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Abstract 

While there are considerable industrial marine fisheries in the south-western Indian Ocean (SWIO), 
notably for tunas and crustaceans, regional Small Scale Fisheries (SFF) are of greater social importance, 
employing > 0.5 million fishers and contributing > 70% of regional marine fisheries’ catches. Despite often 
being overlooked, SSF may impact marine ecosystems, thus they reflect the global challenge of balancing 
conservation goals with communities’ dependence on marine resources. Marine megafauna 
(elasmobranchs, marine mammals and sea turtles) are vulnerable to fisheries, and play important roles in 
marine ecosystems. Yet, little is known of the interactions between SWIO SSF and these species. This lack 
of information was the main driver for the WIOMSA/MASMA funded BYCAM project. The overall aim of 
BYCAM was to provide for future sustainable fisheries by creating a baseline estimate of current marine 
megafauna exploitation and subsequently develop and test methods for mitigation of vulnerable 
megafauna catches, and to provide recommendations for future governance and management. BYCAM 
focussed on three fisheries with known bycatch problems: semi-industrial prawn trawls, and small scale 
coastal longlines and gillnets. 

BYCAM provides a much needed first independent quantitative assessment of SFF catch in the SWIO 
region and demonstrates that current FAO data for elasmobranch catches are seriously underreported, 
whilst catches of both marine mammals and sea turtles are ongoing. The implication of catch 
underestimates in official data is that vulnerable elasmobranch species may be overexploited and further 
that the specialist livelihood strategies of those relying on this catch are under threat. The project also 
demonstrates the need for a multi-method approach towards assessing marine megafauna interactions 
with SSF in the SWIO and other data-poor areas. The low cost mitigation methods developed and trialled 
in the project to reduce bycatch of vulnerable megafauna are promising. Funding has been secured and 
new trials with the bottle alarm and acoustic reflectors are underway. Further, there is considerable scope 
for more wide-spread use and implementation of TEDs in SWIO prawn trawls. The project has taken the 
first steps towards building governance frameworks to promote sustainable fisheries management within 
the WIO. 
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BYCAM: Existing Outputs, Students and Studentships Facilitated 

This draft report represents the final framework of the BYCAM project where the results from all project 

activities have been summarised in the Table below.  

Authors Title Type of 
output 

Year Submitted to Outcome/pro
gress 

Existing Outputs 

FENNESSY ST, EVERETT BI, KAGURU BL, 
MWAKOSYA CA, MUNGA CN, SITOE S, DA 
CONCEICAO K, RAZAFINDRAKOTO HL, 
BRITO A. 

Report of a workshop on the analysis of 
existing data from prawn trawl nets with 
Turtle Excluder Device (TED) and without TED 
(non-TED) in the Western Indian Ocean 

Unpublished 
report  

2015 WIOMSA Finalized 

TEMPLE AJ, AMIR OA, BRITO A, 
BERGGREN P, EVERETT BI, FENNESSY ST, 
JIDDAWI NS, KIMANI E, KISZKA J, 
NGISIANG’E N, ONG'ANDA H, PEREZ S, 
POONIAN C, RAZAFINDRAKOTO Y, STEAD 
S, WAMBIJI NN 

Artisanal Vulnerable Megafauna Catch – 
BYCAM, an Overview 

Conference - 
oral 

2015 WIOMSA symposium Presented 

AMIR OA, BRITO A, BERGGREN P, 
EVERETT BI, FENNESSY ST, JIDDAWI NS, 
KIMANI E, KISZKA J, NGISIANG’E N, 
ONG'ANDA H, PEREZ S, POONIAN C, 
RAZAFINDRAKOTO Y, STEAD S, TEMPLE A, 
WAMBIJI NN 

Artisanal Vulnerable Megafauna Catch – 
BYCAM, an Overview 

Conference - 
poster 

2015 WIOMSA symposium Presented 

BERGGREN P, TEMPLE AJ, SHARPE M, 
YANG L, AMIR OA, JIDDAWI N, NEASHAM 
J 

URGENT need for no/low cost methods to 
reduce marine mammal bycatch in artisanal 
fisheries 

Conference - 
oral 

2015 Society for Marine 
Mammalogy 

Presented 

BERGGREN P, KISZKA J, READ A Low cost methods to reduce marine mammal 
bycatch in global artisanal fisheries 

Conference - 
Workshop 

2015 Society for Marine 
Mammalogy 

Conducted 

ANON Mise en place du projet BYCAM Newspaper 
article 

2015 L'Observateur Published 

FENNESSY ST, EVERETT BI, KAGURU BL, 
MWAKOSYA CA, MUNGA CN, SITOE S, DA 

Effectiveness of a Turtle Excluder Device (TED) 
in prawn trawl nets in the Western Indian 
Ocean 

 Paper 2016 African Journal of Marine 
Science 

Rejected, 
substantial 
changes 
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CONCEICAO K, RAZAFINDRAKOTO HL 
AND BRITO A 

needed; will 
be submitted 
to another 
journal 

BARROWCLIFT E, TEMPLE AJ, STEAD S, 
JIDDAWI NS, BERGGREN P. 

Social, economic and trade characteristics of 
the elasmobranch fishery on Unguja Island, 
Zanzibar, East Africa. 

Paper 2017 Marine Policy Published 
2017 

TEMPLE AJ, KISZKA JJ, STEAD SM, 
WAMBIJI N, BRITO A, POONIAN CNS, 
AMIR OA, JIDDAWI J, FENNESSY ST, 
PÉREZ-JORGE S, BERGGREN P. 

 Marine megafauna interactions with small-
scale fisheries in the southwestern Indian 
Ocean: a review of status and challenges for 
research and management 

 Paper 2017 Reviews in Fish Biology 
and Fisheries 

Published 
2018 

TEMPLE AJ, BERGGREN P, SHARPE M, 
YANG L, AMIR OA, JIDDAWI N, NEASHAM 
J 
 

Recycled bottles offer a potential low-cost 
solution to marine mammal bycatch.  

Conference - 
oral 

2017 WIOMSA symposium Presented 

TEMPLE AJ, KISZKA JJ, POONIAN CNS, 
WAMBIJI N, AMIR OA, JIDDAWI N, 
BERGGREN P 
 

Assessing marine megafauna captures in 
small-scale fisheries of the southwestern 
Indian Ocean: landings data and questionnaire 
survey disparity. 

Conference - 
oral 

2017 WIOMSA symposium Presented 

BERGGREN P, TEMPLE AJ, SHARPE M, 
YANG L, AMIR O, JIDDAWI N, NEASHAM J 

Recycled bottles offer potential low-cost 
solution to marine mammal bycatch 

Conference - 
oral 

2017 Society for Marine 
Mammalogy 

Presented 

PER BERGGREN, ANDREW TEMPLE, SEAN 
FENNESSY, NARRIMAN JIDDAWI, CHRIS 
POONIAN, SELINA STEAD, JEREMY 
KISZKA, SERGI PÉREZ JORGE, EDWARD 
KIMANI & NINA WAMBIJI 

By-Catch Assessment and Mitigation in the 
Western Indian Ocean (BYCAM) 

Conference - 
oral 

2019 WIOMSA symposium Presented 

FENNESSY ST, EVERETT BE, KIMANI E, 
WAMBIJI N, ANAM R 
NALOVIC MA 
 

Progress towards implementation of  
Turtle Excluder Devices in the WIO 
 

Conference - 
oral 

2019 WIOMSA symposium Presented 

NINA WAMBIJI, ISIGI KADAGI, NELLY, 
EDWARD KIMANI 

Can circle hooks mitigate bycatch of marine 
megafauna? A case study of Kenyan artisanal 
handline and longline fisheries? 

Conference - 
oral 

2019 WIOMSA symposium Presented 
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BERGGREN P, KISZKA J Development and implementation of low-cost 
methods to reduce cetacean bycatch in small 
scale gillnet fisheries 

Conference - 
Workshop 

2017 Society for Marine 
Mammalogy 

Conducted 

STEAD SM Rethinking marine resource governance for 
the United Nations Sustainable Development 
Goals 

Paper 2018 Current Opinion in 
Environmental 
Sustainability 

Published 
2018 

TEMPLE AJ, WAMBIJI N, POONIAN CNS, 
JIDDAWI N, STEAD SM, KISZKA JJ, 
BERGGREN P 
 

Marine megafauna catch in southwestern 
Indian Ocean small-scale fisheries from 
landings data.  

Paper 2018 Biological Conservation Published 
2019 

PIROG A, RAVIGNÉ V, FONTAINE M, 
RIEUX A, GILABERT A, CLIFF G, CLUA E, 
DALY R, HEITHAUS M, KISZKA J, MATICH 
P, NEVILL J, TEMPLE A, BERGGREN P, 
JAQUEMET S, MAGALON H. 

Population structure, connectivity and 
demographic history of an apex marine 
predator, the bull shark (Carcharhinus leucas)  

Paper 2018 Ecology and Evolution Accepted Aug 
2019 

PIROG A, JAQUEMET S, RAVIGNÉ V, CLIFF 
G, CLUA E, HOLMES BJ, HUSSEY NE, 
NEVILL J, TEMPLE A, BERGGREN P, 
VIGLIOLA L, MAGALON H. 

Genetic population structure and demography 
of an apex predator, the tiger shark 
Galeocerdo cuvier 

Paper 2018 Ecology and Evolution Published 
2019 

BERGGREN P, TEMPLE AJ, SHARPE M, 
YANG L, NEASHAM J. 

Drink bottle acoustic alarms – recycled glass 
and plastic bottles provide potential low cost 
solution to end 50 years of cetacean fisheries 
bycatch.  

Paper 2018 Scientific Reports  In Review 

SHARPE M, BERGGREN P New abundance estimate for the Indian 
Ocean humpback dolphin in Menai Bay off the 
south coast of Zanzibar, East Africa predicts 
risk of extirpation.  

Paper 2018 Aquatic Conservation – 
Marine and Freshwater 
Ecosystems 

Accepted Aug 
2019 

BERGGREN P  Low-cost solution to marine mammal bycatch.  
 

Presentation 
- Oral 

2018 Permanent Commission 
for the South Pacific 

Presented 

BERGGREN P Glass and plastic bottles as low-cost solutions 
to dolphin bycatch.  

Presentation 
- Oral 

2018 FAO Workshop on Means 
and Methods for 
Reducing Marine 
Mammal Mortality 
 

Presented 
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BERGGREN P, SHARPE M, TEMPLE AJ, 
YANG L, AMIR OA, JIDDAWI N, NEASHAM 
J 

Recycled bottles offer potential low-cost 
solution to marine mammal bycatch.  
 

Conference - 
oral 

2017 Society for Marine 
Mammalogy  

Presented 

SALMIN Y, JIDDAWI N, GRAY T, TEMPLE 
A, STEAD S 

Improving bycatch mitigation measures for 
marine megafauna in Zanzibar, Tanzania 

Paper 2018 WIOMSA Journal of 
Marine Science 

In Review 

WEIGMANN S, GON O, LEENEY RH, 
TEMPLE AJ, BARROWCLIFT E, SWEET M 

Pliotrema kajae, a new six-gilled sawshark 
(Chondrichthyes, Pristiophoriformes) from the 
western Indian Ocean 

Paper 2019 Marine Biodiversity In Review 

TEMPLE AJ, JIDDAWI N, WAMBIJI N, 
STEAD SM, BARROWCLIFT E, BERGGREN 
P  
 

Life-history, exploitation and relative 
extinction risk of Baraka’s whipray 
(Maculabatis ambigua) in small-scale 
fisheries.  

Paper 2019 ICES Journal of Marine 
Science. 

In Submission 

TEMPLE A, STEAD S, JIDDAWI N, 
BERGGREN P 

Comparison of local knowledge and 
observation-derived methods for use in 
wildlife exploitation assessment and 
management 

Paper 2019 Biodiversity and 
Conservation 

In Submission 

NINA WAMBIJI, ISIGI KADAGI 

NELLY, ANDREW J. TEMPLE, 

EDWARD KIMANI, JEREMY J. 

KISZKA, PER BERGGREN 

Integrating long-term citizen science data 
and contemporary artisanal fishery survey 
data to investigate recreational and small-
scale shark fisheries in Kenya 
 

Paper 2019 To be determined Manuscript  

BERGGREN P, SHARPE M, JIDDAWI N Menai Bay Conservation Area Zanzibar – 
Important Marine Mammal Area (IMMA)  

Documents 
to support 
nomination 

2019 IUCN Marine Mammal 
Protected Areas Task 
Force 

Accepted July 
2019 

BYCAM Studentships 

MOHAMED AHMAN MOHAMED By-catch assessment in Kenyan coast fisheries MSc Thesis  2017 Pwani University Passed 

YUSSUF SALMIN Improving bycatch mitigation measures for 
marine megafauna in Zanzibar, Tanzania 

MSc Thesis 2018 State University of 
Zanzibar 

Passed 

MATTHEW SHARPE Abundance and Conservation Assessment of 
Indo-Pacific Bottlenose and Indian Ocean 
Humpback Dolphins off the South Coast of 
Zanzibar  

MPhil Thesis 2018 Newcastle University Passed 

ANDREW TEMPLE Marine Megafauna Interactions with East 
African Small-Scale Fisheries  

PhD Thesis  2018 Newcastle University Passed 
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BYCAM Facilitated Studentships (i.e. using existing BYCAM data at no cost) 

ELLEN BARROWCLIFT Investigating the socio-economy of the 
elasmobranch fishery in Zanzibar: a pilot study 
on Unguja Island 

BSc Thesis 2016 Newcastle University 1st Class - 
highest mark 
in year 

ELLEN BARROWCLIFT Life history of select elasmobranch species 
common in the small-scale fisheries of Unguja 
Island, Zanzibar 

MPhil Thesis 2018 Newcastle University Passed 

ANNA POTTICARY Elasmobranch fisheries on Unguja Island, 
Zanzibar 

BSc Thesis 2016 Newcastle University 2.1 Class 

DAISY SHARPE Age-Growth Models of Baraka’s Whipray BSc Thesis 2017 Newcastle University 2.1 Class 

LOUISE HOPKINS The effect of two low-cost bycatch mitigation 
devices on the catch of small-scale fisheries in 
Zanzibar, Tanzania 

MSc Thesis 2018 Newcastle University Passed 

SHANNON HORROCKS Age-Growth Models of Smoothound species BSc Thesis 2019 Newcastle University 2.1 Class 

CHARLIE VAGG Age-Growth Models of Scalloped 
Hammerheads 

BSc Thesis 2019 Newcastle University 2.1 Class 
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Summary Table 

Summary of all BYCAM activities. Progress colour codes: Red = Not Achieved, Yellow = Partially 
Achieved, Green = Achieved, Blue = Achieved and Exceeded 

Objectives Progress Comments 

Activity 1.1 

Aim: Review of WIO fisheries statistics and bycatch for small-scale and semi-industrial fisheries 

Review of WIO fisheries statistics and bycatch for 

small-scale fisheries 

 ● Assessed for SWIO region, including official and research based data. Published open-
access in Reviews in Fish Biology and Fisheries 

Review of WIO fisheries statistics and bycatch for 

semi-industrial fisheries 

 ● Forms part of Activity 2.4, please see relevant section 

Activity 2.1 

Aim: Understanding the socio-economic importance of bycatch species to stakeholders is vital in the process of bycatch mitigation and in determining priority 

species. 

Survey of socio-economic importance of species and 

perceptions of stakeholders towards species. 

  ● Fieldwork carried out in Kenya, Zanzibar and Madagascar, but not in Mozambique. 

● Outputs of pilot study conducted in Zanzibar published in Marine Policy (see Annex 
2), and main data in preparation (see Annex 3). 

Activity 2.2 and 2.3 

Aim: Assess Vulnerable Megafauna (Elasmobranchs, Sea Turtles and Marine Mammals) Catch in Small-Scale Gillnet and Longline Fisheries 

Assess Drivers of Fisheries Effort in Gillnet and 

Longline Fisheries Using Landing Site Monitoring 

  ● Fieldwork carried out in Kenya, Zanzibar and Madagascar, but not in mainland 
Tanzania 

● Assessed the Handline Fishery in Addition to Gillnets and Longlines 
● Published in Biological Conservation (see Annex 7) 

Assess Catch and Composition of Vulnerable 

Megafauna in Gillnet and Longline Fisheries Using 

Landing Site Monitoring 

  ● Fieldwork carried out in Kenya, Zanzibar and Madagascar, but not in mainland 
Tanzania 

● Assessed the Handline Fishery in Addition to Gillnets and Longlines 
Assess Catch Demographics of Species, with a View 

to Assessing Vulnerability 

 ● Achieved Species Vulnerability Assessment Using Known Life-History, Fisheries Catch 
and Catch Demographics in a Productivity-Susceptibility Analysis Overall and for Each 
Gear 

● Published in Biological Conservation (see Annex 7) 
Explore Species Life-History for Selected Species 

Important to the Fishery 

  ● Age-Based Life History Traits (Age-Growth, Age and Maturity, Longevity) Assessed for 
Maculabatis ambigua, ongoing for Squalus sp., Mustelus sp. and Sphyrna lewini.  

● M. ambigua submitted to ICES Journal of Marine Sciences (see Annex 8) 
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Compare Outputs of a Common Interview Method 

(Rapid Bycatch Assessment) with Landings 

Monitoring 

 ● Achieved Through a Bland-Altman Approach to Method Comparison 
● Manuscript draft in preparation (see Annex 9) 

Activity 2.4 

Aim: Existing catch and effort data from those countries which have been using TEDs (Kenya, Tanzania, and Madagascar) will be analysed to examine their 

effectiveness. 

To assess whether existing TED usage is effective   ● Effectiveness of TEDs in SWIOFP surveys in Kenya and Tanzania assessed; no 
equivalent data from Madagascar available 

Activity 3.1 

Aim: Creation and redevelopment of bycatch mitigation technologies 

Creation and redevelopment of bycatch mitigation 

technologies for gillnets 

 ● Glass bottle alarm (pinger) and plastic bottle acoustic reflector were developed to 
mitigate marine mammal catch in drift gillnets, paper in review with Scientific Reports 
(see Annex 10) 

Activity 3.2 

Aim: Trial studies of pingers and other redesigned mitigation methods’ efficiency in reducing bycatch of marine mammals in gillnets 

Trials of glass and plastic bottle pingers and acoustic 

reflectors to reduce dolphin bycatch in gillnets 

 ● Trials with bottle alarms and acoustic reflectors conducted in Zanzibar and Kenya 

Assess the efficacy of the mitigation technologies to 

reduce bycatch of megafauna 

 

 ● There was no observed catch of marine mammals during 1107 observed hauls in 
Zanzibar comparing nets equipped with bottle alarms, reflectors and unmodified 
nets. Further, no marine mammals were caught in additional trials conducted in 
Kenya with nets equipped with bottles and unmodified nets.  

Assess the effect of the mitigation technologies on 

target catch species 

 ● There was a significant difference in the Tuna catch between treatments, with plastic 
bottle reflector hauls showing a significantly higher catch rate of Tuna than the 
control hauls.  

Activity 3.3 

Aim: Trial studies with circle hooks as potential mitigation method to reduce bycatch in coastal longline fisheries 

Trials with Circle hooks to reduce marine megafauna 

bycatch in longlines 

 ● Trials conducted with Circle hooks and traditional J hooks in longline fisheries in 
Kenya 

Assess the efficacy of the mitigation technologies to 

reduce bycatch of megafauna 

 

 ● The circle, j-hooks and the combination of both hooks, “combo” landed a variety of 
megafauna species. J-hooks had greatest landings and average catch per unit effort 
(CPUE), but circle hooks but that circle hooks had higher CPUE than J-hooks in some 
months. 

Assess the effect of the mitigation technologies on 

target catch species 

 ● The use of circle hooks reduced the CPUE of teleosts and thus may be used if 
reduction of catch for these taxa is required. 

Activity 3.4 
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Aim: Prawn trawling industry representatives in Madagascar will be consulted to determine the most appropriate TED design and construction material, as used in 

TEDs in that country 

Determine the most appropriate TED design and 

construction material based on Madagascar 

experience 

 ● Madagascar uses a tried and tested NOAA design, which is readily available; TEDs are 
made of materials easily available  

Activity 3.5 

Aim: Trials of TED efficiency in reducing bycatch will be conducted in the Mozambique fishery 

To undertake TED trials so as to assess practicality 

and feasibility of using TEDs 

  ● Trials could not be undertaken in Mozambique owing to industry reluctance, so were 
undertaken in Kenya instead. The trials showed that TEDs can be used without loss of 
target catch, and with slight reduction in small fish bycatch. There was some loss of 
large fish bycatch. Megafauna bycatch was minimal in the trials, but the TEDs will 
exclude such catch because of their design. 

   ● The TEDs were made based on the National Oceanic and Atmospheric Administration 
(NOAA). NOAA officers led by Joseph Fette visit KMFRI for an introductory visit and 
field testing of the TEDs. 

Activity 3.6 

Aim: Understanding the governance processes in study countries and how these may contribute to, or inhibit the introduction and widespread use of bycatch 

mitigation where required is essential in building towards future sustainable management of the fisheries. 

Initial desktop reviews.  ● Critical review of recent published literature. Components of which are published in 

Marine Policy (see Annex 2) and Current Opinions in Environmental Sustainability 

(see Annex 4) and included in one paper in submission (see Annex 5) and in 

preparation (see Annex 3). 

Pros and cons of different management measures 

considered alongside policy, governance, 

socioeconomic behavioural drivers, markets and 

livelihood issues.  

  ● Fieldwork carried out in Kenya, Zanzibar and Madagascar, but not in Mozambique. 

● Combine face-to-face surveys conducted to understand efficacy of management 

measures with national policy and governance workshops. 

● Workshop policy briefs drafted (see Annex 6) 

Constraints to management measures and critical 

factors affecting economic and social performance 

indices will be identified and used to inform 

development of good governance support and policy 

reform so they are developed at the same time and not 

at the end as an ‘add-on’. 

  ● Fieldwork carried out in Kenya, Zanzibar and Madagascar, but not in Mozambique 

● Combine face-to-face surveys conducted to understand efficacy of management 

measures, national policy and governance workshops and fisheries data collected in 

activities 2.2 and 2.3. 

● Workshop policy briefs drafted (see Annex 6) 

Activity 4 

Aims: Data mapping: Creation of an interactive updatable spatial database including baseline data from previous surveys in the WIO and data collected during the 

project duration. 
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Creation of an interactive updatable spatial database 

including baseline data available in the WIO from 

previous surveys carried out by SWIOFP and 

National Fisheries datasets (e.g. CAS data) and data 

collected during the project duration. 

 ● Database developed with global fisheries databases 
● Local datasets yet to be mapped 

 

Output  ● Officers trained on ArcGIS. 

 

Time Frame  ● Whole duration of the project 

 

Geographic description  ● Whole project 
Activity 5 

Aims: Comprehensive Final Framework 

The final framework is represented by this draft final 

report which presents the results from all project 

activities. 

 This draft report represents the final framework of the BYCAM project where the results 

from all project activities have been summarised in the Table (above) of Existing Outputs, 

Students and Studentships Facilitated  
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Activity 1.1: Temple AJ 

Background and Method 

In developing regions, coastal communities are particularly dependent on small-scale fisheries for food 
security and income. However, information on the scale and impacts of small-scale fisheries on coastal 
marine ecosystems are frequently lacking. Large marine vertebrates (marine mammals, sea turtles and 
elasmobranchs) are often among the first species to experience declines due to fisheries. Our aim is to 
review existing knowledge and status regarding vulnerable marine megafauna interactions with marine 
Small Scale Fisheries (SFF) in the south-western Indian Ocean (SWIO) region. Data were gathered from a 
range of sources including, but not limited to, information requests from relevant government 
departments in SWIO nations, scientific and non-governmental organisations (NGO) publications and 
reports, international and national annual reports and databases. We discuss the likely implications of the 
current situation, highlighting vital knowledge gaps that need to be addressed and challenges for future 
research and management across the region. 

