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Abstract

This study presents the first comprehensive assessment of industrial longline fisheries and their
interactions with elasmobranch species within Kenya’s Exclusive Economic Zone (EEZ). It analyzes
the spatial distribution of longline catches within Kenya's Exclusive Economic Zone (EEZ) and
beyond, with a specific focus on the incidental capture of vulnerable shark species.

Utilizing fishing vessel logbooks and data from fisheries observer deployments (2016-2021) and
reconstructed catch records from 1950 to 2020, we analyze spatial and temporal patterns of shark
bycatch, species composition, and catch rates. We show that widespread industrial longline
activity, with high catch areas nearshore and in offshore EEZ hotspots are inferred to overlap
significantly with shark distribution, probably overlapping with shark aggregation areas.

Results further show that longline operations consistently capture vulnerable pelagic sharks, with
Prionace glauca and Carcharhinus falciformis comprising over 85% of observed catches. Catch
rates remained low (<0.05 pieces/1000 hooks/day) despite high effort. Depth-specific data
indicate peak shark interactions between 50-150 meters, supporting the possible use of depth-
based gear restrictions.

These findings underscore the urgent need for targeted bycatch mitigation, seasonal closures, and
enhanced monitoring to safeguard threatened elasmobranch populations. The study provides vital
evidence to inform implementation of Kenya’s National Plan of Action for Sharks and compliance
with Indian Ocean Tuna Commission (IOTC) Conservation and Management Measures.
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1.0. Introduction

Fishing is the greatest threat to marine biodiversity including that of sharks and rays by routinely
depleting marine fish populations by 50 to 70% (Baum et al., 2003) with losses exceeding 90%
becoming common in some populations (Myers and Worm, 2005). Most of the sharks and rays
(hereinafter sharks) are taken as bycatch in industrial fisheries, however, the volume of bycatch
often exceeds that of target species leading to changes in food web relationships through excessive
removal of top predators (Dulvy et al. 2021). Bycatch may also affect species composition, predator
behavior, and catch rates of target species (Bonanomi et al. 2017) in addition to having socio-
economic implications (Garth et al., 2015). Industrial longlines is one such fishery with increasing
effects on marine ecosystems through the removal of bycatch species that often includes sharks and
turtles (Gilman et al., 2008; Dapp et al., 2013) . However, although mitigation measures for
controlling turtle bycatch have been relatively successful, sharks have continued to form a major
bycatch of longline fishery targeting tuna and tuna-like species (Dulkvy et al., 2021). Shortfin mako
sharks (Isurus oxyrinchus) blue shark (Prionace glauca) and silky shark (Carcharhinus falciformis),
for example, suffer high fishing mortality throughout their range (Dulvy et al., 2008) as bycatch in
longlinesLewison and Crowder, 2007; Myers et al., 2007; Walace 2010),

Shark populations are sensitive to overfishing owing to the fact that sharks display an intrinsic
sensitivity to mortality from fisheries because they exhibit life history traits such as low productivity,
low fecundity and late age of maturity (Cope, 2006; Gilman et al., 2008; Lewison and Crowder, 2007)
that make them vulnerable to fishing mortality. Nonetheless, sharks play important ecological roles
by regulating marine communities and providing stability to ecosystems through direct predation
(Bascompte et al., 2005; Myers et al., 2007) and by controlling populations of mesopredators and
dampening fisheries induced top-down cascades (Agardy, 2000; Baum and Worm, 2009; Myers et
al., 2007). Despite the socio-ecological importance of sharks, one-third (37%) of the species are
threatened with extinction (Dulvy et al., 2021) with nearly 90% of the pelagic species in the Western
Indian Ocean being threatened (Pacoureau et al., 2021). The situation in the WIO is worsened by
the bycatch from the longline tuna fisheries that often catch large volumes of sharks as bycatch (
Kiszka et al., 2010). Management of shark bycatch in longlines is often hampered by the lack of data
on the operational, environmental and biological components of longline fleets (Dulvy et al., 2014).
There is need to resolve the spatio-temporal distribution and catch rates of the species landed as is
the need to determine variables such as soak time, hook types and depths in the operation of
longlines in order to guide management..

