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ABSTRACT 
 

Mangrove forests have been destroyed as a result of human activities and this is a threat to 

the mangrove ecosystem and the living things depending on them. Research on the current 

status, utilization, succession and zonation of mangrove ecosystem was conducted along 

Mida Creek, Coast Province, Kenya from September 2009 to February 2010. Objectives 

were to: assess the changes in the floristic composition of the mangrove forest; identify the 

most preferred mangrove species; investigate whether accessibility determines utilization  

of mangrove species; examine whether harvesting of mangroves affect their succession and 

to explore the current mangrove forest management policies and their effectiveness. Point-

Centred Quarter Method (PCQM) was used to collect data that was used to investigate 

whether accessibility into the mangrove forest determines their utilization and to assess 

whether succession of the mangroves is affected by their utilization. Questionnaires were 

distributed and interviews conducted to explore the effectiveness of government policies/ 

legislation governing utilization of the mangroves and to investigate the most preferred 

mangrove species by the local community and other users. The total number of 

respondents interviewed was 136 one from each household out of the 210 households in 

Mida Creek. Two sets of Aerial photographs (1992 and 2006) were processed and 

interpreted to assess the temporal changes in the floristic composition of the mangrove 

forest. Questionnaires were coded and entered into Statistical Package for Social Sciences 

(SPSS). Analysis of Variance (ANOVA) was performed to investigate whether 

accessibility of mangroves determine their utilization. Regression analysis was performed 

to assess whether utilization of the mangroves affect their succession. Importance value 

was calculated to assess the forest structure. Descriptive statistics were performed to 

summarize the current mangrove forest management policies and their effectiveness. 

Results showed that the floristic composition of mangrove forest in Mida Creek has 

changed between year 1992 and 2006; Area covering mangroves has decreased as follows: 

Rhizophora mucronata (Rm); 65.09-63.93ha; Avicennia marina (Am); 344.99-310.63ha; 

Ceriops tagal (Ct); 225.12-223.82ha; Rm and Ct; 52.87-50.22ha; Ct and Am; 143.69-

140.29ha; Rm and Am; 44.36-41.27ha; Rm and Bg; 212.75-199.75ha; Rm and Sonneratia 

alba (Sa); 47.64-46.32ha; Rm, Ct and Bruguiera gymnorrhiza (Bg); 129.07-128.12ha; Rm, 

Am, Ct and Bg; 472.44-428.46ha. ANOVA test showed that there was a significant 

difference (F=3.277; df=2; p=0.040) between the number of cut mangroves in the near 

settlements, middle and shoreline hence accessibility determines utilization. Results also 

showed that Rhizophora mucronata is the most preferred mangrove species. Regression 

analysis showed that there was a relationship between the number of mangrove seedling 

and the number of cut mangroves (F=8.529, df=1, R=0.198, P=0.004). Utilization of 

mangroves affects their succession. The policies/legislation governing mangrove 

utilization have been less effective. Rhizophora mucronata and Ceriops tagal were the key 

species in Mida Creek. Mangrove forest area in Mida Creek has decreased over a period of 

time.  

 

Key words: Mangroves, Status, Utilization, Succession 
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CHAPTER 1: INTRODUCTION 

1.1 Background to the study 

Mangroves are tropical and sub-tropical woody trees or shrubs that occur naturally in 

brackish waters or estuarine wetlands in intertidal zone (Tomlinson, 1986). Most of the 

mangroves occur in inter tidal areas with groundwater discharges or seepage rather than in 

estuaries (Ruwa & Polk, 1986). This seepage is responsible for the colonization and 

growth of mangroves in areas where there are no river discharges. Seepage of underground 

water to the seashore results in a change of micro-environmental conditions from oceanic 

to brackish water, creating suitable micro-habitats for colonization by mangrove seedlings 

and therefore offering suitable habitats for mangrove development. Mangrove ecosystems 

are open systems which exchange matter and energy with the adjacent marine and 

terrestrial ecosystems (Manohar, 1993). 

 

Mangrove swamps are typical wetland ecosystems found in coastal deposits of mud and 

silt throughout the tropical and subtropical coasts. These ecosystems are currently 

estimated to cover 15.2 million hectares of the tropical shorelines of the world (Spalding et 

al. 1997; FAO 2003, 2005). As intertidal ecosystems, mangrove forests assure essential 

functions and services to coastal zones and to their plant, animal and human populations 

(Cannicci et al. 2008; Kristensen et al. 2008; Nagelkerken et al. 2008; Walters et al. 2008). 

Mangrove forests can be composed of both true mangroves (including both major and 

minor components) and mangrove associates. Tomlinson (1986) separates these two 
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groups by defining true mangroves as those species that possess all or most of the 

following characteristics: 

• Complete fidelity to the mangrove environment;  

• Play a major role in the structure of the forest and can form pure stands;  

• Morphological specialization that adapts them to their environment (e.g. aerial 

roots and vivipary) (Plate 1);  

• Physiological mechanism for salt exclusion;  

• Taxonomic isolation from terrestrial relatives at least at the generic level.  

Mangroves are distributed circumtropically and of the 258 countries in the world, a total of 

124 countries and areas contain mangrove species (Tomlinson, 1986; Saenger, Hegerl and 

Davie, 1983). The first attempt at estimating the total mangrove area in the world was 

undertaken as part of the FAO/UNEP Tropical Forest Resources Assessment in 1980, 

where the world total was estimated as 15.6 million hectares. More recent estimate of 

mangrove coverage is 17, 075,600 hectares (Aizpuru et al., 2000).  
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Plate 1: Rhizophora mucronata species showing morphological features (aerial roots 

and vivipary) (Source: Kenya Marine Fisheries, Mombasa)                         
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Of the total mangrove coverage, 38.51% exist in Asia, (FAO, 2005) (Table 1). Mangroves 

are largely restricted to latitudes between 30
º
 N and 30

º 
S. Northern extensions of this limit 

occur in Japan (31
º
22’ N) and Bermuda (32

º
20’ N); southern extensions are in New 

Zealand (38
º
03’ S), Australia (38

º
45’ S) and on the east coast of South Africa (32

º
59’ S) 

(Spalding et al. 1997). 

 

Table 1: Aerial coverage of mangrove forests in the world ( FAO, 2005) 

Region Area (ha)                 Percent 

      (%)                

Asia                                 6,047,798     38.51 

Africa               3,242,754     20.65 

North and Central America  2,358,105     15.02 

South America   

Australia      

2,037,764 

2,018,537 

    12.98 

    12.85 

 

 

Mangroves have broader ranges along the warmer eastern coastlines of the Americas and 

Africa than along the cooler western coastlines (Fig 1). This difference in distribution is 

due to the presence of warm and cold oceanic currents. 
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Fig 1: Global distribution of mangroves in six geographic (Duke, 1992) 

 

There are two main centres of mangroves: the Eastern hemisphere and the Western 

hemisphere (Duke, 1992). The Eastern hemisphere is Indo-West Pacific region that 

includes East Africa, Indo-Malesia and Australasia. The Western hemisphere is Atlantic 

East Pacific region that includes West America, East America and West Africa. The 

Eastern hemisphere is considered as a place of origin for mangroves, and hence the region 

is called as the Old World mangroves and the Western hemisphere as the New World 

mangroves. The Eastern hemisphere has 49 mangrove species while the Western 

hemisphere has 11 mangrove species (Duke, 1992). Mangrove areas are the largest in 

Indonesia, Australia, Brazil and Nigeria contributing respectively 19.5, 9.2, 6.5 & 6.4% of 

global coverage (FAO, 2007) (Table 2). 

 



6 

 

Table 2: Estimated mangrove coverage areas of selected 18 countries in different 

continents with the largest mangrove (FAO, 2007) 

Country  (ha)         Global 

percentage 

(%) 

Indonesia  3,062,300 19.5 

Australia  1,451,411 9.2 

Brazil  1,012,376 6.5 

Nigeria    997,700 6.4 

Mexico    882,032 5.6 

Malaysia    564,971 3.6 

Cuba    545,805 3.5 

Myanmar    518,648 3.3 

Bangladesh    476,215 3.0 

India    446,100 2.8 

Colombia    371,250 2.4 

Madagascar   303,814 1.9 

Cameroon    251,545 1.6 

Vietnam    157,500 1.0 

Senegal    127,702 0.8 

Tanzania   127,200 0.8 

Kenya     52,980 0.3 

S. Africa        3,054 0.02 

 

Mangroves are found in almost all countries along the west and east coasts of Africa, 

spreading from Mauritania to Angola on the west coast, and from Egypt to South Africa on 

the east coast, including Madagascar and several other islands. They are absent in Namibia, 

probably due to the semi-arid, desert-like climate, with low and irregular rainfall, a lack of 

warming currents and of favourable topographical features. 
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Mangrove forests cover over 3.2 million ha in the African continent making about 19% of 

global coverage. They are distributed in three major coastal sections: western Atlantic (1.5 

million ha, 49%), central Atlantic (0.4 million ha, 14%) and Western Indian Ocean (1.2 

million ha, 37%).  

In Africa, there is some little variation in phytogeographical distribution of mangroves 

species across the continent. West Africa and Central Africa have three families with six 

species including: Avicenniaceae (Avicennia germinans - referred to as white mangroves); 

Combretaceae (Laguncularia racemosa, Conocarpus erectus); and Rhizophoraceae 

(Rhizophora harrisonii, R. mangle, R. mucronata - usually called red mangroves). R. 

mucronata is very dominant in this region with characteristic long and straight poles in 

pure stands especially in tidal estuaries. R. harrosonii and R. mangle are small trees and 

shrubs respectively.  

In Eastern Africa, there are 10 species of mangroves (Table 3), the dominant species being 

Rhizophora mucronata, Ceriops tagal and Avicennia marina (Semesi, 1998) occupying a 

total of 1.1million ha (Spalding et al., 1997). 
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Table 3: Mangrove species distribution throughout East (Semesi, 1998) 

Species South  

Africa 

Mozam-

bique 

Madag-

ascar 

Tanzania Seych-

elles 

Kenya Somalia 

Rhizophora mucronata √ √ √ √ √ √ √ 

Ceriops tagal √ √ √ √ √ √ √ 

Bruguiera gymnorrhiza √ √ √ √ √ √ √ 

Avicennia marina √ √ √ √ √ √ √ 

Sonneratia alba - √ √ √ √ √ √ 

Heritiera littoralis - √ √ √ - √ - 

Xylocarpus granatum √ √ √ √ √ √ √ 

Lumnitzera racemosa √ √ √ √ √ √ √ 

Avicennia officinalis - - √ - - - - 

Pemphis acidula  - - - - - √ - 

√-present     -absent                               

 

In Kenya, mangrove forests occur in the areas which are along the Indian ocean in the 

Coast Province. Areas where the mangrove forests are distributed are: Lamu, Ungwana 

Bay, Ngomeni, Malindi, Mida, Kilifi, Mombasa, Gazi, Funzi and Shimoni. The mangroves 

occur as creek or fringe mangroves (Macnae, 1968; Ruwa, 1993). The creek mangrove 

community is composed of mangrove trees that grow on low gradient shores in creeks and 

bays, and usually form well-developed forests that may show species zonation. Fringe 

mangroves are either solitary or grow as single or mixed species clusters in front of or at 

the bases of rocky cliffs. Creek mangroves are the most common along the Kenyan coast 

and they form the pioneer community, spreading from the shores and colonizing mud 

banks in creeks exposed at low tide.  