Results and Discussion 

We highlight an urgent need for proper documentation, monitoring and assessment at the regional level 
of SFF and the megafauna affected by them to inform evidence-based fisheries management. Catch and 
landings data are generally of poor quality and resolution with compositional data, where available, 
mostly anecdotal or heavily biased towards easily identifiable species. There is also limited understanding 
of fisheries effort, most of which relies on metrics unsuitable for proper assessment. Management 
strategies (where they exist) are often created without strong evidence bases or understanding of the 
reliance of fishers on resources. Consequently, it is not possible to effectively assess the current status 
and ensure the sustainability of megafauna species groups; with indications of overexploitation in several 
areas. To address these issues, a regionally collaborative approach between government and non-
governmental organisations, independent researchers and institutions, and SSFF stakeholders is required. 
In combination with good governance practices, appropriate and effective, evidence-based management 
can be formulated to sustain these resources, the marine ecosystems they are intrinsically linked to and 
the livelihoods of coastal communities that are tied to them. 

Further Information 

For more detailed information on the analysis and outputs resulting from Activity 1.1 please see Annex 1. 
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Activities 2.1 and 3.6: Stead SM 

Background 

Governments such as those in the WIO are facing mounting pressure to ‘show how they are making 
progress on the United Nations Sustainable Development Goal (SDG) 14’ (Stead, 2018). A major constraint 
to many Nations’ achieving SDG14 targets, especially in supporting sustainable fisheries is fragmented 
governance, where the natural environment is commonly managed separately to fisheries. Furthermore, 
the socio-economic impacts of environmental conservation measures on fishers, such as marine protected 
areas, is not fully considered in some regions such as the WIO, when developing policy, due to a lack of 
expertise and capability in how to do this (Stead, 2018).  

Central to developing evidenced based recommendations to improve fisheries management is 
understanding how and why decisions are made by fishers. In our BYCAM project, surveys and workshops 
were designed to collect information on fishers’ fishing practices, behaviour and compliance with 
management rules (Peterson and Stead, 2011; Bergseth et al., 2018). This is because fishers’ perceptions 
of the health of a resource, e.g. indicated by catch size of targeted species, and their attitudes to 
management can influence their behavioural responses to regulations. Thus knowledge of drivers (e.g., 
environmental, economic and social) underpinning decision-making (governance) can be useful in 
ensuring that resultant policy recommendations reflects behavioural drivers more likely to motivate 
compliance for management measures associated with sustainable fisheries management practice.  

Small Scale Fisheries (SFF) in the developing south-western Indian Ocean (SWIO) region employ half a 
million fishers and coastal communities’ dependence on SSF for supplying food and income across the 
region is high (Barrowclift et al. 2017). However, marine megafauna are particularly vulnerable to fisheries 
impacts, due to their classically k-selected life-histories (e.g. Dulvy et al. 2014), and play important roles 
in the structure and function of marine ecosystems. Little is known of the interactions, both in terms of 
volume and composition, between SWIO SSF and these species (Temple et al. 2018). Similarly, there is a 
dearth of scientific evidence on the value of these species at local and national levels (Barrowclift et al. 
2017). Training the next generation of scientists (e.g. BYCAM post graduate students Barrowclift, 
Mohamed, Salmin and Temple) in developing scientific evidence-led management and policy making was 
an important component of Activities 2.1 and 3.6. 

An increasing number of studies consider the socio-economic aspects of fishing communities with 
environmental challenges in the WIO but few have teams with the practical expertise on linking scientific 
evidence to inform policy using context-specific governance systems. A unique contribution of the BYCAM 
project was to apply the experience of a UK Chief Scientific Advisor (Professor Selina Stead, PI of Activities 
2.1 and 3.6) in starting to build capacity for the WIO in science-led evidence for policy to support 
sustainable fisheries development. 

Methods 

The BYCAM project brought together expert biologists, social scientists, interdisciplinary researchers and 
stakeholders, including fisheries managers, fishers, and government and non-government 
representatives. The team developed an interdisciplinary approach drawing on mixed methods from the 
natural and social sciences to collect both quantitative and qualitative data to assess the extent of bycatch 
in WIO fisheries. The intended outcome from the outputs is to provide scientific evidence which can be 
applied by different countries in the WIO to develop strategies for mitigating bycatch which account for 
social and economic constraints and opportunities within a multi-level governance framework. In 
recognising few studies in the WIO have examined the relationship between efficient governance and 
fisheries management efficacy, this project has extended earlier socio-economic research undertaken by 
the collaborators among others in the WIO through running national policy development workshops for 
addressing strengths and weaknesses in existing multi-level governance systems. 

Details on the study sites, sampling approaches, survey instruments, descriptive and statistical statistics 
used in Activity 2.1 are provided in Annexes 2, 3 and 5. Noteworthy is that the MSc student, Yussuf Salmin 
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from the Institute of Marine Sciences, Zanzibar, had an environmental BSc and his willingness to engage 
in the social sciences for which he successfully defended his MSc provides this expertise locally in the WIO. 

Results  

Full details of the results for each task are provided in the relevant Annexes. Below highlight the main 
results from each of the national fisheries policy workshops held in Kenya, Madagascar and Zanzibar 
during August 2018. 

Kenya 

Positive and negative impacts of historical changes on fisheries in Kenya 

In Kenya, conservation action involving marine protected areas was considered to have the most positive 
impacts, however, the initial gazetting of a MPA in the 1950s was also found to have negative impacts. 
Part of the problem, was the lack of transitional arrangements to help fishers to adapt to changes 
introduced which impacted where they could fish.  

Those fishers less adaptable to change, such as older fishers, need to be considered and offered help to 
bridge time required to find alternative or supplementary ways to source fish for food or generate income 
when management interventions are implemented. 

In Kenya, most human and physical resources for fisheries management activity are allocated to collecting 
data and information. Least effort is directed towards reviewing and evaluating fisheries management 
practices.  This is a common problem in complex fisheries governance systems where action at a local 
level is not fully integrated nor aligned into regional and national policy objectives. Thus resource 
allocation to support sustainable management of fisheries is not optimised.  

Recommendations for action in Kenya 

When introducing management interventions such as MPAs, full consideration should be given to the 
socio-economic aspects as well as the environmental considerations. This is so those directly impacted 
can be given assistance to mitigate any unforeseen negative consequences, e.g. less income will impact 
negatively on quality of life. 

Goals and objectives of fisheries policy should be evaluated regularly against local capacity to 
operationalise fisheries management strategies.  

Good governance principles – cohesion, openness, participation, effectiveness and accountability – is a 
prerequisite for building transparency and trust in fisheries policy and associated management 
interventions. Thus involving relevant stakeholders requires identification of who does what and linkages 
made so that knowledge exchange occurs at each stage of the policy cycle review. 

Madagascar 

Positive and negative impacts of historical changes on fisheries in Madagascar 

In Madagascar, the most positive change to impact fisheries was perceived to be the introduction of 
Ordinance 93 for regulating fisheries and aquaculture. 

In contrast, enforcing regulations associated with appropriate marine resource use in the different zones 
was perceived as having a negative impact on the health of fisheries. Weak governance was offered as 
one of the reasons underpinning rule breaking.  

In Madagascar, most human and physical resources for fisheries management related activity are directed 
towards the collection of data and information. Least effort is put towards reviewing and evaluating 
fisheries legislation and management.  This is a common problem in complex fisheries governance systems 
where action at a local level is not fully integrated nor aligned into regional and national policy objectives. 
Thus resource allocation to support sustainable management of fisheries is not optimised. 
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Recommendations for action in Madagascar 

A review and evaluation of both positive and negative impacts on fisheries identified by participants would 
be useful in terms of highlighting best practice which could be rolled out more widely. Updating relevant 
legislation was highlighted as a priority action which could help address shortcomings in existing 
legislation and management. 

Engaging locals in fisheries management decisions at an earlier stage could lead to better support for 
compliance with rules through formal and informal governance mechanisms. Participants recommended 
better engagement between those involved in enforcement, management and policy of fisheries with 
marine resource users who are impacted by any changes to fisheries practices.  

Zanzibar 

Positive and negative impacts of historical changes on fisheries in Zanzibar 

In Zanzibar, the most positive changes to impact fisheries were the establishment of the First Fisheries 
Act and the set-up of the Department of the Environment. Similarly, the implementation of the Menai Bay 
Conservation Area was considered to have positive influences on fisheries.  

In contrast, the Village Community Banks (VICOBA) were perceived to have negative impacts, as was social 
law and the introduction of non-sustainable fishing methods including dynamite. 

A recurring theme highlighted as a major issue which needed to be tackled is the lack of enforcement of 
fisheries regulations. 

In Zanzibar, most human and physical resources for fisheries management activity are allocated to the 
environmental aspects of fisheries management yet enforcement of associated rules such as bans was 
perceived to be weak. Least effort is directed towards governance. Participants highlighted a lack of 
opportunity to be engaged in decision-making about fisheries policy and management rules. 

Recommendations for action in Zanzibar 

A review and evaluation of both positive and negative impacts on fisheries identified by participants would 
be useful in terms of highlighting best practice which could be rolled out more widely and areas needing 
to be prioritised for action to address shortcomings. In particular, understanding the reasons 
underpinning success and failure would allow a more targeted approach to developing future fisheries 
policy that is context-specific to the local issues. 

Engaging locals in fisheries management decisions at an earlier stage could lead to better support for 
compliance with rules through informal governance mechanisms. Participants suggested strengthening 
the local community fisheries committees could be one way to improve fisheries governance and reduce 
rule-breaking. 

Further Information 

For more detailed information on the analysis and outputs resulting from Activity 2.1 please see Annex 2 
and 3. For more detailed information on the analysis and outputs of activity 3.6 please see Annex 4, 5 and 
6. 

 



22 
 

Activities 2.2 and 2.3: Temple AJ 

Background 

Landings Assessment 

Small Scale Fisheries (SFF) in the developing south-western Indian Ocean (SWIO) region employ half a 
million fishers and contribute 72% of the marine fisheries catch (Pauly and Zeller 2015) and their 
importance to coastal communities for supplying food and income across the region cannot be overstated 
(e.g. Razafindrakoto et al. 2008; Humber et al. 2011; Barrowclift et al. 2017). However, SSF may also have 
substantial negative impacts on marine ecosystems, reflecting the global challenge of balancing 
conservation goals with the needs of communities reliant on natural resources. Marine megafauna (here 
referring to elasmobranchs, marine mammals and sea turtles) are particularly vulnerable to fisheries 
impacts, due to their classically k-selected life-histories (e.g. Lewison et al. 2004; Read et al. 2006; Žydelis 
et al. 2009; Wallace et al. 2010; Dulvy et al. 2014), and play important roles in the structure and function 
of marine ecosystems. Little is known of the interactions, both in terms of volume and composition, 
between SWIO SSF and these species (Temple et al. 2018). Improving fisheries catch and composition 
data, paired with fishing effort data, are essential in informing robust evidence-based management 
strategies to safeguard the future sustainability of marine megafauna fisheries and those communities 
whose livelihoods are dependent on them. Further, they act as first-steps towards understanding these 
fisheries stocks and thus form a baseline for future stock assessment and management. 

RBA and Landings comparison 

The use of local fisheries knowledge (LFK) to monitor various aspects of fisheries, either in isolation or in 
combination with other methods, is increasingly common (e.g. Moore et al. 2010; Beaudreau and Levin 
2014; Pilcher et al. 2017). Relative to observer-based methods, LFK is often considered a cheap but 
effective way to generate fisheries data (Neis et al. 1999; Anadón et al. 2009; Rist et al. 2010). 
Consequently, widespread use of LFK is proposed as a solution with which to rapidly assess fisheries in 
data-poor and capacity-limited situations. Such situations are most evident in small-scale fisheries (SSF), 
which account for approximately 95% of fishers, 23% of catch by weight and 27% of catch by value at the 
global level (Pauly 2006; Pauly and Zeller 2015). The majority of SSF are found in capacity-limited 
developing nations, making the use of LFK particularly attractive. Additionally, LFK may be advantageous 
in monitoring unusual events, such as catches of rare species, which equivalent observation-based 
methods are likely to miss if sampling effort is not high enough. However, LFK is vulnerable to a number 
of pitfalls and biases which may undermine confidence in their outputs. These may be malicious, such as 
supply of intentionally false information, or malign, for instance biases in human cognitive recall (Matlin 
2004; Hirst et al. 2009).  

Despite the uncertainties and biases surrounding both observer-based and LFK methods there are 
relatively few studies in fisheries science that have cross-examined their outputs thoroughly. The majority 
of studies have been restricted to identifying evidence of relationships between methods (e.g. Fox and 
Starr 1996; Lunn and Dearden 2006; Anadón et al. 2009; Rist et al. 2010; Daw et al. 2011; Sampson 2011; 
Mion et al. 2015; Lima et al. 2017) and consistently failed to properly assess patterns in bias and precision. 
Yet bias and precision are vital components in assessing and understanding the variable structure of 
relationships among methods. Evidence for relationships between LFK and observation-based data are 
mixed (e.g. Anadón et al. 2009; Rist et al. 2010; O’Donnell et al. 2012). LFK is generally considered to be a 
useful indicator for assessing long-term trends in species and animal harvesting activities (Neis et al. 1999; 
Daw et al. 2011; O’Donnell et al. 2012; Beaudreau and Levin 2014), although this is difficult to validate. 
Comparatively, the use of LFK as a tool to assess harvesting activities across shorter temporal ranges, such 
as intra-annual trends, and among locations has received limited attention. Yet, these are important 
components in the understanding of fisheries and the formulation of management strategies. 

Life-History 

Unlike teleost fishes, elasmobranchs (sharks and rays) generally display classically k-selected life history 
traits, slow growth, late reproduction, long gestation and low fecundity (Compagno 1990). These traits 
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exacerbate their vulnerability to non-natural mortalities and limit their recovery potential (Žydelis et al. 
2009; Dulvy et al. 2014). However there is a considerable variation in the life history traits both among 
species (Stevens and McLoughlin 1991; Jacobsen and Bennett 2011) and within species (Lombardi-Carlson 
et al. 2003; Jacobsen and Bennett 2010; O’Shea et al. 2013). Fisheries are the most prominent source of 
non-natural mortalities for elasmobranchs at the global level (Worm et al. 2013; Dulvy et al. 2014). 
Understanding species and stock specific life-history traits is important when undertaking assessment of 
the sustainability of fisheries exploitation, conducting accurate stock assessment, producing 
demographics models and predicting rebound potential (Frisk et al. 2001; Cailliet and Goldman 2004; 
Smith et al. 2008). Thus, this information is also pivotal in the formulation of evidence-based fisheries 
management. Management plans in data-poor fisheries formulated despite a lack of species-specific life-
history and fisheries exploitation data risk being ineffective or even detrimental to long-term sustainability 
of elasmobranchs 

Methods 

Landings Assessment 

Trained observers recorded landings of marine megafauna (elasmobranchs, marine mammals and sea 
turtles) from select fisheries gears at landings sites in Kenya (n=8), Zanzibar (n=8) and northern 
Madagascar (n=5) for a period of 12 months between June 2016 and June 2017. Gears monitored were 
drift and bottom-set gillnets, longlines (demersal and pelagic) and handlines (including rod and reel gears. 
Observers at each site collected data for 147 simultaneous sampling days. Sampling days were selected 
using a stratified-random approach: the year was divided into lunar months which were subdivided into 
four lunar phases and sampling days randomly generated within each lunar phase. This regime ensured 
that the study accounted for potential lunar-driven patterns in fishing effort and species availability to the 
fishery (e.g. variability in vertically migrating species), and subsequent effects on catches. Landing sites 
were selected accounting for three major factors: prevalence of longline and gillnet gears (maximising 
representation), geographic spread (maximising geographic coverage and potential links to species 
availability) and logistical constraints (e.g. sites needed to be accessible by road). Observers recorded data 
for landed marine megafauna including photographs for species identification, morphometric data (fork 
length, disc width and weight), sex, gear used and local species name. Observers also recorded daily 
fishing effort as total number of vessels trips by gear type. 

Patterns in fisheries effort were modelled and combined with CPUE estimations derived from monitored 
catch and effort and fleet numbers derived from official data in order to predict overall catches in the 
SWIO, as well as at the country level for Zanzibar and Kenya. Landings composition by country and gear 
type was achieved through species identification from photographs taken by observers, to species or 
nearest taxonomic level where possible. Local species names were also recorded. Where local names 
corresponded to specific species groups they were used to identify non-photographed individuals to 
genus level or higher, with the majority being to family level, minimising the risk of wrongful identification.  
Lastly, in order to identify priority species and gear-species interactions for future research, a series 
Productivity-Susceptibility Analysis (PSA) (Hobday et al. 2011), confined within the context of SWIO SSF, 
were carried out for gear types in isolation and combination. 

RBA and landings monitoring comparison 

Face-to-face RBA questionnaire interviews were carried out with fishers, targeting vessel captains where 
possible, in the same sites and covering the same gears in Zanzibar (n=204, captains = 99) and Madagascar 
(n=36, captains = 9) as had the landings observers. The RBA recorded fisher declarations of fisheries effort 
and catch including: months of gear use; average days fished across those months; months in which 
specified taxa were caught (sharks, batoids, sea turtles, dolphins) and selected easily identified species 
groups within these (hammerhead sharks Sphyrna spp., whale sharks Rhincodon typus, mobulids Mobula 
spp. and sawfish/sawsharks Pristidae/Pristiophoridae); and average number of each group caught across 
those months. RBA derived data were scaled using total known vessel numbers by gear at each site, 
derived from frame census survey data in Zanzibar (ZDFD 2018) and counts by the project team in 
Madagascar, to both monthly and annual levels. 
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In order to comprehensively compare the outputs of both observed landings and RBA methods and thus 
assess their comparability the Bland-Altman approach was taken (Bland and Altman 1999, 2003). Outputs 
assessed using this method were: patterns in fisheries effort by month, measured as a proportion of total 
effort observed or declared; patterns in taxa catch by month, measured as the total proportion of catch 
observed or declared (groups with extremely few declarations or observed landings were excluded from 
these analysis – dolphins, sea turtles, whale sharks and sawshark/sawfish); and patterns in taxa catch 
among sites, as a proportion of catch declared or observed (groups with extremely few declarations or 
observed landings were excluded from these analysis – dolphins, sea turtles, whale sharks and 
sawshark/sawfish). All aforementioned analyses are carried out at the country level, i.e. RBA and observed 
landings outputs are summed across sites, to reflect the design purpose of RBAs. Lastly, total site-by-site 
estimates for catch of taxa generated from RBA declarations and observed landings were directly 
compared to one another, with mean differences by site (for those sites where catch was reported from 
both RBAs and observed landings) also calculated.  

Life-History 

Baraka’s whipray (Maculabatis ambigua) was found to be an important catch constituent for commercial 
use in Kenya and Zanzibari fisheries. The species was first decribed in 2016 (Last et al. 2016) and no life-
history data is available. In order to generate life-history data required for assessment we create age-
growth models, maturity and longevity estimates based on aging data from vertebrae sagittal sections, 
derived from animals sampled in Zanzibar (n=47). Further we describe size-weight relationships from 
animals sampled during the 12month observer network. Using the life-history information data generated 
we derive estimates of total (Z), fisheries (F) and natural (M) mortality from catch curve analysis, as well 
as estimating the exploitation ratio (E). We also calculate the credible range for the maximum intrinsic 
rate of population increase (rmax). Combining Z with estimates of E and rmax we infer the current extinction 
risk and likely sustainability status of this species in SIWO SSF. 

Similar data was recorded for a wide-range of other elasmobranch species and assessment for these is 
currently in progress, with ongoing MPhil and BSc student projects at Newcastle University facilitating 
analysis for Squalus sp., Mustelus sp. and Sphyrna lewini. These results will be made available to WIOMSA 
upon completion, as will any other resultant works in future. 

Results and Discussion 

Landings 

Landings (n=4666) identified 59 species, including three sea turtles, two small cetaceans and one sirenian 
(Dugong dugon). Primary gear threats to investigated taxa were identified as bottom-set gillnets (marine 
mammals, sea turtles and batoids), drift gillnets (marine mammals, batoids and sharks) and longlines 
(sharks). Overall, catch was dominated by small and moderately sized coastal requiem sharks 
(Carcharhiniformes) and whiprays (Dasyatidae). Larger coastal and oceanic elasmobranchs were also 
recorded in substantial numbers as were a number of deeper-water species. The diversity of catch 
demonstrates the potential for small-scale fisheries to have impacts across a number of ecosystems. From 
the observed catch rates we calculated annual regional elasmobranch landings to be 35,445 (95%CI 
30,478-40,412) tonnes, 72.6% more than officially reported in 2016 and 129.2% more than the 10-year 
average (2006-16) (FAO 2018), constituting 2.48 (95%CI 2.20-2.66) million individuals. Productivity-
Susceptibility Analyses indicate that small and moderately sized elasmobranchs are most vulnerable in 
the small-scale fisheries. The study demonstrates substantial underreporting of catches in small-scale 
fisheries and highlights the need to expand efforts globally to assess the extent and impact of small-scale 
fisheries on vulnerable marine species and their respective ecosystems. 

RBA and landings monitoring comparison 

The results demonstrate inconsistency in relationships among spatial and temporal fishing effort and 
catch patterns between these methods, with the majority showing no evidence of relationships. Positive 
relationships appeared more common where patterns in effort and catch showed greater levels of 
variability and/or potentially for distinct species groups, but precision between methods was low and in 
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some cases evidence of bias was found between methods. Thus, outputs of the two methods cannot be 
considered broadly equivalent nor interchangeable. The findings support the need for multi-method 
approaches to natural resource monitoring in order to better inform management decisions and highlight 
areas of contention where further works may be required. 

Specific considerations from this study as they apply to future works are: 

- A need for future research in methodological development and comparison to assess not only the 
relationship among outputs of methodological approaches but also to quantify biases and 
precision between methods. Thus, improving the informed use and interpretation of multi or 
mono method approaches and their outputs. 

And 

- A need to assess how specific species in fisheries catch (e.g. memorable or distinctive species such 
as hammerhead sharks or mobulid rays) drive fisher perceptions of overall fisheries activity and 
the consequences this has on fisher declarations. 

Maculabatis ambigua life-history 

The outputs represent the first estimates of disc width-weight relationships, growth models, maturation 
and longevity for this species, as well as demonstrating a wider distribution range than previously 
reported. From these data we derive the first plausible estimates for maximum intrinsic population 
growth rate rmax and these are combined with estimates of total Z, fisheries F and natural M mortality, 
derived from Chapman-Robson catch curve analysis, as well as estimation of the exploitation ratio E in 
order to assess relative extinction risk. The data indicate that M. ambigua is a moderately-sized, fast 
growing and early maturing species of whiptail stingray (Family Dasyatidae), with a relatively long lifespan. 
This life-history results in a high rmax relative to many other elasmobranch species which, in conjunction 
with estimates of F and E, suggest that the current fishery is likely sustainable at near optimal exploitation. 
However, data is lacking with regard to fecundity (litter size and inter-birth interval) and this information 
is highlighted as a priority in order to improve confidence in future assessments. Further, full recruitment 
to the fishery occurs post-maturation and fisheries exploitation occurs across broad age and size classes 
which raises concern for the long-term sustainability of these fisheries if fishing pressure were to increase. 

