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Small scale fishers experience high variability in daily catches within a resource space limited in extent by
operational constraints, and biophysical factors affect daily choices in spatial effort allocation. We focus on the
management consequences of the extent of the individual fisher’s resource space and his options to handle risk
arising from daily catch variability through a portfolio of sizes and species from within that resource space.
Gillnet and longline Nile perch fishers in south-eastern Lake Victoria, Tanzania were provided with a GPS and
recorded their position together with their daily catch and operations. Three different gillnet and longline fishing
strategies could be discerned. All had bet-hedging characteristics, differing in the size of their resource space of
on average 120 – 141 km2, distance from the shore fished and emphasis on the mix of sizes of Nile perch and
other species caught. Daily choice of fishing locations did not relate to previous days’ catch success. Still, fishers
used the general inshore to offshore distributional patterns of small and large Nile perch in their daily choices of
mesh and hook sizes. The mix of sizes and species reduced day-to-day catch variability due to a portfolio effect.
Current mesh and landing size regulations based on classical arguments around growth-overfishing interfere with
these strategies and force individual fishers to specialise in size, species, and area. They must accept higher
uncertainties by either choosing their fishing locations further offshore or accepting a more variable lower catch,
leading to higher personal and occupational risk or ongoing management conflicts when disregarding regula
tions. Portfolio management of fished resources by compromising on mesh size regulations would make sense by
allowing fishers to utilise a certain proportion of smaller mesh or hook sizes that are now illegal as part of their
fishing strategies.
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1. Introduction
Good fishery management requires accounting for the full dynamics
of a fishery: fish stocks, fleet dynamics and individual fisher’s behaviour
(Béné and Tewfik, 2001; Hilborn, 1985). Failures in understanding
strategies arising from individual fisher’s decisions on effort allocation
and aggregated fleet behaviour (Fulton et al., 2011; Opaluch and
Bockstael, 1984; Salas and Gaertner, 2004; van Putten et al., 2012) may
lead to management failures. Fishers target a range of sizes and fish
species to reduce risk and often cannot readily adapt to changing reg
ulatory and environmental circumstances (Aburto et al., 2009; Bavinck
et al., 2018; Cardwell and Thornton, 2015). Here, we aim to uncover
factors that shape fisher’s daily choices in spatial effort allocation and
how they cope with day-to-day catch variability, focussing on Nile perch
fishers of Lake Victoria (Fig. 1). What are the consequences of the

limited spatial extent of an individual fisher’s resource space and op
tions to handle daily and long-term variation with a catch portfolio from
that space (Anderson et al., 2017, Teh et al., 2012)?.
Use of resource space can be understood by describing patterns in
effort allocation and identifying their rationale (Béné and Tewfik, 2001).
In North-Atlantic fisheries, exploitation decisions of fishers and fleet
dynamics were studied using detailed vessel distribution and movement
data to examine interactions of vessels, fleets, and stocks. Answers were
used to predict impacts on stocks, in parameter estimations, in stock
assessments, and in the bio-economics of spatial behaviour of fishers and
fleets (Bourdaud et al., 2018; Gillis, 2003; Girardin et al., 2017; Hilborn,
1985; Poos and Rijnsdorp, 2007; van Putten et al., 2012). Predictions
used data-driven random utility models or conceptual frames as ideal
free distribution (Gillis, 2003; Rijnsdorp et al., 2000), optimal foraging
(Rijnsdorp et al., 2011) or vessel trajectory analysis (Gloaguen et al.,
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behaviour (Pet-Soede et al., 2001; van Oostenbrugge, 2003).
With a variable environment and limited predictability in stock
distribution, fishers are expected to hedge bets to reduce uncertainty
and risk (Boyce et al., 2002; Cambiè et al., 2017; Olofsson et al., 2009).
In general, exploitation strategies available to small–scale fishers are: (1)
to increase the quantity of their gear (invest in more of the same
nets/hooks); (2) to increase the size range of the target species by
increasing the number of different mesh or hook sizes used, or through
active fishing methods; and/or (3) increase the number of species
caught, depending on whether these species are found together (Jul-
Larsen et al., 2003). The first strategy focuses on reducing risk by
increasing the share of the resources taken by a fisher. The latter two are
bet-hedging strategies that diversify catch over a range of species or sizes
of fish to gain a more stable catch and potential income. This is the
portfolio effect, a common strategy to reduce risk (Anderson et al., 2017;
Lehman and Tilman, 2000; Matsuzaki et al., 2019; Sethi, 2010; Tilman
et al., 1998).
In specific situations, strategies are influenced by the legality of
fishing gears and methods, the level of actual enforcement of regula
tions, next to the price of fish and consumer preferences. The two bethedging strategies become increasingly tricky under limitations
imposed by single-species fisheries management. Regimes focussing on
single species catch optimisation force fishers to become specialised in
sizes, species, and spatial areas (Aburto et al., 2009; Anderson et al.,
2017), preventing them from using traditional means of risk manage
ment through diversification. In fishery systems worldwide, the ability
of harvesters to maintain a diverse set of fishing strategies is vital for
building adaptive capacity (Anderson et al., 2017; Beaudreau et al.,
2019). A first step towards the development of management that ac
counts for fishers risk-taking is by careful categorising fishing activities,
exploitation patterns and traditions to encounter variability and risk
employed by small-scale fishers (González-Álvarez et al., 2016; Prestrelo
et al., 2019; Tzanatos et al., 2012). Portfolio management then recog
nises fishers’ options to choose among a diverse portfolio of sizes and
species, given their spatial and observational constraints, accounting for
risk resulting from uncertainty in availability and abundance of species
and sizes over their resource space (Hilborn et al., 2001).

2015; Vermard et al., 2010). Studies were often aided by detailed data
on vessel positions and movements from Global Positioning Systems
(GPS) or Vessel Monitoring Systems (VMS) (van Helmond et al., 2020).
A limited number of studies on effort allocation of small-scale, multispecies fisheries in tropical aquatic systems exist, focusing on territorial
use and rights (Aburto et al., 2009), perceptions of patterns in local
availability of fish (Pet-Soede et al., 2001; van Oostenbrugge et al.,
2002), system approaches to elicit socio-cultural, economic, and bio
logical drivers (Béné and Tewfik, 2001; Naranjo-Madrigal and Bystrom,
2019) and operational, environmental, and resource productivity fac
tors (Peter and van Zwieten, 2018). Most small-scale fishers do not use
GPS on fishing trips: spatial use studies generally are based on in
terviews, resource use mapping exercises or creel surveys (Pet-Soede
et al., 2001; Siahainenia, 2016). These approaches have difficulties in
accurately recording harvest locations (Close and Brent Hall, 2006).
Small-scale fishers participating in our study were equipped with GPS,
and their actual daily fishing locations and associated catches are
known.
1.1. Fishing effort allocation: resource space, catch variability, portfolio
effect
Small-scale fishers face several constraints. Catch variability causes
financial risk (Cambiè and others, 2017), complicating strategic and
tactical effort allocation decisions (Pavlowich and Kapuscinski, 2017).
Their resource space, the area fished over their lifetime, is constrained
by operational resources as vessel size and propulsion mode. Limited
storage space and refrigeration require that perishable fish land imme
diately after catch. With few possibilities to increase the scale of daily
operations, fisher’s resource space is thus restricted to an area around
the landing site. This leads to a “friction of distance” problem – the
trade-off between potential higher catches further offshore and costs and
risks in travelling further from the homeport (Aburto et al., 2009; Caddy
and Carocci, 1999).
Within the spatial constraints of daily fishing trips, fishers control
factors as distance to a fishing location, fishing time, gear types, gear
numbers and gear operations. But, they also face non-controllable fac
tors (Christensen and Raakjær, 2006), as climate patterns and the dis
tribution of targets over their resource space that may or may not be
predictable. Predictability depends on the specific life-history charac
teristics of a species, including spatial behaviour of different life stages
and the capacity of a fisher to discern and react to species-specific

1.2. The Lake Victoria Nile perch fisheries
Lake Victoria, the second largest freshwater lake in the world, sup
ports one of the largest inland fisheries in terms of catch volume (0.8–1