 

Mangrove forests have been estimated to have occupied 75% of the tropical coasts 

worldwide. The anthropogenic pressures have reduced the global range of these forests to 
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less than 50% of the original total cover (Saenger et al. 1983, Spalding et al. 1997). 

According to a recent assessment of global mangrove forests, Eastern Africa region has 

lost approximately 8% of its mangrove cover in the last 25 years on average approximately 

3,000 ha per year. 

 

Mangrove forests have been found to have up to 700 t/ha of plant biomass; half of which is 

carbon. Human destruction of tropical forests is estimated to contribute up to 17% of 

global carbon dioxide emissions, resulting in accelerated global warming (Van der Werf et 

al.2009). 

1.2 Problem Statement and Justification 

1.2.1 Problem Statement 

The mangrove forest area at Mida Creek is decreasing as a result of illegal logging and 

overutilization of other mangrove resources. There is high need for food, shelter and 

income by the local community living around Mida Creek due to increase in human 

population in the area. Mangroves provide poles that are used for building houses to 

provide shelter and boat making for fishing to provide food and income for the local 

community. People living next to the mangrove forest collect firewood to use for meals 

preparation. Mangroves also have other resources that are of ecological, environmental and 

economical importance. 
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The Kenya Forest Service (KFS) do not issue license to cut mangroves in Mida Creek 

mangrove forest hence the residents have opted to cut the mangroves illegally leading to 

overexploitation of mangroves since there is no control.  

Mida Creek is a protected site and a tourist attraction site. Overexploitation of mangroves 

has resulted to increase of high tides that affect the entire mangrove ecosystems. The living 

things and their habitats are destroyed. Coastal stabilization and protection is affected and 

this is a threat to human lives, settlements and their activities. This affects livelihoods and 

tourism in this area hence affecting and economy of the country as a whole.  

1.2.2 Justification of the study 

Mangrove forests in Kenya have traditionally been used as a source of building poles, 

medicinal products, dyes, insecticides and firewood (Dahdouh-Guebas et al, 2000). The 

demand is thus high. About 70% of the population along the Kenyan coast depends on 

mangrove poles for house construction (Wass, 1995). Human impact is a contributory 

factor of mangrove degradation.  

Mida Creek (Kenya) comprises of mangrove forests and other marine resources that are of 

economic, ecological, and environmental importance to the local village communities 

(Dahdouh-Guebas, et al, 2000). Results for Kenya’s 2009 census indicated that the 

population of Mida Creek is approximately 30,000 (from 23,000 in 1999) people hence 

high demand of mangroves to cater for their needs. 

Mida Creek is part of Watamu Marine Reserve which is a protected area and a biosphere 

reserve. Coral reefs, mangrove forests and sea grass beds are the ecosystems in the reserve. 
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The reserve is a home to fish, birds, turtles crustaceans, mollusks and other invertebrates. 

Overutilization and removal of mangroves for building and fuel, and fishing to meet the 

demands of a growing urban population contributes to increased threats on the entire 

marine ecosystems and the fauna present. 

Although a ban has been put on mangrove cutting in Mida Creek, this has been ignored 

since there is also high demand of the mangroves to sustain the local community. Many 

studies have been conducted to assess the ecological status and vegetation dynamics of 

mangrove forests in the past, the importance of this resource has been appreciated only 

after the effects of its destruction are felt along the coasts where it is found. 

Mangroves trees help in coastal stabilization and protection. Climate change, earthquakes 

and floods as a result of rising water affect people living near the coastlines. Tsunamis 

have been happening in the coastal areas affecting people who live along the coastline of 

the world. The effect is more in areas where mangroves have been degraded. People died, 

houses, hotels and beaches along the coastline were destroyed and coral reefs were broken 

and other living organisms died. This affected livelihoods and it also caused a decrease in 

the number of tourists in the countries that were affected and this was a blow to the tourism 

sector hence economy of most countries. 

Mangroves are trees and trees are sources of rain. Cutting of trees leads to decrease in 

amount of rainfall as well as changing seasons of rains. This has affected agriculture 

leading to low productivity of farm produce and this has resulted to hunger and poverty to 

people who live near the affected areas. 
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With increased demands and other pressures on coastal resources, resource-use conflicts in 

coastal regions could result in increased environmental degradation and social inequality. 

The need to collate the associated information efficiently is thus very important. It would 

hence be worthwhile in future to expand the study on mangrove cover change to the entire 

Kenyan coastline, to document the mangrove status using GIS tools (Obade et al, 2004) 

hence come up with ideas on how policies governing mangrove utilization can be fully 

implemented. 

 

Availability of reliable data on this ecosystem is crucial to the development/review of 

policies and their implementation. Remote sensing offers multitemporal repetitive data for 

identification and quantification of land surface changes, and therefore, greatly enhances 

capability of a GIS in updating map information on a regular basis. For ecological studies, 

it provides a distinct scale advantage over traditional solely ground-based measurements. 

The technology offers a cost-effective method of extending limited field areas to map large 

areas of mangroves (Green et al., 2000).  
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1.3 Research Questions 

1. What changes have taken place in the mangrove forest of Mida Creek between 

1992 and 2006? 

2. Which is the most preferred mangrove species?  

3. To what extent does accessibility affect utilization of mangroves? 

4. Does utilization of mangroves affect their succession? 

5. How effective are the policies/ legislation governing utilization of the mangroves? 

1.4 Hypotheses 

1. Utilization of mangroves is different in different areas depending on accessibility  

2. There is a relationship between utilization of mangroves and their succession 

1.5 Objectives  

1. To assess the changes in the floristic composition and the structure of the mangrove 

forest in Mida Creek between 1992 and 2006 

2. To determine the most preferred mangrove species in Mida Creek   

3. To investigate whether accessibility determines utilization of mangrove species 

4. To examine whether utilization of mangroves affect their succession  

5. To evaluate the current mangrove forest management policies and their 

effectiveness 
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1.6 Significance of the study  

1. To get better understanding of the patterns of mangrove utilization and their 

ecological impacts on the ecosystem 

2. To identify the gaps in the policies/legislation governing mangrove species and 

make recommendations 
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1.7 Conceptual framework 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Mangrove Vegetation 

Nine of East-African mangroves species occur along the Kenyan Coast (Plate 2). They are; 

Avicennia marina, Rhizophora mucronata, Ceriops tagal, Lumnitzera racemosa, 

Bruguiera gymnorrhiza, Sonneratia alba, Xylocarpus granatum, Pemphis acidula and 

Heritiera littoralis. (Tomlinson, 1986).  

Mangrove communities also includes; phytoplankton, benthic algae, sea grasses, and root 

epiphytes (Odum et al 1982). Phytoplankton acts as energy source in mangrove forest. 

Other vegetation in mangrove forests comprises Hibiscus tiliaceus and Barringtonia 

acutangula. 

2.2 Mangrove productivity 

Studies have shown that the above-ground biomass of mangrove communities can range 

from 5.4 to 18.4 kg m
-2

 (Hutchings and Saenger, 1987). Mangrove ecosystems also have 

the ability to produce large quantities of litter ranging from 10,000 to 14,000 kg dry weight 

ha
-1

 year
-1

 (Hamilton and Snedaker, 1984). 
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    Ceriops tagal                      Xylocarpus granatum          Sonneratia alba 

                                   

                                              
   Heritiera littoralis               Lumnitzera racemosa            Rhizophora mucronata 

                                                                                        

               
    Avicennia marina                 Bruguiera gymnorrhiza         Pemphis acidula 

 

Plate 2: Mangrove trees of Kenya (Source: Kenya Marine Fisheries, Mombasa)                         
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2.3 Zonation 

Mangrove species often occur in mono-specific or mixed bands or zones that are parallel to 

the coastline (Macnae, 1968). A general description of mangrove zonation depicts a pattern 

that extends from shore to inland regions (usually higher in elevation). Tidal flooding, land 

elevation, and salinity are often attributed as controlling factors in mangrove zonation. In 

the Kenyan mangroves, Sonneratia alba often forms a rather narrow strip at the seaward 

forest margin, followed by pure or mixed stands of Rhizophora mucronata and Avicennia 

marina, then followed by pure or mixed stands of Ceriops tagal and Avicennia marina. 

Bruguiera gymnorhiza does not form a distinct zone but occurs scattered within Avicennia, 

Rhizophora and Ceriops stands. Lumnitzera racemosa occurs usually as a small, 

interrupted fringe, beyond the higher Avicennia marina zone, but it is also encountered 

within this zone. Xylocarpus granatum and Heritiera littoralis occur in a more localised 

distribution and do not commonly contribute to the zonation pattern (Graham 1929; Waiter 

and Steiner, 1936; Gallin et aI., 1989; Ruwa, 1990; Van Speybroeck, (1992). 

2.4 Adaptations 

Mangroves have developed many adaptations to survive in harsh saline conditions. 

Moreover, the soils in which mangroves grow are often anaerobic, causing many 

physiological challenges to the plant. The two most obvious adaptations mangroves have 

evolved are their roots and vivipary.  
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(i) Roots: Most well developed mangroves posses aerial roots (e.g. stilt or prop roots in 

Rhizophora spp.; pneumatophores in Avicennia spp.; knee roots in Bruguiera spp. and 

Ceriops spp.). The function is to ventilate the buried portion of the root system that lies in 

the highly anaerobic sediment (Scholander et al., 1962).  

(ii) Vivipary: Vivipary, where the embryo that results from normal sexual reproduction 

has no dormancy, but grows while still attached to the parent plant (Macnae, 1968), is 

known in many mangrove families, including both Avicenniaceae and Rhizophoraceae. In 

Rhizophoraceae, the hypocotyl extends out of the fruit resulting in a propagule (for 

example, Rhizophora mucronata). Although the exact advantages this provides the plant is 

unknown, it is believed to be important due to the convergent evolution in many families 

of mangroves (Tomlinson, 1986). One advantage is that while growing on the parent tree, 

the propagule is exposed to lower ionic concentrations (Zheng et al., 1999). Propagules 

also float and are able to remain viable for weeks in seawater (Rabinowitz, 1978), thus 

facilitating dispersal.  

