preparation

This study utilized effort and catch per unit effort (CPUE) metrics for Engraulicypris bredoi
and Brycinus nurse, obtained pre- (historical data, 2007 — 2014) and during (2019 — 2022) the PhD
study period, to estimate biological reference points. These metrics included total annual catch
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volumes and total number of boats targeting these species, obtained through catch assessment surveys
(recording of catch statistics including catch volumes and economic value in artisanal fisheries) and

Frame surveys (a census of fishing effort inputs like fishing boats, gears, and fishers) (Table 8.2-1).

Table 8.2-1. Number of boats targeting Engraulicypris bredoi and Brycinus nurse and their associated
annual catch volume (tonnes) on Lake Albert, Uganda between 2007 and 2022. (Missing years

between the survey periods lack catch and effort records).

Year Number of Boats  Annual catch (t) Data source
Engraulicypris bredoi  Brycinus nurse

2007 1,619 34,665 116,702 NaFIRRI, 2007
2012 2,303 78,042 50,905 Mbabazi et al, 2012
2013 2,673 101,048 31,832 NaFIRRI, 2014
2014 3,043 34,096 13,795 NaFIRRI, 2014
2019 3,200 121,106 67,332 NaFIRRI, 2019
2020 3,200 154,463 92,181 NaFIRRI, 2021
2021 1,867 84,158 49,589 Current study
2022 1,867 74,060 28,002 Current study

Determination of biologic reference points (MSY, Catch at MSY, Fishing effort at MSY)
Biological reference points (MSY, Catch at MSY, Fishing effort at MSY') for E. bredoi and B.
nurse were estimated using the Schaefer (Schaefer, 1954), Fox (Fox, 1970), and MSY-Catch models
(Martell and Froese, 2013) models, utilizing annual catch volume and fishing effort data for the period
2007 to 2022, with data gaps (Table 1). Specifically, the Schaefer and Fox models were fitted to both
catch and effort data, while the Catch MSY model was fitted to only catch data for its estimation

routine.

Schaefer model, Fox model, and Catch MSY model
The Schaefer and Fox models were based on the following equation:

Biy1 = By +r* By (1 — %) — catchy ....... Equation 1

where B; is biomass in year t, r is the instrince rate of increase, Kk is the carrying capacity and catch; is

the catch in year t.

Maximum Sustainable Yield (MSY)
The MSY was estimated using the surplus production model within the TropFishR package

(Mildenberger et al., 2017) calculated as:
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MSY =r*—=m X(—) Equation 2
*

Where Y represents yield and F signifies fishing mortality. The model iteratively adjusted fishing
mortality rates to identify the point at which the yield per unit effort reached its peak sustainable level.
It is important to note that the MSY estimates using the catch MSY model (Martell and Froese, 2013)
were generated using only the catch data and resilience information for the species, employing
equation 11.

Biomass at maximum sustainable yield (Bmsy) was calculated as:

k
Bysy = e e e s e s ..... Equation 3

Fishing Mortality at Maximum Sustainable Yield (FMSY)
Fishing mortality at maximum sustainable yield (Fmsy), a crucial indicator of fishing pressure,

corresponding to the point where the model predicts the highest sustainable yield was estimated as:

Fysy = g Y X 7 V¢ X A Lo} (R B

Exploitation rate at maximum sustainable yield (Umsy) was calculated as:

E
Unsy = <ﬁ> * (1 - exp(—FmSy - M)) rer e e een e e e e e e EQUAtion 5

The natural mortality (M) values used in Equation 5 for calculating exploitation rate at
maximum sustainable yield (UMSY) were derived using empirical life-history based estimators.
Specifically, M was estimated using Pauly’s (1980) equation, which integrates key species-specific
parameters: von Bertalanffy growth coefficient (K), asymptotic length (L), and the annual mean
water temperature (T) of Lake Albert. This approach provides a robust approximation of natural
mortality for small pelagic species such as Engraulicypris bredoi and Brycinus nurse, particularly
where direct mortality observations are unavailable. The resulting M values were then incorporated

into the UMSY calculations to assess sustainable exploitation levels.
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8.3. RESULTS
Estimated Maximum Sustainable Yield (MSY) and Fishing Effort at MSY (Fmsy)

Biological reference points derived from three surplus production models, Catch-MSY,
Schaefer, and Fox, revealed key insights into the potential productivity and sustainable harvest levels
of Engraulicypris bredoi and Brycinus nurse in Lake Albert (Table 8.3-1).

Catch-MSY model estimates

The Catch-MSY model provided estimates for MSY, intrinsic growth rate (r) and carrying
capacity (K), but did not yield estimates for Fmsy (Figure 8.3-1; Figure 8.3-2; Table 8.3-1). The MSY
predicted for E. bredoi in Lake Albert was 88,877 tonnes (t), with a 95% confidence interval of 59,670
to 132,381 t (Figure 8.3-1). In comparison, the MSY for B. nurse was estimated at 34,469 t, with a
95% confidence interval of 22,776 to 52,166 t (Figure 8.3-2). Similarly, the model estimated a higher
carrying capacity for E. bredoi at 596,517, with a range of 317,245 to 1,121,632 t (Figure 8.3-1),
compared with B. nurse, which had an estimated carrying capacity of 231,366 t, with a range of
123,053 to 435,017 t (Figure 8.3-2). The intrinsic growth rates (r) for both species were estimated to
be within the same range, approximately 0.60, with a range of 0.28 to 1.29 (Figure 8.3-1 and Figure
8.3-2).
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Figure 8.3-1. Graphic output from the Catch-MSY method for Engraulicypris bredoi in Lake Albert,

based on time series of annual catches from 2007 to 2022. The first panel on the first-row shows the

time series of catches with overlaid estimate of MSY (bold red line) and the limits (dotted red lines)

that contain about 95% of the estimates. The second panel shows the prior uniform distribution of r

and k; which is non-linear with the black region representing the r-k combinations that are compatible

with the time series of catches. The third panel shows a magnification of the viable r-k pairs in log

space, with the geometric mean MSY estimate (bold red line) £ 2 standard deviations (dotted red

lines) overlaid. Panels on the second row show the posterior densities of r, k, and MSY, respectively.

In the third panel, geometric mean MSY (bold red line) + 2 standard deviations (dotted red lines) are

indicated. Data sources include the Catch Assessment Survey Report (NaFIRRI, 2021) for catch

estimates from 2007 to 2020 and the current study for catch estimates from 2021 to 2022.

166



2500

% |
~F ©
S — -
S & Sz oy
58 ~ ~
E -
S _ -
= =
w o0
<
c T T T O - T T T T T
2010 2015 2020 02 04 06 08 10
Year r
| 5 - -
) _ ! S — I S -
~ - | 3 HTh 3 |
: < - Nilh
1 O ]
=0 : = = :
z ! Z o Zz !
A 5 A2 A g |
v | (=]
2 | g w 3. 3 |
00 | 04 08 | 12 S0 200 300 400 S0 10 20 30 40 50 60
r k (10001) MSY (10000)

Figure 8.3-2. Graphic output from the Catch-MSY method for Brycinus nurse in Lake Albert, based
on time series of annual catches from 2007 to 2022. The first panel on the first-row shows the time
series of catches with overlaid estimate of MSY (bold red line) and the limits (dotted red lines) that
contain about 95% of the estimates. The second panel shows the prior uniform distribution of r and k;
which is non-linear with the black area representing the r-k combinations that are compatible with the
time series of catches. The third panel shows a magnification of the viable r-k pairs in log space, with
the geometric mean MSY estimate (bold red line) = 2 standard deviations (dotted red lines) overlaid.
Panels on the second row show the posterior densities of r, k, and MSY, respectively. In the third
panel, geometric mean MSY (bold red line) + 2 standard deviations (dotted red lines) are indicated.
Data sources include the Catch Assessment Survey technical report (NaFIRRI, 2021) for catch

estimates from 2007 to 2020 and the current study for catch estimates from 2021 to 2022.

