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Abstract 

The ecological characteristics and socio-economic aspects of the Mombasa Marine 

Park and Reserve in Kenya were assessed in this study. The park is a no-take-zone, 

while the reserve is a zone where small scale artisanal fishing is allowed.  Four year 

monitoring data (2004 to 2007) of percent benthic cover, fish and invertebrate 

densities using the Line Intercept Transect (LIT) reveals significant differences in fish 

and invertebrate compositions between the park and the reserve with no seasonal or 

annual differences. For benthic cover significant seasonal differences in composition 

was observed. The differences in fish composition was attributed to more abundant 

Haemulidae (nocturnal carnivores) and Acanthuridae (herbivores) families in the 

park, while differences in invertebrates composition was due to more abundant 

Echinoidea in the reserve and more abundant Holothuroidea in the park. The seasonal 

differences in benthic cover composition were mainly as a result of Macroalgae and 

Calcareous algae groups that were observed to be more abundant during the NEM 

(dry) season.  

 

Diversity by taxa richness for benthic cover and fish was significantly higher in the 

park, and significantly higher during the NEM season for the benthic cover. In 

addition, significant higher Shannon-Wiener diversity index and lower dominance 

was observed for the fish and invertebrates in the park. The dominance index of 

benthic cover was neither significantly different between the park and the reserve nor, 

the seasonal and annual differences were observed for all the three ecological groups 

studied. Still, long term monitoring data will be more reliable to verify this current 

status of the ecological groups. 

 

Socio-economic data based on interviews from a total of 150 resource users 

depending directly or indirectly on the MPA representing fishermen, boat operators, 

kiosk operators, curio vendors, and tourists were analysed. The fishermen had the 

oldest mean age with the longest time of resource use, while the boat operators 

generated the highest mean income from the MPA. Chi-square tests indicated (1) 

significantly more women than men supported the continued MPA existence; (2) 

there existed significant differences in resource users education levels; (3) resource 

users’ genders did not differ significantly with the education levels; (4) resource 
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users’ awareness on government legislations related to conservation and sustainable 

resource use significantly differed with education levels where the low educated 

fishermen were more informed of the Fisheries Act and Wildlife (Conservation and 

Management) Act; and (5) place of birth differed significantly with resource user 

types and by gender; significantly more men than women were of local origin. The 

Chi-square tests also showed that, there existed a significant difference in resource 

use types by gender. Fishing and boating were exclusively for men while kiosk 

operation and tourism were dominated by women. Indeed, a more comprehensive 

socio-economic monitoring program for this MPA should be conducted in parallel 

with the ecological monitoring program to fulfil a holistic and ecosystem-based 

management approach. 

 

Keywords: Ecological, Socio-economic, Park, Reserve, Marine Protected Area 

(MPA), Kenya 
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1.0 Introduction and literature review 

1.1 General overview of Marine Protected Areas 
 
Marine Protected Areas (MPAs) are an important strategy for the conservation of 

marine biodiversity and productivity, and particularly for the maintenance of fish 

stocks. MPAs also referred to as marine reserves, have been defined as any area of 

intertidal or subtidal terrain, together with its overlying water and associated flora, 

fauna, historical and cultural features, which has been reserved by law or other 

effective means to protect part or all of the enclosed environment (IUCN, 1988). 

MPAs have been implemented as a tool of interest for fishery management and 

biodiversity conservation, with an observation that some 25 percent of world fisheries 

have been over-exploited or are recovering from over-exploitation (Louis et al., 

2006).  This conservation function of MPAs has also encouraged the 1992 

Convention on Biological Diversity (CBD) to facilitate the establishment by the year 

2012 of an effectively managed, representative, global system of MPAs covering 10 

per cent of all marine ecoregions (Wells et al., 2007). 

 

MPAs conserve resources by managing human activities and therefore they exist in 

many different types and names. Many MPAs contain zones with different allowed 

uses. These range from recreational, commercial, scientific, cultural, and conservation 

uses and activities. As the use of MPAs increases there is need to establish guidelines 

for their design, implementation and evaluation (Botsford et al., 2006). Although 

MPAs have been widely adopted as the leading tool for marine ecosystem 

conservation, findings from many studies have concluded that resource users seldom 

accept them due to their lack of tangible conservation benefits (McClanahan et al., 

2006).  Instead tangible conservation benefits have been realised by other alternative 

conservation regimes such as Locally Managed Marine Areas (LMMAs) designed to 

meet community goals with a greater compliance and subsequent conservation 

success.  

 

MPAs according to Wilkinson et al., (2003) are only effective when there is an 

effective management plan that includes adequate ecological and socio-economic 

monitoring, as well as enforcement. Also MPAs as suggested by Drew (1999) only 
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function well when the local user communities accept and support the need for 

management. A comparative study by McClanahan et al., (2006) on conservation 

effectiveness among four national parks, four co-managed reserves, and three 

traditionally managed areas reveal that greater average size and biomass of fishes 

were obtained within the areas of self-governing, traditional management regimes 

which were not permanent closures. This was contrary to the widely accepted view on 

permanently MPA closures.  Instead MPAs can only achieve their desired objectives 

of conservation and assistance to resource users with proper planning, monitoring and 

enforcement (Wilkinson, et al., 2003). 

 

To keep track of MPAs performance, research and monitoring should be 

implemented. Monitoring is the gathering of data and information on marine 

ecosystems and its users on a regular basis, preferably for an extended period of time 

(Wilkinson, et al., 2003). Ecological variables such as fish densities reflect the natural 

state of the MPAs, which will have impacts on socio-economic factors such as income 

and employment. 

1.1.1 Ecological aspects of MPAs 
 
MPAs act as sites of biodiversity conservation. Empirical evidence from 70 existing 

MPAs indicates that 63 percent of them have higher densities inside them than 

outside, 90 percent have higher biomass, 80 percent have a larger mean size of 

individual fish, and 59 percent have greater taxonomic diversity (Botsford et al., 

2006; McClanahan et al., (1999); In: Wells et al., (2007). It has also been 

hypothesised that species that attain higher biomass or abundance inside MPAs could 

contribute to fisheries outside through larvae produced in reserves being transported 

out of them. There is however, little empirical evidence regarding the magnitude and 

the extent of the contribution of larvae produced within the MPAs to recruitment 

outside such MPAs (Botsford et al., 2006).  

 

A few studies of species with sedentary adults also support the hypothesis of larval 

seeding from MPAs into fished areas (Stoner et al., 1998; Gell and Roberts, 2003), 

but empirical evidence for larval contribution of MPAs is more limited. On the other 

hand, it has been shown that MPAs offer less protection to more mobile species than 
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sedentary species (Louis et al., 2006). Species with benthic eggs, ovoviviparity, and 

small body size with limited dispersal in the larval, juvenile or adult stages, tend to 

benefit more from the MPA than those with pelagic eggs or larger body sizes with 

potentially greater dispersal abilities and home ranges (Fisher and Frank, 2002). 

 

Pressey et al., (1993) and Stewart et al., (2003) comment that most reserve planning 

have proceeded in an ad hoc fashion without considering habitat characteristics which 

are key considerations in their design. According to these authors, the principle of 

representativeness is key such that a designed MPA should include at least a 

minimum portion of each conservation target that is habitats or populations. 

Minimising area while maximising representation is assumed to minimise opportunity 

costs in terms of lost opportunities for fishing grounds or other extraction within MPA 

areas and costs associated with implementing, enforcing and monitoring (Possingham 

et al., 2000).  

 

Inclusion or proximity to nursery habitats may be a key determinant of the MPA 

performance in maintaining populations and contributing to fisheries production. 

Possingham et al., (2000) conclude from case studies that habitat composition and 

heterogeneity around MPAs may influence rates of spill-over to adjacent areas. In 

addition habitat composition within MPAs can determine how positive a species is 

affected by the protection. On the other hand declining habitat quality within MPAs 

can result in population declines despite protection from fishing. This has been seen in 

some MPAs in Papua New Guinea in terms of live coral cover declining from an 

average of  66 per cent to less than 7 per cent within a period of seven years due to a 

combination of bleaching, increased sedimentation, and outbreaks of the coral 

predator crown-of-thorn starfish (Acanthaster planci) (Jones et al., 2004). This 

coincided with habitat degradation and 75 per cent decline in fish species abundance 

despite continued protection in these MPAs.  

 

MPA implementation has been noted to expedite the recovery of coral and fish 

species where they once had not been in existence.  McClanahan (2000); In: Wells et 

al., (2007) shows recovery of the heavily over fished triggerfish (Balistapus 

undulatus) in MPAs within 5 to 10 years. Recently, threats of bleaching to corals have 

been noted to surpass those of over fishing and eutrophication (Obura, 2001). The 
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issue of connectivity and source-sink relationships is considered key to survivability 

of corals. Therefore, the role of MPAs in dealing with the new global threat of coral 

bleaching is perhaps the only management tool to be considered (Coles et al. and 

Salm et al. (in Obura, 2001). 

 

Increased Catch-Per-Unit-Effort (CPUE), and in some cases, total catches around 

MPAs has been documented in small no-take areas established in coral reefs, 

temperate rocky reefs, and lagoonal or estuarine environments. Studies conducted in 

large MPAs (over 20,000 km2 in total) show fairly localised effects, with increased 

catches within hundreds of metres to a few kilometres from MPA boundaries, and 

variable results on whether increased CPUE around them compensate losses 

associated with closure of fishing grounds. Examinations of trends for multiple 

species indicate that only a few exhibit patterns consistent with spill-over, likely 

depending on species mobility, habitat preferences, and fishing patterns (Botsford et 

al., 2006). A review by Gell and Roberts, (2003) indicates that mechanisms 

underlying MPAs contribution to adjacent fisheries include juvenile or adult 

movements, as evidenced by examination of density gradients and tagging studies. 

1.1.2 Socio-economic aspects of MPAs 

Most coastal communities around the world face a growing degree of insecurity as a 

result of poverty and high dependence upon natural resources. This vulnerability is 

often compounded by declining resources, high population growth, limited alternative 

livelihoods, limited access to land, economic and political marginalisation, 

unsustainable land use practices and development, competition and conflicts over 

natural resources (Pomeroy et al., 2006, Ngugi, 1999). Therefore, socio-economics 

becomes an important aspect in the design and functional implementation of MPAs. 

 

A socio-economic assessment is a way to learn about the social, cultural, economic, 

and institutional context and conditions of individuals, groups and communities 

(Pomeroy et al., 2006). Some of the most identified issues in socio-economical 

studies according to Bunce et al., (2000), NOAA-NMPAC (2005) include: resource 

use patterns, stakeholder and community characteristics, gender, stakeholder 

perceptions, attitudes and beliefs, traditional knowledge, and market attributes for 

extractive and non-extractive uses. 
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These authors have further identified socio-economic goals which include: fostering 

food security, livelihoods, and non-monetary benefits to society, as well as equitably 

distributing benefits from MPAs, maximising compatibility between management and 

local culture, and enhancing environmental awareness and knowledge. Governance 

goal include: maintaining management, ensuring effective stakeholder participation 

and representation, enhancing management plan compliance by resource users, and 

managing and reducing resource use conflicts. 

 

Livelihood strategies of coastal communities have been identified to be full time, part 

time, seasonal or migratory associated with either a commercial or subsistence 

orientation. Such livelihood strategies mostly include multi-gear multi-species capture 

fishing, and tourism related activities. Occupational diversity is not dependent on a 

single resource but on a whole ecosystem, marine and terrestrial occasionally 

accompanied with illegal activities such as dynamite fishing, smuggling or poaching 

inside MPAs. Many coastal communities undertake a range of activities in order to 

cope financially and reduce the risks associated with high economic dependency on 

natural resources (Bailey and Pomeroy, 1996; Allison and Ellis, 2001). 

 

It has become common knowledge that fishermen’s perceptions and attitudes tend to 

oppose the establishment of MPAs. On the other hand fishermen seek help to 

establish MPA in a way to create preferential use rights so as to reduce competition 

with other “outside” fishermen. Controversy and conflict are associated with almost 

all MPAs because they reallocate resources and wealth within and among the resource 

users (Pomeroy et al., 2006). An obvious potential benefit to fishermen from an MPA 

is the MPA’s ability to stabilise or increase fish populations inside its boundaries and 

produce a spill-over effect resulting in an increase in the long term total catch 

(Sanchirico, et al., 2002). This author further suggests that MPAs can also increase 

the market value of a fishery by changing the composition of the catch. Another 

possible increase in revenues could occur if the changes in catch composition from 

smaller to larger fish are accompanied by a shift to a more valuable product form such 

as fish fillet (Sanchirico, et al., 2002). A potential cost to the fisherman is that catch, 

and revenues, may decrease, at least in the short term, as a result of the 

implementation of the MPA.  
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Other documented impacts of MPAs include shift in resource users’ behaviour both 

positively and negatively. McClanahan and Mangi (2000) report a 60 to 80 per cent 

decline in the number of fishermen following the establishment and implementation 

of the no-take Mombasa Marine Park. Usually displaced resource users gain full or 

partial employment in other sectors, such as construction or tourism, but older 

fishermen, in particular, appear less able to take advantage of alternative economic 

activities. MPAs may also induce new migration patterns by restructuring economic 

opportunities, drawing people to local communities in the case of some MPAs and 

displacing them from adjacent communities in other situations (Pomeroy et al., 2006; 

McClanahan and Mangi, 2000). These shifting migration patterns change the 

demographic profile of user groups and the general coastal communities.  

 

The induced shifts in resource access and use by MPAs for resource users have been 

noted to vary within and among social groups (Pomeroy et al., 2006). Often these 

shifts involve changes from extractive activities such as fishing to non-extractive 

activities such as ecotourism. For those users gaining preferential resource access, 

MPA establishment has often resulted in increases in income, while those losing 

access may suffer corresponding losses or adopt mitigation strategies by shifting 

resource use patterns or livelihood strategies (McClanahan and Mangi, 2000). 

Research suggests variation in the social impacts of MPAs on the four principle 

dimensions of poverty: wealth, health, political empowerment, and education 

(Pomeroy et al., 2006). 

 

The social impact of MPAs on health, political empowerment, and education, as noted 

by Pomeroy et al., (2006) are poorly studied, though one might expect that changes in 

these dimensions of poverty would generally follow shifts in patterns of access to 

MPA resources. Variation (spatial, temporal, and across MPAs) in the magnitude and 

extent of these MPA social impacts remain largely unexamined and unexplained, 

highlighting the need for further study to better understand the role of MPAs in 

poverty alleviation (Mascia, 2000). 

 

Establishment of MPA results in a reduction of area that is available for fishing. This 

could potentially result, at least in the short run, in higher levels of congestion and 

fishing effort in the remaining areas, resulting in increased pressure from one species 
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to another and conflicts among fishermen (Hanna, 2004; Sanchirico et al., 2002; 

Ngugi, 1999). Fishers may also be forced to travel to more distant fishing grounds 

(National Research Council, 2000). The effects could be higher fuel, labour and other 

operating costs and potentially increasing capital expenditures in terms of better boats 

and new technology. Shifts in fishing grounds and travel time as a result of the MPA 

may potentially result in increased occupational risks to the fishermen (Sanchirico et 

al., 2002). The combination of inadequate vessels and lack of experience of the 

displaced fishermen to operate in the new environments occasionally posses the 

potential for greater occupational risks.  

 

MPAs potentially create short-term losses and hardships for fishermen. It has been 

suggested that short-term economic assistance, through compensation, should be 

explored to address these losses. There is disagreement whether or not it is 

appropriate to compensate fishermen for the loss of access to a public resource 

(Retting, 1994). Suggested compensation by Roberts and Hawkins (2000) include 

loans, vessel buy-back, retraining, and joint venture contracts. Advantages of 

compensation include better outcomes, higher levels of support and compliance, 

reduction in long-term transaction costs, and government consideration of sustained 

resource use (Retting, 1994). The provision of interest-free loans and loan societies to 

fishermen in Chole Island, Tanzania (Obura et al., 2004) is considered as a success 

story.  

 

MPAs can be highly attractive to non-extractive users who value the biological and 

cultural resources for tourism and recreational opportunities. New visitors can lead to 

diversification of the local economy through new businesses, jobs and income and tax 

revenues for the local community. Potential increases in revenue from visitors could 

lead to potentially offsetting losses to fishers due to the MPA (Sanchirico, et al., 

2002) and help to finance MPA management. MPAs can also reduce potential 

conflicts between fishers and other users by providing areas where non-fishery users 

can pursue non-consumptive uses of the resources. On the other hand excessive 

visitation of MPAs, and any development that accompanies tourism, can be damaging 

to the environment and reduce the biological, cultural and economic benefits obtained 

from the reserve. It is therefore important to monitor and manage MPAs to ensure that 

sustainable levels of tourism are not exceeded (Roberts and Hawkins, 2000). 
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Participatory MPA decision-making arrangements (co-management) rather than 

centralised, create mechanisms for integration of traditional or local ecological 

knowledge into MPA design (Dalton, 2005). This collective knowledge, based upon 

centuries of resource use or much more recent interactions with the environment, can 

promote more effective MPA design by bringing information not captured in by 

formal science into the decision making process (Pomeroy et al., 2006, Obura et al., 

2004). In particular, local knowledge may help to contextualise general scientific 

understandings of natural and social phenomena. Local knowledge can serve as the 

basis for identification of ecologically and socially significant marine areas such as 

fish spawning aggregations, and sacred sites that merit protection within MPAs 

(McClanahan and Glaesel, 1997; Heyman and Graham, 2001). 

 

MPA rules governing resource use specify how individuals interact with each other 

and with the marine environment. MPAs use rules fall into one of three broad 

categories identified as no-take MPAs, zoned multiple use MPAs, and unzoned 

multiple use MPAs (Pomeroy et al., 2006). No-take MPAs prohibit all consumptive 

uses of marine resources and sometimes non-consumptive commercial, recreational, 

and scientific activities as well. Zoned multiple use MPAs establish sets of defined, 

spatially-explicit rules that allow for different uses of the marine environment in 

different portions (zones) of the MPA. Unzoned multiple use MPAs, by contrast, 

establish use rights that differ from the surrounding marine environment, but do not 

create spatial boundaries within the MPA. Within each of these three categories, MPA 

rules governing resource use vary in subtle but significant ways. 