Kenya’s marine fisheries are estimated at an annual maximum sustainable yield of 150,000 mt
(Ruwa et al., 2003) while the EEZ is estimated to have a potential annual harvestable fisheries
biomass of about 321 262 tons (KMFRI, 2018). The annual nominal marine fisheries production is
relatively low, with the 2024 total production (marine capture landings and mariculture) being
48,608 MT with an ex-vessel value of 15.2 billion Kenya shillings (~17.5 million USD) compared to
39,950 MT with an ex-vessel value of 9.9 billion Kenya shillings (~76.5 million USD) in 2023
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(Government of Kenya, 2024). Artisanal fishery contributed 39,702 MT while industrial fishery
contributed 8,772 MT. However, there is a substantial potential to produce about 150,000 -
300,000mt per annum valued at 21-42 billion shillings (~162.3 — 185.5 million USD) from increased
exploitation of the EEZ resources (Government of Kenya, 2024).

The Kenyan longline fishery primarily operates in offshore waters, beyond the 12 nautical mile
territorial sea limit and within the Kenyan Exclusive Economic Zone (EEZ) extending to 200 nautical
miles and in the on the high seas outside the of the EEZ, and in other coastal States EEZs under a
license arrangement. To develop its national fishing fleet, Kenya registered an initial three local
longline fishing vessels between 2016 — 2021, while in 2022 — 2024 the number fluctuated between
four to seven industrial longline vessels licensed to fish. . These vessels interact with sharks and
often catch them, some of which are retained as bycatch. In most cases shark bycatch in the
industrial longline fishery typically results in mortalities due to the fishing operations and handling
stress, besides the retention of specimens for fin trade or local sale for meat (Benedict Kiilu, pers.
obs.). Furthermore, despite the continued exploitation of sharks by the longline fleet, the
composition proportion of shark species landed as bycatch and their spatio-temporal distribution
are not known, but are important for compliance actions and enforcing monitoring, surveillance and
control (MCS) regulations. .

This pioneering study carried out in Kenya fishery waters aimed to contribute useful information in
managing the shark bycatch from tuna longline fishery on the Kenyan coast and the WIO region.

The study further aimed to address these gaps by: (i) determining the species composition and
proportions of shark bycatch, (ii) describing the spatial and temporal patterns of fishing effort and
catch rates, and (iii) examining changing size distributions among sharks landed along coastal Kenya.

2.0. Materials and methods

The materials and methods used for this study were designed to capture, analyze, and interpret
data on shark bycatch within Kenya’s industrial longline fishery. The data was derived from
observer records, fishery independent research cruises, and vessel logbooks.

2.1. Study area and data set

The Kenya marine waters extend from the Somalia border (1° 30’S) to Tanzania (5° 25’S) and covers
an exclusive economic zone (EEZ) which stretches up to 200 nautical miles with an area covering
about 230,000 km? (Fulanda et al., 2011; Munga et al., 2013) (Fig. 1). The environmental conditions
are influenced by two monsoon seasons that drive ocean currents, winds, and other climatic factors.
The northeast monsoon (NEM), lasts from October to March, and the southeast monsoon (SEM)
prevails from April to September (McClanahan, 1988). March-April and October-November are
regarded as transition periods, locally referred to as Matlai, when the winds change direction from
NE to SE and vice versa, and are characterized by winds with lower speed and more variable
direction (Schott et al., 2009 McClanahan, 1988).
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Figure 1: Map of Kenya’s Exclusive Economic Zone (EEZ) with showing the bathymetry and coastal
counties delineations

2.2. Reconstructed catch landings

Kenya’s national fisheries statistics prior to 2000 are sparse, fragmented, or aggregated as merely
“sharks and rays.” Shark catches especially those from artisanal and small-scale fisheries were rarely
disaggregated by species or gear type. In addition, observer coverage has historically been low prior
to 2016, limiting availability of actual catch landings and composition in the industrial fisheries.