Further Information 

For more detailed information on the analysis and outputs resulting from Activity 2.2 and 2.3 please see 
Annexes 7, 8 and 9.  
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Activity 2.4: Fennessy ST 

Background 

The first effort to introduce TEDs in the region took place in Kenya (Wamukoya and Salm 1997), with 
legislation requiring their use introduced in 2001. Compliance was poor however, until the formalisation 
of the prawn fishery management plan in 2010, when regular use of TEDs commenced. Since 2005, TEDs 
have been in use in the industrial fleet in Madagascar, with good compliance (Fennessy et al. 2008). 
Conversely, the Tanzanian prawn management plan only makes reference to TED use i.e. they are not 
compulsory. There have been no efforts to assess effectiveness of TEDs in the region. In the South West 
Indian Ocean Fisheries Project (SWIOFP) which ran from 2010-2015, consideration was given to assessing 
the effectiveness of TEDs by collecting data on TED vs non-TED catches by prawn trawl surveys in Kenya 
and Tanzania, during the course of SWIOFP. These data were available for use by BYCAM and were used 
to address this project objective. 

Methods 

As part of SWIOFP, shallow-water prawn surveys were undertaken in Kenya and Tanzania in 2011 to 
determine, amongst others, species composition and distribution of prioritized crustacean species. These 
surveys presented opportunities to test the effectiveness of TEDs in these two countries. The surveys 
occurred in the North East Monsoon (NEM) and South East Monsoon (SEM), from 22nd January to 4th 
February and May 21st to June 4th in Kenya, while the Tanzanian surveys occurred from February 9th to 
23rd and June 13th to 25th. The same prawn trawler fitted with two outrigger trawl nets was used for both 
countries. The vessel’s crew remained the same for all surveys, with the exception of the addition of a 
different fishing master in Tanzania; the scientific crew comprised staff from KMFRI and TAFIRI for the 
surveys in Kenya and Tanzania, respectively. One net was fitted with a TED; trawls were of one-hour 
duration and standard data collection (trawl speed, location etc) was undertaken. Catches from TED and 
non-TED trawls were kept separate; small catches were sampled in their entirety while larger catches 
were subsampled and scaled up to determine total catch. Numbers and weights of individual taxa were 
enumerated for each trawl. Greater details on the sampling and data collection are available in SWIOFP 
research reports by Kimani et al. (2012a, 2012b) and Mwakosya et al. (2012). 

Also available was a set of TED vs non-TED trawl catch records from Madagascar which were provided by 
CEDP who had been sent the data from an industrial trawling company in Mahajunga. The company 
conducted trials on one vessel during commercial operations on the west coast from 6th to 25th of 
November 2013. The vessel had four nets (two per outrigger), two with TEDs and two without. Catch 
weights of prawns and total retained fish on a per-trawl basis were provided for the combined pairs of 
TED and non-TED nets. Industrial fleet catch data from the pre-TED period (to 2005) and post-TED 
implementation were not made available. 

Sean Fennessy and Bernadine Everett of the Oceanographic Research Institute (ORI) undertook the 
analyses and a joint workshop was held in Maputo from 10-11 June 2015 to present the results and to 
consider implications. This was attended by project participants from the Tanzanian Fisheries Research 
Institute (TAFIRI),  Kenya Marine and Fisheries Research Institute (KMFRI),  Administração Nacional das 
Pescas (ADNAP),  Universidade Eduardo Mondlane (UEM), Centre d’Études et de Développement des 
Peches (CEDP) and Instituto de Investigaçao Pesqueira. 

For the Kenyan and Tanzanian TED vs non-TED data analysis, all prawns were aggregated as Target catch, 
while all other taxa (mainly teleosts) were considered as Bycatch. Nominal catch data were standardized 
to total kg and number of individuals of Target and Bycatch organisms per trawl hour. Examination of 
comparative TED/non-TED mean catch rates per country and season suggested considerable differences, 
and Generalized Linear Models (GLMs) were run in R to compare comparative TED/non-TED catch rates 
and, subsequently, to investigate potential factors which could influence TED functioning. After 
consideration, two influencing factors were assessed, namely trawl speed and size of catch (Broadhurst 
2000). Country was not obviously an influential factor, since the vessel, gear and methodology were the 
same for both countries. Catch sizes were categorized as Large (> 100 kg) and Small (< 100 kg). All other 

http://www.adnap.gov.mz/
http://www.adnap.gov.mz/
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factors, such as season (NEM/SEM), depth, salinity, etc. were either deemed non-influential on TED versus 
non-TED catch rates i.e. their influence was the same for both trawl types, or were considered to be 
correlates of the catch size factor. Details are available in the full technical report produced for BYCAM 
(Fennessy et al. 2016).  

For the commercial trawl data from Madagascar, the number of trawls (165) was sufficiently high to 
overcome the apparent skewness of the data (non-normal), so paired two-sample t-tests for differences 
in means were run in Microsoft Excel. 

Results and Discussion 

In total, 30 Kenyan trawls (15 NEM and 15 SEM) and 68 Tanzanian trawls (31 NEM and 37 SEM) were 
undertaken using a TED. No turtles were caught in the surveys, and elasmobranch catches were too 
infrequent (18 positive trawls out of 98) and were too small to test for TED/non-TED differences, except 
for the Kenyan SEM survey in which 15 trawls were undertaken, in which the TED trawl had 17 
elasmobranchs and the non-TED 24. There were marked contrasts between mean catch rates of Target 
and Bycatch (in weight and/or in number), as a function of country (Kenya and Tanzania), and/or season 
(NEM and SEM). However, the potential role of season in TED effectiveness was considered to be 
mediated via catch size, so season was ignored in the GLMs. 

Nominal catch rate results suggest that, in both Kenya and Tanzania, catch rates of numbers of prawns in 
TED trawls were lower than in non-TED trawls, particularly on the first survey in each country, but the 
prawn catch rates by weight in TED and non-TED trawls were very similar in each case. In Kenya, bycatch 
catch rates by weight and number in TED trawls were considerably lower than in non-TED trawls, except 
on the second survey when bycatch rates by number in TED trawls were greater than in non-TED trawls. 
In Tanzania, bycatch rates by weight and number in TED trawls were similar to those in non-TED trawls, 
except on the second survey when bycatch rates by number in TED trawls were considerably lower than 
in non-TED trawls. The nominal results thus present some conflicting findings.  

The initial GLMs, incorporating only the presence or absence of a TED as an explanatory factor for both 
countries combined, showed that the TED reduced bycatch only slightly, and that prawn catch rates were 
increased slightly by weight and decreased slightly by number in TED trawls (all differences significant). 
This suggests that the TED was not functioning optimally on the surveys. 

Subsequent GLMs were used to investigate potential factors which may have affected TED functioning. 
All differences between TED and non-TED trawls reported below are significant unless indicated. TED 
trawls in Kenya had higher bycatch rates than non-TED trawls, conversely, non-TED trawls in Tanzania had 
slightly higher bycatch rates than TED trawls. However, target catch rates in non-TED trawls in Tanzania 
were much higher than in non-TED trawls in Kenya, and were also much higher than in TED trawls in 
Tanzania. Target catch rates in non-TED trawls in Kenya were slightly higher than in TED trawls. The effect 
of the TED on bycatch rates was not affected by catch size, although non-TED catch rates were slightly 
higher than TED catch rates when catches were large; however, non-TED catch rates of target prawns 
were higher than TED catch rates for both large and small catches, and particularly when catches were 
large. Trawl speed showed variable effects on TED function with respect to bycatch catch rates, but, for 
target prawns, non-TED catch rates were greater than TED catch rates regardless of speed, and were 
particularly greater at slower speeds. 

When catch rates were examined on a per-country basis, it was broadly observed that, in Tanzania, both 
bycatch and target catch rates were higher in TED trawls, and this was particularly the case for target 
catch rates at slower speeds and when catches were large. In Kenya, the opposite was broadly seen: TED 
catch rates (target and bycatch) were generally higher than non-TED catch rates, although this was less 
marked when catches were small. Full results are available in the technical report produced (Fennessy et 
al. 2016). 

In summary, it was concluded that the TED used in the Kenyan and Tanzanian surveys was not functioning 
very well, as bycatch rates were not much reduced by the TED (in Tanzania) and were increased relative 
to non-TED catch rates (in Kenya); it was anticipated that the TED would reduce bycatch to some extent. 
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Prawn catch rates were reduced in Tanzanian TED trawls (relative to non-TED trawls) but were increased 
slightly in Kenyan TED trawls. 

The commercial trawl data from Madagascar showed that the trawls with TEDs caught considerably fewer 
prawns and fish (both significant) than non-TED trawls. Two turtles were caught in this period, in a net 
without a TED. The Madagascan information was not verified independently, but suggests that the TEDs 
used in that survey are also not functioning correctly, as prawn catches were considerably reduced in the 
TED trawls. It may be expected that retained bycatch is reduced in TED trawls relative to non-TED trawls 
owing to the release of larger fishes by the TEDs.  

It was not the intention of the workshop to compare TED effectiveness between Kenya and Tanzania – 
the data were only separated in order to try and understand if the TED was working and what could be 
affecting it. Unfortunately, the observed differences cannot be explained with the information available. 
One possible factor is that the distances trawled in Tanzania were derived from haul duration and 
estimated speed, whereas in Kenya they were derived from haul duration and grid reference positions at 
the beginning and end of the trawls. Inaccuracies in trawl speed estimation may have affected catch rate 
calculation, with consequences for the assessment of the relative performance of TED versus non-TED 
trawls. Other uncertainties exist in the consistency of hauling of trawls without reducing forward motion 
of the trawler – a “haul-back delay” can cause the catch to wash forward in the trawl resulting in losses 
via the TED (Watson 1989), or in the amount of time the net is on the surface after hauling, which may 
cause loss of catch. It also appears there was no comparison of the catches by the two nets before the 
TED was installed i.e. to account for possible pre-existing biases in catch efficiency. 

Previous trials with correctly-rigged TEDs have reduced bycatch relative to non-TED trawl nets, and TEDs 
should not reduce prawn catches substantially – prawn catches may even be increased relative to non-
TED catches owing to increased gear efficiency (Isaksen 1992, Brewer et al. 1998, Broadhurst 2000, 
Fennessy and Isaksen 2007). It is not apparent to what extent the rigging of the TED used on the MF Vega 
in the SWIOFP surveys was checked and adjusted, but this is something which needs to be undertaken 
frequently, as the trawl nets change over time because of stretching, resulting in changes to the TED angle 
(FAO 2007).  

These findings emphasized that, for the testing of TEDs in BYCAM, the potentially influential factors which 
could compromise analysis of results, as described above, be minimised as much as possible. Testing 
procedures and conditions must be standardized to avoid bias, while providing adequate replication to 
enable rigorous statistical analysis to satisfy both managers and the industry as to whether the TEDs are 
functioning correctly. This will require skills transfer from a fishing gear specialist, co-operation from 
industry, well-trained observers and capable scientists. 

Further Information 

See 

Fennessy ST, Everett BI, Kaguru BL, Mwakosya CA, Munga CN, Sitoe S, Da Conceicao K, Razafindrakoto HL 
and Brito A. 2015. Report of a workshop on the analysis of existing data from prawn trawl nets with Turtle 
Excluder Device (TED) and without TED (non-TED) in the Western Indian Ocean. Unpublished BYCAM 
report to WIOMSA: 18 pp 

Fennessy ST, Everett BI, Kaguru BL, Mwakosya CA, Munga CN, Sitoe S, Da Conceinçao K, Razafindrakoto H 
Sousa B, Brito A. 2017. TEDS or not - do they work in Tanzania and Kenya? 10th WIOMSA Scientific 
Symposium, 31 October – 4 November 2017, Julius Nyerere LInternational Conference Center, Dar es 
Salaam, Tanzania. Oral presentation 

Fennessy ST, Everett BI, Kaguru BL, Mwakosya CA, Munga CN, Sitoe S, Da Conceicao K, Razafindrakoto HL 
and Brito A. In prep. Effectiveness of a Turtle Excluder Device (TED) in prawn trawl nets in the Western 
Indian Ocean. 
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Activities 3.1 and 3.2: Berggren P 

3.1 Creation and redevelopment of bycatch mitigation technologies 

Bycatch in gillnet fisheries is considered the most significant threat to marine mammals globally (Read et 
al. 2006) and in the south-western Indian Ocean (Kiszka et al. 2012). Approximately 10% of the population 
of Indo-Pacific bottlenose dolphins (Tursiops aduncus), resident in Menai Bay, Zanzibar (Fig.1), was 
removed by fisheries bycatch in driftnets in 2003/2004 and 2007/2008 (Stensland et al. 2006; Amir, 2010). 
The removals were documented by onboard observer programmes conducted in the fishery and the data 
collected indicated a bycatch rate of 0.02 dolphin/driftnet haul (Amir 2010). During 2007/2008, trials were 
also conducted in the same fishery using electronic alarms (Fumunda, 10kHz, 132dB) which resulted in a 
reduction of dolphin bycatch (Amir 2010). Toothed whales (odontocetes) navigate and detect objects in 
their environment using echolocation (the process of transmitting and receiving high frequency sound for 
target detection) (Cranford et al. 2009). However, successful detection is influenced by the sound 
frequency and acoustic backscatter properties of an object. Gillnets’ backscatter is typically too weak for 
dolphins to detect in time to avoid entanglement. There are few examples where bycatch rates have been 
estimated, trials conducted and mitigation implemented to reduce bycatch. Electronic acoustic alarms 
(pingers) have been trialled and used successfully in some fisheries to reduce bycatch of some dolphin 
species in gillnet fisheries (Amir 2010; Mangel et al. 2013). However, to date little mitigation has been 
implemented. The main driver behind low uptake of pingers is cost (commercially available pingers cost 
US$35-$100 per 100m net). To address this, we have developed and trialled recycled glass and plastic 
drink bottles to create low-cost (US$0-0.50 per 100m net) mechanical pingers and passive acoustic 
reflectors as potential solutions to reduce dolphin bycatch in gillnets. Representatives from project 
BYCAM also organised workshops in low cost methods to reduce marine mammal bycatch in global 
artisanal fisheries at the Society for Marine Mammalogy Biennial meetings in 2015 (Berggren and Kiszka, 
2017) and 2017 (Anon. 2017) which provided very useful feedback for the trials conducted as part of 
BYCAM. 

 

Fig. 1. The Menai Bay (indicated by red circle) where trials were conducted with glass bottle pingers and 
plastic bottle acoustic reflectors as potential mitigation to reduce dolphin bycatch in driftnets.  

Bottle pinger and acoustic reflector development 

The bottle pinger uses recycled 350ml glass drink bottles with a metal bolt inside that creates a clinking 
sound as the bolt hits the sides when the bottles are moved. The initial design had a bolt with a nut placed 
in the bottle for mounting horizontally on the headrope of a gillnet. A redesign (Fig. 2a) of the bottle pinger 
instead has the bolt suspended on a string inside the bottle, attached by a screw to a cork manufactured 
from disused styrofoam floats (see Appendix X for full description, Berggren et al. In Review). This design 
is mounted vertically in the net (Fig. 2b) with the neck of the bottle tied to the head rope and the bottom 
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to the net mesh. When the bottle moves, the string inside acts as a pendulum making the bolt hit the side 
of the bottle which produces a “clinking” sound. The acoustic sound emissions of the glass bottle were 
measured in an anechoic testing tank at Newcastle University, UK. The bottles produced short, frequent 
but random, sounds with a spectral density of 130-160dB re 1uPa/√Hz @ 1m below 10 kHz with additional 
audible components up to 30 kHz. For comparison, we tested one of the most commonly used 10 kHz 
commercial electronic pingers which has been used to reduce dolphin bycatch in drift gillnet fisheries 
(Amir 2010; Mangel et al. 2013). This pinger emitted a 10 kHz sound, every 4 seconds and the maximum 
spectral density did not exceed 140 dB re 1uPa/√Hz @ 1m. The sounds produced by the bottle alarms 
should facilitate gillnet detection by dolphins at sufficient distance to avoid entanglement. 

       

Fig. 2a and b. Glass bottle with pendulum metal bolt produce a sound similar to electronic pingers 
designed to reduce dolphin bycatch in gillnets.  

One of the strongest sonar targets in water is an air bubble due to the acoustic impedance mismatch at 
the air-water interface. We investigated the use of air-filled plastic water bottles (500ml) as a sonar 
target/acoustic reflector (see Appendix 10 for full description, Berggren et al. In Review). The plastic 
material of the bottle has similar acoustic impedance to water and hence the reflection would be 
produced by the air inside the bottle. We synthesized a typical dolphin echolocation signal, a broadband 
“click” signal centred on 70 kHz, which we transmitted in the test tank at Newcastle University and 
recorded the sound reflected by the plastic bottle (Fig. 3). The same recording equipment was used as 
described above for the glass bottle. The plastic bottle produced a strong reflection (-27 dB target 
strength) of the simulated dolphin click. The reflection is comparable to that of a 100cm yellowfin tuna 
(Tunnus albacares). The recommendation is to deploy the plastic bottles on the bottom part of driftnets 
on the sink line to maximise acoustic reflection away from additional noise from wave action at the water 
surface. The bottle acoustic reflectors and should facilitate gillnet detection by echolocating dolphins at 
sufficient distance to avoid entanglement.  

 

Fig. 3.  Measuring the acoustic impedance (reflection) by plastic bottle from a dolphin click signal in the 
test tank at Newcastle University. 
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Activity 3.2 Trials of bottle pingers and acoustic reflectors to reduce dolphin bycatch in gillnets  

The small scale (artisanal) Zanzibar driftnet fishery uses small (6-10m) sail or outboard powered boats 
fishing with a single 400-1100m multi-filament (7x7cm mesh size) driftnet which is set and hauled by hand 
(Fig. 4). When fishing, the net is attached to the vessel drifting with the tide. Fishing is only conducted 
during the night and the soak time is 5-8 hours. Each vessel normally set and haul their net once during a 
night. The main target species for the fishery are large pelagic fish e.g. tuna, swordfish & kingfish.  

      

Fig. 4. Driftnets used in Zanzibar small scale fishery are typically 400-1100m multi-filament gillnets used 
at night to catch (7x7cm) driftnet large pelagic fish e.g. tuna, swordfish & kingfish.  

2016 pilot trials in Zanzibar  

We had planned to conduct the full bycatch mitigation field trial of the recycled bottles in the Zanzibar 
driftnet fishery in Menai Bay between April and June 2016. The planned total effort for the trial was 1800 
driftnet hauls (one haul = one vessel fishing for one night): 600 control hauls (vessels fishing with 
unmodified nets, 600 hauls with glass bottle pingers (in this trial we used the initial glass bottle design 
which had a bolt with a nut inside and the bottle mounted horizontally on the head rope of the gillnet 
every 50m), and 600 hauls with plastic bottle acoustic reflectors (plastic bottles mounted at the bottom 
of the net on the sink line every 50m). The expected dolphin bycatch in the 600 control net hauls was 600 
x 0.02 dolphins per haul = 12 dolphins.  

Before arriving in Zanzibar we sourced and brought with all the necessary field equipment from the UK 
(e.g. cameras and field forms for observers to document fishing effort and catch). We held meetings with 
our local collaborators, arranged the necessary permits and set-up meetings with the fishermen. We 
engaged 42 vessels and 42 observers from six villages (Uzi, Ng’ambwa, Ugunja Ukuu, Kikungwi, Kizimkazi 
Dimbani and Kizimkazi M’kunguni) in Menai Bay. We trained the fishermen and observers, during several 
workshops held in participating villages, in how to use the bottles in their nets, conducted extensive pilot 
trials in the driftnets. Vessels were randomly assigned to be control, or to equip their net with either glass 
bottle alarms or plastic bottle reflectors. Vessels were also randomly assigned an independent observer 
to record fishing operation and catch. However, it later turned out that the vessels swapped observers to 
have the observers they knew. The start of the experiment was repeatedly delayed by the aftermath of 
the re-run of the Zanzibar general election followed by Ramadan. The trial was eventually started but 
unfavourable weather conditions resulted in very low fishing effort. We discussed the situation with our 
local collaborators and eventually decided that we should postpone the experiment until early January 
2017, the time of the year with the most favourable weather conditions and highest fishing effort with 
driftnets.  We organised meetings with the fishermen and explained the situation and they agreed that it 
would be best to postpone the trials. The total effort that was realised before cancelling the trial was 84 
hauls. No dolphin catch was recorded during this pilot trial. The cancelled trial produced very useful 
information which was used to redesign the glass bottle pingers and to improve the logistics for 
implementing the trial in 2017.  

Trials in Zanzibar January-March 2017 

We returned to Zanzibar in early January 2017 with the redesigned glass bottle pinger (see above) and 
after discussion with our local collaborators it was decided to implement the trial in only two villages, 
Kizimkazi Dimbani and Kizimkazi M’kunguni, where we engaged 36 driftnet vessels. We planned to have 



32 
 

the same trial effort as in 2016 with a total of 1800 hauls (600 control, 600 with glass bottle pingers and 
600 with plastic bottle acoustic reflectors). This time we made a stipulation that participating vessels had 
to agree to have a randomly assigned independent observer to record fishing operation, effort and catch. 
Observers were asked to take pictures of the net at the start and end of the haul for verification of 
treatment (control, pinger or reflector equipped net) and to calculate soaktime (recorded on data form 
and time on digital images). Vessels were randomly assigned to be control, or to equip their net with 
either glass bottle alarms every 50m on the headline, or plastic bottles reflectors every 50m on the sinkline 
(Fig. 5). In addition, six vessels (2 control, 2 with pingers and 2 with acoustic reflectors) were also supplied 
passive acoustic recorders (CPODs, www.chelonia.co.uk) to be deployed at the end of their driftnet to 
record occurrence of dolphins as indicated by recorded dolphin echolocation click trains (Temple et al. 
2015). Finally, we had one trial coordinator in each village who met the observers after each night’s fishing 
to download camera images and to collect data forms.  

 

Fig. 5. Driftnet vessels were randomly assigned to be control, or to equip their net with either glass bottle 
alarms every 50m on the headline, or plastic bottles reflectors every 50m on the sinkline.  

Data analysis 

To ensure correct species identification, photographs were used to identify the species as close to species 
level as possible (Appendix 1). If photographs taken of catch conflicted with the information on the catch 
form, then the digital image was used to inform on the catch composition (species and number caught) 
for that haul. Where it was not possible to identify the catch due to a lack of photographs or low image 
quality, the haul was not used in the analyses. Once identified, the target catch was grouped as: tuna 
(Euthynnus affinis; Thunnus albacore; Katsuwonus pelamis); billfish (Istiophorus platypterus; Makaira 
indica; Xiphias gladius); and kingfish (Scomberomorus commerson). 

Net length (km), set and haul times, and soak time were recorded/calculated for each haul. Catch data 
were compared among treatments as catch per unit effort (CPUE) by dividing catch for each haul by net 
length (km) multiplied by the soak time (h). 

The effect of the two mitigation devices upon the target catch was analysed using a generalised linear 
model (GLM) using the R statistical software, with the MASS package. Tuna models were fitted with the 
negative binomial family, Billfish and Kingfish models were fitted with a binomial distribution, model fit 
was checked with likelihood ratio. 

 

Results 

The trial resulted in 1107 driftnet hauls (401 control, 394 pingers & 312 reflectors) for analysis of dolphin 
bycatch. The expected dolphin bycatch in the 401 control hauls based on previous observer programme 
data in the same fishery was 8 (401 x 0.02 dolphin catch/haul). Despite dolphin presence in the area during 
the experiment (as indicated by limited data collected using the CPODs and anecdotal information from 
fishermen), no dolphins were caught in the nets during the trial. Thus no conclusions can be drawn as to 
the effect of mitigation devices on dolphin bycatch. 

A total of 26 different species (2389 specimens) were identified (Annex 1). The trial had sufficient 
information (e.g. photographs of sufficient quality) for 860 hauls to analyse target species catch among 
treatments (321 control, 292 pingers and 247 reflectors hauls). There was a significant difference in the 



33 
 

Tuna catch between treatments, with reflector hauls showing a significantly higher catch rate of Tuna 
than the control hauls (Z=5.029, p<0.001). There was no significant difference between the treatments 
for the catch rates of Billfish or Kingfish. Increasing net length (Z=-2.213, p=0.027) and soak time (Z=-6.244, 
p>0.001) had a negative impact on the CPUE of Tuna, conversely soak time had a positive impact on CPUE 
of Billfish (Z=3.803, p<0.001). 