1.1.3 Monitoring and enforcement systems 

Wilkinson et al., (2003) define monitoring as the regular gathering of data and 

information on MPAs and associated coral reef ecosystems, and those who use them 

over an extended period of time. Monitoring is keeping track of changes in the status 

of MPAs. Such changes include ecological variables and the socio-economics of all 

the resource users as the only way to understand the extent, nature and causes of 

damage, and to identify ways to address these threats (Wilkinson et al., 2003). MPA 

monitoring systems vary in what they measure and who does the measuring, as well 

as where, when, and how measurements are made.  
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Carefully designed monitoring systems which include robust performance indicators, 

baseline data, and control sites can provide insights into the changes in social and 

environmental systems in MPAs. Participatory MPA monitoring systems, which 

involve resource users and other non-scientists in formal data collection and analysis, 

provide a mechanism for increasing awareness, improving resources management, 

and empowering communities (Obura and Wells, 2002). Monitoring provides the 

essential trend information required to make management decisions and determine if 

the decisions are working.  

 

Several monitoring protocols exist. Community monitoring involves local 

communities, industries and volunteers using the Reef Check program. This program 

provides a rapid and cheap collection of data without extensive training of people. It 

provides a low level of detail, but useful information on the MPAs status. It is 

recommended for organisations with the lowest level of expertise and funding, and is 

particularly useful for monitoring programs aimed at community education and 

awareness raising (Wilkinson et al., 2003). Management monitoring is common in 

government agencies with tertiary trained staff. This requires more detailed 

information to help in making management decisions at a low to moderate level of 

funding and expertise. On the other hand, scientific monitoring provides detailed 

information at the highest level of resolution. It is more expensive and requires high 

levels of scientific expertise. 

 

In practice, many MPAs lack formal systems for monitoring environmental and 

especially social phenomena. As a result, resource users, managers, and other 

stakeholders often informally monitor environmental and social indicators to assess 

MPA performance. Monitoring-based assessments of performance can guide future 

MPA policy and management decisions as well as enhance confidence in current 

policies and management practices. This has been seen in Belize where formal and 

informal assessment of the social and environmental performance of the Hl Chan 

Marine Reserve led to widespread support for the expansion of the MPA (Mascia, 

2000). 

Enforcement systems attempt to increase compliance with rules governing resource 

use. User behaviour is monitored and those engaged in prohibited activities are 

punished. The role of enforcement systems has been demonstrated in the Bahamas, 
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where aggressive enforcement of “no fishing” regulations at the Exuma Cays Land 

and Sea Park dramatically reduced the frequency and extent of fishing within the 

MPA (Mascia, 2000). 

 

Research on the role of monitoring and enforcement systems in MPA performance 

highlights the importance of accountability, legitimacy, equity, and flexibility 

(Mascia, 2000). Monitors who actively assess resource conditions are accountable to 

resource users and in turn tend to improve the performance of MPAs and resource 

governance regimes (Buhat 1994; Ostrom 1990; Woodley and Sary 2003). The same 

authors likewise comment that reserve performance is enhanced by the presence of 

active and accountable monitors of resource use behaviour. Wilkinson et al., (2003) 

identified two types of MPAs monitoring viz. ecological monitoring and socio-

economic monitoring. Ecological and socio-economic parameters are often closely 

linked; therefore ecological monitoring and socio-economic monitoring should be 

done in the same place at the same time. 

 

1.1.3.1 Ecological monitoring 

This includes both physical and biological (biophysical) monitoring and aims to 

assess the status and trends of the MPAs. Physical parameters provide physical 

description of the environment surrounding the MPA. It helps in the production of 

maps and allows to measure how the environment changes. Relevant parameters that 

are measured are depth, bathymetry and reef profiles, currents, temperature, water 

quality, visibility, and salinity. 

 

Biological parameters give information on the status and trends in the communities 

inhabiting the MPA ecosystems. Biological parameters focus on the major resources 

and these parameters can be used to assess the extent of damage to marine ecosystems 

from natural and human disturbances. According to Wilkinson, et al., (2003), most 

commonly used ecological parameters include: percentage cover of corals, sponges, 

algae and non-living material. Other parameters are species composition and size 

structure of coral communities, coral recruitment, species composition and biomass of 

fish populations, populations of organisms of special interest such as giant clams and 
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crown-of-thorns starfish, extent and nature of coral bleaching, and extent and type of 

coral diseases. 

 

1.1.3.2 Socio-economic monitoring 

This aims to evaluate how people use, understand and interact with MPAs. Socio-

economic monitoring can measure the motivations of resource users as well as the 

social, cultural, and economic conditions in communities living near MPAs 

(Wilkinson, et al., 2003). Socio-economic data can help MPA managers to determine 

what stakeholder and community attributes can provide the basis for successful 

management. According to Wilkinson et al., (2003), the most frequently used socio-

economic parameters include: community populations, employment levels and 

incomes, proportion of fishers and where and how they fish, catch and price statistics 

for reef fisheries, decision making structures in communities, community perceptions 

of MPA management, tourist perceptions of the value of MPAs, and willingness to 

pay for management. Therefore, for better management results of MPAs it is 

necessary to develop a socio-economic monitoring program to parallel the ecological 

monitoring. 

  

1.1.4 Marine Protected Areas in Kenya 
 
The rationale of MPAs in Kenya is to protect and conserve marine and coastal 

biodiversity and related ecotones for posterity by enhancing the regeneration and 

ecological integrity of critical economic resources which are vital for sustainable 

development. The Kenya government through Kenya Wildlife Service (KWS) has 

established six Marine Reserves and four Marine Parks in Mombasa, Malindi, 

Watamu, Kisite, Kiunga, and Diani (Table 1). KWS is responsible for the 

management of these MPAs governed by the Wildlife (Conservation and 

Management) Act Cap 376 of the Laws of Kenya and the 1989 Amendment. Other 

government institutions with roles at certain levels in the management of marine 

resources include the Fisheries Department of Kenya, Forestry Department, and the 

National Environment Management Authority (NEMA). 
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Table 1: Marine Parks and Reserves of Kenya (Malindi and Watamu Marine Park and 
   Reserve, and Kiunga Marine Reserve are also Man and Biosphere Reserves 
   designated in 1979) (adapted from McClanahan, et al., 2005).   
 

Name of MPA Size of MPA (km²) Year legally established 

 

Mombasa Marine Park & 

Reserve 

 

Watamu Marine Park & Reserve 

 

 

Malindi Marine Park & Reserve 

 

 

Kiunga Marine Reserve  

 

Kisite-Mpunguti Marine Park & 

Reserve 

 

Diani Marine National Reserve 

 

Reserve: 200 

Park: 10 

 

Reserve: 10 

Park: 10 

 

Reserve: 165 

Park: 6.3 

 

Reserve: 250 

 

Reserve: 11 

Park: 28 

 

Reserve: 75 

 

 

1986 

 

 

1968 

 

 

Reserve: March 1968 

Park: June 1968 

 

1979 

 

1973 and regazetted in 1978 

 

 

1995 

 

The drive for MPAs establishment in Kenya was as a result of pressure on the 

government primarily by the tourism sector. Much of the ecological information that 

was used to justify MPAs establishment came from surveys of coral reefs in the 

designated areas although other important marine habitats including sea grass beds 

and mangroves do occur in most of the Kenyan MPAs (McClanahan, et al., 2005). 

McClanahan et al, (2005) further notes that these designated MPA sites indicated a 

high degree of degradation with low percent cover of hard corals, low fish biomass, 

and a high biomass of sea urchins. This was coupled with conflicts among the various 

resource users including fishermen, boat operators, beach traders, and hoteliers. 

Unfortunately, consultations with all stakeholders prior to the national government’s 

legal gazettement of these areas was not adequately carried out in many cases and this 

has led to continued management problems until today. An example of a non 

operational MPA due to conflicts is the Diani National Marine Reserve south of 
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Mombasa town.  Obura (2001) notes that opposition for implementation of this 

reserve was so severe and thus was postponed indefinitely. 

 

All the MPAs in Kenya have management plans that were drafted with local 

stakeholder participation (Weru et al., 2001). The goals of these management plans 

reflect those of KWS including the preservation and conservation of marine 

biodiversity, provision of ecologically sustainable use of marine resources for cultural 

and economic benefits, and promotion of applied research for education awareness 

programs, and for community participation and capacity building. 

 

Specific objectives of MPAs in Kenya vary depending on whether the MPA includes 

a park and reserve or is only a marine reserve. For Mombasa Marine Park and 

Reserve, the following specific objectives are binding (Weru et al., 2001): 

• to protect a representative sample of the coral reef, and seagrass ecosystems; 

• to restore and rehabilitate damaged marine ecosystems; 

• to ensure that activities within the MPA are controlled and conform to the 

management regulations for ecological sustainability; 

• to enable stakeholders to participate in a wide range of eco-friendly 

recreational activities; 

• to implement zoning as a management tool in order to eliminate conflicts 

between users; 

• to enhance and encourage management oriented research for optimum 

resource use and to ensure information flow to stakeholders to allow better 

understanding of management decisions; and 

• to provide an information base for education and awareness programs for local 

communities. 

 

Before the regional coral bleaching event in 1998, several studies indicated dramatic 

increase in abundance and diversity of finfish and the benthic community after 

establishment of the Mombasa Marine Park and Reserve. Coral cover in the park was 

recorded at 45 per cent, and the cover of fleshy algae, coralline algae and soft corals 

was also high forming a more diverse and robust coral reef community. Sea urchin 
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populations were low in the park due to a higher rate of predation (McClanahan and 

Kaunda-Arara, McClanahan and Mangi (in Obura, 2001)). 

 

This study therefore examines the performance of the Mombasa Marine Park and 

Reserve using monitoring data from the year 2004 to 2007 on selected benthic 

substrate average percentage covers of hard and soft corals, sea grass, rock and 

rubble, sand, coralline algae, turf algae, macroalgae, and sponges; fish and 

invertebrate densities. These data are intended for the ongoing monitoring activity of 

the MPA by the KWS research department. Having been part of the monitoring team, 

my participation in the field surveys started in 2005, part of 2006 and 2007. Since the 

MPA is influenced directly and indirectly by human impacts, in addition to the 

ecological data, I evaluated some socio-economic aspects of the MPA for a period of 

three months in the year 2007. 

 

1.2 Broad objective 
 
The broad objective of this research work is to determine the performance of the 

Mombasa Marine Park and Reserve, a Marine Protected Area as a form of ecosystem-

based management approach using data collected over a four year period with the 

following specific objectives: 

i. to determine the main characteristics of selected benthic fauna and flora, fish 

and invertebrates of the coral reef community in the park and in the reserve;  

ii. to assess the socio-economic impact of the MPA on the local community and 

other users,  

iii. to identify recommendations in relation to the socio-ecological management of 

the MPA. 

 

This work addresses the following ecological and socio-economic research questions: 

• Are there differences in taxa composition and diversity in relation to 

protection (status) types, locations, seasons or years? 

• Which taxa are responsible for these differences? 

• What are the causes for these differences? 
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• What is the resource users’ understanding towards the existence of the 

MPA and what is their awareness on government legislation related to 

marine conservation and sustainable use of natural resources? 

• Are the resource users aware of the MPA short term and long term 

benefits? 

1.3 Justification of the study 

Coastal ecosystems form the mainstay of most coastal communities. They provide 

both subsistence and cash-crop fisheries and other benefits due to their high 

biodiversity of both animals and plants. At the same time they form the basis for 

valuable tourism industries. Coastal ecosystems have the potential for ecotourism 

activities and discovery of new biochemical products. Increased human population 

has resulted in the decline of these ecosystems through over-exploitation, pollution, 

and conversion to other detrimental uses. 

 

More than 25 % of all production occurring within ocean upwellings and tropical 

marine shelf areas is consumed by humans, and overfishing has affected coral reef 

areas in at least 73 % of countries bordering these ecosystems (World Resources 

Institute, 1996). It is estimated that more than half of the world’s mangrove forest 

resources have already been destroyed (Nagelkerken et al., 2008; World Resources 

Institute, 1996) and as much as 70 % of the world’s coral reefs will be functionally 

lost within 40 years, unless effective management is implemented (Wilkinson 1993). 

Another threat to these resources looms through changes in global climate. Rising sea 

levels, increases in temperature, and a possible increase in the incidence of storms 

could add to the serious stresses already evident through human use. A regular 

monitoring to detect changes and identify causes of change of these resources over 

time is important. However, an accurate and objective assessment of their true status 

is not possible, because of a serious lack of long term monitoring data (Pearson 1981, 

D’Elia et al. 1991, Robertson 1992). 
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2.0 Materials and Methods 

2.1 Study area 
 
The Mombasa Marine Park and Reserve is located within the Nyali-Bamburi-Shanzu 

area lying between Mtwapa Creek and Tudor Creek, north of Mombasa town in the 

Coast Province of Kenya off the Indian Ocean. Though gazetted in 1986, it was not 

until towards the mid 1990s that park and reserve rules and regulations were enforced 

(McClanahan 1994). The MPA is located in a tourist hotspot area, include extensive 

coral reefs, a coral garden, a channel, some cliffs and a number of sandy beaches 

which offer recreation to both local and foreign tourists. The most visited recreational 

beach is the Jomo Kenyatta Public beach adjacent to the MPA with an average turn 

out of over 4,000 recreationists during each weekend of the yearly August holidays 

(Mwangi et al., 2004).  Popular recreational activities are direct water contact 

activities such as swimming, snorkelling, diving, wind surfing and other water related 

sports. 

 

The MPA is zoned into two distinct areas: the park with an area of 10 km2 and the 

reserve with an area of 200 km2, with the park encompassed within the reserve 

(Figure 1). The park is a “no-take” zone, fully protected where extractive uses such as 

fishing are prohibited; however the area is open to public access as a tourist attraction, 

site for education and research due to its diverse marine fauna and flora. The park lies 

between 3° 57’ S and 4° 9’ S and 39° 41’E and 39° 52’ E. The reserve is the area 

where public access and controlled extractive uses of marine resources such as 

artisanal fishing is permitted. The MPA is endowed with a variety of both hard and 

soft coral species and other highly productive systems such as seagrass beds 

(UNEP/FAO/PAP/CDA, 2000 and Dahdouh-Guebas et al., 1999) that attract other 

organisms including crustaceans, molluscs, coelenterates, sponges, reef fishes, sea 

turtles and even dugongs. Part of the entire fringing reef along the Kenyan part of the 

Indian Ocean protects the MPA from severe wave action by dissipating wave energy. 

 

Climatic conditions in the area are determined by the reversing monsoon winds: the 

North East Monsoon (NEM) which occurs between October and March, and the 
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South East Monsoon (SEM) from April to October. The hot and dry period falls 

during NEM while the cool, wet season occurs during the SEM (McClanahan, 1988). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location of Mombasa Marine Park and Reserve, and sampling stations 

 

 

 

Tudor Creek 
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2.1.1 Sampling Stations 

A total of four sampling stations (Figure 1), two within the park and two within the 

reserve, were selected and marked by a Global Positioning System (GPS). In the park 

these sampling stations were named Coral garden and Starfish point both located at 

03° 1.7’ S, 39° 1.3’ E. These stations in the park are strictly out of bounds for 

extractive activities, but they are accessible by glass bottom boats to both local and 

foreign visitors for non-extractive activities such as tourism. On the other hand Ras 

watine (04° 0.03’ S, 39° 1.2’ E) and Nyali (04° 0.08’ S, 39° 1.2’ E) were the two 

sampling stations identified within the reserve where regulated extractive uses are 

permitted. These sampling stations were selected for comparison based on the type of 

protection, that is the park (non extractive use) or the reserve (regulated extractive 

use). The Coral garden and Starfish point within the park were selected due to their 

richness in coral community diversity. These sites are also a hotspot for tourist glass 

bottom boating and snorkelling for fish and for the beautiful corals. In addition a 

channel connecting to the open sea crosses the Coral garden. On the other hand, Ras 

watine and Nyali within the reserve were selected as reef sites subjected to regulated 

uses mainly artisanal fishing by the local community. The average depth at neap tide 

for all the sampling stations was 2 metres. 

2.2 Sampling and data recording 

2.2.1 Ecological data 

This study started with training of the monitoring team from the Kenya Wildlife 

Service (KWS) with scientific and technical assistance from Coastal Oceans Research 

and Development – Indian Ocean (CORDIO), a research non governmental 

organisation. The training involved underwater survey techniques, and identification 

of benthic substrate categories and fish. This was followed by the development of a 

monitoring programme based on the already existing one at the Kiunga Marine 

National Reserve further north of Kenya that has been implemented by World Wide 

Fund for Nature (WWF) and CORDIO in collaboration with KWS and the 

representatives of the local community. 
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The Line Intercept Transect (LIT) technique as described in the Survey Manual for 

Tropical Marine Resources edited by English et al., (1994) was used in data 

collection. The surveys of fish fauna and invertebrates were completed using visual 

random transects (at most 6 replicate belt transects of 50 by 5 metres per sampling 

station). Usually a team of four observers is involved in the sampling: one lays the 

transect, another identifies and counts invertebrates found within the transect area (2.5 

metres either side of line) and the other two count and identify up to family level fish 

sighted directly ahead or in the space between them on either side of the transect belt 

(Figure 2). Tabulations of names to ensure correct identifications were discussed 

extensively among observers, using Richmond (1997). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 2.  The Line Intercept Transect technique used in visual fish census 
(Talbot and Wilkinson, 2001) 

 

 

Benthic substrate cover was recorded by loosely draping a 10 metre plastic measuring 

tape over the reef substrate and measuring the cover of substrate categories to the 

nearest centimetre. The substrate categories include hard and soft corals, calcareous 

algae, coralline algae, macro algae, turf algae, sea grass, sponges, sand, rock and 

rubble (Table 2). These data were also collected for maximum 6 random replicate 

transects in each sampling station. 

 



Chapter 2. Materials and methods 
 ____________________________________________________________________ 

   20

Table 2. Physical description of benthic substrate categories 

Category Physical description 

  
Hard coral Calcareous type including Acropora and non 

Acropora alive or recently dead, white to dirty 
white. 
 

Soft coral 
 
 
Calcareous algae 
 
Coralline algae 
 
Macro algae 
 
Turf algae 
 
 
Sea grass 
 
Sponges 
 
 
 
Sand and rubble 

Soft bodied corals typified by their internal fleshy 
skeletons. 
 
Crystalline-like algae 
 
Crustose red algae covering rocky substrata 
 
Large weedy/fleshy mostly brown and red algae 
 
Multispecific assemblage of lush filamentous 
algae mostly found inside damselfish territories. 
 
Submerged aquatic marine flowering plants. 
 
