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ABSTRACT
A comparative survey of bivalve fauna found in reef flat, sea grass zones

and shallow lagoons «2m) was undertaken in protected and unprotected marine
areas to determine the density, diversity and species richness and the possible
impacts of human activities on these mollusks. Data was collected by laying 3
transects of 400m2 in each site at the three areas. All bivalves observed were
identified, their shell lengths measured and evidence of any kind of human
interference recorded. Data was analyzed through use of species richness,
diversity and similarity indices, coefficients of dispersion and covariance. These
parameters were used to compare and describe species composition at each
study site. Human activities were expressed in percentage frequencies of
occurrence. The most prevalent human activity was then used to show the
impact on the most vulnerable bivalve species

A total of 17 bivalve species belonging to 13 families were observed in
both the protected and unprotected areas of the Kenya coast from Oct. 1997
March 1998. Their distribution showed low densities (2 bivalves/m2), low
diversity (1.26 ± 0.005) in species composition and distribution (0.06475 ± 0.03) in
the different substrate types. Modiolus auriculatus (0.473 ± 0.02) and Pinna
muricata(0.45 ± 0.03) were the most prevalent. There was a significant difference
in species diversity between Malindi and Mombasa reef flats at P<0.10. Shallow
lagoons had very low relative density (0.49 ± 0.05) and diversity (0.068 ± 0.022) as
compared to that of the reef flat which exhibited the highest density of (0.691 ±
0.017). This was attributed to the high deposits of shell, coral, and sand. Species
composition classified up to family level showed Mitilidae (54% ad 44%) as the
most represented in Kanamai and Malindi areas respectively; and Pinnidae (36%)
in Mombasa.

Abundance similarities were low (65 %) but for the lagoon (86.9%) and
reef flat (90.0%) of Mombasa. Most bivalve species were clumped together (1
1421) or uniformly distributed (0- 0.395), with a few showing random
distribution (1). Swimming, goggling/ SCUBA diving, walking/ trampling and
turning of rocks were identified as the main forms of human activities causing
disturbance. Frequencies of occurrence of these activities varied in the three areas
with Kanamai exhibiting the highest.

Results showed that the distribution of bivalve fauna in the protected and
unprotected areas is bivalve density independent and not only influenced by
human activities and management strategy but by other biological and
environmental factors such as substrate type, tide range and wave activity.
Human activities however affect those bivalves with fragile shells such as P.

. muricata, through trampling resulting in injury and / or death. Therefore
decentralisation of human activities within the marine parks is recommended to
reduce their impacts. These activities can be carried out in the reserves. Beside
marine protected areas are insufficient alone as they are not isolated from other
critical environmental impacts and thus should' be complemented with strong
conservation efforts outside the parks.
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CHAPTER ONE

I. INTRODUCTION
The Kenya coast region is an important tourist destination in Kenya.

Marine Parks and reserves, the white sandy beaches, historical monuments,

contemporary culture and the warm climate make it a unique tourist attraction

and 49% of Kenya's tourism occurs here. Tourist facilities especially those with

accommodation are located directly adjacent to the good swimming beaches

thus resulting in the concentration of tourist centers with the most wanted

facilities within the most fragile ecosystem. Among the most important centers

are Diani, Tiwi, and Shelly Beach in the South Coast; Nyali, Bamburi, Shanzu

and Kikambala in the middle sector. These are within the influence of Mombasa

town. North of Kilifi is Watamu, Silversands, Malindi, and a new center in

Mambrui. Here the coast tourism is supported mainly by the marine parks and

reserves, which provide unique opportunities for visitors to view marine life in

natural environments (Kenya Wildlife Service, 1990).

Approximately half of the tourists to Kenya visit the marine parks and

reserves with 65% of these visiting Malindi and Mombasa marine national

parks (Wildlife Planning Unit, 1989). Moreover, there is an ever-increasing

number of day-trippers and excursionists from Mombasa hotels to Malindi and

vice versa. Mombasa Marine Park remains the greatest income earner among

the protected areas in this region (Mc Clanahan, 1994).
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Marine resources along the Kenyan coast include mangroves, coral reefs,

fisheries, sea grasses, bivalves, mollusks and numerous other associated

features. Presently human impacts are creating unprecedented potential threats

to the biological interactions of the ocean and the many marine species

including bivalves. A primary approach to combating this has been the

establishment of marine protected areas (parks and reserves). These areas are

protected and managed by Kenya Wildlife Service (KWS) under the Wildlife

Conservation and Management (amended) Act, 1989 (Wildlife Planning Unit

1989). Biodiversity is protected and preserved through prohibiting the removal

of marine organisms, and limiting tourist and other human activities to

designated areas only. Similar regulations apply in adjacent marine national

reserves (buffer zones), but traditional forms of fishing are permitted

(sustainable exploitation). The marine parks actually provide breeding grounds

for many marine organisms that eventually disperse into outer waters from

where they may be exploited commercially. Protected areas include:

• Malindi Marine Park gazetted in 1968 and designated a park in 1969;

• Mombasa Marine National Park and Reserve, which was gazetted in 1986

with a boundary extension to include a 100-ft strip inland from the high

water mark;

• Kisite/Mpunguti Marine Park and reserve gazetted in 1968;

• Watamu Marine Park designated in 1979;

• The Chale Island/ Diani Marine Reserve;

• The Ras Tenewi Coastal zone Marine reserve gazetted in 1989 and
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• Kiunga Marine National Reserve protected as a biosphere reserve in 1979.

In recent years however, human activities have expanded and intensified

tremendously within the Marine National Parks (MNP). As a consequence

some of the important epifauna have been affected in various ways.

Echinoderms, bivalves and mollusks are trampled upon and their shells broken,

others are occasionally utilized as food such as the giant clam, Tridacna squamosa

and for their shells, while others are disturbed by the mere presence of people

such as Tellina palatum and Anadara antiquata. When coral boulders are

overturned and not properly replaced, the epifauna have often perished

(Schoorl and Visser 1992). There has also been evidence of poaching within the

marine parks as well as free harvesting in the unprotected areas such as

Kanamai. This has resulted in diverse negative impacts on the species

composition, abundance and distribution of bivalve epifauna in such areas.

The class Bivalvia comprises an important group of mollusks that can be

used to quickly determine environmental health or status. This is because they

are vulnerable and manifest quick responses to environmental changes. Mobile

species move away from potentially harmful conditions whereas sedentary

species retract into burrows or close their valves. In cases of serious negative

effects such as trampling or turning of coral boulders, some species get

dislodged and are carried off by water currents e.g. common mussels, Modiolus

auriculatus and pen shells, Pinna muncata. For this reason they were selected as

indicators of the impacts of human activities on biodiversity on the Kenya

Coast.
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Data is lacking to quantify and compare the effects of human activities in

the different marine ecosystems at the Kenya Coast. The status of these

organisms will continue to be altered both in protected and unprotected areas

with increased use of shore areas. There is an assumption that people may

influence the distribution and a whole community structure of these organisms

especially with the increasing population and advancing tourist industry at the

Kenya Coast. This study addresses the issue of human impacts on bivalves and

acts as an initial step towards generating valuable scientific information

necessary for sustainable conservation and utilization of marine resources in

Kenya. It also determines the status and occurrence of some of the major

epibenthic marine bivalves in the protected and unprotected marine areas.

1.1 PROBLEM STATEMENT

Marine bivalves play an important role in the marine ecosystem and

form important indicators of ecosystem health. There are adverse effects

through human activities on the distribution, abundance and diversity of some

of the sessile mollusks through accidental trampling, harvesting for their shells

and food, while others are disturbed by the mere presence of people. This

situation makes conservation of marine biodiversity difficult despite current

efforts by Kenya Wildlife Service. There is however little information available

concerning the adverse effects of human perturbation on marine organisms at

the Kenya Coast. This provides initial but valuable data on the effects of human

activities on the bivalve fauna in protected and unprotected areas at the Kenya
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Coast and contributes to strategies for conservation and sustainable

management.

1.2 JUSTIFICATION

Disturbance to marine bivalves due to various human activities is a

common phenomenon on marine inter-tidal shores at the Kenya Coast. Tourist

activities such as reef walking, swimming and heavy use of snorkeling sets in

the coral gardens and in unprotected reefs adjacent to tourist developments

result in varying degrees of damage (Hawkins & Roberts, 1992). Some of these

include bivalve dislodgment, shell breakage and sometimes death. There is an

urgent need to assess the actual human impact on the abundance, distribution

and diversity of these marine organisms in some of the main marine inter-tidal

shores at the Kenya coast to complement and expand on the recent survey

carried out by Muthiga & Mc Clanahan, 1996 (unpublished data) in the Kisite

Marine Park. At the Kenya Coast where the tourism pressure continues to

increase, the impact of this industry particularly on the marine epifauna has not

been investigated.