2017 Kenya trials: Wambiji N 

Additional trials were conducted in Ngomeni, Kenya between August and October 2017. The observer 
equipment used in Zanzibar (digital cameras, protocols for recording catch and the corks with metal bolts 
that make the sound in the glass bottle pingers) were shipped to Kenya from Zanzibar. We engaged 15 
vessels/fishermen that were instructed to use the same experimental design as in Zanzibar. 
Unfortunately, when the trial was implemented in Kenya independent observers were not placed aboard 
the vessels to record effort and catch. When reviewing the collected data from the 397 hauls fished during 
the Kenya trial it became apparent that there were several issues regarding how the pingers and reflectors 
were used in the nets and how the data were recorded. No further data analyses were therefore 
conducted on these data.  

Conclusions and recommendations 

Without further trials we are unable to conclude whether the glass bottle alarms and/or plastic bottle 
reflectors reduce dolphin bycatch in gillnets. However, we can conclude that the plastic bottle reflectors 
had a positive effect on target fish catch (tuna) and that participating fishermen in general were positive 
to using bottles in their nets. We have received new funding from the US Marine Mammal Commission 
and NOAA BREP to continue this research and will commence new trials with both the glass bottle alarms 
and plastic bottle reflectors in a driftnet fishery Peru (2019-2020), a bottom set gillnet fishery in Argentina 
(October 2019-2020), both with very high recorded dolphin catch that should facilitate enough power in 
the trials to conclusively test the bottles efficacy to reduce dolphin bycatch. We will also conduct further 
work in Zanzibar as part of this new project but the details of this will depend on the outcomes of the 
trials in Argentina and Peru. 

Further Information 

For more detailed information on the analysis and outputs resulting from Activity 3.1 and 3.2 please see 
Annexes 10 an 11. 
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Activity 3.3: Wambiji N and Kadagi NI 

Abstract 

Bycatch in Small Scale Fisheries (SFF) remains poorly defined, however in the context of this study we 
refer to the following taxa when using the term bycatch: Whales, Dolphins, Sharks, Rays, Sea Turtles and 
Billfish.  

Several studies have suggested the use of circle hooks for bycatch mitigation in longline fisheries. This 
study examined the efficacy of circle hooks as a mitigation tool, undertaking trials in SFF longline fisheries 
in Kenya between February and April 2018. Circle hooks, J-hook styles and a combination of both were 
tested to evaluate their catch performance with target and non-target species. The circle, j-hooks and the 
combination of both hooks, “combo” landed a variety of megafauna species. J-hooks had greatest landings 
and average catch per unit effort (CPUE), but circle hooks but that circle hooks had higher CPUE than J-
hooks in some months. 

Our results show that haul number, depth fished, hook type and hours fished had significant impacts on 
the CPUE of megafauna species. Further, our findings indicate that the use of circle hooks reduced the 
CPUE of teleosts and thus may be used if reduction of catch for these taxa is required. We found no 
evidence for any impact of hook type on the CPUE for sea turtles and dolphins. 

Introduction  

Bycatch of marine megafauna populations is increasingly becoming a major concern on a global scale as 
a result of human fishing activities (Ayala et al., 2018, Teh et al., 2015, Lewis et al., 2014). Bycatch 
comprises several species, from lower trophic-level species to marine megafauna that are important for 
the functioning of marine ecosystems and services. The low productivity coupled with the long-life cycles 
of megafauna species such as whales, dolphins, sharks, rays, and sea turtles make their populations 
vulnerable to overexploitation resulting in declining populations (Lewis et al., 2004). There is need for 
management strategies that mitigate the adverse impacts of bycatch on marine megafauna especially in 
areas characterized by the presence of a high overlap between marine megafauna species and fishing 
activities such as the Western Indian Ocean (Kiszka et al., 2009, Kiszka and Muir, 2006). 

 

The Western Indian Ocean (WIO) is characterized by a high diversity of marine megafauna though limited 
information on the catch status and extent of threats at regional, national and local scale exists (Kiszka, 
2015). The lack of adequate information inhibits the prioritization and development of management 
measures to reduce bycatch which may have ecological consequences on vulnerable marine megafauna 
and lower trophic populations. Furthermore, the continued growth of SFFs in the WIO region, which are 
mostly under-documented and unregulated, may limit the effectiveness of bycatch mitigation especially 
where food security is a priority. 

 

Artisanal fisheries account for about 75–85% of marine landings across WIO nations, with annual landings 
reportedly higher than what is reported to FAO, (Pauly and Zeller, 2016). Megafauna species can be 
indirectly or directly captured in a wide range of artisanal fishing gears including driftnets, long lines and 
purse seines among others which may contribute to declines the populations of these species (Mangel et 
al, 2010, Kiszka 2012, UNEP-Nairobi Convention and WIOMSA 2015, Temple et al, 2018). Thus, there is a 
need to evaluate bycatch of marine megafauna in artisanal fisheries and develop measures to reduce 
bycatch mortality whilst providing support for sustainable fisheries and food systems. In addition, 
conservation and management efforts that increase the survival of marine megafauna should be 
emphasized to reduce the effects of fisheries on marine megafauna. 

Several studies have assessed bycatch of marine megafauna and proposed guidance to reduce the capture 
of these species especially in large industrial fisheries (e.g., Gilman et al. 2008). However, there are limited 
studies on bycatch in artisanal fisheries and mitigations methods in the WIO region (Kiszka, 2012). 
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Evidently, there has been the trial use of pingers to reduce dolphin bycatch in drift- and bottom-set gillnets 
off Zanzibar, Tanzania, although that represents the only significant mitigation measure trialled in the 
region (Amir, 2010). Recent research through the BYCAM project extended the use of bottle pingers 
through trials in Zanzibar and Kenya. Although no dolphins were recorded in the trials, fishers reported 
the presence of dolphins in the area which could be indicative of the effectiveness of the bottle pingers 
(see Section 3.2). However, additional and long-term studies are required to ascertain bycatch selectivity 
with regards to bottom pingers.  

In the current study, we compared the efficacy of circle and J-hooks in mitigating megafauna bycatch. 
Studies conducted on circle hooks have elucidated that they are effective as a bycatch mitigation tool in 
pelagic longline fisheries, especially for marine turtles and to some extent elasmobranchs. For example, 
an exchange programme involving replacement of traditional J-type hooks or tuna hooks with circle hooks 
for fishers was championed by US NOAA in several countries Peru, Ecuador, Colombia, Panama, Costa 
Rica, El Salvador and Guatemala, Nicaragua and Mexico (Andraka, et al, 2013). The programme focused 
on two major longline fisheries in the region, which targeted dorado (Coryphaena hippurus) tunas, 
billfishes, and sharks respectively. Hence, the goal of this BYCAM component was to conduct trials for 
bycatch mitigation in artisanal fisheries that catch marine megafauna. Specifically, activity 3.3 compared 
landings and bycatch rates in coastal artisanal longline fisheries when J and Circle hooks were deployed.  

Most pelagic artisanal longline use J-hooks and tuna hooks for catching various types of species. In some 
cases, artisanal longline fishers deploy circle hooks although the J and tuna hooks are the common types.  
J-hooks as its name implies, are J-shaped with its point oriented parallel to the hook shaft (see Fig 2a). 
Circle hooks are characterized by a rounded shape with the point oriented perpendicular to the shank (Fig 
2b), while tuna hooks are almost similar in shape to either circle or a J hook, however, the point of the 
tuna hook is not guarded by the shaft, as is the case for J hooks. The point on a circle hook is turned in, 
towards the hook shank.  

In line with BYCAM objective 3.1, we assessed overall landings by number and by weight from both circle 
hooks and J-hooks, deployed by 14 artisanal longline boats during January to May 2018 in Ngomeni, 
located on the North coast of Kenya.  

 

Materials and methods 

Artisanal longline and gillnet data 

Fisheries-independent data from artisanal fisheries was collected from one pilot landing site at Ngomeni 
(Figure 1).  
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Figure 1 Map of the Kenya coast showing 8 artisanal longline and gillnet data collection sites (Kipini, 
Kiunga, Kiwayu, Kizingitini, Ngomeni, Watamu, Old Port, and Vanga). Pilot area Ngomeni marked in red. 

 

Sampling design  

For the purpose of this study the following taxa were considered as bycatch: whales, dolphins, sharks, 
rays, and sea turtles. All other catches were considered to be target catch. Three sizes of circle hooks (8/0, 
9/0, and 10/0) and two sizes of J-hooks (5/0 and 6/0) were tested respectively with each type of hook 
deployed separately or combined. Fishers deployed each type of hook separately (either J or Circle hooks), 
or a combination of both (“Combo”). All landed catch was identified and measured to the weight and total 
fork length, the time of haul back, hook type, number of hours spent fishing, and the number of hooks 
used in each haul. Data on the socio-economic backgrounds of fishers were also collected. 
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2a 

  

2b 

Figure 2a) Images of the two J-hooks (Mustard Big gun, size #5 and #6) experiment and b) the circle hook 
(Bkk Bait Packs Circle Super Slide Fishing Hooks, size #8.0, #9.0, #10) 

2.3 Data analyses 

Catch rates were expressed as catch-per-unit effort (CPUE) for both number and weight of catches per 
hook per hour fished. The median CPUEs by hook type were calculated and are presented. We then used 
a generalised linear regression model to determine whether there were statistically significant differences 
in catch rates between the hook types for each taxon.  

 

We used generalised linear regression to assess the effect of variables on the performance of the CPUE 
from each hook type. Other independent variables considered include hook type, depth of fishing, 
distance from shore, soak time, and month. CPUE was set as a response variable. The model for the 
relationship between CPUE, denoted as Y and model coefficients was as follows: 

 

𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2…𝛽𝑘𝑋𝑘 + 𝜀  
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where 𝑌is the response variable (CPUE of taxa), 𝑋𝑘 are the explanatory variables (haul number, hook type, 
depth of fishing, time fished, and area of fishing), 𝛽

0
 is the intercept, 𝛽

𝑘
 are the coefficients that were 

estimated by maximum likelihood, and ε represents the error structure. The variables were fitted as fixed 
effects by using the lme4 library in R. The model was fit using gaussian error structure given that the 
average CPUE had been log transformed to meet the assumption of normality. 

 

Results  

Overall, fourteen boats participated in the study and effort totalled 5289 hook hours for J-hooks and 3200 
hook hours for circle hooks. Ten fishing grounds were visited by the fishers over the sampling period, 
although the North Kenya Banks was the most fished, followed by Ras Ngomeni, Ziwayu, Mbwanyongo, 
Kiwayu, Lamu, Ngomeni, Watamu, Mambrui, and Kiunga. The average distance fished from the shore from 
was 21.8 nautical miles while the average depth fished ranged between 63 m and 283 m depending of the 
fishing ground. Results from interviews showed that most of the fishers had seen circle hooks before, but 
they did not use them since they thought that they were expensive and perceived that using circle hooks 
would reduce their catch rates. All fishers used mostly J hooks which had been locally made from wires. 
A variety of marine megafauna (sharks, rays, turtles and a dolphin) were caught and landed during the 
study (Table 1 & 2). 

 

Table 1: Species caught during the trials using circle hooks and J-hooks 

Taxa Circle hooks J-hooks Grand Total 

Teleost (All) 965 (5187kg) 3226 (15,607kg) 4191 (20,794kg) 

     Billfish 13 (275kg) 14 (474kg) 27 (749kg) 

     Tuna 16 (218kg) 12 (176kg) 28 (394kg) 

Dolphin 1 0 1 

Ray 19 (294kg) 0 (0kg) 19 (294kg) 

Shark 17 (282kg) 60 (895kg) 77 (1,177kg) 

Turtle 2 0 2 

 

Table 2: Mean (±SD) Catch Per Unit Effort (hook/hour) of notable marine megafauna taxa and 
cumulative teleost catch in the study trial. 

Taxa Circle Hook J-Hook 

 Number Weight (kg) Number Weight (kg) 

Teleost (All) 11.8±26.1 63.3±113.1 33.6±81.6 162.6±344.6 

     Billfish 0.16±0.40 3.35±9.46 0.15±0.43 4.94±17.36 
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     Tuna 0.20±0.82 2.66±12.59 0.13±0.76 1.83±10.69 

Ray 0.23±1.01 3.59±18.80 0±0 0±0 

Shark 0.21±0.56 3.44±10.81 0.63±1.53 9.32±35.71 

 

Landings from both J and circle hooks had a similar species composition. A total of 42 different families 
were recorded (Figure 3 & 4). The top families caught by circle hooks were Lutjanidae (55.0%), 
Nemipteridae (19.0%) and Serranidae (7.8%), while the J-hooks mostly caught Lutjanidae (61.7%), 
Nemipteridae (19.1%) and Serranidae (3.7%) (Figure 3 and 4). 

 

 

Figure 3: Number of species landed using J hooks, with small and medium pelagic fish species 
dominated the landings. 
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Figure 4: Number of species landed using circle hooks, with red snapper (Etelis coruscans), and the 
delagoa threadfin bream - Nemipterus bipunctatus dominating the catch. 

The most common species caught in circle hooks were the long tail red snapper - Etelis coruscans (42.5%), 
the Delagoa threadfin bream - Nemipterus bipunctatus (22.3%), deep-water red snapper - Etelis 
carbunculus (6.8%), and kawakawa -Euthynnus affinis (2.2%).  

Notably, the trial included 77 sharks dominated by species belonging to family Carcharhinidae, 19 rays 
(including 6 Aetobatus narinari), two sea turtles (loggerhead turtle Eretmochelys imbricata) and one 
dolphin (Tursiops truncatus). Specifically, the presence of billfish species was important for our 
collaborators, the African Billfish Foundation (ABF), who had previously tested the circle hooks in the 
recreational fishery in Kenya. The billfish encountered were Istiophorus platypterus, Makaira indica and 
Xiphias gladius. 

 

Generalised linear models were run for both teleosts catches and shark catches, for other taxa the 
occurrence of catch events (i.e. hauls with 1 or more individuals caught) was too few for reliable 
comparison. Our results showed no significant effects of hook type on CPUE (for either number or weight) 
for teleost or shark catches. However, there was a potential trend in CPUE by weight of teleosts in J-hooks 
being greater than that of circle hooks (Z=1.874, p=0.061). Month was the only factor that significantly 
influenced any of the models, With CPUE by weight of teleosts decreasing in March (Z=-3.273, p=0.001) 
and April (Z=-2.161, p=0.031) relative to February. Similarly, CPUE by weight of sharks decreased in April 
(Z=-2.180, p=0.029) relative to February and March. 

Our study also revealed a specific challenge in any future mitigation of bycatch in artisanal and longline 
fisheries in Kenya. Out of 20 fishers interviewed, 16 were migrant fishers from Dar es Salaam, Pemba and 
Tanga in Tanzania, while others were from Msambweni located on the south coast of Kenya. Only four 
were residents of Ngomeni. Although this is a small sample of respondents to make substantial inferences, 
the number of migrant fishers involved in the artisanal longline and gillnet fishery is a factor determining 
the application of bycatch mitigation methods. Ultimately, integrating any impactful mitigation method 
into the existing systems would require the involvement of migrant fishers rather than just residents. This 
could be particularly challenging given that migrant fishers are potentially less concerned with the health 
of ecosystems in areas where they do not reside. 
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Discussion 

Findings from this first-time study on the use of circle hooks for mitigating bycatch showed no significant 
effects of circle hooks on either teleost or shark catches. Further, whilst sample sizes were too small to 
assess hook impacts on dolphin and turtle catch statistically, the catch of both turtles and a dolphin on 
circle hooks suggests that their use will certainly not stop the bycatch of these species and may have little 
or no impact. This was contrary to our expectations given that circle hooks have been found effective in 
mitigating catch and reducing post-release mortality for sea turtles and large pelagic species such as 
billfish (Curran et al., 2009, Prince et al., 2002). However, the evidence for a statistical trend in reduced 
CPUE by weight of teleosts suggests that circle hooks may reduce the average size of catch in longline 
fisheries, but a larger trial would be required to clarify this trend. Reductions in CPUE by weight would be 
in-line with many previous studies (Woll et al., 2001; Prince et al., 2002; Skomal et al., 2002; Cooke et al., 
2003; Alós et al., 2009; Afonso et al., 2011; Curran and Bigelow, 2011; Hannan et al., 2013).  

While the results from this study are inconclusive, the work presented here opens a discussion on the 
effectiveness and application potential of various bycatch mitigation measures in regard to small-scale 
fisheries that are multi-species and non-selective. Particular complexities for bycatch mitigation are 
presented by the difficultly of defining bycatch in these fisheries and the extent of migratory fishers’ 
participation in fisheries and its implications for the application and enforcement of bycatch mitigation 
strategies. 
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Activity 3.4: Fennessy ST 

Background 

TEDs have been successfully used in the industrial prawn trawling fleet in Madagascar since 2005, 
following an experimental and consultation phase in a collaborative exercise with scientists, industry and 
fisheries managers (Fennessy et al. 2008). Since the fishery targets the same species as those on the East 
African coast, and has many bycatch species in common, the aim was to gather information on TED use in 
Madagascar, to inform the planned TED trials in Mozambique. The objective was to assess the suitability 
of TEDs used in Madagascar by consulting with stakeholders involved in their implementation in that 
country, and to further identify issues which could affect TED trials and implementation in Mozambique. 

Methods 

The mission participants were Sean Fennessy (ORI), Lizette Sousa (IIP) and Samuel Sitoe (ADNAP), and 
interviews with fishing companies and researchers took place in Mahajunga and Antananarivo, from 22-
27 February 2015. Interviews and discussion were held with Jean-Jacques BE and Herimamy 
Razafindrakoto from the Centre d´Etudes et de Développement des Pêches (CEDP) of the Madagascar 
Ministry of Fisheries and Marine Resources, and directors and/or trawler captains from four fishing 
companies (RefrigePeche, PêcheExport, UNIMA, SomaPêche) -  all in Mahajunga. In Antananarivo, Sean 
Fennessy also met with representatives of GAPCM (Groupement des Armateurs à la Pêche Crevettière de 
Madagascar), a society comprised of representatives of the fishing industry, aquaculture and various 
government bodies, which was instrumental in TED implementation. 

Results and Discussion 

Regarding the similarity of shrimp trawl specifications in Madagascar and Mozambique, numbers of 
trawlers in both countries are very similar. Mesh size in the body of trawls in both Madagascar and 
Mozambique is 60 mm, and all vessels use four nets on booms; trawl duration is 1-2 hours. Apart from 
the use of 50 mm codend mesh in Madagascar versus 55 mm in Mozambique, the fishing gear and its 
configuration in the two countries is very similar, and according to one of the captains, using the Malagasy 
TEDs in Mozambican trawls will not be a problem. 

TEDs were inspected on trawlers in the fishing harbour at two fishing companies (Refrigepêche and 
PêcheExport); TEDs were already installed in the nets in preparation for the new season commencing 5 
March 2015. Companies reported that they all use the same TED design (Figure 1) which uses United 
States specifications (although the first TEDs used in Madagascar were imported from Australia), with 
minor modifications (e.g. rectangular or round bars – Figure 2). Some of the first TEDs used in 2005 are 
still being used currently – the companies repair them, or import new TEDs, or build them at their 
workshops using the same design. Aluminium is mainly used; although Innox (stainless steel) is sometimes 
used. Bycatch Reduction Devices (big-eyes) are also compulsory although these were not observed. The 
design specifications are not included in legislation and could not be provided to us by the companies or 
GAPCM; however, obtaining the specifications was not seen to be a problem as they are based on the 
National Oceanic and Atmospheric Administration design, available on the internet. 

TEDs are installed in an extension piece in the beginning of the codend. The main criterion is that a 45o 
grid angle is the maximum allowed. Individual captains make small modifications when installing the TEDs 
in their nets. All TEDs observed used a double flap cover for the escape opening (Figure 2), to prevent 
excessive loss of prawns. Some TEDs use one large float while some use two smaller floats to help grid 
alignment and buoyancy. 
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Figure 1: Typical TEDs used in Madagascar  

 

Figure 2: Double flaps (the dark green mesh which is folded back) are used to cover the escape opening; 
a single large float is used on this TED; there is a mixture of round and square bars in this TED 

Regarding industry perspectives on TED use in Madagascar, the director of one of the companies said that 
when they started to use TEDs, 50% of the catch was lost, but this improved later with experience; these 
days they believe the TEDs lose 5-10% of big shrimp. The TEDs and BRDs also lose big fish, which reduces 
profitability; in 2005-2007, shrimp catches were good and profitability was OK, but this has changed (fuel 
price increase, shrimp catch rates reduced) so now they need the bycatch to help profitability. The TEDs 
do not improve shrimp quality; TEDs helped them to be able to use eco-labels on their product, but this 
did not improve their access to markets (there are several eco-labels - Red Label, MSC, EcoPêche, with 
different criteria). The markets in Europe have improved now, so consumers have less concern about eco-
labels. The company said that if they were allowed, they would remove the TEDs although they do 
understand that the TEDs help the ecosystem. In 2004, before TEDs were used, they caught 8 turtles (1 
dead) in that season. They do not have a problem with the physical operation of the TEDs i.e. the TEDs do 
not cause problems to the operation of the trawl nets. 

Another company did their own experiment to test the effect of the TEDs in 2013 (reported earlier under 
Activity 2.4), but there was no independent observer onboard; without a TED, small shrimp catch 
increased 5-10%, large shrimp increased 20% and retained fish increased by 30%. The director believes 
that reducing the predatory fish (which are released by the TEDs) has resulted in reduced prawn catch; 
they have disrupted the balance of the ecosystem. However, he was not able to say why prawn catches 
have also declined in Mozambique where TEDs are not used. They have only caught two turtles since 
2009. This company reportedly met with MSC representatives who said that TEDs are not essential for 
MSC certification. They are concerned about profitability – some companies have closed as a result of the 
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poor catches. Apparently this company has recently invested in large (45 m) trawlers and their bycatch is 
exported; they need to show profitability. 

The third company’s director had no problems with using TEDs, and said they only lose 5% of catch. Eco-
labelling of their products is not a concern. They use TEDs because of ecosystem concerns, and it is a legal 
requirement. One of his trawler captains said TEDs cause 20% loss in catch. When fishing in Nosy-Be area 
(some years ago), he once caught 15 turtles. The company does not use any eco-labelling and don´t have 
any problems with marketing the product. One of the local Malagasy captains said it takes about two 
hours to change a damaged TED onboard (they carry four spares). They normally install the TED into the 
extension before leaving port, and this extension is later attached to the main trawl net in front of the 
codend. Branches sometimes clog the TEDs, especially on the east coast in the beginning of season. 

We only met a trawler captain from the fourth company as the director was not available. He did not have 
problems with the operation of the TEDs, although he had only been a captain for two years, and could 
not say whether the TEDs caused a loss in catch.  

The Malagasy legislation only says that TEDs and BRDs must be used – there are no specifications given. 
GAPCM also said that there are no specifications given to the companies – they are still using the same 
design which was implemented in 2005. The 45o grid angle is generally known and used, and bar spacing 
is about 11 cm. There has been no independent testing of TEDs in Madagascar after IFREMER’s assistance 
in 2003-2005, apart from a one-day trial during an FAO TED workshop in Mahajunga in 2007. In the 
workshop report, the FAO and US gear experts noted that the Malagasy double flap system could be 
improved, and that their TED angles were less than the optimum; the grid angles need to be checked 
frequently, as the nets stretch with time. The perspective from GAPCM is to use TEDs so as reduce 
environmental impacts by trawling; they would like to improve the operation of the TEDs so as to minimize 
loss of shrimp, as the requirement for the use of TEDs causes conflict at their meetings. 