Simplest form of multi-cellular animals, diverse 
in colour, shape and structural complexities with 
one end attached to a solid surface. 
 
Calcareous or silicious sediments, broken pieces 
of hard coral. 
 

 

All the sampling sessions were conducted at least twice a year, during the dry season 

(NEM) and during the wet season (SEM).  As much as possible sampling was done 

consistent using the same members of the monitoring team at all sampling stations in 

all surveys. This ensured that identification of fish fauna and benthic substrate 

category interpretation was the same for all observers and did not change over time. 

 

Data from visual fish census were used to calculate average fish densities per 250 m² 

and number of fish taxa (families) in both the park and reserve. Average invertebrate 

densities were also calculated according to family and number of taxa per protection 

(park or reserve) per 250 m². Benthic substrate data was used to calculate percentage 

cover using the following formula: 

Percent cover = (Total length of category/Length of transect) * 100 

2.2.2 Socio-economic data 

Socio-economic data was collected between the months of July and September 2007 

using semi-structured questionnaires (Annex D). The questionnaires were prepared in 
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English but administered in Kiswahili (the national language) to the respondents with 

assistance from assigned data collectors. Five resource user groups (table 3) 

depending on the MPA either directly or indirectly were interviewed for information. 

These groups were fishermen, boat operators, kiosk operators, curio vendors, and 

tourists (both local and foreign). In each group, 30 individuals were interviewed 

giving a total of 150 respondents. We interviewed fishermen at fish landing sites 

along the MPA. Boat operators together with tourists were interviewed on the beach 

immediately after they returned from snorkelling and reef walk (boat tours). Some 

tourists were interviewed at their hotels after their trip to the MPA. Kiosk operators 

were interviewed at the Jomo Kenyatta beach where most of their businesses were 

concentrated. This was also done for the curio vendors, with some spread along the 

entire sandy beach adjacent to the MPA. Due to lack of time we could not interview 

hoteliers, safari sellers, and swimming-tube renters who are also potential 

stakeholders believed to benefit from the existence of the MPA. 

 

Table 3. Brief description of the resource users interviewed 

Resource user Description 
 
Fishermen 
 
 
 
Boat operators 
 
 
 
 
 
 
 
Kiosk operators 
 
 
 
 
Curio vendors 
 
 
 
 
Tourists 
 

Artisanal fishermen using traditional fishing gears 
and dug-out canoes. Gears include fishing traps 
and gill nets. Fishing is mostly for subsistence. 
Mostly operate under the group Funguni 
Fishermen Association. 
 
They ferry visitors at a fee mainly to and from the 
park using motorised glass bottom boats and 
traditional outrigger boats.  Most operate under 
the registered group of Mombasa Boat Owners 
Association. 
 
They operate small scale businesses selling fast 
foods, soft drinks, and fruits housed in either 
wooden or metallic structures targeting beach 
visitors as their customers. 
 
They sell souvenirs such as wood carvings, 
handicrafts, and jewellery targeting mainly 
foreign tourists enclosed in small wooden 
structures or by hawking along the beach. 
 
Refers to both foreign and local visitors to the 
beach for the purpose of relaxation away from 
home.  
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The questionnaires were designed with four major information sections: resource user 

identification (age and place of birth), occupation information (how much money is 

made per day, and working duration in terms of years), comments on the MPA 

existence (continuity or non-continuity of the MPA), and knowledge of resource users 

on selected government legislation related to conservation and sustainable use of 

marine resources. 

2.3 Data processing 

2.3.1 Ecological data 

Replicate data for benthic cover, fish and invertebrate densities were averaged per 

sampling station, per season (South and North East monsoons) and per year using the 

PRIMER statistical software (version 6).  In general data were averaged over a 

maximum of 6 transects per sampling station and sampling event (tables 4, 5 and 6). 

In the park sampling for benthic cover was done 9 times, 2 sampling events in SEM 

and 7 events in NEM. In the reserve there were a total of 6 events, 4 in NEM and 2 in 

SEM. For fish densities the park had a total of 16 sampling events, 7 in SEM and 9 in 

NEM, while the reserve had a total of 10 sampling events of which 6 fell in NEM and 

4 in SEM. The invertebrate densities had a total of 17 sampling events in the park 

where 9 were predominantly NEM and 11 SEM, while in the reserve there were a 

total of 12 events of 4 NEM and 8 SEM. Generally more sampling events were 

conducted in NEM than in SEM. 

2.3.1.1 Application of Non-Metric Multidimensional Scaling (MDS) 

The MDS computational technique was applied based on Bray-Curtis similarity 

resemblance for biological assemblage data according to Clarke and Warwick (2001). 

An MDS algorithm starts with a matrix of item-item similarities, and then assigns a 

location of each item in a low-dimensional space. In this case a 2-dimensional 

graphing representation was used. The resultant MDS plots give scientific data 

visualisation for the purposes of exploring similarities or dissimilarities. Similar 

samples are placed closer to each other on the MDS configuration signifying 

similarity in community composition than samples that are dissimilar showing 

communities that are far apart. 
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The stress value of an MDS is a measure of confidence that the 2 or 3-dimensional 

ordination plot is an accurate representation of the sample relationships. Acceptable 

stress values range from 0.0 to 0.2 (Clarke and Warwick, 2001). Data were 

transformed in order to downweight the contributions of quantitatively dominant taxa 

to the similarities calculated between samples which enabled to achieve the 

acceptable stress value. For benthic cover, fourth root data transformation was 

performed while square-root transformation was performed for the fish and 

invertebrate densities. 

2.3.1.2. Analysis of Similarity (ANOSIM) 

One-way ANOSIM technique was applied to look for significant differences between 

a priori defined groups with R value tending to negative 1 accepting the null 

hypothesis that there are no differences in sample composition, and R tending to 

positive 1 rejecting the null hypothesis that there are significant differences in sample 

composition. ANOSIM carries out an approximate analogue of the standard univariate 

1- and 2-way ANOVA tests. This technique was applied to the resemblance matrices 

and tested for the assemblage change of the studied ecological groups. The pair wise 

comparison test significantly differentiated samples whenever P-value was less than 

0.05. 

2.3.1.3 Similarity Percentage Breakdown (SIMPER)  

This technique was used to identify the influential taxa in an MDS plot by comparing 

two groups of samples at a time. More influential taxa were represented by a higher 

percentage contribution than less influential taxa. Further illustration of the influential 

taxa was shown by use of bubble plots. 

2.3.1.4 Diversity indices 

Biodiversity has been considered to be one of the main variables that indicate 

ecosystem health and the most common metrics of diversity used in studies to assess 

impacts to marine biodiversity include: species richness, species diversity, species 

evenness and species dominance (Pillans et al., 2007).  These authors further 

recommend that multiple measures of diversity should be used in a single study to 

gain an understanding of how communities are impacted by change. For this study 

taxa richness (for higher classification level), Shannon-Wiener diversity index, and 
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dominance index were used in order to reduce the multivariate (multi-taxa) 

complexity of assemblage data into a single (or small number of indices) that were 

evaluated for each sample. These were statistically analysed by using the univariate 

technique of Analysis of Variance (ANOVA) using Statistica statistical software 

(version 6). Homogeneity of variances was determined by Levene’s test, and post hoc 

pair wise comparison was done by either Tukey test or Fisher test.  

2.3.1.4.1 Taxa richness (S) 

This was simply given as the total number of taxa for each of the ecological groups 

(benthic cover type, fish and invertebrates). Mean taxa richness was calculated 

according to protection type, season, sampling station and sampling year. 

2.3.1.4.2 Shannon-Wiener diversity index (H’) 

This measures the diversity of taxa in categorical data by treating taxa as symbols and 

their relative population sizes as the probability. This index takes into account the 

number of taxa and their evenness. The index is increased either by having additional 

unique taxa, or by having a greater taxa evenness. Shannon-Wiener diversity index is 

calculated using the following formula: 

H’ = - Σi pi log (pi) 

Where pi is the proportional of the total count (or biomass etc) arising from the ith 

species. 

2.3.1.4.3 Dominance index (Ninf) 

Dominance (or the complementary term, evenness) reflects the distribution of traits in 

a community, which in turn affects the strength and sign of both intraspecific and 

interspecific interactions (Hillebrand et al., 2008). Dominance index is a quantitative 

estimate of biological variability that was used to compare taxa communities by 

expressing how individuals were distributed among the different taxa, taking larger 

values when no taxa dominated the total abundance. Higher values of the index 

indicated low dominance, while lower values indicated high dominance. This index is 

calculated by the following formula: 

Ninf = 1/ max {pi} 
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Table 4. Sampling events used in average benthic cover MDS 

Protection types Stations Date Seasons Total Transects 

Park 
Park 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Reserve 
Reserve 

Starfish point 
Coral garden 
Coral garden 
Starfish point 
Ras watine 
Nyali 
Starfish point 
Coral garden 
Starfish point 
Nyali 
Ras watine 
Coral garden 
Starfish point 
Ras watine 
Nyali 
 

04-Apr-04 
05-Apr-04 
23-Jan-05 
23-Jan-05 
24-Jan-05 
25-Jan-05 
25-Jan-05 
27-Feb-06 
27-Feb-06 
28-Feb-06 
28-Feb-06 
16-Feb-07 
16-Feb-07 
02-Apr-07 
03-Apr-07 

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

5 
6 
6 
2 
6 
4 
4 
6 
6 
4 
6 
6 
6 
6 
6 

 
Table 5. Sampling events used in average fish densities MDS 

Protection types Stations Date Seasons Total Transects 

Park 
Park 
Park 
Park 
Park 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Reserve 
Reserve 

Starfish point 
Coral garden 
Coral garden 
Starfish point 
Coral garden 
Starfish point 
Coral garden 
Ras watine 
Nyali 
Starfish point 
Coral garden 
Starfish point 
Nyali 
Ras watine 
Coral garden 
Starfish point 
Nyali 
Ras watine 
Coral garden 
Starfish point 
Nyali 
Ras watine 
Coral garden 
Starfish point 
Ras watine 
Nyali 
 

04-Apr-04 
05-Apr-04 
15-Aug-04 
16-Aug-04 
23-Jan-05 
23-Jan-05 
24-Jan-05 
24-Jan-05 
25-Jan-05 
25-Jan-05 
07-Jun-05 
07-Jun-05 
08-Jun-05 
08-Jun-05 
27-Feb-06 
27-Feb-06 
28-Feb-06 
28-Feb-06 
21-Aug-06 
21-Aug-06 
22-Aug-06 
22-Aug-06 
15-Feb-07 
15-Feb-07 
02-Apr-07 
03-Apr-07 

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

6 
6 
6 
6 
2 
4 
4 
6 
4 
2 
6 
6 
6 
6 
6 
6 
4 
6 
6 
6 
6 
6 
5 
6 
6 
6 
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Table 6. Sampling events used in average invertebrate densities MDS  

Protection types Stations Date Seasons Total Transects 

Park 
Park 
Park 
Park 
Park 
Park 
Park 
Reserve 
Park 
Reserve 
Park 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Reserve 
Reserve 
Park 
Park 
Reserve 
Reserve 
 

Starfish point 
Coral garden 
Coral garden 
Starfish point 
Coral garden 
Starfish point 
Coral garden 
Ras watine 
Starfish point 
Nyali 
Coral garden 
Starfish point 
Starfish point 
Nyali 
Ras watine 
Coral garden 
Starfish point 
Nyali 
Ras watine 
Coral garden 
Starfish point 
Nyali 
Ras watine 
Coral garden 
Starfish point 
Ras watine 
Nyali 
Coral garden 
Starfish point 
Nyali 
Ras watine 
 

05-Apr-04 
06-Apr-04 
16-Aug-04 
17-Aug-04 
24-Jan-05 
24-Jan-05 
25-Jan-05 
25-Jan-05 
26-Jan-05 
26-Jan-05 
09-Jun-05 
09-Jun-05 
09-Aug-05 
09-Aug-05 
09-Aug-05 
28-Feb-06 
28-Feb-06 
29-Feb-06 
29-Feb-06 
22-Aug-06 
22-Aug-06 
23-Aug-06 
23-Aug-06 
16-Feb-07 
16-Feb-07 
03-Apr-07 
04-Apr-07 
26-Sep-07 
26-Sep-07 
27-Sep-07 
30-Sep-07 
 

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

6 
6 
6 
6 
2 
4 
4 
6 
2 
4 
6 
1 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
6 
6 
5 
6 
5 
6 
5 

 

2.3.2 Socio-economic data 

Results of this section are based on the analyses of questionnaires on resource user 

identification (age and place of birth), occupation information (how much money was 

made per day on average during the study time, and period of resource interaction by 

the resource users), comments on the MPA existence (continuity or non-continuity of 

the MPA), and knowledge of resource users on government legislation related to 

conservation and sustainable use of marine resources. The Fisheries Act Chapter 378 

(1991) of the laws of Kenya provides for the development, management, exploitation, 

utilisation and conservation of marine fisheries resources and for connected purposes. 

The Wildlife (Conservation and Management) Act Cap. 376 (2006) provides for 
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regulation of all marine parks and reserves. The Environmental Management and 

Coordination Act (1999) under part V and VIII provides for the protection and 

conservation of biological diversity in situ and ex situ, protection of coastal zone, and 

maintenance of environmental quality standards. 

 

2.3.2.1 Data analysis 

Data from the filled questionnaires for each resource user group were analysed using 

the Statistical Package for Social Scientists (SPSS version 13). The Chi-square test for 

independence was used to determine relationship of categorical variables (Pallant, 

2001). This compares the frequency of cases found in the various categories of one 

variable across the different categories of another variable. Information from cross 

tabulation of the different categories was presented in form of tables together with the 

corresponding tables of Chi-square tests when assumptions of the Chi-square tests 

were fulfilled (that is the minimum expected cell frequency was 5 or greater or at least 

80 per cent of cells had expected frequencies of 5 or more). When the assumptions 

were not fulfilled, a simple descriptive graphical summary of the crossed variables 

was presented without the test results. In this case, the variable ‘gender’ was mostly 

used in the analysis because it fulfilled the Chi-square assumptions more easily when 

it was cross tabulated with the other variables. 
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3.0 Results 

3.1 Ecological data 

Similarities and dissimilarities based on benthic cover, fish and invertebrate densities 

per 250 m² are presented in MDS plots to show relationships in present fauna and 

flora according to protection types (park and reserve), sampling seasons (NEM and 

SEM), sampling stations (Coral garden, Starfish point, Ras watine, and Nyali), and 

sampling years (2004, 2005, 2006 and 2007). Where clear differences existed bubble 

plots for taxa responsible for similarities or dissimilarities as identified from similarity 

percentage breakdown (SIMPER) analyses were plotted. Measures for diversity are 

also provided here using the taxa richness (S), Shannon-Wiener index (H’), and 

dominance index (Ninf). 

3.1.1 Non-Metric Multidimensional Scaling (MDS) 

3.1.1.1 Benthic cover 

Figure 3 shows an MDS based on composition of benthic cover. Four plots were 

made of the same MDS analysis but with each showing different groups representing 

respectively protection types, sampling stations, sampling seasons, and sampling 

years. The MDS indicates no distinct benthic cover composition for different 

protection types or sampling stations. However some trends in seasonal and annual 

composition is observed. 
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Figure 3. MDS based on benthic cover using different labels for protection, seasons, stations, and 
years 
 

One-way Analysis of Similarity (ANOSIM) shows no significant differences between 

protection types and between sampling stations (R = - 0.03; P = 0.29 and R = 0.05; P 

= 0.29 respectively). However, there exists significant differences between sampling 

seasons and between sampling years (R = 0.46; P = 0.03 and R = 0.39; P = 0.005 

respectively) although the R values are each time low. Pair wise test comparison 

shows the annual differences between 2005 and 2007, and between 2006 and 2007 

(Table 7).  

 
Table 7. Pair wise comparison tests between sampling years (P-value ≤ 5 % are 
significant, highlighted in bold italic) 
 

         R Significance     Possible       Actual Number >= 
Years Statistic      Level % Permutations Permutations  Observed 
2004, 2005      0.25           20           15           15         3 
2004, 2006     0.393         13.3           15           15         2 
2004, 2007     0.536          6.7           15           15         1 
2005, 2006     0.073         34.3           35           35        12 
2005, 2007     0.635          2.9           35           35         1 
2006, 2007     0.552          2.9           35           35         1 
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Table 8 is a summary of one-way SIMPER analysis indicating the contribution of 

each individual benthic cover taxa to the dissimilarity in composition of benthic cover 

between the two sampling years, 2005 and 2007. Macroalgae (Alg-Mac) had the 

highest contribution of 25.6 % to the dissimilarity with a higher average abundance in 

the year 2005. The other taxa were about equally distributed in abundances between 

the two years. 

 
Table 8. SIMPER analysis 2005 versus 2007 based on benthic cover (fourth root 
transformed) 
 
 Average dissimilarity = 21.18 

 Group 2005 Group 2007                                
Taxa   Av.Abund   Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Alg-Mac       1.80       0.36    5.41    2.12    25.56 25.56 
SPO/ASC       1.14       0.00    4.20    3.10    19.82 45.38 
Alg-Cal       1.38       0.51    3.39    1.54    16.00 61.38 
SG       1.49       1.36    1.53    1.44     7.24 68.62 
S       1.50       1.31    1.42    1.68     6.69 75.31 
RC&RB       1.30       1.62    1.40    0.92     6.60 81.91 
Alg-Cor       1.00       1.00    1.27    1.35     5.99 87.90 
SC       1.32       1.16    1.11    1.30     5.26 93.16 

 

 
Table 9 is a summary of one-way SIMPER analysis indicating the contribution of 

each individual benthic cover taxa to the dissimilarity in composition of benthic cover 

between the two sampling years, 2006 and 2007. Again Macroalgae (Alg-Mac) had 

the highest contribution of 27.7 % to the dissimilarity with a higher average 

abundance in the year 2006. The other taxa were about equally distributed in 

abundances between the two years. 