The findings will provide valuable information for the understanding to

best conserve, protect and manage important marine biological resources at the

Kenya coast sustainably. The study has further highlighted future research

areas through providing baseline data against which future human activity

impacts on the marine ecosystem can be measured.



6

1.3 OBJECTIVES OF THE STUDY

1.3.1 Main objective

To determine the abundance and diversity of major marine epibenthic

bivalves and the impact of human activities on these organisms in protected

and unprotected marine areas at the Kenya coast.

1.3.2 Specific objectives

1. To identify the major epibenthic bivalve species In protected and

unprotected marine areas and examine their species diversity.

2. To investigate the abundance, distribution and diversity of bivalves in

protected and unprotected marine areas at the Kenya Coast.

3. To determine the impact of human activities on the abundance, diversity

and distribution of epibenthic bivalves in protected and unprotected

marine areas at the Kenya Coast.

1.3.3 Hypothesis

1 Ho. Species abundance, diversity and distribution in both the protected

and unprotected areas are similar.

HA. Species abundance, diversity and distribution is higher in protected

than in unprotected marine areas

2. Ho. The diversity and distribution of marine bivalves is not affected by human

activities.

...
HA. The diversity and distribution of marine bivalves is affected by

human activities.
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1.4 STUDY AREA

The study area is located along the Kenya Coast and based in Malindi,

Mombasa, and Kanamai (Fig. 1).

1.4.1 Physiography of the Kenya Coast

Much of the Kenyan coast near and north of Lamu is relatively

unindented while to the south it is influenced by the Tana, Ramisi, and Sabaki

Rivers that drain into the ocean. The Tana flows through a massive delta

system. Other areas such as Nyali, Tudor, Mtwapa, Kilifi and Mida are

characterized by creek systems.

Physiographically, the area is characterized by a coastal foot with a

general altitude of less than 50m above sea level. The most noticeable feature

here is the fringing coral reef that runs almost continuously between O.5Km and

2 Km offshore with the most permanent break for Malindi being at the Sabaki

river mouth.

1.4.2 Malindi Marine National Park and Biosphere Reserve

Malindi Marine National Park is located south of Malindi town from

Vasco da Gamma point and is located 128 Km north of Mombasa. It was

gazetted in 1969 and covers an area of 630 hectares with a land base of 5

hectares at Casuarina point (VNEPI IVCN, 1988).

The Malindi Marine National Reserve covers most of the area extending

5 Km towards the sea and 30Km along the coast and consists of 21,300 hectares.

The area comprises fringing reefs; a series of off-shore reefs the famous coral

gardens inside the reef lagoons and the sea grass. South of the Vasco da Gamma

Pillar, and some 6-Km outside the town boundary, are fine white sandy
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beaches. These beaches are a significant socio-economic asset of Malindi

without which the growth of the tourist trade (both local and international)

would not have been as significant as it is today.

The area around Malindi and to the north of Vaso da Gamma Pillar has

suffered a great deal as a result of silt discharge from the Sabaki River during

the rainy season. Apart from affecting coral reef formation, this has caused

concern to the people interested in Malindi as a tourist resort as this causes the

destruction of the beaches by silt and sand deposition.

There is about 16Km of the coastline affected by silt from the Sabaki. This

comprises the area where most of the tourist hotels are located. This therefore

confines tourists and other human activities to the Malindi Marine National

Park thus resulting in considerable damage to the marine community especially

sedentary organisms.

1.4.3 Mombasa Marine Park and Reserve

Mombasa Marine Park is located in the Bamburi area. It extends from the

entrance to the old port, English point, northwards to the entrance to Mtwapa

creek, Cannon point, with the reserve spreading 13.5km seawards. It comprises

an area of 10 Km2 (2Km width and 5Km length) while the Marine National

Reserve comprises an area of 200 Km2 (3.5Km wide and 15Km long). The park

lies between 39°40' and 39°54' eastwards and latitudes 30 58' and 4°04' south.

It was gazetted in 1986 with the aim of conserving the coral reef

resources and improving the fisheries status. This was to be achieved through

encouraging public understanding, appreciation and enjoyment of the natural
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resource through interpretation, education and provision of recreational

opportunities. The area forms a major destination for both international and

local tourists and continues to grow with the completion of new tourist hotels

and the improvement in infrastructure (Mc Clanahan, 1994). The park and

reserve is adjacent to the most important and extensively developed tourist area

in Kenya.

1.4.4 Kanamai Beach

Kanamai is located on the north coast, about forty kilometers north of

Mombasa town. It lies in the unprotected zone on the coast and is exposed to

intensive fishing, massive shell collecting and coral harvesting. Small tourist

hotels and residences border Kanamai beach area. The beach area is quite

extensive comprising an expansive sea grass zone, a fringing reef, and a lagoon,

which at spring low tide is O.3m deep.
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CHAPTER TWO

2. LITERATURE REVIEW.

2.1 The Kenya Coastal ecosystem and its tourism

The Kenya coast is famous worldwide for it's very attractive scenery.

Palm fringed sandy beaches, clear turquoise waters of the tropical Indian

Ocean, the spectacular and colorful diversity of marine life within a unique

series of coral reefs form a romantic image which tourists from all over the

world are attracted (Schoorl and Visser, 1991).

The number of tourists coming to Kenya has been increasing steadily

during the last three decades; only to drop in 1997-1998 probably due to the El

Nino rains (Mwakau, Personal communication). Despite these, there are

projections that the situation will improve soon, because many tourists visiting

Kenya come for the natural coastal attractions at the Kenyan coast; many never

travel inland to see the wildlife (Schoorl and Visser, 1991).

Tourism has brought many benefits to Kenya. It has stimulated activities

in all spheres of the Kenyan economy, agriculture, manufacturing, road and air

transport, the hotel and construction industry, and in terms of foreign exchange

and tax revenue to the state. It is also an important direct and indirect

employment sector (Schoorl and Visser, 1991).

Despite these many benefits of tourism, there are also the negative

impacts on the natural environment. Most of these are due to increased human

activities. A great deal of tourist activity is focused on the reef particularly



12

during low tide when both fishermen and tourists prefer to visit and fish in the

coral reef. As a consequence natural marine biological resources including fish,

mollusks coral reefs, sea grasses, and algae are slowly being degraded.

Shellfish and the invertebrate community form important components of

the marine ecosystem. Most of these occur in the shallow lagoons, bays and

sheltered reefs. Pinctada margaritifera for example is most abundant below low

water on shallow rocks or coral rubble. Pinna muricata and Anadara antiquata are

found semi-buried in the eulittoral zone and shallow sea grass beds or buried in

muddy sand while Tridacna squamosa is found on shallow coral reefs. Others

such as Chama costama, Codakia punctata and Pteria chinensis are found in the

sub-tidal zone. Most of these bivalves are epibenthic and sedentary filter

feeders.

Traditionally these were harvested sustainably on a small scale for

centuries. The fish were for consumption at the village level, while the cowry

shells were used as a currency for exchange of goods, for dowry payment and

for making decorative ornaments (Tole, 1997). Various species of mollusks have

been exploited for their shells, which are sold locally and to a minor extent for

food by the local communities (Visser and Koyo, 1992).

In recent times however, fishing and shell collection have increased to

serve the local, tourist and export trade (Tole, 1997; Visser and Koyo, 1992).

Considering their distribution and low mobility, mollusks populations would

be sensibly undermined by mass collection. Although almost all species of

shelled organisms have some commercial value and are collected, the most
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sought after include the Cyprea tigris, C. mauritania, C. rufa, Ovula ovum, Lambis

lambis and giant clams (Tridacna gigas) (Ruwa, 1989). Besides collection other

human activities such as reef walking, swimming and snorkelling affect these

organisms by causing dislodgement, shell damage or death. Of interest in this

study are the bivalves, which are mainly sedentary filter feeders.

2.2 Bivalve adaptations to environmental stress in the marine environment

Marine organisms have developed various ways of coping within their

natural environments, of these; the bivalves are a notable example. Many

bivalve mollusks, when exposed to lethal levels of environmental stress rely

upon behavioral mechanisms, which enable them to avoid contact with such

conditions. Mobile species have the ability to move away from regions of

potentially harmful stress conditions whereas sedentary species posses

behavioral mechanisms such as burrowing into substratum, retracting into

existing burrows or closing of valves.

