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ABSTRACT 

Worldwide, Buffer zone regimes (BZRs) have been established as designated areas to protect 

tropical forests from human activities. In Kenya, Nyayo Tea Zone (NTZ) was established around 

all gazetted forests as BZR. In areas where soil was not ideal for tea, Exotic Tree Plantations 

(ETP) was established though some parts Open Edge (OE) still exist. However, there are 

minimal studies on how the BZRs (OE, ETP, and NTZ) area influences tree species; health; 

richness; abundance and density in Kakamega forest. The purpose of this study was to examine 

the influence of BZRs area on tree species health, richness, abundance and density in Kakamega 

forest. The objectives of the study were to: establish the relationship between BZRs (OE, ETP, 

NTZ) area and the health of individual trees protected from (debarking, exposure of roots to soil 

surface, storm breakage, poaching for wood collection); assess the influence of BZRs (OE, ETP, 

NTZ) area on tree species richness; and establish the influence of BZRs (OE, ETP, NTZ) area on 

tree species relative abundance and density in Kakamega forest. Cross-sectional descriptive 

research design was employed. Study population of BZR area and that for trees was unknown.  

Saturated sampling was used where 40 plots in adjacent BZRs along a string placed 100m from 

forest edge to interior was studied. OE acted as a control site assuming all the forest conditions 

were similar. Study sites were located using hand held GPS. Trees were identified visually and 

counted. Spearman rank correlation coefficient was used to establish the relationship between 

BZRs (OE, ETP, NTZ) area and the health of individual trees protected from debarking, 

exposure of roots to soil surface, storm breakage and poaching for wood collection. Simple linear 

regression was used to assess the influence of BZRs (OE, ETP, and NTZ) area on tree species 

richness, species abundance and tree density. The results showed that the relationship between 

BZRs area and the health of individual trees protected from: debarking, exposure of roots to soil 

surface, storm breakage, and poaching for wood collection in that order positive and moderately 

strong in the OE(r= 0.57, r=0.54, r=0.59, r=0.62; strong in ETP(r=0.88, r= 0.75, r=0.78, r=0.74); 

and very strong in NTZ (r= 0.98, r=0.93, r=0.96, r=0.88). Further, results demonstrated that 68% 

(r2 = 0.68), 82% (r2 = 0.82), 93% (r2= 0.93) variation of tree species richness can be explained by 

BZRs area in OE, ETP, NTZ respectively. Moreover, 72% (r2 = 0.72), 83 % (r2 = 0.83), 93% (r2= 

0.93) variation of tree species abundance and that 53 % (r2 = 0.53), 76 % (r2 =0.76,), 95 % (r2 = 

0.95) variation of tree species density can be explained by BZR area in OE, ETP, NTZ 

respectively. It was concluded that BZRs area (ETP and NTZ) have higher influence on the 

health of individual trees protected from (debarking, exposure roots to soil surface, storm 

breakage, poaching for wood collection); tree species richness, tree species abundance and 

density than OE. It was recommended that BZRs area (ETP and NTZ) should be extended to OE 

in order to protect more tree species.   
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OPERATIONAL DEFINITION OF TERMS 

Buffer zone regimes are defined as a designated area established around the forest to enhance 

protection of biodiversity by restricting human access into the forest ecosystem. In the study area 

it was defined in terms of the types of the buffer zone activities i.e. NTZ, ETP, and BG. This was 

measured in terms of area (size) covered by each regime in square meters and the types of 

benefits the buffer zone regime provides e.g biological, social and economic.  

Protection of treesis the prevention of trees from being harmed or damaged by human 

destructive activities like debarking, cutting trees for fuel wood collection, or natural damage 

caused by soil erosion or strong winds (storm). In this study it was measured by observation and 

counting of all the number of trees not harmed in a given sample area.  

Benefits of Buffer Zone Regimes refers to types of buffer zone activities provided to enhance 

biological, social and economic sustainability of the biodiversity. In this study the biological 

benefits was measured by counting the number of trees protected from debarking, timber trees, 

trees whose branches/ stems not broken by storm and those trees whose roots are not exposed to 

soil surface in the sample area. Social and economic benefits was measured by observing buffer 

zone activities like alternative source of employment, income, fuel wood, timber, medicinal 

herbs. The benefits were measured through taking photographs to provide evidence in a defined 

area in hectares.  

Health of trees refers to study of all factors (biotic and a biotic) that affect the vigour and 

productivity of a tree expressed by different symptoms and type of damage. The health of tree 

can be expressed qualitatively by describing the symptoms or damage or assessment condition. 