 
Table 9. SIMPER analysis 2006 versus 2007 based on benthic cover (fourth root 
transformed) 
 
 Average dissimilarity = 19.28 

 Group 2006 Group 2007                                
Taxa   Av.Abund   Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Alg-Mac       1.76       0.36    5.34    2.00    27.69 27.69 
Alg-Cal       1.19       0.51    3.13    1.70    16.21 43.90 
SPO/ASC       0.63       0.00    2.35    1.60    12.21 56.11 
Alg-Cor       0.99       1.00    1.98    1.38    10.29 66.40 
SG       1.58       1.36    1.56    1.42     8.08 74.48 
S       1.54       1.31    1.22    1.44     6.34 80.81 
RC&RB       1.91       1.62    1.13    1.14     5.87 86.68 
SC       1.33       1.16    0.99    1.21     5.13 91.82 
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Table 10 is a summary of one-way SIMPER analysis indicating the contribution of 

each individual benthic cover taxa to the dissimilarity in composition of benthic cover 

between the two sampling seasons. Macro algae (Alg-Mac) and calcareous algae 

(Alg-Cal) had the highest contribution to the dissimilarity (20.3 % and 19.3 % 

respectively) with higher average abundances during NEM than in SEM (1.57 and 

1.23 respectively). The average abundance distribution of sponges (SPO/ASC), sea 

grass (SG), sand (S), coralline algae (Alg-Cor), rock and rubble (RC & RB), soft coral 

(SC), and hard coral (HC) remained more or less uniform in the two sampling 

seasons. However, lowest average abundances were observed during the SEM and 

NEM seasons for the sponges (0.50 and 0.71 respectively), and highest for the hard 

corals (2.00 and 2.05 respectively). 

 
Table 10. SIMPER analysis SEM versus NEM based on benthic cover (fourth 
root transformed) 
 
      Average dissimilarity = 18.95 

 Group 
SEM 

Group 
NEM 

                               

Taxa  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Alg-Mac      0.78      1.57    3.85    1.31    20.33 20.33 
Alg-Cal      0.32      1.23    3.65    1.89    19.26 39.60 
SPO/ASC      0.50      0.71    2.21    1.19    11.65 51.25 
SG      1.33      1.51    2.09    1.99    11.01 62.26 
S      1.45      1.52    1.50    1.68     7.94 70.20 
Alg-Cor      1.04      0.99    1.44    1.21     7.62 77.82 
RC&RB      1.67      1.61    1.18    1.03     6.22 84.04 
SC      1.33      1.30    1.06    1.31     5.61 89.66 
HC      2.00      2.05    0.99    1.37     5.22 94.87 

 

Figure 4 shows bubble plots for macro algae and calcareous algae illustrating that 

these two benthic cover groups indeed were more abundant in the NEM season and 

less abundant to absent during SEM season in most of the sampling stations.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Bubble plots based on benthic cover of macroalgae (Alg-Mac) and calcareous algae 
(Alg-Cal)  

Transform: Fourth root
Resemblance: S17 Bray Curtis similarity

Alg-Mac

0.3

1.2

2.1

3

2D Stress: 0.1

Transform: Fourth root
Resemblance: S17 Bray Curtis similarity

Alg-Cal

0.2

0.8

1.4

2

2D Stress: 0.1

 



Chapter 4. Results 
____________________________________________________________________ 

   32
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3.1.1.2 Fish densities  

Figure 5 shows the MDS based on fish densities with indication of the different 

groups. It shows clear differences in fish community composition between the park 

and the reserve. However, no clear differences were found between sampling seasons, 

stations or years. 

 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. MDS based on fish densities with different indications for protections, seasons, stations, 

and years  

 
 
One-Way ANOSIM results confirm that there exists significant difference between 

the park and the reserve, but also between the sampling stations (R = 0.47; P = 0.001 

and R = 0.35; P = 0.001 respectively). Results from pair wise comparison indicate all 

sampling stations were different from each other except Ras watine and Nyali that did 

not show any difference (Table 11). No significant differences between sampling 

seasons and between sampling years were found (R = 0.013; P = 0.35 and R = -0.14; 

P = 0.96 respectively).  
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Table 11. Pair wise comparison tests between sampling stations (P-value ≤ 5 % 
are significant, highlighted in bold italic) 
 

         R Significance     Possible       Actual Number >= 
Sampling stations Statistic      Level % Permutations Permutations  Observed 
Starfish, Coral garden     0.231          5.2          462          462        24 
Starfish, Ras watine     0.445          0.2          462          462         1 
Starfish, Nyali     0.637          0.2          462          462         1 
Coral garden, Ras watine     0.397          0.4          462          462         2 
Coral garden, Nyali     0.477          0.4          462          462         2 
Ras watine, Nyali     0.032           31          126          126        39 

 

Table 12 is a summary of one-way SIMPER analysis indicating the contribution of 

each individual fish taxa to the average dissimilarity between the protection types. 

Highest 

dissimilarity is caused by the Haemulidae (grunts/sweetlips) (16.5 %) and 

Acanthuridae (surgeonfish) (11.4 %). Haemulidae, Acanthuridae and Balistidae 

(triggerfish) had higher average abundances in the park than in the reserve (2.68, 2.86 

and 1.14 respectively). The average abundances of the other fish families were more 

or less equally distributed between the park and the reserve with Carangidae 

(jacks/trevallies) having the least average abundance both in the park and the reserve 

(0.92 and 0.81 respectively). 

 
Table 12. SIMPER analysis park versus reserve based on fish densities (sqrt 
transformed) 
 
Average dissimilarity = 36.59 
 Group Park Group Reserve                                
Families   Av.Abund      Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Haemulidae       2.68          0.37    6.04    2.05    16.51 16.51 
Acanthuridae       2.86          1.26    4.16    1.94    11.37 27.88 
Lutjanidae       1.97          1.04    3.38    1.56     9.25 37.12 
Labridae       3.19          3.33    2.71    1.45     7.42 44.55 
Scaridae       2.60          1.81    2.66    1.26     7.27 51.82 
Lethrinidae       1.39          0.92    2.60    1.39     7.09 58.91 
Chaetodontidae       1.94          1.09    2.56    1.72     6.99 65.90 
Carangidae       0.92          0.81    2.31    1.32     6.32 72.23 
Siganidae       1.62          1.39    2.27    1.22     6.21 78.44 
Pomacanthidae       1.30          1.05    2.15    1.41     5.87 84.31 
Balistidae       1.14          0.78    2.06    1.33     5.63 89.95 
Mullidae       1.64          1.37    2.02    1.28     5.51 95.46 

 

Figure 6 shows bubble plots for Haemulidae and Acanthuridae illustrating that these 

two fish taxa indeed were responsible for the differences in fish communities between 

the protection types and that they were more abundant in the park than in the reserve. 

The Haemulidae were even absent in most of the reserve stations. 
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Figure 6. Bubble plots based on average densities of Haemulidae and Acanthuridae 

3.1.1.3 Trophic guild composition of fish  
 
Figure 7 is an MDS based on composition of fish by trophic guilds. Fish trophic 

groups were identified according to the classification system by Durville et al (2003). 

This MDS shows clear differences in composition of fish trophic groups between the 

park and reserve, seasonal (NEM and SEM) differences, and to some extent station 

differences. However, annual differences are not clear. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
Figure 7. MDS based on composition of fish according to trophic guild with different indications 
for protection types, seasons, stations and years 

Transform: Square root
Resemblance: S17 Bray Curtis similarity

Haemulidae

0.5

2

3.5

5

2D Stress: 0.16

Transform: Square root
Resemblance: S17 Bray Curtis similarity

Acanthuridae

0.5

2

3.5

5

2D Stress: 0.16

 

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

Protection
Park
Reserve

2D Stress: 0.1

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

Season
SEM
NEM

2D Stress: 0.1

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

Station
Starfish
Coral garden
Ras Iwatine
Nyali

2D Stress: 0.1

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

Year
2004
2005
2006
2007

2D Stress: 0.1

 



Chapter 4. Results 
____________________________________________________________________ 

   35

One-way ANOSIM results confirm that there exists significant differences between 

both protection types and sampling seasons (R = 0.34; P = 0.003 and R = 0.12; P = 

0.04 respectively). In the sampling stations, Starfish point differs from both Ras 

watine and Nyali, and the Coral garden differs from Nyali as shown in the pair wise 

comparison test (Table 13). 

 
Table 13. Pair wise comparison tests between sampling stations (P-value ≤ 5 % 
are significant, highlighted in bold italic) 
 
         R Significance     Possible       Actual Number >= 
Sampling stations Statistic      Level % Permutations Permutations  Observed 
Starfish, Coral garden     0.017         40.3          462          462       186 
Starfish, Ras watine     0.325          1.3          462          462         6 
Starfish, Nyali     0.429          0.6          462          462         3 
Coral garden, Ras 
watine 

    0.216          5.6          462          462        26 

Coral garden, Nyali     0.304          5.4          462          462        25 
Ras Watine, Nyali    -0.136         79.4          126          126       100 
 

Table 14 is a summary of one-way SIMPER analysis indicating the contribution of 

each individual fish trophic guild to the average dissimilarity between the protection 

types. The nocturnal carnivore group (Haemulidae, Lethrinidae, Lutjanidae and 

Mullidae) had the highest contribution to the dissimilarity (21.6 %). 

 
Table 14. SIMPER analysis park versus reserve based on fish trophic guilds (log 
transformed) 
 
Average dissimilarity = 24.31 
 Group 

Park 
Group 
Reserve 

                                

Trophic guild   Av.Abund      Av.Abund Av.Diss Diss/SD Contrib%  Cum.% 
Nocturnal 
carnivores 

      2.85          1.90    5.25    1.42    21.59  21.59 

Herbivores       2.93          2.10    4.32    1.38    17.78  39.37 
Browser of sessile 
invertebrates 

      1.52          0.78    4.32    1.73    17.77  57.14 

Piscivores         0.95          0.75    4.08    1.36    16.80  73.94 
Omnivores       1.00          0.78    3.48    1.49    14.30  88.24 
Diurnal carnivores       2.53          2.49    2.86    1.58    11.76 100.00 
 

Figure 8 shows bubble plots for nocturnal carnivores, herbivores (Acanthuridae, 

Scaridae, Siganidae) and browsers of sessile invertebrates (Chaetodontidae) 

illustrating that these fish trophic groups were indeed responsible for the differences 

in fish trophic group composition between the protection types. All the three groups 

were more abundant in the park than in the reserve (2.85, 2.93 and 1.52 respectively). 
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Piscivores (Carangidae), omnivore (Pomacentridae), and diurnal carnivores 

(Balistidae, Labridae) were more or less equally distributed between the park and 

reserve with lowest average abundances of piscivores both in the park and reserve 

(0.95 and 0.75 respectively) (Table 14).  

 

 

 

 

 

 

 

 
 
     
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Bubble plots based on distribution of nocturnal carnivores, herbivores and browsers of 
sessile invertebrates  
 

Table 15 is a summary of one-way SIMPER analysis indicating the contribution of 

each individual fish trophic group to the average dissimilarity between the sampling 

seasons (SEM and NEM). The piscivores (Carangidae) have the highest contribution 

to the dissimilarity (22.1 %) and they are more abundant during NEM than SEM. The 

other fish trophic groups were more or less uniformly distributed between the two 

sampling seasons. 
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Table 15. SIMPER one-way analysis SEM versus NEM based on fish trophic 
guilds (log transformed) 
 
Average dissimilarity = 22.79 
 Group 

SEM 
Group 
NEM 

                                

Trophic guild  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib%  Cum.% 
Piscivore      0.50      1.28    5.04    1.77    22.11  22.11 
Nocturnal 
carnivore 

     2.28      2.58    4.11    1.27    18.03  40.14 

Browser of sessile 
invertebrates 

     0.95      1.47    3.73    1.42    16.38  56.53 

Omnivore      0.64      1.21    3.72    1.39    16.33  72.85 
Herbivore      2.35      2.80    3.48    1.19    15.25  88.10 
Diurnal carnivore      2.45      2.58    2.71    1.31    11.90 100.00 
 

3.1.1.4 Invertebrate densities  

Figure 9 is an MDS based on invertebrate densities. There exists a clear difference in 

invertebrate composition between both the protection types and between the sampling 

stations. However, no clear seasonal or annual differences are seen. 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. MDS based on invertebrate densities with different indications for protection types, 
seasons, stations, and years 
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One-Way ANOSIM results confirm significant differences between protection types 

and between stations (R = 0.25; P = 0.005 and R = 0.41; P = 0.001). Pair wise 

comparison test between sampling stations confirms that Coral garden differs 

significantly from Starfish point, Nyali and Ras watine, and also Starfish point 

significantly differs from Nyali. No significant differences were observed between 

Starfish point and Ras watine, and between Nyali and Ras watine (Table 16). There 

exists no significant differences between sampling seasons and between sampling 

years (R = 0.11; P = 0.09 and R = 0.015; P = 0.39 respectively).  

 
Table 16. Pair wise comparison tests between sampling stations (P-value ≤ 5 % 
are significant, highlighted in bold italic) 
 
         R Significance     Possible       Actual Number >= 
Stations Statistic      Level % Permutations Permutations  Observed 
Coral garden, 
Starfish 

    0.506          0.1         1716          999         0 

Coral garden, 
Nyali 

    0.639          0.1          792          792         1 

Coral garden, 
Ras watini 

    0.722          0.3          792          792         2 

Starfish, Nyali      0.44          0.8          792          792         6 
Starfish, Ras 
watini 

    0.084         22.3          792          792       177 

Nyali, Ras 
watini 

    0.144         16.7          126          126        21 

 

Table 17 is a summary of one-way SIMPER analysis indicating the contribution of 

each individual invertebrate taxon to the average dissimilarity between the protection 

types. Echinoidea and Holothuroidea have the highest contribution to the dissimilarity 

(43.1 % and 20.7 % respectively). 

 
Table 17. SIMPER analysis park versus reserve based on invertebrate densities 
(sqrt transformed) 
 
     Average dissimilarity = 27.22 

 Group 
park 

Group 
reserve 

                               

Families Av.Abund Av.Abund Av.Diss Diss/SD Contrib%   Cum.% 
Echinoidea 7.64 9.41 11.74 1.47 43.12 43.12 

Holothuroidea 2.48 0.92 5.64 1.79 20.71          63.83 
Tridacnidae 1.37 0.70 2.51 1.40 9.20 73.04 
Asteroidea 1.32 1.03 2.01 1.24 7.39 80.42 
Molluscs 1.01 0.70 1.83 1.29 6.74 87.16 

Acanthasteridea 0.47 0.63 1.38 1.37 5.08 92.24 
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Figure 10 shows bubble plots for Echinoidea and Holothuroidea illustrating that these 

invertebrate taxa were responsible for the differences in invertebrate composition in 

the park and in the reserve respectively. The Echinoidea were more abundant in the 

reserve (9.41) than in the park (7.64) while the Holothuroidea were more in the park 

than in the reserve (2.48 and 0.92). The rest of the invertebrate taxa were more or less 

equal in average abundance both in the park and the reserve. Acanthasteridea had the 

lowest average abundance both in the park and the reserve (0.47 and 0.63 

respectively). 

 

 

 

 

 

 

 

 

 
Figure 10. Bubble plots based on composition of Echinoidea and Holothuroidea  

3.1.2 Measures for diversity of ecological groups 

3.1.2.1 Benthic cover  
 
3.1.2.1.1 Taxa richness (S) 
 
Table 18. Mean taxa richness of benthic cover in protection types and sampling 
seasons 
 

Protection types Mean S ± SD Sampling seasons Mean S ± SD 

Park 

Reserve 

9.9 ± 0.4 

9.3 ± 0.6 

NEM 

SEM 

9.8 ± 0.4 

8.7 ± 0.5 

 

Table 18 shows higher taxa richness for benthic cover in the park than in the reserve 

and higher value in NEM than in SEM. Two-way ANOVA results indicate significant 

differences between protection types and between sampling seasons. However no 

significant interaction between protection types and sampling seasons was found 

(Table 19).  
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Table 19. Two-Way ANOVA for significant differences in benthic cover taxa 
richness between protection types and sampling seasons 
 

 SS Degr. of MS F p 
season 3.871 1 3.871 12.902 0.004229 

protection 2.115 1 2.115 7.049 0.022388 
season*protection 1.237 1 1.237 4.122 0.067221 

Error 3.300 11 0.300   
 
 
Table 20. Mean taxa richness of benthic cover in sampling stations and sampling 
years 
 

Sampling stations Mean S ± SD Sampling years Mean S ± SD 

Coral garden 

Starfish point 

Nyali 

Ras watini 

10.0 ± 0.3 

9.6 ± 0.2 

9.4 ± 0.5 

9.4 ± 0.5 

2004 

2005 

2006 

2007 

9.5 ± 0.25 

10.0 ± 00 

10.0 ± 0.4 

8.7 ± 0.5 

 

The average taxa richness was higher in the Coral garden than all the other sampling 

stations and higher in the years 2005 and 2006 than in 2004 and 2007. One-way 

ANOVA indicates no significant differences in benthic taxa richness between 

sampling stations and between sampling years (Df = 3; F = 0.46; P = 0.72 and Df = 3; 

F = 3.04; P = 0.07 respectively). 

 
3.1.2.1.2 Shannon-Wiener diversity index (H’) 
 

 

 

 

 

 

 

 
 
 
 
Figure 11. Mean Shannon-Wiener indices (± SD) of benthic cover taxa for protection types and 
sampling seasons 
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Figure 11 shows the park (1.79 ± 0.15) has a higher average Shannon-Wiener 

diversity index than the reserve (1.60 ± 0.18). In the sampling seasons average 

Shannon-Wiener diversity index was higher during NEM (1.75 ± 0.15) than during 

SEM (1.53 ± 0.15). Two-way ANOVA indicates however no significant differences 

between sampling seasons and between protection types. Also the interaction between 

sampling seasons and protection types is not significant (Table 21). 

 

Table 21. Two-Way ANOVA for significant differences in interaction between 
protection types and sampling seasons 
 

 SS Degr. of MS F p 
Season 0.14512 1 0.14512 2.8817 0.117669 

Protection 0.19647 1 0.19647 3.9013 0.073876 
Season*Protection 0.08485 1 0.08485 1.6850 0.220824 

Error 0.55395 11 0.05036   
 

 

 

 

 

 

 

 

 

 
 
Figure 12. Mean Shannon-Wiener indices (± SD) of benthic cover taxa for sampling stations and 
years 
 

Figure 12 shows Starfish point with the highest Shannon-Wiener diversity index 
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1.63 ± 0.12 and Nyali, 1.60 ± 0.17). However, One-Way ANOVA results indicate no 

significant differences in Shannon-Wiener diversity indices between the sampling 

stations (Df = 3; F = 0.47; P = 0.71). The annual mean Shannon-Wiener diversity 

indices were highest in 2006 followed by 2005 (1.79 ± 0.10 and 1.77 ± 0.13 
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diversity indices were recorded but no significant differences were found between the 

sampling years (Df = 3; F = 1.23; P = 0.35).  