(iii) Salt regulation: A less apparent, but highly important adaptation is how mangroves 

cope with excess salt. All mangroves, to some degree, exclude salt at their roots and 

secrete salt through their leaves. Rhizophora, Bruguiera, Lumnitzera and Sonneratia all are 

highly effective at excluding salts at their roots, but are poor secretors (termed ‘non-

secretors’) (Scholander et al., 1962). Avicennia on the other hand, can secrete salts at 

special salt glands on their leaves at a high rate. It has also been found that as the non-

secretors leaves age, their salt concentration increases, so that when they are shed, the plant 
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is effectively removing excess salts (Zheng et al., 1999). Moreover, one of the biochemical 

mechanisms by which mangroves counter the high osmolality of salt is an accumulation of 

osmolytes, including nitrogen compounds (Popp et al., 1985). Additionally, these 

adaptations have been found to help limit heavy metal bioaccumulation in mangroves. 

It should be noted that mangroves are facultative halophytes; they do not need salt water to 

grow (Macnae, 1968). Moreover, although mangroves can tolerate relatively high 

salinities, the additional energy required to cope with this stress allows less energy to be 

allocated for plant growth and stunted forms usually result.  

2.5 Ecological classification of mangrove forests 

Lugo and Snedaker (1974) have devised five classifications of forests based on tidal and 

hydroperiod characteristics: fringe, riverine, overwash, basin and dwarf. Cintrón and 

Novelli, 1984 aggregated these into three classifications: Dwarf and overwash fall in these 

three classifications.  

1. Riverine: tall floodplain forests, flushed daily by tides;  

2. Basin: varied forest types, mostly flushed daily by tides, and  

3. Fringe: zonation present, occasionally affected by strong winds and high current 

velocities.  

As a general rule, riverine forests exhibit the highest level of structural development and 

lowest amount of physical stress, followed by basin then fringe (Cintrón and Novelli, 

1984). 



21 

 

2.6 Geological significance 

Mangroves are land builders following the theory of plant succession (Lugo and Snedaker, 

1974). Macnae (1968) offers some examples of how mangrove lined shores have extended 

at rates up to 125 m per annum in Indo-West Pacific region. Mangroves generally follow 

the mud flat accretion, but mangroves also enhance the sedimentation rate (Young and 

Harvey, 1996). In an Australian mangrove, Furukawa et al. (1997) calculated that about 

80% of suspended sediments brought into the mangrove were trapped there. Mangroves 

also facilitate the formation of flocs and their breakdown within the forest by physical and 

mechanical means (Wolanski, 1995). In addition to sedimentation, this also reduces 

turbidity in near shore waters protecting coral reef systems. 

Although mangroves have been shown to increase sedimentation, it has been postulated 

that it does not represent land building, but land retaining during sea level rise (Snedaker, 

1982; Ellison, 1996). If their sediment budget is not high enough, mangroves will retreat 

landward with rising sea level and increased wave action (Ellison, 1996). However, as long 

as there is adequate freshwater input to maintain an optimum low salinity, along with low 

sulfate, proper nutrient balance and productivity, it has been hypothesized there would be a 

net accumulation of peat proportional to the rising sea level and mangroves would not 

retreat. With low freshwater input, high salinities would lower production and high sulfate 

concentrations would increase anaerobic peat decomposition (Snedaker, 1995). This 

hypothesis fits well the findings of Tack et al., 1992, who demonstrated a positive 

correlation between groundwater flow and mangrove forest presence.  
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2.7 Mangrove fauna  

Mangroves provide habitat for birds, other vertebrates and invertebrates (Paw & Chua, 

1991; Kimani et al., 1996). They also provide food and breeding grounds for various 

organisms. 

2.7.1 Vertebrates 

Mangroves are vital to many vertebrates including birds, fish, mammals, reptiles and 

amphibians. Many bird species use the mangroves as roosting and feeding sites during 

northern winters. 500-800 individuals of the rare Crab Plover Dromas ardeola with only 

50,000 – 10,000 individuals remaining world-wide, winter in the mangroves of Mida 

Creek, Kenya (Seys et al., 1995). Moreover, some species are highly associated with the 

mangroves, such as the Mangrove Kingfisher, Halcyon senegaloides (Zimmerman et al., 

1996). Fish also show unique adaptations to the intertidal ecosystem, such as the Gobidae 

mudskippers common to mangroves (Macnae, 1968). It has also been postulated that 

mangroves are nursery grounds for many commercially important fish species and positive 

correlations have been drawn between fish population abundance and mangroves (Gilbert 

and Janssen, 1998). Mammals present in the mangroves include monkeys, of which some 

are almost entirely restricted to the mangroves (Presbytis cristatus (Raffles) and Nasalis 

larvatus flying foxes (Pteropus spp.), wild pigs (Sus spp.) (Macnae, 1968). Reptiles that 

inhabit the mangroves include snakes and lizards and some penetrate deep into mangroves. 

Furthermore, many lizards of the genus Cyptoblepharus, were seen throughout the 

mangroves in Kenya. Saltwater crocodiles are not present in Kenyan mangroves, but are in 
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Asian and Australian mangroves (Macnae, 1968). Amphibians are rare in the coastal 

environment; however there is a frog (Rana cancrivora Gravenhorst) that inhabits the 

mangroves of South East Asia (Macnae, 1968). 

2.7.2 Invertebrates 

The majority of mangrove fauna is composed of invertebrates. Arachnids and insects 

abound in the mangroves with the spiders and ants and of course mosquitoes being the 

most easily noted. In a mangrove in Venezuela, Sutherland (1980) recorded Porifera, 

Coelentrata, Bryozoa, Tunicata, Polychaeta, Mollusca and Arthropoda on the roots of R. 

mangle.  

There is a high diversity of mollusks in mangroves, most of which remain poorly studied. 

One exception includes the mangrove oyster, Saccostrea cucullata (Tack et al., 1992). As 

recently as 1986, Littorina scabra, in the Indo-Pacific has been subdivided into 17 species. 

However, Plaziat (2001) offers a nice review of mangrove mollusk distribution. Kenyan 

mangroves host Littoraria spp., Terebralia palustris , Cerithidea decollata , Peronia spp., 

Isognomon ephippium , I. isognomon and S. cucullata. Aerobic heterotrophic bacteria have 

been discovered in plots of some mangrove species in Gazi (Boga, 1993). 

2.8 Importance of mangroves 

Mangroves have traditionally been looked upon as worthless mosquito-infested areas, but 

they have been recently re-evaluated (Lugo and Snedaker, 1974). Historically, mangroves 
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have been defined as wastelands and their removal thought beneficial (Lugo and Snedaker, 

1974), however more recently their value has been appreciated.  

 

Ecologically, mangroves form breeding, spawning, hatching and nursery grounds for 

various marine fauna e.g. fish and shellfish (Dc la Cruz, 1979) (Plate 3). The main fisheries 

supported by mangrove swamps are edible crabs and small pelagic fish. Mangroves also 

provide habitat for birds, other vertebrates and invertebrates (Paw & Chua, 1991; Kimani 

et al., 1996) (Plate 4). Mangroves also provide organic matter and nutrients to primary and 

secondary productivity of the coastal ecosystems (Odum & Heald, 1972; Van Speybroeck, 

1992). They have naturally high-energy production capacity (Christensen, 1983). Heald 

(1971) and Odum (1971) have demonstrated the existence of food web that is dependent 

on the organic production of mangrove swamps. Mangroves reduce nutrient loads into the 

sea and thus encourage growth of sea grasses and corals; this increases species richness or 

biodiversity in estuarine areas. Mangroves help in maintenance of biodiversity and genetic 

resources, salinity buffer, trap for particulate matter, provision of feeding and roosting sites 

for organisms, export of organic matter and nutrients, biological regulation of ecosystem 

processes and functions as shelter and habitat for diverse wildlife. 

 

Economically, the mangrove ecosystem serves as a source of important products to coastal 

populations (Macnae, 1968; Hamilton & Snedaker, 1984). They are used for human food 

e.g. fish, crustaceans, mollusks, honey and other fauna. Mangrove bark is used as a source 

of tannins and dyes. Mangroves produce durable and water resistant wood used in houses, 
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boats, pilings, fence posts and furniture. Dense Black mangrove and Buttonwood wood is 

used in charcoal production (Dahdouh-Guebas et al, 2000). Leaves are used as source of 

tea, medicine, tobacco and livestock feed. The flowers of Avicennia marina are used in the 

honey industry (Plate 5). Most importantly, mangrove communities provide fishing areas 

for local communities and also recreation enhancement, restoration of damaged areas or 

experimental analysis of mangrove biology (Davis, 1940; Noakes, 1955; Banijbatana, 

1958; Rabinowitz, 1975; Qureshi, 1990). 

 

Environmentally, mangroves systems play an important role in coastal stabilization and 

protection (Macnae, 1968). In addition mangroves are important in protection against 

floods and hurricanes, control of shoreline and riverbank erosion, biophysical support to 

other coastal ecosystems, production of oxygen sink for carbon dioxide, water catchment 

and groundwater recharge, topsoil formation, influence on local and global climate. 

Mangroves also provide services like protection of coasts against wave and wind erosion, 

moderating the effects of coastal storms and cyclones, entrapment of upland run up 

sediments thus protecting near shore reefs and reducing water turbidity. They also prevent 

siltation of coral reefs. A mangrove system provides a sink trap for pollutants by filtering 

land run-off as well as remixing terrestrial organic matter (Semesi & Howell, 1992). 

Mangroves also provide opportunities for education, scientific research and ecotourism. 

(Ruitenbeek, 1994; Jin-Eong, 1995; Gilbert and Janssen, 1998; Rönnbäck, 1999).  
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Plate 3: Yellowfin surgeon fish (Acanthurus xanthopterus) associated with the roots of 

Rhizophora mucronata at Mida Creek, Kenya 

 

Plate 4: Cerithidea decollata (truncated mangrove snail) attached on the stem of 

Avicennia marina at Mida Creek, Kenya 
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Plate 5: A beehive placed on Avicennia marina at Mida Creek, Kenya 

2.9 Threats to Mangrove Forest   

Mangroves are faced with many threats including: Changes in land use; creation of ponds 

for salt and fish production, prawn culture. dumping of dredgings and garbage (Plate 6), 

land reclamation for hotels and other developments, uncontrolled clear felling of parent 

trees (Plate 7), attack by a Lepidopteran wood borer pest, pollution in the forms of oil 

spills, thermal pollution, heavy metals, agro chemicals, sediment deposition caused by 

inappropriate agriculture upstream, Storms and hurricanes which destroy mangroves and 

global climate change which changes the sea level hence affecting mangroves. 