Schaefer and Fox model estimates

Both the Schaefer and Fox models provided estimates of MSY, Fmsy, and Virgin Biomass
(Bv), but did not predict intrinsic growth rate and carrying capacity (Figure 8.3-3 and Figure 8.3-4).
The Schaefer model demonstrated a better fit and predicted higher estimates of MSY, Fusy, and Bv
compared to the Fox model for both species (Figure 8.3-3 and Figure 8.3-4). The Schaefer model’s
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adjusted R-squared values were 0.92 for E. bredoi and 0.86 for B. nurse, whereas the Fox model
showed values of 0.90 and 0.84, respectively. Both models predicted higher values for MSY, Fusy,
and Bv for E. bredoi than for B. nurse (Table 8.3-1).

For E. bredoi, the Schaefer model estimated an MSY of 90,858 t and an Fumsy 2,675 boats
year! (yr!), compared to the Fox model’s estimates of an MSY of 83,587 t and an Fmsy of 2,394
boats yr! (Figure 8.3-3, Table 8.3-1). The Virgin Biomass (Bv) for E. bredoi was estimated at 67.92
t with the Schaefer model and at 42.55 t with the Fox model (Table 8.3-1).

For B. nurse, the Schaefer model predicted an MSY of 37,599 t and an Fmsy of 2,066 boats
yr!, while the Fox model estimated an MSY of 37,518 t and an Fmsy of 1,464 (Figure 8.3-4, Table
8.3-1). The Schaefer model’s virgin biomass for B. nurse was 36.40 t, compared to the Fox model’s
prediction of 4.24 t (Table 8.3-1).
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Figure 8.3-3. Graphic output of MSY estimates for Engraulicypris bredoi in Lake Albert, derived

from the Fox and Schaefer Models, using time series of catches and effort data from 2007 to 2022.

The upper panel illustrates the relationship between fishing effort (measured in number of active
168



boats) on the x-axis and Catch Per Unit Effort (CPUE) (measured in kg per boat per night) on the y-
axis. The lower panel displays the equilibrium yield curve, with fishing effort (number of boats) on
the x-axis and total annual yield (measured in metric tonnes, t) on the y-axis. The red markers indicate
the Maximum Sustainable Yield (MSY) and corresponding optimal effort levels (fMSY) as estimated
by the Schaefer (solid black line) and Fox (dashed blue line) models.
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Figure 8.3-4. Graphic output of MSY estimates for Brycinus nurse in Lake Albert, derived from the
Fox and Schaefer Models, using time series of catches and effort data from 2007 to 2022. The upper
panel illustrates the relationship between fishing effort (measured in number of active boats) on the
x-axis and Catch Per Unit Effort (CPUE) (measured in kg per boat per night) on the y-axis. The lower
panel displays the equilibrium yield curve, with fishing effort (number of boats) on the x-axis and
total annual yield (measured in metric tonnes, t) on the y-axis. The red markers indicate the Maximum
Sustainable Yield (MSY) and corresponding optimal effort levels (fMSY) as estimated by the
Schaefer (solid black line) and Fox (dashed blue line) models.
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Table 8.3-1. Maximum sustainable yield (MSY), fishing effort yielding MSY (Fwmsy), intrinsic growth
rate (r), carrying capacity (k) and virgin biomass (Bv) for Engraulicypris bredoi and Brycinus nurse
in Lake Albert derived from the Catch MSY, Schaefer, and Fox models. Data sources include the
Catch Assessment Survey Report (NaFIRRI, 2021) for catch estimates from 2007 to 2020 and the
current study for catch estimates from 2021 to 2022. The brackets represent a 95% confidence interval
of the parameter estimates.

Species E. bredoi B. nurse
Model Catch-MSY Schaefer Catch-MSY Schaefer Fox model
model model model model
MSY (t) 88,877 [59,670 - 90,858 34,469 [22,776 - 37,599 37,518
132,381] 52,166]
Fumsy 2,675 2,066 1,464
Bv (1) 67.92 36.4 4.24
r (year?) 0.60[0.28 — 1.28] 0.60 [0.28 - 1.29]
K (t) 596,517 [317,245 - 231,366 [123,053
1,121,632] - 435,017]

8.4. DISCUSSION

Fisheries reference points are indispensable, especially for assessment of data-limited stocks
(Carruthers et al., 2014, Cousido-Rocha et al., 2022). They serve as vital benchmarks for guiding
sustainable management practices to prevent overfishing and facilitate rebuilding of stocks (Mace,
2001; Haltuch et al., 2008; 2009; Tong et al., 2010; Mangel et al., 2013; Moffitt et al., 2016). Despite
their widespread utilization in fisheries management globally (Dowling et al, 2019, Sharma et al.,
2021) and regionally especially for Lake Victoria (Nakiyende and Magnusson, 2015, NaFIRRI, 2018;
Nyamweya et al., 2016; Natugonza et al., 2020), their application to Lake Albert has been limited.
This study represents a significant advancement, presenting initial model outcomes regarding the
population dynamics of B. nurse and E. bredoi stocks aimed at informing their sustainable

management in Lake Albert.

Potential Yield and Stock Productivity

The biological reference points derived from the surplus production models underscore the
high productivity and resilience of both Engraulicypris bredoi and Brycinus nurse, offering key
implications for their sustainable management in Lake Albert. The relatively high MSY values,
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ranging between 83,587 and 90,858 t for E. bredoi, and 34,469 to 37,599 t for B. nurse, indicate
substantial harvestable biomass, especially for E. bredoi. This demonstrates E. bredoi’s potential to
support more fishing effort and catch under sustainable management practices (Squires et al., 2017).
The higher MSY and carrying capacity for E. bredoi can be attributed to the species’ biological traits,
such as higher fecundity and rapid growth rates compared to B. nurse (Froese et al., 2016; 2017),
which are conducive to supporting larger populations under optimal conditions. These traits enable E.
bredoi to replenish its population more quickly, supporting a higher sustainable yield. The intrinsic
growth rate (r = 0.60 year! for both species) is typical of short-lived, fast-growing small pelagic fishes
(Musick, 1999; Froese et al., 2008), which are capable of rapid recovery under appropriate
management regimes. The high K values further reflect the large population sizes that can be

supported in the lake’s ecosystem, particularly for E. bredoi, which dominates the pelagic zone.

