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Abstract — Fish resources in Kenya have been exploited for centuries, mostly by
artisanal fishers in inshore lagoons, on reefs and, occasionally, in deeper waters. Fish
in Kenya, as in many other tropical coastal countries, constitute an important source
of food and livelihood. Artisanal fisheries thus play a key role in food security and
employment, and are seen as a means to poverty alleviation. We review research
on the fisheries in Kenya and the usefulness of the results in fisheries management,
considering information from 135 peer-reviewed publications, reports and grey
literature on research undertaken over the past 40 years. Subjects covered ranged
from fish surveys, species diversity and composition to marine protected areas.
The research has been useful in guiding management for the sustainable use of
these resources. Research gaps have been identified, emphasising the need for

integrated management of Kenya’s marine and coastal resources.

INTRODUCTION

Fishing in Kenya has been carried out for
centuries and has been an important economic
sector (Fisheries Department, 2012). Fish
resources, especially reef fishes, have been
exploited for many years, mostly by artisanal
fishers, and constitute an important source of
food and livelihood. The Fisheries Department
of Kenya is vested with the management of
fisheries resources in the country. The fisheries
sector plays a major role in the economy of
the country by providing food security, a
source of employment and, hence, poverty
alleviation (Fisheries Department, 2012). The
annual marine fisheries production in Kenya
is estimated at 7 000 tonnes, representing
approximately 5% of the total catch in the
country, but over 60% of the coastal and marine
landings (Fisheries Department, 2012).
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Information recording and reporting on
marine fish resources in Kenya commenced in
the 1950s (Martin, 1973) and research has, in
more recent years, been conducted by various
local and international research institutions and
organizations. ‘Frame Surveys’ were conducted
along the Kenyan coast by the Fisheries
Department in 2004, 2006, 2008 and 2012 and
are census-based, data being collected on all
fishing vessels and gear (at all homeports and
fishing sites) operating within a chosen context
or stratum. They gather information on the
number of fishers, landing sites, fishing gear
and vessels, and further provide an opportunity
to record supplementary information useful
for management planning and implementation
(e.g. fishing patterns and the seasonal use
of fishing gear). They can also be used to
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provide information on the socio-economics
and demography of fishing communities
(Stamatopoulos, 2002). Marine fisheries
in Kenya are mainly artisanal, currently
comprising an estimated 13 706 participants
(Fisheries Department, 2012). There are 160
fish landing sites and about 3 090 fishing craft
operating within the marine artisanal fisheries
sector (Fisheries Department, 2012).

While fisheries research has been ongoing
in Kenya for many years, more intensive
research has only been conducted in recent
years. The objective of this review was to
assemble this information from publications
and grey literature as a baseline for future
reference. Apart from serving as a one-stop
source on Kenyan fisheries, it is hoped that
it will be used by researchers and students to
identify areas for future research, and provide
information on past trends for the purposes of
comparison and emphasis.

METHODS

Information for the review was gathered
from the Kenya Marine and Fisheries
Research Institute (KMFRI) This included
peer-reviewed publications, reports and grey
literature accessioned in the KMFRI Library
from 1970 to 2009 on or related to the marine
fish resources in Kenya. Information on
the Frame Surveys conducted by the Kenya
Fisheries Department was also used. Several
steps were involved in compiling the review,
the first involving searching for the relevant
records using the following keywords: fish
resources; fish surveys; impacts of fishing;
overfishing and overexploitation; fish yields
and catches; catch per unit effort; fish species
diversity and composition; fishing methods
and destructive gear; Marine Protected
Areas (MPAs); predation; fish seasonality;
ornamental fisheries; by-catch; fishery and
habitat degradation; reproductive biology
of fish species; general biology of selected
fish species; age and growth; diets; spawning
aggregations and homing; pollution; threatened
species; genetic studies; and fisheries
management. A number of records were also
identified through the Internet or other sources

(grey literature, books, etc.). The second
step involved screening and retrieving the
relevant publications and reports for review.
These were then assessed for eligibility and
the various topics considered were rated from
those most investigated to those least studied.

REVIEW

Overview

The amount of research undertaken on Kenyan
fisheries within the topics searched is reflected
in the number of references on these topics
(Fig. 1). Most of the research has focused on
fish species diversity and composition (40
references), followed by fishing gear and fish
resources in MPAs (both with 28 references),
then management and yields (both with 22
references). Areas least studied included
ornamental fisheries (1), habitat degradation (2),
and spawning aggregations and homing (3).

A total of 207 publications were sourced
from the various databases but, after screening
for duplication or relevance, these were
reduced to 135. The relevant publications
were then reviewed under the 18 topics that
follow. Note that some of the publications and
reports fall under more than one topic.