To visualize sharks catch trends over time and hence track the historical catch trajectories, we
compiled shark and ray landing data spanning 1950-2020 from multiple sources. These sources
included reconstructed landings (1950-2014) derived using the Sea Around Us and Reported
landings (2000-2020) extracted from Kenya'’s official fisheries statistics and FAO datasets.

2.3. Observer program and catch data

The Kenya longline fishery observer monitoring was initiated in 2016, and monitoring has been
continuous, with the exception of 2020, during the peak of the Covid-19 pandemic. Observers
remained on fishing vessels throughout a voyage while trips typically lasted about two weeks to 2
months.

In addition, over the study period, longline fishing vessels were flagged or licensed on various dates,
and therefore the observer catch records were not continuous over the months for each vessel. On
each vessel on those varying dates, an observer was deployed and recorded the vessel name, geo-
location of starting and finishing line deployment, start and finishing location of longline recovery,
depth of hooks , set and haul back time , the number of hooks deployed per line, number and the
total weight of target fish caught, species name, sex and morphometric measurements of bycatch
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sharks. Lengths were visually estimated for the legally protected sharks (e.g. Alopius spp., oceanic
whitetip sharks) that could not be onboarded. All fishing vessels used circle hooks baited mainly
with Indian mackerel, Rastrelliger kanagurta , or occasionally whole cuttlefish, and without offset..

2.4. Catch rates

Catch per unit effort (CPUE) was defined as number of sharks caught per 1000 hooks set, calculated
according to Godoy et al. (2003);

¥n
Yhx Yt

X 1000,

Where, n is the number of individuals, h the number of hooks per line and t the number of sets.

Mean annual catch rate of the species were compared between the years (2016-2021) using one-
way ANOVA on log transformed catch rates to normalize the data due to the wide range and
skewness in the catch rates.

2.5. Effort distribution and species composition

The distribution of the fishing effort (number of vessels per 1° grid) were plotted on a base map
using QGis version 3.40 and catch rates of the species (number per 1000 hooks set) tabulated to
normalize catch data across the vessels and compare their CPUEs.

The vertical habitat preferences and catch concentration were also determined by comparing depth
and numbers of sharks captured, to inform the possibility of depth-based gear restrictions that could
help reduce bycatch of vulnerable and threatened sharks.

3.0. Results
3.1. Impacts of fishing: Catch reconstruction

Reconstructed Kenya’s shark and ray fisheries landings over seven decades (1950-2020) (Fig. 2)
reveals both ecological and economic dynamics, with landings showing a steady rise from 1950,
peaking dramatically at ~3100 MT in 1978, then a sharp crash to ~640 MT by 1984, possibly due to
overfishing, regulatory shifts, or ecosystem changes. Post 1984 there is a fluctuating but generally
declining trend, reaching bottom at ~490 MT in 2012. The landings then stabilize until 2012, then a
surge to ~1900 MT in 2014, followed by a drop to ~750 MT in 2020. This post 2012 trend may reflect
improved reporting as Kenya’s fisheries management system kept improving, changes in market
demand, and therefore changes in fishing effort (Fig. 2).
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Figure 2: Historical Trends in Shark and Ray Landings and Their Economic Value (1950-2020)

Figure 2 further shows that economic value was minimal until around 2014-2012, then a sharp rise
to ~Ksh 1.6 million (~12,300 USD) in 2016, peaking in 2017 at ~Ksh 1.7 million (~13,100 USD), almost
mirroring the landings spikes. Then there were reported slight declines thereafter, settling at ~Ksh
1.1 million (~8,500 USD) in 2019, rising to ~Ksh 1.6 million (~12,300 USD). This may suggest
ecological Pressure due to unsustainable exploitation as shown in the 1978 peak followed by
collapse.