Regarding compliance, there is inspection of fishing gear at sea – but not on specifics such as the optimum 
angle for the grid. One of the captains said his boat was inspected at sea 3-4 times per season. All boats 
observed in the harbour appeared to have TEDs installed, or were at least ready for installation. One of 
the people interviewed suggested that it is possible that the trawler crews sometimes remove the TEDs 
at sea. 

A very experienced trawler captain said that he was available to come to Mozambique to train local 
captains in the installation and use of TEDs; he was available from September to January. The cost of this 
training needs to be established. The timing of this training would have to be appropriate for the 
Mozambique industry, so that trawler captains and/or fishing masters were available (the best time is 
close to the opening of the season). However, following discussions between BYCAM participants, it was 
decided that since the specifications/installation of TEDs in Madagascar can be improved, it was preferred 
to rather obtain practical advice from another gear expert with more recent information, so as to 
maximize the chances of success in the planned TED trials in Mozambique. 

In conclusion, the TEDs being used in Madagascar are likely to be suitable for use in Mozambican trials 
and their specifications are available. Opinions by the Malagasy industry varied as to the extent they 
considered TEDs to be affecting their fishing, and it was apparent that there was no regular checking of 
TED installations to optimise their use. 
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Activity 3.5: Fennessy ST, Kimani, EN 

Introduction 

Initially TED trials were to occur in Mozambique, which has a large trawling fleet and likely large numbers 
of turtle catches, but resistance from industry to the testing of TEDs led to BYCAM project funds being 
shifted to Kenya, whose companies were open to TED evaluations. Because the practicalities of TED use 
in Kenya had been identified as problematic (see Section 2.4), and since there was no local capacity for 
TED installation, a TED specialist was identified in 2016 by the then BYCAM PI Atanasio Brito from 
Mozambique. The specialist even went to Mozambique to discuss the feasibility of TED trials there with 
the stakeholders, including fishing companies – to no avail. The requirements necessary for the trials to 
assess the catch efficiency of a TED on a Kenyan prawn trawler were finally agreed on by the various 
parties (WIOMSA, KMFRI, the fishing company and the gear specialist) in April 2018, shortly before the 
trials commenced. The primary objective was to assess TED effectiveness in prawn trawls by conducting 
comparative tows of trawls equipped with TEDs against non-TED equipped trawls, identifying operational 
problems with TED use specific to the vessel participating in the trials. Notwithstanding their compulsory 
use in Kenya, the fishing industry has complained about TED use, stating that 1) not enough testing and 
reconfiguration of TEDs has been carried out; 2) a significant part of the target catch and valuable by-
catch is lost by TEDs; 3) the TED poses a hazard to crew members especially in rough weather where it is 
difficult to handle a cod-end with a TED and 4) there is a lack of knowledge and capacity of the vessel 
owners to build or procure TEDs and lack of expertise to inspect and maintain working TEDs. Hence the 
objectives of the BYCAM TED trawls in Kenya were to assess these four stated concerns. 

Methods 

Once in Kenya, the specialist conferred with the boat owners and decided to build two different TED 
models in case one model was not compatible with the trawls used by the chartered vessel, F/V Roberto 
- all trawlers were at sea when he arrived. One was a standard super shooter model TED of 122cm height 
and 101.6 cm width with 10 cm bar spacing, the second a rectangular grid of 165 cm in height and 114.3 
cm in width with 10cm bar spacing. Fortunately, the trawling company also has interests in a very well-
equipped aluminium fabrication company, so they were able to create drawings and build the TEDs using 
the templates provided by the specialist. In the end, the TEDs had to be sewn into their extensions at sea 
since the grids were only finished being built two days before the cruise started.  On inspecting the net on 
board the vessel, the TED design selected for the study was the flat bar super-shooter style TED (Figure 
1). 

 

Figure 1: A flat bar super shooter TED grid being mounted into a TED extension 

Although there was some indication of differences in catch between the two nets before the TED was 
installed (see Nalovic et al 2019), the pairing of the trawls tends to control, to a large extent, between-
haul variability and also variability resulting from alterations to the normal trawl configuration (Mitchell 



47 
 

et al. 2002). Consistent with past comparative towing experiments, the specialist sought to further reduce 
potential side bias, with resulting differences in catch between one side of the vessel and the other and 
hence compromised results, by swopping the TED position between port and starboard trawls after every 
five tows, to collect data from an equal number of tows on each side. A minimum of 30 successful 
comparative tows was required to generate sufficient statistical power for the comparison.  

Prior to the formal experimental tows, a combination of different TED configurations was trialled so as to 
expose the captain and crew members to the different possibilities and the advantages/ disadvantages of 
each configuration. The different configurations consisted of using the TED with an escape opening at the 
bottom vs the top, single vs double TED escape hole flap covers, and the use or absence of an accelerator 
netting funnel in front of the TED. Also prior to the experimental 30 tows, and while the TED was being 
trialled, there were a series of modifications done with the objective of optimizing the gear configuration 
before the trials proper started. The following gear performance problems were addressed: chafing of 
gear on an obsolete structure of the boat, potential loss of catch due to incorrect TED angle, the use of a 
double flap escape hole cover, differences in the diameter of the trawl and the diameter of the TED 
extension, and the taper of the nets not being uniform between the port and starboard nets. 

Because the objective of the study was to evaluate TED performance under conditions characteristic of 
the Kenyan trawl industry, the vessel captain decided where and when to fish. It was, however, agreed 
that fishing operations would be interrupted to make necessary trawl adjustments in order to maintain 
uniform fishing performance and to properly maintain the TED. Tows were conducted at fishing depths 
ranging from 45.5 m to 5.6 m with a majority of tows (60%) occurring at depth ranging from 8 m to 15 m. 
All the tows occurred in the Malindi-Ungwana Bay area. Data collected during each tow included tow 
duration, fishing depth, vessel position, vessel speed, and gear operation observations (i.e. torn/damaged 
trawls, mud tows, important seaweed or bycatch catch, twisted bags or TED problems). Tows occurred 
during daylight hours only and the trawls were retrieved approximately every 2 hours. The various catch 
categories from the starboard and port trawls were kept completely separate. The trials proper (after all 
modifications had been undertaken, which took 23 tows to finalize) comprised 30 consecutive 
comparative tows with the gear specialist on board, and a further 20 tows once he had disembarked, 
which were supervised by the KMFRI technician who remained on board until the end of the trip. Paired 
T-tests tested the null hypothesis of no difference in mean catch weights by catch category between 
experimental (TED) and control (non-TED) trawls.  

Results 

It soon became apparent that this is not just a prawn trawl fishery, since the fish catches are considered 
important to the company, and much of the fish catch is packed, which is atypical for conventional prawn 
trawling. Approximately 75% of the catch discharged at the end of the trip comprised fishes. 
Approximately 18 species of the category Small fish (those <0.2 kg) were retained, as well as 14 species of 
large fish (dominated by Pawizi = Lobotes surinamensis) and reported in the results below - very few 
individuals were larger than 0.5 kg. Unwanted Bycatch consisted of small unmarketable fish (11 species 
regularly seen), and small individuals of marketable species, unwanted crustaceans/crabs, small 
cephalopods, and jellies. This Bycatch was generally thrown overboard.  Two species of prawn – called 
Banana shrimp (Penaeus indicus) and Tiger shrimp (Penaeus monodon) in the results shown below - were 
retained. No turtles were caught in any of the tows. Elasmobranchs mostly comprised very small milk 
sharks (Rhizoprionodon acutus), and seven other species were also caught in very low numbers. 

The TED net catches showed a slight reduction in Small Fish (~7%, significant), a marked reduction (~68%, 
significant) in Big fish (Pawizi) and a slight reduction in unwanted Bycatch (~7%, significant); differences 
in prawn catches between the TED and Control nets were neither substantial nor significant (Table 1). 
Milk sharks occurred in 35 of the 50 trial tows, mostly occurring in both TED and Control nets in the same 
tow; in 6 tows they only occurred in the Control net, in 7 only in the TED net; catches were very similar 
(total catch weights in the 35 positive tows were 37.2 and 39.9 kg respectively). 

The full results are available in the report (Nalovic et al. 2019) submitted by the specialist to the BYCAM 
team in November 2018, and which was reviewed by them. 
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Table 1: Results of paired t-test comparisons of Control vs TED net catches (in kg) per trawl; see text for 
definitions of catch categories. NB: % Diff for Small Fish should be -6.97.  

 

Discussion 

Over the duration of the cruise, the captain and crew experienced very few problems in handling and 
operating the TED-equipped trawl. There were, however, difficulties to overcome since the trawl net’s 
configuration was not optimal in the beginning of the experiment. After a few gear and procedural 
adjustments agreed upon by specialist and the Captain of the vessel, these issues were overcome. This is 
normal since these trawls were not initially designed to incorporate TEDs and the TED also needed some 
adjustments before it began to work effectively. At sea, the vessel crew worked patiently with the 
specialist to install the TED grids, adjust the TED angle and swap the TEDs between different sides of the 
boat.  By the end of the first week, several crew members were very competent in this.  

It was initially necessary to adjust the trawl so as to accommodate the chosen TED. With these 
adjustments, the net with the TED consistently maintained prawn catches similar to that of the Control 
net. Due to a lack of time, the other larger rectangular TED was not trialled; this larger TED may be a better 
fit for the trawls used by the other vessels, but this would need to be established. Although no turtles 
were caught, given the approved specifications used for the TED and its success elsewhere, there is no 
reason to believe turtles would not be excluded if these TEDs were implemented in this fishery. Larger 
elasmobranchs would also be excluded; the low incidence of sharks and rays in trawl catches is concerning 
and likely reflects the substantial artisanal fishing effort and catches, dealt with elsewhere in this report. 

 With the realization that retained fish were of considerable consequence to the company, the TED was 
rigged accordingly i.e. to ensure that turtles (and hence large elasmobranchs) would not be retained, that 
prawn catches would not be affected and that fish catches would be compromised as little as possible. 
The results of the study indicate that the use of TEDs in the Kenyan trawl fleet is feasible because there 
was very little difference in catch rates of prawns between TED-equipped trawls and non-TED trawls. 
Considering only the first 30 trial tows with the specialist on board (results not shown separately), the 
difference in catch rates of small retained fish between TED trawls and non-TED trawls is minor. However, 
the low but statistically significant difference between small retained fish catches based on all 50 observed 
tows does not correspond with the results from the initial 30 observed tows, suggesting that monitoring 
of the final 20 tows may have been problematic – particularly since the swopping of the TED between 
sides was not done consistently for the final 20 tows.  So the results of the first 30 tows may need to be 
considered separately from the final 20 tows.  

Attempts to reduce the loss of Big fish (Pawizi in particular) by modifying the guiding accelerator netting 
funnel showed some promise in this regard, but requires further consideration. The economic 
consequences of the loss of larger fishes due to the TED did not elicit comment from the industry at the 
restitution meeting held after the trials, but could be further investigated (see recommendations). 

One of the objectives of this project was to build capacity in relation to TED use. This was accomplished 
at a variety of levels: 
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A local company learned how to design and manufacture quality TEDs which could help other WIO nations 
interested in procuring TEDs for their fisheries. 

The electronic design plans of the TED manufacturing specifications are available as a result of this project. 

A KMFRI technician (Rashid Anam) was trained to be able to complete comparative towing experiments, 
beyond TED testing e.g. for mesh size and other experiments aimed at reducing bycatch in the Kenyan 
fleet. 

Crew members of the R/V Roberto where familiarized with the functionality of the TED and the basics of 
trouble-shooting TED issues. A crew member on the Roberto is capable of inserting a TED grid into a TED 
extension, changing the angle of the TED, changing the flap of the TED, attaching floats to the TED, 
inserting and removing an accelerator funnel, switching a TED from top opening to bottom opening. 

It would be worthwhile to reinforce this capacity with further training which could take the form of an 
official exchange with NOAA in the frame work of their TED program that occurs in the Mississippi 
Harvesting Lab facility (https://www.sefsc.noaa.gov/labs/mississippi/ted/). The gear specialist can 
facilitate this. 

 Recommendations 

There are five actions that should be prioritized: 

● KMFRI should evaluate the total catch of large fish caught by trawlers operating in Kenya to determine 
if the indicated lowered catch using TEDs would hinder TED implementation (see reference to 
management plan below). 

● Reinforcement of the capacity in Kenya to: 
● Conduct comparative towing experiments 
● Conduct further experiments with TEDs e.g. larger TEDs for other vessels 
● Install TEDs 
● Maintain TEDs in good working order. 

This should be done by a request from KMFRI for NOAA support for TED technology transfer in accordance 
with the US TED program, by requesting US TED certification. 

KMFRI should consider the importance of fish catches in the trawl fishery, and adjust the prawn 
management plan accordingly; this must include specifications for TED installation. 

KMFRI should continue to engage with the industry and the fisheries licensing department via follow-up 
meetings, to press for the installation of approved TEDs in the Kenyan fleet. 

WIOMSA should facilitate communication with Tanzanian stakeholders on the results of the Kenya TED 
trials, so as to advance TED implementation there. 

Further Information 

Nalovic MA, Kimani E, Wambiji N, Anam R, Fennessy ST. 2019. Report on TED efficiency trials aboard a 
Kenyan shrimp trawler, April 5th -May 5th 2018. Unpublished BYCAM Report to WIOMSA. 62 p. 

https://www.sefsc.noaa.gov/labs/mississippi/ted/
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Activity 4: Ngisiange N, Onganda H, Kimeli A, Mathai D 

 

Introduction 

Through the BYCAM project it has been clear that marine megafauna are caught especially in gillnet, 
handline and longline fisheries. The landings although only from Kenya, Tanzania and Madagascar can be 
extrapolated to the other WIO counties. Thus a fully queryable database is necessary to highlight areas of 
importance and hotspots, both in terms of risk of overfishing and population declines, and also areas 
where more research is required (research gaps). Creation of an interactive updatable spatial database 
builds upon regional, national and local programs such as SWIOFP and National Fisheries datasets (e.g. 
CAS data) within the WIO. These data would be complimented with large-scale habitat mapping using 
remote sensing data (SST, Primary Production, derived bathymetry etc.) sourced from the Natural 
Environment Research Council Earth Observation Data Acquisition and Analysis Service (NEODAAS).  

The Indian Ocean covers about 30 per cent of the total global ocean area and being predominantly a 
tropical ocean, accounts for a significant part of tropical coastal biodiversity and deep-sea oceanic 
biodiversity in various marine ecosystems. Based on FAO statistical fishing areas, the Indian Ocean is 
divided into two major parts: The Western Indian Ocean (WIO) and Eastern Indian Ocean (EIO) (FAO, 1990-
2015).  There are two monsoonal seasons, but it is common to have a third inter-monsoonal season: North 
East Monsoon (NEM), from February to May; South West Monsoon (SWM) from June to October and an 
Inter-Monsoon Season (IMS) from November to January.   

Focussing on Fisheries, bycatch has threatened megafauna species and their trends have been dipping. It 
is important to determine the drivers to their survival especially their distribution patterns for better 
management and bycatch mitigation. Other major threats included anthropogenic pressures, especially 
habitat loss and degradation, overexploitation or unsustainable exploitation, pollution and climate 
change, whose root causes are a major concern (Chaturvedi et al., 2013; Bellard et al., 2014).   

Likelihood occurrence models provides for an opportunity to study species distribution using different 
methods (Royle et al., 2012). The aim of this study is to show that occurrence probability of species over 
time can be estimated by environmental parameters using minimum and maximum values hence be used 
for bycatch mitigation through coalition avoidance. 

Methodology 

Decadal averages data were downloaded from National Oceanic and Atmospheric administration (NOAA) 
site which host data from their ocean climatic laboratory. One-degree statistical mean data including 
temperature, dissolved oxygen, salinity, nitrates, phosphates and silicates were downloaded in netCDF 
format. The data were then pre-processed using Integrated Data viewer, a Java-based software 
framework for analysing and visualising geoscience data and converted to hierarchical data format (hdf) 
using Coastwatch Data analysis tool by NOAA ready for Analysis. 

Image Processing 

Averaged data for the above mentioned parameters favourable for sharks in the WIO region were used 
for image analysis. Each image representing a parameter for each month (January to December) was 
classified based on minimum and maximum values. Seasonality was also considered. The resulting raster 
images were then combined to perform likelihood occurrence ranking. The resulting criteria used were 
high, medium and low. 

Environmental Variables 

Statistical mean environmental data averaged in decades at one-degree resolution were obtained from 
NOAA data site (https://www.nodc.noaa.gov/cgi-bin/OC5/woa13/woa13.pl?parameter=t) 

Temperature, salinity, nitrates, silicates, phosphates and Dissolved oxygen were used. The data were for 
the months of January to December from 1955 to 2012. In addition, range data were obtained from Ocean 
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Biogeographic Information System (OBIS) data site (http://www.iobis.org/) as shown in table 1. These 
range data were from peer reviewed publication of the most common sharks along the WIO region which 
include the Alopius, Sphyrnidae, Prionace and Hexanchus groups. 

Table 1 showing the range for the different environmental parameters used. 

Parameter Min Max Units 

Temperature 0.381 28.7 °C 

Salinity 28.8 37.2 PSS 

Dissolved Oxygen 0.73 7.7 ml/l 

Nitrates 0.006 31.7 umol/l 

Phosphates 0.03 2.6 umol/l 

Silicates 0.33 80.1 umol/l 

 

Likelihood Occurrence Model 

The model was generated by classifying the raster images for all the environmental parameters using 
minmax ranges to obtain the suitability classes. This was done by use of raster calculator in ArcGIS where 
all the areas that fit the range were classified as one and the no fit area classified as zero.  

  

Figure 1 showing ongoing classification process using ArcGIS 10.4 arcmap. 

The resulting raster images were the combined to produce range classes of the most likelihood area of 
occurrence to the least are for all the different months in the two seasons. 

 

 

Results and Discussion 

During the North East Monsoon (NEM) the month of March indicates low likelihood occurrence of sharks 
and same is observed during the season changeover i.e. the month of April. This period we expect low 
shark bycatch. Madagascar will experience increased shark bycatch during the month of October and 
November. During South East Monsoon (SEM), the months of June, July September will experience 
medium likelihood of shark occurrence. Notably we observe occurrences during the month of September 
in Kenya, Tanzania, Mozambique and Seychelles. NEM has highest likelihood of shark bycatch from 
October to February with Kenya highly affected during the month of January. High likelihood of shark 
occurrences is also observed during SEM in the months of May and August. 
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Figure 2 showing the shark likelihood occurrences during NEM. 
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Figure 3 showing the shark likelihood occurrences during SEM. 

 

Conclusion: It was clear that shark occurrence was seasonal and affected by environmental parameters. 
Once datasets are linked across the WIO region assessments can be properly conducted to give the true 
status of marine megafauna. 

 

Challenges 

1. Due to lack of geographical latitude and longitude data of the fishing grounds, they could not be mapped 

2. A fully updatable spatial database running on a web platform relational database management system.  

3. A status atlas product for the project encompassing all the components was not finalized   

Recommendations 

With all components of the BYCAM project having completed their field work, thematic maps will be 
produced (e.g. fishing grounds, migratory patterns, survey routes, fisheries effort, gear usage, bycatch 
species etc.) including web/online atlas maps beyond the project time. A fully queryable database will be 
used to identify areas of importance and hotspots, both in terms of risk of overfishing and population 
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declines, and also areas where more research is required (research gaps). This will also be used to 
extrapolate the project findings to the entire WIO region and give a regional assessment of bycatch.  

 

Outputs 

Several datasets and maps from known datasets were linked to the website. These included 

• Artisanal Fisheries Catch both reported and unreported including Sharks and Rays 

• Industrial Fisheries Catch both reported and unreported including sharks and Rays 

• Subsistence Fisheries Catch both reported and unreported including sharks and Rays 

• Recreational Fisheries Catch for EEZs 

• Country Level Datasets 

• Kenya Artisanal Fisheries data 

• Mozambique Artisanal Fisheries Data 

• Other Fisheries Databases 

• Statbase 

• Chimaera 

• Sea Around Us 
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Annex 1: Marine megafauna interactions with small-scale fisheries in the south-western Indian Ocean: 
a review of status and challenges for research and management 
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Annex 2: Social, economic and trade characteristics of the elasmobranch fishery on Unguja Island, 

Zanzibar, East Africa 
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Annex 4: Rethinking marine resource governance for the United Nations Sustainable Development 
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Annex 7: Marine megafauna catch in south-western Indian Ocean small-scale fisheries from landings 
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Annex 8: Life-history, exploitation and relative extinction risk of Baraka’s whipray (Maculabatis 

ambigua) in small-scale fisheries 
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Annex 10: Drink bottle acoustic alarms – recycled glass and plastic bottles provide potential low cost 

solution to end 50 years of cetacean fisheries bycatch. 

Berggren, Temple, Sharpe, Yang & Neasham. Drink bottle acoustic alarms – recycled glass and plastic 
bottles provide potential low cost solution to end 50 years of cetacean fisheries bycatch. In Review 
Scientific Reports (SREP-18-36647-T). 

Abstract 

Cetaceans have been threatened by incidental catch (bycatch) in gillnet fisheries for 50 years. An 
unsustainable proportion (≥3%) of the global cetacean population is lost annually through bycatch in 
developed countries gillnets alone. Toothed whales (odontocetes) navigate and detect objects in their 
environment using echolocation sounds, although successful detection depends on the acoustic 
backscatter properties of an object. Gillnets typically have too weak backscatter for dolphins to detect the 
fishing gear in time to avoid entanglement. Electronic acoustic alarms (pingers) have been used 
successfully in some fisheries to reduce bycatch of some dolphin and porpoise species. However, to date 
little mitigation has been implemented. The main driver behind low uptake of pingers is cost, between 
US$35-$100 per 100m net. To address this, we have developed very low cost (US$0-0.50 per 100m net) 
solutions using recycled plastic and glass bottles to create passive acoustic reflectors and mechanical 
pingers with similar acoustic emissions to existing, commercially available devices. We anticipate that 
these novel, low cost solutions will reduce cetacean bycatch globally and it is hoped that by publishing 
these results, fishermen and fisheries managers will be encouraged to take up these techniques and 
contribute to global conservation of cetacean species. 

Introduction 

Cetacean bycatch was first discovered in the late 1960s1,2, investigated in the 1980s and 90s3 and a global 
estimate was provided in the 2000s4. The global (≥3% population mortality) estimate is not sustainable 
for dolphins and porpoises which have a limited recruitment of 1-4% per year5 and in the case of the Baji-
Yangtze River dolphin (Lipotes vexifer) contributed to the species’ extinction6. Furthermore, the global 
bycatch estimate is likely a serious underestimate because it considers only 216,000 industrial gillnet 
vessels and does not include bycatch in small scale artisanal fisheries. There are around 3 million artisanal 
fishing vessels globally of which a large proportion use gillnets (www.fao.org). In addition, globally there 
are a very large number of illegal and unregistered vessels using gillnets for which no data are available7,8. 
Wherever distributions of gillnets and cetacean populations overlap there is evidence of cetacean 
bycatch1. Unlike many other threats facing cetaceans (e.g. pollutants or climate change) bycatch could be 
mitigated and reduced in the short-term. 

Toothed whales (odontocetes) navigate and detect objects in their environment using echolocation (the 
process of transmitting and receiving high frequency sound for target detection)9. However, successful 
detection is influenced by the sound frequency and acoustic backscatter properties of an object. Gillnets’ 
backscatter is typically too weak for dolphins to detect in time to avoid entanglement. Electronic acoustic 
alarms (pingers) have been demonstrated to reduce bycatch of several dolphin and porpoise species in 
developed country and small scale artisanal drift gillnet fisheries10,11. 

