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ABSTRACT
The populationsof long-lived marine mega-fauna including elasnaoishs, marine
mammals and sea turtles weclining around the world because of their high
vulnerability to fishing activities and mortalitiylost mega-fauna have been reported as
by-catch globally. However, specific information the magnitude of by-catch is largely
lacking in the artisanal, commercial and semi-indalsfisheries. Therefore, by-catch
mitigation measures amon-existentin most of these fisheries. The aim of this study
was to assess by-catch of elasmobranchs, marinemalsnand sea turtles in artisanal
bottom-set and drift gillnet fisheries along nodbast Kenya. The study was conducted
during May through Novemb&016 in the small scale fisheries@Id Town and Nyali
in Mombasa, Malindi beach and Ngomeni in Malindd d&&iwayuu and Kizingitini in
Lamu. Data was collected using structured questives and species guide books were
used for identification of species. A total of 92egtionnaires were administered in Old
town (n = 4), Nyali (n = 2), Malindi (n = 17), Ng@ani (n = 37), Kiwayuu (n = 20) and
Kizingitini (n = 12) landing sites. By-catch incidees were calculated by dividing the
number of individual species caught by the numMefishing vessels at the landing
sites. Forty seven (3 Dy-catch species were identified including thiityef (35 species
of elasmobranchsseven (7) speciesf marine mammals anfive (5) species of sea
turtles. The most common and mdstquently caught species of sea turtles were the
green turtleChelonia mydas (50%), hawksbill turtl€eretmochelys coriacea (18%), olive
ridley turtle Lepidochlys olivacea (18%) and leatherbadkirtle Dermochelys imbricata
(9%). Among marine mammals, the most common spewsi® the Inchn Ocean
bottlenose dolphinTursiops aduncus (42%), common bottlenose dolphifursiops
truncatus (20%), Risso’s dolphirGrampus griseus (13%) and Indo-pacific humpback

dolphin Sousa chinensis (11%). Spotted eagle ray8etobatus narinari (11.9%),



Vi

honeycomb sting rayslimantura uarnak (10.7%) and cow-tail sting rayRastinachus
sephen (10.2%) were the most frequently caugly species whillhammerhead sharks
Sohyrna spp (6.7%), whale sharkBhincodon typus (5.4%) and black-tip reef sharks
Carcharhinus melanopterus (3.3%) comprised the bulk of the frequent by-catdh
sharks.By-catch incidences (Bl = 42) were significanttf € 11; f = 3.21;p < 0.05)
higher during north-east monsoon than during seait- monsoon (Bl = 29Drift
gillnet fisheries reportk higher by-catch incidences of sharks (Bl = 4) anarine
mammals (Bl = 1) and are considered as the bigbesat to these marine mega-fauna
along the Kenya coast. Therefore, there is a needevelop defined management
strategies for the gillnet fisheries in order tdigate the by-catch of these mega-fauna.
There is also need to promote awareness amongratifishers on the importance of
protecting these vulnerable marine mega-fauna.stinty further suggests that rapid by-
catch assessments need be extended to other altfgdreries including long-lines,
bottom trawls, beach seines, cast nets and otlpes tgf nets which present potential

threats to marine mega-fauna in Kenya.
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CHAPTER 1: INTRODUCTION
1.1 Background I nformation
The Food and Agricultural Organization (FAO) of tdeited Nations defines by-catch
as “part of a fishing unit taken incidentally, iddition to the targeted species towards
which fishing effort is directed” (Kiszket. al., 2009a). The FAO Code of Conduct for
Responsible Fisheries (CCRF, 1995) calls for tlieicBon of catch of non-targeted
species and promotion of conservation of biodiversy mitigating fisheries impacts
on non-targeted species and ecosystems in gearabrding to Kiszka (2012a),
marine mega-fauna may be defined as large marineiespsuch as elasmobranchs
(sharks and rays), marine mammals and sea tufihese species are characterized by
low fecundity and productivity, slow growth, lateatarity, large size at birth, high
natural survivorship and a long life in the marieeosystem. These biological
characteristics have serious implications for th&tanability in fisheries, such as by-
catch. Such species depend on a stable environamhtgenerally have limited

capacity to sustain and recover from fishing presgkiiszka, 2012a).

The marine environment is facing unprecedentedathrérom deleterious fishing
practices worldwide. Degradation of inshore mafisberies and coastal ecosystems
is escalating due to increase in unplanned devedopnactivities, fueled by
industrialization, the tourism industry and the chdler land among other factors
(WWF EAME, 2004). These factors increase the riskxinction of marine species
especially the marine mega-fauna which are highlinerable to impacts of such
activities. The rapid decline of marine mega-faduo@ to the increase in the fishing

pressure has been evident in various studies ctealweorldwide with the Western



Indian Ocean (WIO) showing high vulnerability teele impacts (e.g. WWF EAME,
2004; Ransonet. al., 2007; Kiszkeet. al., 2008; Kiszkeet. al., 2009a; Kiszkat. al.,

2009Db; Moorett. al., 2010; Kiszka, 2012a; Kiszka & van der Elst, 2015

In Kenya, population increase also poses a threamarine mega-fauna due to
increased anthropogenic impacts on the marine stamy(Government of Kenya,
2014). Projections based on the Kenya Populatidi® 2ensus indicated that there
was a rapid increase in the country’s populatioavgnment of Kenya, 2010). Along
the Kenya coast it has been noted that human populaxplosion can also be
attributed to migration of people to coastal cites towns in search of employment,
thus intensifying the fishing pressure in thesestalaareas. Coastal fisheries play a
central role in the economies and livelihoods adge along the Coast by providing
food and source of incomes to coastal communitE/érnment of Kenya, 2014). As
dependence upon marine resources for food and mdooneases, fishing effort also
increases which in turn leads to increase in the o0& by-catch including that of the
marine mega-fauna (Cosandey-Godinal., 2013). Hoorwegt. al. (2009) estimated
that 7.5% of the population along the Kenya coaast wholly or partly dependent on
fisheries. A survey by the Government of Kenya c¢atiés that coastal and marine
fisheries offered direct employment to over 13,@i6Bers in the country (Government

of Kenya, 2014).

Several species of marine mammals have been retarde number of coastal areas
by various studies (e.g Pérez-Jomgel., 2015; Pérez-Jorget al., 2016). The Indo-
pacific humpbackSousa chinensis) and bottlenose dolphin3ursiops aduncus andT.

truncatus), as well as the dugondpgong dugon) have been reported by previous



studies as the most affected marine mammal spti@sgh by-catch in gillnet fishery
(Kiszka et al., 2009a). Historically, the dugong occurred in largembers off the
Kenyan coast before the 1970's with large groupabamiut 500 reported along the
south coast in 1967 (Husar, 1975; WWF EAME, 20@4)study by Kiszkaet al.
(2009a) attributed the incidental capture of dugontipe Indian Ocean to gillnets and
poaching which has reduced their population. Theystlso indicated that dugongs
still occur, though in small numbers, off the Tddelta area, in the Lamu Archipelago

and in the Kiunga Marine reserve in the extremémor

Worldwide, sharks face an exceptional threat bexdlnsy are also commonly fished
for their fins, liver oil, for cartilage and for da in addition to being caught as by-
catch in various fisheries. By-catch of sharks bassed serious declines in shark
populations in many parts of the world (Bawtn al., 2003; Cosandey-Godin &
Morgan, 2011) including the Western Indian OceandY\tcountries, such as Kenya.
Sharks are top apex predators with low fecundioy ggrowth rate and late maturity,
and are therefore more vulnerable to overfishihghérk populations decline or even
disappear, the species associated with top prediagsnovals i.e. species which are
lower in the food chain will also be negativelyeaffed. The loss of these top predators
also affects trophic interactions associated wabultant increases in lower-level
predators, such as rays, skates and smaller shBmksprevailing view is that it is
important to control shark by-catch for effectiveamagement and conservation of

marine resources (Kiilu & Ndegwa, 2013).

On the other hand, sea turtles are facing unmatitireds worldwide and are listed as

endangered species under the International Unio@d&mservation of Nature (IUCN)



Red list with varied vulnerability. Kenya is home five species: loggerhead turtle
(Caretta caretta), leatherback turtle Dlermochelys coriacea), olive ridley turtle
(Lepidochlys olivacea), hawksbill turtle Eretmochelys imbricata) and green turtle
(Chelonia mydas) out of the seven species recorded globally. Thekbhil turtle is
considered to be the most critically endangereccispeamong the five species
recorded along the Kenyan coéktszka, 2012a)High sea turtle mortalities have so
far been reported in the country in various studmth majority of kills linked to by-
catch (Wamukoyaet. al., 1995; Wamukoyeet. al., 1998; Mueni & Mwangi, 2001,

Okemwaet. al., 2004; Bourjeat. al., 2008; Kiszka, 2012a; Olendo & Mwasi, 2017).