28 

 

 

Plate 6: Pollution due to dumping of garbage and oil spills in mangrove swamp at 

Gazi Bay, Kenya (Source: Dr.Obade) 

2.10 Utilization of mangroves  

Mangroves have traditionally been widely used and exploited in the past in the majority of 

countries in which they exist. Knowledge of their current and past extent, condition and 

uses is essential for forest managers and policy and decision makers. The planning of 

sustainable forest management at the local and national levels depends largely on this 

information, and the lack of data on the status and distribution of mangroves makes it 

difficult to prepare successful plans for their conservation. Regular monitoring is thus 

necessary and may contribute to their conservation, but also to sustainable use of 

mangroves as a source of wood, food, income and recreational areas for present and future 

generation. 
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The utilization of the mangrove ecosystem in terms of its direct product as well as benefits 

derived from the manipulation of the ecosystem has well been known and widely discussed 

(FAO, 1982; Christensen, 1983; Hamilton & Snedaker, 1984; Kokwaro, 1985). Local 

utilization patterns rather than global usefulness data are required to establish a 

conservation policy of both mangroves and users’ subsistence requirements, (Gang & 

Agatsiva, 1992). According to FAO (2007), mangroves have been utilized differently in 

the different continents of the world as explained below: 

Rural populations in Asia have traditionally used mangroves as a source of wood and non-

wood forest products for the production of charcoal, fuelwood, timber and poles for 

houses, boats and fish traps. In Indonesia, for example, the commercial exploitation of 

mangrove wood has a long history, and has been important particularly for the production 

of wood chips, timber and charcoal, for both local use and export. In addition, poles 

extracted from the Rhizophoraceae are used for building foundations. Malaysia has a long 

tradition of production of mangrove charcoal for national and international markets. 

Besides these exceptions, mangroves have generally been used for local needs. Nypa 

fruticans is a common species in most Asian countries, and it has often been used as 

thatching material for houses in Bangladesh, Brunei Darussalam, India, Indonesia, 

Malaysia, the Philippines and VietNam. Several fishing and rural communities depend on 

the fish and shellfish in mangroves as a source of income and food security. In Indonesia, 

the Philippines and Thailand have major offshore fisheries, which represent a significant 

portion of national income and depend partly on mangroves. Many rural communities have 

used mangroves to produce honey, tannins and traditional medicines. Ecotourism activities 
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are increasing in the region, providing further sources of sustainable income to local 

populations and creating awareness of the services and benefits provided by mangroves. 

Mangrove leaves are often used as fodder for camels, goats and sheep in the Near East, 

where mangroves are often the only coastal forest resource.  

 

Mangrove resources in North and Central America have traditionally been used for wood 

and non-wood products. They have long been a source of timber for poles and other 

construction material, charcoal and fuelwood. The collection of crabs, oysters and other 

mollusks (e.g. Anadara tuberculosa and Anadara similis) is also a common activity, and in 

some countries it represents a significant percentage of local as well as national income. In 

Cuba, for example, the export of oyster depends mainly on mangrove communities and 

their health. Villagers also use mangroves to extract tannins and, to a lesser extent, 

medicines. The nectar of mangrove flowers, particularly Avicennia spp., is exploited in the 

apiculture industry. Beehives are transported to the mangrove areas during flowering to 

produce honey and wax. As in other parts of the world, mangroves have been exploited 

mainly for local use, and commercial exploitation has been practiced only in a few cases. 

These coastal ecosystems provide shelter and breeding grounds for numerous commercial 

and noncommercial fish species and thus are often used as fishing areas. Panama, for 

example, has developed a valuable fishing industry that includes a number of fish species 

dependent on mangroves in at least one phase of their life. 
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In Africa, mangroves have been used for generations as a source of wood, medicine and 

food. Rural communities in West Africa extract fuelwood, timber for houses and boat 

construction, and wood for charcoal. A large number of non-wood forest products, such as 

tannins, medicines, beverages and natural pesticides (Laguncularia racemosa leaves, 

mostly used in Guinea) are also collected in mangrove forests. Food security in these 

countries is closely linked to these coastal forests in which local people collect shrimp, 

oyster and other species of shellfish. Subsistence and commercial fisheries, which are 

traditional activities in several countries, depend on healthy mangroves. During the past 

decades, substantial areas of mangrove in West Africa have been converted to other land 

uses such as the production of salt and rice. The shrimp farm industry has been less 

developed than in other regions, but a few countries have undertaken this activity (e.g. 

Guinea). Other causes of mangrove loss on this coast are the overexploitation of resources 

and urban and tourism development.  

 

In Eastern Africa, mangroves are mainly used for production of charcoal and fuelwood, 

construction of huts and boats, and collection of non-wood forest products such as tannins, 

leaves (used as fodder for animals), shellfish, honey and medicines. Fisheries industries, 

such as those in Madagascar, Mozambique and the United Republic of Tanzania, depend 

on mangroves for their productivity. Mangroves have also been converted to other land 

uses for tourism and urban development. In arid and semi-arid countries, leaves of some 

mangrove species are used to feed camels while in some other countries, they are used to 

feed cattle and goats.  
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Mangrove exploitation in East African region must be considered unsustainable (Kairo, 

1995b). This conclusion is based on the following observations: 

a) Clear felled mangrove areas with little or no natural regeneration are occurring all 

along the coast. 

b) Severe erosion of the coastline is taking place due to complete elimination of the 

fringing mangroves. 

c) It is becoming hard to find a straight stemmed tree that can be used for building.  

d) Good mangrove forests can only be found in two areas; Kiunga (in Kenya) and in 

River Rufiji delta (Tanzania), but their conditions are also threatened. 

 

 

Plate 7: Clear cuttings of Rhizophora mucronata species at Mida Creek, Kenya for 

utilization by the local community 
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Rhizophora mucronata is highly valued and utilized in Kenya (Obade, 2000). It is these 

species which should be considered seriously in the context of resource management. The 

species used in tradition and industrial fuel depend on the accessibility rather than on the 

quality (Kairo, 1995b). The observed decline of mangrove forest area in Kenya is mainly a 

result of mangrove harvest exports as building material and fuel wood to Somalia, Saudi 

Arabia, and other Middle East countries (Rawlins 1957). 

 

In Mida Creek, mangroves are getting destroyed through cutting (Plate 7) and other human 

activities (Wairungu et al, 2008). A survey carried out in Mida indicated that mangroves in 

that area are a major source of wood for house construction, fuelwood, charcoal, and boat 

building. Minor uses of mangrove products include pharmaceutical and medicinal 

applications, tanning material, and furniture making (Dahdouh-Guebas et al, 2000) (Table 

4). 
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2.11 Status of Mangroves  

Mangrove forests have been estimated to have occupied 75% of the tropical coasts 

worldwide. The anthropogenic pressures have reduced the global range of these forests to 

less than 50% of the original total cover (Saenger et al. 1983, Spalding et al. 1997). 

According to a recent assessment of global mangrove forests, Eastern Africa region has 

lost approximately 8% of its mangrove cover in the last 25 years on average approximately 

3,000 ha per year. Mangrove in Kenya was 54,700 ha in 1980 and it decreased to 50,000 

ha in 2005 (FAO, 2005) (Table 5). Separately related studies (e.g. Kokwaro, 1985; 

Dahdouh-Guebas et al., 2000) have suggested that human activities are responsible. 

 

These losses have largely been attributed to anthropogenic pressures such as over-

harvesting for timber and fuel-wood production (Hussein 1995, Semesi 1998), reclamation 

for aquaculture and salt pond construction (Terchunian et al. 1986, Primavera 1995), 

mining, pollution and damming of rivers that alter water salinity levels (Wolanski et al, 

1992). 

 

Table 5: Status and trends in mangrove area in Kenya (1980–2005),  

Area Most recent      Annual change 

Annual 

change   

Annual 

change 

  reliable estimate 1980 1990 1980 1990 2000 1990 2000 2005 2000 2005 

  ha Ref year ha ha ha % ha ha % ha ha % 

Kenya 52,980 1982 54,700 52,000 -2700 -0.5 50,000 -2000 -0.4 50,000 0 

 

0 



36 

 

2.12 Succession in Mangroves 

 Succession is the different steps necessary for plants and animals to establish a climax 

community in a particular type of environment. The mangrove's process of natural 

succession begins with the release of the seedling in the water. Once it settles it will 

penetrate the sand and root itself. Leaves will grow profusely and the production of prop 

roots which curve and extend into the water will begin. 

Artificial regeneration of mangroves involves hand planting of desired propagules and 

saplings at the selected intertidal area (Kairo, 1995a). Planting of mangroves has 

successfully been done in Malaysia, India, Philippines Vietnam and Kenya. Most planting 

work has been done using the families Rhizophoraceae, Aviceniaceae and Sonneratiaceae. 

There is high regeneration of mangroves in areas where harvesting has taken place and also 

where there is presence of mother trees within a radius of 3-4 meters (Kodia, 2006). This 

mostly occurs in areas where there is controlled harvesting. Regeneration also depends on 

crown cover of the mother trees. 

In Mida Creek, Sonneratia alba occurs at the seaward forest margin, followed by mixed 

stands of Rhizophora mucronata and Ceriops tagal, then followed by mixed stands of 

Ceriops tagal, Xylocarpus granatum and Bruguiera gymnorhiza. Avicennia marina 

follows. Lumnitzera racemosa occurs usually as a small, interrupted fringe, beyond the 

higher Avicennia marina zone (Fig 2). 
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Rhizophora mucronata 

 

Sonneratia alba 

 

Fig 2: Successional and zonational trend in the mangrove swamp at Mida Creek, 

North Coast of Kenya (Manohar, 2002) 

 

2.13 Legislation 

A ban on exporting mangroves was implemented in 1978 by the Kenyan government. This 

ban was lifted in 1981 and reinstated in 1982. In 1996, as Kenyan policies regarding 

environmental resources were being developed, a proposal to lift the ban arose but as yet 

the ban remains. Authorization for clearing and any other mangrove exploitation has to be 

obtained from the Kenya Forestry Department at the Ministry of Environment and Natural 

Resources. Furthermore, all vehicles carrying mangrove poles must have a transit permit. 

Specific environmental laws are needed to ensure mangrove resources are conserved and 

utilized sustainably. The exploitation of mangrove ecosystems for poles and charcoal has 

caused degradation of the mangrove forests (Forest Department of Kenya, 1983).  
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Study area  

Mida Creek (3º21'S, 39º59'E) is located in Malindi district, 88 km north of Mombasa and 

approximately 25 km south of Malindi town (Fig. 3). The creek lies in a planigraphic area 

of 31.6 km
2
 (Brakel, 1979). In recognition of its scenery both above and below the water 

level, Watamu Marine National Reserve in Mida Creek was declared a protected area, one 

out of the three protected areas with mangroves in Kenya (Spalding et al. 1997). It was 

established as a reserve in 1968, and gazetted under the Wildlife Conservation and 

Management Act in 1976. In 1979, Watamu Marine National Reserve was designated the 

status of a Biosphere Reserve together with the adjoining coast (Kennedy, 1988). Mida 

Creek has a number of distinct habitats comprising mangrove forest, sand flats, rock 

outcrops, seagrass beds, coral growths, and deep water. The reserve contains natural 

elements such as mangroves, coral reefs, and mud flats and is a sanctuary for shorebird 

populations (UNEP/IUCN. 1988). Unlike most of the coastal areas in Kenya, Mida Creek 

lacks overland freshwater input.  