Pingers are currently mandatory in two US fisheries, the Gulf of Maine groundfish gillnet fishery 
(http://www.greateratlantic.fisheries.noaa.gov/protected/porptrp/) and the California/Oregon thresher 
shark/swordfish drift gillnet fishery (http://www.nmfs.noaa.gov/pr/interactions/trt/poctrp.html). In 
Europe, EC Regulation 812/2004 legislates that pingers should be used on gillnets fished by EU vessels 
larger than 12m. However, compliance is very low in both EU fisheries and in the US New England fishery, 
most likely driven by cost. This is also why currently available pingers will never be a viable solution in 
developing countries where fishermen have little financial means to pay for bycatch mitigation. 

Artisanal fishers use drift nets at the surface and sink/set gillnets anchored near the seabed12. Both are 
large mesh (10-20cm stretched mesh) and made of mono-or multi-filament nylon which has acoustic 
impedance similar to sea water and presents limited acoustic backscatter for detection by cetaceans. Both 

http://www.greateratlantic.fisheries.noaa.gov/protected/porptrp/
http://www.nmfs.noaa.gov/pr/interactions/trt/poctrp.html


178 
 

are often set at night, limiting visual detection. There is therefore a strong incentive to develop minimum 
cost methods to mitigate cetacean bycatch in artisanal gillnet fisheries with potential implications for 
developed country fisheries. 

Empty, used, glass and plastic drink bottles are available at minimum cost globally and this study 
demonstrates how they can be used to construct effective acoustic alarms to make cetaceans aware of 
the presence of gillnets. 

Methods, Results & Application 

The first and simplest design placed scrap metal bolts in empty glass bottles (350ml) which created high 
frequency acoustic emissions as the bolts moved inside the bottles. Initial trials showed that 40mm bolts 
with hexagonal heads produced useful sound levels with little risk of getting stuck in the bottle. The bottles 
were sealed by reusing the original cap secured with electrical tape. These bottles would be attached 
horizontally along the top of the net between floats and emit sound as the net and bottles are moved by 
surface waves and currents. A second glass bottle design, has the bolt instead suspended on a string inside 
the bottle, attached by a screw to a cork manufactured from disused styrofoam floats (Figure 1a). In this 
design, the bottles are mounted vertically with the neck of the bottle tied to the net head rope and the 
bottom of the bottle to the net mesh (Figure 1b). When the bottle moves, the string inside acts as a 
pendulum to provide mechanical amplification. Hence the bolt hits the side of the bottle with greater 
force and produces higher acoustic emission levels than in the initial design. 

The acoustic emissions of the glass bottle were measured by a broad-band calibrated hydrophone in an 
anechoic testing tank (3mx3mx1.5m) at Newcastle University, UK. Both designs were suspended in the 
tank 0.5m from a Reson TC4032 hydrophone, located 0.5m below the water surface, connected to a 
VP2000 preamplifier and digital storage oscilloscope. Motions were then manually induced to simulate 
being attached to the headrope of a driftnet in low sea state. 

The initial glass bottle design produced random “clinking” sounds of up to 10 milliseconds duration with 
a spectral density of up to 130 dB re 1uPa/√Hz @ 1m below 10 kHz and audible components up to 30 kHz. 
The second, pendulum based design produced similar signals but with a higher overall output level and 
spectral density approaching 160 dB re 1uPa/√Hz @ 1m as shown in Figures 2a and 2b. For comparison, 
we tested one of the most commonly used 10 kHz commercial electronic pingers. This pinger emitted a 
300ms duration harmonic series with 10 kHz fundamental, every 4 seconds and the maximum spectral 
density did not exceed 140 dB re 1uPa/√Hz @ 1m (Figures 2c and 2d). Other commercial pingers emit 
50ms - 1s duration sounds at 3-160 kHz, continuous or random, in 1-30s intervals13.  

Dolphins are able to detect gillnets with an estimated target strength of -62 to -46 dB at distances between 
25 and 55m in low noise environments14,15, but the detection distance will likely be significantly reduced 
at sea depending on environmental conditions (e.g. natural and anthropogenic noise levels) and whether 
and how the animal is using its echolocation. The nature of some entanglements indicates that dolphins 
may detect the nets, but that the detection is too close to the net for animals travelling at speed to avoid 
entanglement14,15. This suggests that any increase in the sonar target strength of the net would likely 
result in a reduced bycatch risk. 

One of the strongest sonar targets in water is an air bubble due to the acoustic impedance mismatch at 
the air-water interface. We investigated the use of air-filled plastic water bottles (500ml and 2l) as a sonar 
target. The plastic material of the bottle has similar acoustic impedance to water and hence the reflection 
would be produced by the air inside the bottle. We synthesized a typical dolphin echolocation signal, a 
broadband “click” signal centred on 70 kHz (Figure 3), which we transmitted in the test tank and then 
recorded the sound reflected by the plastic bottle. The same recording equipment and distance was used 
as described above for the glass bottles. 

Both plastic bottles produced strong reflections of the simulated dolphin click (Figures 4 and 4b). As 
expected the larger 2l bottle was a stronger target (-16 dB target strength) compared to the smaller 500ml 
bottle (-27 dB target strength). The reflection by the smaller bottle is comparable to that of a 100cm 
yellowfin tuna (Thunnus albacares)16. 
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The sonar target produced by the plastic bottles in the nets should be large enough to be easily detectable 
by a dolphin’s echolocation. The smaller plastic bottles used here (0.5l) represent a 100-1000-fold increase 
(given that dB is a logarithmic scale) in target strength compared to gillnets’ typical target strength (-27dB 
for the plastic bottle compared to -62 to -46dB for gillnet). 

The logistics of using the glass and plastic bottle alarms were tested on artisanal driftnets in Zanzibar, East 
Africa. The results provided information for attachment and deployment of the bottles in the fishery and 
confirmed the feasibility of the mitigation approach. The next step will be to trial the bottles in selected 
fisheries to evaluate their effect on target and bycatch species catch. 

The production cost for one glass bottle pendulum pinger is $0-0.50 depending on refund value for empty 
bottles, one scrap metal bolt and nut, a single small screw, and string for the pendulum and to tie the 
bottle to the headrope of the net. The production cost of the plastic bottle sonar target ($0-0.25) also 
depends on refund value and the cost of a piece of string to fit the bottle to the bottom of the net. This 
represents a vast cost saving compared to using commercially available pingers and would remove the 
current economic obstacle for fishermen to implement bycatch mitigation. Given the acoustic output of 
the glass bottle pinger and the target strength of the plastic bottle, we recommend that both deterrent 
devices be spaced at intervals of 50m along a drift net.  

The glass bottles emit sound in a similar frequency band to commonly used electronic pingers16. Although 
the duration of each emission is significantly shorter (10 ms compared to 300 ms), the sound produced 
has a higher peak power and spectral density, emissions are more frequent and random, and energy is 
spread more evenly over a wider spectrum compared to the tones/harmonic series produced by 
electronic pingers. Hence, in addition to the cost saving, the glass bottle pingers have many signal 
characteristics found in more sophisticated electronic deterrent devices and the potential to mitigate 
bycatch of a range of cetacean species. 
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Figure Legends: 

Figure 1. Glass bottle acoustic alarm (pinger), a) glass bottle pinger with a pendulum made from a single 
bolt and string attached to the cork at the top of the bottle, b) glass bottle pinger attached to the head 
rope of a drift gillnet.  

Figure 2. Tank testing of pinger devices: a) Hydrophone signal from glass bottle pinger b) spectrum of glass 
bottle pinger c) hydrophone signal from electronic pinger d) spectrum of electronic pinger. 

Figure 3. Time domain plot showing the synthesised 70 kHz broadband pulse waveform used to simulate 
a typical dolphin echolocation click.  

Figure 4. Time domain plots of the backscatter signals from; a) small 0.5l plastic bottle (-27 dB target 
strength), and b) large 2l plastic bottle (-16 dB target strength). 
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Fig. 1a    Fig. 1b 

  

Fig. 2a       Fig. 2b 

  

Fig. 2c        Fig. 2d 
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Fig. 3 

  

Fig. 4a        Fig. 4b 
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Abstract 

The populations of marine mammals and sea turtles are declining around the world because of their high 
vulnerability to fishing mortality and they have been reported as by-catch globally. However, specific 
information on the magnitude of by-catch is still largely lacking in artisanal fisheries. The aim of this study 
was to assess marine mammals and sea turtles by-catch in artisanal bottom-set and drift gillnet fisheries 
along the north-coast of Kenya. The study was conducted between May and November 2016 in the small 
scale fisheries of Mombasa, Malindi and Lamu. Questionnaires were used to gather data and guide books 
for identification of species. Twelve (12) species were identified as by-catch including 7 species of marine 
mammals and 5 species of sea turtles. The most frequently caught species of sea turtles were the green 
turtles Chelonia mydas (50%), hawksbill Eretmochelys coriacea (18%), olive ridley Lepidochlys olivacea 
(18%) and leatherback Dermochelys imbricata (9%). By-catch incidences were significantly (p < 0.05) 
higher during north-east monsoon than south-east monsoon. Drift gillnet fisheries reported higher by-
catch incidences of marine mammals while bottom-set gillnets reported higher by-catch incidences of sea 
turtles and are, therefore, both considered as threat to these marine mega-fauna along the Kenya coast. 

 

Keywords: By-catch, marine mammals, sea turtles, Western Indian Ocean, north-coast of Kenya, gillnets. 
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Introduction 

Several species of marine mammals have been recorded in a number of coastal areas and in various 
studies (e.g. Wamukoya et al., 1996; Husar, 1975; DeMaster et al., 2001; Kiszka et al., 2008; Kiszka et al., 
2009a; Kiszka et al., 2009b; Kiszka, 2012a; Kiszka, 2012b; Pérez-Jorge et al., 2015; Pérez-Jorge et al., 2016). 
Marine mammals are considered very important because they contribute high flow of energy in the 
marine ecosystem. Cetaceans as a group and sperm whale alone, can consume a greater quantity of prey 
than all teleost fish combined. Some marine mammals such as cetaceans have an important ecological 
role in the recycling of nutrients by feeding at depth and then defecating in the euphotic zone. Large 
cetaceans also continue to play an important ecological role even after death through the downward 
transfer of nutrients to benthic communities (Bowen 1997).  

 

In Kenya, marine mammals are facing extraordinary threats due to fisheries and many species have been 
listed as endangered or vulnerable and data deficient, while others have been reported to have almost 
completely disappeared from the Kenyan waters (Kiszka et al., 2009b). The Indo-pacific humpback (Sousa 
chinensis) and bottlenose dolphins (Tursiops aduncus and Tursiops truncatus), as well as the dugong 
(Dugong dugon) have been reported by previous studies as the most affected marine mammal species 
through by-catch in gillnet fishery (Kiszka et al., 2009a). Historically, the dugong occurred in large numbers 
off the Kenyan coast before the 1970's with large groups of about 500 reported along the south coast in 
1967 (Husar, 1975; WWF EAME, 2004). A study by Kiszka et al. (2009a) attributed the incidental capture 
of dugong in the Indian Ocean to gillnets and hunting which has reduced their population. The study also 
indicated that dugongs still occur, though in small numbers, off the Tana Delta area, in the Lamu 
Archipelago and in the Kiunga Marine reserve in the extreme north. 

 

On the other hand, sea turtles spend most of their lives in coastal or pelagic waters, making uninterrupted 
coastal waters critical to their population stability. They play a significant role in the marine ecosystem 
and can transfer substantial quantities of nutrients and energy from nutrient-rich foraging grounds to 
nutrient-poor nesting beaches for other marine organisms to benefit. The loggerhead turtle (C. caretta) 
can modify the physical structure of their habitat in a number of ways, including digging trenches through 
soft substrates in search of in-fauna prey (Bjorndal & Jackson, 2003). Sea turtles have been negatively 
impacted by a number of anthropogenic factors which include oil spills, contaminants and other types of 
marine pollution. Direct offtake and habitat modification have also shown to affect sea turtles. In spite of 
this, the human activity that has the greatest impact on sea turtles is fisheries’ by-catch. Because fishing 
is an important source of protein and the livelihood for millions of people worldwide, by-catch of sea 
turtles continues to be the most pressing human impact on sea turtle populations globally (Lewison et al., 
2013).  

 

Sea turtles are facing unmatched threats worldwide and are listed as endangered species under the 
International Union for Conservation of Nature (IUCN) Red list with varied vulnerability. Kenya is home to 
five species: loggerhead turtle (Caretta caretta), leatherback turtle (Dermochelys coriacea), olive ridley 
(Lepidochlys olivacea), hawksbill (Eretmochelys imbricata) and green turtle (Chelonia mydas) out of the 
seven which are found in the world oceans. The hawksbill turtle is considered to be the most critically 
endangered species among all the existing five species in the Kenyan coast (Kiszka, 2012a). High sea turtle 
mortalities have so far been reported in the country by various studies with majority of kills linked to by-
catch (Frazier, 1975; Frazier, 1980; Wamukoya et al., 1995; Wamukoya et al., 1998; Mueni & Mwangi, 
2001; Okemwa et al., 2004; Bourjea et al., 2008; Kiszka, 2012a; Olendo & Mwasi, 2017). 

 

Kenya marine fisheries comprise both artisanal and semi-industrial sectors and are of major socio-
economic importance especially to the coastal communities. Artisanal fisheries are confined to shallow 
coastal waters but account for 90% of the annual total marine fish landed (Kiszka & van der Elst, 2015). 
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Various studies have been conducted on by-catch on marine mammals and sea turtles but very few of 
them focused on the Kenyan coast artisanal fisheries (Wamukoya & Mbendo, 1995; Wamukoya et al., 
1998; Bourjea et al., 2008; Kiszka et al., 2008; Kiszka et al., 2009a; Kiszka et al., 2009b; Kiszka, 2012a; 
Kiszka, 2012b; Lewison et al., 2013). Therefore, the information on the impacts of by-catch on marine 
mammals and sea turtles in the small-scale artisanal fisheries is still scanty. Consequently, this study was 
aimed at assessing the by-catch of marine mammals and sea turtles in small-scale artisanal fisheries along 
the Kenyan coast off Lamu, Malindi and Mombasa in order to generate data and information necessary in 
the effective management and conservation of these marine resources. 

 

Materials and Methods 

Sampling sites 

The study was conducted along the Kenya coast focusing on landing sites in Lamu, Malindi and Mombasa 
towns (Figure 1), two landing sites were selected for each of the three towns: Kiwayuu and Kizingitini fish 
landing sites in Lamu; Mbuyuni and Ngomeni landing sites in Malindi; and Nyali and Old town landing sites 
in Mombasa. The landing sites were selected for sampling because they are easily accessible and have 
high numbers of gillnet fishers based on data from the state department of fisheries (Government of 
Kenya, 2014). 

 

Research Design 

This study was part of a bigger project investigating marine mega-fauna by-catch in Lamu, Malindi and 
Mombasa. Structured interviews with questions have also been used in the study similar to various studies 
done in the past (Moore et al., 2010; Kiszka, 2012a; Kiszka, 2012b). The questionnaire used in the present 
study was developed by Kenya Marine and Fisheries Research Institute as the implementing institution of 
the bigger BYCAM project. However, the questionnaires were modified and adapted to fit the purpose of 
the present study which focused only on the gillnet fishery, in contrast to the bigger project that covered 
several artisanal fisheries. Questionnaires were administered to fishers in Kiwayuu and Kizingitini landing 
sites in Lamu; Mbuyuni and Ngomeni landing sites in Malindi; and old town and Nyali landing sites in 
Mombasa. Only fishers confirmed to be using gillnet fishery for their fishing activities were interviewed at 
the study site. 

 

Sampling Procedures 

The study was conducted from late May through early November 2016. Data was collected once in every 
month using structured interviews (questionnaires). Interviews were administered to the fisher available 
at the landing sites during the field visits. Interviews were conducted at the landing sites and at the fisher 
camps under varying circumstances, including when fishers were repairing their fishing gears/boats, at 
landing sites, or when they were coming back/going to fishing (Plate 1 & 2). Depending on the availability 
of fishers on the landing site, between three and five fishers from different fishing vessels were 
interviewed per day. Although the questionnaires were prepared in English, they were often translated 
to Kiswahili (the national language) for the respondents. Each participant in the study was issued with a 
consent form that aimed at ensuring that the fishers participated in the research voluntarily. The forms 
were then taken back after being signed by the fishers. By-catch data was recorded by the researcher with 
the help of field assistants. Species identification was done using species identification keys (Plate 1) 
adopted from the FAO species catalogues and a field guide (Anam & Mostrada, 2012). 

 

Data Analysis 

Data on the species of sea turtles, marine mammals and elasmobranchs identified, number of times 
(frequency) a species was recorded over the study period were transferred from the questionnaires to 
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Microsoft Excel for analysis. By-catch composition was analyzed descriptively and presented in graphs or 
tables for drift and bottom set gill nets. Differences in numbers of sea turtles, marine mammals and 
elasmobranchs were compared between landing sites and seasons. Since the count data was not normally 
distributed, square root data transformation was performed (McDonald, 2014). The transformed data was 
later tested for homoscedacity using the Levene’s test (Levene, 1960) prior to statistical analysis. 2-way 
Analysis of Variance (ANOVA) was performed on the data that conformed to the assumption of 
homoscedacity while Kruskal-Wallis test was performed on the data which did not meet the requirements 
for ANOVA test. 

 

By-catch incidences were calculated for each species group using the following equation:  

BI = (N species/study period / N fishers).  

 

Where BI is by-catch incidence, Nspecies/study period is the number of individual species during the 
whole study period and Nfishers is the total number of fishermen interviewed during the entire study 
period (Kiszka, 2012a). Differences in the by-catch incidences between bottom-set and drift gillnet fishery 
during NEM and SEM seasons and at different landing sites were compared using 2-Way ANOVA. 

 

Results 

Fishermen Characteristics and Fishing Gears Used 

A total of 92 interviews were conducted. All respondents were males. At least 26% of respondents had 
already been involved in questionnaire surveys in the past. The age of interviewed fishermen had a mean 
of 46.3 ± 13.01SD. Their mean fishing experience was (mean ± SD) 23.8 ± 11.5 years. For all interviewed 
fishermen, fishing was their primary activity. 

 

Ngomeni had the highest number of fishing vessels using gillnets (40%, n = 37), while Nyali had the lowest 
(2%, n = 2) (Figure 2). About 61% of fishing vessels (n = 56) were using bottom-set gillnets, 15% (n = 14) of 
them were using drift gillnets, while 24% (n = 22) were using both gillnet types. 

 

Fishing Effort 

The number of days the fishers go fishing per week were between 5 and 7, with most fishermen (90%) 
reporting durations of 6 to 7 days. This applied to those fishermen who go fished and returned to the 
landing site on a daily basis. For the night fishers referred to as “Ago”, all the respondents declared that 
they spend between 23 and 24 days (depending on sighting of the moon) at sea (from 17th to 10th of 
every month of lunar calendar) and rest for 6 days of travelling back at the landing site. Based on 
fishermen declarations, lowest effort (4%) was observed during the Southeast monsoon (Kusi), i.e. from 
May to August, and highest effort (59%) was observed during Northeast monsoon (Kaskazi), i.e. from 
November to February. Some respondents (37%) declared that they were fishing throughout the year. 
Five vessel types were commonly used along the coast of Kenya; dhow (91.3%), fiber re-enforced plastic 
(FRP) (5.4%), dau (1.1%), motaboti (modern boats with outboard engines) (1.1%) and mtori (1.1%). 

 

By-catch Composition of Sea Turtles 

Five species of sea turtles were recorded as by-catch in all landing sites (Eretmochelys imbricata, Chelonia 
mydas, Lepidochelys olivacea, Caretta and Dermochelys coriacea). The green turtle C. mydas was the most 
recorded by-catch species (n = 63) with Ngomeni reporting the highest number of by-catch (19.6%; n = 
32) followed by E. imbricata with 17.2% in Ngomeni (n=28) and 7.4% in Kiwayuu landing site (n = 12). 
Caretta recorded reportedly the lowest by-catch (n = 13) (Figure 3). There was no significant difference in 
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the by-catch of sea turtles between different landing sites (Kruskal-Wallis test: H = 8.886 p =0.064). 
However, there was a significant difference in the by-catch of sea turtles between the seasons (Figure 4) 
(Kruskal-Wallis test: H =60.461; p<0.05). 

 

By-catch Composition of Marine Mammals 

A total of seven species of marine mammals (Figure 5) were recorded as by-catch in all landing sites; 
(Common minke whale Balaenoptera acutorostrata, Spinner dolphin Stenella longirostris, Fraser’s dolphin 
Lagenodelphis hosei, Indo-pacific humpback dolphin Sousa chinensis, Rissor’s dolphin Grampus griseus, 
Indian Ocean bottlenose dolphin Tursiops aduncus and Common bottlenose dolphin Tursiops truncatus). 
Overall by-catch of these species was low in all landing sites with the highest by-catch reported in Kiwayuu 
(n = 9) with T. aduncus having the highest number of by-catch (37.5%; n = 9) followed by G. griseus and S. 
chinensis both at 20.8% (n = 5). A significant difference in by-catch of marine mammals across the landing 
sites existed as Ngomeni reported significantly the highest by-catch composition (46.7%, n = 21) and Nyali 
had the lowest (2.2%, n = 1) (Kruskal-Wallis test: H = 60.081; p <0.05). 

 

There was no seasonal significant difference in the by-catch of marine mammals in different seasons 
(Kruskal-Wallis test: H = 9.388, p=0.402) (Figure 6). 

 

Gillnet Fishery 

About 74% of respondents declared by-catch of sea turtles in bottom-set gillnet fishery while 19% of them 
declared by-catch of sea turtles in drift gillnet fishery. In bottom-set gillnet C. mydas (38.4%, n = 26) had 
the highest number of by-catch while C. caretta (7.4%, n = 5) had the lowest. Over 16% of fishermen 
declared that they caught 1-10 individuals in the year prior to the interview while only 3.2% of the 
respondents declared by-catch of between 21-50 individuals of sea turtle species on the same period. In 
drift gillnet, C. mydas (50%, n = 17) was the highest sea turtle species reported as by-catch while the 
lowest was C. caretta (6%, n = 2; Figure 7).  

 

The result of 2-Way ANOVA shows significant difference in the by-catch of different species of sea turtles 
in the bottom-set and drift gillnet fisheries (df = 1; f = 29.8; p < 0.05). No by-catch of marine mammals in 
bottom-set gillnet fishery was reported. Marine mammal by-catch was declared by 51% of fishermen 
using drift gillnets. The most commonly involved species were T. aduncus (42%, n = 19) and T. truncatus 
(20%, n = 9), while the least involved species, S. longirostris (4%, n = 2), L. hosei (4%, n=2), B. acutorostrata 
(2%, n=1), and D. dugon (2%, n = 1). Number of marine mammals’ by-catch in the previous year varied 
from 0 to 10 individuals. Six percent (n = 17) of the respondents declared that they caught none of marine 
mammals in the year prior to the interview. 

 

When fishermen were asked about how many species of the marine mammals and sea turtles they caught 
during the previous year before the study was conducted (the range was given in the questionnaire as 
follows: 0, 1-10, 11-20, 21-50 and over 50), the reply was as follows (Table 1): 

 

Bottom-set and drift gillnets were used differently (Figure 8) during different seasons (NEM and SEM) and 
the difference was statistically significant (df = 1; f = 26.3; p < 0.05). The difference in the use of bottom-
set and drift gillnets along different landing sites was also statistically significant (df = 5; f = 5.6; p < 0.05). 

 

The result of 2-Way ANOVA indicated no significant difference in the by-catch of sea turtles and marine 
mammals between bottom-set and drift gillnet fisheries (df = 2; f = 8.8; p = 0.102). 
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By-catch Incidence 

By-catch incidence (number of individual species reported as by-catch during the study period per boat) 
was calculated for each fishery and each taxonomic group (elasmobranchs, marine mammals and sea 
turtles) between different seasons and landing sites. All values are presented in Table 2, 3 and 4. 