Fish surveys

A number of fish resource surveys have been
conducted in Kenyan waters, mainly within
Food and Agriculture Organization of United
Nations (FAO) projects. The first FAO survey
off Malindi Bay was undertaken in 1958 and
this was repeated in 1966. From these, the FAO
reported that the annual catch was about 5 000
tonnes and recommended mechanization of the
inshore craft with their gradual replacement
by small seagoing vessels which could operate
outside the reef (Martin, 1973). Bottom trawl
surveys in inshore waters were conducted in
the 1960s using the Kenyan research vessels
Shakwe, Menika Il and Manihine and, in 1964
and 1965, with commercial trawlers. Nansen
surveys conducted in 1980-83 (Mbuga, 1984)
between 10-700 m investigated the abundance
and distribution of fish acoustically and by
trawling. The biomass estimate was 18 000-
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Figure 1. Research topics and the number of references on these topics considered in this review.

32 000 tonnes (Mbuga, 1984; Iversen, 1984),
with a potential offshore yield of 10 000 tonnes
(Mbuga, 1984). The total potential of marine
fish production was estimated to be 150 000
tonnes yr'! (Iversen & Myklevoll, 1984).

The Frame Surveys (2004, 2006, 2008,
2012) have also been useful in providing
an overview of fisheries activities along the
Kenyan coast and future surveys will be
important for the management of the Kenyan
marine fisheries. They have generated data
and information on the status of the marine

fisheries. The surveys by research vessels
yielded the aforementioned potential marine
fish production and yield (Iversen & Myklevoll,
1984), and form a good reference point for
ongoing regional fish surveys and stock
assessments. Both the Frame and fish surveys,
if conducted regularly, will be important in
tracking changes in the marine fisheries and
provide indicators for management actions and
options. Changes in fishing gear and fishing
areas can be traced over time and will be
crucial in future management.
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Yields and catches

Annual marine catches in Kenya have
fluctuated between 4 000 and 10 000 tonnes
over the last two decades, with some areas
reporting overfishing (Kamau et al., 2009).
Some estimates of the fish landed annually
have been greater, viz. 16 000 tonnes (Tuda
et al., 2008). The status of fish catches and
landings in Kenya has been assessed (Oduor,
1984) and analysis of long-term trends in coral
reef fish catches have revealed that Kenyan
reefs yield an estimated 2—4 tonnes km= yr!
of demersal fish (Kaunda-Arara et al., 2003).
The fish yield on Kilifi reef during 1982—1984,
which is about 4 km2 in extent, was found
to be 5.07-12.9 tonnes km™, the mean catch
being 8.8 tonnes km-2 yr' (Nzioka, 1990).
Studies have indicated that habitat protection
in reserves can underpin fish productivity and,
depending on its effects on fish movements,
augment catches (Rodwell ef al., 2003).

Catch-per-unit-effort

Catch-per-unit-effort (CPUE) - also called
catch rate - is considered the single most
useful index for long-term monitoring of
a fishery (Stamatopoulos, 2002). Various
studies have incorporated it in the assessment
of fisheries and it was demonstrated that the
CPUE of most species improved in traditional
basket (Dema) trap fisheries adjacent to
protected reefs in Kenya’s coastal National
Parks (Kaunda-Arara & Rose, 2004). A
study on the influence of the 1998 coral
bleaching and mortality event on coral reef
ecosystems and fisheries in southern Kenya
revealed a decline in total fish catches and
CPUE, combined with an increase in effort,
suggestive of overexploitation (McClanahan
et al., 2002a; Maina et al., 2008a). It has
also been observed in other studies that sites
where illegal beach seining was excluded
through active gear management, yielded
increased catches and CPUE (McClanahan et
al., 2008). For example, two landing sites at
Diani where beach seining was prohibited for
over 20 years yielded the highest per fisher
catches, these being 13% greater than at sites
where such fishing is allowed (McClanahan

& Mangi, 2001). CPUE data collected and
analysed in other studies (Mwatha & Orembo,
1998, Munywoki et al., 2008; Okemwa et al.,
2008) have provided valuable results for the
management of fisheries, especially in gear
and effort regulation (Stamatopoulos, 2002).

Species diversity and composition

Of the 736 marine fish species recorded in
Kenya according to FishBase (www.fishbase.
org), 121 species are exploited commercially
(pers. comm. Fisheries Department), 193
for ornamental aquaria (Okemwa et al.,
2009) and 26 are threatened. The earliest
fish checklists were compiled on the south
bank of Kilifi Creek (Bock, 1975) and in the
lagoon of Diani (Bock, 1972). In a fisheries
survey of Kilifi Creek, the major fish groups
that were harvested were Siganidae, Scaridae,
Plectorhynchidae, Scombridae, Lutjanidae,
Serranidae, Carangidae, Sphyraenidac and
Caesionidae (Nzioka, 1990). A more recent
survey of the fish fauna in the creek yielded
63 finfish species (Sigana et al., 2009).