3.2.  Effort distribution and species composition

We found that the Kenyan longline fishery interacted directly with sixteen species of sharks and
rays. Furthermore, a total of 10,938,936 hooks were fished on 7,057 longline sets over the study
period (Table 2). The database for analyses included 1,848 longline sets that caught a total of 7,739
sharks of 6 species on 2,653,965 hooks. There was also a significant number (61 pieces) of
unidentified shark species categorized as “others”.

The spatial distribution of fishing vessels effort and the sharks species composition proportions
during the study period are shown in Fig. 3. There is a spatial overlap between vessel effort hotspots
and the dominance of sharks particularly Prionace glauca, pointing to possible ecological
preferences and fleet behavior. P. glauca and Carcharhinus falciformis sharks are known to
aggregate in warm, productive offshore waters (Queiroz et al., 2016; Wambiji et al., 2022), which
matches the southern EEZ hotspots in 2016—2021. The vessel effort hotspots are also concentrated
in offshore southern EEZ zones, suggesting targeted effort or migratory aggregations of pelagic
sharks like Prionace glauca and Carcharhinus falciformis.
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Figure 3: Spatial distribution of longline fishing vessel effort (left panel) and species composition of
shark catches (right panel) in Kenya’s Exclusive Economic Zone (EEZ).

Evidently Carcharhinus falciformis (silky shark) and Prionace glauca (blue shark) appear to constitute
the bulk of catches, while the presence of Isurus oxyrinchus (shortfin mako) and Carcharhinus

longimanus (oceanic whitetip shark) suggests interactions with vulnerable or IUCN-listed species.
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Fig. 5: Shark catches in relation to depth (m) of line setting

High numbers of sharks were caught at water depths of less than 150m. The highest catch densities
were observed between 50 and 150 meters, with a peak around 100 meters. Beyond 150 meters,

shark catches dropped sharply, with only sparse occurrences between 300—-450 meters.

3.3.

Species-specific catch rates and catch trends

A total of 2,667,345 hooks were deployed during the study period (2016-2021). With an aggregate
total fishing time of 43,647.81 hours and 7,739 shark pieces caught, the average catch rates were
low overall, often < 0.05 pieces/1000 hooks/day, indicating low shark abundance or low gear
selectivity (Table 1).
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Table 1: Shark catch-rates, 2016—2021

Year Species Number of | Number of | Fishing Catch rate
shark pieces | hooks used | Time (hrs) | (pieces/1000
caught hooks/day)

2016 Other sharks 113 7,500 94.08 3.84

2017 Carcharhinus limbatus 58 37,895 124.45 0.30

Prionace glauca 111 103,755 317.01 0.08
Sphyrna lewini 8 14,700 62.03 0.21
2018 Carcharhinus falciformis 234 133,938 1,323.05 0.03
Isurus oxyrinchus 121 76,008 3,733.39 0.01
Isurus paucus 20 28,974 292.24 0.06
Prionace glauca 1,202 352,559 7,010.58 0.01
Other sharks 117 125,256 445.07 0.05
2019 Carcharhinus falciformis 368 257,155 2,734.15 0.01
Isurus oxyrinchus 114 85,989 1,670.55 0.02
Isurus paucus 168 150,212 2,449.55 0.01
Prionace glauca 2,798 503,384 8,613.36 0.02
Other sharks 19 27,000 198.33 0.09
2020 Carcharhinus falciformis 656 270,191 3,945.12 0.01
Isurus oxyrinchus 53 43,962 876.00 0.03
Isurus paucus 225 175,214 3,854.05 0.01
Prionace glauca 1,316 257,693 5,620.40 0.02
Other sharks 1 2,700 20.20 0.44
2021 Carcharhinus falciformis 6 3,615 72.20 0.55
Isurus paucus 13 6,030 119.50 0.43
Prionace glauca 18 3,615 72.50 1.65
Total 7,739 2,667,345 | 43,647.81

The year 2016 showed the highest catch rate, most likely attributed to lower effort and less gear
saturation while the years 2018-2020 show plummeting catch rates despite massive effort (millions
of hooks) (Table 1) probably due to shifts in spatial distribution brought about by seasons or other
oceanographic parameters. In 2021 the effort significantly drops, but catch rate is high possibly due
to reduced competition after Covid-19.