Fig. 1. Map of south-east Lake Victoria showing the four selected landing stations. Open lake: Muhula and Kome-Mchangani. Gulf: Kayenze and Muluseni. The map
on the left shows daily fishing locations for individual gillnet fishers; the map on the right shows daily fishing locations for individual longline fishers over the
research period.
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million tons total, 240,000 ton Nile perch), numbers of fishers (220,000)
and landing sites (>1500) distributed along 3500 km of coastline and
over numerous islands (Anonymous, 2017; Kolding et al., 2014b).
Economically, Nile perch is the most important stock, intensively tar
geted and receiving the closest management attention. Nile perch are
exported internationally as frozen fillets and traded regionally in fresh
or processed (smoked, dried) form. Nile perch carcasses, heads, skins
and swim bladders are important by-products (Kimani et al., 2018;
Sadovy de Mitcheson et al., 2019). Freshwater fisheries in the region
contribute between 0.4% (Kenya, Lake Victoria), 2.1% (Uganda, the
whole country of which Lake Victoria contributes 40% of the catch) and
1.7% (Tanzania, Lake Victoria contributes 60% of the catch) of GDP
(MLF, 2020; Onyango et al., 2021; UBOS, 2020). Lake Victoria Nile
perch fisheries are increasingly crucial for regional trade and food se
curity (Obiero et al., 2019; UNCTAD, 2017).
Nile perch can grow up to 2 m, reaches maturity in 2 years at around
60–70 cm, is highly fecund (Ogutu-Ohwayo, 1988) and has a high
population growth rate (Natugonza et al., 2016). A generalised solitary
predator, it feeds on a wide range of prey and does not form (spawning)
aggregations (Cornelissen et al., 2015; Goudswaard et al., 2006). At
normoxic conditions, Nile perch can be found over the entire water
column with higher densities of small juveniles in riparian zones and
sub-adults in inshore waters. Adult individuals are found inshore but
dominate in offshore waters (Peter and van Zwieten, 2018; van Zwieten
et al., 2016).
This study focuses on the longline and gillnet fisheries that target
Nile perch (Sangara). The Nile perch fishery dominates in numbers of
fishers. It operates next to a large light fishery on Rastrineobola argentea
(Dagaa) and smaller gillnet and beach seine fisheries mainly targeting
Oreochromis niloticus (Sato) in nearshore areas. Nile perch catch rates
increase slightly over distance from the shore, but Nile perch fishers
concentrate in areas with the highest fish productivity while catching
both small and large Nile perch (Peter and van Zwieten, 2018). In
nearshore waters, other species such as Oreochromis niloticus, Clarias
spp., synodontids, mormyrids and bagrids also appear in their catch. All
fish species are landed and sold for consumption, with no discards.
The Nile perch fishery is managed under authority of the three ri
parian countries, Kenya, Tanzania, and Uganda, coordinated by the Lake
Victoria Fisheries Organization (LVFO). The main objectives of current
management plans (LVFO, 2015a; 2015b) are increasing revenues from
Nile perch exports and raising catches to 300,000 ton. To achieve these
objectives, measures include limiting total effort and eliminating “un
dersized” Nile perch (<50 cm) catches through mesh and hook size
regulations, banning of monofilament nets and beach seining, protection
of nursery areas and a slot size (minimum and maximum landing size).
While fishers appear to view regulations as legitimate and justifiable,
they consider using illegal gears necessary due to decreasing catch rates
and to sustain livelihoods (Cepić and Nunan, 2017; Nunan et al., 2018).
According to fisheries managers, the introduction of co-management in
the 1990-ies has not changed the extent of illegal practices that are
believed to threaten the sustainability of the fishery. Fishers generally
disagree with this view (Nunan et al., 2018). Recently, enforcement
efforts involving police and coast guards in Tanzania and the army in
Uganda (Mpomwenda et al., 2022) have focussed on the “eradication” of
illegal catches of undersized Nile perch by confiscating and burning
boats and illegal gears, leading to the loss of livelihoods and, allegedly,
lives (Jacobson, 2019; Mpomwenda et al., 2022). However, during our
study, practically, there was no enforcement on illegal mesh and hook
sizes.
To understand the distribution patterns of fishers over the resource
(Peter and van Zwieten, 2018; Taabu-Munyaho et al., 2014), we will
investigate the various strategies that individual Nile perch fishers
employ to maintain catch rates. Nile perch fishers face a trade-off be
tween fishing further offshore to catch legally sized large Nile perch with
a higher value per specimen, but low abundance and low productivity
(Natugonza et al., 2016), leading to more variability in catches and

income. Alternatively, with limited possibilities to invest in vessels,
propulsion, and fishing gear, we propose that fishers may reduce vari
ability in daily catch, hence risk, by using the bet-hedging strategies
discussed and opt to target different sizes of Nile perch and/or catch
other species over a limited resource space. Thus, what are the Nile
perch fishers’ daily effort allocation choices and responses towards
day-to-day catch variability and the biophysical factors driving them,
and how do the various emerging strategies lead to more stable out
comes? We aim to understand why current fishery regulations often are
disregarded and what options portfolio management could offer in
solving management conflicts.
2. Methodology
This study was conducted in the south-eastern part of Lake Victoria,
in Tanzania where around 49% of the lake’s fishers are found (Anony
mous, 2015) (Fig. 1). Four landing sites in two regions were selected:
Kayenze and Muluseni located along the shallower Speke gulf (Gulf
region), and Muhula and Kome-Mchangani facing the deeper open lake
(lake region) (Peter and van Zwieten, 2018). Site selection was based on
our knowledge of the fishery in discussion with the Tanzanian Fisheries
Research Institute staff and scientists who have worked in the region. All
four villages had substantial longline and gillnet fisheries, daily access to
traders, weighing scales, and fisheries officers responsible for enumer
ation and levy collection.
Ten gillnet and nine longline fishers targeting Nile perch using their
fishing gear and operating each from the four landing sites were trained
to record their daily operations and catch in logbooks (Ticheler, 1998) as
well as the use of a handheld GPS device. Fishers were selected with the
help of local fisheries officers and village leaders. Selection criteria were
their experience in terms of years of active in and knowledge about Nile
perch fishing, the type of gear used, landing site, and their willingness to
participate in the project. The selected fishers were representative of the
gillnet and longline fishers of the lake targeting Nile perch. Nile perch
fisheries are highly homogeneous with respect to gear, vessel use, mode
of propulsion, and general operational characteristics (Abila et al., 2000;
Obiero et al., 2015). Nile perch fishers, use either gillnets (85% of the
total number of nets employed in the fisheries of the lake) or longlines
(100%) (Anonymous, 2017; Peter and van Zwieten, 2018). They operate
from wooden planked vessels - “Sesse” - that have a highly uniform
design and form 83% of the vessel types on the lake. The mode of pro
pulsion is pre-dominantly paddles and sails (67% of the vessels) or
outboard-engines(Anonymous, 2017). All selected fishers had Sesse,
operated mainly using paddles and sails and occasionally outboard en
gines. All used either gillnets or longlines with a range of mesh and hook
sizes comparable to the distribution of these gears in the lake (Peter and
van Zwieten, 2018). Fishing operations commonly were carried out as
day trips.
The logbooks captured catch data by species in number, weight, and
beach price (revenue). Nile perch catches were distinguished into two
size categories: < 50 cm (small Nile perch) and ≥ 50 cm (large Nile
perch) total length (TL). These size categories are based on (1) Nile
perch fisheries regulations - the allowable size is ≥ 50 cm TL - and (2)
market preferences: large Nile perch is targeted for fillets for export,
while small Nile perch is sold smoked and fresh both locally and
regionally. The beach price per kilo of large Nile perch was variable but
around the same as that of a kilo of small Nile perch (pers. obs. and
logbooks). Other species caught were recorded with their number and
total weight. Operational information captured was boat type and size;
mode of propulsion (paddle, sail, outboard engine); travel time from the
landing station to the fishing location and back (hr); soak time (hr);
fishing location by name and GPS coordinate; number and size (length
by depth, m) of gillnets used by mesh size; longline hook size, number of
hooks and type of bait used; setting depth (m); daily operational costs of
fishing including cost of fuel, bait, food, and miscellaneous costs (bat
teries, knives, plastic bags).
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2.1. Data treatment and statistical analysis

examining relationships between factors requiring daily fishing effort
decisions controlled by individual fishers (response variables) and fac
tors beyond their control (explanatory variables), using multivariate
analyses. Detrended correspondence analysis (DCA) on log-transformed
continuous variables was used to determine a suitable response model
by removing redundant and non-significant explanatory variables and
reducing cross-correlations. Next, we applied redundancy analysis
(RDA) to examine the relationships between the response and explan
atory variables by gear type and by combining the two gear types.
Response variables were net sizes or hook numbers, soak time, travel
time to fishing locations, distance to a fishing location, location depth,
gear set depth and bait type (for longlines). Explanatory variables were
daily catches in weight by Nile perch size class and other species, region,
season, and propulsion. Analysis between gears was done by combining
the two gears and leaving out all explanatory variables specific to a gear
(mesh/hook size, total hooks, net sizes, and bait), and including the
categorical variables region, gear, and season. Location depth (response
variable) is a proxy for seasonally varying (explanatory variable) envi
ronmental factors as depth is closely related to visibility (Secchi depth),
oxygen concentration (higher in shallow waters), stratification, and
temperature gradient over the water column. All are affected by
seasonally varying climate (windspeed, wind direction, air temperature)
patterns (Cornelissen et al., 2015). The strategies emerging was used in
all subsequent analyses.