An assessment of Kenyan coral reef
lagoon fishes has revealed a consistent and
considerable reduction in the population
density and species richness of five families
(Acanthuridae, Balistidae, Chaetodontidae,
Pomacanthidae, and Scaridae; McClanahan,
1994a). However, protected areas have a
higher abundance and species richness of
commercially important triggerfish, surgeonfish,
and parrotfish (McClanahan & Arthur, 2001).
Studies on spillover effects have shown that this
is greatest for the dominant fisheries species,
viz. moderately active species like rabbitfish
(Siganidae; herbivores), emperors (Lethrinidae;
carnivores) and surgeonfish (Acanthuridae;
herbivores) which had instantaneous emigration
rates from the protected area to the fishing
grounds of approximately 0.5 (McClanahan &
Mangi, 2000).

Studies on the different Kenyan marine
habitats have been useful to identify the
fish species and communities inhabiting
them (McClanahan et al., 1999a, 2002b;
Huxham et al., 2008). Five taxa accounted for
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approximately 70% of the total fish abundance
amongst juvenile fish communities associated
with natural, degraded and replanted
Sonneratia alba mangroves in Gazi Bay, the
majority (65%) being reef associates, and the
Gobidae and Gerres oyena being dominant
(Crona & Ronnback, 2007). A total of 128
teleost fish species belonging to 50 families
were identified in an earlier study of the
bay (Kimani et al., 1996). Then the families
Gerreidae, Atherinidae and  Clupeidae
accounted for 78.5% of the fish population
and, of the species found, 44% were associated
with coral reefs (Kimani et al., 1996). In
another study, a total of 3601 fishes (>95%
juveniles) were caught, comprising 75 species
in 40 families (Little et al., 1988).

In Mida Creek further north, the most
common fish landed included Siganidae,
Lethrinidae, Lutjanidae, Scaridae and
Nemipteridae, comprising ~80% of the catch
(Mwatha & Orembo, 1998). In the mangrove
area of Tudor Creek at Mombasa, 83 species
of teleost fish were collected and ~90% of
these were juveniles (Little ef al., 1988).

Approximately 70% of the fish caught for
the marine aquarium industry belong to four
families, viz. the Pomacentridae (damselfish),
Labridae (wrasses), Acanthuridae (surgeonfish)
and Gobiidae (gobies) (Okemwa ef al., 2009).
Ten species made up 58% of the harvest,
of which two species, Amphiprion allardi
(10%) and Centropyge acanthops (9%), were
the most important (Okemwa et al., 2009).
Overall, these results show that the Kenyan
coast is rich in fish species, particularly in
protected areas.

Seasonality

Higher fish catches are recorded during the
dry and calm northeast monsoon season along
the Kenyan coast (Nzioka, 1990; Sigana et al.,
2009; Okemwa et al., 2008) and it has been
established that fishing activities follow the
lunar cycle which affects tidal fluctuations
that determine the daily fishing times (Otieno
et al., 2001). Fishing activities are limited
during the southeast monsoon period when
sea conditions are rough (Nzioka, 1990).
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Spawning aggregations and homing

About 24 fish species have been reported
to form spawning aggregations in Kenya
(Jan et al., 2008) and these have been
studied in some species including: Siganus
sutor; Lutjanus sanguineus, L. gibbus, L.
bohar, L. argentimaculatus, Epinephelus
fuscoguttatus, Mulloidichthyes vanicolensis
and Plectorhinchus spp. (Maina et al.,
2008b). Other studies that have investigated
reef fish spawning aggregations have been
conducted by Nzioka (1981b), Ntiba and
Jaccarini (1990) and Jan et al., (2008). Reef
fishes spawn during the north-east monsoon
period (Novemebr-April) (Jan et al., 2008),
while other species spawn in the two
monsoon seasons (Nzioka, 1979; Ntiba &
Jaccarini, 1990). The status of these spawning
aggregations is poorly known and they have
not been properly monitored in Kenya (Jan
et al, 2008). Very few occur in MPAs (Jan et
al., 2008) and, because of this, they are not
adequately protected and their management
should be complemented by catch and
effort regulations (Jan et al., 2008). Marine
protected areas have particular conservation
potential for species (e.g. groupers) that have
homing behaviour and establish home ranges
(Kaunda-Arara & Rose, 2003). However,
homing and site fidelity has only been studied
in the greasy grouper, Epinephelus tauvina
(Kaunda-Arara & Rose, 2003). Home ranges
were found to be negatively correlated with
size in this species, suggesting an ontogenetic
shift in home range development (Kaunda-
Arara & Rose, 2003).