Fishing Mortality and Biomass Considerations

The estimated Fmsy values of 1,464-2,675 year! suggest that both species can withstand
moderate to high levels of fishing pressure. However, the wide range of Fmsy and low Bv values,
especially the 4.24 t projected for B. nurse under the Fox model, warrant caution. Low biomass at
MSY could reflect past or ongoing depletion, pointing to a potential risk of growth overfishing if
current exploitation exceeds sustainable limits (Pauly et al., 2002). The differences in MSY and virgin
biomass estimates between the Schaefer and Fox models underscore the importance of model
selection in fisheries assessments. The Schaefer model, which assumes a linear relationship between
biomass and growth (Schaefer, 1954; 1991), often predicts higher yields compared to the Fox model
(Fox, 1970), which assumes a logarithmic relationship. This sensitivity to model assumptions

highlights the need for robust data and potentially the use of multiple models to cross-verify results.

The Catch-MSY model provided valuable estimates of carrying capacity and intrinsic growth
rates, which are crucial for understanding the long-term sustainability of the fish stocks. The relatively
similar intrinsic growth rates for both species (~0.60) suggest comparable potential for population
recovery, but the higher carrying capacity for E. bredoi indicates a greater overall resilience (Froese
et al., 2016; 2017).

The estimates for MSY and Fwmsy were comparable between the Schaefer, Fox, and Catch-

MSY models, suggesting high level of reliability of the model outputs to inform management
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decisions for E. bredoi and B. nurse in Lake Albert. Particularly, the estimates for MSY and Fumsy
derived from the Schaefer and Fox models exceed the current catch (Table 1) and effort levels
(NaFIRRI, 2021b; Nakiyende et al., 2023b). This could indicate potential to increase effort and catch
of E. bredoi and B. nurse. Moreover, both species exhibit a high resilience (Froese et al., 2017) and a
moderate vulnerability to fishing pressure (Cheung, 2005), demonstrating their capacity to withstand
moderate pressure and potentially double their biomass within a year.

Model Uncertainty and Adaptive Management
The variation in MSY, Bv, and Fumsy across models highlights the inherent uncertainty in

surplus production models, especially in data-limited contexts. For instance, the Fox model tends to
produce more conservative estimates compared to the Schaefer model, which may overestimate
biomass in some cases (Hilborn & Walters, 1992; Punt et al., 2020). The discrepancy in model outputs
therefore indicates the need for careful consideration of model choice in fisheries management
(Maunder and Punt, 2013; Cadrin and Dickey-Collas, 2014; Edgar et al., 2019; Maunder et al., 2023).
Model limitations such as data inputs dictate the level of analysis of the complex factors influencing
stock dynamics and hence the final model outcomes (Gulland, 1983; Sparre and Venema, 1998; Omori
et al., 2016).

Surplus production models often oversimplify the complex biological and ecological processes
that can greatly influence stock dynamics (Pedersen and Berg, 2017), assuming a direct relationship
between stock size and production while neglecting factors such as species interactions,
environmental variability, and habitat conditions (Mohsin et al., 2020; Cousido-Rocha et al., 2022).
These limitations highlight the importance of developing more integrative and robust ecosystem
models in future studies to address such discrepancies and enhance the reliability of fisheries
management. Therefore, adaptive and precautionary management approaches are recommended,
integrating multiple models and ecosystem considerations (Garcia and Cochrane, 2005).

8.5. CONCLUSION

This study provides the first model-derived biological reference points, including MSY and
FMSY estimates, for Engraulicypris bredoi and Brycinus nurse in Lake Albert, offering an important
initial basis for management consideration. Results from surplus production models suggest that

current exploitation levels may be below estimated reference points; however, these findings should
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be interpreted with caution. Surplus production models are known to potentially overestimate MSY,
particularly where stocks show signals of decline or where data limitations exist, as is the case for
both species. Consequently, the results are best viewed as indicative rather than definitive,
highlighting relative productivity and exploitation status rather than prescribing immediate increases
in fishing effort. While both species exhibit life-history traits associated with productive stocks,
precautionary management is warranted to avoid exceeding biological thresholds, especially for B.
nurse, which appears more sensitive under certain model assumptions. These findings reinforce the
need for adaptive management supported by improved datasets and more integrative assessment

approaches in future studies.

8.6. RECOMMENDATIONS

Based on the biological reference points derived from three surplus production models, the
following recommendations are proposed to promote ecological sustainability while supporting the
socio-economic benefits derived from Lake Albert's fisheries:
1. Regulate fishing effort at Fmsy levels: Maintain fishing effort to levels that achieve maximum
sustainable yield maintain (MSY). To achieve these targets, the number of fishing boats targeting
small pelagic species should be capped at 2,150. This figure is slightly above the 1,867 boats
documented in 2021 but remains significantly below the historical peak of 3,406 recorded in 2016.
Regulating effort at this level offers a pragmatic balance between ecological sustainability and
economic necessity. However, effort control must be complemented by improved licensing systems,
strengthened enforcement mechanisms, and continuous sensitization of fishers through community-
based education campaigns. Given the schooling behavior of the target species and their susceptibility
to lampara nets, catch and effort data should be closely monitored to assess stock responses and inform
timely management adjustments.
2. Conduct comprehensive lake-wide stock assessments. Implement multifaceted stock assessments,
including fish age, feeding patterns, biomass, and population structure. Incorporate advanced stock
assessment methods, such as trawl surveys, acoustics surveys, molecular tools, and innovative fish
aging techniques, to refine model parameters.
3. Enhance data collection and integrative ecosystem modeling: Improve data collection and develop
robust ecosystem models that consider multi-species interactions. Enhance data on catch, effort, and

environmental variables to increase the accuracy and reliability of stock assessments.
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4. Lastly, there is a strong need to institutionalize adaptive management frameworks and participatory
governance. This includes regular review of biological reference points and management strategies,
co-management planning with Beach Management Units (BMUSs), and stronger coordination between
Uganda and the Democratic Republic of Congo to manage this shared resource. Transboundary

cooperation is particularly critical given the migratory and cross-border distribution of these species.
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CHAPTER NINE
GENERAL DISCUSSION, CONCLUSION, AND RECOMMENDATIONS

CONTEXT

This final chapter serves as the integrative core of the thesis, synthesizing technical, biological, and
socio-economic findings into a cohesive framework for the sustainable governance of Lake Albert’s small
pelagic species (SPS) fisheries. It contextualizes the shift from a fishery historically dominated by large-bodied
species to one currently defined by Engraulicypris bredoi and Brycinus nurse, which now contribute over 70%
of total catch volumes. The chapter moves beyond individual data points to address the systemic challenges of

"continuous fishing" effort, gear-related conflicts, and the ecological vulnerability of inshore habitats.

Grounding its conclusions in the Ecosystem Approach to Fisheries Management (EAFM), the chapter
provides evidence-based recommendations for policy and local action. It advocates for a transition from
"blanket" regulations to precision-based management, specifically recommending the institutionalization of a
lunar-synchronized "rest holiday" and the enforcement of permanent inshore exclusion zones. By aligning
fishing practices with the natural rhythms of the lake and the biological maturation schedules of the fish, this
chapter provides a strategic roadmap for balancing immediate food security needs with the long-term ecological
stability of Lake Albert.

Ultimately, this synthesis transforms the thesis from a collection of studies into a timely and practical
contribution to Uganda’s fisheries policy. It underscores the importance of participatory co-management, where
scientific evidence on gear selectivity and spatial distribution is integrated with local ecological knowledge to

resolve user conflicts and secure the future of Lake Albert’s multispecies artisanal fishery.