2.2.1 Response to climatic factors

Bivalve mollusks can isolate their tissues from their external

environment by closing their valves while some minimize desiccation by valve

adduction during periods of emersion at low tides (Akberali & Truman, 1985).

At low temperatures 'hibernation' in oysters is induced while in similar

conditions Mercenaria mercenaria (Venus) remains completely closed for up to 18

days. In Mytillus edulis valve closure response has been shown to operate up to

about -1.5°C when subjected to simulated sub arctic conditions, at -1.0°C valves

remained open for 75% of the total time (Suchanek, 1978; Carion-Cortrina,
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1981). In general, bivalves are not affected by changes in environmental

conditions such as small variations in temperatures.

In M. edulis, Cardium glaucum and C. edule, bradycardia occurs in

response to littoral exposure when the valves become closed, activity is

depressed, resulting in the animal respiring at lowered levels. In 1. alatus and

Modiolus demissus controlled valve openings exposes a film of water between

the mantle margins when exposed to air (Akberali and Trueman, 1985).

2.2.2 Response to salinity changes

Valve closure in bivalves serves to prevent drastic changes in osmotic

concentrations in their body fluids when exposed to short-term fluctuations in

salinity (Akberali, 1981). For example, Akberali 1978, reported that when

Scrobicularia were transferred from normal seawater to a lowered salinity, the

valves tended to remain closed. He found that the greater the drop in salinity,

the greater the tendency to remain closed. The activity of both inter-tidal and

sub-tidal species of Modiolus as measured by valve movements was also

reduced when the animals were exposed to either a high or a low salinity. The

valves movements then return to normal after a period of time, the period of

which is dependent upon the magnitude of the salinity change (Akberali, 1978).

But with long exposure to salinity change, acclimatization of the internal body

fluids does occur (Akberali, 1981). This allows the organisms a period of grace

and therefore prevents osmotic shock. Thus they are able to survive in their

sessile state and therefore in their natural environments for very long periods

despite such drastic changes occurring daily or seasonally.
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2.2.3 Response to predation

Bivalves respond to sudden changes by dosing their valves. Valve

closure also occurs in cases of unexpected encounters with the enemy or

predator during which the bivalve utilizes anaerobic respiration (Akberali and

Trueman, 1985). In some species of the scallops swimming by rapid flapping of

the valves in response to the starfish is well known, and the leaping movements

of two species of Asaphidae by flexure of the foot have been observed. Moreover,

studies have shown that Venus striatula may survive ingestion by the starfish

Astropecten for periods of longer than one week with its valves closed. On the

contrary, Tellina fabula is unable to close its valves even for brief periods and is

consumed fairly rapidly after ingestion. But in sandy environments, this species

may escape by burrowing rapidly. This therefore suggests two alternative

strategies by which bivalves may respond to predator stress, either by rapid

locomotion and escape or by the closure of thickened valves with the ability to

remain quiescent utilizing anaerobic respiration for lengthy periods.

2.3. Human impacts in inter-tidal areas

2.3.1 Trampling

The last decade has seen increased interest on studying the impacts of

human activities on inter-tidal areas. These have mainly focused on harvesting

of bivalves from such areas (Moreno et ill, 1984, Castila and Duran 1985, Olivia

and Castila, 1986, Ortega, 1987; Castila and Bustamente 1989, Godoy and

Moreno 1989; Underwood and Kenelly, 1990). But more recently investigations

have reported on negative impacts of human activities such as trampling
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(Beauchamp and Gowig, 1982; Ghazalshai et~ 1983; Cole et~ 1990; Kingsford

et al 1993; Povey and Keough 1991; Brosnan and Crumrine, 1994), swimming

and recreational SCUBA diving (Hawkins and Roberts, 1992), on bivalves.

Trampling is an important ecological phenomenon on many shores and

its effects are likely to increase as the use of shore area increases. Effects of

trampling have been studied in terrestrial ecosystems since 1917. Bates (1934,

1935), cited in Brosnan and Crumrine, 1994) began the systematic study of

trampling effects on terrestrial habitats. Since then numerous studies have

shown trampling to be detrimental in alpine meadow forests, sand dunes

(Burden and Randerson, 1972; Liddle, 1975; Hylgaard and Liddle, 1981;

Nickerson and Thibodeaus, 1983) and marine inter-tidal shores (Brosnan and

Crumrine, 1994).

In the marine ecosystem repeated surveys of rocky inter-tidal

communities near areas of dense human populations have indicated that

marine communities have changed as human population density increased

(Widdowson 1971; Boalche et ~ 1974; Thom and Widdowson, 1978). More

recent studies have confirmed that trampling, as a human impact can affect

marine communities. For example, certain foliose algae (Ascophyllum nodosum)

and bivalves species (Polliceps and Mytilus) common on intertidal shores have

been found to be rare in heavily visited sites (Beauchamp and Gowing 1982;

Povey and Keough 1991; Brosnan, 1993). Brosnan and Crumrine (1994) carried

out a study of the effects of human trampling on rocky inter-tidal areas in the

Oregon Coast, USA; and also looked at the effects of the post trampling
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recovery. Results showed that trampling, because it removes biomass and alters

space utilization, is a disturbance and thus can change community composition

and diversity. It also affects marine organisms directly by removing all or part

of an individual through crushing and dislodgement or by weakening

attachment strength, which raises the risk of dislodgement during strong

waves. The indirect effects are caused by removing other species that interact

through competition, predation, or habitat provision example mussels (Mytilus

carliforninus Conrad) provide a habitat for more than 300 matrix species but

when dislodged community composition may change (Suchanek, 1978).

In the Oregon Coast of the Pacific, Brosnan and Crumrine, (1994) showed

that trampling significantly reduced foliose algal cover, barnacle cover and

completely eliminated mussels in trampled plots. These did not reappear even

after a two-year post- trampling period, but instead dominated an alternative

site that did not suffer many disturbances due to trampling. In Kenya such data

is lacking on the effects of trampling on the marine bivalve epifauna.

2.3.2 Shell Collection

Shell collection and the extent of the international shell trade have

generated conservation concerns (Well's et. al. 1983, Villanoy et. al. 1988).

Kenya was reported to export between 84 and 107 tons/year of coral and shells

in 1977 and 1978 respectively (Wells 1981). The effect of shell collection,

however, is poorly documented, but within the central pacific the intensive

collection of the triton shell (Charonis tritonis) has been suggested to cause

Acanthaster population breakouts. In the Kenya coast shell collection/
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harvesting has been thought to lead to reef degradation by reducing predators

of the sea urchins and starfish, which feed on living coral and bivalves, and

increase bio-erosion rates (NEHSS, 1984). But Mc Clanahan, (1990) suggested

that only a few sedentary species may be affected by shell collection and other

related human activities. These include shallow-water gastropods, particularly

the large strombids, who have suffered through shell collection. Catterall and

Poiner (1987) suggest that species that remain exposed during their

development and require long periods before sexual maturity will be most

susceptible to population reductions through shell collection. Large adult sizes

of Lambis truncata and L. chiragra suggest slow sexual development and would

therefore fit within this category.

2.3.3 Recreational Activities

Recreational skin and SCUBA diving can damage reefs and benthic

organisms both directly and indirectly. This is usually accidental and can result

from kicking, trampling, holding or standing on the benthic organisms.

Resuspension of already settled sediments during diving and swimming may

also stress organisms residing on the reefs as the sand will settle on the

zoozanthellae, thereby limiting their ability to respire or manufacture food

(Rogers, 1990). Hawkins & Roberts (1992) found that divers cause significant

damage to benthic organisms of the fore reef slopes and increases coral

abrasion.

Studies carried out by Mc Clanahan and Muthiga (1992) on benthic

organisms of Malindi showed a decline in abundance and diversity. Data is
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lacking particularly to quantify and compare the effects of human activities in

the different marine ecosystems at the Kenya Coast. Of particular interest are

the changes in diversity and abundance of the marine epibenthic bivalves that

are vulnerable to trampling, harvesting, swimming and diving disturbances.