3.1.1 Climate 

The monthly temperature is between 23
º
c and 27

º
c. During the hottest times, maximum 

temperature is 34
º
c, while the minimum temperature is 20

0
c. During the period of the 

south-eastern monsoon (April – September), the “Kusi”, strong winds, rougher water and 

tidal flows cause deposits of sea-grass in some areas, notably those bays which face that 

direction. Wind is calm in other months. The monthly wind speed ranges from 6.2 Km hr
-1
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to 16.6 Km hr
-1

 with a mean of 9.6 Km hr
-1

. Total annual precipitation varies between 1000 

and 1600 mm. The long rains fall from April to June under the influence of the southeast 

monsoon winds while the short rains fall between November and December. The area is 

normally hot and humid with an average annual air temperature of about 28
0
 C with little 

seasonal variation. Relative humidity is about 95% due to the close proximity to the sea. 

3.1.2 Geology of soils 

Mida creek is characterized by coral limestone rock, shallow sandy clay soils, fringing 

reefs and coral gardens. The water retaining capacity of Mida Creek is low. 

3.1.3. Socio-economic activities 

The people around Mida Creek derive their livelihood from trading foodstuffs like 

coconuts and mangoes, building materials like mangrove poles, bricks, gravel and cement. 

They also make and sell curios and souvenirs to tourists. Some of the local community 

members are tour guides while others operate boats and they take tourists around sceneries 

for payment. Most of the community members are fishermen who sell fish to earn some 

income. Some bandas used by tourists are owned by the community and they get income 

from them. The population of Mida Creek is approximately 30,000 people and literate 

people in this area is half of this population. 

3.1.4 Mangrove vegetation 

Eight species out of the ten mangrove species identified in Kenya (Kokwaro, 1985) are 

found in Mida Creek, and occupy a total area of 1746 ha (Gang and Agatsiva, 1992; Kairo 

and Gwada, 1998). 
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The mangroves species at Mida Creek are: Avicennia marina, Rhizophora mucronata, 

Ceriops tagal, Lumnitzera racemosa, Bruguiera gymnorrhiza, Sonneratia alba, 

Xylocarpus granatum and Pemphis acidula. The dominant species are Rhizophora 

mucronata, Ceriops tagal and Avicennia marina, (Tomlinson, 1986). Various studies have 

been conducted in and around Mida Creek including some coastal research (Ouko and 

Manohar 1998). 

 



41 

 

 

Fig 3: A map showing study area (Mida Creek), Coast Province, Kenya 
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3.2 Data collection 

Both primary and secondary sources of data collection were used in this study. 

3.2.1 Secondary data 

Initial information and data were collected from secondary sources including textbooks, 

journals, economic surveys, government and nongovernmental organizations reports, 

academic research findings and newspaper reports. Thereafter, the secondary data collected 

was synthesized into information covering various aspects including socio-economic 

situation, current status of mangroves, governance, policies and management practices. 

3.2.2 Primary data 

Gathering of primary data involved use of interviews, questionnaires/surveys, direct 

observation, satellite Imagery and participant observation. At the initial, exploratory field 

surveys were conducted in the study site followed by the design of questionnaires that 

were used in collecting data in the study site. 

3.3 Aerial photographs/ Visual image interpretation 

Two sets of a combination of 12 aerial photographs for each set for the year 1992 and 2006 

were used to assess the temporal changes in the floristic composition of the mangrove 

forest in Mida Creek. The 2006 aerial photos were obtained from Kenya Marine Fisheries 

Institute (KEMFRI) whereas for the 1992 aerial photographs were obtained from Survey of 

Kenya and the Kenya Wildlife Service. The scales of aerial photos were; 1:35,000 and 

1:25,000 respectively. The aerial photographs were scanned and saved in a jpeg format.  
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Visual interpretation was then carried out and this was done using texture, shape, 

tone/colour and pattern. Four cover types identified were; bare patches, islands, mangroves 

(species level) and ocean. Eleven classes of mangrove species identified and they were: 

Rhizophora mucronata; Avicennia marina; Ceriops tagal; Sonneratia alba; a mixture of 

Rhizophora mucronata and Ceriops tagal; a mixture of Ceriops tagal and Avicennia 

marina; a mixture of Rhizophora mucronata and Avicennia marina; a mixture of 

Rhizophora mucronata and Bruguiera gymnorrhiza; a mixture of Rhizophora mucronata 

and Sonneratia alba; a mixture of Rhizophora mucronata, Ceriops tagal and Bruguiera 

gymnorrhiza and a mixture of Rhizophora mucronata, Avicennia marina Ceriops tagal and 

Bruguiera gymnorrhiza. For more and detailed interpretation, onscreen interpretation 

where the images would be zoomed in and out for sharper vision was done.  

 

Georeferencing of the photographs was done using the fudicial marks which were already 

marked on the aerial photographs as the control points. Five sampling points were taken 

for each class of mangrove species identified and the coordinates uploaded into a GPS 

ready for location on the ground during ground truthing. The sampling points were 

selected at 50m interval so as to reduce cases of overlapping during ground truthing. The 

sampling points were also representative for every class to avoid bias and this was 

achieved by distributing sampling points uniformly for each class. In total, there were 55 

points taken. During ground truthing, sampling points were located using the GPS and 

assessment done in a radius of 10m through observation and the species found were 
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recorded. In cases of contrast between classes identified during photo interpretation and 

what was there on the ground, the classes were rectified. 

 

The final classes were then digitized onscreen using ArcGIS version 9.3 creating various 

shapefiles for the respective number of classes. Respective area coverages for mangroves, 

bare patches and islands cover types were calculated. In comparing the changes that had 

occurred for the two time periods, some modeling was done where same cover types from 

the two years were intersected and the area outside intersection was taken as the extent of 

change.  

3.4 Questionnaires, Interviews and Observations 

Questionnaires and interviews were used to assess the effectiveness of the policies/ 

legislation governing utilization of mangroves and to investigate the most preferred 

species. The total households around Mida Creek are 210 (less than 10,000) hence the 

sample size was 136 households. This was obtained from the Fisher’s equation 

2

2 ))((

d

qpZ
N =  (Fisher et al., 2004).  

• Z refers to the confidence limits of the survey results.  If one would like to be 95% 

confident in your results, Z=1.96 

• p refers to the proportion of the population with the attribute you are looking for 

• q= (1-p)  

• d refers to the desired precision of the estimate  



45 

 

Data collection was done by interviewing 136 respondents around Mida creek. 

Questionnaires were filled and visual observation done on everyday life in the households 

visited. One hundred people from the households and thirty six staff members from the 

Kenya Forest Service and Kenya Wildlife Service were interviewed hence one hundred 

and thirty six questionnaires were used for numerical analysis. Only one person per 

household (head of the household) was interviewed to avoid repetition from members of 

the same household. 

 

Households were approached directly in the field, as topographic or administrative maps 

showing their distribution were unavailable. Stratified random sampling was conducted 

and the areas where interviews were carried out were Uyombo, Chafisi, Mida Msikitini, 

Mida Majaoni, Magangani and Dongokundu. 

 

The interviews were conducted in Kiswahili and/or the local Giriama, depending on which 

of the languages the respondents felt more comfortable with. Often the elderly people 

preferred to communicate in Giriama, whereas the middle- aged people and the youth felt 

more comfortable using Kiswahili. A guide from the Kenya Wildlife Service, Gede and a 

local resident, facilitated moving around the creek reducing possible hostility, facilitating a 

comfortable reception and a fluent conversation with the respondents in the visited 

households. The information gathered was then filled out in questionnaire schedules in 

English.  
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The questionnaire contained questions that sought to provide general information about the 

respondents, questions posed to reveal "the way of forest life" of the members of the 

community, i.e., how they used the mangrove forest and what kind of preferences they had, 

as well as questions aimed at bringing out the respondents' opinions concerning various 

issues.  

 

The questionnaire had a semi- structured nature with short multiple-choice questions as 

well as some open-ended questions, the former of which mainly aimed at narrowing down 

the answer categories to facilitate and enhance data analysis. The interviews often began 

by assessing the understanding of the term mangrove and how the trees look like (how one 

can differentiate them with other trees) to ensure that the respondent and interviewer were 

talking about the same concept and subject area. The name that was given to mangrove tree 

was ‘mkoko’ which was a Kiswahili or Giriama term but in the species level, one species 

(Rhizophora mucronata or Red mangrove) was termed as mkoko.  

In situations where the respondents feared answering certain questions due to participation 

in some activities, visual observation was substituted as a method to acquire the required 

information (e.g. use of mangroves as poles which was easily visible). In other situations 

observations were important to visually check and complete the respondent's answers. 

Some of the uses of mangroves were quite easily observable, e.g., making furniture, 

cooking utensils, fishing traps, canoes, and sailboats and in building houses. The mangrove 

species cut and the extent was also visible. This observation technique provided 

supplementary information to that gathered in the interviews.  



47 

 

The few problems faced during the survey related to the sensitivity of certain issues. Given 

the current policy on mangrove exploitation in Kenya, the entire subject has become a 

sensitive one. Questions dealing with mangrove pole harvesting resulted in a lot of 

suspicion which made the gathering of information from respondents complicated. This 

was because no permits are issued for mangrove harvesting in Mida Creek. Often it took a 

long conversation to win the confidence of the respondent so that they felt comfortable 

enough to answer questions. To obtain sensitive data community leaders were approached. 

Some of the questionnaires were administered to selected staff members of the Kenya 

Forest Service, Kenya Wildlife Service and Kenya Forestry Research Institute. There was 

also personal communication with the District Forest Officer and KWS senior warden in 

charge of Gede. The questions asked helped to gauge the effectiveness of the policies and 

legislation governing mangrove conservation.  
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3.5 Point-Centred Quarter Method (PCQM) 
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Fig 4: A transect layout for Point-Centred Quarter  Method (PCQM) 

 

Transects and sampling points were used to assess the effects of mangrove 

utilization/harvesting on succession of the mangroves, mangroves forest structure and 

investigate whether accessibility of the mangroves determine their utilization. Three line 

transects (along the land, near the shore line and in the middle) of 200m length each were 

established perpendicular and parallel to each other. The distance from one transect to the 

other was 100m. Point-Centred Quarter Method (PCQM) was used and vegetation 

sampling was carried out within 100m
2
 quadrats that were regularly laid along the 

transects. 10 quadrats were laid in each transect. I had seven replicates hence 210 quadrats 

were studied in Mida Creek. This was carried out for a period of one month. 
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A tape measure was used to lay the transect and red tapes were used to mark the transects. 