9.1. Small pelagic fisheries in Lake Albert: Context, Challenges, and Management Gaps
9.1.1. Emergence and importance of small pelagic fisheries in Lake Albert

Small pelagic species (SPS) fisheries constitute a critical but historically under-studied
component of Uganda’s inland capture fisheries. Across major lake systems, including Lakes Victoria,
Kyoga, and Albert, SPS have increasingly dominated fish landings following the decline of formerly
important large-bodied species due to sustained fishing pressure, habitat degradation, and weak
governance. In Lake Albert, Brycinus nurse and Engraulicypris bredoi have emerged as the backbone

of artisanal fish production, contributing substantially to food security, household livelihoods, and
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income generation, while also supplying raw material for animal feed and the aquaculture sector
(Mbabazi et al., 2012; Kolding et al., 2019; NELSAP, 2019; NaFIRRI, 2021).

Ecologically, these species occupy mid-trophic positions, characterized by small body size,
schooling behaviour, rapid growth, and high turnover rates. Economically, they are well suited to low-
capital artisanal fishing systems, making them attractive to a growing number of fishers. Over the past
three decades, Lake Albert has therefore undergone a marked transition from a fishery dominated by
large-bodied species to one increasingly reliant on SPS, fundamentally reshaping exploitation

patterns, value chains, and governance challenges within the lake.
9.1.2. Expansion of light-assisted fishing and emerging conflicts

The rapid expansion of the SPS fishery in Lake Albert has been driven largely by the
widespread adoption of artificial light-assisted fishing technologies. These technologies increase catch
efficiency by aggregating fish at night and have led to short-term gains in catches and fisher incomes.
However, their proliferation has also introduced new management challenges, including intensified
nocturnal exploitation, high spatial mobility of fishing effort, limited regulatory oversight, and
escalating conflicts among fishing groups due to bycatch challenges (Figure 9-0-1) (NaFIRRI, 2012;
Nakiyende et al., 2025).

Conflicts have particularly intensified between SPS fishers and those targeting large-bodied
species using conventional gears. This study documented several drivers of these tensions, including
perceptions of high juvenile bycatch of large-bodied species, competition for fishing grounds,
excessive light intensity leading to gear avoidance by larger fish, and concerns over the number of net
panels deployed per vessel. Additional issues such as theft of catches and fishing gear have further
exacerbated mistrust among user groups (Chapter Three). These conflicts reflect deeper governance

and communication failures rather than purely technical or biological problems.

Beyond harvesting, additional constraints persist along the SPS value chain, including poor
post-harvest handling, limited preservation and processing infrastructure, low product value, and weak
market integration. These factors reduce economic returns and incentivize increased fishing effort to
compensate for low margins, thereby reinforcing unsustainable exploitation patterns (Efitre et al.,
2023).
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9.1.3. Governance, co-management, and institutional gaps

In the absence of strong participatory governance structures, exploitation of the lake’s diverse
fish stocks has largely followed open-access dynamics, resulting in a perceived excessive fishing
effort, weak compliance, and persistent user conflicts. Historically, these governance failures have
contributed to overexploitation and drastic declines, and in some cases the disappearance of important
commercial large-bodied species such as Citharinus citharus (Holden, 1963; Cadwalladr &
Stoneman, 1966). Within the SPS fishery, limited regulation, unclear gear standards, and weak spatial
controls, especially under light-assisted fishing systems, have heightened the risk of growth and
recruitment overfishing. The absence of agreed biological benchmarks and shared management
objectives has also fuelled counter-accusations among fishing groups, often unsupported by empirical

evidence, thereby undermining collective action and compliance.

While governance failures are central, systemic data limitations continue to constrain effective
fisheries management in Lake Albert. Compared to Lake Victoria, the lake remains poorly studied,
with fragmented biological, fishery, and socio-economic data, particularly for SPS. This paucity of
empirical information limits the formulation of evidence-based management measures, including gear
regulations, spatial controls, effort limits, and biological reference points such as maximum
sustainable yield (MSY).

9.1.4. Ecological complexity and broader development pressures

Lake Albert is an ecologically sensitive and biodiverse system, supporting approximately 53
fish species with diverse life histories and ecological roles (Wandera & Balirwa, 2010; Nakiyende et
al., 2023), more than 20 of which regularly appear in artisanal catches (NaFIRRI, 2021). This
multispecies context presents inherent management challenges, particularly in balancing exploitation

efficiency, gear selectivity, habitat protection, and bycatch reduction.

The lake is further exposed to multiple anthropogenic pressures, including overfishing, habitat
modification, pollution, and persistent conflicts among users. The discovery and development of oil
and gas resources within the Albertine Graben add another layer of complexity to the basin’s
environmental and governance landscape. While this study does not assess the direct or indirect
impacts of oil and gas activities on fisheries, these developments are acknowledged as part of the

broader context within which fisheries management must operate.
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Figure 9-0-1-1. Comparison of bycatch between the offshore (deep open) and inshore (shallow)
habitats on Lake Albert, Uganda.

9.2. Divergent stakeholder perceptions and conflict dynamics in the light-assisted SPS fishery

The expansion of light-assisted fishing targeting small pelagic species (SPS) in Lake Albert
has generated sharply divergent perceptions among fisheries stakeholders, reflecting contrasting
livelihood interests, gear use patterns, and understandings of sustainability within a multispecies
fishery. Fishers targeting Engraulicypris bredoi and Brycinus nurse generally perceive the SPS fishery
as a legitimate, low-capital livelihood that has emerged in response to the historical decline of large-
bodied species and limited alternative income opportunities. From this perspective, light-assisted
fishing is viewed as an efficient and adaptive technology that enables fishers to exploit abundant
schooling species while supporting household food security and local economies. In contrast, fishers
targeting large-bodied species—particularly Nile perch—often regard the SPS light fishery as
ecologically disruptive and socially unfair, associating it with declining catches, increased gear

interference, and erosion of traditional fishing norms.

Key areas of conflict centre on perceptions of excessive fishing effort and the rapid
proliferation of solar-powered lights, which are considered by non-SPS fishers to be excessively bright
and capable of altering fish behaviour over wide areas. These concerns are closely linked to the

practice of net paneling, where multiple net panels are deployed per fishing unit, leading to perceptions
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of overcapacity and localized depletion. Bycatch, especially of juvenile large-bodied species in
shallow inshore habitats, is another major source of tension, reinforcing beliefs that the SPS fishery
undermines recruitment to other commercially important stocks. Spatial overlap between SPS and
non-SPS fishing grounds further intensifies conflict, particularly in nearshore breeding and nursery

areas where competition for space is highest.

Additional grievances relate to gear and catch theft, which are frequently attributed to night-
time fishing conditions and weak surveillance, and to perceived gear avoidance by large fish in the
presence of intense artificial light, which conventional gear fishers associate with reduced catch rates.
These ecological and operational concerns are compounded by governance challenges, notably the
absence of clear, species-specific management regulations for SPS. Stakeholders repeatedly
highlighted uncoordinated and sometimes inconsistent enforcement by the Fisheries Protection Unit
(FPU), as well as past or proposed bans on SPS fishing that were widely viewed as unjustified due to
the lack of supporting empirical evidence. Such measures have contributed to mistrust between fishers

and authorities and reinforced perceptions of inequitable management.