The status of these organisms will continue to be altered both in protected and

unprotected areas with increased use of shore areas. It is thought that man may

influence the distribution and community structure of those organisms with the

increasing population and advancing tourist industry at the Kenya Coast (KWS

Technical paper, 1990). This thesis addressed the issues of human activities at

the Kenya Coast and acted as an initial step towards generating valuable

scientific information necessary for sustainable management and utilization of

marine resources in Kenya.
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CHAPTER THREE

3. MATERIALS AND METHODS

3.1 Methodology.

3.1.1 Experimental design and site selection

Three areas were identified depending on the intensity of visitor use; two

protected areas - Mombasa and Malindi marine parks; and one unprotected

area, Kanamai. Within each area, three ecologically distinct sites were selected;

a reef flat, a reef lagoon, and a sea grass zone with each area acting as a block.

In each of the selected sites, three transects of 1 by 200m2 were laid either

parallel to the shoreline during each visit to the sites (Fig 2). For each study

area, a total of nine transects were laid and a quadrant of 1 by 1m2 was used to

delineate a sampling unit. Sampling was conducted within each transect where

all bivalves encountered were identified and their shell lengths measured.

Identification keys by Abbot and Dance (1986), and Richmond and

Rabesandratana (1997) were used as a reference for identifying the bivalves.

3.1.2 Sampling Methods

Sampling was undertaken during daylight spring - low tides. Visual

observations were made while walking on the reef flats, near edges, sea grass

zone, and snorkeling (goggling) within the shallow lagoons «2m at spring low

tide). The observations were carried out along the set transects of 1 by 200m2

monthly between October 1997 and March 1998 at each site. Table 1 shows the

number of transects, sites sampled, size of transects and the sampling intensity.
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Table 1. Number and size of transects, sites sampled and the sampling intensity.

Site Substrate Number of Size of Sampling error
type transects transect (m2.) at the site (%).

Kanamai Reef flat 3 400 0.2

Lagoon 3 400 0.2

Sea grass 3 400 0.2

Mombasa Reef flat 3 400 0.2

Lagoon 3 400 0.2

Sea grass 3 400 0.2

Malindi Reef flat 3 400 0.2

Lagoon 3 400 0.2

Sea grass 3 400 0.2

Monitoring of tourist activities was determined during each visit to the

selected areas. Numbers of people observed carrying out different activities on

the three different substrate types chosen were recorded. In addition, the

number of different bivalve species, their abundance, densities and any damage

to shells were also recorded.

3.2 Data Analysis

3.2.1 Species composition and abundance

The bivalve species observed during these studies were identified using

keys by Abbot and Dance (1986) and Richmond and Rabesandratana (1997) and
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a list of the family, species names and their occurrence prepared. Species

richness was determined using species numbers in each study area.

The Sorensen's (1948) index of similarity was used to compare the

abundance similarities for each pair of the different ecological zones and areas

studied. These are expressed as:

Sorensen's index of similarity =2C/ (A + B) where;

A = the total number of species found in site A.

B = the total number of species found in site B &

C = the total number of species common to both sites A and B.

The higher the value the more the similarity

Bray and Curtis Index of abundance similarity = 2L(minXi,Xj)/ (Xi +Xj)

where Xi and Xj are the abundance of each species found at sites i and j.

3.2.2 Species density and distribution

Species density was calculated in numbers per m2 while relative density was

calculated using the formula:

Relative density (%) = Number of individuals of the species x 100

Total number of individuals encountered

This was then used to compare the density in the different ecological

zones in the protected and unprotected areas.

The relative distribution of the bivalve community in each site was

obtained by computing coefficients of dispersion (CD = 52 / X). Values of

CD=1, show a random distribution while CD>1 show clumped and CD <1

scattered community distribution.
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Coefficients of variation (V = 100S/ X) of individual species populations

estimates were correlated with estimates of their population density to

determine the reliability of population density estimates.

Data from protected and unprotected reef sites were analyzed

hierarchically for comparison of species richness, family composition and

population densities of the marine bivalve species.

3.2.3 Species diversity

Species diversity was assessed by Shannon- Weiner Index (Shannon and

Weiner, 1949) for each substrate type at each site. The index is expressed as

follows:

s

H = - ~pi (In pi)
i=l

where H is the index, S is the number of species encountered, pi is the

proportion of individuals of the ith species and In is the natural logarithm. This

index was then used to calculate the t-statistic that was used to check for

significant differences in the diversity within and between the sites.

3.2.1.5 Human Disturbance

Human disturbance was determined by counting the number of people

walking, swimming, turning boulders and harvesting at each sampling area.

Frequencies of these activities observed taking place and of disturbance to the

bivalves were recorded and presented in graphical form. These were then used

to show impact on the most vulnerable species, notably Pinna 11J.uricatum.
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CHAPTER FOUR

4. RESULTS

4.1 Species composition and abundance

A total of 17 bivalve species belonging to 15 families were observed in the study

area from October 1997 to March 1998. Bivalves identified are shown in Table 2 as

well as their sites of occurrence. Modiolus auriculatus were abundant on the reef flat in

both the protected and unprotected areas. Chama costama, Chama brassica, Polliceps

polymerus, Trachycardium flavum, Periglypta reticulata, Pteria chinensis, Dosinia

elegans, Tridacna squamosa and Gafrarium pectinatum were present in the reef flat.

P. muricata, Pinctada margaritifera were common in all the three substrate types

in both Malindi and Mombasa. Codakia punctata, Anadara antiquata and Tellina

palatam were found in the reef flat and sea grass zones only.

T. flavum was most represented in the sea grass zone of Mombasa Marine

Park. Total numbers were highest in the mud and sea grass zones and lowest in

the shallow lagoons. M. auriculatus was most represented in this category in

Malindi while P. muricata was most represented in Mombasa. M. auriculatus, P.

muricata, P. chinensis, P. polymerus, T. squamosa, Barbatia decussata, T. flavum, and

D. elegans were found universally in all the substrate types (Table 2).
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Table 2. Species, family, genus and occurrence of marine bivalves in at the

Kenya Coast

Species Family Occurrence

Modiolus auriculatus(Kraus) Mitilidae K,M,L

Pinna muricata (L) Pinnidae K,M,L

Codakia punctata (L) Lucinacea K,M,L

Anadara antiquata (L) Arcidae K,L,M

Pollicepes polymerus(L) Pollicidae? M,L,K

Tellina palatum(Iredale) Tellinidae K,M

Pintada magaritifera (L) Pteridae M,K

Chama brassica (Reeve) Chamidae M,K,L

Chama costama (Reeve) Chamidae M,K,L

Tridacna squamosa (Lamarck) Tridacnidae M,K,L

Trapezium bicarinaatum(Schumacher) Trapeziidae K,M

Babatia decussata( Sowerby) Arcidae K,L

Galfrarium pectinatum(L) Lucinacea K,M

Periglypta reticulata(L) Veneridae K,L

Pteria chinensis (Leach) Pteridae K,L

Trachycardium flavum (L) Cardiacea K,L

Dosnia elegans(Lamarc) Veneracea M,L
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In Kanamai with G. pectinatum present only on the reef flat while P.

chinensis, Chama species, P. polymerus and T. squamosa were absent in the sea

grass zone. M. auriculatus, P. chinensis, P. polymerus, T. palatum, C. brassica, B.

decussata and G. pectinatum were absent in the lagoon while G. pectinatum. C.

brassica, T. bicarinatum, T. flavum, A. antiquata, P. margaritifera and C. punctata

were present in all ecological zones. D. elegans was not observed in Kanamai

during the entire period of study.

Comparisons made between the protected and unprotected areas

using the Sorensen's index showed values ranging between 47.1 % and 90.9%,

while those for the different ecological zones in each site ranged between 28.6%

and 86.9% (Table 3). Species on the sea grass and reef flat zones in the protected

and unprotected areas were very similar (73 - 90%) while those of the shallow

lagoons were found to be relatively different (47 - 70%).

Table 3. Sorensen's index (%)comparing species similarity within (a) and between (b)

protected (Malindi, Mombasa) and unprotected (Kanamai) areas at the Kenya Coast.

(a)

Sites/substrate types Malindi vs. Kanamai Malindi vs. Mombasa vs.
Mombasa Kanamai

Reef flat 90.9 83.9 87.5

Shallow lagoons 47.1 76.2 55.6

Sea grass zone 70 80 83.3
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(b)

Area status Sites Lagoons vs. Lagoons vs. Reef flat vs.
Reef flat sea grass sea grass

Protected Malindi 81.5 40 72

Mombasa 71.4 86.9 69.2

Unprotected Kanamai 58.3 28.6 74.1

Note: The more the percentage the more the simIlarity

Species richness was similar in the reef flat and sea grass zones for the protected

and the unprotected areas. In the shallow lagoon there was little similarity. Within the

protected and unprotected areas there was however minimal similarity in species

richness.