Kenya marine fisheries comprise both artisanal serdi-industrial sectors and are of
major socio-economic importance especially to tbastal communities. Artisanal
fisheries are confined to shallow coastal watetsaooount for 90% of the annual total
marine fish landed (Kiszka & van der Elst, 2015hnfe studies have also been
conducted on by-catch of marine mega-fauna, but few of them focused on the
Kenyan coast artisanal fisheries (Kisataal., 2008; Kiszkeet. al., 2009a; Kiszkat.
al., 2009b; Kiilu & Ndegwa, 2013; Kiszka & van der £I2015). Therefore, the data
and information on the impacts of by-catch on nmammega-fauna populations in the
small-scale artisanal fisheries is still scantyn€smuently, this study was aimed at
assessing the by-catch of the large marine megafaefasmobranchs, marine
mammals and sea turtles in the small-scale artigei@ries along the Kenyan coast
off Lamu, Malindi and Mombasa in order to genemdta and information necessary

for the effective management and conservationedetmarine resources.



This study was part of a larger project on megadauBy-catch Assessment and
Mitigation in the Western Indian Ocean FisherieY M) funded by the Marine
Science for Management (MASMA) grant of the Westémdian Ocean Marine
Science Association (WIOMSA). The overarching gafahe project was to assess the
levels of mega-fauna catches in the Western Inddaean (WIO). The MASMA
project was implemented in Kenya, Zanzibar Mozaméigand Madagascar. The
implementing institutions were Kenya Marine and hEises Research Institute
(KMFRI, Kenya), Institute of Marine Science (IMSafizania), Instituto Nacional de
InvestigaaoPesqueira (IIP, Mozambique), Oceanographic Reseastitute (ORI,
South Africa), Watamu Marine Association (WMA, K&y Newcastle University in
UK, Florida International University (FIU) and Comnmity Centered Conservation

(C3, Madagascar).

1.2 Problem Statement and Justification of the Study

According to Article 61 of the United Nations Contien on the Law of the Sea
(UNCLOS, 1982) the exploitation of marine livingsoeirces should take into account
the impact of fisheries on “species associated ,wothdependent upon, harvested
species with a view towards maintaining or resgpopulations of such associated or
dependent species above levels at which their deygstmn may become seriously
threatened”. Marine mega-fauna such as sharks e predators which are very
important in the top-down control of marine ecoeyss that balance population of
middle and lower level predators and thus enhanmslygtivity of the marine
ecosystemsTherefore, their depletion can significantly affether predators as well
as herbivorous fish, hence interfering with the lghoarine ecosystem (Kiszlal.,

2009a). Many elasmobranchs serve as important bekseen other compartments of



the food web. This shows the importance of top-daentrol in the structuring of

marine trophic webs (Bornatowsttial., 2014).

Further, under article 65 of UNCLOS (1982), the tddiNations urges all the nations
in the world to walk the extra mile to conserve mamammals, especially cetaceans
and work hand in hand with international organ@adi in order to conserve, manage
and even conduct more studies on these cetaceaiesp®larine mammals are also
make very important contribution to energy flowtire marine ecosystem. Cetaceans
as a group and sperm whales alone, can consumeategquantity of prey than all
teleost fish combined. Some marine mammals suateeans have an important
ecological role in the recycling of nutrients bydeng at depth and then defecating in
the euphotic zone. Large cetaceans also continp&ayoan important ecological role
even after death through the downward transferudfients to benthic communities
(Bowen, 1997). In Kenya, marine mammals are fa@rgaordinary threats due to
fisheries and fishing activities, and many spetiage been listed as endangered or
vulnerable and data deficient, while others suctilagngs have been reported to have

almost completely disappeared from the Kenyan wdt€iszkaet. al., 2009b).

Sea turtles spend most of their lives in coastgdedagic waters, making uninterrupted
coastal waters critical to their population stafilThey play a significant role in the
marine ecosystem and can transfer substantial ijeandf nutrients and energy from
nutrient-rich foraging grounds to nutrient-poor tigg beaches for other marine

organisms to benefit. The loggerhead turle ¢aretta) can modify the physical



structure of their habitat in a number of ways]uding digging trenches through soft
substrates in search of in-faunal prey (Bjorndal&tkson, 2003). Sea turtles have
been negatively impacted by a number of anthropgogectors including oil spills,
chemical contaminants and other types of marinkujpah. Direct offtake and habitat
modification have also been shown to affect sedeturin spite of this, the human
activity that has the greatest impact on sea turigefisheries’ by-catch. Because
fishing is an important source of protein and tiwelihood for millions of people
worldwide, by-catch of sea turtles continues tal®most pressing human impact on

sea turtle populations globally (Lewisenal., 2013).

Evidently, the by-catch of marine mega-fauna remaime of the main threats to these
species at the global scale, including in Kenyaweler, information on the
magnitude of by-catch is still lacking for smallée artisanal fisheriesKiszka
(2012a) noted that by-catch levels are suspectée ggnificantly under reported and
specifically identified the need for better undamsting of the problem with regard to
the artisanal fisherieSherefore, more studies were needed to identiéydpecies
which were more vulnerable to by-catch in the sreadlle artisanal fisheries, for
design of effective conservation strategi€se present study focused on the gillnet
artisanal fisheries because despite the widespusadf this gear along the Kenya
coast, no study has specifically aimed to deterntiveeby-catchspecies and levels
associated with the gedafonsequently, this fishery and the issue of astmtiay-

catch has remainegkenerally poorly monitored and reported.



1.3Aimsand Objectives

The overall objective of this study was to assegsdich of marine mega-fauna

including elasmobranchs, marine mammals and sekegun the artisanal fishery

along north coast Kenya.

1.3.1 Specific Objectives

The specific objectives of this study were:

To determine the species of elasmobranchs, maramemals and sea turtles

caught as by-catch in the artisanal fisheries atbegiorth coast Kenya.

To compare the by-catch levels of elasmobranchsinmanammals and sea
turtles between bottom-set and drift gillnet fiseeralong the north coast

Kenya.

To determine temporal composition of by-catch dselobranchs, marine
mammals and sea turtles in bottom-set and drifbagilfisheries along north

coast Kenya.

1.4 Research Questions

What are the species of elasmobranchs, marine mbname sea turtles caught
as by-catch in the artisanal fishery along nortast&enya?

What are the imperative impacts of drift gillnetsldbottom-set gillnet fisheries

on mega-fauna by-catch along north coast Kenya?

What is the temporal species composition of byfcadé elasmobranchs,

marine mammals and sea turtles caught along nosest &enya?



CHAPTER 2: LITERATURE REVIEW

2.1 Problem of Marine M ega-fauna By-catch in Fisheries

By-catch of marine mega-faun@mains a hugehreatto populations of marine
mammals, sea turtles, sharks and rays. Howevengerilsimpacts on by-catch
populations are often difficult tevaluatedue to factors such as lack of data, poorly
defined management objectives and lack of quangtaby-catch reduction targets
(Mooreet. al., 2013). By-catch is the most widespread and tdeeer of change and

loss of marine biodiversity (Cosandey-Godin & Marga011).

There is growing evidence of relatively high sedlé mortality in coastal set-gillnet
fisheries (Gilmaret. al., 2010).A number of case studies haseggested that greater
attentionis needed for assessment of the impacts of artigesteries on sea turtles,
dugongs and other marine mega-fauna (Maogreal., 2010; Mooreet. al., 2013;

Pusineriet. al., 2013).

In 2011-2012, a regional by-catch assessment prajethe artisanal fisheries was
implemented in the South West Indian Ocean Fisbd?m®ject (SWIOFP), based on
interview surveys conducted in the WIO region, ugithg Kenya, Tanzania, Zanzibar
and Mozambique (Kiszka, 2012a)his study, which only provided baseline data,
revealedvery high extent of by-catch in artisanal fisheries, exsgly in drift and
bottom-set gillnets. At least 59 species were ifiedt as by-catch and by-product
species, including five (5) species of sea turtiéght (8) species of marine mammals
and forty-six (46) species of elasmobranchkis study aimedat building on the
baseline data provided by previous studissvell ago provide datand information

on the fisheries identified as having by-catch efganrfauna species.
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Identification, documentation and by-catch assessmieelasmobranch species is not
sufficient in the Western Indian Ocean region, witlly a few descriptive and often
non-comprehensive studies published to date (Wagaukb al., 1996; Schaeffer,
2004; Fennessy & Isaksen, 2007; Kiszka, 2012aukgil Ndegwa, 2013)The by-
catch in fisheries has led to serious decline imyrlang-lived elasmobranchs (Baum

et. al., 2003).