One-way ANOVA test on log-transformed catch rates conducted to assess whether mean annual
catch rates differ significantly across years, results showed the F-statistic as 9.1530 and a p-value of
0.0003 which is a low p-value (< 0.05), indicating strong evidence that there are statistically
significant differences in mean catch rates between years. Thus, fishing efficiency (as measured by
catch rate per 1000 hooks/day) varied significantly across the 6-year period, potentially due to:
Shifts in species abundance or distribution, Changes in gear deployment or effort, Regulatory
interventions or fleet behavior, Environmental or oceanographic conditions
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Figure 3: Annual sharks catch trends and species-specific catch rates (2016—2021)

The line charts in Figure 3 above show how shark catches by numbers (left panel) and by weight
(right panel) have fluctuated annually from 2016 to 2021, highlighting 2019 as the peak year and
potential declines or shifts in targeting. They offer a glimpse for assessing biomass extraction trends
while comparing with effort metrics like hooks deployed and fishing hours.

The horizontal bar charts rank species by average catch rate, revealing which sharks are most
frequently caught relative to effort, offering valuable insights in identifying high-interaction species
like Prionace glauca and Isurus paucus.

Figure 4 illustrates the temporal catch patterns of five shark species across the months (January—
November) taken as average numbers over the period 2016-2021. P. glauca exhibited the highest
monthly catch across all species and a consistent presence over the months indicating year-round
availability. Overall, the months of May and June emerge as a critical period for shark interactions,
especially for the Prionace glauca and Isurus oxyrinchus.
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Figure 4: Monthly catch trends of selected shark species in Kenya’s Exclusive Economic Zone (EEZ)
based on longline fisheries data (January—November)

4.0. Discussion

This study provides the first comprehensive assessment of Kenya’s industrial longline interactions
with elasmobranch species in the Exclusive Economic Zone (EEZ). The results highlight significant
ecological and management implications.

The reconstructed catch data spanning from 1950-2020 illustrates a varying trajectory, with
landings peaking at 3,100 MT in 1978 before collapsing to 640 MT in 1984. Such a pattern is
consistent with the global shark population declines driven by industrial fishing pressure and
ecosystem shifts (Baum et al., 2003; Myers and Worm, 2005).

The catch rates from 2018-2020 remained low (<0.05 pieces/1000 hooks/day), probably due
reduced abundance or declining gear selectivity. These trends mirror findings by Dulvy et al. (2021),
who reported widespread declines in catch efficiency across overexploited shark populations. The
dominance of Prionace glauca and Carcharhinus falciformis in longline sets aligns with their known
pelagic distribution and susceptibility to longline gear (Queiroz et al., 2016; Cortés et al., 2010), while
the presence of Isurus spp. and Carcharhinus longimanus highlights interactions with I[UCN-listed
vulnerable species (Dulvy et al., 2008; Pacoureau et al., 2021).

Spatial analysis revealed concentrated vessel effort in southern offshore EEZ zones and off the EEZ,
overlapping with possible shark aggregation hotspots. This could imply targeted fishing in
ecologically sensitive areas, potentially linked to migratory behavior or productive oceanographic
features (Wambiji et al., 2022). Seasonal peaks in shark catches particularly in April, May, and July
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may correspond to spawning or feeding aggregations, pointing to the need for time-area closures
and seasonal monitoring (Watson et al., 2009; Simpfendorfer & Dulvy, 2017).