To ensure that the transect falls in a straight line, a compass and a GPS was used to 

maintain a straight direction. In case the where the roots of the mangroves were huge or the 

transect was blocked by a tree, a way was found to evade that but once on the other side, 

the straight line was maintained. Tide table was read daily to know the time of low tides 

and high tide to ease data collection and to avoid danger. 

 

In each quadrat, GPS coordinates and the altitude was recorded. Mangrove species were 

identified and the following were counted; number of standing trees (>4cm DBH), number 

of cut stems, dead trees and stems and number of seedlings/saplings (below 4cm DBH). 

Visual observation was used to do this. Diameter at Breast Height (D130) were measured 

using a tape measure and recorded. The canopy cover for all the trees whose DBH was 

measured was estimated. The following parameters were determined: stem density (De), 

frequency (F), basal area (Ba) and Importance value (IV) following the procedures 

explained in Cintron and Novelli, (1984) and Kairo et al., (2002). Photographs in some of 

the quadrats which had most trees degraded or scattered were taken.  

 

The relative density, relative dominance, relative frequency and Importance Value were 

calculated as follows:  
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The relative density (DEri) was; 

 

                                                   

 

                                            

where DEi was the density for species i and m is the number of species. The relative 

dominance (DOri) was; 

                                             

where Bai was the basal area of all trees of species i. The relative frequency (F′ri) was; 

                                                        
                                                  

where Fi was the number of sampling points in which species i is represented100 times. 

The importance value (IV) was calculated as; 

 

                                                      IV=DEri + DOri + F’ri       
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3.6 Data analysis 

The completed questionnaires were coded and entered into SPSS for data 

analysis. Regression analysis was performed to investigate whether utilization of mangrove

s affect their succession. Analysis of variance (ANOVA) was performed to assess the 

difference between the means in the number of cut mangroves in three different zones so 

as to know whether accessibility of mangroves determine their utilization. Aerial 

photographs were georeferenced and visually interpreted to assess changes in the floristic 

composition of the mangrove forest in Mida Creek. Descriptive statistics were performed 

to summarize data on awareness and effectiveness of policies governing mangrove 

utilization. The relative density, dominance and frequency were estimated and the 

importance values established according to Dahdouh-Guebas and Koedam (2006). This 

was used to assess mangrove forest structure and regeneration. 

 

 

 

 

 



52 

 

CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Results 

Results obtained from the field after data analyses were as follows; 

 

4.1.1 Mangrove knowledge levels 

Different levels of knowledge became evident when interviewing the respondents. The 136 

respondents interviewed were able to identify mangrove species using different 

physiognomic and morphological traits of the plants (e.g. roots, leaves, bark) as well as 

their habitats (where mangroves are found). 

 

Education levels (none, primary, secondary, college and university) did not affect 

knowledge of mangroves (Fig 5). Although the respondents could differentiate mangroves 

from other trees by looking at the roots, leaves and the bark, most of the respondents 

described mangroves by their habitat (those that grow in salty water or ocean) (Fig 5).  

 

During the interview and filling of questionnaires, the respondents were able to answer the 

questions without difficulties because they exactly knew what mangroves are and how they 

look like. Some went to the level of distinguishing all the mangrove species while others 

could only distinguish a few. 
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Fig 5: Mangrove knowledge levels by the local community 

4.1.2 Accessibility and utilization 

 

ANOVA test showed that there was a significant difference in mean number of cut 

mangroves in the three areas i.e near settlements, middle and shoreline (Most accessible, 

middle and least accessible respectively) (F=3.277; df=2, 207; p=0.040; (Table 6). 

Mangrove species are utilized more in near settlements and the shoreline because they are 

more accessible i.e one can get in without difficulty). 
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Table 6: Anova for accessibility and utilization for the number of cut  

Ss       df Ms   F P 

Forest 

patches 205.895       2 102.948   3.277 0.04 

Error 6503.729       207 31.419      -   - 

Total 6709.624       209     -      -   - 
Ss-Sum of squares, df-degree of freedom, Ms-Mean square, F-calculated f value, P-significant value 

 
 

 

The number of cut trees in the near settlements and in the shoreline was higher than in the 

middle (Fig 6). 
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Fig 6: Abundance of cut mangroves in each forest patch 
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4.1.3 Mangrove forest structure at Mida Creek 

Based on mangrove species relative density, relative frequency, relative dominance and 

importance values in Mida Creek (Table 7), Rhizophora mucronata and Ceriops tagal 

were the key species in Mida Creek. They were the best structurally developed mangrove 

forest in Mida Creek followed by Avicennia marina.  
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Table 7: Structural attributes of the mangrove species at Mida Creek, North Coast,  

Species density frequency dominance R/density R/frequency R/dominance IV IV/3 

Avicennia marina 729.5 0.2762 0.000308 9.88 17.68 23.83 51.39 17.13 

Rhizophora mucronata 3201.0 0.7048 0.000478 43.37 45.12 36.95 125.44 41.81 

Ceriops tagal 3164.8 0.4619 0.000400 42.88 29.57 30.97 103.43 34.48 

Bruguiera gymnorrhiza 137.6 0.0476 0.000031 1.86 3.05 2.40 7.32 2.44 

Sonneratia alba 118.1 0.0571 0.000064 1.60 3.66 4.92 10.18 3.39 

Xylocarpus granatum 20.0 0.0095 0.000010 0.27 0.61 0.75 1.63 0.54 

Lumnitzera racemosa 9.5 0.0048 0.000002 0.13 0.30 0.18 0.61 0.20 

Density-Species/ha, Frequency-Proportion of subsamples which contain species, Dominance-basal area of species by total area 

(m
2
/ha), Relative density, frequency, dominance, importance value- in percentage (%) 
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4.1.4 Mangrove forest cover at Mida Creek 

 

Results from aerial photographs analysis showed that mangrove forest area in Mida Creek 

has decreased between 1992 and 2006. An area of 105.217 ha of mangrove forest has been 

lost while the bare patches and the islands have increased by 32.098 ha and 107.44 ha 

respectively (Table 8). The total area gained for Islands and bare patches is 139.538. This 

is as a result of human activities which have caused Islands and bare patches to extend 

towards the mangrove forest. They have also extended towards the ocean. There are places 

where mangrove trees were present in 1992 but could not be seen in 2006 (Fig 7 and 8). 

 

Table 8: Changes in Mangrove forest cover at Mida Creek (1992-2006) 

  1992 (Area in ha) 2006 (Area in ha) Area (ha) 

Mangroves 1745.545 1640.328 105.217(-) 

Bare patches 52.193 84.291 32.098(+) 

Islands 165.725 273.165 107.44(+) 

                   + gained     - lost 

 



58 

 

 

Fig 7: Aerial photograph interpretation showing floristic composition of mangrove 

forest in Mida Creek in 1992 
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Fig 8: Aerial photograph interpretation showing floristic composition of mangrove 

forest in Mida Creek in 2006 
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Areas where changes in the mangrove forest has taken place is due to clearing/felling of 

trees and encroachments (Fig 9). 

 

Fig 9: Aerial photograph interpretation showing changes in the floristic composition 

of mangrove forest in Mida Creek (1992-2006) 
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Results showed that the area occupied by the different mangrove species in Mida Creek, 

Kenya has changed over a period of time (Table 9). 

 

Table 9: Floristic composition and changes in the area of mangrove forest at Mida 

Creek (1992-2006) 

Mangrove 

Species 

Coverage in Ha 

(1992) 

Coverage in Ha 

(2006) 

Difference 

(ha) 

Rm 65.088 63.934 1.154 

Am 344.986 310.627 34.359 

Ct 225.116 223.821 1.295 

Sa 7.529 7.529     - 

Rm, Ct 52.874 50.219 2.655 

Ct, Am 143.693 140.287 3.406 

Rm, Am 44.359 41.270 3.089 

Rm, Bg 212.751 199.747 13.004 

Rm, Sa 47.642 46.321 1.321 

Rm, Ct, Bg 129.066 128.117 0.949 

Rm, Am, Ct, Bg 472.441 428.456 43.985 

Rm- Rhizophora mucronata, Am- Avicennia marina, Ct- Ceriops tagal 

Sa- Sonneratia alba, Bg-Bruguiera gymnorrhiza 

 

Changes of the mangrove forest up to the time of data collection in Mida Creek were 

supported from the questionnaires where most respondents stated that the mangrove forest 

in Mida Creek has decreased over a period of time (Fig 10).  
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Fig 10: Awareness of changes in the mangrove forest cover along Mida Creek 

4.1.5 Mangrove preferences 

 

Some of the mangrove species are preferred more than others. In Mida Creek, Rhizophora 

mucronata is the most preferred species because of its quality wood followed by Ceriops 

tagal then Avicennia marina by both male and females (Fig 11). 
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Fig 11: Preference of mangrove species by sex of respondents at Mida Creek 

4.1.6 Awareness of policies and legislation 

 

Majority of people are aware of the policies governing mangrove utilization in both sexes 

(Fig 12), all ages, occupation, education levels and length of stay (Appendix 4). A few 

people are not aware of the policies.  
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Fig 12: Awareness of the policies governing mangrove utilization 

4.1.7 Effectiveness of the policies 

65% of the respondents (females and males) said that the policies governing mangrove 

conservation are effective (Fig 13). This was the same for all ages, occupation, education 

levels and length of stay (Appendix 5). Only a few of the respondents said the policies are 

not effective and were not sure of effectiveness of the policies.  
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Fig 13: Effectiveness of the policies governing mangrove utilization 

 

4.1.8 Succession and Utilization  

Regression analysis showed that there was a significant relationship in succession and 

utilization of mangroves (F=8.529, df=1, R=0.198, P=0.004), (Table 10). Hence there was 

a positive relationship between succession and utilization. Utilization of mangroves affects 

their succession. Natural succession was low in heavily utilized areas (Fig 14). R
2
= 0.0392 

indicating that no. of cut stumps could explain only 4% of the change in the number of 

saplings. 