There is limited information on the status of marmmammals off Kenya, but several
species have been recorded by previous studidsding the sperm whalePbyseta
macrosephalus), humpback whale, Bryde’'s whaldaaenoptera edeni), common
minke whale Balaenoptera acutorostrata), killer whale Qrcinus orca), melon-headed
whale Peponocephala electra), Indian Ocean humpback dolphiSogsa chinensis),
spinner dolphin $tenella longirostris), Indian Ocean bottlenose dolphifulsiops
aduncus), spinner dolphin $enella longirostris), Fraser’s dolphin Lagenodelphis
hosel), Risso’s dolphin Grampus griseus), striped dolphin $enella coeruleoalba),
pan-tropical spotted dolphinSénella attenuate), short-beaked common dolphin
(Delphinus delphis) and dugong@ugong dugon) (Wamukoyaet. al.,1996; Kiszka,
2012a). According to DeMastet. al. (2001), the interaction of the marine mammals
and the commercial fisheries has increased in sitieand frequency. This situation
might continue into the foreseen future. AccordiopgRead & Rosenberg (2002),
mega-fauna species population will be extinct imsdew decades if no action is
taken on by-catcht is, therefore, critical to assess the extenbyftatch threat, both
spatially and quantitatively, to ensure the effectmanagement of marine mammals

and other marine mega-fauna (Kiszkaal., 2009a).
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The study of by-catch is one of the most signiftcamnservation issues in the world
due to theseriousthreats posed to fish stocks (Kiszéa al., 2009a). However, a
consistent understanding of by-catch is lacking wuseveral unresolved issues such
as definition of by-catch, its measurement and giieation, among others. To date,
by-catch has largely been determined by establysthiea element of the catch which is
not targeted. Davied. al. (2009) noted that the fundamental problem is thfétring
value judgments lead to varied perceptions of viln@bnsidered as non-target catch,
especially with the emergence of fisheries wherespecific species appear to be
targeted. Further, in most cases there is littl@a@effective regulation on the use of
indiscriminate fishing gear, thus creating an ins@nto use such gear to maximize

catch (Daviet. al., 2009).

2.2 Gillnet Fisheries

A gillnet is a type of fishing gear designed toagrgie fish by either keeping the net
near or at the surface with floats (Government ehya, 2014). Some gillnets freely
drift with the currents (drift gilinets), or may l@chored and kept at the bottom or
mid-water (bottom-set gillnets). Gillnets catch alevrange of species based on the
mesh sizes. The primary threat of gillnets to manrega-fauna is entanglement in the
net mesh, which can result in injury or death frdrawning (Lewisonet al., 2013).
Despite the 1999 United Nations ban on high-seds gllinets, studies show that
gillnets are still extensively used, and reportghhmortality rates of marine mega-

fauna are still evident (Kiszla. al., 2009a; Cosandey-Godin & Morgan, 2011).

In an Ecological Risk Assessment (ERA) conducted Kigzka (2012b), it was

emphasized that at least 17 species were parficiaimerable to artisanal fishery
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gilinet by-catch in the WIO, including 5 species s#a turtles (loggerhead, green,
hawksbill, olive Ridley and leatherback turtleguf (4) species of marine mammals
(the dugong, Indo-Pacific bottlenose, humpback spidner dolphins) and eight (8)

species of elasmobranchs (Kiszka, 2012b). Howeletailed analysis of the by-catch

in gillnet fisheries was still lacking. According Government of Kenya (2014) survey
of the coastal and marine fisheries, gillhatake ughe second most commonly used
fishing gear (n = 3,325) after long-line fisherjneldominant mesh sizes are mostly

the<6 inch category

Marine mammal by-catch in artisanal fisheries hagnb documented in several
countries inthe WIO: Comoros and Mayotte (Pooniah al., 2008), Zanzibar and
Tanzania mainland (Amig. al., 2002; Pusineri & Quillard, 2008) and the wesasto
of Madagascar (Razafindrakotb al., 2009). Although the extent of marine mammal
by-catch in Kenyas little unknown, it could potentially be considerable daehe
extensive local use of gillnetehich are principally the main threat for marine

mammals (Lewisost. al., 2004; Kiszkaet. al., 2009a; Reeves. al., 2013).
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CHAPTER 3: MATERIALSAND METHODS

3.1Study Area

The study was conducted along the Kenya coast fogus landing sitegn Lamu,
Malindi and Mombasa town&igure 1), with twdanding sites selectddr each of the
three towns Kiwayuu and Kizingitini fish landing sites in Lam Mbuyuni and
Ngomeni landing sites in Malindi; and Nyali and @tdvn landing sites in Mombasa.
The landing sites werselected for samplingecause thewre easily accessible and
have high numbers of gillnefishers based on data from the state department of

fisheries (Government of Kenya, 2014).
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Figure 1: A mapof Kenya (inset)showing the location of theampledlanding sites
along north coast Kenya.

The Kenya coast is about 6k, extending fronVanga in the Soutto Kiunga in the
north. Itforms part of the western border of the Indian @cewrine eco—region. It is
characterized by the presence of a continuousifigngoral reef commonly distributed
at 16-40nwater depths (Anam & Mostarda, 2012). Mangrove dtseccur in many
tropical estuaries and deltas, while sea grass ledsdistributedbetween the
mangrove and reef zones. The coastal and marinétsablong the coast support a
wide variety of species, most of which are hanadig artisanal fishers operating

between the reef and the shoreline (Anam & Mosta2da?2).
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The major fish landing sites along the Kenya caast foundalong the Kiunga
coastline and Lamu islands in the North, Tana Rimeuth, Malindi-Ungwana Bay
including the offshore North Kenya Bank; and Shim&anga, Funzi Island and the
coral reef areas bordering the southern border. KEyeareas of high fisher density
alongthis coast include the Vanga-Majoreni stretch in Kwateinty, Ngomeni and
Kiunga areas of Kilifi and Lamu counties, respeelyy There are 197ish landing
sites along theentire coastline distributed by counties; Kilifi (72), Kiea (54),

Mombasa (38), Lamu (28) and Tana River (5) (Goveminof Kenya, 2014).

Different types of vessels are used by the artisBsteermenadaptedo the different
fisheries and weather conditions. The fishing visssenge fromdugout canoes
(mtumbwi), Plank boats hori, dau, mtori), dhows (mashua), outrigger canoes
(ngalawa), surf and rafts, and fibre reinforced plastic FyRoats (Government of
Kenya, 2014).. Thelau is a flat-bottom vessel build from plank wood andgelled
by small sails whiléMtori is a keeled dhow pointed at both ends (Fulastoa. 2011).
Dhows and canoes are locally made, dedignedo tacklerough weather and open
offshore fishing expeditions. They are mainly eqeipp with shark nets, drift nets, and
other types of set gillnets as well as longlinerge@anoes are mainly deployed in the
operation of active gears such as beach seineastahets, drift long-lines and inshore
passive gears such as set gillnets, fishing patdraps, and barricade trap. In many of
the coastal villages, many fishers access the ashdishing grounds on foot (foot-
fishers), swimming and by gleaning (women and chitdcollecting mollusks and

crabs during the low tides) (Fondo, 2004).
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The climate on the Kenyan coast is dominated by s$e@sons: Northeast monsoon
(Kaskazi): November — February and Southeast mangémsi) with two inter-
monsoon seasons (Matlai) during March-April andt&eyer-October (Fondo, 2004).
The southeast monsoon season is charactebyddgh cloud cover, heavy rainfall
averaging 900mml/year, low air temperatures avegadd IC, river discharge,
terrestrial runoffs, cool waters and a deep thetimecFish catches are lowest during
this seasomartly due tofish migrations, decreased fish density and fistivay, and
reduced fishing effort. The reduced fishing effi@sults from the inability to venture
beyond the reefs anigar of braving theougher watex The northeast monsoon is
characterized by weak wirgpeedsand low air temperatures (Government of Kenya,
2014). This period offers more favourable condgidor fishing along the Kenya

coast.

3.2 Research Design

This study was part of a bigger project investiggitmarine mega-fauna by-catch
along the Kenya coast focusing on Lamu, Malindi adidmbasa. Structured
interviewswith questionnairebave been used the similar studief the past (Moore
et. al., 2010; Kiszka, 2012a; 2012b). The original questaire for the BYCAM
project was developed by Kenya Marine and FisheResearch Institute as the
implementing agency of the wider project, which exd several gear types and
fisheries within the artisanal fisheries along Kenya Coast. The questionnaire were
modified and adaptedb fit the aims and objectives of tipeesentstudy focusing only
on the gilinet fishery along the Kenya coass shown inAppendix 1. The
guestionnaires were administered to fisharmhe selected landing sites; Kiwayuu and

Kizingitini landing sites in LamuMbuyuni and Ngomeni landing sites in Malindi; and
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old town and Nyali landing sites in Mombasanly fishersusing gillnets were

interviewed athe studysite.