Depth-specific catch data showed that most shark interactions occurred between 50-150 meters,
with a steep decline beyond 150 meters. This vertical habitat preference supports the possibility of
depth-based gear zoning to reduce bycatch of vulnerable elasmobranchs, especially juveniles and
breeding stock (Ward-Paige et al., 2012; Rigby et al., 2019). If species-level data are available, this
depth profile could further be cross-referenced with IUCN status to identify high-risk interactions
(e.g. Carcharhinus longimanus or Isurus spp.).

Given the life history traits of sharks including slow growth, late maturity, and low fecundity, their
populations are intrinsically vulnerable to overfishing (Cope, 2006; Dulvy et al., 2014). Without
targeted management, the risk of population collapse remains significantly high, with potential
trophic cascades and ecosystem disruption (Borer et al., 2005; Ferretti et al., 2010).

5.0. Conclusion and recommendations

The current harvest levels of sharks in Kenya mean that there is potential of exposing the
populations to high declines, and recovery is unlikely for the majority of species if depleted.
Development of a sustainable fishery will require both immediate steps to reduce the impact of the
fishery and long-term scientific studies and stock assessments of the fish populations to more
accurately determine the best strategies to restore and maintain them (Branch et al., 2011).

It is most likely the implications of current overfishing of sharks by the Kenya longline fleets may not
be clear for many years to come. Questions need to be asked on whether there will be a trophic
cascade, in which removal of a top predator has effects far down a food web (Borer et al., 2005),
due to the decline of shark populations, and whether more research, and of what type is required.
For example, more research is required to determine whether blue shark populations, which is most
predominantly caught, remain abundant or will decline, and if the decline affect other shark species
of the same trophic level or other species lower down the food web. Our findings suggest that the
populations of sharks affected by the longline fishery may be in danger of collapse and that there
are insufficient scientific data to predict whether and when such a collapse will occur, and exactly in
which species.

The findings in this study reinforce the critical need of implementing Kenya’s National Plan of Action
for Sharks (NPOA-Sharks) and aligning actions with Indian Ocean Tuna Commission (IOTC)
Conservation and Management Measures (CMMs). Recommended interventions include seasonal
closures during peak shark interaction months, depth-based gear restrictions, and enhanced
observer coverage. These measures, if effectively enforced, could significantly reduce bycatch and
support the recovery of threatened elasmobranch populations (Carlson et al., 2012; Simpfendorfer
et al., 2011).

Offshore area and seasonal closures would be effective in reducing the bycatch of sharks as the
vessels target the tuna and tuna-like stocks. Establishment and effective enforcement of no-take
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marine protected area would greatly reduce shark bycatch. Another approach would be to enforce
a time-area closure of the fishing season during the peak breeding season of the blue sharks in the
WIO.

This approach would also control the large unregulated artisanal fishery, owing to the fact that
pelagic sharks and rays are subject to high and often unrestricted levels of mortality from bycatch
and targeted fisheries throughout the oceans (Baumet al., 2003).

Protection is needed for the nursery area of hammerhead sharks. That in turn would also protect
other sharks and rays species that may use the bay for breeding or feeding grounds for their young..
In the case of blue sharks and mako sharks, spatial closures of the offshore tuna fishery would
minimize catch of juveniles or breeding stock (Watson et al., 2009). It is unknown what effect this
would have on other bycatch species such as pelagic thresher sharks, but it would significantly
reduce silky shark and oceanic whitetip that are all protected under the Indian Ocean Tuna
Commission Conservation and Management Measures (I0OTC CMMs).

Another approach would be to enact seasonal closures of the billfish fishery, closing the fishery
when billfishes are not in season and when shark catch is greatest. Finally, decreasing soak times of
longlines can decrease catch rate of blue sharks, mako sharks, silky sharks, thresher sharks etc. With
strengthened management and protection of shark species in Kenyan waters, it should be possible
to ameliorate the stresses caused to shark populations by the longline fisheries.
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