 

Table 10: A regression analysis of succession and utilization of mangroves along Mida  

     Ss      df    Ms    F   P 

Regression    3424.753      1   3424.753 8.529 0.004 

Residual    83521.747     208   401.547     -               - 

Total                      86946.500     209        -     
Ss-Sum of squares, df-degree of freedom, Ms-Mean square, F-calculated f value, P-significant value 

R -Correlation between the observed and predicted values of the dependent variable 
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Fig 14: Scatter diagram of the relationship between number of tree stumps and 

number of seedlings at Mida Creek 

During the study at Mida Creek, Sonneratia alba was found at the seaward forest margin, 

followed by mixed stands of Rhizophora mucronata and Ceriops tagal, followed by mixed 

stands of Ceriops tagal, Lumnitzera racemosa, Xylocarpus granatum and Bruguiera 

gymnorhiza. Avicennia marina followed, (Fig 15). 
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The trend of succession of mangroves recorded along Mida Creek is as follows;  

                                 

                                 Avicennia marina  

                

           Ceriops tagal 

           Lumnitzera racemosa 

                                Bruguiera gymnorrhiza 

                                Xylocarpus granatum 

 

                                Ceriops tagal 

                                Rhizophora mucronata 

 

                                Sonneratia alba 

Fig 15: Successional and zonational trend of mangroves along Mida Creek, North 

Coast, Kenya 

 

Results from the interviews and observations showed that roots, leaves, bark and stem of 

the various mangrove species are utilized as follows:  
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Table 11: Utilization of mangrove species by the local community at Mida Creek 

Species name                                    uses                                            parts used 

Avicennia marina         Charcoal, low quality firewood,           stems 

                                            boat making, fencing posts, hive          branches 

Ceriops tagal          poles, medium quality firewood,          stems, bark 

           Paddles, oars, dyes (tannings) 

Rhizophora mucronata       Charcoal, poles, dyes, medicines,         stems of barks  

           high quality firewood, ointments          stems & roots 

Bruguiera gymnorrhiza      high quality firewood, charcoal,           stems             

           oars, beehives paddles     

Xylocarpus granatum         high quality timber, charcoal,           stems, fruits 

           ointments ,firewood 

Sonneratia alba         Timber, medium quality firewood,       stems, leaves 

           Paddles, fishing nets floats 

           Fodder, charcoal     

Lumnitzera racemosa        medium quality firewood, charcoal       stems 

 

 

 

From the results, it is evident that the stems of mangroves are utilized more than the 

leaves, roots and the fruits. This affects succession because the embryo of most mangrove 

species attach themselves to the stems of parent plants and once the stems are cut, the 

embryo fall and dry up hence natural succession does not take place.  



69 

 

Fish, crabs, mollusks, crustaceans and oysters are found in the mangrove ecosystem and 

they are used by the local community for food. Fish is the main staple food for the 

community living in that area hence they are harvested on a daily basis. Some fishermen 

take the fish harvested to the market to sell them to earn income. This money is used to 

buy commodities like maize flour, other types of food and clothing. In the process of 

collecting the animal species, people trample on the seedlings of the mangrove species and 

they die. This affects succession. 
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4.2 Discussion 

4.2.1 Utilization and accessibility 

 

Accessibility determines utilization of the mangrove species. Avicennia marina is found in 

near settlement and it is good for home use firewood hence a lot of mangroves have been 

cut in the near settlements for firewood and this is because the area is accessible. This is 

mostly done by women who are afraid to go deep in the forest. Most women work all day 

and when they come home in the evening, they collect firewood easily. Also during the 

low tides which mostly occur in the morning, firewood can easily be gotten from this area 

because of less water in the morning. Most of the mangrove cutters also cut at night and 

they are unable to go deep in the forest hence they cut near the settlements. It is also easy 

to carry mangroves harvested in the near settlements. 

 

Few mangroves have been cut in the middle and this is because the area is not easily 

accessible. The roots of Rhizophora mucronata and thickness of mangroves make it 

difficult for people to walk in the middle. In the middle, the soil is slippery (muddy clay 

soil) due to stagnant water in the area making it less accessible.  

 

The shoreline is easily accessible by boat hence more trees have been cut near the 

shorelines. During low tides, people can walk comfortably in ocean arms and they get to 

the shorelines easily cutting the mangroves they need to use. The boats are also available to 

carry mangrove poles harvested. Although different needs of mangrove species depend on 
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the accessibility rather than on the quality (Kairo, 1995b), Rhizophora mucronata, Ceriops 

tagal and Avicennia marina were preferred more than others and this also determines their 

utilization.  

 

Mangroves have zonation patterns as a result of environmental tolerance and physiological 

preferences of the individual species (Rabinowitz, 1975). Rhizophora mucronata are in the 

middle of the forest and they make the place inaccessible due to their knee roots.  

 

Each species of mangroves has a specific range of tolerance of environmental variables 

(e.g. salinities, tidal flooding, shading, elevation of land etc) that restricts it to the zones in 

which it preferably resides e.g. Sonneratia alba occur in seaward fringe while Ceriops 

tagal and Avicennia marina grow in marginal dry landward side (Kairo 1995, Kairo 2001). 

Some mangrove species are found in both landward side or middle and it also occurs in the 

seaward side. If the one on the landward side is dwarf, and the same species is big and is in 

the seaward zone, people will leave the dwarf ones and go get the big ones in the seaward 

zone depending on the need. Depending on which mangrove species an individual needs, 

they can move as far to the sea ward side to get that particular species. 
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4.2.2 Composition of mangrove forest  

The mangroves species at Mida Creek are: Avicennia marina, Rhizophora mucronata, 

Ceriops tagal, Lumnitzera racemosa, Bruguiera gymnorrhiza, Sonneratia alba, 

Xylocarpus granatum and Pemphis acidula. The dominant species are Rhizophora 

mucronata, Ceriops tagal and Avicennia marina. This is based on density, frequency and 

dominance of mangroves. 

 

Mangrove forest in Mida Creek has been subjected to human disturbance of varying 

magnitude. There were big differences in the frequency, density and dominance within the 

different species of mangroves. Anthropogenic influences such as indiscriminate and 

unregulated harvesting, pollution and siltation have had accumulated effect on the forest 

structure and composition. 

4.2.3 Changes in the mangrove forest cover 

Mangrove forest in Mida Creek have decreased by 6% between 1992 and 2006. This was 

based on the processed aerial photographs that showed changes between 1992 and 2006. 

Interviews were also conducted and questionnaires distributed to get the views of the local 

community on mangrove forest changes over a period of years. Majority of people stated 

that mangrove vegetation has declined over a period of time in Mida Creek. Further 

analysis confirmed that this was mainly the opinion of those people who had lived in the 

area for more than five years and they have seen changes in the mangrove forest for the 

period that they have lived in Mida Creek. 
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In Mida Creek, license/permits used to be given to allow cutting of mangrove trees but it 

was stopped when overutilization of mangroves was realized and the forest was put under 

new management. The main cause given for the observed change is a decline in desired 

sizes or in overall number of trees due to cutting of trees and encroachment. Population 

increase and lack of food for sustenance has resulted to exploitation of the mangrove forest 

for sustenance and economic reasons. As population increases, there is need to put up more 

structures e.g. houses where people live, boats, canoes and oars to use while fishing to get 

the daily bread hence use of mangrove trees. The Islands (Sudi and Kirepwe Island) have 

expanded and farming has started thus reducing the forest area. Lack of money to go to 

hospital and traditional beliefs has led to people turning to traditional medicine obtained 

from some species of mangrove trees. 

 

Another cause of mangrove decline is the high forces of water as a result of mangrove over 

harvesting by the local community that has led to uprooting of the trees along the shoreline 

hence reducing the size of the forest e.g. in Kirepwe where trees fell due to strong ocean cu

rrents. Unmanaged but exploited mangroves do not necessarily disappear but change altern

atively. It indicates that small human communities themselves apparently do not 

sustainably manage the mangroves (Kairo et al 2002). 

4.2.4 Mangroves preference 

Certain species are preffered over others namely; Ceriops tagal, Rhizophora mucronata 

and Bruguiera gymnorrhiza. These species are favoured because of their ability to grow 
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long and straight. Each of those species occupies a particular place within the framework 

of a house i.e poles for roofing, side framework and timber (Dahdouh-Guebas et al, 2000). 

 

Rhizophora mucronata is the most preferred species due to its quality. It is a hard wood 

that cannot be easily infested by termites and it is also resistant to soil conditions such as 

moisture, saline soils hence most people use it to construct houses. Their roots are often 

valued for their curative properties against constipation, fertility related (boost fertility in 

human beings) or menstruation disorders (relieves stomach pains) (Dahdouh-Guebas et al, 

2000) hence more women prefer it than men. An extract from the bark of the roots of 

Rhizophora mucronata is good medicine and is claimed to drive out demons from 

possessed persons. 

 

Dyes including tanning compounds are produced from the bark of Rhizophora mucronata 

and this is applied to the insides of canoes and boats and valued for their preservative 

quality. Dyes are also used to seal up the tiny pores in trays woven from reeds and palm 

leaves used from storing flour from cereals and to decorate weaving mats, baskets and 

trays. In schools, it is used to produce tie and dye fabric clothes (Pers Comm). 

 

Insecticides come from Avicennia marina logs which produce a lot of smoke when burnt 

keeping away mosquitoes and other biting night insects. Also, simple one man canoes are 

carved from heavy logs of Avicennia marina. Paddles and oars to propel boats forward are 

made from pau of Bruguiera gymnorrhiza or Rhizophora mucronata. 
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Ceriops tagal poles are thin thus are used as poles (fito) for creating and interweaving 

network in the walls and roofs of house. Ceriops tagal is also used to build other house 

like structures like shrines, cooking sheds, animal sheds and pegs. Men concentrate on this 

work hence they prefer the species more than women. 

4.2.5 Policies and effectiveness 

It was clear from the interview/questionnaires that there are illegal loggers who destroy 

mangroves but people/respondents were afraid to mention their names to avoid 

victimization. According to the respondents, they mostly harvest trees at night. 

Policies/legislation have fully implemented since most people do not harvest mangroves 

without permission. Those in need of building poles go to Kenya Forest Service to obtain 

permission to cut a given number of poles for house construction (Pers comm., District 

Forest Officer, Gede). Some people take advantage of this and harvest more. 

 

The major obstacle that has prevented rational use and conservation of mangroves in 

Kenya has been a management policy that consists of controls and prohibitions in the 

absence of the means to implement them (Ferguson 1993; Kairo 1995). It was clear that 

patrols are not done daily in the mangrove forests hence monitoring is normally done few 

times in a week. Some places inside the mangroves forests where illegal cutting of 

mangroves take place are inaccessible hence patrol group cannot access such places. 

Policies such as bans on all harvesting activities cannot be applied effectively without 

examining the consequences for local subsistence communities. 
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Some activities have come up for sustainable exploitation of mangroves and an example is 

the bee keeping by Vimoyoni women group. Training of importance of mangroves has 

been done. This form of environmental education introduces a sense of responsibility 

among residents on their activities within the forest but an effective institutionalization of 

community based natural resource management is essential (Agrawal and Gibson 1999). 