 

There was a significant difference in the by-catch incidences of marine mammals and sea turtles between 
NEM and SEM seasons at the six landing sites (df = 11; f = 3.2; p < 0.0.05) as shown in Table 2. The results 
of 2-Way ANOVA further showed a significant difference in the by-catch incidences between the use of 
bottom-set and drift gillnet fishery across different seasons at the six landing sites (df = 1; f = 21.66; p < 
0.05). By-catch incidences of bottom-set and drift gillnets across different seasons and landing sites are 
presented in Table 3. 

 

Based on the by-catch incidences, sea turtles appear to have higher by-catch incidences in bottom-set 
gillnet than in drift gillnet fishery. Marine mammal by-catch was higher in drift gillnet than bottom-set 
gillnets (Table 4). However, these differences were not statistically significant (Kruskal-Wallis test: H = 4.5, 
p=0.212). 

 

Use of By-catch Species 

All interviewed fishers declared that they released all sea turtles caught incidentally in the nets. Marine 
mammals were systematically discarded or released alive, except in some cases e.g. where the by-catch 
species is dugong, the meat was consumed secretly.  

 

Perceptions of By-catch and the Status of Population 

Perceptions of the status of population of marine mammals and sea turtles were recorded from key 
informant respondents. According to the fishers’ perceptions, there is an increase in the population of 
marine mammals and sea turtles over time. However, D. dugon was considered to have completely 
disappeared from the coastal waters of Kenya (41%, n=38). On the other hand, 4% of the respondents (n 
= 4) claimed that the status of marine mammals and sea turtles remains the same and is only affected by 
seasonality. 

 

Discussion 

This study investigated by-catch of marine mammals and sea turtles along the north-coast of Kenya. It is 
based on 92 interviews with artisanal fishers conducted in Lamu, Ngomeni, Malindi and Mombasa, where 
very little was known about the by-catch of these mega-fauna in the artisanal fisheries. This is one of the 
very few studies on marine mammals and sea turtle by-catch in the north-coast of Kenyan. The major 
finding of this study reveals a high extent of marine mammals and sea turtles by-catch in artisanal fisheries 
in both bottom-set and drift gillnets. A total of 12 species were identified as by-catch, including five (5) 
species of sea turtles and seven (7) species of marine mammals. 

 

The sea turtle species reported as by-catch in this study were C. mydas, E. imbricata, L. olivacea, D. 
coriacea and C. caretta. Marine mammal species were T. aduncus, T. truncatus, G. griseus, S. chinensis, S. 
longirostris, L. hosei and B. acutorostrata. The results of this study are consistent with the earlier study by 
Wamukoya et al., (1996) and Kiszka (2012a) in the area, both in terms of species involved and by-catch 
incidences respectively. Among the species which were not recorded by Kiszka (2012a) but were recorded 
in this study include G. griseus, B. acutorostrata, L. hosei and T. truncatus. Kiszka (2012a) recorded by-
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catch of Stenella attenuate, Megaera novaeangliae and Delphinus delphis which were not recorded in this 
present study. 

 

One of the most threatened and vulnerable species in the region, the dugong, was reported to have 
declined by majority of fishers. They reported that they used to capture dugongs a lot in the past but 
presently the species is reported to have disappeared and they were not reported as by-catch anymore. 
This is in contrast to previous studies that reported higher presence, by-catch and mortality rates of this 
species (Jarman & Kariba, 1961; Husar, 1975; Wamukoya et al., 1996; WWF EAME, 2004) and its presence 
in reasonably small numbers in Lamu archipelago and in Kiunga (Kiszka et al., 2009a). Fishermen in 
Kizingitini village reported that there used to be many dugongs in their fishing grounds, especially in a 
fishing area called “dugong hill” (they call it “Mlima wa nguva” in Swahili). This area had rich grass 
meadows and dugongs used to graze. This study recorded no dugong by-catch in the areas around dugong 
hill. This may be attributed to the current low populations of this species along the East African coast and 
its rapid decline since the early 2000s due to incidental capture in gillnets (Kiszka et al., 2009a). 

 

As indicated by this present study, there is a difference in the extent and effect of by-catch of marine 
mammals and sea turtles among gears. By-catch levels of sea turtles were higher in bottom-set gillnets 
than in drift gillnet fisheries. By-catch levels of marine mammals were higher in drift gillnets than in 
bottom-set gillnet fishery. However, the difference in the by-catch incidences between the two gear types 
was not statistically significant (p = 0.102). The difference in the use of bottom-set and drift gillnet fishery 
between different seasons was significant because fishers preferred using bottom-set gillnet during SEM 
season (because they can’t venture offshore fishing) and drift gillnet during NEM as they can venture 
offshore fishing. The adverse effects of gillnets, including bottom-set and drift gillnets, have already been 
highlighted in previous studies along the Kenyan coast (Kiszka et al., 2009a; Kiszka, 2012a) and in the 
region for particularly vulnerable species, such as the dugong (WWF EAME, 2004; Kiszka, 2012b; Pusineri 
et al., 2013).   

 

By-catch incidences (or by-catch rate per fishing vessel) for marine mammals were higher in drift gillnets 
than in bottom-set gillnets. This could be attributed to the fact that marine mammals (specifically 
dolphins) escape from the bottom-set gillnet as it is set for a long time but they don’t get time to do so 
when a drift gillnet is used. On the other hand, by-catch incidences for sea turtles were higher in bottom-
set gillnet than in drift gillnet fisheries. This could be attributed to the fact that sea turtles are demersal 
species and are more susceptible to bottom-set gillnet which is set at the bottom of the sea. 

 

This study reports higher by-catch of sea turtles especially at Ngomeni landing site. However, the 
difference in the by-catch of sea turtles across the six landing sites was not statistically significant (p = 
0.06). This study also highlighted new results on sea turtle by-catch in gillnets with high by-catch levels 
observed for leatherback turtles (D. coriacea) in the Kenyan coastal waters compared to the previous 
study by Kiszka (2012a) where this was relatively rare. Loggerhead turtles were reported previously by 
the same study as caught frequently in the Kenyan coast, but the present study reports a very low by-
catch of this species (only 1.5% of the artisanal fishers) in the Kenya coast. It should be given serious 
redress since this species is severely declining in the region (Kiszka, 2012a). The seasonal variations in by-
catch were directly related to fishing effort. The highest fishing effort was recorded during Northeast 
monsoon, i.e. from October/November to February/March and lowest effort was observed during the 
Southeast monsoon, i.e. from May to August. This phenomenon is linked to better sea conditions, 
especially between October and March. However, this was not evident in all gears as bottom-set gillnet 
was reported to be preferred during Southeast monsoon when venturing offshore is impossible. This 
could be attributed to the fact that bottom-set gillnet can just be set near the sea shore and there is no 
need to venture offshore or sheltered fishing grounds. 
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Artisanal fishermen declared that sea turtles and marine mammals by-catch was on the increase. While it 
is difficult to take these witnesses as real population trends, it is interesting to see that they are correlated 
to previous studies which have highlighted decline of dugongs and at the regional level (Wamukoya & 
Salrn, 1997; WWF EAME, 2004; Kiszka, 2012a; Kiszka & van der Elst, 2015). In all study sites, marine 
mammals and sea turtles were considered as by-catch and were not commonly used for food in the region. 
When still alive, marine mammals and sea turtles were generally released. Overall, marine mammals and 
sea turtle consumption may be underestimated as fishers may fear being reprimanded for killing and 
consumption of these species which is prohibited in the country by law. 

 

Conclusions and Recommendations 

This study clearly highlighted that an important diversity of marine mammals and sea turtles were 
exposed to artisanal fisheries as by-catch in Kenya. Dugongs, most likely the most vulnerable species 
according to IUCN conservation status, are still in decline and are even reported in this study to have 
almost completely disappeared from the Kenyan waters. With regards to by-catch of sea turtles, high rates 
are reported by this study especially at Ngomeni landing site. Fishermen also perceive the tough penalties 
against fishing of sea turtles as oppression against them while the species (in their perception) increases 
abundantly when sustainably utilized. 

 

The results of this study also highlighted that many coastal populations of dolphins, especially Indian 
Ocean bottlenose dolphin, common bottlenose dolphin, risso’s dolphin and Indo-Pacific humpback 
dolphin are facing detrimental interactions with drift gillnet fishery. It can also be concluded by this study 
that sea turtles are facing an exceptional threat in bottom-set gillnet fishery.  

 

Based on this study, some recommendations for future research and management initiatives are 
highlighted below:  

Extend Rapid By-catch Assessments (RBAs) to other artisanal fisheries such as artisanal long-lines, trawl 
nets, beach seines, cast nets and other types of nets which can pose a threat to these vulnerable marine 
mega-fauna in Kenya. However, a special focus should be directed to drift gillnet fishery which was 
reported in this study to have a great impact. 

Create awareness, through trainings, to fishermen in the country on the importance of protecting the 
resources we have with regards to these marine mega-fauna and empower them increase their socio-
economic value. Conduct further studies that would include collection of biological samples for laboratory 
identification of unidentified species as this present study reported ten of them. 
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Tables and Figures 

Table 1: Summary showing total number of by-catch by category reported during the year before the 
study was conducted in 2016. 

Group 0 

Range 

1‒10 

Range 

11‒20 

Range 

21‒50 

Range 

˃50 
Sub-
total 

Sea turtles 6 47 7 9 0 69 

Marine mammals 17 14 0 0 0 31 

 

Table 2: By-catch incidences (BI: rate of by-catch per one fishing vessel) of marine mammals, sea turtles, 
sharks and rays at six different landing sites during NEM and SEM seasons.  

BI = (N species/study period / N fishers). 

 

Marine 
mega-fauna 

Kiwayuu Kizingitini Ngomeni Malindi Old town Nyali 

NEM SEM NEM SEM NEM SEM NEM SEM NEM SEM NEM SEM 

Marine 
mammals 0 0 0 0 0 0 0 0 0 1 1 0 

Sea turtles 1 1 0 1 1 1 1 0 0 0 2 1 

             

Table 3: By-catch incidences (BI: rate of by-catch per fishing vessel) of bottom-set and drift gillnet 
fisheries by landing site during NEM and SEM seasons.  

BI = (N species/study period / N fishers). 

  Kiwayuu Kizingitini Ngomeni Malindi Old town Nyali 

Gillnet 
fishery NEM SEM NEM SEM NEM SEM NEM SEM NEM SEM NEM SEM 

Bottom-
set 3 3 3 5 4 4 3 2 4 4 7 3 

Drift 3 1 1 1 2 1 3 1 2 2 3 1 

Table 4: By-catch incidences (BI) of sea turtles, marine mammals, rays and sharks in bottom-set and drift 
gillnet fishery along the north coast of Kenya in all landing sites. 

BI = (N species/study period / N fishers). 

Gillnet fishery Sea turtles Marine mammals 

Bottom-set gillnet 2 0 



210 
 

Drift gillnet 0 1 

 

 

 

Figure 1: A map of Kenya (inset) showing the location of the sampled landing sites along north coast 
Kenya. 
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Plate1: Training of the fishermen on the use of species identification keys at Kiwayuu landing site during 
the survey. 

 

 

Plate 2: Researcher interviewing a fisherman who was repairing his fishing gear at Old town landing site, 
Mombasa. 
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Figure 2: Distribution of the fisheries at the studied landing sites along north coast Kenya. 

 

 

Figure 3: Spatial occurrence of by-catch of sea turtles at the sampling sites along north coast Kenya. 
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Figure 4: Temporal occurrence of sea turtles by-catch by season (NEM and SEM) at the sampling sites 
along north coast Kenya. 

 

Figure 5: Occurrence of by-catch of marine mammals at the sampling sites along north coast Kenya. 
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Figure 6: Temporal occurrence of marine mammals’ by-catch by season at the sampling sites along north 
coast Kenya. 

 

 

 

Figure 7: Occurrence of by-catch of sea turtles (Counts) in both bottom-set and drift gillnet fisheries 
along north coast Kenya. 
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Figure 8: Temporal occurrence of bottom-set and drift gillnet fisheries by season (NEM and SEM) and 
sampling sites along north coast Kenya. 
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     Nina Wambiji, Isigi Kadagi Nelly, Andrew J. Temple, Edward Kimani, Jeremy J. Kiszka, Chris 

Poonian, Narriman Jiddawi, Per Berggren 

 

1. Introduction  

Sharks are caught either as target or bycatch species in different fishing sectors including artisanal, 

recreational and large-scale commercial fleet globally (Dharmadi et al. 2015, Worm et al. 2013, Romanov 

et al. 2011). However, most studies tend to focus exclusively on the impact of commercial fisheries on 

shark populations while ignoring the effects of artisanal fisheries and recreational fisheries (Stevens et al. 

2000, Kiszka and Heithaus, 2014). Nevertheless, recent evidence has shown that a significant number of 

sharks are targeted by these fisheries in tropical countries, yet few studies have been undertaken to assess 

the catch composition, trends and magnitude of shark fishing, whether targeted catch or as bycatch 

(Yulianto et al., 2018; Baeta et al., 2010; Cartamil et al., 201; Van der Elst and Everett, 2015).  

 

Although commonly considered benign compared to industrial fisheries, artisanal fisheries may have the 

potential to profoundly affect fish stocks and on ocean ecosystems than previously thought (Purcell and 

Pomeroy, 2015; Smith and Basurto, 2019; Stallings, 2009). For instance, in the Western Indian Ocean 

(WIO) region, studies have shown that sharks are commonly captured as targeted species in artisanal 

fisheries, particularly for the fin trade but also for local consumption (Ferretti et al., 2018; Humber et al., 

2017; McVean et al., 2006). However, the lack of monitoring and absence of biological information on 

sharks and species-specific catches complicates the quantification and assessment of the actual impacts 

of these fisheries on shark populations in the region, particularly along the East African coast (Temple et 

al. 2018, 2019, Kiszka and van der Elst 2015, Humber et al. 2016). 

 

The capture of sharks is also typical among marine recreational fishers (Kiszka and van der Elst, 2015, 

Anderson and Simpfendorfer, 2005, Lucifora et al., 2012, Davidson et al., 2016, McVean et al., 2006, 

Temple et al. 2018) and like in artisanal fisheries, some evidence posits that recreational fishing (RF) have 

substantial negative impact on sharks yet often remain under-reported and unregulated in many 

developing countries (Belhabib et al., 2016). Since artisanal fishers comprise more than 65% of the WIO 

fishers and are likely to account for a considerable proportion of shark bycatch, there is an urgent need 

for accurate baseline information and data to address population declines that are likely to go 

unnoticeable. Further, understanding the status of directed and non-directed shark fisheries catalyses 

efforts to create and implement effective plans for protecting and managing shark resources. 
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Artisanal fisheries and the recreational fisheries represent an important sector in the marine fisheries with 

the artisanal fisheries in Kenya, constituting about 80% of the fishing effort (Marine Frame Survey 2016).  

Like in most SSF, artisanal fisheries in Kenya are characterized by the use of relatively simple gears, are 

often remote and dispersed, making them difficult to monitor and manage (Glaus et al., 2019; Smith and 

Basurto, 2019).  

Various studies have described characteristics coastal artisanal fisheries landings for small and medium 

pelagics) in terms of gear selectivity, species and size composition, seasonality, and the stock status (Kiilu 

et al. 2019, Kyalo and Ndegwa, 2013, Fulanda et al. 2011, Munga et al. 2013, Swaleh et al. 2015, Tuda and 

Wolff, 2015), but information on the artisanal shark landings is critically lacking. 

 

The recreational fishery, also termed as sport fishing or big game fishing has a long history which dates to 

at least the early 1950s and has a mixture of both private and charter sporting operations (Howard & 

Starcke II, 1975, Williams, 1970).  Fishing gears in the recreational fisheries are limited to handline or rod 

and reel accompanied with techniques such as light and heavy tackle or fly rods using live baits, dead baits 

or lures. Sportfishing particularly for billfish has put Kenya on the world map as one of the few game 

fishing destinations where an angler has a likelihood of catching a ‘Fantasy slam’ (sailfish, blue marlin, 

black marlin, striped marlin and swordfish) with the first record achieved in 2005 and two other fantasy 

slams in 2009. Additional game fish species include sharks, tuna, kingfish, wahoo, and giant trevally among 

others. From mid-1980’s, the tradition of catch, tag and release became prominent in Kenya’s sport fishing 

industry with the establishment of the African Billfish Foundation (ABF) (a private tagging programme 

based in Kenya) (Harris et al. 2013, Kadagi et al. 2011). The tagging data presents evidence that sharks are 

landed in recreational fisheries, but information is lacking on the composition of shark landings and 

magnitude of impact. 

In this study, we explore data on the composition of sharks in the Kenyan artisanal and recreational 

fisheries. Our approach provides an informative way to conceptualize the types of species, composition 

and proportions in the two fisheries at different time scales. We then applied a multiple linear regression 

model to examine factors most affecting the shark landings in the artisanal fishery. By examining the 

composition of sharks in the two fisheries and the factors influencing mean shark landings, the study 

contributes to an understanding of differential fishing impacts on shark species and informs the process 

of developing a national plan of action for protection and management. 

 

2. Materials and methods 

2.1. Study Area and Fishery Context 
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2.2. Data sources and collection 

To evaluate the trends in shark landings in Kenya, data for this study were obtained from primary 

and secondary sources as follows:  

 

2.3. Primary data 

2.3.1. Artisanal longline and gillnet data 

     Fisheries-dependent data from artisanal fisheries were collected from eight landing sites 

occurring along the Kenya coast.      Kipini, Kiunga, Kiwayu, Kizingitini, Ngomeni, Watamu, were 

located in the north coast while Old Port, and Vanga are located in the South coast) (Figure 1). 

These study areas are characterized by the presence of artisanal longline and gillnet (bottom-set 

and drift) fisheries that catch a variety of target and by-catch species (Marine Frame survey, 

2016). The geographical spread of these landing sites and prior knowledge from bi-annual surveys 

of fishing effort distribution were considered in the selection of the study sites (Marine Frame 

survey, 2016; CAS SOP’s), to provide a representative sample of artisanal fish landing sites along 

the Kenya coast.  
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Figure 1: Map of the Kenya coast showing 8 artisanal longline and gillnet data collection sites 

(Kipini, Kiunga, Kiwayu, Kizingitini, Ngomeni, Watamu, Old Port, and Vanga). Major recreational 

fishing centres are indicated in blue (Malindi, Watamu, Kilifi, Diani and Shimoni). 

 

     Data were collected by trained land-based observers who recorded landings of sharks from 

select fisheries gears at each of the study locations for a period of 12 months between June 2016 

and June 2017, this covered the two distinct fishing season typical to this region (McClanahan, 

1988). Seasons were defined based on two monsoon winds: The North East Monsoon (NEM) and 

South East Monsoon (SEM) winds which have been known to coincide with the level of fishing 

effort and activity along the Kenya coast (McClanahan & Mangi, 2001; Ndegwa & Herrera, 2011; 

Munga et al., 2013). In the NEM season, the sea is calm and thus the intensity of fishing increased 

during this period. In contrast, the SEM season causes roughness in the sea resulting in a 

reduction in the level of fishing activity. 

     Shark landings data included fleet components, for example, fishing craft and type of gear 

used, fishing site, species landed and fishing days. The gears sampled included longline (LL) 
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(demersal and pelagic), drift net (DN), handline (HL) (including rod and reels), bottom-set nets 

(BSN) and combination of the three gears (referred to as “Combo”).  

 

The landed sharks were photographed by taking a lateral photograph and the images utilized to 

identify specimens to species level. In cases where identification to species level was not possible 

(i.e. due to poor image quality or lack of detail), specimens were grouped to genus level. The total 

length (TL) of individual sharks were measured to the nearest cm using a standard measuring 

board. Other recorded information included the seasonal changes which were categorized based 

on the wind patterns.       

  

2.4.      Secondary data 

2.4.1. Historical, recreational fisheries tagging data 

 

     Kenya is one of the key game fishing destinations along the coast of East Africa. The main sport 

fishing areas/centres include Diani, Shimoni, Kilifi, Watamu, and Malindi (Figure 1). However, the 

majority of sport fishing activity such as tournaments and competitions are undertaken in Malindi 

and Watamu. Marine recreational fishers also referred to as sporting anglers are mostly fishing 

tourists from Europe and North America      and in some cases local tourists. Since the mid-1980s 

and early 1990s, the tradition of catch, tag and release      have gained prominence in Kenya’s 

sport fishing industry. Initially, most billfish were boated and brought to the gantry. Recent years 

have seen a change in attitude towards releasing billfish, whereby about 95% of billfish are 

released (Harris et al. 2013; Kadagi et al. 2011). Tagging involves the use of hydroscopic nylon 

tags which are inserted below the dorsal fin of the fish. 

Recreational fisheries historical tagging data on sharks were sourced from the African Billfish 

Foundation (ABF) tagging database (www.africanbillfish.org). ABF has overseen the tagging of 

billfish and other gamefish species in the WIO since the late 1980’s through its network of 

recreational fishing tourists and fishers. The Kenyan recreational fishery is designated as mostly 

catch and release (except few gamefish species). Participants in the ABF tagging programme 

primarily focus on billfish, but other species such as sharks, rays and giant trevally are also tagged. 

For      this study, landings data on sharks were available for the period between 1987 - 2016. The 

shark tagging data was from 48 boats that operated off the main recreational sport fishing 

http://www.africanbillfish.org/
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centres along the Kenya coast although the number of boats fluctuated over time. Data included 

dates, year, type of shark and fishing gear used.  It should be noted that the landings data for 

sharks only considers the species tagged and released by fishers participating in the tagging 

programme.  

2.5. Data analyses 

2.5.1. Composition of shark landings in artisanal and recreational fisheries 

All data were analysed using R statistical software. To determine the composition of shark 

landings in both artisanal and recreational fisheries, proportions of each family and species were 

calculated.  Additionally, the length composition of landed sharks and the effect of gear and 

seasonality of the shark landings were determined for both fisheries.  

 

The historical tagging data for recreational fisheries from 1987 to 2016 were grouped into 10-

year time series. These data were used to analyze differences in the composition of shark 

landings (families) in three distinct periods (1987 -1997, 1998 -2008, and 2008 -2016). The dates 

of tagging were used to determine the season in which the sharks were landed.  

 

The differences in the number and proportion  of shark landings according to types of season and 

gears in artisanal fisheries were investigated using the Kruskal–Wallis non-parametric analysis of 

variance.  

 

2.5.2. Influence of gear types and seasonality changes on the number of shark landings 

in artisanal fisheries 

A generalized linear model (GLM) (McCullagh and Nelder, 1989, Chambers and Hastie, 1992) was 

used to analyse the influence of seasonal changes (SEM and NEM) and gear types on the number 

of shark landings. The counts of artisanal landings were the dependent variable, while season 

and gear were factors. A poisson GLM with logarithm as the link function, which is appropriate 

for count data was used. 

 

𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽𝑖𝑋𝑖 + 𝜀𝑌 
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 is the response variable (counts of shark landings)?  

𝑋𝑖 are the explanatory variables (season and gear)?  

𝛽0 is the intercept,  

𝛽𝑖 are the coefficients that were estimated by maximum likelihood,  

𝜀 represents the error structure.  

 

The best model was selected using the Akaike Information Criterion (AIC) method. The AIC scores 

were used to evaluate the influence of the predictor variables on the proportions of shark counts. 

In addition, the p-value and 95% confidence intervals (CI) were also extracted. Statistical 

significance of the variables in predicting the number of shark landings was considered to exist if 

p < 0.05.  

  

3. Results  

Trends in landing numbers in both the artisanal and recreational fisheries were presented based 

on the composition, and the effect of gear and seasonality. The study also provides comparisons 

of GLMs (based on AIC scores) and the results      of the p-values and 95% CI for the best model 

explaining the effect of seasonal changes and gear on counts of shark landings in artisanal 

fisheries. 