 
3.1.2.1.3 Dominance (Ninf) index 
 

Table 22. Mean dominance index for benthic cover taxa by protection types and 
sampling seasons 
 

Protection types  Mean Ninf ± SD Sampling seasons Mean Ninf ± SD 

Park 

Reserve 

3.35 ± 0.40 

2.75 ± 0.45 

NEM 

SEM 

3.10 ± 0.61 

2.95 ± 0.38 

 

The dominance index was higher in the reserve (lower value) than in the park (higher 

value), and higher in SEM than in NEM. Two-way ANOVA results show there is no 

significant differences between the protection types and between the sampling 

seasons. Neither there exists any significant interaction between protection types and 

sampling seasons (Table 23). 

 

Table 23. Two-way ANOVA for significant differences in dominance index for 
benthic cover taxa between protection types and sampling seasons  
 

 SS Degr. of MS F p 
season 0.0460 1 0.0460 0.0592 0.812214 

protection 0.8333 1 0.8333 1.0727 0.322573 
season*protection 0.0700 1 0.0700 0.0901 0.769639 

Error 8.5452 11 0.7768   
 
Table 24. Mean dominance index for benthic cover taxa by sampling stations and 
sampling years 
 

Sampling stations Mean Ninf ± SD Sampling years Mean Ninf ± SD 

Coral garden 

Starfish point 

Nyali 

Ras watine 

3.35 ± 0.35 

3.00 ± 0.65 

3.10 ± 0.15 

2.75 ± 0.45 

2004 

2005 

2006 

2007 

3.15 ± 0.35 

3.20 ± 0.50 

2.90 ± 0.60 

3.10 ± 0.20 

 

The Coral garden and Nyali had on the average lower benthic cover taxa dominance 

than the Starfish point and Ras watine. Annual dominance was relatively lower in 
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2005 and 2004 than in 2006 and 2007. One-way ANOVA indicates no significant 

differences in average dominance index between the sampling stations and between 

the sampling years (Df = 3; F = 0.27; P = 0.85 and Df = 3; F = 0.07; P = 0.97 

respectively). 

 
3.1.2.2 Fish densities 
 

3.1.2.2.1 Taxa richness (S) 
 
Table 25. Mean richness of fish taxa by protection types and sampling seasons 
 

Protection types Mean S ± SD Sampling seasons Mean S ± SD 

Park 

Reserve 

12.1 ± 0.9 

10.1 ± 1.0 

NEM 

SEM 

11.8 ± 1.1 

10.6 ± 1.2 

 

Table 25 shows a higher average fish taxa richness in the park than in the reserve, and 

higher average value in NEM than in SEM. Two-way ANOVA indicates no 

significant differences of fish taxa richness between sampling seasons but significant 

difference between the protection types. The interaction between sampling seasons 

and protection types is not significant neither (Table 26).  

 

Table 26. Two-Way ANOVA for significant differences in fish taxa richness 
between sampling seasons and protection types 
 

 SS Degr. of MS F p 
season 4.083 1 4.083 1.991 0.175290 

protection 20.454 1 20.454 9.973 0.005442 
season*protection 2.083 1 2.083 1.016 0.326874 

Error 36.917 18 2.051   
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Table 27. Mean richness of fish taxa by sampling stations and sampling years 
 

Sampling stations Mean S ± SD Sampling years Mean S ± SD 
Coral garden 

Starfish point 

Nyali 

Ras watine 

12.2 ± 1.1 

12.0 ± 0.5 

10.0 ± 0.5 

10.2 ± 1.3 

2004 

2005 

2006 

2007 

12.0 ± 0.4 

11.2 ± 1.1 

10.6 ± 1.4 

12.0 ± 0.4 

 
Table 27 shows the Coral garden and Starfish point had higher average fish taxa 

richness than both Nyali and Ras watine. Also higher average fish taxa richness were 

recorded in the years 2004 and 2007 than in 2005 and 2006. Results of one-way 

ANOVA indicate however no significant differences in fish taxa richness between 

sampling stations and between sampling years (Df = 3; F = 2.98; P = 0.06 and Df = 3; 

F = 0.67; P = 0.58 respectively). 

 

3.1.2.2.2 Shannon-Wiener diversity index (H’) 
 

 

 

 

 

 

 

 

 
 
Figure 13. Mean Shannon-Wiener indices (± SD) of fish taxa for protection types and sampling 
seasons 
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(2.1± 0.2 and 1.85 ± 0.2 respectively). Two-Way ANOVA results indicate a 

significant difference between protection types but no seasonal significant differences. 

Also there exists no significant interaction between the sampling seasons and 

protection types (Table 28). 
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Table 28. Two-Way ANOVA for significant differences in Shannon-Wiener 
diversity index of fish taxa between sampling seasons and protection types 
 

 SS Degr. of MS F p 
season 0.19056 1 0.19056 2.381 0.140218 

protection 0.79079 1 0.79079 9.881 0.005620 
season*protection 0.03322 1 0.03322 0.415 0.527530 

Error 1.44062 18 0.08003   
 

 

 

 

 

 

 
 
 
 
 
 
 
 
Figure 14. Mean Shannon-Wiener indices (± SD) of fish taxa for sampling stations and years 
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However, no significance difference exists between the sampling years (Df = 3, F = 
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Table 29. Post Hoc pair wise comparison by Fisher test showing differences in 
sampling stations (P-value < 0.05 are significant, highlighted in bold italic) 
 

 station {1} {2} {3} {4} 
1 Starfish  0.911178 0.057611 0.029197 
2 Coral garden 0.911178  0.070813 0.036338 
3 Ras watine 0.057611 0.070813  0.747583 
4 Nyali 0.029197 0.036338 0.747583  

 
3.1.2.2.3 Dominance (Ninf) index 
 
Table 30. Mean dominance index of fish taxa by protection types and sampling 
seasons 
 

Protection types Mean Ninf ± SD Sampling seasons Mean Ninf ± SD 
Park 

Reserve 

4.25 ± 0.75 

2.75 ± 0.60 

NEM 

SEM 

4.00 ± 0.80 

3.25 ± 0.70 

 

Table 30 indicates that dominance of fish taxa was higher in the reserve (lower value) 

than in the park (higher value), and higher in SEM than in NEM. Analysis of two-way 

ANOVA shows significant differences of fish taxa dominance between protection 

types but not between sampling seasons. Also there was no significant interaction 

between sampling seasons and protection (Table 31). 

 
Table 31. Two-way ANOVA for significant differences in dominance index of 
fish taxa between sampling seasons and protection types. 
 

 SS Degr. of MS F p 
season 1.2669 1 1.2669 1.6243 0.218706 

protection 13.0386 1 13.0386 16.7171 0.000689 
season*protection 3.0427 1 3.0427 3.9011 0.063794 

Error 14.0392 18 0.7800   
 
Table 32. Mean dominance index of fish taxa by sampling stations 
 and sampling years 
 

Sampling stations Mean Ninf ± SD Sampling years Mean Ninf ± SD 

Coral garden 

Starfish point 

Nyali 

Ras watine 

4.30 ± 0.70 

4.25 ± 0.60 

2.40 ± 0.40 

3.10 ± 0.60 

2004 

2005 

2006 

2007 

3.40 ± 0.05 

3.50 ± 0.70 

3.25 ± 1.00 

4.40 ± 0.40 
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Table 32 shows the Coral garden had a slightly lower mean dominance of fish taxa 

than the Starfish point, while mean dominance was slightly higher at Ras watine than 

in Nyali. One-way ANOVA indicates significant difference between the sampling 

stations (Df = 3; F = 4.71; P = 0.01). The results of a Post Hoc pair wise comparison 

show that mean dominance of fish taxa in Nyali differed significantly from those of 

the Starfish point, and those of the Coral garden (Table 33). Annual trends indicate 

lowest mean dominance in the year 2007, followed by 2005, 2004 and 2006 however 

without any significant difference (Df = 3; F = 0.81; P = 0.51). 

 
Table 33. Post Hoc pair wise comparison by Tukey test showing differences in 
sampling stations (P-value < 0.05 are significant, highlighted in bold italic) 
 

 station {1} {2} {3} {4} 
1 Starfish  0.997449 0.251442 0.035675 
2 Coral garden 0.997449  0.187052 0.024526 
3 Ras watine 0.251442 0.187052  0.739500 
4 Nyali 0.035675 0.024526 0.739500  

 

3.1.2.3 Invertebrate densities 
 
3.1.2.3.1 Taxa richness (S) 
 
Table 34. Mean taxa richness of invertebrates by protection types and sampling 
seasons 
 

Protection types Mean S ± SD Sampling seasons Mean S ± SD 

Park 

Reserve 

6.75 ± 0.75 

6.15 ± 0.60  

NEM 

SEM 

6.15 ± 0.70 

6.70 ± 0.75 

 

The park recorded a higher mean taxa richness of invertebrates than the reserve while 

seasonal taxa richness was higher in SEM than in NEM (Table 34). Two-way 

ANOVA analysis indicates no significant differences between both protection types 

and between the sampling seasons. Also there is no significant interaction between the 

sampling seasons and protection types (Table 35). 
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Table 35. Two-way ANOVA for significant differences in invertebrate taxa 
richness between sampling seasons and protection types 
 

 SS Degr. of MS F p 
season 3.1765 1 3.1765 3.529 0.074945 

protection 3.1765 1 3.1765 3.529 0.074945 
season*protection 0.3529 1 0.3529 0.392 0.538250 

Error 18.0000 20 0.9000   
 
 
Table 36. Mean taxa richness of invertebrates by sampling stations and sampling 
years 
 

Sampling stations Mean S ± SD Sampling years Mean S ± SD 

Coral garden 

Starfish point 

Nyali 

Ras watine 

6.70 ± 0.60 

6.80 ± 0.60 

6.20 ± 0.50 

6.00 ± 0.35 

2004 

2005 

2006 

2007 

7.50 ± 0.20 

5.80 ± 0.45 

6.25 ± 0.70 

7.30 ± 0.50 

 

The taxa richness among the sampling stations (Table 36) was more similar and not 

significantly different (Df = 3; F = 0.92; P = 0.45) but the annual trend was 

significantly different (Df = 3; F = 4.59; P = 0.01). Results of Post Hoc pair wise 

comparison (Table 37) shows differences in taxa richness between the years 2007 and 

2005. 

 
Table 37. Post Hoc pair wise comparison by Tukey test showing differences in 
sampling years (P-value < 0.05 are significant, highlighted in bold italic) 
 

 year {1} {2} {3} {4} 
1 2004  0.101813 0.269575 0.994911 
2 2005 0.101813  0.810207 0.021406 
3 2006 0.269575 0.810207  0.113673 
4 2007 0.994911 0.021406 0.113673  
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3.1.2.3.2 Shannon-Wiener diversity index (H’) 
 
 

 

 

 
 
 
 
 
 
 
 
 

 
Figure 15. Mean Shannon-Wiener diversity indices (± SD) of invertebrates for protection types 
and sampling seasons (square-root transformed) 
 

In Figure 15, the park recorded a higher mean Shannon-Wiener diversity index (0.83 

± 0.15) than the reserve (0.50 ± 0.05). Seasonal Shannon-Wiener diversity index was 

slightly higher in NEM (0.75 ± 0.15) than in SEM (0.65 ± 0.18). Two-way ANOVA 

results indicate significant difference between protection types but not between 

sampling seasons. The interaction between sampling seasons and protection types was 

also not significant (Table 38). 

 
Table 38. Two-way ANOVA for significant differences in Shannon-Wiener 
diversity index between sampling seasons and protection types 
 

 SS Degr. of MS F p 
season 0.04104 1 0.04104 1.1804 0.290190 

protection 0.61635 1 0.61635 17.7281 0.000430 
season*protection 0.00354 1 0.00354 0.1017 0.753116 

Error 0.69534 20 0.03477   
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Figure 16. Mean Shannon-Wiener indices (± SD) of invertebrates for sampling stations and years 
(square-root transformed) 
 

In Figure 16, the highest Shannon-Wiener diversity index was recorded at the Coral 

garden (1.0 ± 0.08) compared to Starfish point (0.65 ± 0.08), Nyali (0.53 ± 0.04) and 

Ras watine (0.47 ± 0.04). One-way ANOVA results indicate significant difference 

between the sampling stations (Df = 3; F = 26.93; P = 0.00). Post Hoc pair wise 

comparison shows the Coral garden differs from the rest of the sampling stations 

(Table 39). Annual Shannon-Wiener diversity indices were higher in 2004 (0.82 ± 

0.05) and 2007 (0.78 ± 0.22) than in 2005 (0.64 ± 0.13) and 2006 (0.65 ± 0.12) with 

no significant differences (Df = 3; F = 0.67; P = 0.58). 

 
Table 39. Post Hoc pair wise comparison by Tukey test showing differences in 
sampling stations (P-value < 0.05 are significant, highlighted in bold italic) 
 

 station {1} {2} {3} {4} 
1 Coral garden  0.000227 0.000177 0.000176 
2 Starfish 0.000227  0.331549 0.084297 
3 Nyali 0.000177 0.331549  0.879621 
4 Ras Watine 0.000176 0.084297 0.879621  

 

3.1.2.3.3 Dominance (Ninf) index 
 
Table 40. Mean dominance index of invertebrate taxa by protection types and 
sampling seasons (square-root transformed) 
 
Protection types Mean sqrt Ninf ± SD Sampling seasons Mean sqrt Ninf ± SD 
Park 

Reserve 

1.15 ± 0.11 

1.03 ± 0.01 

NEM 

SEM 

1.14 ± 0.12 

1.08 ± 0.07 
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In Table 40, the mean dominance of invertebrate taxa was slightly lower in the park 

(higher value) than in the reserve (lower value), and higher in SEM than in NEM. 

Two-way ANOVA results indicate a significant difference between the protection 

types but not between the sampling seasons. Also the interaction between the 

sampling seasons and protection types is not significant (Table 41). 

 
Table 41. Two-way ANOVA for significant differences and interaction in 
dominance index of invertebrate taxa between sampling seasons and protection 
types 

 SS Degr. of MS F p 
season 0.01225 1 0.01225 0.840 0.370250 

protection 0.10280 1 0.10280 7.051 0.015189 
season*protection 0.00704 1 0.00704 0.483 0.495185 

Error 0.29160 20 0.01458   
 

Table 42. Mean dominance index of invertebrate taxa by sampling stations and 
sampling years (square-root transformed) 
Sampling stations Mean sqrt Ninf ± SD Sampling years Mean sqrt Ninf ± SD 

Coral garden 

Starfish point 

Nyali 

Ras watine 

1.26 ± 0.1 

1.05 ± 0.03 

1.04 ± 0.01 

1.04 ± 0.01 

2004 

2005 

2006 

2007 

1.12 ± 0.03 

1.06 ± 0.05 

1.06 ± 0.06 

1.19 ± 0.14 

 

Table 42 indicates a higher mean dominance of invertebrate taxa in the Starfish point 

than compared to the Coral garden. Mean dominance was the same and higher for 

Nyali and Ras watine. Annually the mean dominance was higher in 2007 than in all 

the other years. One-way ANOVA results show the mean dominance was 

significantly different between the sampling stations (Df = 3; F = 9.60; P = 0.0004) 

but not between the sampling years (Df = 3; F = 1.30; P = 0.30). Post Hoc pair wise 

comparison shows that the Coral garden differs from all the other sampling stations 

(Table 43). 

 
Table 43. Post Hoc pair wise by Tukey test showing differences in sampling 
stations (P-value < 0.05 are significant, highlighted in bold italic) 

 station {1} {2} {3} {4} 
1 Coral garden  0.002753 0.002155 0.001738 
2 Starfish 0.002753  0.963842 0.937957 
3 Nyali 0.002155 0.963842  0.999717 
4 Ras Watine 0.001738 0.937957 0.999717  
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3.2 Socio-economic data 

A total of 150 respondents (30 per each resource user group) were interviewed, 111 

were men and 39 were women. The boat operators and fishermen groups were 

predominantly composed of men, while there were slightly more women tourists and 

kiosk operators than there were their male counterparts. 

3.2.1 Resource users’ age, time of resource use and benefits 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 17.  Mean age for different resource users, time of resource use (left), and average profit 
per day (EUR 1 = KSH 90, during the study period) (right) 
 

Figure 17 shows fishermen were the oldest resource users with the longest time of 

resource use (55 ± 10 years and 15 ± 10 years respectively). This was followed by 

tourists (45 ± 20 years), curio vendors (38 ± 17 years), kiosk operators (35 ± 8 years), 

and boat operators (30 ± 12 years) each with a mean time of resource use of 10 years 

and bellow.  Boat operators recorded the highest mean profit per day (EUR 30 ± 10) 

with the rest of resource users recording a daily mean profit of less than EUR 10. 

 

3.2.2 Resource users’ opinion on MPA continued existence 

All resource users were interviewed for their opinion on the continued existence of 

the MPA. The responses for this question were grouped into those with no opinion 

(no idea), those who did not want the MPA to continue, and those who supported the 

MPA continued existence (Figure 18).  
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Figure 18.  Opinion from resource users on the MPA existence 

 

Figure 18 shows that each resource user group’s opinion highly varied with regard to 

MPA continued existence. Majority of the kiosk operators (80 %) wanted the MPA to 

continue existing, same to tourists (72 %), boat operators (50 %), and curio vendors 

(65 %). All the fishermen (100 %) did not want the MPA to continue existing. In total 

13 % of the total respondents interviewed gave no opinion (N = 19), 33 % did not 

support for the MPA continued existence (N = 50), and the majority 54 % supported 

for the continued existence (N = 81).  Since cross-tabulation of resource user types 

with opinion on MPA existence did not fulfil the Chi-square assumptions (minimum 

expected frequency < 5), opinion on MPA existence was instead cross-tabulated with 

the resource users’ gender (Table 44). 
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Gender * MPAexst Crosstabulation

4 2 33 39
4.9 13.0 21.1 39.0

10.3% 5.1% 84.6% 100.0%

21.1% 4.0% 40.7% 26.0%

2.7% 1.3% 22.0% 26.0%
15 48 48 111

14.1 37.0 59.9 111.0
13.5% 43.2% 43.2% 100.0%

78.9% 96.0% 59.3% 74.0%

10.0% 32.0% 32.0% 74.0%
19 50 81 150

19.0 50.0 81.0 150.0
12.7% 33.3% 54.0% 100.0%

100.0% 100.0% 100.0% 100.0%

12.7% 33.3% 54.0% 100.0%

Count
Expected Count
% within Gender
% within
MPAexst
% of Total
Count
Expected Count
% within Gender
% within
MPAexst
% of Total
Count
Expected Count
% within Gender
% within
MPAexst
% of Total

Female

Male

Gender

Total

No idea Not continued Continued

MPAexst

Total

Table 44. Summary information on gender versus opinion on MPA continued 
existence 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table 44 shows response by gender indicates that of the 39 females who were 

interviewed, 85 % commented that the MPA should continue to exist, 10 % had no 

opinion, and 5 % did not support for the continued MPA existence. From the 111 total 

of male respondents, about 14 % had no opinion, 43 % supported for the continued 

existence, and this was the same for those who did not want the MPA to continue 

existing. The Chi-square tests (Table 45) shows the opinion from women respondents 

significantly differed from their men’s counterpart that the MPA should continue to 

exist (Asymp. Sig. = 0.000). 
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Chi-Square Tests

21.968a 2 .000
26.070 2 .000

11.516 1 .001

150

Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

1 cells (16.7%) have expected count less than 5. The
minimum expected count is 4.94.

a. 