3.3 Sampling Procedures

The study was conducted from late Méyough early November 2016. Dataas
collected once in every month using structured rimevs (questionnaires).
Questionnaires were administered to the fisherdadola atthe landing sites during
the field visits. Interviews were conducted at teding sites and at the fisher camps
during different activities; when fishers were reepp@g their fishing gears/boats, when
fishers were landing catch, or when the fishersewgwing to or returning from the
fishing activities (Plate 1 & 2). Depending on #eilability of fishers on the landing
site, about 3-5 fishers from different fishing wasswere interviewed each day.
Although the questionnaire was originally prepare&nglish, they weréranslated to
Kiswahili (the national languagdpr the respondents during the interviews. Each
participant in the study was issued with a conseninf(Appendix 2) that aimed to
ensure that participation in the study was volunt@he forms were then taken back
after being signed by the fisheBy-catch datavas recorded by the researcher with
the help of field assistants. Species identificatidas done using species identification
keys (Plate 1)adopted from the FAO species catalogues and a dgigide (Anam &

Mostrada, 2012).
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Plate 1: Training of the fishermen on the use efcggs identification keys at Kiwayuu
landing site, Lamu, during the survey.

il

Plate 2: Researcher interviewing a fisherman whe mgpairing his fishing gear at Old
town landing site, Mombasa.

3.5 DataAnalysis
Data on the species of sea turtles, marine mamaralselasmobranchs identified,

number of times (frequency) a species was recomlert the study period were
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transferred from the questionnaires to Microsoft@c@& for analysis. By-catch
composition was analyzed descriptively and presemeraphs or tables for drift and
bottom set gill nets. Differences in numbers of sadles, marine mammals and
elasmobranchs were compared between landing siteseasons. Since the count data
was not normally distributed, square-root data dfamation was performed
(McDonald, 2014). The transformed data was latsetetefor homoscedacity using the
Levene’s test (Levene, 1960) prior to statisticablgsis. Two-way Analysis of
Variance (ANOVA) was performed on the data thatfooned to the assumption of
homoscedacity while Kruskal-Wallis test was perfedion the data which did not

meet the requirements for ANOVA test.

By-catch incidences were calculated for each spegmup using the following
equation adapted from Kiszka (2012a):

Bl = (N species/study perioé N fisherg-

Where Bl is by-catch incidencBlspecies/study periols the number of individual species
during the whole study period andsNsis the total number of fishermen interviewed

during theentirestudy period

Differences in the by-catch incidences betweenobottet and drift gillnet fishery
during NEM and SEM seasons and at different landiibgs were compared using

two-Way ANOVA.
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CHAPTER 4: RESULTS

4.1 Fishermen Characteristics and Fishing Gears Used

A total of 92 interviews were conducted. Adspondentsvere mals. At least 26% of
respondentfiad already been involved in questionnaire surueyise pastThe aje of
interviewed fishermen had a Mean + SD of 46.3£1310tir mean fishing experience
was 23.8+11.5 years (mean = SD). For all interviesydishing was their primary

activity as opposed to fish trading, gear repair et

Ngomeni had the highest number of fishing vesssilsgugilines (40%, n=37), while
Nyali had the lowest (2%, n=2Figure 3. About 61%of fishing vessels (n=56) were
using bottom-set gillnst 15% (n=14) of them were using drift gillsetwhile 24%

(n=22) were using both gilinggpes.
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Figure 2:Distribution of thefisheiies at the studied landing sitedong north coast
Kenya.
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4.2 Fishing Effort

The number of days the fishers go fishing per waeked between 5 and 7, with most
fishermen (90%) reporting fishing durations of 6 #odays. This applied to those
fishermen who go fishing and retechto the landing site on a daily basis. Night
fishers (kwenda ago) declared that they spend 28&¢% at sea (depending on
appearance of the moon from™ 10" of every month of lunar calendar) and spend
6 daystravelling back to the home villages. Based on fishermenadaibns, the
lowest effort (4%) was observed during the Southeessoon (Kusi, May to August)
while highest effort (59%) was observed during Nedast monsoon (Kaskazi,
November to February). Some respondents (37%) deftlzat theyfished throughout
the year. Five vessdypes were commonly used along the coast of Kenydhow
(91.3%) fiber re-enforced plastic (FRP$.4%),dau (1.1%), motaboti (modern boats

with outboard engines) (1.1%) anmdori (1.1%).

4.3 By-catch Composition of Sea Turtles

The five species of sea turtles were recorded asatph in all landing sitesE(
imbricata, C. mydas, L. olivacea, C. caretta and Dermochelys coriacea). The green
turtle C. mydas was the most recorded by-catch species (n = 68) WNgomeni
reporting the highest by-catch rate (19.6%; n = f@llpwed by E. imbricata with
17.2% in Ngomeni (n = 28) and 7.4% in Kiwayuu lamglisite (n = 12)Caretta
caretta reportedthe lowest by-catch (n = 13) (Figure 3). There wassignificant
difference in the by-catch of sea turtles betweéerént landing sites (Kruskal-Wallis
test: H = 8.886 =0.064).However, there was a significant diffeeent the by-catch

of sea turtles between the seasons (Figure 4) kislWallis test: H =60.461p<0.05).
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4.4 By-catch Composition of Marine Mammals

A total of seven species of marine mamn{&ligure 5)were recorded as by-catch in
all landing sitesCommon minke whal®alaenoptera acutorostrata, Spinner dolphin
Senella longirostris, Fraser’s dolphinLagenodelphis hosei, Indo-pacific humpback
dolphin Sousa chinensis, Rissor’s dolphinGrampus griseus, Indian Ocean bottlenose
dolphin Tursiops aduncus and Common bottlenose dolphifursiops truncatus.
Overall by-catch of these species was low in altliag sites with the highest by-catch
reported in Kiwayuu (n = 9) witl. aduncus having the highest 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 mammaisross thelanding siteswas evident;
Ngomeni reported significantly higher by-catch @, n = 21) while Nyali had the

lowest (2.2%, n=1) (Kruskal-Wallis test: H = 60.09%0.05).
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Figure 5: Occurrence of by-catch of marine mamraathe sampling sites along north
coast Kenya.
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There wassignificant differences in the by-catch of marinammals between seasons

(Kruskal-Wallis test: H = 9.38$1<0.05)(Figure 6)

MB. acutorostrata  BG. griseus @L. hosei
B S chinensis @S longirostris T. aduncus
O T.truncatus

Frequency (Nos)

NEM|SEM|NEM| SEM NEN{ SE NEV\/’ SE NE SE NE

Ngomeni | Kiwayuu| Malindi | Kizingitini Old town Nyali

Seasons and Landing Sites

Figure 6: Temporal occurrence of marine mammals’ by-catch by seasomhat
sampling sites along north coast Kenya.

4.5 By-catch Composition of Elasmobranchs (Shar ks and Rays)

Thirty-five species of elasmobranchs were repoadby-catch at the six (6) landing
sites. These included 14 species of rays and 2diespef sharkgFigure 7 and 8)A
total of 10 species could not be identified to species Iésgkntific/English names)
including; five (5) species of rays (Swahildamam, Shepwa mthangi, Shepwa
kipanga pangai, Yama kuu and Yama mweupe) and five (5) shark species ( Swahili;

Guguye, Sheswa, Gereniye, Jori jori andFirfir mwamba).



25

Results showed significant difference in the bychatf elasmobranchs across the six
(6) landing sites with Ngomeni reporting the highleg-catch (39.6%, n=301) while
Nyali landing site reporting the lowest (2.4%, nyx18harks and rays were analyzed
separately (Kruskal-Wallis test: H = 279.68;<0.05 and H =23.342p< 0.05

respectively).

@BKiwayuu OKizingitini BNgomeni BMalindi B0Id town BNyali

O T T T

O

Frequency (Nos)
T T T T Y
T T Y
S

10 4 /

H ’ 4

511l 5 /
O E =E§ 2l - A @ / :@ I HI
ol & = - T = - 9O S
EEZEg iR 85575 s
s 3 8 S £ 3 2 5 5 8§ g ¢ E
ot . a S 0 = = 'g\ o Z2 o 5 =

. T R . 5 . o c
< ™ g T G B o

o [

Ray species

Figure 7: Spatial occurrence of by-catch of rayghatsampling sites along north coast
Kenya.
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Figure 8: Spatial occurrence of by-catch of shatkhe sampling sites along north
coast Kenya.

The by-catch of rays (Dasyatidae, Gymnuridae, Malimae, Pristidae, Rajidae,
Rhynchobatidae and Torpedinidae) was significahtfjher during NEM than during
SEM season especially in Ngomeni; NEM by-catch vegeorted as 23.8% (n = 110)
while SEM period reported lowest ray by-catch inaNyat 1.95% (n = 9) (Kruskal-
Wallis test: H = 30.008p<0.05). By-catch of sharks (Carcharhinidae, Prosiag,

Scyliorhinidae, Sphyrnidae, Triakidae, Ginglymosttitiae, Alopiidae, Lamnidae,
Rhincodontidae, Stegostomatidae, Echinorhinidae @xghotidae) was significantly
higher during NEM with 72% (n = 212) where respamdeeported catching different
species of sharks during the season. However, 28% (n = 84) of respondents

declared catching sharks during the SEM seasonskattVallis test: H = 34.668,
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p<0.05). The by-catch of rays and sharks between MBMSEM seasons is presented

in Table 6 (Appendices).