 

3.1. Shark landings in artisanal fisheries 

A total of 1215 sharks across 21 species were recorded in artisanal fisheries. Most landed sharks 

belonged to family Carcharhinidae (33%) followed by Triakidae (29%), Lamnidae (20%), 

Sphyrnidae (17%). The proportions of Hexanchidae, Hemigaleidae, Rhincodontidae and Squalidae 

represented less than 1% of landed sharks. Specifically, Mustelus species featured prominently 

with the highest number (n=275) landed mainly in the NEM season, and accounting for 23% of 

the landings recorded while Sphyrna lewini (n=166, 16%) was mostly landed in SEM (Table 1). 

Results showed that the number of shark species landed were homogeneous (Table 1), although 

some species were frequently landed in either SEM or NEM.  
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More than half of the 21 species found fall under the IUCN RedList threatened categories 

Endangered (2) and Vulnerable (3), Data Deficient (2), Near Threatened (8), and six are in the 

lowest risk category (Table 6, appendix 1). The identification of the some of the species such as 

the Mustelus spp. was difficult, and were therefore reported to genus level owing to uncertainty 

in regional taxonomy. Additionally, about 35% of shark species were un-identified due to lack of 

corresponding photographic evidence and the cumulative use of similar common local names for 

different families and species. 

Table 1: Reported number of shark landings (identified to species level) from the artisanal 

gillnet and longline fishery for the period between April 2016 -March 2017. 

 

Species Common name NEM SEM Grand Total 

Unidentified sharks NA 193 227 420 

Mustelus sp. Smooth-hound 275   275 

Sphyrna lewini 
Scalloped hammerhead 

shark 
36 130 166 

Carcharhinidae Carcharhinid shark 48 55 103 

Carcharhinus macloti Hardnose shark   65 65 

Loxodon macrorhinus Sliteye shark 30 26 56 

Carcharhinus sorrah Spottail shark 15 13 28 

Carcharhinus 

amblyrhynchos 
Grey Reef shark 13 2 15 

Isurus oxyrinchus Shortfin Mako 9 5 14 

Carcharhinus sealei Blackspot shark 2 8 10 

Galeocerdo cuvier Tiger shark 6 4 10 
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Hexanchus nakamurai Bigeyed sixgill shark 9   9 

Carcharhinus leucas Bull shark 5 1 6 

Carcharhinus limbatus Blacktip shark 5 1 6 

Carcharhinus 

albimarginatus 
Silvertip shark 5   5 

Carcharhinus amboinensis Pigeye shark 5   5 

Carcharhinus melanopterus Blacktip Reef shark   3 3 

Carcharhinus sp. Carcharhinid shark 3   3 

Squalus sp. Spurdog 3   3 

Hemipistris elongata Snaggletooth shark   2 2 

Rhizoprionodon acutus Milk shark   2 2 

Carcharhinus longimanus Oceanic Whitetip shark 1   1 

Rhincodon typus Whale shark 1   1 

 

The size distribution of shark landings in artisanal fisheries showed mixed sizes ranging from 

smaller individuals of <100 cm (52%) and medium to large sized individuals of >100 cm) (48%). 

The largest size recorded for the captures of elasmobranch species in the artisanal fisheries was 

568 cm for a whale shark, Rhincodon typus. The landings comprised of a wide range of size 

composition between 10 cm and 300 cm (Figure 2). Whilst the driftnets caught more sharks of 

<100 cm, the longlines were selective in catching bigger sized sharks. Gillnets (bottomset and 

drifting), longline and handline were used to landed over 85% of the sharks. longlines landed over 

41% (n = 411), followed by driftnets (n = 303, 30%), bottom set (21%, n = 212) and handline (8%, 

n=81) and a combination of gears hereby named (Combo) had the lowest  proportion of landings 

(17%, n = 208). 
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Figure 2: Percentage total length distribution histogram of sharks (n = 1216) examined at the 8 

landing sites (Kiunga, Faza, Kizingitini, Kipini, Ngomeni, Mombasa and Vanga) in 25 cm size classes 

for the period between April 2016 and March 2017. The colours correspond to the percentage of 

shark landings in bottom set nets, combo, drift nets, handline, and longline respectively. 

 

3.2. Proportions of artisanal shark landings in relation to gear types 

Changes in proportions of landings (by species) were apparent based on the type of gear used 

(Fig 3). Longline and driftnets had the highest proportion of landed species (33.8% and 24.9 %), 

whereas bottom set nets, a combination of gears hereby named (Combo), and handline had the 

lowest      proportion of landings (17.6%, 16.9% and 0.07% respectively). There were significant 

differences in the number of shark landings based on the types of gears (𝑋2 =9.23, p = 0.05, df = 

4)  

 

An examination of estimated species proportions by shark landings by species (Figure 3) showed 

that some species were landed in specific gears. For example, Rhizoprionodon acutus and 
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Rhinconodon typus were primarily landed in bottom set nets while Hemipistris elongata was 

recorded in driftnets during the study period. Additionally, Carcharhinus longimanus was landed 

using handlines. The other 16 species were landed using the different types of gears. 

 

 

Figure 3: Proportions of shark species landed based on artisanal gear-type: Longline, Driftnet, 

Handline, Bottom-set nets and a combination of either of the three gears (referred to as 

“Combo”) for the period between April 2016 and March 2017.  

 

3.3. Proportions of artisanal shark landings in relation to seasonal changes  
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Sharks were landed during both NEM and SEM season (Fig 4). A total of 664 individuals 

representing 17 species (54.7%) were landed during NEM season which runs from October to 

March. On the other hand, 551 individuals representing 16 species (45.3%) were landed in the 

SEM season which runs from April to September.  

 

Even though more than 50% of shark landings were recorded in the NEM season, the top 4 

species including Mustelus spp. (275), Carcharhinus spp. (51), Sphyrna lewini (36), Loxodon 

macrorhinus (30) were less than those fished during SEM (Sphyrna lewini (130), Carcharhinus sp. 

(55), Carcharhinus macloti (65), Loxodon macrorhinus (26). In addition, some of the landed 

species were only recorded either in the NEM or SEM season. For example, the Mustelus spp. 

were only caught in the NEM. Other species such as Carcharhinus melanopterus, Carcharhinus 

macloti, Hemipistris elongata and Rhizoprionodon acutus were only observed during NEM 

whereas Carcharhinus albimarginatus, Carcharhinus amboinensis, Carcharhinus longimanus, 

Rhincodon typus and Squalus sp. were recorded during the SEM.  Significant differences in the 

number of shark landings (𝑋2  =0.34, p = 0.05546, df = 4) were found among the two categories 

of seasons. 
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Fig 4: Proportions of shark species landed in during the North East Monsoon (NEM) and the 

South East Monsoon (SEM) in coastal artisanal fisheries between April 2016 to March 2017. 

 

3.4. Shark landings in recreational fisheries 

A total of sixteen (16) species belonging to seven families (7) were recorded in the recreational 

fisheries between 1987 and 2016. Carcharhinus limbatus was the most common species followed 

by Sphyrna lewini and Carcharhinus longimata in the three distinct 10-year time series for the 

historical recreational tagging data (Figure 5).  

 

3.5. Proportions of recreational shark landings based on seasonal changes and gear types 

Majority of the species (above 90%) were landed during the NEM season, with only a few      

species recorded in the SEM for the two distinct periods: 1987 to 1997 and 1998 -2008 (Figure 
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5). No sharks were recorded in the SEM for the period between 2009 -2016. Results of 

recreational shark landings in relation to gear type (Fig. 6 and 7) showed no apparent differences 

in size distribution of sharks when fishing rods and troll lines were used. Interestingly, both gears 

equally landed a diverse range of weight categories. The size distribution by weight ranged from 

smaller individuals of 10 kg to large sized individuals of 250 kg. 

 

 

 

      

 

Figure 5. Percentage of shark of each species reported as landed by season in Kenyan recreational 

fishery through the billfish tagging program for the period between 1987 and 2016. 
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Figure 6: Percentage of shark species by weight (Kg) reported as landed in Kenyan recreational 

fishery using rod and reel, and trolling lines for the period between 1987 and 2016. 
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Figure 7: Percentage of shark landings by species in Kenyan recreational fishery using rod and 

reel, and trolling lines for the period between 1987 and 2016. 

3.6. Influence of gear types and seasonal changes on the number of shark landings in artisanal 

fisheries 

The GLM incorporating season, gear and the interaction effect of gear and season outperformed 

the other models (based on the lowest AIC value) and was thus selected as the best model (Table 

2).  
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Table 2: Summary of the model selection information from three GLM analyses. 

 

Model_names  K AICc Delta_AICc ModelLik AICcWt LL Cum.Wt 

Season+Gear+Season*Gear   2678.099 0 1 1 -1328.54 1 

Season+Gea  6 2826.082 147.9827 7.34e-33 7.34e-

33 

-1406.85 1 

Gear  5 2841.411 163.3114 3.45e-36 3.45e-

36 

-1415.57 1 

Season  2 3117.992 439.893 3.01e-96 3.01e-

96 

-1556.97 1 

 

The single factor model with type gear as the predictor variable showed significant differences 

(p<0.05) in the influence of gear types on the number of artisanal shark landings (Table 3). 

Conversely, the model with season as predictor variable showed no significant differences 

(p>0.05) between SEM and NEM in relation to artisanal landings. In addition, the interactions 

between gear types and season were significant (p<0.05) for (either combo, longline or driftnets 

vs. bottom seine nets).  However, there were no significant differences (p>0.05) in the number      

of shark landings between handline and bottom seine nets based on season. The significant 

results for these predictors (both gear and the interaction term) were likely as a product of the 

narrow confidence interval (Table 3). 
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Table 3: Coefficients and 95% CI from the best fit GLM fitted to artisanal shark landings count 

data with gear, seasonal changes and the interaction terms as the main effects. The interaction 

effect between variables is denoted by a colon. Significance levels of model terms are as 

follows: *p<0.05, **p<0.01; ***p<0.001. 

 

Coefficients Estimate Std. 

Error 

z value Pr(>|z|) 2.50% 97.50% 

(Intercept) 1.7148 0.14142 12.125

5 

   <2e-16*** 1.3416 1.8917 

GearCombo 1.3238 0.16121 8.2115    <2e-16*** 1.1038 1.7323 

GearDrift 

nets 

-0.5171 0.17156 -3.014    0.0113e** -0.7598 -0.0902 

GearHandline -0.8546 0.18116 -4.7172    

0.0000195*** 

-1.206 -0.494 

GearLongline 0.4863 0.15433 3.1508   0.0002 *** 0.1935 0.7998 

SeasonSEM -0.3587 0.16166 -2.2189 0.0887 -0.5797 0.0507 

GearCombo: 

SeasonSEM 

-1.5812 0.24034 -6.5791    3.43e-12 

*** 

-2.1477 -1.2075 

GearDrift 

nets: 

SeasonSEM 

0.66 0.20161 3.2739 0.0041** 0.1761 0.0637 

GearHandline

: SeasonSEM 

-0.096 0.61015 -0.1574 0.7659 -1.6166 0.857 

GearLongline: 

SeasonSEM 

0.5226 0.19148 2.7291  0.0218* 0.0565 0.8041 
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4. Discussion 

There is a growing recognition that recreational (Gallagher et al. 2017, Molina and Cooke, 2012) 

and artisanal fisheries (Gurshin et al. 2004, Blaber et al. 2009) have an influence on the diversity 

and abundance of elasmobranch populations. Though evidence of the effects of these fisheries 

shark populations is sparse and, in some cases, the information exists in grey literature in most 

regions. This study found that different shark’s species were landed by artisanal and recreational 

fisheries, and that the number of landings were dependent on types of gears and seasonal 

changes. Findings highlight the importance of artisanal and recreational fisheries in assessing the 

status of shark populations and in the development of sustainable management approaches 

especially for vulnerable species. 

 

4.1. Composition of shark landings in artisanal and recreational fisheries 

Diverse species of sharks were recorded in both artisanal and recreational fishing sectors.  A total 

of 21 species were recorded in artisanal gears, while 17 species were noted in the recreational 

tagging data. These findings corroborate with an assessment conducted along the SWIO region, 

which showed high diversity of species (Van der Elst and Everett, 2015, Fowler et al. 2005).  

 

Findings show the effect of interaction between artisanal gears and shark species especially with 

more than half of the recorded species falling under the IUCN RedList threatened categories.  The 

two endangered species Rhincodon typus and Sphyrna lewini encountered during this study 

highlights the impact that these fisheries may have on vulnerable shark populations. Further, the 

documentation of vulnerable, data deficient and near threatened species in this study is likely to 

reveal the threats posed by gears such as the gillnets and longlines. The difficulties in identifying 

some of the species is of particular concern given that more than 50% of these species are listed 

as threatened, thus amplifying the increasing need to improve species identification methods 

through training of data collectors. Most shark landings belonged to the genus Mustelus and 

could not be further identified to species level for the morphometric similarities they possessed. 

In some cases, the data enumerators assigned local names to a wide range of species or families 

e.g. the Carcharinids. Hence only photographic evidence would be used to identify the right 

species to the landings reported in this study. In the light of this, standardized data collection 
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methods and species identification protocols are required to improve the quality and applicability 

of data particularly in facilitating national and regional management of shark fisheries.   

 

The wide range of size composition in the artisanal landings (e.g., milk shark, (Rhizoprionodon 

acutus), and blacktip reef shark (Carcharhinus melanopterus), and to some extent in the 

recreational fisheries (blacktip shark (Carcharhinus limbatus) and silver tip shark (Carcharhinus 

albimarginatus) are consistent with studies in Mexico and Costa Rica that show that a mixture of 

juvenile and immature sharks species are caught (Cartamil et al. 2011, Dapp et al. 2013). Although 

this study did not assess the magnitude of fishing pressure on the size composition, these findings 

are likely to support the premise that there is no size selectivity in shark landings from both 

fisheries. Hence, it is likely that the small-sized sharks are highly susceptible. Non-selectivity of 

shark sizes based on length could also be linked to the multi-gear nature of the artisanal fishery. 

There were differences in the composition of shark species and size structure in the historical 

recreational tagging data suggesting a strong influence of gear type in the landings. Although the 

recreational shark fisheries accounts for landings reported from boats that participated in the 

ABF tagging programme, above 90% of recreational boats that operate off the Kenya coast have 

actively participated in the tagging programme (pers. communication). Thus, the recreational 

shark landings data represents the best available dataset to make inferences on recreational 

shark fishery in Kenya due to the prevailing difficulties in collecting adequate data. Further 

investigations on size distributions and changes in size over a long period of time for artisanal 

fisheries are required to make substantial inferences and determine the susceptibility of species 

due to the type of fishery.  

 

4.2. Seasonal changes and gear types on shark landings 

 

This study also identified differences in the number of shark landings and species composition 

between NEM and SEM in both fisheries. A variety of species occurred during the NEM especially 

in artisanal fisheries. These results were in line with our initial hypothesis that shark landings in 

artisanal fisheries varied by season and fishing gear. The species diversity and reported landings 

seemed to be related to the different gears in the artisanal fisheries, which in turn increased the 

capability to catch more species. Studies on the south coast of Kenya found that artisanal fishers 
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were more likely to catch a wide array of species because of the use of multi-gears (Hicks & 

McClanahan, 2012, Okemwa et al. 2015, Tuda and Wolf, 2015, Tuda et al. 2016). The presence of 

multi-gears increases the potential for fishers to switch fishing gears based on the season. The 

ability to switch gears enables artisanal fishers to obtain a considerable amount of landings in the 

SEM regardless of the strong winds and the reduction in the fishing effort. This explains the 

observed all-year shark landings in artisanal fisheries compared to recreational fisheries that use 

mainly rod and reel as a gear deployed on boats. In contrast, most recreational charter boats 

reduce their operations in the SEM which seems plausible that the decrease in landings and 

species diversity might be related to the reduction in fishing effort. The landings in artisanal 

fisheries could also signify a growing interest to target sharks especially by engaging in shark 

finning which is perceived to have high returns. Assessing the effects of artisanal shark finning on 

the abundance of sharks and size classes will require accurate, extensive studies in future.  

The seasonal variation of species with the lowest diversity recorded in the SEM and highest in 

NEM, could be related to the reproductive or latitudinal migratory behaviour of shark species. 

Patterns of habitat use due to inter-annual variability have been studied in several shark species 

(For example, latitudinal range extension in the summer months by tiger sharks in the south 

western Pacific Ocean (Holmes et al. 2014), and evidences of seasonal site fidelity in white sharks 

(Carcharodon carcharias) (Domier and Nasby-Lucas, 2013, Kock et al. 2013). Additionally, studies 

in artisanal shark fishery in Mexico indicated that landings were highly seasonal and varied among 

regions which was attributed to the migratory behavior of shark species (Castillo-Geniz et al. 

1998). It possible that the observed influence of season on the composition and size structure of 

landings in the two fisheries could be as a result of seasonal shifts in habitat use. However, the 

scope of this study is insufficient to provide a strong support for this conclusion. Research should 

focus on identifying critical areas which are priority for creating a management framework and 

conservation of sharks in Kenya and the WIO. 

 

4.3. Influence of gear types and seasonal changes on the number of shark landings in 

artisanal fisheries and recreational fisheries 

The GLM model provided insights about the interactions between shark landings and variables 

such as fishing gears and seasonal changes, which is crucial in assessing underlying mechanisms 

determining the differences in the landings in Kenya. The gear type and seasonal influence were 

important factors in explaining the differences in artisanal shark landings. These findings were 
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consistent with our prediction that type of fishing gear and seasonal changes influenced the 

landings of sharks. Although there were no significant differences in the shark landings based on 

season, previous studies have shown a reduction in fishing effort during the SEM (Ndegwa and 

Herrera, 2011; Munga et al., 2013).  The landings recorded in the SEM could be due to shifts in 

gear use among the artisanal fishers resulting in all year fishing. Further, the effect of seasonal 

changes has potential to influence the spawning of the sharks, their growth and development 

and movement. Similar findings have been observed in a gillnet fishery in Goa, India where the 

monsoons resulted in lower diversity of fish as compared to post-monsoon and pre-monsoons 

seasons where the abundance increased. Therefore, indicating that seasons had a direct effect 

on the abundance, richness and evenness (Sreekanth et al.  2018). Testing the effect of gear type 

and seasonal patterns on shark landings was possible through comparing the performance of 

different models. However, including other variables such as temperature and salinity, depth of 

fishing, day and night fishing, and location of fishing that have been shown to affect shark catch 

rates could improve the model outputs. 

4.4. Management implications and recommendations 

The outcomes presented in this study demonstrates that recreational and artisanal shark 

fisheries have influence on shark landings, and highlights the need to evaluate the implications 

of these fisheries on vulnerable shark’s species. The study also reveals that fishers could play a 

vital role as citizen scientists in collecting information particularly for data deficient and data-

limited fish species. The availability of 30 plus years of historical recreational conventional shark 

tagging database is one example.  

 

On a broad scale, several key points for management consideration can be drawn from these 

findings as follows: Firstly, although the Kenya artisanal fishery for sharks may be considered as 

“low- medium sophisticated”, there is possibility of growth and expansion to include highly 

motorized boats. The possible shift by artisanal fisheries from small, mostly traditional fishing 

gears and crafts to modern ones may challenge the local definition of artisanal fisheries with 

regards to highly susceptible species such as sharks.  Secondly, the presence of recreational shark 

fisheries based on historical tagging data presents evidence of a shared fishery resource thus a 

unique aspect and priority in the process of developing the Kenya’s National Plan of Action for 

the Conservation and Management of Sharks (NPOA‑ Sharks); and  thirdly, the ability of some 

shark species to transverse across jurisdictions of different countries could imply that the 
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dynamics of landings are more “regional” than “localized” introducing the need for a regional 

management approach both from artisanal, recreational and commercial fisheries perspectives. 

Although the scope of this study cannot comprehend if these fisheries implications on sharks are 

on a wider scale, the question of endangered, vulnerable, data deficient, near threatened and 

unknown category of shark species in the face of competing resource users (fishers and 

countries) is critical for Kenya and the WIO region (Kiszka, and van der Elst., 2015). Considerable 

efforts should be made to obtain detailed analyses for specific species within these fisheries. This 

must also include education and awareness among different resource users on the IUCN 

categories of the species to protect and conserve them.  

 

5. Conclusion 

Our study provides an important baseline for further research while contributing to the ongoing 

efforts to develop a Kenya National Plan of Action for Sharks (NPOA-Sharks). The additional 

information on recreational and artisanal shark fisheries accentuates the need for awareness and 

education to strengthen the capacity of the public and government agencies to collaborate in 

citizen science. Given the importance of historical shark tagging data and fishers knowledge on 

sharks, promoting participation of fishers in a collaborative monitoring program will increase the 

understanding of the risks and threats to shark populations especially for endangered species. 

Furthermore, there is a need to prioritize management actions to monitor fishing pressure in 

both NEM and SEM particularly for sharks given that they are caught throughout the year in 

different gears. This is to ensure the preservation of the remaining shark populations and long 

term sustainable fisheries. 

 

This work is also timely as Kenya is in the process of developing a National Plan of Action for 

sharks and rays. Thus, these findings will contribute to these efforts and provide a new baseline 

for future research on the implications of recreational and artisanal fisheries on sharks in the 

Kenya and the WIO region.  
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ANNEXES 

Table 2. A summary of landings by species including estimated biomass and standard length 

 

Common name Latin name IUCN Redlist status 

Carcharhinus albimarginatus Silvertip Shark V 

Carcharhinus amblyrhynchos Grey Reef Shark NT 

Carcharhinus amboinensis Pigeye Shark DD 

Carcharhinus dussumieri Whitecheek Shark NT 

Carcharhinus leucas Bull Shark NT 

Carcharhinus limbatus Blacktip Shark NT 

Carcharhinus longimanus Oceanic Whitetip V 

Carcharhinus macloti Hardnose Shark NT 

Carcharhinus melanopterus Blacktip Reef Shark NT 

Carcharhinus sorrah Spottail Shark NT 

Carcharhinus spp. Carcharhinid Shark   

Galeocerdo cuvier Tiger shark NT 

Hemipistris elongata Snaggletooth Shark V 
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Hexanchus nakamurai Bigeyed sixgill shark DD 

Isurus oxyrinchus Shortfin Mako V 

Loxodon macrorhinus Sliteye Shark LC 

Mustelus spp. Smoothound   

Rhincodon typus Whale Shark E 

Rhizoprionodon acutus Milk Shark LC 

Sphyrna lewini Scalloped hammerhead 

shark 

E 

Squalus spp. Spurdog   

- Un-identified sharks   

 

NB: IUCN Red List status (V= vulnerable, NT = near threatened, E= endangered, LC= least 

concern).  
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Figure 6: Percentage of shark of each species reported as landed by gear in Kenyan recreational 

fishery through the billfish tagging program for the period between 1987 and 2016. 

 

 

Figure 8: Seasonality in proportions of shark species landed based on artisanal gear-type: Longline, Driftnet, Handline, Bottom-

set nets and a combination of either of the three gears (referred to as “Combo”) for the period between April 2016 and March 

2017. 
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Different species of shark were caught in the different seasons. For example, and Rhizoprionodon 

acutus were not caught during NEM. On the other hand, Carcharhinus albimarginatus, 

Carcharhinus amboinensis, Carcharhinus longimanus and Rhincodon typus were not caught in 

SEM. Other species were exclusively caught by certain gears in the different seasons such as 

Carcharhinus longimanus, Carcharhinus limbatus were only caught by handlines during NEM 

while Carcharhinus limbatus was caught by various gears during SEM. Handlines and longlines 

were mostly used during NEM than SEM which was dominated by bottom set nets, driftnets and 

combos (Figure 8 in the Annex) 

 

 

 