Biological studies

A total of 45 species of marine fish have been
studied in terms of their biology in Kenya
(Table 1). These studies have included:
estimates of the growth and mortality of the
grunt (Pomadasys opercularis), thumbprint
monocle bream (Scolopsis bimaculatus),
spotted sicklefish (Drepane punctatus) and
rabbitfish (Siganus sutor) (de Souza, 1986);
the ecology and exploitation of yellowfin
Tuna, Thunnus albacares (Hemphill, 1995);
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Table 1. List of marine fish species/genera studied in
Kenyan coastal waters and the aspects considered.

Species/Genera Biology| Diet |Behaviour|

. Lutjanus fulviflamma

. Pomadasys opercularis

. Scolopsis bimaculatus

. Drepane punctata

. Siganus sutor

. Lethrinus harak

[ ] [ B[ o O —

. Thunnus albacares

B Plectorhincus spp.

9. Sphaeramia orbicularis

10. Istiophorus platypterus

11. Anyperodon

12. Cephalopholis

13. Dermatolepis

14. Epinephelus

15. Plectropomus

16. Variola

17. Leptoscarus vaigiensis

18. Epinephelus tauvina

19. Sardinella gibbosa

20. Atherinomorous lacunosus

21. Pellona ditchella

22. Spratelloides delicatilus

23. Gerres oyena

24. Secutor insidiator

25. Leiognathus equula

26. Selar crumenopthalmus

27. Herklotsichthys quadrimaculatus

28. Stolephorus indicus

29. Atherinomorus duodecimalis

30. Apogon thermalis

31. Fowleria aurita

32. Paramonacanthus barnardi

33. Mulloides flavolineatus

34. Lutjanus argentimaculatus

35. Gerres acinaces

36. Bothus myriaster

37. Fistularia commersonii

38. Sphyraena barracuda

39. Plotosus lineatus

0. Cheilio inermis

41. Apogon fragilis

42. Apogon nigripes

43, Lethrinus nebulosus

44. Parascorpaena mossambica

[45. Scarus sordidus

the biology and fishery of Plectorhinchus
spp. (Murage & Mavuti, 2001); aspects of the
biology and feeding ecology of the orbiculate
cardinal  fish, Sphaeramia  orbicularis
(Mees et al., 1999), the reef fish, Scolopsis
bimaculatus (Nzioka, 1981a, 1988); the
sailfish, Istiophorus platypterus (Williams,
1970); some aspects of the biology and
fishery of six genera of groupers (Teleostei:
Serranidae), viz. Anyperodon, Cephalopholis,
Dermatolepis, Epinephelus, Plectropomus
and Variola (Agembe, 2008); and the
morphometric relationship and condition
factor of Siganus stellatus, S. canaliculatus
and S. sutor (Wambiji et al., 2008).

The reproductive biology of some fish
species has also been covered in several
studies, including Lutjanus fulviflamma
(Kaunda-Arara & Ntiba, 1997), Lethrinus
harak (Kulmiye, 2002) and S. sutor (de Souza,
1988; Ntiba & Jaccarini, 1990, 1992). Other
biological studies include the age and growth
of S. sutor (Ntiba & Jaccarini, 1988), and the
growth and survival rates of exploited coral
reef fishes: the whitespotted rabbitfish, S.
sutor, emperors (Lethrinus spp.), the orange-
striped triggerfish, Balistapus undulates,
the sky emperor, Lethrinus mahsena
(Kaunda-Arara & Rose, 2006) and Scolopsis
bimaculatus (Nzioka, 1988).

Diet

Information on the diets of fish is important
in bionomic studies and in investigations of
ecosystem energetics (Mavuti et al, 2004)
and, for example, that of Sardinella gibbosa
and Atherinomorous lacunosus has been
elaborated (Nyunjaetal.,2002). Eightcommon
fish species in Mtwapa Creek, S. gibbosa,
Pellona ditchella, Spratelloides delicatilus,
Atherinomorous lacunosus, Gerres oyena,
Secutor insidiator, Leiognathus equula, were
shown to consume mostly copepods (Mavuti
et al.,2004). Their feeding niches overlapped,
revealing flexibility in their diets (Mavuti et
al., 2004). The diets of various juvenile fish in
Kenya have been revealed to comprise mainly
plankton and benthos (Nyunja & Mavuti,
2001; De Troch, 1998; Wakwabi, 1996).