Fig. 3 shows length categories and frequencies of occurrence of M.

auriculatus observed in the protected and unprotected areas. The distribution

shows a reverse J- shaped curve, with the young bivalves dominating. Various

length - categories (110-150mm and (160mm) were absent. Numbers of adult

organisms (160mm) were <5 in both the protected and unprotected areas. Large

numbers of young M. auriculatus (5- 10mm) and (35-60mm) were observed in

the reef flat of Mombasa Marine National Park in January 1998, but the

intermediate and mature stages (1l0-150mm) and (170mm) ranged between 0

and 2. The most abundant sizes in Malindi Marine Park were 20-30mm

followed by the 30-40mm category. The larger bivalves, >90mm category,

ranged between 0 and 10 for each length category in the protected areas and <2

in the unprotected areas.
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Total bivalve numbers varied between the different substrate types, in

Malindi Marine National Park, with the sea grass zone recording the highest

(1100) in January 1998. Numbers increased gradually from 260 in October 1997

to peak at 1100 in January only to drop drastically to 580 in March 1998 (Fig. 4).

An ANOVA for the different substrate types showed no significant differences

at p<O.l among total numbers of the different species. Values increased from

980 in October 1997 to 1090 in November but dropped again to 180 in December

1997 in Mombasa Marine National Park. A sudden increase to 3460 in January

1998 in the reef flat was observed and a gradual decline to 2700 in March 1998

(Fig. 5). There was no significant difference among the total numbers of the

different substrate types at p<O.l. Numbers were highest (4200) in the sea grass

zone followed by the reef flat and lowest in the shallow lagoons (280) in

Kanamai. This trend was observed throughout the study period with highest

values recorded in January 1998 (Fig. 6).

Other substrate types exhibited relatively low numbers with the least

being in the shallow lagoons (90) in October and November 1997. Bivalve

numbers were highest in the reef flat of Malindi and Mombasa in January 1998.

In the protected areas bivalve populations were highest in the reef flat of

Mombasa (1490) followed by the sea grass zone of Malindi. An Analysis of

Variance (ANOVA) showed no significant differences among the different areas

at p<O.l.
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Fig. 4 Total number of bivalves in Malindi Marine Park on the Kenya
Coast from Oct. 1997 to March 1998
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Fig. 5 Total bivalve numbers in Mombasa Marine National Park from
Oct. 1997 - March 1998.
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Fig 6 Total bivalve numbers in Kanamai Marine area on the Kenya Coast
from Oct. 1997 - March 1998.
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Density values ranged between 0 and 2 per m2 with C. costama (0.083) P.

polymerus (0.0233) showing the highest density in the reef flat of Malindi and

Mombasa, respectively. P. muricata (0.45) and T. palatum (0.0325) had the

highest densities in the sea grass zone in Malindi and Mombasa (Appendix 3).

There was no significant difference between the protected and unprotected

areas. Table 4 shows the density values of commercial and non- commercial

bivalve fauna for the protected and unprotected areas. Commercial species

present in both Mombasa and Malindi had relatively low densities with C.

punctata ((0.01) exhibiting the highest value, the non- commercial species,

however showed much higher values (Table 4).

Non-commercial bivalve species (1.184) exhibited higher densities as

compared to the commercial species (0.133) in Kanamai (Table 4). Density

values were highest in the reef flat (0.691) and lowest in the shallow lagoon

(0.49091) (Table 4). In this category, M. auriculatus and P. muncata were the most

represented. T. palatum (0.0225) and P. margaritifera (0.0225) had the highest

density in the sea grass zone while M. auriculatus had the highest density in the

reef flat (0.475) and in the sea grass zone (1.893), respectively.



Table 4. The Density of commercial and non- commercial bivalve species in protected and unprotected areas at the Kenya Coast

COMMERCIAL NON-COMMERCIAL

SPECIES PROTECTED UNPROTECTED SPECIES PROTECTED UNPROTECTED

P. margaritifera (L) 0.35 0.0187 M. auriculatus (Linne). 0.133 1.184

C. punctata (L) 0.0183 0.0337 P. muricata (L) 0.018 0.3032

T. palatum (L) 0.022 0.0058 P. chinensis (Leach) 0.0383 0.0019

T. bicarinatum (Shumacher) 0.0044 0.0028 A. antiquata (L) 0.0352 0.0883

T. squamosa (Lamarck) 0.0214 0.0039 P. polymerus 0.1105 0.0292

G. pectinatum (L) 0.0022 0.0141 C. brassica (Reeve) 0.0237 0.0022

T. flavum (L) 0.0145 0.0011 C. costama (Reeve) 0.0048 0.0158

D. elegans (L) 0.0021 0.001 B. decussata (Sowerby) 0.0024 0.0025

P. reticulata (L) 0.0039 0.0053
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In the protected areas values ranged between 0 and 1.55 while in the

unprotected areas the range was 0 -0.602 showing a high variability between

numbers in both areas. M. auriculatus, C. punctata, P. margaritifera, C. costama, T.

flavum and D. elegans numbers were relatively similar within the protected and

unprotected areas. All other species numbers were significantly different in

Kanamai. An ANOVA for the total numbers of each species in the three

substrate types showed a significant difference at p<O.l. The bivalve

assemblages were characterized by low population density (0 -0.4379). Density

values were highest in the sea grass zones and lowest in the shallow lagoons in

protected areas. M. auriculatus was most represented in this category in Malindi

and Kanamai while P. muricata was most represented in Kanamai and

Mombasa.

The Coefficients of variance (V) ranged between 0 - 61.54% for shallow

lagoons; 0 - 1261 in the sea grass zone and 0 - 12.61 % in the reef flat of Malindi.

In Mombasa values were between 0 - 78.95% for shallow lagoons, 0 - 15.79% in

the reef flat and 0 - 46.61 % in the shallow lagoons. Kanamai had 0- 73.569% for

the shallow lagoon, 0- 12.43% for the reef flat and 0- 10.53% in the sea grass

zone (Appendix 5,6 and 7). It was found that the coefficient of variance was

highly correlated with the relative density in Malindi (r = 0.99) for all the

ecological zones. The correlation was higher in Mombasa (r = 0.829) as

compared to Kanamai (r =0.577)
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4.2 Species distribution

Coefficients of dispersion (CD) ranged between 0 and 6813 in the reef flat

and sea grass zones of Malindi thus indicating a clumped (>1) or uniform «1)

distribution, only T. palatum showed a random distribution (1). P. muricata

(6813) showed the greatest tendency of a clumped distribution. In Mombasa

values ranged between 0 and 129 showing clumped and uniform distributions,

with no random distribution. The shallow lagoon had values ranging between 0

and 474 showing clumped and uniform distribution, with no random

distribution. P. margaritifera (474) showed tendencies of a highly clumped

distribution. In the reef flat, values ranged between 0 and1421 with C. brassica

showing the only random distribution. M. auriculatus (1421) showed the highest

tendency towards a clumped distribution.

The coefficient of dispersion (CD) indicated that most species were either

clumped (>1) or uniformly «1) distributed while only a few were randomly (1)

distributed in both the protected and unprotected areas. M. auriculatus showed

the highest tendency towards a clumped distribution, P. reticulata, C. brasssica,

C. costama, T. squamosa, P. chinensis and D. elegans showed a uniform

distribution (0-0.397).

CD values ranged between 0 and 198.6 showing a uniform and clumped

distribution in the shallow lagoon, P. margaritifera showed a higher clumped

distribution while A. uropygimelana, P. polymerus, T. palatum, C. punctata, D.

elegans, T. muricatum and B. decussata showed a uniform distribution. Values

ranged between 0 and 6228.3 in the reef flat showing either a clumped or
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uniform distribution, with P. muricata showing a random distribution. M.

auriculatus (6228.3) showed the highest tendency of a clumped distribution

while only P. reticulata showed a uniform distribution.

4.3. Species Diversity

The Shannon- Weiner Index (Shannon and Weiner, 1949) for each

substrate type at each area. The data is presented in table 5 for both the

protected and unprotected areas. The respective diversity figures for the

shallow lagoon, reef flat, sea grass zone were 1.711, .857 and 1.146, for Malindi

while in Mombasa values were 1.734, 0.068 and 0.068 respectively (Table 5). A

comparison between months using ANOVA showed a notable difference

within the different substrate types at p< 0.1. A significant difference was

observed among the different substrate types at p< 0.1 and a notable variation

between months in Mombasa at p< 0.1.