Despite these conflicts, fishing communities also articulated locally grounded conservation
norms and management preferences. Traditional practices such as reduced fishing activity or informal
rest periods during the full moon, when catchability is perceived to be low, remain influential, with
many SPS fishers operating primarily during approximately three weeks of the lunar cycle, coinciding
with the new moon, first quarter, and third quarter phases. Stakeholders from both SPS and non-SPS
groups expressed support for pragmatic management measures, including limits on fishing effort and
net paneling, regulation of light intensity and types, spatial restrictions to protect inshore breeding
habitats, designated fishing zones to reduce gear interactions, and periodic rest holidays to allow stock

recovery.

Importantly, the study demonstrates that many of these stakeholder perceptions, while
sometimes expressed in normative or conflict-laden terms, align with scientific evidence generated in
this research. Empirical findings on the concentration of SPS in deep offshore waters, higher bycatch
rates in shallow inshore habitats, and the limited influence of light intensity relative to habitat on
bycatch provide a basis for reconciling competing viewpoints. Integrating stakeholder knowledge with

scientific data offers a pathway toward adaptive, co-managed solutions that balance livelihood needs
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with ecological sustainability. By translating shared concerns into evidence-based regulations, such
as spatial zoning, gear and effort controls, and clearly defined SPS management frameworks,
management institutions can reduce conflict, improve compliance, and promote coexistence among

user groups within Lake Albert’s multispecies fishery.

9.3.  Spatial temporal dynamics and light-based effort distribution in Lake Albert

There is a clear trajectory of increasing fishing effort, with SPS fishing now involving
approximately 40% of active boats. This intensified effort is reflected in the overwhelming dominance
of SPS, which contributes up to 70% of the total annual catch and nearly 40% of beach-level revenue.
This biological dominance is corroborated by acoustic data, where SPS, particularly E. bredoi and B.
nurse, account for the highest proportion of backscatter (~80%) across the lake. This shift from a
fishery historically dominated by large-bodied species to one defined by high volumes of small

pelagics indicates a profound transition in the lake's ecological structure and economic base.

The findings demonstrate that the lunar cycle is the fundamental driver of both the ecological
distribution of Small Pelagic Species (SPS) and the operational intensity of the fishery. The
distribution of fishing effort on Lake Albert is inextricably linked to lunar periodicity, which dictates
the efficacy of light-attraction technologies. The study reveals a distinct bimodal pattern in effort
distribution between the dark (highest effort distribution) and full moon phases (lowest effort
distribution), with significant implications for stock sustainability and spatial management.
Experimental data confirm that fishing intensity and catch rates peak during the new, first, and third
quarters of the lunar cycle, as nightly darkness maximizes the efficiency of light-attraction
technologies. These quantitative results provide empirical validation for the perceptions held by local
stakeholders regarding the timing of peak productivity. Furthermore, the study identified a significant
spatial-temporal correlation, with higher densities of SPS occurring at depths exceeding 15 meters

during dark lunar phases.

Despite these natural cycles, a critical management challenge exists: a segment of the fishing
community engages in continuous operations throughout the entire month, regardless of lunar
illumination. This behavior, documented through effort mapping and stakeholder interviews, bypasses

traditional "rest periods” and exacerbates pressure on the lake's multispecies stocks. The lack of a
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formalized rest period is particularly concerning for large-bodied bycatch species, which are most
vulnerable during these periods of high-intensity, indiscriminate harvesting.

To harmonize these findings into a functional governance strategy, the study recommends the
development of a standardized fishing calendar for Lake Albert. By integrating predictive weather
and lunar phase data, fisheries managers can institute a mandatory "rest holiday" during the full moon
phase. This policy would serve two purposes: it would optimize economic efficiency by focusing
effort on periods of high catchability and, crucially, it would provide a periodic biological reprieve
for both target and non-target stocks, thereby mitigating the risks of over-exploitation and stock

recruitment failure.

9.4.  Gear configuration, depth dynamics, and conflict mitigation

The technical efficiency of the SPS fishery is stringly linked to the vertical reach of the gear,
which serves as a primary driver of both productivity and inter-fishery conflict. This study establishes
that the number of net panels joined per vessel is the critical determinant of fishing depth and,
consequently, catch composition. While optimal catch rates for the target species, E. bredoi and B.
nurse, are achieved at a configuration of eight net panels—corresponding to a fishing depth of 16
meters, exceeding this limit results in diminishing returns for SPS and a significant increase in the

bycatch of large-bodied species.

These empirical findings provide a scientific anchor for the "divergent stakeholder
perceptions” identified earlier in chapter four. The increased bycatch of juvenile Nile perch (L.
niloticus) and other high-value species at depths exceeding 16 meters validates the grievances of
traditional fishers, who perceive unregulated SPS gear expansion as a direct threat to the recruitment
of large-bodied species stocks. This creates a clear socio-ecological link: technical over-extension in
the SPS sector drives the "vacuum effect” that fuels spatial competition and undermines social

cohesion on Lake Albert.

The 16-meter threshold identified through gear experiments aligns with acoustic backscatter
data, which shows that SPS biomass is primarily concentrated in the upper and mid-water columns.
Deploying gear deeper than this optimal zone does not significantly enhance SPS yield but instead
penetrates the nursery and breeding habitats of non-target species, particularly in inshore regions.
Management regulations should therefore limit the number of net panels to eight (~16-meter depth)
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to mitigate bycatch related coflicts. By integrating these gear standards with regional spatial zoning
and temporal closures in high-bycatch hotspots, management can mitigate user conflicts, ensure

ecological stability, and safeguard the long-term sustainability of Lake Albert’s multispecies fishery.

9.5. Life-history traits and selective pressure of light-assisted fishing

The biological assessment of Engraulicypris bredoi and Brycinus nurse reveals a population
characterized by high resilience, yet vulnerable to the specific selective pressures of the current light-
assisted fishery. Analysis of life-history traits—including size at 50% maturity (Lso), sex ratios, and
positive allometric growth, indicates that both species currently maintain healthy populations with
favorable condition factors. These traits align with the ecological profile of short-lived, fast-growing
small pelagic species adapted to the variable environment of Lake Albert. However, when synthesized
with the findings on gear configuration and spatial effort, these biological indicators suggest a fishery

nearing a critical tipping point.

A central concern emerges from the misalignment between gear selectivity and the maturation
schedules of the target species, particularly B. nurse. While E. bredoi appears well-suited to the current
exploitation levels, B. nurse is highly vulnerable to capture at sizes significantly smaller than its Lso.
This size-selective mortality is driven by the incidental capture of juveniles in the fine-mesh nets used
for light-attraction fishing, a phenomenon that traditional fishers correctly identify as a threat to stock
recruitment. According to life-history theory, sustained removal of immature individuals can drive
fishing-induced evolution, forcing shifts toward earlier maturation and reduced somatic growth to

compensate for high mortality.

This biological vulnerability ties directly to the "nature and magnitude of conflicts" explored
in earlier chapters. The high capture rates of immature B. nurse validate the perceptions of the wider
fishing community that light-assisted gears act as "vacuums™ for juvenile fish. Furthermore, the
acoustic backscatter data, which shows SPS dominance, must be interpreted with caution; while
biomass is high, the truncation of size structures in B. nurse signals a potential trajectory toward life-

history change and reduced reproductive potential if current practices persist.