A Review on Kenyan Fisheries Research: 1970-2009

An investigation of the trophic
organisation of the fish fauna in Gazi Bay
revealed that they fall into four guilds:
omnivores, piscivores, zooplanktivores and
benthic carnivores (Wakwabi, 1999). Fourteen
fish species abundant in beach seine catches
from seagrass beds in the area (Herklotsichthys
quadrimaculatus, Stolephorus indicus,
Atherinomorus duodecimalis, Apogon thermalis,
Fowleria aurita, Paramonacanthus barmardi,
Mulloides flavolineatus, Lutjanus fulviflamma,
L. argentimaculatus, Gerres acinaces, Bothus
myriaster, Fistularia commersonii, Sphyraena
barracuda and Plotosus lineatus) fell into only
three trophic guilds: planktivores, benthivores
and piscivores, and benthivores were dominant
(De Troch, 1998).

Genetics

Molecular genetic techniques offer the ability
to identify and delineate fish stock structure
where it may not be apparent from phenotypic
or behavioural characteristics. However,
genetic studies on Kenyan marine fishes
have been very limited, focusing mostly on
freshwater species (Abila et al., 2004). The
few genetic studies on marine fishes include
the population genetic structure of Lutjanus
Sfulviflamma (Dorenbosch et al., 2006), in
which no clear relationship between genetic
distance and geographic distance between
populations was found (Dorenbosch et al.,
2006). This suggests that populations of
Lutjanus fulviflamma have an open structure
and are possibly genetically connected on
a larger geographic scale in the western
Indian Ocean (Dorenbosch et al., 2006).
The genetics of coelacanths have also been
considered (Okada et al., 2007), revealing that
the Kenyan coelacanth may be a member of
an undiscovered population between Tanzania
and Kenya (Okada et al., 2007).

Fishing methods and destructive
fishing gear

Various types of fishing gear are used to
fish along the Kenyan coast. These include
longlines, hand-lines, trolling lines, traps
(fence and basket), mono- and multi-filament

149

gill nets (mesh size ranging from <63 to >250
mm), seine nets, beach seines, cast nets, trawl
nets, ring nets, scoop nets, trammel nets
prawn seines, spearguns/harpoons (Fisheries
Department, 2012; Mbuga, 1984) and some
traditional gear (Mwatha & Orembo 1998;
Ochiewo 2004, 2008). The different fishing
methods used on the Kenyan coast and the
targeted catch are listed in Table 2.

The use of these gear, fishing techniques
and destructive gear have been extensively
studied by Crabbe and McClanahan (2005),
Crona (2006), Cros and McClanahan (2003),
Fulanda et al. (2009), Glaesel (2000), Kiszka
et al. (2009), Mangi (2006), Mangi et al.
(2007), McClanahan (2007), McClanahan
et al. (1997, 2008,2005), McClanahan and
Mangi (2001), McClanahan and Obura (1996),
Mwaura et al. (2001), Tunje and Hoorweg
(2003) and Samoilys (1988). Some of these
studies (Glaesel 2000; Mangi 2006; Mangi et
al., 2007) suggest that high levels of fishing
effort coupled with the use of destructive gear
types intensify the effects of overfishing.

Despite these studies, more are needed to
ascertain the effects of each gear (especially
those that are prohibited e.g. spearguns and
beach seines which are still used in some
areas), as well as the effects of new fishing
techniques which need investigation before
they are introduced. Management action
is also needed based on recommendations
proposed in some of the studies such as:

1. The need for enabling and enforcement by
managers to achieve high user compliance
(McClanahan et al. 2005, 2007).

2. Redress of poverty and the issue of
phasing out destructive fishing gear use
(McClanahan et al., 2005)

3. Investment geared towards the previous
point should be combined with support
for and enhancement of existing local
ecological knowledge (Crona, 2006).

4. The provision of credit facilities for
fishers to purchase authorized gear and
compensation for gear that has been
declared illegal, allied with facilitation
and strengthening of Fishers’ cooperative
societies or  Community Based
Organizations (Mangi et al. 2007).
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Table 2.Table 2. Fishing methods used on the Kenyan coast and the resources targeted (adapted from Samoilys et

al., 2010)

Capture method

Resources targeted

Basket traps

Fence traps
Handlines/Hook and line
Trolling

Longlining

Spearguns

Spears and harpoons
Gillnets (stationary)

Gillnets (drifting)
Monofilament gillnets
Ringnets

Prawn seines
Cast nets
Beach seines
Reef seines

Siganidae, Scaridae, Lethrinidae

Clupeidae, and other shore swimming fish

Lethrinidae, Lutjanidae, Serranidae, Carangidae, Scombridae
Scombridae, Sphyraenidae, Coryphaenidae, Istiophoridae
Scombridae, Carcharhinidae, Xiphiidae, Istiophoridae
Scaridae, Lutjanidae, Serranidae, Siganidae,