Shannon indices were 1.122 for the sea grass zone, 1.6 for shallow

lagoons and 1.196 for the reef zone in Kanamai. The different substrate types

showed notable differences with the sea grass zone showing the most

significant difference within Kanamai marine area at p< 0.4 and between the

different substrate types and p< 0.4 respectively.
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Table 5. Shannon's diversity indices calculated for the reef flats, shallow lagoons and
sea grass zones of the unprotected areas at the Kenya Coast.

Area status Area Substrate type

Lagoon Reef Sea grass

Protected Mombasa 1.734±O.O4, O.O68±O.O2 O.O68±O.O2

Malindi 1.711±O.3, 2.857±O.7 1.146±O.O5

Unprotected Kanamai 1.196±O.OO5 1.122±O.O2 1.6±O.62

4.4. Human Disturbance

Human disturbance was recorded in terms of activities observed at time

of sampling, and their frequencies recorded. These have been presented in the

figures 7 and 8. An appendix 1 shows the number that visited some of the game

parks and reserves at the Kenya coast. Swimming, snorkeling, diving, and

walking were the most prominent human activities in the protected areas with

walking and trampling being the most common activity (Fig 7). Swimming and

snorkeling was most frequent in Mombasa, and walking or trampling in

Kanamai and Malindi Marine Parks (Fig. 8).
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Fig. 7. Types of human activities observed in protected and
unprotected marine areas of the Kenya Coast
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Fig. 8. Types ofhuaman activities in protected (Malindi and Mombasa) and unprotected
(Kanamai) marine areas at the Kenya Coast
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Impacts of human activities have been compared with the species

abundance, diversity and occurrence (Fig.9-11). In areas where trampling was

prominent P. muricata was the most affected, with crushed or damaged shells

being highly prevalent (40% in Kanamai 10% in Mombasa and 6% in Malindi).

P. muricata has been used as measure because it manifests these signs

immediately. Most species including G. pectinatum and A. antiquata respond to

human presence by closing their valves and burrowing into the substrate

especially in the shallow lagoon and sea grass zone where swimmers disturb

and sometimes even stand on the bivalves.

Trampling was the most common activity (69%) followed by swimming

(28%), goggling and diving (27%) and lastly by harvesting (8%) and turning

rocks (7%) (Fig.10) Impacts of human activities were compared with the species

abundance, diversity and occurrence in the area. In areas where trampling was

prominent P. muricata was the most affected, with crushed or damaged shells

being highly prevalent. P. muricata was used as a measure because it manifested

the signs immediately. This was notable in sites where swimming and goggling

was common, especially in the shallow lagoons where fishermen dwell during

the day while fishing for octopuses and other fish using spear guns especially in

Kanamai. Here the turning of rocks and boulders is also a major activity thus

disturbing the organisms.



Fig. 9. Frequency of dead P. muricata due to trampling in the
unprotected area of KAnamai at the Kenya Coast.
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Fig. 10. Frequency of dead P. muricata due to trampling in the
protected area of Malindi at the Kenya Coast
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Fig. 11. Frequency of dead P. muricata due to trampling in the
protected area of Mombasa at the Kenya Coast
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CHAPTER FIVE

5 GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

5.1 DISCUSSION

The high diversity observed in the Kanamai sea grass zone and the

Mombasa reef flat can be attributed to a more even distribution of species

present because other than the number of individuals, the Shannon's index

used to measure diversity is also influenced by the uniformity in distribution of

species. However, despite this difference in the diversity values no significant

difference was observed within the different substrate types and between the

different areas at p< 0.05 and p<O.Ol, however, at p< 0.10 there was a significant

difference between Malindi and Mombasa reef flat (table 8). Continuous

movement during sampling may have caused some smaller or cryptic species

such as Pinna muricata, to be missed or under sampled, but repeated

observations showed no significant differences between independent observers

using this method.

Results show low density and relatively low diversity in composition

and distribution of the bivalve community. Species similarity between similar

sites show variability; Mombasa, Malindi and Kanamai sea grass zones have

similar substrate types and plant species, but have relatively different similarity

values. This difference was consistent for other zones, though some species

were consistently found on the reef flats and sea grass zones. However, some

species were ubiquitous and not associated with a specific area or substrate.
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Shallow lagoons have very low densities and diversities this can be

attributed to high deposits of shell and sand debris together with the flooded

conditions that discourage or dislodge bivalves during or after settlement. The

sea grass zone of Kanamai had densities of P. muricata and M. modiolus and A.

antiquata that were relatively higher than in the protected areas. This can be

attributed to the extensive sea grass zone exposed at spring low tide that made

observation easier, in Kanamai as compared to the other two sites.

The low densities of bivalve species regardless of the management

strategy were notable. This may be attributed to sampling, which may have

been done at times or places not coincident with bivalve distribution or diurnal

activity patterns. Large species such as T. squamosa may have a slow growth

rate taking long to recover after harvesting. Among other species densities may

be naturally low for adult population because their distribution is influenced by

other factors, both biological and physical, such as substrate type, ocean

currents, exposure at low tide, post - settlement mortality and predation in both

protected and unprotected areas. This has been shown in studies carried out by

Mc Clanahan, 1989in Malindi Marine Park.

Among P. muricata there was evidence of death through predation,

evidenced by the empty, clean and intact shells, which were still attached to the

substrate implying another reason for the current distribution patterns

observed. Some however had been trampled upon and thus crushed. The

probability that shells are harvested as soon as they are predated upon is very

high in Kanamai as empty shells of commercial species were not observed,
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fishermen were however, seen collecting and cleaning them at low tide.

Moreover, the emphasis is more on the protection of corals in relation to other

organisms within the marine parks and little concern in the unprotected zones.

In Malindi wave currents were quite strong and visibility very poor due

to the large amounts of suspended sediment from the river Sabaki. This coupled

with the EI Nino rains, which resulted in high turbidity, and poor visibility

could be the reasons for the lower numbers observed in Malindi Marine

National Park.

The most notable destructive human activity was trampling in all the

three sites. Some of the organisms that suffered included P. muricata, A.

antiquata and T. palatum. P. muricata, which have a weak shell that is easily destroyed,

and the damage easily observed. In contrast, other species such as A.

uropigymelana, T. Palatum, T. squamosa, and C punctata close their shell and cease

activity as people approach.

Empirical evidence in several case studies have demonstrated that reserves

should harbor more diversity, higher abundance, and larger organisms (Castila and

Bustamente 1989) and even wholly different community structures (Castila and Duran

1985, Moreno et al 1986). In the present study, this was not the case because the

protected and unprotected areas had similar densities and diversities and where

differences occurred among different ecological zones, they were very small. Results

suggest suggests that low density, relatively high variability in distribution and diversity

typify the bivalve community.

Species richness comprises only 17 bivalve species, which form about half of

the total number of bivalve species known to occur in the East African Coast (Yaninek).
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Species similarity between similar sites showed variability for example Mombasa,

Malindi and Kanami sea grass zones had similar substrate types and plant species, but

relatively different similarity values. This difference was consistent for other zones,

although some species were consistently found on the reef flats and the sea grass zones.

However, some species were ubiquitous and not associated with a specific are or

substrate. This could be due to the differences in wave activity and nutrient availability

as well as other biological factors. These results can be compared with studies carried

out by Mc.Clanahan (1989) who found high variability in species composition among

gastropods in similar environments.

Shallow lagoons in both the protected and unprotected areas had low

densities as compared to the reef flats and sea grass zones. Mc.Clanahan (1990)

however found that reef lagoons had statistically different community structure with

lower species richness as compared to the reef edges, a finding that was not ascertained

in this study. This can be attributed to the high deposits of shell and sand debris together

with the flooded conditions that discourage or dislodge bivalves during or after

settlement. The sea grass zpne of Kanamai had densities of P. muricata, M modiolus, A.

antiquata that were relatively higher than in the protected areas. The extensive sea grass

zone exposed at spring low tide may have made observations much easier and allowed

for settlement of more bivalves in Kanamai as compared to the protected areas. This

implies further that species distribution is influenced by other factors other than

substrate type and the intensity of human activities.