4.6 Gillnet Fishery

About 74%of respondents reported by-catch of sea turtlethénbottom-set gillnet
fishery while 19% of them declared by-catch of sg#es in the drift gilinet fishery.
In bottom-set gillnetsC. mydas had the highest by-catch (38.4%, n=26) widle
caretta (7.4%, n=5) had the lowest. Over 16% of fishermealared that they caught
1-10 sea turtles in the year prior to the intervighile only 3.2% of the respondents
declared by-catcbf between 21-50 sea turtles on the same period.elmliift gillnet
fishery, C. mydas reported the highest sea turtle by-catch (50%, hwtifle the lowest

wasC. caretta (6%, n=2;Figure 9.
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Figure 9: Occurrence of by-catch of sea tur{lésunts)in both bottom-set and drift
gillnet fisheries along north coast Kenya.

The result otwo-Way ANOVA show significant difference in the bytch of different
species of sea turtles in the bottom-set and dilifiet fisheries (df = 1; f = 29.§<
0.05). By-catch of marine mammals in bottom-senetl fishery was not reported in
the present study while drift gillnets reported dateh by 51% of fishermen using
these fishing gear§he most commonly reported species weraduncus (42%, n =
19) and T. truncatus (20%, n = 9), while the least cases were reportadSf
longirostris (4%, n = 2),L. hosal (4%, n = 2),B. acutorostrata (2%, n = 1),andD.
dugon (2%, n = 1) (Table 2)The size of marine mammal by-catch in the previmesr
(2015) varied from 0 to 10 individuals. About 6%=r17) of the respondents declared
that they did not catch or land any marine mamrnralthe year prior (2015) to the

present interview.

By-catch of elasmobranchs in bottom-set gillnethdiy was declared by all
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respondents with 99% reporting by-catch of rays Hd@bo of the fishers reporting by-
catch of sharks. Fifteen (15) species of rays wagstified as by-catch by fishermen;
A. narinari (11.9%, n = 73)H. uarnak (10.7%, n = 66) an®. sephen (10.2%, n = 63)
reported the higher by-catch levels wiealba was the lowest (0.5%, n = 3). At least
eighteen (18) species of sharks were identifiedowgatch in bottom-set gillnets
including Sphyrna spp. which recorded the highest by-catch (6.7%, 41 )=followed
by R. typus (5.4%, n = 33). Two specie€, Longimanus andE. radcliffel reported the
lowest by-catch at 0.2% (n = 1 each. When fishermvere asked about how many
species of the marine mega-fauna they caught ddnmgrevious year (2015) before
the present study, the response was highly varfespbcies group, as shown in Table

1.

Table 1:Summaryof total by-catch by species group reporfexn questionnaires for
the previous year (2015) before the present study.

Range Range Range Range Sub-
Group 0 1-10 11-20 21-50 >50 total
Elasmobranchs 0 15 16 36 117 184
Sea turtles 6 47 7 9 0 69
Marine mammals 17 14 0 0 0 31

Elasmobranch by-catch was common in drift gillnfets both rays and sharks. By-
catch of Rays was reported by 93% of fishermen. fyespecies with highest by-
catch wasA. narinari (39%, n = 62) followed byanta spp. (19%, n = 30) ani.
javanica (15%, n = 24). The ray species with the lowest &tglt in this study waR.
ancylostoma at1% (n = 2). Shark by-catch in drift gillnet wagported by 98% of the
interviewed fishermen. Nineteen (19) speaésharkswere recorded as by-catch in

drift gillnets. The most regularly caught speciesre&phyrna spp (18%, n = 64)R.
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typus (16%, n =58)]. oxyrinchus (12%, n = 43) andC. Melanopterus (10%, n = 34),
while the least caught species wérgectinata (1%, n = 3),N. ferrugineus (1%, n =
2), andC. longimanus (0.3%, n = 1). The comparison of by-catch of rayd sharks in
both bottom-set and drift gillnets is shown in Figd0 and 11, respectively. The result
of two-Way ANOVA shows significant difference in the bstch of the different
species of rays between bottom-set and drift gdwegh73% (n = 421) respondents
declaring by-catch of rays in bottom-set gillneté%£ 1; f = 37.8;p< 0.05). The results
further show significantly higher by-catch of shaik drift gillnets (63%, n = 339)

than in bottom-set gillnets (37%, n = 195; df § %;10.5;p< 0.05).
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Figure 10: Occurrence of by-catch of rg$os.) in both bottom-set and drift gillnet
fisheries along north coast Kenya.
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Figure 11: Occurrence of by-catch of shaiMss.)in both bottom-set and drift gillnet
fisheries in north coast Kenya

Bottom-set and drift gillnets were variably usedg(ffe 12) during the different
seasons (NEM and SEM) and the difference was stalig significant (df = 1; f =
26.3;p< 0.05). The difference in the use of bottom-set drift gilinets along different

landing sites was also statistically significarft£cb; f = 5.6;p< 0.05).
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Figure 12: Temporal occurrence of bottom-set arift dillnet fisheries by season
(NEM and SEM) and sampling sites along north c&astya.

The result of two-Way ANOVA indicated no signifidadifference in the by-catch of
sea turtles, marine mammals and elasmobranchs &eth@tom-set and drift gillnet

fisheries (df = 2; f = 8.8 = 0.102).

4.8 By-catch Incidence

By-catch incidence (number of individual specigsoréed as by-catch per boat) was
calculated for each fishery and each taxonomic mgrdelasmobranchs, marine
mammals and sea turtles) between different seamuhdanding sites. The results are

presented iffable 2, 3 and 4.

There was a significant difference in the by-catatidences of marine mega-fauna

between NEM and SEM seasons at the six landing @ife= 11; f = 3.2p< 0.05) as
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shown in Table 2. The results of two-Way ANOVA het showed a significant
difference in the by-catch incidences between the af bottom-set and drift gillnet
fishery across different seasons at the six landites (df = 1; f = 21.66)< 0.05). By-
catch incidences of bottom-set and drift gillnetsoas different seasons and landing

sites are presented in Table 3.

Table 2: By-catch incidences (Bl: rate of by-capehr one fishing vessel) of marine
megafauna by species group (mammals, sea turtlaggssand rays), landing site and
season in artisanal fisheries of north coast Kenya.

Bl = (N species/study perioé N fisherg-

Mari Kiwayuu Kizingitini Ngomeni Malindi Old town Nyali
arine

megafaun NE SE NE SE NE SE NE SE NE SE NE SE

a M M M M M M M M M M M M
Marine

mammals 0 0 0 0 0 0 0 0 0 1 1 0
Sea turtles 1 0 1 1 1 1 0 0 0 2 1
Rays 2 3 2 3 3 2 1 4 5 6

Sharks 2 2 2 2 1 1 2 1 3

Table 3. Overall by-catch incidences (Bl: rate gfdatch per fishing vessel) by
fishery type (bottom-set and drift gillnets), langisite and season in artisanal fisheries
of north coast Kenya.

Bl = (N species/study perioé N fisherg-

Kiwayuu Kizingitini Ngomeni Malindi Old town Nyal

Fishery

Type NEM SEM NEM SEM NEM SEM NEM SEM NEM SEM NEM 8E
Bottom-

set

gillnets 3 3 3 5 4 4 3 2 4 4 7 3
Drift-

gillnets 3 1 1 1 2 1 3 1 2 2 3 1

Based on the by-catch incidences, sea turtles apfeahave higher by-catch
incidences in bottom-set gillnets than in the dgiftnet fisheries. On the contrary,

marine mammal by-catch was higher in drift gillnégt&n bottom-set gillnets. In
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sharks, by-catch was also higher in drift gillndtan in bottom-set gillnet fishery.
Generally, overall by-catch incidences were re#dyivhigher in bottom-set gillnets
than in drift gillnets. However, these differencesre not statistically significant

(Kruskal-Wallis test: H = 4.5=0.212).

Table 4: Overall by-catch incidences (Bl) of manmegafauna by species group (sea
turtles, marine mammals, rays and sharks) andriidigpe (bottom-set and drift
gillnet) in the in artisanal fisheries of north sb&enya.

Bl = (N species/study perioé N fisherg-

Marine
Fishery type Seaturtltes mammals Rays Sharks
Bottom-set gillnet 2 0 5 2
Drift gillnet 0 1 2 4

4.9 Use of By-catch Species

All interviewed fishers declareithatthey released all sea turtles incidentally caurght
the fishing gearsThe fishers explained that the marine mammals wgstematically
discarded or released alive, excepsome cases e.g. whemg-catch species such as
dugongwere consumed secretly. Rays were, even for lgzgeiss (e.dVlanta spp.),
all consumed or sold on local markets as freshreddish products (Plate 3 & 4).
Similarly, all shark species caught were sold wiaidocal markets (fresh or dsied

fish product}.



Plate 3: Salted ray meat awaiting to be sun-drie&iaayuu landing site, Lamu
County.

Plate 4: Sun-drying ray meat at Kiwayuu landing,diiamu County.