Octopoda, Myliobatidae, Muraenidae

Carangidae, Scombridae, Belonidae, Hemiramphidae,
Lethrinidae, Siganidae, Myliobatidae, Panulirus
Carcharhinidae, Scombridae,

Hemiramphidae, Mugilidae

Carangidae, Scombridae, Sphyraenidae, Lutjanidae, Clupeidae,
Engraulidae

Penaeid prawns

Clupeidae, Engraulidae, Gerreidae, Penaeid prawns

Scaridae, Siganidae, Lethrinidae, Atherinidae, Hemiramphidae
Scaridae, Siganidae, Lethrinidae, Atherinidae, Hemiramphidae

Scoopnets/handnets
Mosquito nets

Mugilidae, Clupeidae, Penaeid, Panulirus
Clupeidae, Engraulidae, Labridae, Lethrinidae, Lutjanidae

Trawling Penaeid prawns

5. The inclusion of local fishermen in
decisionmakingonfisheriesmanagement
and the provision of information on the
benefits of appropriate conservation and
management that result in higher fish
yields (Tunje & Hoorweg, 2003).

Impacts of fishing

The effects of fishing relative to levels of
protection and substratum complexity have
been investigated on coral reef lagoon fish
(McClanahan, 1994a, 1997a; McClanahan et al.,
1999b; Watson & Ormond, 1994), as well as the
effects of fishing and overfishing, mainly on reef
fishes (Jennings & Polunin, 1996; McClanahan,
1995a; McClanahan et al., 1994; Watson &
Ormond, 1994), and the factors that influence
fish catches on Kenya's coral reefs (Mangi
& Roberts, 2007). Several factors, including
levels of fishing, protection from fishing and
characteristics of reef habitat, were examined
to determine the effect of these factors on the
ecology of fish communities (McClanahan &
Arthur, 2001). The number of fishers and live
coral cover proved to be the strongest factors
that determine total catches (Mangi & Roberts,

2007). The findings also showed that heavy
fishing results in increased sea urchin abundance
and algal turf cover, and reduced hard coral and
coralline algal cover (McClanahan & Arthur,
2001). Furthermore, protected areas had greater
species richness and higher abundances of some
commercially important fish (ibid.).

Goiii  (1998) provided an overview
of the wide ecosystem effects of fishing,
and the potential direct and indirect effects
of the main fisheries of the world. The
consequences of fishing on reef areas
are reductions in coral cover, habitat and
refuge for both fish and their food, and reef
productivity (McClanahan, 1996). The study
revealed the need for protected areas, as
well as the areas that need protection, with
continuous monitoring, to improve fish
yields. Changes in fish populations affect
reefs, since fish play important roles in reef
ecology, and overfished reefs have fewer fish
that are smaller. Areas which have become
degraded may require restoration to achieve
recovery but there have been few studies on
the recovery of fish populations from heavy
fishing (e.g. McClanahan, 1997b).
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Habitat degradation

Loss of biodiversity, habitat degradation
and the modification of mangrove and
coral reef ecosystems have been identified
as major concerns in Kenyan coastal
areas. Anthropogenic pressures arise from
overfishing and fishing-related damage,
urbanization and tourism development,
agriculture and industry, and damming for
hydropower (Matlock, 2008). These activities
alter and destroy coastal habitats with
implications for marine fisheries (Brakel,
1981). Marine habitats are also damaged by
natural catastrophes but, if this happens, they
almost always recover (Palumbi ef al., 2008).
However, anthropogenic impacts are often the
cause of permanent damage (Palumbi et al.,
2008). Regulation of development in coastal
areas and in habitat use plays an important
role in the protection of fish spawning and
breeding areas, their nursery grounds, and
refugia (Bilkovic & Roggero, 2008). A clean
environment is also important for a healthy
fishery (Government of Kenya, 2009). An
integrated approach to management is
necessary to introduce improvements in the
system with minimal and gradual changes to
the activities of the human users (Government
of Kenya, 2009).