Table 45. Chi-square results on MPA continued existence by gender 
 
 
 
 
 
 
 
 
 
 

 

 

3.2.3 Resource users MPA awareness versus opinion on MPA continued 
existence 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19.  MPA awareness versus opinion on continued MPA existence 

 

Figure 19 indicates that for those resource users with no opinion on MPA continued 

existence, majority were not aware of the MPA (90 %) while 8 % with yet no opinion 

were aware of the MPA. For those who did not support the MPA continued existence, 

36 % were indeed aware of the MPA, while those who supported its continued 

existence 57 % were aware of the MPA, and 11 % were even not aware of it. Cross-

tabulation of MPA awareness with opinion on its continued existence did not fulfil the 

Chi-square assumptions (minimum expected frequency < 5), and so was the MPA 

awareness cross-tabulation with gender. 
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Chi-Square Tests

95.899a 12 .000
94.366 12 .000

.140 1 .708

149

Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

5 cells (25.0%) have expected count less than 5.
The minimum expected count is 4.09.

a. 

3.2.4 Resource users versus education  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20.  Resource users’ education levels 

 

Figure 20 shows that majority of kiosk operators (52 %), boat operators (44 %) and 

curio vendors (60 %) had secondary education. While majority of tourists (70 %) had 

college education and most fishermen had local knowledge (44 %). In total 27 % of 

the respondents had primary education, 40 % secondary education, 20 % college, and 

only 14 % had local knowledge. The Chi-square tests (Table 46) shows highly 

significant difference in education level between the resource user groups (Asymp. 

Sig. = 0.000). 

 
Table 46. Chi-square results on resource user groups versus education level 
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Gender * Edulev Crosstabulation

7 17 12 3 39
10.7 15.3 7.5 5.5 39.0

17.9% 43.6% 30.8% 7.7% 100.0%
17.1% 28.8% 41.4% 14.3% 26.0%

4.7% 11.3% 8.0% 2.0% 26.0%
34 42 17 18 111

30.3 43.7 21.5 15.5 111.0
30.6% 37.8% 15.3% 16.2% 100.0%
82.9% 71.2% 58.6% 85.7% 74.0%
22.7% 28.0% 11.3% 12.0% 74.0%

41 59 29 21 150
41.0 59.0 29.0 21.0 150.0

27.3% 39.3% 19.3% 14.0% 100.0%
100.0% 100.0% 100.0% 100.0% 100.0%

27.3% 39.3% 19.3% 14.0% 100.0%

Count
Expected Count
% within Gender
% within Edulev
% of Total
Count
Expected Count
% within Gender
% within Edulev
% of Total
Count
Expected Count
% within Gender
% within Edulev
% of Total

Female

Male

Gender

Total

Primary Secondary College
Local

knowledge

Edulev

Total

Chi-Square Tests

7.004a 3 .072
7.022 3 .071

.357 1 .550

150

Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

0 cells (.0%) have expected count less than 5. The
minimum expected count is 5.46.

a. 

By gender majority of women respondents had secondary education (about 44 %) 

followed by college (about 31 %), primary (about 18 %) and local knowledge (about 

8 %). While majority of the men respondents had secondary education (38 %) 

followed by primary level (31 %), local knowledge (16 %) and finally college level 

with a composition of 15 % (Table 47). Results of Chi-square tests (Table 48) indicate 

that genders do not differ significantly from each other in terms of education level 

(Asymp. Sig. = 0.072). 

 
Table 47. Summary information on gender versus education level 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 
 

Table 48. Chi-square results on gender versus level of education 
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Chi-Square Tests

7.932a 3 .047

8.505 3 .037

.084 1 .772

150

Pearson Chi-Square

Likelihood Ratio

Linear-by-Linear
Association

N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

0 cells (.0%) have expected count less than 5. The
minimum expected count is 6.02.

a. 

3.2.5 Resource users’ awareness on government legislation related to 
sustainable use of natural resources 
 
3.2.5.1 Resource users’ education level versus WCMA awareness 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

Figure 21.  Education level versus WCMA awareness of resource users 

 

Figure 21 indicates that majority of resource users in the different education levels 

were indeed aware of the WCMA. Resource users with local knowledge had the 

highest percentage of those who were aware (90 %) followed by those with primary 

education (75.6 %), secondary education (70 %), and college with 55 %. In total about 

29 % were not aware of WCMA (N = 43), and the majority 71 % were aware of the 

Act (N = 107). The Chi-square tests indicate significant differences on WCMA 

awareness between the education levels of the respondents (Asymp. Sig. = 0.047) 

(Table 49).  

 
Table 49. Chi-square results of WCMA awareness versus education level 
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Gender * WCMA Crosstabulation

14 25 39
11.2 27.8 39.0

35.9% 64.1% 100.0%
32.6% 23.4% 26.0%

9.3% 16.7% 26.0%
29 82 111

31.8 79.2 111.0
26.1% 73.9% 100.0%
67.4% 76.6% 74.0%
19.3% 54.7% 74.0%

43 107 150
43.0 107.0 150.0

28.7% 71.3% 100.0%
100.0% 100.0% 100.0%

28.7% 71.3% 100.0%

Count
Expected Count
% within Gender
% within WCMA
% of Total
Count
Expected Count
% within Gender
% within WCMA
% of Total
Count
Expected Count
% within Gender
% within WCMA
% of Total

Female

Male

Gender

Total

Not aware Aware

WCMA

Total

Chi-Square Tests

1.348b 1 .246

.912 1 .340

1.311 1 .252
.304 .169

1.339 1 .247

150

Pearson Chi-Square
Continuity
Correction

a

Likelihood Ratio
Fisher's Exact Test
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)
Exact Sig.
(2-sided)

Exact Sig.
(1-sided)

Computed only for a 2x2 tablea. 

0 cells (.0%) have expected count less than 5. The minimum expected count is 11.18.b. 

Further analysis of WCMA awareness of resource users by gender cross-tabulation 

(Table 50). 
 
Table 50. Summary information on resource users’ gender versus awareness 
on WCMA 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
 

 

On awareness by gender, about 36 % of the female respondents were not aware of the 

Act, and 64 % were aware. For the males 26 % were not aware while those who were 

aware of the Act made up 74 %. Statistically (Table 51) there was no significant 

difference in awareness of the Act by gender (Asymp. Sig. = 0.340). 

Table 51. Chi-square results of WCMA awareness versus gender 
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3.2.5.2 Resource users’ education level versus EMCA awareness 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 22.  Education level versus EMCA awareness of resource users 

 

Figure 22 shows that majority of resource users in the different education levels were 

indeed aware of the EMCA. Those with secondary education (78 %) had the highest 

percentage of those who were aware followed by primary level (70 %) and college 

(about 60 %). On the other hand majority of resource users with local knowledge (57 

%) were not aware of the Act. In total 34 % of those responded were not aware of the 

Act (N = 44), while 66 % were aware (N = 99). The Chi-square tests indicate 

significant differences on EMCA awareness between the education levels of the 

respondents (Asymp. Sig. = 0.024) (Table 52). 

 
Table 52. Chi-square results of EMCA awareness versus education level 
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Chi-Square Tests

9.481a 3 .024

9.423 3 .024

4.165 1 .041

150

Pearson Chi-Square

Likelihood Ratio

Linear-by-Linear
Association

N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

0 cells (.0%) have expected count less than 5. The
minimum expected count is 7.14.

a. 
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Chi-Square Tests

.789b 1 .375

.478 1 .489

.805 1 .370

.435 .246

.783 1 .376

150

Pearson Chi-Square

Continuity Correctiona

Likelihood Ratio

Fisher's Exact Test

Linear-by-Linear
Association

N of Valid Cases

Value df
Asymp. Sig.

(2-sided)
Exact Sig.
(2-sided)

Exact Sig.
(1-sided)

Computed only for a 2x2 tablea. 

0 cells (.0%) have expected count less than 5. The minimum expected count is 13.
26.

b. 

 

By gender, 28 % of the female respondents were not aware, and a majority of 72 % 

were aware. For the males 36 % were not aware of the Act, and 64 % were aware. 

Results of Chi-square tests indicate no significant difference on awareness of EMCA 

between the female and male respondents (Asymp Sig. = 0.49) (Table 53).  

 
Table 53. Chi-square results of EMCA awareness versus gender 

 
 

3.2.5.3 Resource users’ education level versus Fisheries Act awareness 

 

 

 

 

 

 

 

 

 

 

 
Figure 23.  Education level versus Fisheries Act awareness of resource users 

 

Figure 23 indicates that majority of resource users from all the education levels were 

aware of the fisheries Act. Those aware of the Act with local knowledge were 90 % 
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Chi-Square Tests

9.518a 3 .023
10.019 3 .018

.021 1 .886

150

Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

0 cells (.0%) have expected count less than 5. The
minimum expected count is 6.16.

a. 

  

Chi-Square Tests

1.095b 1 .295

.709 1 .400

1.069 1 .301

.312 .199

1.088 1 .297

150

Pearson Chi-Square

Continuity Correctiona

Likelihood Ratio

Fisher's Exact Test

Linear-by-Linear
Association

N of Valid Cases

Value df
Asymp. Sig.

(2-sided)
Exact Sig.
(2-sided)

Exact Sig.
(1-sided)

Computed only for a 2x2 tablea. 

0 cells (.0%) have expected count less than 5. The minimum expected count is 11.
44.

b. 

followed by those with primary education (76 %), secondary level (70 %), and college 

education (51 %).  In total 29 % of those responded were not aware (N = 44). Those 

who were aware of the Act were 71 % (N = 106). The Chi-square tests indicate 

significant differences on Fisheries Act awareness between the education levels of the 

respondents (Asymp. Sig. = 0.023) (Table 54). 

 

Table 54 Chi-square results of Fisheries Act awareness versus education level 

 

 

 

 

 

 

 

 

 

 

By gender female respondents not aware of Fisheries Act made up 36 % and those 

who were aware were 64 %. While the males, 27 % were not aware and 73 % were 

aware of the Act. Results of Chi-square tests indicate no significant difference on 

awareness level of the Act between the female and male respondents (Asymp Sig. = 

0.40) (Table 55). 

 
Table 55. Chi-square results of Fisheries Act awareness versus gender 
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Chi-Square Tests

163.896a 8 .000
154.236 8 .000

10.421 1 .001

150

Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

0 cells (.0%) have expected count less than 5. The
minimum expected count is 5.80.

a. 

3.2.6 Resource users’ places of birth 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24.  Resource users’ places of birth 

 

Figure 24 shows that majority of resource user groups were dominated by the locals 

(those born within the coastal region). For the fishermen, locals comprised of 98 %, 

boat operators (75 %) and 72 % for kiosk operators. Majority of the tourists were 

foreigners (born outside the country) (89 %), and the highest percentage of curio 

vendors were from upcountry (born outside the coastal region) (75 %).  Results of 

Chi-square tests (Table 56) indicate highly significant difference on places of birth 

between the different resource users (Asymp Sig. = 0.00). 

 
Table 56. Chi-square results on resource users versus places of birth 
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Gender * Plcbirth Crosstabulation

11 11 17 39
21.3 10.1 7.5 39.0

28.2% 28.2% 43.6% 100.0%

13.4% 28.2% 58.6% 26.0%

7.3% 7.3% 11.3% 26.0%
71 28 12 111

60.7 28.9 21.5 111.0
64.0% 25.2% 10.8% 100.0%

86.6% 71.8% 41.4% 74.0%

47.3% 18.7% 8.0% 74.0%
82 39 29 150

82.0 39.0 29.0 150.0
54.7% 26.0% 19.3% 100.0%

100.0% 100.0% 100.0% 100.0%

54.7% 26.0% 19.3% 100.0%

Count
Expected Count
% within Gender
% within Plcbirth

% of Total
Count
Expected Count
% within Gender
% within Plcbirth

% of Total
Count
Expected Count
% within Gender
% within Plcbirth

% of Total

Female

Male

Gender

Total

Local Upcountry Foreign
Plcbirth

Total

Chi-Square Tests

22.888a 2 .000
21.533 2 .000

21.891 1 .000

150

Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

0 cells (.0%) have expected count less than 5. The
minimum expected count is 7.54.

a. 

By gender, local women and those from upcountry each made up 28 %, and those 

who were foreigners made up 44 %. For the men, a majority of 64 % were locals, 25 

% were from upcountry, and those who were foreigners made up only 11 % (Table 

57).  Results of Chi-square tests (Table 58) show that the genders differed highly 

significantly in terms of places of birth that more men resource users were locals 

(Asymp. Sig. = 0.00). 

 

Table 57. Summary information on gender versus places of birth 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 58. Chi-square results on gender versus places of birth 
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Gender * ResUser Crosstabulation

16 18 0 5 0 39
7.8 7.8 7.8 7.8 7.8 39.0

41.0% 46.2% .0% 12.8% .0% 100.0%
53.3% 60.0% .0% 16.7% .0% 26.0%
10.7% 12.0% .0% 3.3% .0% 26.0%

14 12 30 25 30 111
22.2 22.2 22.2 22.2 22.2 111.0

12.6% 10.8% 27.0% 22.5% 27.0% 100.0%
46.7% 40.0% 100.0% 83.3% 100.0% 74.0%

9.3% 8.0% 20.0% 16.7% 20.0% 74.0%
30 30 30 30 30 150

30.0 30.0 30.0 30.0 30.0 150.0
20.0% 20.0% 20.0% 20.0% 20.0% 100.0%

100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
20.0% 20.0% 20.0% 20.0% 20.0% 100.0%

Count
Expected Count
% within Gender
% within ResUser
% of Total
Count
Expected Count
% within Gender
% within ResUser
% of Total
Count
Expected Count
% within Gender
% within ResUser
% of Total

Female

Male

Gender

Total

Kiosk
operators Tourists

Boat
operators Curio vendors Fishermen

ResUser

Total

Chi-Square Tests

52.114a 4 .000
63.047 4 .000

34.849 1 .000

150

Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

0 cells (.0%) have expected count less than 5. The
minimum expected count is 7.80.

a. 

3.2.7 Resource user type and gender  

The resource use of respondents was classified into kiosk operators, tourists, boat 

operators, curio vendors, and fishermen. For the women respondents 41 % were kiosk 

operators, 46 % tourists, 13 % curio vendors, and boat operators and fishermen groups 

had no women (0 % each). For the men respondents 13 % were kiosk operators, 11 % 

tourists, 23 % curio vendors, and boat operators and fishermen groups was 27 % each 

(Table 59). The Chi-square tests (Table 60) indicate significant differences on gender 

with type of resource user (Asymp Sig. = 0.000). 

 

Table 59. Summary information on gender versus type of resource use 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 60. Chi-square results on gender versus type of resource user 
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4.0 Discussion 

4.1 Ecological data 

The assignment of Marine Protected Areas (MPAs) is an important strategy for the 

conservation of marine biodiversity and productivity. Their management can be 

improved through monitoring over time. Ecological data on selected taxa of 

commercial and/or ecological value have been used for monitoring the Mombasa 

Marine Park and Reserve. 

4.1.1 Benthic cover 

Results of the multivariate analysis based on benthic cover composition according to 

protection types, seasons, sampling stations, and years were each time presented in 

the form of MDS plots. No distinct difference in benthic cover composition was 

observed between both protection types (reserve versus park) or between the four 

sampling stations. Not any of the benthic cover variables (macroalgae, calcareous 

algae, sponges, seagrass, sand, coralline algae, rock and rubble, soft coral, hard coral, 

and tuft algae) showed a clear difference in importance between the park and the 

reserve. This lack of separation based on benthic cover may be attributed to different 

causes such as: (1) the small difference in geographical locations between the park 

and the reserve, and/or (2) the fact that the pressure produced by the artisanal fishing 

in the reserve has no significant effect on the benthic cover composition.  

 

A lack of differences in benthic cover composition was also observed by McClanahan 

et al., (2006) in a comparative study on the effectiveness of four different MPA 

management regimes in Indonesia and Papua New Guinea. These authors noted that 

sampling weakness may fail to detect differences in benthic cover composition and 

that benthic cover taxa may not be able to respond as strongly to management as 

expected. Rough and rainy weather conditions during the SEM season coupled with 

inconsistency of sampling dates were potential weaknesses and might have 

contributed to the lack of differences in benthic cover composition between the park 

and the reserve near Mombasa as observed in our study. Gradual change in habitat 

restoration generated by a marine protected area after sometime of implementation is 

another possible reason suggested by Pillans et al., (2007) for the lack of any 
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differences in benthic cover composition between protected and non-protected marine 

areas. However an earlier study in the Mombasa MPA by Cros and McClanahan 

(2003) showed there was greater coral abundance in the park than in the reserve.  