4.10 Perceptions on Status of Populations of Marine M egafauna
Perceptions on the status of populations of theimeamegafauna; elasmobranchs,

marine mammals and sea turtles, were recorded keyn informant interviews.
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According to the fishers, there was a high dedinthe populations of elasmobranchs
in Kenyan waters (54%, n = 50). On the contraryrim@mammals and sea turtles
were reported on the increase over the recent y&argerceived by the artisanal
fishers. HoweverD. dugon was considered to have completely disappeared fhem

coastal waters of Kenya (41%, n = 38). On the ofia®d, 4% of the respondents (n =
4) claimed that the status of marine mega-faunaesrthe same and is only affected

by seasonality.
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CHAPTER 5: DISCUSSION
This study investigated the by-catch of elasmolbranenarine mammals and sea
turtles along the Kenya coast. It was based om&2views conducted on the artisanal
fishers in four fishing villages; Lamu, Ngomeni, lhai and Mombasa, where little
was reported about the mega-fauna by-catch prolvigire artisanal fisheries. This is
one of the very few studies on elasmobranchs, mamnammals and sea turtle by-
catch in the Kenyan coast. The study reveals a demt of marine mega-fauna by-
catch in artisanal fisheries in both bottom-set dnft gillnets. A total of 47 species
were identified as by-catch, including five (5) sigs of sea turtles, seven (7) species

of marine mammals and 35 species of elasmobranchs.

The most common and most frequently caught speéissa turtles wer€. mydas, E.
imbricata, L. olivacea and D. coriacea while the marine mammal species were
represented byT. aduncus, T. truncatus, G. griseus, and Schinensis. For
elasmobranchs, the most common by-catch species sesren (7) ray species
narinari, H. uarnak, P. sephen, R. javanica, M. birostris, T. meyeni, R. djiddensis, and
eight (8) shark speciesphyrna spp., R. typus, C. melanopterus, I. oxyrinchus, C.
macloti, C. carcharias, C. plumbeus andC. albimarginatus. The results of this study
are consistent with the earlier studies by Wamulabyal. (1996) and Kiszka (2012a)
in the area, both in terms of species involved lap@atch incidences. However, this
study reported more by-catch species of marine rfeagi@a (45 species) compared to
the study by Kiszka (2012a) which reported onlyspgcies. Additionally, this study
reported by-catch of 33 species of elasmobrancinspaced to 19 species in the

previous study by Kiszka (2012a) along the samestcdamong the species which
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were not recorded by Kiszka (2012a) but were resmbroh this study includes.
griseus, B. acutorostrata, L. hosai and T. truncatus. On the contrary, Kiszka (2012a)
also recorded by-catch of three (3) more speciastrépical Spotted Dolphifenella
attenuate, Humpback whal&legaptera novaeangliae and Common dolphibelphinus

delphis which were not recorded in this present study.

One of the most threatened and vulnerable spenigke region,D. dugong, was
reported to have declined by majority of fishersiey reported that they used to
capture dugongs a lot in the past but presentlysfigeies is not reported in by-catch
anymore. This is in contrast to previous studiest tieported higher by-catch and
mortality rates of this species in the late 19#ssar, 1975) as well as more recently
in the early 2000's (WWF EAME, 2004) and its preseim reasonably small numits

in Kiunga, Lamu archipelago in the late 2000’s @keset. al., 2009a). Fishermen in
Kizingitini village reported that there used to bwny dugongs in their fishing
grounds, especially in a fishing area called “dugdmll” (“Mlima wa nguva” in
Swabhili). This area had rich grass meadows and mygaised to graze there. The
present study did not record any dugong by-catd¢harareas around dugong hill. This
is also linked to the generally low populationgiué species, currently, along the East
African coast and its rapid decline since the e2090s due to incidental capture in

gillnets (Kiszkaet. al., 2009a).

As indicated by this present study, there is aediffice in the extent and effect of by-

catch of vulnerable mega-fauna among gears. Byrdatels of demersal species such
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as rays, reef sharks and sea turtles were highéottom-set gillnets than in drift
gillnet fisheries. On the contrary, by-catch levefspelagic species, such as marine
mammals and pelagic sharks, were higher in drifbes than in bottom-set gillnet
fishery. However, the difference in the by-catctidences between the two gear types
was not statistically significanp & 0.102). The difference in the use of bottom-set a
drift gillnets between different seasons was sigaift because fishers preferred using
bottom-set gillnets during SEM season (due to roughther) and drift gillnets during
NEM as they can venture offshore during this catassen. The adverse effects of
gillnets, including bottom-set and drift gillnetesave been highlighted in previous
studies along the Kenya coast (Kis#taal., 2009a; Kiszka, 2012a) and in the region
for particularly vulnerable species, such as thgodg (WWF EAME, 2004; Kiszka,

2012Db; Pusinemr. al., 2013).

By-catch incidences (or by-catch rate per fishimgsel) for marine mammals and
sharks were higher in drift gillnets than in bottset gilinets in both studies. This
could be attributed to the fact that marine mamnggggecifically dolphins) escape

from the bottom-set gillnet due to the duration ttet is left at sea. However, the
marine mammals don’t get time or opportunity toagecin cases where the gillnet is
drifting. Sharks are pelagic species (apart from lbenthic feeders) and can be more
impacted by drift gillnets than bottom-set gillne®n the other hand, by-catch
incidences for rays and sea turtles were highebatiom-set gillnet- than in drift

gilinet fisheries in both studies. This could bé&ibtited to the fact that rays (apart
from few pelagic feeders) and sea turtles are desmhespecies and are more

susceptible to bottom-set gillnets which is s¢hatbottom of the sea
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This study reported higher by-catch of sea turtggecially at Ngomeni landing site.
The difference in the by-catch of sea turtles a&rtdse six landing sites was
statistically significantf < 0.05). This study also highlighted new resultssea turtle
by-catch in gillnets with high by-catch levels obhss for leatherback turtledD(
coriacea) in the Kenyan coastal waters compared to theipuevstudy by Kiszka
(2012a) where no records of this species were tegologgerhead turtles were
reported previously by the same study as frequeatlyght in the Kenya coast, but the
present study reported very low by-catch of thiscsgs (only by 1.5% of the artisanal
fishers) along the north coast Kenya. Therefore,ltfrcatch issue should be given a
more serious redress since the species is sevaeehning in the region (Kiszka,

2012a).

The seasonal variations in by-catch were diredlgted to fishing effort. The highest
fishing effort was recorded during the Northeast netmn season i.e. from
October/November to February/March while lowesbeffwas observed during the
Southeast monsoon season i.e. from May to August phenomenon is linked to
calmer sea conditions, especially between OctobdrMarch when most fishers are
able to venture out to deeper waters to fish. Hawrethis was not the case for all
gears; bottom-set gillnets were more preferrednduthe Southeast monsoon season
when the seas were rougher and venturing offshase quite difficult. This could be
attributed to the fact that bottom-set gilinet cso be set near shore and could

therefore be deployed in the inshore and sheltisbihg grounds.

The artisanal fishers interviewed declared thatkshand rays were declining in the

artisanal fishery catches. However, they indicdated sea turtle and marine mammal
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by-catch was on the increase. While it is diffictit take these perceptions as
indicators of actual population trends, it is iefing to note that observations
correlate well with earlier previous studies, whilso highlighted a decline in the
dugong and elasmobranch populations at the regimval (WWF EAME, 2004,
Kiszka, 2012a; Kiszka & van der Elst, 2015). Inthk study sites, marine mammals
and sea turtles were considered as illegal andfemoh-by-catch and were therefore
not commonly consumed in the region. However, nitgjoof the fishers did not
consider sharks and rays as by-catch but as legdlldy-product species of the fishery
activities, and therefore, suitable for consumptasnsale in the market as dried or
fresh fishery products. When hauled still alives tharine mammal and sea turtle by-
catch were therefore, generally released backaatters. Overall, marine mammal
and sea turtle consumption may be underestimateck dishers often fear being
reprimanded for killing and consumption of thesecsgs which are prohibited in the

country by law.
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CHAPTER 6: CONCLUSIONSAND RECOMMENDATIONS

6.1 Conclusions

This study clearly highlighted that an importantetsity of marine mega-fauna were
exposed to artisanal fisheries by-catch in Kenyaigdhgs, mostly the highly
vulnerable species according to IUCN conservattatus, are still in decline and were
also reported in this study to have almost compladesappeared from the Kenyan
waters. With regards to by-catch of sea turtleghhiates are reported by this study
especially at the Ngomeni landing site, north ofiNd. The fishers also perceived the
tough penalties against fishing of sea turtles ggression against them while the

species (in their perception) increases abundarign sustainably utilized.

Further, the results of this study clearly hightegh that many coastal populations of
dolphins, especially Indian Ocean bottlenose daolpthie common bottlenose dolphin,
risso’s dolphin and the Indo-Pacific humpback doiphand pelagic elasmobranchs are
facing detrimental interaction with the drift géihfishery. It can also be concluded
that demersal species such as sea turtles andib@ismobranchs (rays and reef

sharks) are facing an exceptional threat by botetygillnet fishery.