Pollution

The marine environment in East Africa does
not seem to be severely polluted and may be
considered ‘clean” when compared with the
seas receiving wastes from more industrialized
societies (Bliss-Guest, 1983). However, other
studies have concluded that East African coral
reefs are presently heavily used by fishermen
and tourists, and that they experience pollution
(McClanahan & Obura, 1996). Several
sectors contribute to this pollution in Kenya,
including coastal development, agriculture,
processing industries, mining, transportation
and energy (Government of Kenya, 2009). Oil
spills from shipping accidents and hazardous
waste from petroleum refineries and shipping
activities also pose threats to the coastal and
marine environment (Government of Kenya,
2009). Studies on heavy metal distribution
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and enrichment in Port Reitz Creek, Mombasa
(Kamau, 2002) showed that fluvial input to it
introduced Cd, Cu, Fe and Zn, but some Cd and
Zn were also of anthropogenic origin. Other
surveys have been conducted on heavy metal
pollutants in sediments and fish in Port Reitz,
Mtwapa and Shirazi (Muohi et al., 2001), and
on Cd and Pb in water, sediments and selected
fish species in Mombasa (Mwashote, 2002).
These revealed that the levels of Pb and Cd
were elevated in sediments and in some fish
species, especially during the rainy season,
but were generally within acceptable limits
according to the FAO standards in the fish
species that were analysed (Mwashote, 2002).

Such pollution studies are important
in identifying hot spots and areas prone to
pollution. They are important in fisheries
management, especially when considering
that the fish resources are harvested for human
consumption, some for export.

Marine Protected Areas

Various studies related to fisheries have been
conducted in Kenyan Marine Protected Areas
(MPAs). They have focused largely on the
role of the MPAs in enhancing local fisheries
through the emigration or spill-over of
recruits, the recovery of reef fish populations,
and comparisons between protected and
unprotected areas (Cros & McClanahan,
2003; EklIofl et al., 2009; Kaunda-Arara
et al., 2009; McClanahan, 2007, 2008b;
McClanahan et al., 1999b 2002b, 2006, 2007;
McClanahan & Arthur, 2001; McClanahan &
Graham, 2005; McClanahan & Kaunda-Arara
1996; McClanahan & Mangi, 2000, 2001;
McClanahan & Shaffir, 1990; Mwatha &
Orembo, 1998; Munga et al., 2010; Rodwell
et al., 2003; Watson et al., 1997; Watson &
Ormond, 1994).

Results of thisresearch suggest that MPAs
provide refugia for fish (Rodwell et al., 2003)
and potentially protect and increase fish stocks
for spawning, leading to the aforementioned
spill-over. For example, the Mombasa MPA
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increased the catch per unit effort and per
unit area adjacent to the park, decreased
variation in the catches, and provided some
spill-over of adults to the adjacent fishing
ground (McClanahan & Kaunda-Arara 1996;
McClanahan & Mangi, 2000). The catch per
fisher increased by up to 75% (McClanahan
& Mangi, 2000) and unfished sites had up to
ten times more fish than fished areas (Watson
& Ormond, 1994) . However, it was suggested
that reserves needed to be older than ten years
before they sustained the full diversity of
fishes (McClanahan & Arthur, 2001).

Threatened species

The Kenyan coast, being rich in biodiversity,
has some fish resources that have become
threatened, including species such as the
whale shark. Conservation efforts and studies
on the distribution and abundance of the latter
were undertaken by the East African Whale
Shark Trust in Kenya (Bassen, 2007). Rare fish
such as the coelacanth may also be threatened.
An inventory of all known specimens of
Latimeria chalumnae has thus been compiled
(Bruton & Coutouvidis, 1991), as well as a
bibliography (Bruton et al., 1991), but the
first specimen was only captured in Kenya in
2001 (De Vos and Oyugi, 2002). The genetic
variation between individuals from different
locations was studied to determine relatedness
among east African coelacanths, and it was
shown that this is unexpectedly low (Schartl
et al., 2005). There has been little research
on threatened species beyond this and more
studies are needed.

Management

Open-access fishing has been practiced
since time immemorial in Kenya and is
currently causing excessive fishing effort.
The Kenyan fisheries and their management
have been described by various authors, with
management proposals aimed at maximizing
fish production at a sustainable level, a
reduction in post-harvest losses and support
for local fisheries management (Allela, 1984;
Barabara et al., 2008; Brakel, 1981; Crabbe
& McClanahan, 2005; Gitonga & Achoki,

2003; Mangi, 2006; McClanahan et al., 1997,
1999, 2006, 2008, 2009; Munywoki et al.,
2008; Omondi, 1995; Oluoch & Obura, 2008;
Samoilys, 1988; SWIOFC, 2006). Some of
the strategies and proposals for sustainable
management of the fish resources in Kenya
include collaborative fisheries management
(Gitonga & Achoki, 2003) coupled with large,
permanent closed areas to sustain ecosystem
function and the associated fisheries, and
protect sensitive species from overfishing
(McClanahan et al. 2006).

DISCUSSION

This review covers the period from 1960 to
2009. Several regional and national projects
were undertaken subsequent to this period or
were ongoing at the time of writing, e.g. the
South West Indian Ocean Fisheries Project
(SWIOFP) and Kenya Coastal Development
Project (KCDP); these have further addressed
fisheries-related issues. While it is possible
that more studies have been undertaken than
those reviewed here, this article nevertheless
provides a general picture of the status of
Kenyan fisheries research.