We reviewed data distribution, outlier detection and collinearity
between explanatory variables (Zuur et al., 2010)(see Appendix). Sea
sons affect Nile perch distribution over the water column (Taabu-Mu
nyaho et al., 2014) and fishing operations and were categorised as the
short-rains season (October-January), long-rains season (Februar
y-May), and dry season (June-August)(Kizza et al., 2009, Wabwire et al.,
2020). Fig. 2 outlines the steps followed in the subsequent analysis of the
logbook data. Two gillnet and two longline fishers did not collect suf
ficient data to analyse fishing strategies and were removed from the
analysis.
2.1.1. Fisher’s resource space
Recognising the potential bias from mapping fishing grounds based
on singular GPS locations per trip (Close and Brent Hall, 2006), we
approximated the size of the fishing grounds by defining the resource
space for an individual fisher as the area (km2) encompassing 95% of the
observations of daily georeferenced fishing locations. The convoluted
polygon around fishing locations obtained by taking the shortest dis
tance from one georeferenced fishing point to another was simplified to
a logical regular polygon by connecting by sight the outer points around
the area of observed fishing locations. When fishers used different
homeports, the surface area encompassing 95% of the observations from
each of the homeports was calculated separately and then summed.

2.1.3. Fisher’s daily decisions on location choice
To further examine location choice, and specifically whether the size
of catch of Nile perch and other species is predictive for the decision to

2.1.2. Identification of fishing strategies
Fishing strategies within and between gears were identified by

Fig. 2. Methodological framework of the steps in data inputs and outputs of the effort allocation analysis to determine daily choices and strategies for Nile perch
fishery. Parallelograms indicate data input or output, rectangles indicate an analysis, and oval outcomes of the analyses.
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NPcatch(day t+1)ij = (β0 + Fisher0j) + β1ΔDistanceij + Stratij +
β2(ΔDistanceij*Stratij) + εijk

fish at a certain location, we analysed factors determining the distance
from homeport to fishing locations, using a linear mixed modelling
approach,

(3)

where, NPcatch (day t+1) = Nile perch caught in weight or number on next
ith day by strategy j. Other parameters and variables as in Eq. 2. Catches
in weight were log-transformed, and the model was performed using a
gaussian distribution with an identity link. To avoid the loss of zero
catches, 1 kg was added to the total weight of all NPcatch(day t+1). Nile
perch caught in number was performed assuming a negative binomial
distribution and a log-link.

log(Distij) =(β0 + Fisher0j) + Stratij + Rij + Seasij + β1Ttij + β2Stij + β3Sdij +
(1)
β4NPlij + β5NPsij + β6Othij + two-way interactions + εij
where, Distij is the distance (km) from homeport to fishing location by
fisher i on the j-th fishing day, log-transformed to obtain a normal and
homoscedastic distribution in the regression residuals; categorical var
iables are Strat = strategies as obtained through the multivariate anal
ysis, R = region, Seas = season; continuous variables are Tt = travel time
from home to fishing location, St = soak time, Sd = set depth, NPl
= daily catch of large Nile perch (≥50 cm), NPs = daily catch of small
Nile perch (<50 cm), Oth = daily catch of other species, β0 = the global
intercept, Fisher0j = the random intercept per fisher, β1 - β6 = slope pa
rameters, ε = residual error. Two-way interactions were all possible in
teractions between fixed effects and included the slope parameters for
continuous fixed effects.
Fisher was modelled as a random intercept, as clustering of data can
be expected due to differences in fishers’ skills and operational char
acteristics not accounted for by the fixed effects. The most likely model
was obtained with a backward selection of variables from a full random
intercept model by removing all non-significant fixed effects and in
teractions and by minimising the Akaike Information Criterion (AIC). To
avoid over-parameterisation, variables with significant parameter esti
mates close to zero were removed if this led to a decrease in AIC. The
decrease in AIC was also used to compare a random intercept model with
no fixed effects to an intercept only model with no random effects. The
significance of the final model was compared to a random intercept
model with no fixed effects through a Likelihood Ratio Test (deviance
test). The contribution of the random effect to the total variability in
daily distances covered by fishers was tested by examining the Intraclass
Correlation Coefficient (ICC) calculated as ICC= θ/(θ + θres) where
θ = estimate of the covariance parameter (intercept) and θres the resid
ual variability. The significance of the covariance intercept parameter
estimate was tested using a Wald Z test. Bonferroni corrected leastsquare means tests were performed to compare the various categorical
variables and their interactions.

2.1.5. Portfolio effect
To examine the portfolio effect, we compared the coefficient of
variation (CV) of the daily catch by strategy of respectively the catch of
small Nile perch, large Nile perch, other species, all Nile perch and all
species (total catch) in number and weight (Tilman et al., 1998). A
higher CV implies lower stability.
XToolsPro, an extension of ArcGis 10.1, was used to construct
polygons to calculate the resource space of individual fishers. Multi
variate analyses were executed with CANOCO 4.5 (ter Braak and Smi
lauer, 2002). Regression models were carried out using the GLIMMIX
procedure (SAS/STAT software version 9.2 of the SAS system for
Windows).
3. Results
3.1. Resource space and fishing operations
The resource space of individual fishers encompassing 95% of their
fished locations on average approximated 130 km2 (CV=84%) (Fig. 3,
Table 1). Gillnetters (n = 8) had a smaller (120 km2) and more variable
(CV=127%) resource space then longliners (n = 7, 141 km2, CV=14%).
All fishers show occasional forays at further distances from homeport or
in compass directions other than normal (Fig. 3). Some fishers remain
within one area (e.g., Fig. 3C), while others’ fish from different home
ports (Figs. 3A, 3D). In the lake region, the general shape of the resource
space was more equidistant in all directions from the landing site. In the
gulf, the resource spaces of gillnet fishers were more convoluted in shape
and/or more parallel to the shore Fig. 4.
All fishers fished close to the homeport: the maximum distance
travelled was 38 km, with an average over the maximum distances
observed of 27 km (CV=42%). longline fishers travel longer distances
(average = 7 km, SD = ± 5 km, N = 2081, max = 27 km, CV = 37%)
compared to gillnetters (average = 5 ± 5 km, N = 1522, max = 19 km,
CV = 43%). Distances travelled by longliners were highly similar (CV =
65%), contrasting with a high variation in travel distances between
gillnetters (CV = 112%). Some gillnetters remained close to the shore
while others chose to travel significantly further (F1512,7 =104.3,
p < 0.0001, r2 =0.33) (Table 1).