Based on the results and conclusions, some recodatiens for future research and

management initiatives are highlighted below:

» Extend and enhance routine by-catch assessmemtheo artisanal fisheries
such as artisanal long-lines, trawl nets, beaahesgicast nets and other types

of nets which pose a threat to the marine megaafalong the Kenya coast.



43

However, a special focus should be directed todtiife gilinet fishery which
was reported in this study to have a great impact.

Create awareness, through training, to fishermahercoastal counties on the
importance of protecting the coastal and marineuees especially the
marine mega-fauna, and empower the fishers to aetative livelihoods to
reduce fishing effort on the fisheries. Alternatiighing gears, other than drift
gilinets, should also be developed to ensure thpaats on the marine
megafauna and associated by-catch are reduced.

Conduct further studies including collection of Ibgical samples for
laboratory identification of un-identified speciesthis present study, including

the ten (10) species whose Swabhili/local namesanesver known.
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APPENDICES

APPENDI X 1: Fishery Questionnaire

Gillnet fishery questions
Vesselsusegillnetsin theBMU

Table 5: Data entry form

Fisher's | Vessel | Propulsiol | Sesof | No. of | Gear | Mesh | Fishing | Fishing
Name type Drift Crew | length | size | months | days/
GN (m)
week

Background questions:
Have you previously participated in research relabe
Sharks ? Marinemammals ? Sea turtles ? None of these_ ?

If you have participated in any of the above,
describe:

How old are you?

For how many years has fishing been your
occupation?

Is fishing your primary occupation?
Is fishing your only occupation? If no, whare vyour other
occupations?
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During which months did you fish out of the lastrhanths?

Do you own your own fishing boat?

Do you lead the fishing trips or are you a crew rbenon trips that someone else
leads

Boat description:
What type of boat do you fish on?

How long (in meters) is your boat or the boat ygh bn?

Is the boat motorized?

What is the horsepower of the motor?

Fishing and catch questions:
What type of gear do you use most ofteter the course of one year?

Bottom-set gillnet Length Mezh

Drift gillnets Length Mesh size

How many fishermen, including your-self, are onbloat to fish with this gear?

During which months of the year do you use thiggea

How many days per week do you fish with this gdaring these
months?

What are you trying to catch when you fish withstbear?

Have you ever caught sea turtles using this fisgeay? Yes No Can't
recall

If yes, which sea turtle species have you caugtit this gear and how certain are you
of this? List species in order from most commonlyeast commonly caught

1%'species very sure fairly sure not sure
2"%pecies verysure fairly sure not sure
3species very sure fairly sure not sure

During which months of the year have you caughttsgkes with this gear?

1%'species
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2"%pecies
3pecies
How many sea turtles did you catch in the last yeah this gear?

0 1-3 4-10 11-20 >20 don't know

In what depth or how far from the shore were yoshiig when you caught
them?

Have you ever caught marine mammals when you usdéghing gear?

Yes No t Can'
recall

If yes, which species have you caught with thisr gewl how certain are you of this?
List species in order from most commonly to leagshmonly caught

[ % u irly su u
1%'species ery sure fairly sure not sure
2"%pecies very sure fairly sure not sure
3pecies very sure fairky sur not sure
4"species very sure fairly sure not sure
5"species very sure fairly sur___ not sure

During which months of the year have you caughtimeamammals with this gear?

1%'species

2"%pecies

3'species

How many marine mammals did you catch in the last; with this gear?

0 1-2 3-5 6-10 >10 don't know

In what water depth or how far from shore were fishing when you caught them?

Have you ever caught rays when you use this fiseay?

Yes No Can't
recall




54

If yes, which species have you caught with thisr gewl how certain are you of this?
List species in order from most commonly to leashmonly caught

1% species very sure fairey sur __ not sure
2" species very sure fairly sur __ not sure
3" species very sure fairey su__ not sure
4™ species very sure fairly su__ not sure
5" species very sure fairly su__ not sure

During which months of the year have you caughs raih this gear?

1%'species

2"%pecies

3species

How many total rays did you catch in the last ygath this gear?

0 1-10 11-20 21-50 >50 don't
know

In what water depth or how far from shore were ¥mhing when you caught
them?

Have you ever caught sharks when you use thisfispear?
Yes No can't recall

If yes, which species have you caught with thisr gewl how certain are you of this?
List species in order from most commonly to leashmonly caught

1%'species very sure faire/ sur _ not sure
2" species very sure fairly su__ not sure
3species very sure faire/ sur___ not sure
A"species very sure fairly sure not sure
5"species very sure fairly sure not sure

During which months of the year have you caughtkshwith this gear?

1%'species
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2"%pecies

3pecies
How many total sharks did you catch in the last y@éh this gear?

0 1-10 11-20 21-50 >50 don't
know

In what water depth or how far from shore were ¥mhing when you caught
them?

Historical questions
Compared to when you started fishing, are thereejiemer, or the same amount of
turtles in the areas you fish or do you not know?

Are accidental sea turtle captures in fishing gearérgdower, the same, or do you not
know?

Is intentional sea turtle capture more or less comnworthe same, or do you not
know?

Compared to when you started fishing, are thereemferver, or the same amount of
sharks/rays in the areas you fish or do you notho

Are accidental rays/sharks captures in fishing deginer, lower, the same, or do you
not know?

Is intentional rays/sharks capture more or less comroothe same, or do you not
know?

Compared to when you started fishing, are thereemdewer / the same number of
cetaceans or dugongs in the areas you fish?

Are accidental cetacean/dugong captures in fishgegr higher, lower, or the
same?

Is intentional cetacean capture more common, lessmon, the same, or do you not
know?
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APPENDI X 11: Consent Form
RESEARCH ETHICS CONSENT FORM

Assessment of Marine Mega-fauna By-catch alond#rgyan coast

PART 1. GENERAL INFORMATION ABOUT THE STUDY

You are invited to participate in research abowt #ssessment of elasmobranchs,
marine mammals and sea turtles by-catch along tinéh rcoast Kenyan with case
studies in Mombasa, Malindi and Lamu. Mohamed AthnMohamed a master’s
student in the school of Pure and Applied Sciene&ni University, will conduct the
study.

Participation in this study is voluntary. If yourag to participate in this study, you
will be required to fill out questionnaires, sdiieg for relevant information on the
subject.

Participating in this study may not benefit youedity, but the information that you
provide will help us learn more about persisterglieimges related to by-catch of these
marine mega-fauna and specifically the elasmobignaotarine mammals and sea
turtles and how they could possibly be addressésli may skip any questions that
you do not want to answer.

We assure you that all the information that yourehaith us through your
participation in the study will be kept completadgnfidential. When the study is
completed and data analyzed, any information teatdclink you to study will be
destroyed. Study findings will be presented in saryrand your name will not be
used in any report.

If you have any question about this study contact:

Mohamed Athman Mohamed, Mobile Number 0721500643600621 Emalil
mohammadathman@yahoo.coKindly note that this proposal has been revieaed
approved by Ethics Review Committee (ERC) of Pwamiversity, committee whose
task is to make sure that research participantpratected from harm. If you wish to
find more about the ERC, please contact the ER@&a@t Pwani University.

PART 11: CERTIFICATE OF CONCENT
| have read the foregoing information, | have hilad btpportunity to ask questions
about it, and all my questions been answered taatigfaction. | therefore give my
consent to voluntarily participate as a respondetttis research.
Print Name of Participant

Signature of Participant
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Date

Day/Month/Year

Statement by the Researcher/Person taking consent
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Table 6: Elasmobranch species composition andenciel during the study period by landing site ardce

Ngomeni Kiwayuu Kizingitini Malindi Old town Nyali

Species NEM'! SEM NEM SEM NEM SEM NEM SEM NEM SEM NEM SEM
Rays A narinari 19 14 5 6 5 4 15 1 3 1 1 1
G. poecilura 3 2 2 4 1 3 - - 1 1 1 1
H. gerrardi 5 5 - - 5 1 3 2 - - - -
H. uarnak 20 15 6 11 3 6 3 2 1 3 2 1
M. birostris 5 1 5 4 4 6 9 - 1 4 2 1
N. kuhlii 2 3 3 4 1 1 - - 1 1 2 1
P. sephen 17 13 7 12 2 6 2 1 1 2 1 1
R. alba - - 2 1 - - - - - - - -
R.ancylostoma 8 6 2 3 1 2 - 1 1 1 - -
R. djiddensis 8 4 2 4 2 6 2 5 2 2 - 1
R. javanica 17 13 5 4 - 2 4 - 3 1 - -