The low densities of bivalve species regardless of management strategy

were notable during this study. Mc.Clanahan (1989a,b) attributed the low densities to

the sampling, which may have been done at times or places not coincident with bivalve

distribution or diurnal activity patterns, which was not a possibility during this study.
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Large species such as T squamosa may have a slow growth rate taking long to recover

after harvesting (Villanoy, et aI, 1988), especially in the protected areas where

harvesting was carried out before the parks were gazetted. Among other species,

densities may be naturally low for adult population because their distribution is

influenced by other factors, both biological and physical such as substrate type, ocean

currents, exposure at low tide, post settlement mortality and predation in both protected

and unprotected areas. This has been shown in studies carried out by McClanahan and

Mutere, (1994) in Malindi Marine Park.

The relatively high species diversity observed in the Kanamai sea grass and

Mombasa reef flat zones can be attributed to the more even distribution of the species

present. This is because other than the number of individuals, the Shannon index that

was used to measure diversity is also influenced by uniformity in distribution of species

(Michelson and Schofield 1996). However, despite this difference in the diversity

values no significant differences were observed within the shallow lagoons and the sea

grass zones of the protected and unprotected areas was observed at p<O.OI contrary to

previous studies by McClanahan and Mutere, (1994). McClanahan 1990 found that

among the gastropod fauna, only reef lagoons have significantly different community

structure between protected and unprotected areas while other ecological zones had

similarities. Kanamai's reef flat and sea grass zones are larger allowing more bivalve

settlement and as a consequence had greater species richness and density compared to

the protected areas.

The low mean diversity (1.26 ± 0.05) in both protected and unprotected areas

show a limited range of species and an unequal spread of individuals across species

variety and also shows an imbalance in the bivalve population in the study area. This

was confirmed by the coefficients of dispersion, which indicated that most species were



either uniformly distribute or clumped with only two showing a random distribution.

In Malindi wave currents were quite strong and visibility very poor due to large

amounts of suspended sediment from the River Sabaki. This coupled with the El Nino

rains, which resulted in the high turbidity, and poor visibility during sampling could be

the reasons for the lower numbers observed in Malindi Marine National Park. Thus the

probability that many bivalve species were missed is very high.

The most notable destructive human activity was trampling in all the three areas.

Some of the organisms that were affected included P. muricata A. antiquata and T

palatum. P. muricata was most affected because they have very weak shells that are

easily crushed and the damage easily visualized. Generally, human disturbance were

highly noted in the heavily visited zones as compared to the highly visited sites. Studies

carried out by Beauchamp and Gowig (1982) also showed that foliose algae species,

notably Pelvetiopis limitata were less abundant in heavily visited sites in California. In

contrast, other species such as A. uropigymelana, T palatum, T squamosa and C.

punctata close their shells and cease activity people approach. Such species were

affected by most of the human activities recorded including snorkeling! goggling and

trampling. This in agreement with Aakberali and Trueman 1985's work, who reported

that among most bivalves, shell closure is the most immediate response to any changes

in their environment.

In the protected area, the emphasis is more on the protection of corals and fishes

as compared to the other non- target organisms while there is little concern in the

unprotected areas. As a consequence there is inadequate information on these organisms

in both the protected and unprotected areas.

At the present level of human activity in protected areas there is not much

notable damage to most marine bivalves. The frequency of trampled bivalves is quite
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low in Malindi MNP compared to Mombasa MNP and Kanamai which exhibit a much

higher frequency. Higher damage to P. muricata recorded in Kanamai could be due to

lack of control on the use of the marine area. Other reasons could be due to ecological

zonation of P. muricata, which tends to be more abundant in the reef flat and sea grass

zones as compared to the shallow lagoon. The reef flat and sea grass zone also

experience more activity at low tide from fishermen and tourists and therefore manifest

greater physical damage as compared to the shallow lagoon. McClanahan and Muthiga

(1996) found no differences in the physical damage to the coral community between

shallow, heavily and lightly visited areas. Their results showed that all shallow sites

regardless of the number of visitors had greater physical damage, which suggested the

role of other factors such as waves and currents rather than human activity. This study,

however, strongly points at trampling being the most important factor in the physical

damage ofP. muricata.

The lack of other data for comparison with this study therefore underscores the

need for continued monitoring so as to yield information on the impact of human

activities and the effectiveness of the protection of non- target organisms under the

current management strategies

5.1.2 CONCLUSION.
5·1 Species composition in the protected areas was similar to that in the

unprotected areas. Results showed low densities, variability in species

distribution and diversity despite the differences in management strategy.

Among all species the young stages dominate with the mature bivalves being

very few in number. Intermediate stages were conspicuously few while among
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some bivalves such as A. uropigimelana, C. punctata and T. palatum mature/

adults were missing.

Human activities have an impact on bivalve species. Trampling had the

greatest impact resulting in injuries and/ or death among P. muricata while

other activities resulted in reduced bivalve activity and shell closure during

periods when people are present. Human disturbances were highly noted in the

heavily used zones as compared to the lightly used area.

5.1.3 RECOMMENDATIONS

1) The number and size of the marine parks should be increased to include

areas such as Kanamai, which have potential as a habitat of many more

species if the use of the marine area is properly managed and regulated.

2) Strong conservation efforts outside marine parks should be encouraged

to complement the effort in the marine protected areas.

3) The current conservation measures should be maintained and

monitoring of marine biodiversity continued so as to determine the

visitor carrying capacity of the marine ecosystems.

4) There is need for continued monitoring so as to yield information on the

impact of human activities and the effectiveness of the protection of non

target organisms under the current management strategies
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Appendix 1.

Number of Visitors to National Parks and Reserves at the Kenya Coast from 1992-1996 ('000)

Park/ Reserve /Year 1992 1993 1994 1995 1996
Malindi Marine Park 44.2 41.1 39.4 38.8 39.3
Shimba Hills 31.9 24.8 31.6 20.8 23.4
Kisite/Mpunguti 28 27.5 34.8 32.4 39.9
Mombasa Marine Park 57.8 43.3 48 23.9 21.7
Watamu Marine park 27 31.7 32.1 16.1 20.2
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Number of Tourists Visiting Mombasa Marine Park in 1997
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Month Number of Average number of Number of boats visiting
visitors visitors the park/ month

January ** 1681 54 208
February 1689 60 706
March 1945 63 819
April 1118 37 454
May 561 18 276
June 1120 37 429
July 2069 67 548
August * 3127 100 792
September * 1870 62 552
October * 1967 63 443
November * 1049 35 333
December ** 2858 92 333
Total number of 21054 5893
tourists for the year.

* European Winter ** Tourist peak season
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Species/site/ Shallow Lagoons Reef Flat Sand and Mud Flats
area status Protected Unprotected Protected Unprotected Protected Unprotected

Malindi Mombasa Kanamai Malindi Mombasa Kanamai Malindi Mombasa Kanamai
M. auriculatus 0.0427 0 0 0.15504 0.879 0.6910 0 0 0.5851
P. muricata 0 0.0511 0.0606 0.0233 0 0.0055 0.7013 0.16981 0.2792
P. chinensis 0.1026 0.1752 0 0.0349 0.0058 0.0096 0 0.0991 0
C. punctata 0 0.03656 0.2121 0.0194 0.0048 0.0179 0.1208 0.0613 0.0242
A.antiquata 0.0598 0.0219 0 0.0078 0.0096 0.0041 0.0571 0 0.0811
P. polymerus 0.3419 0 0 0.3411 0.0269 0.1448 0 0.1021 0
T. palatum 0 0 0 0.0194 0.0096 0.0055 0.0104 0.184 0.0044
P. margartifera 0.1282 0.4379 0.4091 0.1783 0 0.0593 0.074 0.033 0.0093
C. costama 0.0598 0.0146 0.0455 0.0388 0.0009 0.0069 0 0.0142 0
C. brassica 0.05128 0.0584 0 0.0155 0.0096 0.0110 0 0 0
T. squamosa 0.07692 0 0.0303 0.0620 0.0038 0.0166 0 0.0283 0
B. decussata 0 0 0 0.0078 0.0038 0.0056 0.0065 0.0425 0.0012
T .bicarinatum 0 0.0219 0 0.0234 0.0009 0.0056 0.0052 0 0.0015
P. reticulata 0.0170 0 0.2273 0.0310 0.0019 0.0056 0.0234 0.038 0
G. pectinatum 0 0 0 0.0310 0 0 0 0.2594 0.0131
T·flavum 0.0170 0.1533 0.3182 0 0.0326 0.0028 0 0.0141 0.0003
D. elegans 0.0427 0.0037 0 0.0116 0.0019 0.0056 0.0013 0.0094 0



Appendix 4. Abundance similarity comparisons within sites in protected and unprotected areas at the Kenya Coast