 

The present mangrove management in Kenya prohibits the use of mangrove wood products 

for industrial fuel wood or charcoal but the question remains to what extent the law is 

enforced. Dahdouh et al (2000) illustrated how vicious the situation may be under a 

governmental ban to cut mangrove wood. A number of alternatives to mangrove cutting 

have been suggested (Kairo et al 2002) but it seems that people receive few alternatives in 

return from the government. 

4.2.6 Succession and utilization 

Whether mangroves disperse through self planting or self regeneration strategies, it 

depends on the forest conditions (cut or not cut), tides as well as stability of the soils. 

Harvesting too many trees from the forest diminishes stability of the soil which causes the 

propagules and saplings to be washed away with the tides and makes natural succession 

impossible. 

 

Cutting of the mother plant also reduces the number of seedlings coming up because there 

are no propagules that fall down to become seedlings, some mangrove species may hence 

become extinct. 



77 

 

When mangroves and other mangrove resources are being harvested, people trample on the 

small mangrove plants coming out and they do not germinate hence affect succession and 

its trend. Also they drag the mangrove poles on the ground when moving them out of the 

forest hence the mangroves seedlings get destroyed. 
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

• The local residents of Mida Creek depend heavily on mangroves and their 

resources.  

• Floristic composition of the mangrove forest in Mida Creek has decreased over a 

period of time decreasing the mangrove forest area. This is because of the 

encroachment in the mangrove forest to perform different activities to sustain the 

local people in the area.  

• Rhizophora mucronata is preferred more than other mangrove species because of 

its high quality wood product.   

• Accessibility determines utilization of the mangroves in Mida. People living in 

Mida Creek move deep into the mangrove forest to collect the mangrove species of 

their choice.  

• Utilization of mangroves affects their succession changing trends of succession. 

Policies governing mangrove harvesting are not effective because there are illegal 

mangrove cutters/harvesters since no permits are issued to exploit mangrove in 

Mida Creek. 
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5.2 Recommendations 

Results from this study indicate that mangrove forest in Mida Creek has decreased hence 

the following activities should be done: 

• Restoration of mangroves by replanting should be extended to those areas where it 

has not been done. More mangrove nurseries should be established to provide 

young trees for replanting. 

• Enforcement of environmental laws to protect mangrove forest. 

• There should be further research to study more on succession/zonation of 

mangroves at species level in Mida Creek. This study should be done to compare 

artificial and natural regeneration of mangroves. 

• Sustainable utilization should be emphasized so as to control overexploitation of 

the mangroves e.g. bee keeping and crab farming. Government should assist the 

local communities to acquire resources to facilitate this. 

• Educating and creating awareness among the local community about the 

importance of mangrove ecosystem. This should also be done at school levels so 

that the young ones can grow with this information in mind. 

• Community participation in mangrove conservation through monitoring illegal 

mangrove destruction. The locals should plant other tree species to sustain 

themselves e.g. casuarinas etc. 
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APPENDICES 

 

Appendix 1: Questionnaire 1 (Local Community) 

Mary Warui is a student in Kenyatta University; she is carrying out a study on current 

status, utilization and succession of mangrove ecosystem in Mida Creek, Coast Province, 

Kenya. This questionnaire is purely for academic use. 

  

I. GENERAL INFORMATION 

1.      Age  

                Below a) 20 years  

                           b) 21-40 year 

                           c) 41-60 years 

                           d) Above 60 years  

  

2. Sex                a) Male 

                          b) Female 

  

3. Education level           a) None 

                                        b) Primary 

                                       c) Secondary/High School 

                                       d) Tertiary Collage/University 

  

4. Occupation                 a) Unemployed 

                                       b) Self-employment 

                                       c) Farmer 

                                       d)  Any other specify 

  

5. Residence                 a) Birth 
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                                     b) Immigration 

                                     c) Any other specify 

  

6. Length of stay 

     a) 1-3 yrs                          b) 4-10yrs                  c) Above 10 yrs        

  

II. MANGROVE UTILIZATION 

1. Do you or your family know of mangroves existence? 

       a) Yes             b) No 

2. How do Mangrove species look like? 

 

3. Who owns the mangroves? 

a) Government 

b) Council 

c) Individuals 

d) Any other specify 

3. What are some of the uses of the mangroves? 

a) Poles 

b) Timber 

c) Firewood 

d) Charcoal burning 

e) Medicine 

 

Others 

   

4. Rank the uses listed above from the most important to the least important. 

   

  

5. Do you have a license to enable you harvest the mangroves 

a) Yes            b)No 
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6. Which is the most preferred mangrove species? 

  

 III. GOVERMENT AND POLICIES 

1. Are you aware of any policies/ legislation that govern mangrove conservation? 

    a)      Yes                               b) No 

 If yes, how did you come to know about them? 

    a)  NGO’s working in the area 

    b)  NEMA  

    c)  Local council meeting/sensitization 

    d)  Environmental officers  

    e)  Reading materials  

    f)  Government officials 

   g)  Any other specify 

 

2. Do you know what is stated in that legislation? 

    a)Yes                      b) No               If yes, what is stated in that legislation? 

 

3. Do you think the existing legislation/policies are effective in mangrove conservation? 

a) Yes                              b) No 

 

4. What changes have occurred to the mangroves?         

   a) Increased                              b) Decreased 

    Period specify     

            

5. Does harvesting of resources have an impact on the mangrove forests? 

a) Yes             b) No         If yes, what are the impacts? 
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Appendix 2: Questionnaire 2 (Forestry department and Kenya Wildlife Service staff) 

 Mary Warui is a student in Kenyatta University; she is carrying out a study on current 

status, utilization and succession of mangrove ecosystem in Mida Creek, Coast Province, 

Kenya. This questionnaire is purely for academic use. 

  

I GENERAL INFORMATION 

 

 a) Department……………………………………………………….. 

 b) Position…………………………………………………………… 

 c) Working period 

     a) 1-3 yrs                          b) 4-10yrs                  c) Above 10 yrs        

 

II IMPLEMENTATION OF LEGISLATION/ POLICIES GOVERNING 

MANGROVE UTILIZATION 

1. Do you know of mangroves existence? 

       a) Yes             b) No 

2. How do Mangrove species look like? 

 

3. Are there any policies/ legislation governing utilization of mangroves? 

 

                        a) Yes                  b) No 

    If yes, what do they state? 

4. Are those policies effective/ have they been implemented? 

a) Yes           b) No 

5. Do you issue permits for mangrove harvesting? 

A) Yes          b) No 

If yes, what are the conditions for issue of such a permit? 

6. Are there cases of over harvesting of mangroves? 

a) Yes           b) No 
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7. What mangrove species are preferred both for local and commercial use? 

8. Are there any checkups that have been put in place to prevent over harvesting of the 

mangroves? 

a) Yes           b) No 

9. Is the local community involved in mangrove harvesting? 

a) Yes          b) No 

If yes, are they allowed   a) Yes     b) No 

10. How often do you visit the mangrove forest to check on cases of destruction and over 

harvesting? 

a) Daily        b) Between 1-2 weeks     c) Monthly 

            

 11. What are some of the uses of the mangroves? 

f) Poles 

g) Timber 

h) Firewood 

i) Charcoal burning 

j) Medicine 

Others 

 

12. Rank the uses listed above from the most important to the least important. 

 

13. What changes have occurred to the mangroves?         

   a) Increased                              b) Decreased 

    Period specify                       

14. Does harvesting of resources have an impact on the mangrove forests? 

a) Yes             b) No 

If yes, what are the impacts? 
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Appendix 3: Data sheets for mangrove vegetation surveys 

 

Date…………………………………………………………………… 

Start Time…………………………End time………………………… 

Transect Number……………………………………………………… 

GPS- Geographical Positioning System 

R-Right 

L-Left 

DBH- Diameter at Breast Height 
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Appendix 4: Policy awareness by sex, age education level, occupation and length of 

stay  

Sex Total yes no 

do not 

know 

Male  

Female              
80 17 1 98 

 32 6  0 38 

Total  112 23 1 136 

 

 

Age yes no do not know Total 

Below 20 1 1 0 2 

20-39 66 11 0 77 

40-59 38 8 1 47 

60 and above 7 3 0 10 

Total 112 23 1 136 

 

 

Education 

level yes no do not know Total 

none 23 10 1 34 

primary 37 10 0 47 

secondary 16 3 0 19 

Total 76 23 1 100 

 

 

Occupation yes no do not know Total 

unemployed 14 6 0 20 

self 

employment 44 14 1 59 

employed 51 3 0 54 

student 2 0 0 2 

retired 1 0 0 1 

Total 112 23 1 136 
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Length of 

stay yes no do not know Total 

below 1 yr 3 0 0 3 

1-5 yrs 7 0 0 7 

5-10yrs 12 0 1 13 

above 10 yrs 90 23 0 113 

Total 112 23 1 136 
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Appendix 5: Effectiveness of policy governing mangroves by sex, age, education level 

and length of stay  

Sex   Total yes no 

do not 

know 

Male 

Female 
62 13 23    98 

 26 6 6    38 

Total  88 19 29    136 

 

 

 

Age yes no do not know Total 

Below 20 1 0 1 2 

20-39 53 13 11 77 

40-59 28 6 13 47 

60 and above 6 0 4 10 

Total 88 19 29 136 

 

 

 

Education 

level yes no do not know Total 

none 17 4 13 34 

primary 32 5 10 47 

secondary 9 4 6 19 

Total 58 13 29 100 

 

 

Occupation yes no do not know Total 

unemployed 11 2 7 20 

self 

employment 34 7 18 59 

employed 40 10 4 54 

student 2 0 0 2 

retired 1 0 0 1 

Total 88 19 29 136 
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Length of 

stay yes no do not know Total 

below 1 yr 1 2 0 3 

1-5 yrs 5 2 0 7 

5-10yrs 10 1 2 13 

above 10 yrs 72 14 27 113 

Total 88 19 29 136 
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Appendix 6: Mangroves description based by interviewing the local community of 

Mida Creek  

Education level Total 

       

Habitat 

       

roots leaves bark 

None 

Primary 

Secon- 

dary 

Tertiary                        

28   2   1   3  34 

 37   8   0   2  47 

 8   9   2   0  19 

 14  18   1    3  36 

Total  87  37   4   8  136 

Tertiary-university/ 

College  
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Appendix 7: Response by the local community about the changes in the mangrove 

forest 

Sex 

                 

Total increased decreased 

Do not 

know 

Male 

Female 
34 56  8 98 

 15 20  3 38 

Total  49 76 11 136 
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Appendix 8: Preferred mangrove species by the local 

Rhizophora 

mucronata 

Ceriops 

tagal 

Avicennia 

marina 

Male 

Female 
68 24 6 98 

 28 8 2 38 

Total  96 32 8 136 

  