2.1.4. Location choice and catch success
Co-variation between the distance between successive fishing loca
tions and the previous day’s catch can be expected if fishers allocate
their next day’s fishing location based on the last day’s catch success and
return to the same location when the catch was good. If so, then the
change in the distance between fishing locations for consecutive days
will be small, while, with low catch, fishers may prefer to test the waters
in a different area. If this strategy is successful, then today’s catch will be
high, indicating the predictive value of a previous successful catch. If
not, then catch success will be indifferent to distance between successive
fishing locations or even positively related if previous fishing locations
with high catches were to be avoided, e.g., due to local depletion. The
expectations are that a change in distances between the fishing location
of the consecutive days t + 1 and t will relate to today’s (t) catch.
Regression Eq. (2) was used to determine this relationship,

3.2. Fishing strategies
The first two RDA axes of a redundancy analysis on gillnet fishing
operations were significant (F = 78.8, p = 0.001, Monte Carlo test, 1000
replicates). Still, they only explained 22% of the variation in fishing
operational data (Table 2). Four clusters of gillnet fishers could be
distinguished (Fig. 5): (1) fishers fishing further away from homeport in
deeper locations; (2) fishers fishing further away from homeport but in
shallower areas; and two clusters of individual fishers each respectively
(3) fishing close to the homeport in shallow locations; or (4) in both
shallow locations close to the homeport and deeper locations away from
homeport. While the RDA on longliner fishing operations was significant
(F = 3.67, p = 0.001), the first two axes explained only 1.3% of the
variation in fishing operational data (Table 2). No clusters could be
defined, implying that fishing strategies for this group of longline fishers
were highly similar.

ΔDistanceij = (β0 + Fisher0j) + β1NPcatch(day t)ij + Stratij + β2 (NPcatch(day t)ij
*Stratij)+ εij
(2)
where ΔDistanceij = distance between fishing locations on consecutive
fishing days on day i for strategy j, NPcatch(day t) = Nile perch caught in
weight or number of today, and all other parameters and variables as in
Eq. 1. Regression Eq. 3 was used to examine the relationship between the
catch rate of day t + 1 and the change in distance between consecutive
fishing locations,
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Fig. 3. Fishers daily fishing locations and 95% polygons around fishing locations to estimate the approximate size of their resource spaces. G2 and G4 are repre
sentative of the gillnet offshore (Gill-open) strategy, G5 and G7 represent the gillnet inshore (Gill-close) strategy and L3 and L7 are representative of the longlines
strategy (note the different scales).

An RDA on combined longline and gillnet fishing operations indi
cated a high overlap in strategies as the canonical axes were significant
(F=130.3, p = 0.001) explaining 18% of the variation in fishing oper
ational data (Table 2). Three main clusters were (Fig. 6): (1) a longline
cluster associated with targeting mainly but not exclusively large Nile

perch, at further distances with deeper sets and shorter soak times
(longline strategy); (2) a gillnet cluster of fishers targeting small Nile
perch, as well as other species, associated with shallower lake areas,
closer to homeports, and longer soak times (gill-close strategy); (3) a
gillnet cluster largely overlapping with the longline strategy, but where
6
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Table 1
Characteristics of fishing strategies developed by artisanal fishers in the Southeast of Lake Victoria. G1-G8 = gillnet fisher, L1-L7 = longline fisher; E = engine;
P = paddle/sail, in brackets number of days fishing.
Fisher

Propulsion

Days fishing

Strategy

Average distance (km)

Resource space (km2)

Mean (kg)

CV (kg)

Mean (no)

CV (no)

G1
G2
G3
G4
G5
G6
G7
G8
L1
L2
L3
L4
L5
L6
L7

E
E (102), P (20)
E
E
E (105), P(112)
E (79), P (119)
E (189), P (28)
E
P
P
P
P
P
P
P

271
122
205
275
227
198
217
188
239
272
177
239
212
107
151

Gill-open
Gill-open
Gill-open
Gill-open
Gill-close
Gill-close
Gill-close
Gill-close
Longline
Longline
Longline
Longline
Longline
Longline
Longline

5
7
6
9
4
1
2
2
7
9
9
7
7
6
8

72
395
133
312
17
7
17
7
151
163
113
150
124
128
160

17
22
28
38
37
40
37
28
19
21
32
37
34
35
25

59
48
87
68
78
93
81
43
70
86
77
49
68
55
76

16
22
23
13
10
17
12
22
24
18
21
18
17
13
15

66
49
76
83
76
115
111
45
70
81
79
54
77
68
71

Fig. 4. Average distances from homeport to fishing location by region (a), strategy (b), season (c), the interaction between season and strategy (d) and interaction
between region and strategy (e). Error bars indicate 95% confidence intervals. Letters indicate groupings of significantly distinct categories (p < 0.05) from Bon
ferroni adjusted t-tests on least-square means.

fishers targeted small and large Nile perch fishing further from home
port in shallow as well as in open waters (gill-open strategy) (Fig. 4b,e).
The three clusters, longline, gill-close, and gill-open, were considered
strategies in subsequent analyses.
A strong negative correlation existed between the response variables
soak time and distance (Figs. 5, 6), implying that fishers spent more
hours fishing with shorter distances between homeport and fishing lo
cations. On the other hand, distance was strongly correlated to the
explanatory variable “large Nile perch”, indicating that fishers needed to
travel long distances to catch more large Nile perch. With gillnetters, a
negative correlation between the size of the net and soak time indicated
that larger (or more) nets are used in areas further from the homeport
with shorter soak times. These relations will be further explored in the
next section.

3.3. Fisher’s daily location choices
The most parsimonious model explained distance from homeport
through four sets of factors: individual (by strategy); controllable daily
choices (travel time and related soak time; and setting depth); uncon
trollable environmental and spatial factors (season, region) and catch
(large and small Nile perch) (Table 3). Large and small Nile perch catch
had highly significant parameter estimates, but close to zero, indicating
that catch success had a limited effect on location choice. Leaving these
fixed effects out led to the best model according to the AIC criterion (see
Appendix 1). However, we retained Nile perch catch by size class as we
aim to analyse the relation between location choice and Nile perch catch
success. Interestingly the daily catch of “other species” and its in
teractions with other variables dropped out of the models indicating that
the catch of these species did not affect location choice, implying that
fishers do not actively target them.
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other strategies, where this association of travel distance with setting
depth was less strong. Gill-open and longline strategists mostly set their
gears in midwater.

Table 2
Results of redundancy analysis (RDA) on the relationship between response
variables related to daily fishing operations and decisions (distance from
homeport to fishing location, soak time, fishing location depth, gear setting
depth, travel time to fishing location, travel time back to homeport, total
operation time and mesh/hook sizes) and the explanatory variables that related
to environmental and biological variables for gillnetters, longliners and com
bined gears (season, region, propulsion and catches i.e. large Nile perch, small
Nile perch, total other species). Axis 1 and Axis 2 refer to the redundancy
analysis and are assigned based on the amount of dispersion between variables.
Fishers
Gillnetters
Eigenvalues
Fishing operation-environmental and biological correlations
Cumulative percentage variance of fishing operation data
Longliners
Eigenvalues
Fishing operation-environmental and biological correlations
Cumulative percentage variance of fishing operation data
All fishers
Eigenvalues
Fishing operation-environmental and biological correlations
Cumulative percentage variance of fishing operation data

Axis 1

Axis 2

0.19
0.60
18.6

0.03
0.36
22.1

0.01
0.14
1.1
0.16
0.52
16.2

3.3.3. Fixed effects environment
Travel distance in the lake was significantly higher, about 15%, than
in the gulf (Fig. 4a), mainly caused by the limited distance travelled by
the gill-close strategy in the Gulf region. Average distances travelled in
the two regions did not differ much for each strategy, but longliners
travelled shorter distances (Fig. 4d). The two gillnet strategies both
travelled long distances in the dry season (July-August), during which
the lake is mixed by strong southerly monsoon winds (MacIntyre et al.,
2014). All strategies remained closer to homeport during the short-rain
season (October-January) when stratification builds up, and Nile perch
appears higher in the water column (Taabu-Munyaho et al., 2013).
During the long-rains season (February-June), gillnet fishers travelled at
intermediate distances. Longliners had no significant seasonal changes
in travel distances (Fig. 4e).