Species/ area status Protected Unprotected
Malindi Mombasa Kanamai
1&2 2&3 1&3 1&2 2&3 1&3 1&2 2&3 1&3

M. auriculatus 0.039 0.0056 0.12 1.55 0 0.0729 0.602 0.575 0.633
P. muricata 0.5311 0.609 0.16 0.012 0.123 0.029 0.236 0.275 0.01
P. chinensis 0.0088 0.0135 0.056 0.051 0.069 0.005 0.0002 0 0.009
C. punctata 0.0953 0.105 0.0133 0.017 0.0745 0.021 0.023 0.027 0.0341
A.antiquata 0.045 0.057 0.024 0.022 0.046 0.018 0.069 0.0798 0.004
P. polymerus 0.086 0.0451 0.341 0.048 0 0.022 0.0228 0 0.133
T. palatum 0.0049 0.0092 0.013 0.017 0.029 0.016 0.0046 0.0043 0.005
P. margartifera 0.1002 0.0812 0.163 0.102 0.284 0.032 0.017 0.01596 0.0885
C. costama 0.0098 0.0079 0.045 0.0187 0.026 0.013 0.0011 0.0008 0.0101
C. brassica 0.0039 0.0068 0.0267 0.031 0.032 0.01 0.0017 0 0.0101
T. squamosa 0.0156 0.0101 0.067 0.0068 0 0.0032 0.003 0.0005 0.0177
B. decussata 0.0068 0.006 0.005 0.0068 0.0172 0.008 0.002 0.00127 0.005
T .bicarinatum 0.0098 0.0146 0.04 0.0068 0.0344 0.008 0.0022 0.00152 0.005
P. reticulata 0.0253 0.0203 0.021 0.0034 0 0.00159 0.0041 0.0038 0.024
G. pectinatum 0.0078 0 0.021 0 0.023 0.0064 0.0111 0.0129 0

T·flavum 0 0.0023 0.005 0.093 0.0218 0.071 0.0007 0.0005 0.0038
D. elegans 0.0039 0.0068 0.035 0.0051 0.012 0.004 0.0009 0 0.005

64
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Appendix 5. Coefficients of dispersion (CD), density/ m 2 and coefficients of variation (V) in the shallow lagoons in protected and
unprotected areas at the Kenya Coast.

Status of shallow Protected Unprotected
lagoons

Malindi. Mombasa Kanamai
Species CD V Density/ m·2 CD V Density/m2 CD V Density/m2

M. auriculatus 3.846C 76.92 0.00417 OU 0 0 OU 0
P. muricata OU 0 0 6.4C 92.1 0.0058 0.242 10.9 0.00333
P. chinensis 22.1538C 18.46 0.01 75.8C 315.8 0.02 OU 0 0
C. punctata OU 0 0 3.3C 65 0.0042 53.41C 3.81 0.01167

A.antiquata 7.538C 10.77 0.0058 l.2C 39.5 0.0025 OU 0 0
P. polymerus 246.2C 61.54 0.0333 OU 0 0 OU 0 0
T. palatum OU 0 0 OU 0 0 OU 0 0
P. margartifera 34.6C 23.08 0.0125 473.7C 78.95 0.05 198.6C 73.6 0.0225
C. costama 7.52C 10.77 0.0058 0.53U 26.32 0.00167 2.45C 81.74 0.0225
C. brassica 5.54C 9.3 0.005 8.42C 10.53 0.0067 1.0899C 54.5 0
T. squamosa 12.46C 13.85 0.0075 OU 0 0 OU 0 0.00167
B. decussata OU 0 0 OU 0 0 OU 0 0
T .bicarinatum 12.46C 13.85 0.0075 l.2C 39.5 0.0025 61.307C 40.9 0
P. reticulata OU 0 0 OU 0 0 OU 0 0.0125
G. pectinatum OU 0 0 OU 0 0 0.272U 27.47 0
T.flavum 0.615U 30.767 0.0012 58.03C 27.63 0.0115 OU 0 0.0083
D. elegans 3.846 76.9 0.00417 0.132U 13.2 0.00083 OU 0 0

U= Uniform distribution C= Clumped distribution R = Random distribution.
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Appendix 6. Coefficients of dispersion (CD), density/ m2 and coefficients of variation (V) in the reef flat in protected and unprotected
h K Careas at t e enya oast.

Status of the reef flat Protected Unprotected
Malindi Mombasa Kanamai

Species CD V Density/m2 CD V Density/m2 CD V Density/m2

1M. auriculatus 111.89C 279.72 0.0333 14421.6C 1579.6 0.7608 6228.3C 1243.2 0.4175
P. muricata 2.517C 41.95 0.005 OU 0 0 0.397U 9.925 0.0033
P. chinensis 5.664C 62.93 0.0075 0.623U 10.4 0.005 1.22C 17.36 0.0058
C. punctata 1.748C 34.96 0.00417 0.431U 8.65 0.0042 4.19C 32.258 0.011
lA.antiquata 0.279U 13.98 0.00167 1.73C 17.3 0.0083 O.223U 7.444 0.0025
P. polymerus 541.538C 615.38 0.0733 13.56C 48.44 0.0233 273.5C 260.5 0.0875
T. palatum 1.748C 34.965 0.00417 1.73C 17.3 0.0083 0.397U 9.925 0.0033
P. margartifera 147.97C 321.678 0.0383 OU 0 0 45.88C 106.69 0.0036
C. costama 6.993C 69.93 0.083 1.4C 15.57 0.0075 0.62U 12.4 0.045
C. brassica 1.118C 27.97 0.0033 1.73C 17.3 0.0083 l.588C 19.85 0.0067
T. squamosa 17.9C 111.88 0.0133 0.27U 6.92 0.00333 3.57C 29.776 0.01
B. decussata 0.279U 13.986 0.00167 0.27U 6.92 0.00333 0.397U 9.925 0.0033
T .bicarinatum 2.517C 41.958 0.005 0.0173U 1.73 0.000833 0.397U 9.925 0.0033
P. reticulata 4.4755C 55.94 0.0067 0.0692U 3.46 0.00167 0.397U 9.925 0.0033
G. pectinatum 4.4755C 55.94 0.0067 OU 0 0 OU 0 0
T·flavum OU 0 0 20C 58.8 0.02833 0.099U 4.96 0.00167
D. ele~ans 0.629U 20.9 0.0025 0.0692U 58.8 0.00167 0.397U 9.925 0.0033

U= Uniform distribution C= Clumped distribution R = Random distribution
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Appendix 7.
Coefficients of dispersion (CD), density/ m2 and coefficients of variation (V) in the sea grass zone in protected and unprotected

tth K C tareas a e enya oas.

Status of sea grass zone Protected Unprotected
Malindi Mombasa Kanamai

Species CD V Density/ m2• CD V Density/ m2• CD V Density/m2

M. auriculatus OU 0 0 OU 0 0 2393.312C 1053.3 1.893
P. muricata 6813.08C 1261.68 0.45 109.8C 305.08 0.03 5447.6C 502.5 0.903
P. chinensis OU 0 0 OU 0 0 OU 0 0
C. punctata 202.07C 217.289 0.0775 37.37C 177.966 0.0175 40.96C 43.579 0.0783
A.antiquata 45.23C 102.8 0.0367 14.32C 110.16 0.0108 460C 146.036 0.2625
P. polymerus OU 0 0 OU 0 0 OU 0 0
T. palatum 1.495R 18.69 0.0067 8.47C 84.745 0.0083 1.339C 7.88 0.0142
P. margartifera 75.9C 133.177 0.0475 128.8C 330.5 0.0325 6 16.689 0.03
C. costama OU 0 0 4.15C 59.32 0.0058 OU 0 0
C. brassica OU 0 0 0.76U 25.4 0.0025 OU 0 0
T. squamosa OU 0 0 OU 0 0 OU 0 0
B. decussata 0.584U 11.68 0.00417 3.05C 50.8 0.005 0.115U 2.318 0.0042
T .bicarinatum 0.3738U 9.345 0.003 6.86C 76.27 0.0075 0.166U 2.78 0.005
P. reticulata 7.57C 42.056 0.015 OU 0 0 OU 0 0
G. pectinatum OU 0 0 5.42C 76.27 0.0067 12.05C 23.6 0.0425
T·flavum OU 0 0 256.3C 466.1 0.0458 4.636C 0.463 0.00083
D. elegans 0.023U 2.336 0.00083 0.76U 25.42 0.0025 OU 0 0

U= Uniform distribution C= Clumped distribution R = Random distribution.