9.6.  Socio-economic and environmental benefits of solar lights
The study also explored the socio-economic and environmental benefits of using solar lights

in SPS fishing (Chapter 3). Despite the absence of significant differences in catch rates between solar
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and kerosene lights, solar lights offer several advantages, including higher turnover of fishing hauls
per night, resulting in higher yields. The environmental benefits of solar lights, such as reduced fuel
contamination and enhanced safety for fishers and their vessels, make them a preferable option for

sustainable SPS harvesting in Lake Albert.

9.7.  Potential harvest limits and the efficiency-sustainability paradox

The application of multi-model surplus production frameworks (Schaefer, Fox, and Catch-
MSY) provides a robust scientific baseline for the management of E. bredoi and B. nurse. The
convergence of these models suggests that current exploitation levels for both species remain below
the Maximum Sustainable Yield (MSY) thresholds, theoretically indicating a "harvest potential™ for
increased landings and revenue. However, this potential must be interpreted through a
"comprehensive lens" that accounts for the technical, biological, and social complexities identified

across this dissertation.

While the biomass levels (B) are currently above BMSY, the health of these stocks is
inextricably linked to the life-history traits discussed in Chapter six. The "under-harvesting" indicated
by the models is primarily applicable to the adult biomass of E. bredoi. In contrast, B. nurse shows
vulnerability due to size-selective mortality of juveniles. Therefore, any expansion of the fishery to
reach MSY limits must be managed with precision; if increased effort is achieved through the current
unregulated gear configurations (exceeding 16-meter depths), the biological reference points for large-

bodied bycatch species will likely be breached long before the SPS MSY is reached.

The surplus production models assume a constant catchability (q), but this study (Chapter 5)
has demonstrated that q is highly variable, dictated by lunar phases and regional hotspots. The
"potential for increased catch™ is therefore not a lake-wide constant but is concentrated during dark
lunar phases and at specific depths. If management pursues the expansion of catch without instituting
the proposed "lunar fishing calendar,” the result will be localized over-exploitation and a "vacuum
effect” that drains the system's resilience.

The finding that the SPS fishery is currently "under-harvested"” provides a powerful economic
incentive for "Blue Transformation,” but it also serves as a warning. The "nature and magnitude of

conflicts” (Chapter 4) are fueled by the perception that SPS expansion comes at the expense of
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traditional fisheries. Increasing catch toward MSY limits without the gear restrictions (16-meter panel
depth limit) and spatial zoning recommended in Chapter 7 will exacerbate these user-group tensions.

In conclusion, the surplus production models confirm that Lake Albert’s SPS stocks are
currently a resilient economic engine. However, the path to "optimal harvest" is not merely a matter
of increasing effort. It requires a synthesized management approach that respects biological Lso limits,
utilizes standardized gear size and depths to protect bycatch, and adheres to a lunar-based fishing
calendar. Only through this integrated framework can the fishery move toward MSY while

maintaining the social cohesion and ecological integrity of the Lake Albert ecosystem.

9.8.  Study limitations

This study focused primarily on the exploitation dynamics of Brycinus nurse and
Engraulicypris bredoi within the Ugandan waters of Lake Albert, which constrains the direct
extrapolation of findings to the entire transboundary lake system. While the spatial design captured
key fishing habitats (inshore and offshore) relevant to the SPS fishery, a comprehensive basin-wide
assessment incorporating the Congolese waters would be necessary to fully understand lake-wide

population connectivity, fishing effort distribution, and ecosystem processes.

In line with the study’s fishery-oriented scope, detailed characterization of the physical,
chemical, and biological habitat, such as meteorological drivers (precipitation, evaporation, wind
regimes, and water residence time), water quality parameters governing primary production,
zooplankton productivity, and lake stratification dynamics, was not undertaken. These abiotic and
lower-trophic-level processes are critical determinants of secondary production and fish population
dynamics, particularly for zooplanktivorous species such as E. bredoi and B. nurse. Their omission
represents an acknowledged limitation and highlights an important avenue for future ecosystem-based
research. Nonetheless, habitat influences were indirectly addressed through spatial stratification of
fishing grounds and analysis of differences between shallow inshore and deep offshore systems,

providing management-relevant insights into habitat sensitivity and bycatch risk.

Additional methodological limitations included logistical constraints that restricted the
deployment of artisanal boat seines for ground-truthing acoustic data, limiting species- and size-
specific interpretation of hydroacoustic backscatter. Furthermore, catches of B. nurse from undersized
gillnets (< 50.8 mm mesh size) were not comprehensively assessed, constraining a full evaluation of
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gear-specific exploitation patterns for this species. Collectively, these limitations position the present
study as a foundational benchmark focused on exploitation and governance processes, while
underscoring the need for future integrated studies that explicitly link habitat dynamics, lower trophic

productivity, and fisheries exploitation to support ecosystem-based management of Lake Albert.

9.9.  Conclusion

The small pelagic species (SPS) fishery, centered on Engraulicypris bredoi and Brycinus
nurse, has emerged as the ecological and socio-economic cornerstone of Lake Albert. This study
provides the first comprehensive, multi-disciplinary assessment of these stocks by integrating
experimental fishing, hydroacoustic, spatial effort mapping, and stakeholder perspectives. The
findings confirm that SPS now dominate both the lake’s biomass and catch volumes, signaling a
fundamental regime shift in the ecosystem. While this transition offers a significant "Blue
Transformation” opportunity, it also presents complex governance challenges characterized by

technical inefficiencies and inter-fishery conflicts.

The research establishes that the sustainability of the SPS fishery is not merely a function of
biomass, but of precise technical and spatial regulation. Hydroacoustic and experimental data reveal
that while SPS abundance is highest in deep offshore waters (exceeding 20 meters), a significant
portion of the current fishing effort remains concentrated in sensitive inshore habitats. This spatial
overlap is the primary driver of juvenile bycatch for large-bodied species, rather than the light type or
intensity used. Furthermore, the study identifies a "technical optimum®" of eight net panels (16-meter
depth); exceeding this configuration fails to increase SPS yield while substantially increasing the

ecological footprint of the gear.

Socio-economically, the fishery is currently shaped by a "continuous effort" paradox where
fishing persists through all lunar phases, despite the natural efficiency gains offered by dark periods.
Although surplus production models indicate that E. bredoi and B. nurse stocks are currently harvested
within sustainable biological reference points, the lack of a formalized fishing calendar and
standardized gear limits threatens long-term recruitment. The persistent harvest of immature B. nurse
highlights an urgent need for gear-selectivity adjustments to prevent fishing-induced life-history shifts

that could compromise stock resilience.
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Lastly, the transition toward a sustainable Lake Albert fishery requires an ecosystem-based
management (EBM) framework that moves beyond traditional "blanket" regulations. By
implementing science-informed strategies, specifically a 16-meter maximum gear depth, a lunar-
based fishing calendar, and offshore-specific zoning, Uganda can mitigate user conflicts and safeguard
the multispecies integrity of the lake. This study serves as both a scientific benchmark and a practical
foundation for participatory co-management, ensuring that the emergence of small pelagics supports

both immediate livelihoods and long-term ecological stability.