0.002
0.07
1.3

3.3.4. Fixed effects: catch by size class
The catch of small Nile perch catch was negatively related to travel
distance, and that of large Nile perch positively correlated. Still, as
discussed, the effect was small, indicating that daily choices and envi
ronmental factors dominated decisions on travel distance rather than an
expectation of the size of the catch of either size category (see
Appendix).
To better understand these results, we visualized the effect of the
catch of different sizes of Nile perch on travel distance (Fig. 7) by
calculating these using the model parameter estimates over a range of
catch sizes fixed on the average soak time, travel time, and setting depth
for each of the three strategies. Logbook data indicate that for both size
classes of Nile perch, 90% of the daily catches were smaller than
22–32 kg, except for large Nile perch in longline catches, where 90% of
the daily catch was smaller than 67 kg per day. Over the catch range
from zero to these maximum caches, expectations of daily catches had
large confidence intervals and were not predictive for choices in travel;
distance, except for the longline strategy where higher catches of small
Nile perch were indicative for distances closer to the shore (Fig. 7). Thus,
previous catch success of Nile perch of either size class is not relevant to
the choice of the fishing location, except when longliners choose to fish
at a distance close to the homeport and add small Nile perch to their
targeted sizes.

0.02
0.34
18.0

3.3.1. Random effects and strategies
The random effect led to a substantial reduction in AIC compared to
the null model and accounted for 45% of the variability (ICC, p < 0.01)
in distances from homeport to fishing locations. This aligns with earlier
observations that travel distances and resource space varied between
fishers. This effect was reduced to 5% of the variability in the full model
(Table 3, ICC, p < 0.01) due to the strong impact of fishing strategy as a
fixed effect, indicating that the three strategies accounted for most of the
variation in travel distance between fishers.
3.3.2. Fixed effects: daily choices
Daily choices in travel time and setting depth were positively related
and increased with distance travelled, while soak time was negatively
related to and decreased with distance travelled. These effects were
reinforced in their interaction with strategies, specifically for longline
and gill-open strategists who fished further from the homeport and more
in open waters (Table 3). For the gill-close strategy, the soak time and
travel time were not predictive of travel distance from homeport, but
setting depth was strongly associated with travel distance. This indi
cated that gill-close strategists set their nets closer to the bottom than

Fig. 5. Triplot of the first two axes in a redundancy anal
ysis (RDA) indicating the relationship between drivers to
gillnetter’s daily choices (explanatory variables, dotted
arrows: Long, Short, Dry = seasons defined as Dry: June to
August, Long rain: February to May, Short rain: October to
January; Others= catch of other species (kg), Small NP
= catch of Nile perch < 50 cm (kg), and Large NP = catch
of large Nile perch (kg), and fishers daily choices (response
variables, black arrows: Depth, Set depth=gear setting
depth, Net size= total size of the net, Change D = distance
between locations fished on consecutive fishing days, Dis
tance= distance from homeport to fishing locations, and
Propulsion = mode of propulsion. Ellipses are fishing
strategies, Red - away from homeport, deeper locations,
Blue - away from homeport, shallow locations, Yellow close to homeport, shallow locations, and Green - both far
from homeport in deeper locations and/or close to home
port in shallow locations. (For interpretation of the refer
ences to colour in this figure, the reader is referred to the
web version of this article.)
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Fig. 6. Triplot of the first two axes in a redundancy anal
ysis (RDA) on combined gears, showing relationships be
tween drivers for longline and gillnet fishers’ daily choices
- Fixed factors, dotted grey arrows: Long rain season, Short
rain season, Dry season, Others -Total catch other species,
Small NP-small Nile perch, and large NP-large Nile perch),
and fishers daily choices-variable factors, Grey arrows:
Depth, Distances, Set depth and Soak time. Scatter samples
showing fishers strategies gill-close (blue), gill-far (green)
and longline (red). (For interpretation of the references to
colour in this figure, the reader is referred to the web
version of this article.)

3.4. Location choices and catch success

from the previous day’s fishing location. (Table 4, Fig. 8b), suggesting
that the average size of Nile perch caught is higher. This implied that
more distant locations are also further offshore, where the probability of
catching larger Nile perch would be higher. The expected negative effect
between ΔDistancet→-t+1 and NP-catcht+1 for longliners was slight but
indicated that they caught a higher number of fish at consecutive fishing
locations near each other. As there was no such effect for weight, this
most likely resulted from, fishing closer to the homeport at more inshore
locations. Longliners chose locations travelling about perpendicular to
the shore, and therefore inshore locations were closer to each other than
more offshore locations. As inshore areas had higher densities of smaller
Nile perch, a larger number of fish caught did not lead to a significantly
higher catch in weight.

The overall mean distance between successive fishing locations was
1.2 km, where the mean distance of the gill-close strategy was signifi
cantly lower at 0.4 km (N = 525, t = − 4.1, p < 0.001) compared to the
gill-open strategy at 2.7 km (N = 570, t = − 4.1, p < 0.001) and the
longlines strategy at 1.3 km (N = 947, t = − 4.1, p = 0.1). The mean
distance between successive fishing locations was significantly different
between the two gillnet strategies but not between the gill-open and the
longline strategy. Gill-close strategists fished close to the shore: dis
tances between homeport and fishing locations and thus distances be
tween the locations over consecutive days can expected. to be short. The
gill-open strategy had the highest mean distance these fishers fished
both close and far from the homeport and, in most cases, parallel to the
shore. A slight deviation in travel direction from the shore over a long
distance led to a significant distance between consecutive daily catch
locations. In contrast, longline fishing occurred approximately perpen
dicular to the shore from the homeport towards deeper offshore waters,
which explains that the distance between successive fishing locations
was not as high as that of the gill-open strategy. Thus gill-close fishers
more often fished close to their previous day’s fishing location than gillopen fishers or longliners.
Next, we examined the expectation that fishers choose their next
day’s fishing location based on the previous day’s catch success (Model 2
and 3). The variation explained by the individual fisher effect (ICC
values) is between 10% and 18%, indicating that the random effect
needed to be included (Table 4). The distance between successive days’
fishing locations (ΔDistancet→t+1) was significantly related to the pre
vious day’s catch of Nile perch (NP-catcht) both in weight (p < 0.01)
and number (p < 0.001) (Table 4). According to expectation, the overall
slope of this relation was negative in both cases and the interaction with
the gill-close strategy. However, the parameter estimates of both overall
slope and the interaction with gill-close were not significantly different
from zero, indicating a slight effect. Contrary to expectation, the inter
action with the gill-open strategy resulted in a positive relation between
NP-catch and ΔDistance, significantly different from the overall slope
for the catch in number but not in weight, which suggested that in this
case, higher catches lead to greater distances between consecutive
fishing locations (Fig. 8a).
Whether a fishing tactic to fish close to a fishing location that earlier
had a high catch in weight or number paid off was not observed for the
three strategies, except for the longline strategy which had a significant
negative effect in the total number of Nile perch caught on day t + 1
(Table 4). Contrary to expectation, the next day’s catch success in weight
for the two gillnet strategies increased significantly at long distances

3.5. Bet hedging and portfolio effect
We examined whether the two gillnet strategies differed in (combi
nations of) mesh sizes, indicating potentially different bet-hedging
strategies. Fishers used seven different mesh sizes from 4 to 8 in.,
catching Nile perch ranging from 20 to 100 cm TL (Ogutu-Ohwayo et al.,
1989). Of the 31 possible combinations remaining, if mesh sizes 5.5′′ and
6.5′′ were counted as 5′′ and 6′′ , 12 were used. Single mesh sizes were
rarely used, limited to smaller mesh sizes. Large mesh sizes (7′′ and 8′′ )
were only used in combination with the smaller 4′′ , 5′′ and 6′′ meshed
nets and predominantly by the gill-open strategists. The gill-close
strategists used smaller mesh sizes (4 and 5 in.) (Fig. 9a). Longliners
mostly used a single hook size (Fig. 9b), predominantly the smallest
hook size 13. Larger mesh sizes (and hook sizes) are used at locations
further away from homeport (Peter and van Zwieten, 2018), indicating
that these bet-hedging strategies targeted small and large Nile perch at
further distances.
The portfolio effect was visible in all strategies (Table 5). Daily
catches of large Nile perch always had a higher variability than of small
Nile perch, the highest with the gill-close strategy. Combining small and
large Nile perch reduced variability in total Nile perch catches, espe
cially for longliners. Other species further reduced the variability in
daily catch rates in the gill-close strategy but hardly impacted the catch
variability of the other strategies. Thus, a more diverse species compo
sition at nearshore shallower habitats is associated with smaller mesh
sizes used by gill-close strategists.
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Estimate