 

The benthic cover of the Mombasa Marine Park and Reserve showed a distinct 

seasonal and annual change in composition. Macroalgae and calcareous algae were 

the responsible groups with higher abundances in the NEM (dry) season than in the 

SEM (wet) season. Macroalgae have long been recognised as important resources 

especially in shallow waters as they provide habitat, food as well as other ecological 

functions (Massingue and Bandeira, 2005). While calcareous algae, upon death, 

produce calcium carbonate rich sediments that are important components in the 

formation of coral reefs and as sources of inorganic carbon in tropical marine 

environments (Kangwe, 2006). However, macroalgae and calcareous algae act as 

competitors for nutrients, light and space since they can quickly overgrow corals and 

their sessile invertebrates. This was seen in Jamaica where overfishing had removed 

almost all the algal-grazing fish and sea urchins resulting in overgrowth of 

macroalgae that covered 90 percent of the reefs. Their proliferation prevented coral 

recruitment, settlement, and caused overshadowing of smaller corals (Talbot and 

Wilkinson, 2001).  The increased macroalgae and calcareous cover during NEM was 

attributed to the warmer and favourable weather conditions associated with this 

season in terms of increased light and temperature and the accumulation of nutrient 

runoff during the rainy season resulting in better algal growth later in the early part of 

the dry season. Similar findings on seasonal variations in abundance and diversity of 

marine macroalgae were observed by Mayakun and Prathep (2005) on Samui Island 

in Southern Thailand where a greater abundance of macroalgae was observed during 

the dry season.  

 

Most other benthic cover taxa did not show significant seasonal changes in average 

abundance. However, significant differences in benthic cover were observed between 

the years 2005 and 2007, and between 2006 and 2007. These differences are 

explained by higher abundances of Macroalgae taxa in the years 2005 and 2006 an 

indication of warmer years in temperature. It was also observed that sponges had 

often the lowest average abundance, whereas average abundances were highest for the 

hard corals. This is possibly attributed to the effect of biotic factors, particularly 
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predation since sponges being sessile invertebrates are natural prey for some fish 

families such as Pomacanthidae (angelfish) and Scaridae (parrotfishes) (Nagelkerken 

et al., 2008; Hoppe, 1988). Further more sponges have been found to be relatively 

vulnerable to predation since they have limited regeneration capacity and show 

reduced abundances (Hoppe, 1988).  

4.1.2 Fish densities 

Results of the MDS analysis on fish densities indicated a significant distinct 

difference in composition between the park and the reserve, and between sampling 

stations. However, seasonal and annual fish composition was not different. This 

distinct pattern in fish composition between the park and the reserve was attributed to 

higher occurrences of the fish families Haemulidae (grunts/sweetlips) and 

Acanthuridae (surgeonfish) in the park than in the reserve. Acanthuridae were before 

already documented to be among the most dominant fish families in the park. Its 

highest biomass in this area was estimated at more than 100 kg/ha in the year 2001 in 

a study by Nyawira et al., (2003). McClanahan et al., (2007) have described the 

success of this fish family in the park over other herbivorous fish families such as the 

Scaridae, as due to its greater longevity that gives it a competitive advantage in the 

park.  Our study showed that in addition to the Acanthuridae, the Haemulidae was 

also an influential fish family due to its equally higher abundance in the park than in 

the reserve. 

 

Fish trophic guilds composition also was significantly different between the park and 

the reserve, between sampling stations, and between seasons. Clear differences 

existed between Starfish point and Ras watine, Starfish point and Nyali, and between 

Coral garden and Nyali. Nocturnal carnivores (especially Haemulidae, but also 

Lethrinidae, Lutjanidae and Mullidae) were responsible since they were more 

abundant in the park than in the reserve. High abundances of carnivorous fish species 

especially the nocturnal carnivores surpassing other species are typical for coral reef 

environments especially in protected areas or areas with no fishing pressure. Similar 

findings were documented in the Western Indian Ocean from visual fish census 

studies in the natural reserve of the Glorieuses Islands by Durville et al., (2003) and 

Chabanet and Durville (2005) from Juan de Nova’s Natural Park. The presence of 
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these large populations could be related to the absence of fishing pressure in the park, 

since carnivores are the most targeted fish species by the artisanal fishermen. 

 

The herbivores (Acanthuridae, Scaridae and Siganidae) and browsers of sessile 

invertebrates, the Chaetodontidae (butterflyfishes) were also present in larger numbers 

in the park than in the reserve. The higher abundance of the herbivores was also partly 

attributed to a lack of fishing pressure in the park. McClanahan (1994) noted that 

populations of the Acanthuridae are very low on Kenyan unprotected reefs as are the 

Chaetodontidea. The chaetodontids live in association with coral reefs and are 

considered as bio-indicators of reef health. A study by Pereira and Videira (2005) on 

community structure of chaetodontids in Southern Mozambique found out that reefs 

with relatively higher hard coral cover had higher chaetodontid abundances. At the 

Coral garden within the Mombasa Marine Park, a higher reef topographic complexity 

exists and this possibly accounts for the higher populations of Chaetodontidae in the 

park.  

 

The piscivores (Carangidae commonly known as trevallies or jacks) had the lowest 

abundance both in the park and the reserve. Piscivores are often slow growing and 

late maturing species which are vulnerable to overfishing. They are also highly 

variable and mostly non-reef pelagic (Kaunda-Arara et al., 2003) making them mostly 

absent in most coral reef environments. The carangids also exhibited seasonality in 

the sense that higher average abundance was encountered during the NEM than 

during the SEM seasons. This is in agreement with findings by Munro et al., (1973); 

(In: Honebrink (2000)) who found that the elevated capture of ripe black travellies 

(Caranx lugubris) in the Caribbean coincides with the months of February to 

September with spawning events reaching a peak during these summer months. 

4.1.3 Invertebrate densities 
 
Results of MDS plots on benthic invertebrates showed a distinct difference in 

composition between protection types and between sampling stations. Seasonal and 

annual differences in composition were however, not distinct. Only the Coral garden 

and not Starfish point differed significantly from both stations in the reserve. 

Echinoidea (sea urchins) and Holothuroidea (sea cucumbers) were the most influential 
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invertebrate families. Bubble plots indicated that Echinoidea were indeed more 

abundant in the reserve than in the park, and Holothuroidea were more abundant in 

the park than in the reserve. Low abundances of Acanthasteridea (crown-of-thorns 

starfish) were observed both in the park and in the reserve. 

 

The Echinoidea  in general and the rock-boring sea urchin (Echinometra mathaei) in 

particular display very high population numbers on unprotected reefs and very low 

population abundance on protected reefs according to a study conducted along the 

Kenyan north coast (McClanahan, 1994). The higher abundance of Echinoidea in the 

reserve was attributed to the reduced densities of the predatory fish, mainly the 

nocturnal carnivorous fish families. A study by the same author in the Mombasa 

Marine Park and Reserve on predation rates on tethered sea urchins showed highest 

predation index within the park (fully protected) and lowest in the reserve (partial 

protected). Further findings by the same author reveal that within this MPA, where 

the reef changed from intense fishing to no fishing in 1991, there have been 

reductions in some species of sea urchin (Diadema and Tripneustes) and, overall, a 

significant reduction in the abundance and biomass of sea urchins due to predation. 

This is in consistence with findings by Nyawira et al., (2003) that overfishing of 

finfish has the largest impact in unprotected reefs associated with a number of tertiary 

effects on other faunal groups and associated processes. Particularly these authors 

noted that the red lined triggerfish (Balistapus undulatus) has been shown to be the 

dominant predator of sea urchins in Kenyan MPAs. This further supports the findings 

by Obura (2001) who observed that sea urchin populations have decreased steadily in 

the Mombasa Marine Park, while predation rates on them have increased.  

 

Another possible cause for the higher density of sea urchins in the reserve may be due 

to the effects of anthropogenic factors such as raw sewage that could find its way into 

the reserve. Raw sewage results in eutrophication of algae which is food to sea 

urchins. Along the Mombasa Marine Park and Reserve towards the landward side, 

beachfront development has been increasing since the MPA inception making it one 

of the busiest tourist destinations along the Kenya coast. As a result many hotels, 

restaurants and residential establishments have come up with few having sewage 

treatment facilities and majority using septic tanks for sewage disposal. These systems 

have the potential of leakage or overflow coupled with storm water that is likely to 
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contaminate seawater in the reserve especially during the rainy season. Water quality 

study by Mwangi et al., (2004) for this area indicated an upsurge in the number of 

total coliforms during the wet season an indication of sewage pollution in the reserve. 

Similar impact of sewage input on algal eutrophication as food for sea urchins thereby 

contributing to their higher densities in other parts of the world has been documented 

by Harold and Pearse (1987).  Since the Mombasa Marine Park is encompassed 

within the Reserve, acting as a buffer, minimal sewage pollution is likely to be lower 

making the park nutrient deficient for algal growth and hence lower sea urchin 

abundances in addition to their increased predation in the park. 

 

On the other hand, lower abundance of Holothuroidea (sea cucumbers) in the reserve 

may be indicative of exploitation by fishermen. The slow growth of Holothuroidea 

also makes it an unsustainable fishery due to incidences of over-exploitation resulting 

in large population declines (McClanahan, 2002). Though reported as a target species 

for export market, along the Kenya coast, incidences of overfishing have been 

reported. However sea cucumber fishing in the Mombasa area has been unreported 

since it does not form part of a traditional food in Kenya and East Africa in general 

(Kithakeni and Ndaro, 2002). It is more likely therefore that the lower abundance of 

sea cucumbers in the reserve may be due to predation. Findings by Zhou and Shirley 

(1996) on habitat and depth distribution of the red sea cucumber in a Southeast Alaska 

Bay revealed that Asteroidea (starfish) and sea urchins prey upon the juvenile sea 

cucumbers. Therefore, the higher abundance of sea urchins in the reserve may account 

for the lower abundance of the sea cucumbers. On the other hand higher abundance of 

sea cucumbers in the park may be attributed to lower predation levels from the sea 

urchins whose abundance was lower. 

 

Most invertebrate families were about equally distributed in abundance in both the 

park and the reserve. However, Acanthasteridea had the lowest abundances in the 

MPA. Their low abundance is indicative of coral reef health as they are natural 

predators of corals. Their low abundance is attributed to the fact that the larvae of this 

invertebrate family form a natural prey to the giant triton shell (Charonia tritonis), 

and Balistidae fish (triggerfish) (Lassig, 1995 and Brodie et al., 2005) contributing to 

their reduced populations. An observation by Mohamed (2005) is that the occurrence 

of Acanthasteridea in the Mombasa MPA has been patchy and in form of outbreaks 
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making it difficult to sight and study them. According to Sano, (2000), since the early 

1960s, mass mortality of hermatypic corals following outbreaks of the coral-feeding 

crown-of-thorns starfish has been documented at various localities throughout the 

Indo-Pacific region. The current low abundance of Acanthasteridea in the MPA 

should therefore be the subject of intensive monitoring and studying in order to 

understand and possibly avoid such catastrophic outbreaks. 

4.1.4 Biodiversity of Mombasa Marine Park and Reserve 

The effectiveness of the Mombasa Marine Park and Reserve on the diversity of 

benthic cover, fish and invertebrates was determined by comparing the taxa richness, 

Shannon-Wiener diversity index, and dominance index between the park and the 

reserve in addition to seasonal and annual comparisons. 

4.1.4.1 Benthic cover 

Results of diversity indices indicated a higher diversity of benthic cover in the park 

than in the reserve, and a higher in NEM than in the SEM season; however 

differences were not significant for both cases. The lack of a general statistically 

higher significant diversity for benthic cover is possibly related to the widespread 

bleaching and mortality of corals during the 1997-98 El Niño event, which caused a 

general deterioration of coral reef associated diversity. Before this event, a dramatic 

increase in diversity of benthic cover in the park had been reported by McClanahan 

and Kaunda-Arara (1996) and McClanahan (1997). However an overall reduction in 

diversity took place during and after El Nino, making the positive effect of the park 

management on benthic cover biodiversity possibly less pronounced.  On the other 

hand higher benthic cover diversity associated with the NEM season could be 

explained by the proliferation of seasonal taxa such as the macroalgae and calcareous 

algae in the MPA. The lower benthic cover diversity and higher dominance in the 

reserve may be attributed to the presence of herbivory from invertebrate species such 

as the sea urchins that were more abundant in the reserve than in the park. The 

reduced populations of the predatory fish, especially the triggerfish might have 

resulted in the increase of the sea urchin populations in the reserve. 
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4.1.4.2 Fish 

The park recorded a significantly higher fish diversity than the reserve, and higher 

fish diversity in NEM than in SEM but not significantly different. The lower fish 

diversity in the reserve confirms the impacts of artisanal fishing on the fish 

assemblage. The most dominant fish family was the Labridae (triggerfish) which are 

the diurnal carnivores in the reserve. Findings by Pillans et al., (2007) concluded that 

commercial fishing at a non-reserve marine area could have been the reason for the 

dramatic decline in evenness thereby resulting to dominance of fish species over 

others. The lower fish dominance in the park is a clear indication of the park’s success 

in protecting this aspect of marine biodiversity. The higher fish diversity in the 

Mombasa Marine Park is a sign of its role in conservation of biodiversity as 

documented by McClanahan and Kaunda-Arara (1996) and McClanahan (1997) since 

the park’s effective implementation in the year 1991. The increase in fish diversity in 

the park has also been reported by Nyawira et al (2003). The higher diversity of fish, 

however not significant during the NEM season could have been attributed to 

increased sampling precision due to the favourable and calm weather conditions that 

enabled better sampling than compared to the rainy and rough SEM season, and to 

some extent the seasonality of some fish families such as Carangidae that increased in 

population abundances during the NEM seasons. 

4.1.4.3 Invertebrates 

The park recorded a higher invertebrate diversity than the reserve, and higher 

diversity was also observed during the NEM season than the SEM. However, in both 

cases no significant differences existed. This lack of significant differences in 

invertebrate diversity may be attributed to the similarity in geographical locations and 

habitats of the park and the reserve, and that the studied invertebrates are not 

exploited by the existing artisanal fishing in the reserve. A significant higher 

dominance of invertebrates was however observed in the reserve attributed to the 

higher abundances of the sea urchins. There were no differences observed for 

seasonal and annual invertebrate dominance. 
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4.2 Socio-economic data 

Any effective management strategy in conservation of marine resources should take 

into consideration the resource users to ensure the associated rules and regulations of 

the regime are adhered to. Indeed, conservation goals will only be achieved if they are 

directly referenced to socio-economic realities. Furthermore gender analysis should be 

core considerations of any resource management and implementation strategy 

(Kalgovas, 2002). The Mombasa Marine Park and Reserve has attracted the interest of 

many locals, outsiders and foreigners both directly and indirectly with an impact on 

the overall use of the MPA calling into action the balance between conservation and 

sustainable resource use. 

 

The fishermen who were the majority and oldest of the resource users of local origin 

have been fishing in the area before the MPA was established about 17 years ago. 

This is verified by the existence of an old fish landing site adjacent to the MPA and 

the reduced number of fishermen due to the decreased fishing area as a result of the 

MPA creation (McClanahan, 1994). The creation of the park however, coincided with 

the increase of boat operators, kiosk operators, curio vendors, and tourists over the 

recent years (UNEP/FAO/PAP/CDA, 2000) with some fishermen taking other 

alternative employment. Immediately after the MPA creation fish catches from the 

reserve due to spillover from the park nearly tripled but has over the years returned to 

lower levels (McClanahan, 1994). This has contributed to the low profit by the 

fishermen coupled with the reduced fishing area. The average profit (returns) for the 

kiosk operators and curio vendors is also comparatively low given that such 

businesses are highly seasonal with more profit realised during the holidays when 

local tourists increase in number (pers. observ). On the other hand boat operators have 

been enjoying a relatively higher profit from the industry. This is because boat tours 

to the MPA are mainly associated with visitors who are foreign tourists capable of 

paying for the service. Boat operators are also more organised in associations and 

some are employed by hoteliers that operate boat tours to the MPA. 

 

As a result of the mixed benefits derived from the MPA existence, resource users had 

different opinions on its continued existence. While majority of the  kiosk operators, 

tourists, curio vendors, and half of the boat operators wanted the MPA to continue to 
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exist, all the fishermen did not want the MPA to continue to exist. This was attributed 

to the aforementioned financial implications associated with the use of the resource 

with the fishermen realising low incomes due to loss of their fishing grounds. This 

low fishing income coupled with the relatively old age has been cited by Hoorweg et 

al., (2006) as contributing factors to willingness for the fishermen to stop fishing and 

instead take other alternative employment.  

 

In terms of resource use, most women were kiosk operators and tourists, while most 

men were boat operators and fishermen. This was a clear indication that the nature of 

resource use type depended on gender. Fishing and boat operation were exclusively 

for men in that these activities were energy consuming and therefore needed strong 

men to operate. This agrees with findings by McClanahan et al. (2005) that the coastal 

fisheries of Kenya have always been traditionally associated with the men often 

organised around fish landing sites. By gender, more women than men supported the 

continued MPA existence. This is an indication of women becoming more interested 

in conservation despite that less women than men were aware of the MPA and by the 

fact that most of the women were more actively involved especially in kiosk and curio 

operation, and as tourists. This agrees with research findings by the Institute of 

Development Studies of the University of Sussex (2007) for women’s role in fisheries 

conservation in Bangladesh that women-led community organisations can improve 

fisheries management, and that such organisations are associated with greater 

community-wide acceptance of management rules and less conflict over natural 

resources. 

 

Most kiosk operators, boat operators and curio vendors achieved secondary education 

levels. While college education was mostly associated with the tourists, and the local 

knowledge featured highly amongst fishermen. The fishermen have been classified to 

be within low-income brackets with large mean family sizes and relatively low 

education standards (UNEP/FAO/PAP/CDA, 2000). Secondary education for most of 

the resource users was necessary for ease of communication with beach visitors and 

tourists of a diverse background who mostly communicate in English language. On 

the other hand most fishermen are old and education to them remains a luxury for 

they rarely interact with tourists and other beach visitors. More women than men had 

secondary education, however no college education was recorded for the women. 
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The environmental laws of Kenya recognise the conservation and sustainable 

utilisation of marine resources (EMCA No. 8, 1999; WCMA Cap 376, 1976 and 

Fisheries Act Cap 378, 1991). The awareness of these laws by the resource users is 

important for their effective enforcement. Surprisingly resource users at the level of 

local knowledge were the majority in WCMA awareness, and by gender men were the 

majority in terms of awareness. The fishermen and boat operators with direct 

interaction with the MPA were the groups which contributed to the large number of 

those who were aware of this legislation. This is in agreement with findings by 

Hoorweg et al., (2006) that fishermen from landing sites near marine parks along the 

northern coast of Kenya often mention the parks as no-go areas and indeed are aware 

of the important role of the parks as spawning and breeding sites for many marine 

species. 