9.10. Recommendations

9.10.1. Recommendations to management and policy

Management interventions should prioritize spatial and temporal control to mitigate the
"vacuum effect” of light-based gears. Firstly, the Directorate of Fisheries Resources (DiFR) should
implement spatially explicit exclusion zones in shallow inshore habitats. Grounded in the
Precautionary Principle, these closures protect critical spawning and nursery grounds from the high

bycatch rates identified at depths of less than 15 meters.

Secondly, to manage fishing effort effectively, a lunar-synchronized fishing calendar should
be institutionalized. By mandating "rest holidays" during the full moon phase, averaging four months
of rest per annum, management can reduce total fishing mortality (F) and align harvesting with peak

technical efficiency, a strategy supported by both bio-economic theory and stakeholder consensus.

Thirdly, gear standardization must be enforced by limiting SPS vessels to a maximum of eight
net panels, ensuring a vertical fishing depth not exceeding 16 meters and the gear mesh size of 8-mm
strictly enforced. This regulation is a direct application of selectivity management, specifically
designed to minimize the "recruitment overfishing" of large-bodied species like Nile perch.

Fourthly, policy should incentivize the transition to Solar-LED Technology through subsidies
or tax exemptions. Anchored in eco-efficiency theory, this shift reduces the operational carbon
footprint, eliminates kerosene-related water contamination, and enhances fisher safety. Finally, a
review of mesh-size regulations for B. nurse is required to align legal gear specifications with the

species' length at 50% maturity (Lmso), thereby safeguarding its reproductive potential.
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9.10.2. Recommendations to research

Future research should transition toward transdisciplinary and adaptive management
frameworks. There is need for the continuous bio-economic monitoring of SPS stocks. Utilizing the
surplus production models established in this study as a baseline, researchers should implement real-
time data collection systems, including fishing effort and catch assessment surveys utilizing digital
tools such as e-CAS, to detect early signals of fishing-induced life-history shifts. Research must also
focus on gear engineering and innovation, specifically the development of cost-effective, deep-water
passive gears like modified lift nets. These innovations are essential for the "Blue Transformation,"
allowing fishers to optimize SPS harvest in offshore waters while maintaining a high degree of species

selectivity.

Furthermore, research should address the post-harvest value chain by developing bulk
handling and processing innovations. With current post-harvest losses estimated at 30-40%, investing
in value-addition technologies is a management necessity to enhance food security and move the SPS
fishery up the value chain. Finally, research should focus on Social-Ecological System (SES)
Dynamics, investigating how stakeholder engagement and awareness campaigns can be structured to
foster "co-management™ and reduce the nature and magnitude of user-group conflicts identified in this

study.

9.10.3. Recommendations to local communities

Sustainable governance of Lake Albert relies on the principle of participatory co-management.
Local fishing communities and Beach Management Units (BMUSs) should take a proactive role in the
social enforcement of the fishing calendar and exclusion zones. By adopting sustainable harvesting
practices, such as adhering to the 8-panel limit and 8-mm mesh size, communities protect the very
recruitment cycles that sustain their long-term livelihoods. Communities should transition from being
passive resource users to active citizen scientists, working with research institutions like NaFIRRI to
provide local ecological knowledge that can be integrated into adaptive management decisions. These
community-led efforts are vital for ensuring that the exploitation of small pelagics supports both

ecological integrity and the socio-economic resilience of the Lake Albert basin.
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APPENDICES

Appendix 1. Survey Questionnaire Used in documentation of stakeholder perceptions of Light
Fishing
PREAMBLE

Dear Respondent,

The National Fisheries Resources Research Institute (NaFIRRI), a constituent of the National
Agricultural Research Organization (NaRO), is mandated to conduct research of national and strategic
importance in various fields, including capture fisheries, aquaculture, water environment, socio-
economics, information communication and any emerging issues within the fisheries sector. As part
of our ongoing efforts to enhance fisheries management on Lake Albert, we wish to undertake a
comprehensive study focusing on the use of fishing lights in the harvest of small pelagic fish species
(SPS), specifically Engraulicypris bredoi (locally known as muziri) and Brycinus nurse (ragoogi).

We kindly request your participation in a community survey designed to gather insights into
perceptions regarding light fishing practices and the harvest of small pelagic species within Lake
Albert. This survey is an integral part of a broader research initiative aimed at understanding the socio-
economic dynamics surrounding fisheries management in this region.

Your input is invaluable and will directly contribute to the development of sustainable fisheries
management strategies for Lake Albert. The data collected will be utilized solely for research
purposes, with the aim of enhancing our understanding of the challenges and opportunities associated
with light fishing and the harvest of small pelagic species. This information will be integrated with
guantitative assessments to guide the promotion of harmonious co-exist within the multi-species
fishery of Lake Albert.

We assure you that all information provided will be treated with utmost confidentiality, and your
anonymity will be maintained throughout the research process. Your participation in this survey is
entirely voluntary, and you may choose to withdraw at any time without consequence.

Thank you for your cooperation and valuable contribution to this important research endeavor.

For any inquiries regarding the study, feel free to contact the Director of Research, Research Team,
National Fisheries Resources Research Institute (NaFIRRI), P.O. Box 343, lJinja. Email:
director@firi.go.ug; director.nafirri@naro.go.ug; Tel: +256772671216.
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Instructions
Tick appropriate answers for structured questions

Fill provided spaces for open ended questions

Qualitative Data Survey Questionnaire

Date Water body | District Sub-county Landing site

A. BASIC INFROMATION

Status of respondent, tick appropriately (Boat owner/Crew/ Processor /BMU leader/Fisheries staff/)
Other category (specify)

Sex of respondent, tick appropriately (Male/Female)
Age group (a) > 20 years (b) 20 — 35 years (c) Above 35 Years
Residence at landing site: (a) Resident (b) Non resident

Respondent contact (if applicable):

How long have you been on this landing site?

B. EFFORTAND FISHING (LIGHT FISHING BOATS ONLY)
1. Boat Type (1) Congo Barque — CB (2) Sesse Flat at one end - SF (3) Parachute - PA
2. Boat propulsion mode: Sail/Paddle/Engine/Other, If engine (HP)

3. When did you start using light fishing technologies on Lake Albert?

4. What species do you target using light fishing technologies (1) Engraulicypris bredoi (2) Brycinus
nurse (3) Others (Specify)

5. What gears do you use to harvest the species mentioned above? (1) Small seine nets (2) Perforated
basins (3) small size < 2 inches (4) Others (Specify)

6. How many gear units do you use per boats? (for Small seines, state the panels):

7. How many fishing crew (barriers) are employed in each boat?

8. What type (source) of light do you use: Kerosene lamps/Solar bulbs/Generator bulbs Others
(specify)
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9. Number of rafts (rigs) per boat:

10. Number of bulbs per light raft (rig):

11. Total number of bulbs/lumps in a boat

12. How many days do you fish in a month?

13. How much catch do you land in a day ( basins; kilograms)?

14. How long have you been engaged in the fishing activity?

15. Prior to light fishing, which fishing gears were you using? (1) Gillnets (2) Long Line Hooks (3)
Cast nets (4) Basket Traps (5) Beach/Boat Seines (6) Others (Specify)

16. What species were you targeting with such gears? (1) Nile perch (2) Tilapia spp (3) Alestes spp
(4) Hydrocynus spp (5) Barbus spp (6) Others (Specify)

17. Why did you abandon the original gears in 15 above? (1) Reduced catches in the gears (2) High
competition from other fishers (3) Emergence of a new profitable fishery (4) Others

18. What challenges do you face in your fishing activities? (1) Bad weather (2) Inadequate post-
harvest  handling  facilities  (3) Low catch  value (4) Others  (specify)

C. Perceptions towards light fishing and sources of conflict (ALL CATEGORIES)
For how long have you lived among the fishing communities on Lake Albert?
When did light fishing start on Lake Albert/ Landing site?