Lower

Upper

p

0.86
-0.15

0.64
-0.48

1.08
0.17

< 0.001
ns

-1.69

-2.07

-1.31

< 0.001

-0.12
-0.09
0.00
- 0.00
0.00
0.05
-0.04
0.01
0.41

-0.21
-0.1313
-0.14
0.00
0.00
0.03
-0.07
0.01
0.26

-0.03
-0.05
0.13
0.00
0.00
0.06
-0.02
0.02
0.56

< 0.01
< 0.001
ns
< 0.001
< 0.01
< 0.001
< 0.001
< 0.001
< 0.001

0.41

0.26

0.57

< 0.001

0.34

0.27

0.41

< 0.001

0.17

0.10

0.23

< 0.001

-0.01

-0.25

0.23

ns

mesh sizes, with a portfolio of smaller sized Nile perch of < 50 cm
supplemented by Nile perch > 50 cm and by-catch of other species; (2)
gillnet fishers fishing further from homeport within a larger resource
space parallel to and further offshore, employing fleets of gillnets
including large and small mesh sizes targeting both size-classes of Nile
perch, and with limited by-catch. Fishers sometimes used engines, but
this did not lead to further distances, only shorter travel times and hence
longer soak-times (Peter and van Zwieten, 2018); (3) longline fishers
fishing in resource spaces perpendicular to the shore, utilising a limited
range of predominantly smaller hook sizes using different bait types
(Peter and van Zwieten, 2018). They generally use single hook sizes,
probably because these catch a large size range of Nile perch, that
showed no significant difference in average size of Nile perch caught
with larger hook sizes (Chitamweba et al., 2009, Medard Ntara, 2015,
Peter and van Zwieten, 2018). Specific bait types did influence the size
of catch, but the choice of bait was highly dependent on availability and
hence had no impact on the strategy followed (Medard Ntara, 2015,
Peter and van Zwieten, 2018). Our study found no other longliner
(Migonzo) strategies, possibly due to the limited sample size. A strategy
not covered was daytime setting and hauling of longlines in shallow
waters targeting smaller Nile perch, practised from January to May and
also further offshore by larger operations (Medard Ntara, 2015). Other
Nile perch fisheries, such as beach seines and small-seine light fisheries
that capture Nile perch juveniles as by-catch were not covered by our
study (Medard, 2015). Whereas more strategies could have been dis
cerned with a larger sample size covering more fishing methods, we can
generalise our results given the nature of the resource and the opera
tional constraints under which small-scale Nile perch fisheries function
in Lake Victoria. Given these constraints, limitations in available
resource space require fishers to reduce risk and uncertainty by
employing bet-hedging strategies targeting a portfolio of species and
sizes of Nile perch.

-0.37

-0.60

-0.14

< 0.01

4.2. Resource space and competition for daily fishing locations

0.02

-0.01

0.05

ns

0.09

0.06

0.13

< 0.001

-0.01

-0.02

0.01

ns

0.12

0.10

0.15

< 0.001

Null
model

Random
intercept
15
0.45 ***

Final
Model
15
0.05 *

3127.3

1841.1

1519.22

3123.8
2354
358.8

1837.1
2354
34

1515.22
2294

Table 3
Parameter estimates of fixed effects, random effects and model diagnostics of
fisher’s daily distances from homeport to fishing location Wald test: Wald Z test
covariance parameter, Only significant (Type 3) fixed effects are included in the
model: *** p < 0.001, ** p < 0.01. ns = not significant. Likelihood ratio test
(deviance test) compares final model with random intercept model.
Model

Daily distances (homeport to fishing
locations)
Confidence interval

Fixed effect
Intercept
Strategy***

Season***
Region**
NP small***
NP large**
Travel time**
Soak time**
Setting depth***
Season*Strategy**

Region*Strategy**

Soak time(Strategy)
***
Setting depth
(Strategy)***
Random effects
Fisher
Diagnostics
AIC
-2LL
Observation
Likelihood ratio test

Effect
Gillopen
Gillclose
Dry
Long
Gulf

Dry Gillopen
Dry Gillclose
Long Gillopen
Long Gillclose
Gulf Gillopen
Gulf Gillclose
Gillopen
Gillclose
Gillopen
Gillclose
N
ICC

N
Х2, df

In homeport fisheries, distance comes at a cost, and location choice is
mediated by a trade-off between an expectation of higher catch rates
further offshore, interference with other fishers, and the travel time
(Aburto et al., 2009; Caddy and Carocci, 1999). Lake Victoria fishers
predominantly utilse a limited resource space of approximately 120 km2
(gillnetters) to 141 km2 (longliners) around their homeport. Individual
behaviour differs widely, ranging from residential fishers who always
return to about the same place to roaming fishers who travel in many
directions around a core area close to the landing site. Some fishers fish
from different landing sites, but in that case, appear to show similar
behaviour in each of the landing sites.
Extending our observations to the whole fishery, with around 50% of
the fishing activities taking place within 6 km from the shore, a
maximum spatial distribution extending to 16 km (Peter and van
Zwieten, 2018) and using frame survey data for the total number of
fishers per lake district (Anonymous, 2008), the density of longline and
gillnet fishers was around 2.9 fishers per km2. This density implies that
most of the gulf region is fully covered by the fishery, while much of the
offshore regions of the open lake in Tanzania that contain few islands are
exploited more lightly. Interference competition (Poos and Rijnsdorp,
2007) may be high, as Peter and van Zwieten (2018) suggested and
likely plays a role in location choice. An indication is the different shape
of the resource spaces in the gulf, where fishing is carried out from both
sides, resulting in more convoluted spaces parallel to the shore indi
cating spatial use competition; and the lake region, where fishing is
carried out from the homeport leading to the semi-circular spaces
observed, and competition will mainly occur with fishers from the same
landing site. Competition for space between gillnetters and longliners
may be limited: despite the extended size of nets (average 2 km length,
12000 m2) and longlines (average 2.5–3 km, 800 hooks) as longliners,
on average, travelled further and set their gear about twice as deep as

< 0.001

Region1 = Lake region, Strategy2 = Longline strategy, and Season3 = Short
rain season

4. Discussion
4.1. Fishing operations and strategies
Small-scale fisheries are characterised by a high variation in daily
catches taken from a limited individual resource space (Pet-Soede et al.,
2001; Peter and van Zwieten, 2018; van Densen, 2001; van Oosten
brugge et al., 2002). Nile perch fishers of Lake Victoria deal with this
condition through different behavioural choices. Three different stra
tegies emerged from our analysis: (1) Gillnet fishers fishing close to the
homeport, within a limited resource space, utilising mainly smaller
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Fig. 7. Distance choices (km) as predicted by catch of large Nile perch (left) and small Nile perch (right) in weight for the gillnet offshore (Gill-open), gillnet inshore
(Gill-close) and longline strategies, fixed at average soak time, travel time and setting depth for the three strategies. Grey lines are 95% confidence limits. The small
boxes on the x-axis represent the 90% quantiles of the daily catch by size class of Nile perch of the longline (grey), gill-close (black) and gill-open (open) strategies.
Note the different y-axes.
Table 4
Parameter estimates of fixed effects, random effects and model diagnostics of four models relating distance between successive locations and catch testing the hy
potheses that 1: shorter distance between successive fishing days leads to a successful catch on next day, 2: today’s catch success explains the choice of tomorrow’s
location for total daily Nile perch catch (NP catch) in number and weight, Wald Z test for covariance parameter. Change D, CD = distance between successive fishing
locations: ns=not significant. Residual Log-likelihood ratio, § = p < 0.001. All models are mixed effect models with a gaussian link on log-transformed response
variables except NP catch (day t-1) in number that uses a negative binomial distribution as link function.
Distance successive fishing locations = NP catch
+ interaction
Model
Fixed effects
Intercept
NP catch(t)
Strategy1
Change D
Interactions

Random effects
Fisher
Diagnostics

Effect
NP
Gill-open
Gill-close
CD
CD (Gillopen)
CD (Gillclose)
NP (Gillopen)
NP (Gillclose)
N
ICC

AIC
-2ResLL
Observation
Type III test of fixed effect
Strategy
Change D
NP catch(t)
Interactions

(day t)

+ strategy

NP catch (day t+1) = Strategy + distance successive fishing location
+ interaction

Total Nile perch (Weight)

Total Nile perch (Number)

Total Nile perch (Weight)