Y(NEM = Northeast Monsoon; SEM = Southeast Mons®otgd numbers being most abundant; and dash meanirfgund).
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Ngomeni Kiwayuu Kizingitini Malindi Old town Nyali
Species NEM SEM NEM SEM NEM SEM NEM SEM NEM SEM NEM SEM
R. miraletus - - - - - - - 3 - - - _
T. meyeni 1 2 3 5 3 1 1 2 - 1 2 1
T. sinuspersici 5 3 - 1 1 1 1 1 1 1 1 1
Sharks I. oxyrinchus 10° 1 16 3 11 1 2 1 - - - -
S mokarran 9 25 4 11 3 - 1 4 - - 1 -
S fasciatum 1 - - - 2 - 2 2 2 - - -
L. nasus - - - - 1 - - - - - - -
C.melanopterus 1 - 9 3 5 - 6 2 2 1 - -
C. limbatus 3 1 4 - 4 - 2 1 - - - -
C. amboinensis 1 - - - 1 - - - - - - -
R. typus 19 4 11 1 8 - 2 2 - - 2 -
C. macloti 2 4 5 - 4 - 3 2 - - - -

Y(NEM = Northeast Monsoon; SEM = Southeast Monsdotg numbers being most abundant; and dash meanirfgumud).
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N. ferrugineus - - - - 1 - 1 1 -
P.brevicaudatum - - - - - - 3 3 -
C. plumbeus 2 1 7 2 - - 1 - -
C. carcharias 3 1 - - - - - - -
C.albimarginatus 5 - 2 - - - 2 - 2
M. mosis - - 4 - 1 - - - _
Alopias sp 1’ - - - 2 - 1 1 1
O. centrina 1 1 1 2 2 - - - _
H.grennian - - - - 2 - - - -
P. pectinata - - - - - - - - 2
C. longimanus - - - - 1 - - - -
M. manazo - - 3 1 - - - - -

Y(NEM = Northeast Monsoon; SEM = Southeast Monsdotg numbers being most abundant; and dash meanirfgumud).
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APPENDI X 1V: Marine Mega-fauna Species Recorded in this Study

Table 7: Species of sharks recorded as by-catttieipresent survey along the north coast of Kenya.

Class Order Family Scientific Name FAO/English Name | Local Name

Elasmobranch | Carcharhiniforme | Carcharhinida Carcharhinus Blacktip Reef Shai | Jeher
melanopterus

Elasmobranch | Carcharhiniforme | Carcharhinida Carcharhinus limbatus Blacktip Shar Saidut

Elasmobranch

Carcharhiniforme

Carcharhinida

Carcharhinus leucas

Bull Sharl

Zimawi/Dhimaw

Elasmobranch | Carcharhiniforme | Carcharhinida Carcharhinus macloti Hardnose Sha Subili

Elasmobranch | Carcharhiniforme | Carcharhinida Carcharhinus Silvertip Shar! Kipii/Kipai
albimarginatus

Elasmobranch | Carcharhiniforme | Carcharhinida Carcharhinus amboinensis | Pigeye/Java sha Mayasi

Elasmobranch | Carcharhiniforme | Carcharhinida Carcharhinus plumbeus Sandbar Sha Bakesh/ Humi/Abra:

Elasmobranch | Carcharhiniforme | Carcharhinida Carcharhinus Backtail Reef Shal | Karage
amblyrhynchos
Elasmobranch | Carcharhiniforme | Proscyliida Eridacnis radcliffei Pigmy Ribbontai Kiongwe
Catshark
Elasmobranch | Carcharhiniforme | Scyliorhinidau Holohaladlurusgrennian | Grinning Izak| Vame/Madoamad(
Catshark
Elasmobranch | Carcharhiniforme | Sphyrnida Fohyrna mokarran Great Hammerheg| Mbingus

Shark
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Elasmobranch | Carcharhiniforme | Sphyrnida Sohyrna lewini Scallopec Mbingus
Hammerhead Shark
Elasmobranch | Carcharhiniforme | Triakidae Mustelus manazo Sarspotted smooth | Papa mib
hound
Elasmobranch | Carcharhiniforme | Triakidae Mustelus mosis Arabian Smoot- | Klabi
hound
Elasmobranch | Orectolobiforme Ginglymostoma | Pseudoginglymostoma Shor-tail nurse| Guigui/Shisi
dae brevicaudatum sharks
Elasmobranch | Lamniforme: Alopiidae Alopias pelagicus Pelagic thresh Papa pepo/Papa mk
mrefu
Elasmobranch | Lamniforme: Alopiidae Alopias vul pinus Thresher Sha Sulungwi/Papa mki
mrefu
Elasmobranch | Lamniforme: Lamnidax Charcharodon carcharias | Great white shal Sumbw
Elasmobranch | Lamniforme: Laminidae Isurus oxyrinchus Shortfin Makao Mako/MeL
Shark
Elasmobranch | Lamniforme: Laminidae Lamna nasus Porbeagl Dhimawi
Elasmobranch | Orectolobiforme Ginglymc- Nebrius ferrugineus Tawny Nurse Sha | Ove
stomatidae
Elasmobranch | Orectolobiforme Rhincodontida Rhincodon typus Whale Shar Zambarar
Elasmobranch | Orectolobiforme Stegostomatid: Segostoma fasciatum Zebra Shar Kiharehar:
Elasmobranch | Squaliforme Echinorhinida Echinorhinus brucus Bramble shar Papi
Elasmobranch | Squaliforme Oxynotidau Oxynotus centrina Angular rougl-shar} | Mbiu
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Table 8: Species of skates and rays recorded aati-in the present survey along the north cdasenya.

Class Order Family Scientific Name FAO/English Name Local Name
Elasmobranch | Myliobatiformes | Dasyatida Himantura uarnak Honeycomb Stingre Yama Tuvii/Chui
Elasmobranch | Myliobatiformes | Dasyatida Neotrygon kuhlii Blue Spotted Stingr: Nyenga/Yed
Elasmobranch | Myliobatiformes | Dasyatida Pastinachus sephen Cowtail &tingray Yama/Shepwa Kuchi/kt
Elasmobranch | Myliobatiformes | Dasyatida Taeniura meyeni Round Ribbontail re Yama Nunwi/ Taa Maj
Elasmobranch | Myliobatiformes | Gymnurida Gymnura poecilura Longtail Butterfly iay Yama/Shepwa goz/ Taa
Shuari/Muungwana
Elasmobranch | Myliobatiformes | Myliobatida¢ Aetaobatus narinari Spotted laglera KipungL
Elasmobranch | Myliobatiformes | Myliobatidae Manta birostris Giant mant Chenga/Tenc
Elasmobranch | Myliobatiformes | Myliobatidae Mobula eregoodootenkee | Longhorned mobu Chenga/Tenc
Elasmobranch | Myliobatiformes | Myliobatida¢ Mobula kuhlii Lesser devilra Chenga/Tenc
Elasmobranch | Myliobatiformes | Myliobatidae Rhinoptera javanica Flapnose ra KedL
Elasmobranch | Pristiforme: Pristidar Prigtis pectinata Smalltooth Sawfis Busefu/Papa Msume
Elasmobranch | Rajiforme: Rajida¢ Raja miraletus Brown skat Shepwi
Elasmobranch | Rajiforme: Rajidac Rostroraja alba Bottlenose kate Yama ldhuk
Elasmobranch | Rajiforme: Rhinida¢ Rhina ancylostoma Bowmouth Guiterfis Simbe Maw:
Elasmobranch | Rajiforme: Rhynchobatide | Rhynchobatus djiddensis | Giant Guiterfis| Simbe Safi/Fuamt
Elasmobranch | Torpediniforme | Torpedinida Torpedo sinuspersici Electric ra Smaku/Sho
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Table 9: Species of marine mammals recorded astoyrin the present survey along the
north coast of Kenya.

Class Order Family Scientific FAO/English Name L ocal
Name Name

Mammalia| Artiodactyla| Balaenopteridae Balaenoptera Common minke whalg Pomboo
acutorostrata

Mammalia| Cetacea Delphinidae Grampus Rissor’s/Gray dolphin | Pomboo
griseus

Mammalia| Cetacea Delphinidae Lagenodelphis | Fraser’s/Sarawak Pomboo
hosei Dolphin

Mammalia| Cetacea Delphinidae Sousa Indo-pacific Pomboo
chinensis humpback dolphin

Mammalia| Cetacea Delphinidae Senella Spinner dolphin Pomboo
longirostris

Mammalia| Cetacea Delphinidae Tursiops Indo-pacific bottlenose Pomboo
aduncus dolphin

Mammalia| Cetacea Delphinidae Tursiops Common bottlenose | Pomboo
truncates dolphin

Mammalia| Sirenia Dugongidae Dugong dugon | Dugong Nguva




Table 10: Species of sea turtles recorded as lmyr@atthe present survey along the north

coast of Kenya.
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Class Order Family Scientific Name | FAO/English L ocal Name
Name

Reptiliz | Testudine | Cheloniidar | Caretta caretta Loggerhea lladhi

Reptilie | Testudine | Cheloniidar | Cheloniamydas | Green turtl Kase

Reptilie | Testudine | Cheloniidar | Dermochelys Leatherbac Chasi
coriacea

Reptilie | Testudine | Cheloniidar | Eretmocheys Hawksbill Ng’'ambz
imbricata

Reptilie | Testudine | Cheloniidar | Lepidochlys Olive ridley Kigange

olivacea