What type of gears/technologies are used during light fishing? (1) Small seine nets (2) Solar Bulbs (3)
Kerosene Lamps (4) Others (Specify)

What species do fishers that use light fishing methods target or land? (1) Engraulicypris bredoi (2)
Brycinus nurse (3) Others (Specify)

Why do fishers prefer light to harvest the target species? (1) Only method available to harvest the
small fish (2) High catches (3) Has no impact on other fisheries (4) Profitable (5) Decline in other
species (6) Others (Specify)

What kind of fishing grounds do light fishers operate in? (1) Shallow inshore areas (2) Sheltered bays
(3) River mouths (4) Deep open waters (5) Every part of the lake

Avre there other species landed as bycatch in these gears/technologies? YES/NO

If YES, Name the most common bycatch species (1) Nile perch (2) Alestes spp (3) Bagrus spp (4)
Hydrocynus sp (5) Tilapia spp (6) Barbus sp (7). Others (Specify)
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What proportion of the light fisheries catch constitutes bycatch of the large species combined?
<5% (2) 5-10% (3) 10-20% (4) 20-30% (5) 30-50% (6) > 50%

Why are some people not in support of light fishing? (1) High bycatch (2) destruction of fishing
ground (3) competition for fishing grounds (4) theft of catch light fishers (5) Unregulated fishing
effort (6) Shift from kerosene bulbs to solar bulbs (7) Others

Is there a resting period (closed season) for light fishing on Lake Albert? YES/NO
What calendar does the resting period fall? (1) Moon Phase Calendar (2) Year Calendar (3) Both

If Moon Calendar, which specific moon phase? (1) Full moon (2) Half Moon (3) New Moon (Dark
Phase)

If Year Calendar, which specific month(s)?

What is the basis for selection of the resting period indicated above? (1) Low catches (2) Bad weather
(3) Agreed by Beach Management Committee (4) Breeding period (5) Random

Would you support the idea of a resting period (closed season) for light fishing? YES/NO
If YES, which Calendar would you suggest? (1) Moon Phase Calendar (2) Year Calendar (3) Both

What benefits do you expect to see if a resting period is instituted? (1) reduced conflicts (2) recovery
of stocks of the large sized species (3) Allow fish to breed/ spawn (4) sustained catches (5) Others

(Specify)

What management measures would suggest for light fishing? (1) fishing effort Control (2) Gear Size
Restriction (3) Catch Control (4) Closed Season (5) Closed Area 6) All options (7) Others (Specify)

Suggest ways for harmonious co-existence of all fisheries in Lake Albert
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Appendix 2: Bathymetry Map of Lake Albert showing three major depth Stata Shallow Inshore,
Coastal (Mid-Deep), and Deep Open (Offshore).
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Appendix 3. Moon Phases (Lunar cycle): Sampling was conducted during the four major phases:

New moon, First Quarter (Waxing moon), Full moon, and Third quarter (Waning moon).
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Appendix 4. Sample of a moon calendar employed in data collection in 2020 (https://kalender-

365.de/lunar-calendar.php).
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Appendix 5. Field data collection form for experiments on light type and light intensity.
Date .......coveveennenn. Station .................... Experiment (Light Type/ Light Intensity) Habitat
(Inshore/ Offshore) Moon Phase: (N) (Q) (F) (T) Season (W)(D).

Light Type/Intensity (KPL and Control (0) 1 2 3 4
SPB-M)

Light Type/Intensity (SPB-S) Control (0) 175 275 300 375
(lumens)

No. of net panels (net depth in
meters)

Haul No.

GPS Coordinates (Latitudes)

GPS Coordinates (Longitudes)

Depth (meters)

Temperature (°C)

Time start (light deployment)

Time end (net hauling)

Fishing duration (Minutes)

Target species total weight (kg)

Engraulicypris bredoi weight (kg)

Brycinus nurse weight (kg)

Bycatch species No | wt No | wt No | wt No | wt No | wt
(kg) (kg) (kg) (kg) (kg)

Lates spp (Nile perch)

Oreochromis niloticus

Tilapia spp (others)

Hydrocynus forskahlii

Alestes baremose

Bagrus bajad

Labeo-barbus bynnii

Clarias gariepinus

Protopterus aethiopicus

Distichodus niloticus

Malapterurus electricus

Mormyrus spp

Synodontis spp

Other species (Specify)

N=New moon, Q=First Quarter/Waxing moon, F=Full moon, T=Third Quarter moon/Waning

For other species:
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Appendix 6. Data collection for fish species composition in commercial and experimental catch.

Date Water body | District Station/ Landing Site | Season Moon Phase
(W)(D) (N) (Q) (F) (T)
N=New moon, Q=First Quarter/Half-moon, F=Full moon, T=Third Quarter moon
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Appendix 7: Field data collection form for commercial catch evaluation at study landing sites

Form Number Sub-county

Date Village Name

Water body Landing site Name

Country Name

District Name Enumerators’ Name

Telephone contact

GPS coordinates Latitudes: Longitudes:

Fishing effort details E. bredoi (muziri) & B. Large species bycatch

Vessel details nurse (ragoogi) catch details

Mesh size for SS (mm)
Mode of gear operation
Number of Rigs per boat
Number of bulbs per Rig
Wit. (kg) 1 basin/bucket

Days fished in the last one
code

week
No. basins/buckets

Serial Number
Vessel type code
Propulsion code
Number of Crew
Gear type code
Number of panels
Hours fished
Type of bulbs
Shape of bulbs
Species Code
(Ragoogi/Muziri)
Price 1 basin/bucket
Muziri & Ragoogi
Species code

No of fish

Total Wt. (kg
Price per kg

(070)81101 151111
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Appendix 8. Field data form for mapping distribution of SPS fishing lights during new and full moon phases.
Date: ............... Water Body: .........ccoonnent. District: .......ceueeeennn. Reference Landing site: .............ovviiniiniiiiennnne

List of 1anding SItS 1N VICIIILY: ... ..utntt ittt ettt e e e et et et et et e et e e et et e et e e

Moon phase: (N, H, F, T) Season: (Wet/Dry) Target SPeCIEs: ..ouviviiniii i

Latitude | Longitude Depth (m) Latitude | Longitude Depth (m) | Latitude | Longitude | Depth (m)

RO S: e
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Appendix 9. Fish biometric data collection form for both commercial and experimental catch.

Date Water body Station/ Landing site Season (W)(D) Moon Phase
(N) (Q) (F) (T)
Gear type | Haul No. Catch weight (kg) Sample weight (kg) Species name
3| 2 2
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