Total Nile perch (Number)

Est
0.15
-0.00
0.19
-0.50

Est
0.15
-0.00
0.19
0.45

Est
1.4

Std error
0.04

p
< 0.001

Est
2.76

Std error
0.12

p
< 0.001

-0.03
-0.18
-0.01
0.01

0.07
0.07
< 0.01
< 0.01

ns
< 0.05
ns
< 0.05

0.20
0.34
-0.02
0.03

0.20
0.20
0.01
0.01

ns
ns
< 0.05
< 0.05

0.01

0.01

< 0.05

0.02

0.01

ns

Random
intercept
15
0.18

Final
model
15
0.14

5019.7
2042

4986.4
2042

Std error
0.09
< 0.01
0.14
0.14

p
ns
ns
ns
< 0.01

Std error
0.09
0.002
0.14
0.15

p
ns
ns
ns
< 0.01

0.01

< 0.01

< 0.05

0.01

0.003

ns

-0.01

< 0.01

ns

-0.00

0.003

ns

Null
model

Random
intercept
15
0.15

Final
model
15
0.04

Null
model

Random
intercept
15
0.18

Final
model
15
0.14

Null
model

Random
intercept
15
0.15

Final
model
15
0.12

Null
model

5609.4
5605.4
2042

5330.5
5324.5
2042

5316.4
5300.4
2042

5609.4
5605.4
2042

5330.5
5324.5
2042

5314.2
5298.2
2042

1436.1
1432.1
2042

1202.8
1196.8
2042

1178.7
1194.7
2042

15,883.7
15,879.8
2042

ns

ns

< 0.01
ns

< 0.001
< 0.05

< 0.05
< 0.01

ns
ns

< 0.05

< 0.001

Base level intercept 1Strategy: Longlines

gillnetters (Peter and van Zwieten, 2018).

fishers fish primarily within 2–7 km from their homeport. Choosing lo
cations close to homeport is because high catch variability in offshore
areas increases the risk of unprofitable trips. Medard (2015) found
fishers arguing that fishing offshore increased the costs of bringing fresh
fish to the market in time. While other ecological, social and cultural
factors may play a role (Naranjo-Madrigal and Bystrom, 2019), fishers

4.3. Location choices and catch success
Even though the probability of catching more profitable and legally
sized large Nile perch offshore is higher (Peter and van Zwieten, 2018),
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Fig. 8. (a) predicted distance between successive fishing locations from Nile perch catch (in number) at day t for three fishers’ strategies; and (b) Nile perch catch on
day t + 1 (in number) from a distance between consecutive fishing locations on day t + 1 for the three fishing strategies. Dotted lines are 95% confidence limits.

Fig. 9. Percentage prefered use of (a) (combinations of) mesh sizes by gill-open and gill-close strategies and (b) of (combinations of) hook sizes by longline fishers.

caused by the overall distribution of Nile perch size classes over the
water column and from inshore to offshore, rather than predictable
aggregations or movements. Fishing patterns emerge from longer-term
experience and, likely, from shared fishing experiences with other
fishers operating from specific locations. The general distribution of
densities of smaller Nile perch decreasing towards deeper offshore wa
ters, as well as the slight increase in densities of larger Nile perch
offshore, has been observed by several authors (Cornelissen et al., 2015;
Goudswaard et al., 2011; Peter and van Zwieten, 2018; Taabu-Munyaho
et al., 2013; van Zwieten et al., 2016). This distribution pattern appears
to be steered predominantly by local abiotic factors such as visibility,
oxygen concentration and temperature (Cornelissen et al., 2015), a
general feature of the lakewide Nile perch distribution (Taabu-Munyaho
et al., 2014).

Table 5
Coefficient of variation (CV) in catch rates for total daily catch and daily catch of
the two Nile perch size categories combined, large Nile perch (≥50 cm), small
Nile perch (<50 cm) and other species (others) for both weight (Wt) and number
(No).
Coëfficient of Variation (CV) daily catch
Size and species categories
Strategy

N

Gillopen
Gillclose
Longline

261
261
263

No
Wt
No
Wt
No
Wt

Aggregations of
categories

Nile
perch
< 50 cm

Nile
perch
≥ 50 cm

Other
species

Nile
perch
all

Total

56
57
55
54
85
90

62
65
91
71
61
55

404
447
81
85
447
461

51
54
51
49
59
52

51
54
48
45
59
52

4.4. Variability in daily catches, bet-hedging, and the portfolio effect
Theory suggests that adopting strategies that exploit various assets
provides substantial benefits over strategies with lower diversity
(Anderson et al., 2017; Edwards et al., 2004). Of the three general
strategies available to reduce variability in catch (Jul-Larsen et al.,
2003), the two bet-hedging strategies – exploiting multiple cohorts and
increasing the number of species caught (van Oostenbrugge et al., 2002)
were found in our study. Variability in catches of legally sized larger Nile
perch was highest and increased with increasing distance from the shore
(Peter and van Zwieten, 2018). Gillnetters reduced variability by using
combinations of mesh sizes, focusing on either large (fishing offshore) or
small (inshore) mesh sizes, the latter with the bonus of catching a
diverse array of species next to different size classes of Nile perch. While

avoid risk by covering at least daily costs (Abernethy et al., 2007; Sethi,
2010); this behaviour is also understandable from an information
perspective (van Densen, 2001). Individual fishers gain limited infor
mation on Nile perch distributions from the signals obtained from their
daily catch success within their resource space in relation to daily and
seasonally changing environment. Catch success is nearly independent
of previously fished locations, contrary to what was found in large scale
fisheries (Vignaux, 1996) but similar to other small-scale fisheries
(Pet-Soede et al., 2001) and targeting specific densities of Nile perch
does not appear to be part of a daily fishing strategy.
Nevertheless, daily catches show some autocorrelation, most likely
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other species appear to be by-catch, this can go up to 30% of the daily
catch. Oreochromis niloticus sometimes is valued higher than small Nile
perch (Medard Ntara, 2015) and may also be important economically.
The third general strategy of reducing variability in daily catches by
investing in more or more powerful gear (Jul-Larsen et al., 2003) is
employed in Lake Victoria in a particular way but does not differ in
essence from the gillnet strategies described: the difference is in the
organisation of labour. As the cost of labour is low (Medard Ntara,
2015), a way to obtain a more significant individual share of the total
catch is to invest in more of the same existing small scale fishing vessel
and gear technologies. Boat owners following this strategy own up to
twenty boats, organise their operations in fishing camps outside main
landing sites and have close links to transport and processing facilities
for export (Medard Ntara, 2015). They generally use larger nets ranging
from in total 4.5 – 7.2 km length and 9 – 18 m depth per boat, but, like
the gillnet strategies described, include a range of mesh sizes. The same
operational constraints apply as they perform day trips from a homeport
using the same vessel types and propulsion modes. Resource spaces
covered by these fishers are likely comparable to our sample of fishers,
indicated by the spatial conflicts between these “packs of fishers” going
out fishing in groups, and other gillnet and longline fishers (Medard
Ntara, 2015). Thus, bet-hedging by capturing a portfolio of sizes or
species over a limited resource space again is the typical response to
address risk.

made in other small scale African freshwater fisheries where fishing on
small fish sizes has not led to stock collapses (Kolding et al., 2016;
Kolding and van Zwieten, 2014; Zhou et al., 2019).
Furthermore, Plank (2017) suggests that, given a size-structured
Beverton and Holt yield-per-recruit model with decreasing natural
mortalities over the body size of fish, the predicted yield from allowing
fishers to choose what size of fish to target is only slightly lower than the
theoretical maximum at a singular optimum size. The latter is compa
rable to the classic outcome of the Beverton and Holt (1957) theory,
which forms the basis of current mesh size regulations and production
objectives of Lake Victoria’s Nile perch management. Thus, developing
portfolio management of fished resources (Edwards et al., 2004) would
make sense by compromising on mesh size regulations, and allow fishers
to utilise a certain proportion of smaller mesh or hook sizes, which are
now illegal but part of their fishing strategies. In this way, production
objectives, both for international export and the underappreciated
regional trade (Obiero et al., 2019; UNCTAD, 2017), and social goals of
maintaining individual livelihoods can be reconciled. Understanding
fisher exploitation behaviour towards biological fish production could
inform the design of management systems where behavioural aspects
and motivations underlying them (Nunan, 2020) are addressed where
possible and appropriate.