Regular frame and fish surveys are proving
important in tracking changes in the Kenyan
marine fisheries and providing indicators for
management actions and options. Changes
in fishing gear and fishing areas are being
tracked through these surveys, matters crucial
for the management of the fisheries. Studies
on fish yields have focused on different
areas of the Kenyan coast, reporting varying
yields depending on area, season and fishing
pressure. It must be noted that estimates
of Maximum Sustainable Yield (MSY) are
lacking, even though they are important in
fisheries management as they provide a means
of establishing sustainable targets (Garcia et
al., 1989). Fish catch rates according to boat
and gear categories, often combined with data
on fish size at capture, permit a large number
of analyses related to gear selectivity, provide
indices of exploitation and monitor economic
efficiency (Stamatopoulos, 2002), all these
being important indicators of fisheries
management.
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It is important that research plays a role in
informing management regarding the various
strategies for the management of marine
resources. Different departments are involved
in fisheries planning and management (e.g.
fishing, tourism, MPAs, the port and maritime
authorities, development) and need to liaise
in accomplishing their task. Changes in
management should be done in a manner
that results in improvements to the system
with minimal or gradual changes in the
activities of the human users. These changes
in management involve the temporal and
spatial regulation of fishing, using different
fishing gear and, possibly, the provision of
alternatives to fishing. Such changes should
increase the economic returns from fishing
without damaging the ecosystem. In this
regard, co-management would give people
more control over their resources for a more
secure living (Barabara et al., 2008), an
approach that needs to be strengthened on the
Kenyan coast. It is also essential that fisheries
managers plan for change in today’s rapidly
changing environment rather than attempt to
regulate or prevent such change.

Studies on fish species diversity,
community structure and general biology have
been conducted in a number of areas along the
Kenyan coast, but only on a fraction of the
number of marine species (736) reported in
FishBase. Investigations of fish diets are also
needed to understand the trophic dynamics
and fisheries interactions in the ecosystem.
Only one study has been undertaken on
homing behaviour (Kaunda-Arara & Rose,
2003), even though such research is important
to determine the likelihood of sustaining
locally reproducing populations to restock
adjacent areas (Kaunda-Arara & Rose, 2003);
in addition such studies can be used to guide
management on areas in need of protection.

Some studies have been conducted
on destructive fishing gear (Crabbe &
McClanahan, 2005; Crona, 2006; Cros &
McClanahan, 2003; Fulanda et al., 2009;
Glaesel, 2000; Kiszka et al., 2009; Mangi,
2006; Mangi et al., 2007, McClanahan,
2007; McClanahan et al., 1997, 2008, 2005;
McClanahan & Mangi, 2001; McClanahan &
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Obura, 1996; Mwaura et al., 2001; Tunje &
Hoorweg, 2003; Samoilys, 1988), but more
studies are needed to ascertain the deleterious
effects of each type of gear. Overfishing and
overexploitation and the effects these have on
local communities and the ecosystem have
been reported in several areas (e.g. Hoorweg
et al. 2009; McClanahan, 1994b; McClanahan
et al., 2000; Mork et al., 2009) and reveal the
need for protected areas. The latter can vary
from zonation to integrated management or
closure to promote sustainability and health in
the protected ecosystems. They are important
in achieving sustainability in fisheries, since
they allow enough fish to grow to maturity
and produce larvae that will recruit to areas
outside the MPAs. They also provide baseline
information on what an unfished area should
be like, and demonstrate the fishery benefits
of MPAs to local communities. While they
provide a useful management option, they
should not be used in isolation (Jan et al.,
2008; Munga et al., 2010); local communities
must be included in the planning, design,
establishment and management of MPAs to
improve their likelihood of success in the long
term (Munga et al., 2010; Tunje & Hoorweg,
2003).

In conclusion, most of the research
reviewed here focused on specific habitats,
sites or species and therefore did not cover
the whole Kenyan coast. Many studies were
undertaken in inshore areas and offshore
studies were very few. There is evidence to
suggest that overexploitation and destructive
fishing have led to a decline in Kenyan
marine fisheries and, in some cases, habitat
degradation, especially of coral reefs.
Innovative methods, incorporating the use
of biomarkers, population genetics, acoustic
telemetry, underwater videography and high-
resolution sonic recordings, will open up
opportunities to test new hypotheses on the
fish resources in Kenya and in the Western
Indian Ocean region. However, such research
is limited in Kenya by inadequate financial
and technological resources as well as
expertise, and efforts must be made to meet
these shortfalls.
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