 

In terms of EMCA awareness, resource users with secondary education formed the 

majority, and the least was formed by those with local knowledge. By gender, women 

formed the majority with highest EMCA awareness. Since fishing and boat operation 

were exclusively done by men, it is clear that majority of the fishermen and boat 

operators were not aware of this legislation. It was evident that the annual celebration 

of the Marine Environment Day (MED) and the World Wetlands Day (WED) 

organised by the Kenya Wildlife Service (KWS) in collaboration with the Wildlife 

Clubs of Kenya (WCK) has contributed to the awareness of EMCA especially to the 

kiosk operators and curio vendors (Ogwoka et al., 2007), as such special days 

advocate for conservation of the marine environment through beach clean-up 

campaigns. 

 

Majority of resource users from all the education levels were aware of the Fisheries 

Act, and the highest percentage was formed by those with the local knowledge mostly 

the fishermen. By gender, more men than women were aware of this legislation an 

indication that this awareness was attributed to the nature of resource use associated 

with fishing and boat operation in the MPA. Most kiosk operators, curio vendors and 

tourists were not aware of this legislation.  

 

Except the tourists and curio vendors, all the resource user groups were dominated by 

people of local origin (those born within the coastal region). The curio vendors were 
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mostly from upcountry (those born outside the coastal region), and most of the 

tourists were foreigners (born from outside the country). By gender men of local 

origin were the majority, and most tourists were women. This is indicative of the 

MPA’s role in contributing to migration of people mostly in search of jobs. This 

agrees with findings from the UNEP/FAO/PAP/CDA (2000) that majority of people 

living nearby the MPA are immigrants from outside Kenya, Kenyan highlands and 

from outside Mombasa District. 
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5.0 Conclusion and recommendations 

Fish and invertebrate densities were the two ecological groups that showed significant 

differences in composition between the park and the reserve. Clear differences in 

composition between the park and the reserve and between sampling seasons were 

also observed for the fish trophic guilds. Acanthuridae and Haemulidae fish families 

had the highest average abundances in the park but lowest for the seasonal 

Carangidae. Echinoidea average abundances were higher in the reserve while 

Holothuroidea were more abundant in the park. Acanthasteridea were lowest in 

abundance but about equally distributed both in the park and the reserve. However, all 

the benthic taxa did not show clear distinct composition between the two protection 

types, but to some extent seasonal differences were observed for macroalgae and 

calcareous algae.  There were no clear differences observed for annual composition in 

any of the ecological groups. 

 

In terms of diversity in the MPA (mean taxa richness and mean Shannon-Wiener 

diversity index) the fish and invertebrate families were richer in the park than in the 

reserve, especially in the Coral garden, and higher in NEM than in SEM season. The 

impacts of artisanal fishing resulted in higher dominance of Labridae (triggerfish) and 

Echinoidea in the reserve, while there were no clear differences in dominance of 

benthic taxa between the park and the reserve. Annual differences in diversity and 

dominance of ecological groups were not observed. 

 

The boat operators, kiosk operators, curio vendors, and tourists appreciated the 

ecological and economic importance of the MPA, while the fishermen were far from 

appreciating this management regime. Education remained relatively low for the 

fishermen, however with an excellent awareness of the Fisheries Act and Wildlife 

(Conservation and Management) Act. On the other hand, Fisheries Act awareness was 

comparatively low for most of the kiosk operators, curio vendors and tourists. The 

existence of the MPA on the other hand, has contributed to job creation and therefore 

immigration of people to the nearby area. Gender featured strongly in most aspects. 

More women than men were in support of the MPA continued existence. Indirect 

resource uses (kiosk operation and touring) were dominated by women, while direct 

resource uses (fishing and boating) were exclusively for men. 
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Therefore, this study recommends the following in support of further socio-ecological 

management of the MPA: 

• The monitoring program should continue with special focus on the 

Acanthuridae and Haemulidae abundances and their size classes. Ongoing 

comparison between the park and the reserve should verify the observed 

current status. Monitoring should further also apply to all seasonal variable 

taxa such as the Carangidae, Macroalgae and Calcareous algae, not forgetting 

verification of the distribution and abundances of the Sponges and 

Acanthasteridea. 

• The carrying capacity for the Echinoidea should be established in the reserve 

so as to control their excess abundances. Also awareness to the fishermen 

should be created on the biological control of Echinoidea by the predatory fish 

so as to avoid its overfishing. 

• Though observed in low abundances, Acanthasteridae should regularly be 

checked to avoid their catastrophic predation on corals both in the park and in 

the reserve. 

• The status of fish spill-over (migrations) from the park to the reserve should be 

established and its impact in maintenance of the adjacent artisanal fishing. 

This should be accompanied by fishermen census to establish the acceptable 

fishermen density per given area in the reserve. This will ensure optimum 

utilisation of the reserve fisheries for maximum benefits to the fishermen. 

• A comprehensive socio-economic monitoring program should be designed for 

the MPA to be conducted in parallel with the ecological monitoring program. 

This will help to gather information necessary for implementing any identified 

management reviews and to fulfil a holistic and ecosystem-based management 

approach. 

• There should be continued awareness creation campaigns for the government 

legislation that advocate for conservation and sustainable utilisation of the 

marine resources. This can be done through organised resource users’ 

workshops and the ongoing annual celebrations of the World Wetlands Day 

and the Marine Environment Day. 
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Annexes 
 
 
Annex A. Mean percent benthic cover for sampling years, stations and seasons (maximum of 6 replicate transects per station) 
 
              

Years Stations Seasons Alg-Cal Alg-Cor Alg-Mac Alg-Trf HC RC&RB S SC SG SPO/ASC 
2004 Coral gdn 

Starfish pt 
SEM 
SEM 

2.8±4.2
9 
0.0±0.0 

1.0± 1.8 
2.0±4.5 

2.4±2.7 
12.2±9.3 

42.9±14.3 
18.6±19.2 

24.7±16.7 
4.8±6.2 

5.4±3.3 
12.7±7.8 

5.0±5.2 
18.1±20.0 

8.3±6.1 
3.4±4.0 

0.3±0.6 
14.9±26.4 

1.9±3.9 
0.5±1.1 

2005 Coral gdn 
Starfish pt 
Ras 
watine 
Nyali 
 

NEM 
NEM 
NEM 
NEM 
 

3.0±3.8 
3.3±5.2 
3.8±7.6 
4.8±2.9 
 

1.6±2.2 
1.6±2.2 
4.7±6.1 
0.2±0.4 
 

17.8±13.7 
17.8±13.7 
9.9±5.9 
7.3±2.3 
 

25.4±13.9 
25.4±13.9 
54.5±8.8 
28.8±11.8 
 

23.1±8.3 
12.9±5.0 
19.3±8.2 
34.8±9.3 
 

5.2±4.4 
7.6±4.6 
0.2±0.4 
3.8±2.7 
 

7.0±8.5 
10.1±12.4 
0.8±1.8 
7.8±14.2 
 

4.6±9.3 
0.8±2.0 
2.5±2.2 
6.4±10.4 
 

4.3±6.0 
14.6±16.3 
3.6±7.2 
2.0±2.4 
 

1.3±1.4 
9.9±8.5 
0.6±0.6 
0.5±0.7 
 

2006 Coral gdn 
Starfish pt 
Ras 
watine 
Nyali 
 

NEM 
NEM 
NEM 
NEM 
 

1.3±2.8 
1.0±1.1 
1.0±1.7 
7.9±9.0 
 

1.8±2.4 
2.0±3.2 
6.6±6.9 
0.0±0.0 
 

18.4±19.5 
4.8±10.0 
7.8±6.9 
10.6±12.5 
 

26.7±12.3 
13.0±9.2 
25.8±14.8 
29.1±13.9 
 

16.2±14.2 
12.3±11.2 
12.3±8.6 
14.9±14.8 
 

8.6±6.0 
28.6±4.0 
11.8±13.2 
9.7±5.4 
 

10.1±4.6 
2.5±3.9 
3.8±6.8 
8.9±8.9 
 

3.8±3.1 
1.2±2.1 
4.4±3.2 
4.2±6.3 
 

4.1±7.6 
5.8±9.5 
14.3±3.1 
3.9±7.8 
 

0.0±0.0 
0.3±0.4 
0.4±0.7 
1.1±1.3 
 

2007 Coral gdn 
Starfish pt 
Ras 
watine 
Nyali 

NEM 
NEM 
SEM 
SEM 

0.2±0.4 
4.0±7.0 
0.0±0.0 
0.0±0.0 

1.3±2.2 
0.8±1.2 
3.3±3.8 
0.2±0.4 

0.0±0.0 
4.3±10.4 
0.0±0.0 
0.0±0.0 

28.5±16.1 
16.3±8.0 
39.2±22.5 
33.8±17.8 

19.3±15.0 
19.8±11.4 
18.7±7.7 
23.6±7.2 

8.1±12.4 
5.8±8.1 
4.5±6.1 
10.6±9.2 

4.6±5.0 
5.8±6.0 
2.0±4.9 
1.2±2.9 

0.9±0.8 
4.1±6.9 
3.4±3.9 
0.7±0.8 

2.0±4.9 
6.7±16.3 
11.0±13.8 
0.5±1.2 

0.0±0.0 
0.0±0.0 
0.0±0.0 
0.0±0.0 
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Annex B. Mean fish densities per 250 m² in sampling years, stations and seasons (maximum of 6 replicate transects per station) 
 

Years Stations Seasons Acanthuridae Balistidae Carangidae Chaetodontidae Haemulidae Labridae Lethrinidae Lutjnidae Mullidae Pomacentridae Scaridae Seranidae Siganidae 
2004 Coral gdn 

Starfish pt 
SEM 
SEM 

11± 9 
5±5 

1± 1 
1±1 

0± 0 
0±0 

5±5 
2±2 

3±5 
7±9 

16±19 
11±12 

2±6 
1±2 

4±4 
2±3 

1±1 
1±2 

2±2 
0±1 

7±6 
3±4 

1±1 
0±0 

1±1 
1±2 

2005 Coral gdn 
Starfish pt 
Ras watine 
Nyali 
Coral gdn 
Starfish pt 
Ras watine 
Nyali 

NEM 
NEM 
NEM 
NEM 
SEM 
SEM 
SEM 
SEM 

8±7 
12±7 
3±1 
4±4 
8±6 
8±4 
1±1 
3±2 

3±4 
5±1 
0±1 
0±0 
1±1 
1±1 
8±6 
1±1 

5±7 
3±0 
3±3 
1±2 
0±0 
1±1 
1±1 
7±7 

6±5 
6±2 
2±2 
1±1 
0±0 
5±4 
1±2 
2±2 

11±12 
4±5 
1±2 
0±0 
2±2 
22±13 
5±5 
0±0 

11±7 
10±7 
5±4 
12±3 
9±6 
9±5 
8±2 
37±9 

4±5 
6±8 
12±29 
0±0 
1±1 
0±0 
0±0 
2±2 

5±6 
2±3 
2±2 
0±0 
3±3 
6±5 
1±1 
12±5 

2±3 
0±0 
1±1 
3±3 
1±2 
3±3 
0±0 
3±3 

3±3 
7±1 
5±5 
1±1 
0±0 
2±2 
0±0 
4±4 

6±5 
9±2 
3±3 
4±3 
3±3 
13±5 
3±3 
7±9 

1±2 
1±1 
2±2 
2±2 
0±0 
0±0 
0±1 
0±0 

2±2 
1±1 
3±2 
1±3 
0±0 
3±3 
5±2 
1±1 

2006 Coral gdn 
Starfish pt 
Ras watine 
Nyali 
Coral gdn 
Starfish pt 
Ras watine 
Nyali 

NEM 
NEM 
NEM 
NEM 
SEM 
SEM 
SEM 
SEM 

12±12 
3±7 
1±1 
3±1 
4±4 
8±7 
1±1 
2±3 

2±2 
4±3 
2±3 
0±1 
3±2 
1±1 
0±0 
0±0 

1±1 
3±1 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 

6±5 
5±3 
3±3 
1±1 
5±4 
1±2 
0±0 
1±1 

3±3 
7±7 
0±0 
0±0 
3±4 
14±29 
0±0 
0±1 

12±7 
10±4 
17±11 
22±6 
9±5 
9±6 
12±6 
5±3 

3±4 
2±2 
0±0 
1±2 
1±2 
1±1 
1±2 
0±0 

5±5 
2±2 
0±1 
3±2 
8±5 
6±8 
0±0 
0±0 

3±2 
4±2 
5±2 
1±1 
4±2 
3±2 
0±0 
2±2 

3±2 
3±3 
5±3 
1±1 
3±2 
1±2 
0±0 
0±0 

6±5 
4±1 
9±2 
2±1 
5±3 
6±5 
0±1 
1±2 

2±3 
4±2 
0±0 
0±0 
1±1 
0±0 
0±0 
0±0 
 

4±4 
7±5 
5±2 
1±1 
5±5 
2±3 
2±2 
0±0 

2007 Coral gdn 
Starfish pt 
Ras watine 
Nyali 

NEM 
NEM 
SEM 
SEM 

11±7 
8±4 
1±1 
1±1 

0±0 
1±1 
1±1 
0±1 

3±2 
2±1 
1±2 
1±2 

6±8 
3±4 
1±2 
1±2 

5±6 
15±12 
0±0 
0±0 

12±4 
6±7 
3±3 
7±4 

7±4 
2±2 
1±3 
1±1 

5±4 
4±5 
1±1 
3±3 

6±3 
9±6 
6±5 
3±3 

1±1 
1±2 
2±1 
1±1 

14±11 
14±8 
5±4 
3±3 

0±0 
0±0 
0±0 
0±0 

6±6 
9±6 
3±3 
4±5 
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Annex C. Mean invertebrate densities per 250 m² in sampling years, stations and seasons (maximum of 6 replicate transects per station) 
 
 

Years Stations Seasons Acanthasteridea Asteroidea Echinoidea Holothuroidea Molluscs Octopoidea Palinuridea Stichodactylidea Tridacnidea 
2004 Coral gdn 

Starfish pt 
SEM 
SEM 

1± 1 
0±0 

1± 1 
2±2 

42±37 
82±53 

7±4 
7±4 

2±2 
1±1 

0±0 
0±0 

0±0 
0±1 

0±0 
0±0 

4±3 
0±0 

2005 Coral gdn 
Starfish pt 
Ras watine 
Nyali 
Coral gdn 
Starfish pt 
Ras watine 
Nyali 

NEM 
NEM 
NEM 
NEM 
SEM 
SEM 
SEM 
SEM 

0±1 
0±0 
0±0 
0±1 
0±1 
0±0 
1±1 
0±1 

1±1 
1±1 
0±1 
0±1 
5±4 
1±1 
2±1 
1±1 

25±15 
68±70 
46±47 
39±23 
42±23 
143±44 
160±43 
72±34 

7±5 
6±7 
4±4 
1±1 
5±2 
6±4 
1±1 
0±0 

1±1 
2±3 
0±0 
0±0 
0±0 
1±1 
0±1 
2±2 

0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 

0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 

0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 

1±2 
1±2 
0±1 
1±1 
2±3 
2±1 
1±1 
1±1 

2006 Coral gdn 
Starfish pt 
Ras watine 
Nyali 
Coral gdn 
Starfish pt 
Ras watine 
Nyali 

NEM 
NEM 
NEM 
NEM 
SEM 
SEM 
SEM 
SEM 

0±0 
0±1 
0±0 
1±1 
1±1 
0±0 
1±1 
1±1 

4±7 
2±2 
1±2 
3±3 
4±3 
1±1 
0±0 
2±2 

35±16 
117±77 
100±61 
51±54 
110±38 
125±49 
79±37 
56±29 

13±7 
4±2 
2±1 
0±0 
12±6 
3±2 
2±2 
1±1 

0±1 
1±1 
0±1 
1±1 
3±3 
1±2 
1±1 
0±1 

0±0 
0±0 
0±0 
0±0 
0±1 
0±1 
0±0 
0±0 

0±0 
0±0 
0±0 
0±0 
0±1 
0±0 
0±0 
0±0 

0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 

2±3 
3±3 
0±0 
0±0 
4±3 
2±1 
1±1 
1±1 

2007 Coral gdn 
Starfish pt 
Coral gdn 
Starfish pt 
Ras watini 
Nyali 

NEM 
NEM 
SEM 
SEM 
SEM 
SEM 

1±1 
0±1 
1±1 
0±0 
0±1 
1±1 

3±2 
1±1 
2±1 
1±1 
1±1 
2±2 

11±7 
32±9 
15±13 
73±61 
145±100 
206±156 

14±8 
6±4 
3±2 
1±1 
2±1 
0±0 

2±2 
1±1 
2±2 
1±1 
1±1 
1±1 

0±0 
0±0 
0±0 
0±0 
0±0 
0±0 

0±0 
0±0 
0±0 
0±1 
0±0 
0±0 

0±0 
0±0 
1±1 
0±1 
0±0 
0±1 

3±4 
1±1 
6±3 
1±1 
0±1 
1±1 
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Annex D. Resource users’ questionnaire 
 
Marine Protected Areas (MPA) resource users survey questionnaire 
Goal: This questionnaire evaluates the functions of MPAs by interviewing the 
resource users specifically fishermen, boat operators/tour guides, curio vendors, food 
kiosk vendors, hoteliers, tourists, and others who are thought to directly or indirectly 
benefit from the existence of MPAs. Information generated will be used to provide 
useful advice and information for better management of MPAs in Kenya. 
 
Name of data collector ……………………………………   Date …………………... 

Name of interviewee …………………………………………………………………. 

1.0  Resource user identification 

Indicate your sex (tick one) 
                Male                   Female    

 

Level of education (tick one)  
 
         Some primary school education   Secondary       College                 Local knowledge 

 

Age …………………………………..   

For how long have you lived in this area? ....................................................................... 

Where did you live before? ……………………………………………………………. 

2.0  Occupation type  

Indicate the type of occupation you belong to (you can tick more than one) 
        Fisherman                      Boat operator /Tour guide                           Curio vendor          

 

         Food kiosk operator           Hotelier              Other (specify) ……………………………… 
 
 
3.0 Resource users’ awareness on government Acts related to sustainable 
 utilisation and conservation of marine resources 
 
Are you aware of the Wildlife Conservation and Management Act? YES…... NO ….. 

Are you aware of the Fisheries Act? YES ………… NO ………………… 

Are you aware of the Environment Management and Coordination Act (EMCA)? 

YES ………………   NO …………………….. 
4.0 Your comments on the existence of the MPA 

Are you aware of the existence of the MPA? YES ………….  NO …………….. 

Would you recommend for continued existence of the MPA (tick one)                   
   Yes                  No                I have no idea     