4.5. Illegal fishing, objectives of management and portfolio management

Happy Peter was responsible for the data collection andset-up of the
research. Both authors were responsible for the analysis and write-up of
the manuscript.
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Spatial behavioural choices and resulting fishing strategies are
essential to understanding fishers’ operational responses to manage
ment regulations. The leeway of individual fishers to effectively diver
sify is limited by regulations and market forces (Anderson et al., 2017).
Mesh and slot size regulations and a strong regulatory focus on pro
duction goals sustaining the export industry aim to constrain the choices
Nile perch fishers have and lead to continuous conflicts over their use of
the resource (Jacobson, 2019; Kolding et al., 2014a). An unintended
consequence of the enforcement strategies employed, focussing pri
marily on punishing illegal gear use, is decreased cooperative behaviour
and increased individual exploitation rates. MacColl et al. (2018) claim
that cooperative strategies to sustain the resource, an intrinsic motiva
tion shared by many in the fishery (Cepić and Nunan, 2017; Mpom
wenda et al., 2022), are crowded out by such extrinsic, regulatory
induced motivations given the need to maintain individual livelihoods.
Around Lake Victoria, this has led to corruption by allowing illegal gears
through regular payments, or payments when catching someone using
illegal gears, or landing undersized fish (Nunan et al., 2018), thus
maintaining the fishing strategies described.
Abetted by science with its singular focus on growth overfishing and
associated size-based regulations to maximise production based on a
singular optimum size of fish forces individual fishers to take higher
risks because they must become more specialised in sizes, species and
areas (Hilborn et al., 2001; Kolding and van Zwieten, 2011). Mesh or
hook size limitations force fishers to accept higher uncertainties in daily
catches and either drive their fishing locations further offshore or accept
a more variable lower catch leading to higher personal and occupational
risk. This is not necessary: because production is a decreasing function of
fish body size, the distribution of fishing mortality over a range of sizes
of fish will emerge as a result of fishers attempting to maximise their net
profits by closely matching their effort to production (Plank et al.,
2017). When size-selectivity results from the actions of many fishers
operating independently, the aggregate fishing mortality will reflect this
declining production at large sizes. Harvesting multiple size classes,
which involves harvesting more biomass of juvenile Nile perch, will not
lead to stock depletion, as juvenile sizes can withstand higher mortal
ities. Nile perch smaller than 50 cm have higher productivity (Natu
gonza et al., 2016) and are currently underfished. Similar observations
of the distribution of fishers over the production spectrum have been
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P.,Alcázar-Álvarez, J.L., 2016. Identification and characterization of métiers in
multi-species artisanal fisheries. A Case Study Northwest Spain Nat. Resour. 7,
295–314.
Goudswaard, P.C., Witte, F., Wanink, J.H., 2006. The shrimp Caridina nilotica in Lake
Victoria (East Africa), before and after the Nile perch increase. Hydrobiologia 563,
31–34.
Goudswaard, P.C., Katunzi, E.F.B., Wanink, J.H., Witte, F., 2011. Distribution of Nile
perch Lates niloticus in southern Lake Victoria is determined by depth and dissolved
oxygen concentrations. Afr. J. Aquat. Sci. 36, 147–153.
Hilborn, R., 1985. Fleet dynamics and individual variation: why some people catch more
fish than others? Can. J. Fish. Aquat. Sci. 42, 2–13.
Hilborn, R., Maguire, J.-J., Parma, A.M., Rosenberg, A.A., 2001. The precautionary
approach and risk management: can they increase the probability of successes in
fishery management? Can. J. Fish. Aquat. Sci. 58, 99–107.
Jacobson, A., 2019. Fishermen fight to survive on the world’s second largest lake,
National Geographic. National Geographic Society, 〈https://www.nationalgeograph
ic.com/environment/article/uganda-military-cracks-down-illegal-fishing-lake-victor
ia〉.
Jul-Larsen, E., Kolding, J., Overå, R., Raakjær Nielsen, J., van Zwieten, P.A.M., 2003.
Management, co-management or no-management? Major dilemmas in southern

African freshwater fisheries. Part I: Synthesis. FAO Fish. Tech. Pap. 426/2 1–271.
FAO, Rome.
Kimani, P., Owiti, H., Luomba, J., Onyango, P., Namuyiga, D.B., Mbabazi, S., 2018.
Report on the Nile perch value-chain analysis for the local and regional trade in East
Africa. Responsible Fisheries Business Chain Project. COMRED Coast. Consult. 90.
Kenya, Uganda.
Kizza, M., Rodhe, A., Xu, C.-Y., Ntale, H., Halldin, S., 2009. Temporal rainfall variability
in the Lake Victoria Basin in East Africa during the twentieth century. Theor. Appl.
Climatol. 98, 119–135.
Kolding, J., van Zwieten, P.A.M., 2011. The tragedy of our legacy: how do global
management discourses affect small scale fisheries in the south? Forum for
Development Studies 38, 267–297.
Kolding, J., van Zwieten, P.A.M., 2014. Sustainable fishing of inland waters. J. Limnol.
73, 132–148.
Kolding, J., Béné, C., Bavinck, M., 2014a. Small-scale fisheries - importance,
vulnarability and deficient knowledge. Governance of Marine Fisheries and
Biodiversity Conservation. John Wiley & Sons, Ltd., pp. 317–331
Kolding, J., Jacobsen, N.S., Andersen, K.H., van Zwieten, P.A.M., Giacomini, H., 2016.
Maximizing fisheries yields while maintaining community structure. Can. J. Fish.
Aquat. Sci. 73, 644–655.
Kolding, J., Medard Ntara, M., Mkumbo, O., van Zwieten, P.A.M., 2014b. Status, trends
and management of the Lake Victoria fisheries. Inland fisheries evolution and
management—case studies from four continents. FAO Fish. Tech. Pap. 579, 49–62.
Lehman, C.L., Tilman, D., 2000. Biodiversity, stability, and productivity in competitive
communities. Am. Nat. 156, 534–552.
LVFO, 2015a. Fisheries management plan III (FMP III) for Lake Victoria fisheries 2016 2020. East Afr. Community, LVFO Secr. 43, IX. Jinja, Uganda.
LVFO, 2015b. Nile Perch Fishery Management Plan for Lake Victoria 2015 - 2019. LVFO,
Ebene, Maurit. 48.
MacColl, S., Onyango, P., Reimer, M.N., Stopnitzky, Y., 2018. Unintended consequences
of enforcement in a cooperative institution: Experimental evidence from Tanzanian
fishers. Ocean Coast. Manag. 162, 158–169.
MacIntyre, S., Romero, J.R., Silsbe, G.M., Emery, B.M., 2014. Stratification and
horizontal exchange in Lake Victoria, East Africa. Limnol. Oceanogr. 59, 1805–1838.
Matsuzaki, S.-I.S., Shinohara, R., Uchida, K., Sasaki, T., 2019. Catch diversification
provides multiple benefits in inland fisheries. J. Appl. Ecol. 56, 843–854.
Medard, M.N., 2015. A Social Analysis of Contested Fishing Practices in Lake Victoria.
Tanzania. Wageningen University, Wageningen, p. 272.
Medard M., Ntara, 2015. A Social Analysis of Contested Fishing Practices in Lake
Victoria. PhD thesis. Wageningen University. Wageningen University,, Wageningen,
p. 278.
MLF, 2020. The Annual Fisheries Statistic report (January-December). Ministry of
Livestock and Fisheries (Fisheries Department. Dodoma, Tanzan. 62.
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van Putten, I.E., Kulmala, S., Thébaud, O., Dowling, N., Hamon, K.G., Hutton, T.,
Pascoe, S., 2012. Theories and behavioural drivers underlying fleet dynamics
models. Fish Fish. 13, 216–235.
van Zwieten, P.A.M., Kolding, J., Plank, M.J., Hecky, R.E., Bridgeman, T.B.,
MacIntyre, S., Seehausen, O., Silsbe, G.M., 2016. The Nile perch invasion in Lake
Victoria: cause or consequence of the haplochromine decline. Can. J. Fish. Aquat.
Sci. 73, 622–643.
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