In this study the health of trees was defined in terms of quantitative assessment of the damage 

observed on the crown that inhibits tree productivity. It was measured by counting and recording 

the number of affected trees as a proportion of all trees. 

Species richness refers to the total number of different species represented in an ecological 

Community regardless of their abundance. In this study it refers to the total number of all the 

different tree species present in the defined sample area regardless of their frequency distribution 

the forest adjacent to buffer zone regimes area in square meters. It was done through simple 

counting of tree species expressed in numbers.  

Species abundance refers to how common or rare species is relative to other species in a defined 

location or community. In this study it was defined as the number of individual tree species 

perunit area represented.  It was measured by counting the number of all individual tree species 

found per defined area in square meters.  

Species relative abundance.It’s a component of biodiversity and refers to how common or rare a 

species is relative to other species in defined location or community. 
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Tree     refers to a woody perennial plant, typically having a single stem or trunk growing to a 

considerable height and bearing lateral branches at some distance from the ground. In this study 

a tree referred to a single stem tree at a height of 5m above the ground as its prone to human 

disturbance such as (debarking, fuel wood collection) and also negatively affected by effects of 

exposure to soil surface due to erosion and storm breakage. The trees was measured by counting 

all the health trees protected from (debarking, exposure to soil surface, storm breakage, poaching 

for wood products) and counting all individual species richness and relative abundance per unit 

area in square meters.  

Tree Densityrefers to the total number of individual tree species per unit area.  

Poaching refers to illegal harvesting of trees for wood products  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to the study 

BZR have been ascertained to protect reserve species who may found supplement habitat area for 

new species (Arthur & Decreve, 2000(Luis etal , 2012).).  Moreover, BZR have been important 

component of local stewardship in providing incentives for land and owners and residents 

involved in conservation planning (UNESCO2009; Worboys et al, 2011).  The need for BZR in 

tropical forests in Europe as well as Australia was most evident for reserves which have been a 

proportion of open edge habitat with limited resource vulnerable to extinction (Li, 2009; 

Simonsson, 2016; U.S Department of Agric 2017)). From the discussions, very minimal studies 

have generally showed preference of BZRs in the open edge reserves recognized by challenges 

of illegal logging, wood fuel collection, charcoal burning and harsh microclimatic conditions 

(heat, light intensity, storm, and shallow soil horizon due to agents of erosion). However, there is 

need to examine how edge parameters couldreveal thetree species health, richness, abundance 

and density against the different BZRs that has limited research. This would provide scientific 

information on BZRs as a conservation effort in respect to tree species health in tropical 

ecosystem. 

Studies, by (Thorell, 2012; U.S Department of Agric 2017; SEPA 2018; Johnson et al, 2019) 

acquitted that cash crop farming and exotic tree plantation in the buffer zone regimes have 

provided both the biological and social economic benefits of increased wood plants species 

richness in tropical forest. A review of later contradicting findings in India (World Bank, 2009; 

Radha, 2009), alluded that not all BZRs contribute to protection of individual plant health, 

richness and abundance as compared to open edge. For instance,plants species richness 
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alongsome BZRs comprising of some exotic tree species were noted with reduced growths, 

inadequate moisture that hindered root penetration (Saijo& Tundis 2012). Recently, however, 

plants population density was found to be higher in open reserves than in the BZRs (Hale, 2011; 

Deweer, 2014).  It was revealed some ETP are associated with huge uptake of water that make 

the soil dry and unsuitable for indigenous species health, richness and abundance as compared to 

adequatemoisture noted by fast growing seedlings density inadjacent cocoa plants in Ghana 

(Cambi et al, 2015). These studies have demonstrated existence of the relationship between the 

BZRs and the plant seedling growths and density. However, there is need to explore how various 

BZRs area attribute to influence tree species richness in the tropical rainforest. The successful 

growths of indigenous species is greatly accorded with abundance in nutrients and better water 

holding capacity, organic matter from the BZRs (IUCN, 2012; Svensson et al, 2018). It is 

however, not clearly explained on how the individual tree species richness would respond to 

different buffer zone regimes such as Tea plantation, Exotic Tree Plantation and Open Edge. 

In the recent past, tea plantation as BZRhas been observed to provide a barrier against human 

access into the forest (Miller 2017). Tea further has been accorded for protected forest floor 

against heavy Impact of rain drops. Moreover its forest adjacent to tea as BZR is witnessed with 

more plants whose roots are firmly held in soil (IUCN, 2012; Svensson et al, 2018).  

These,finding accounted for enhanced indigenous species richness such as large trunk trees, deep 

soil horizon around plants roots as compared to open edge reserves Adhikari, 2010). Therefore, 

portraying the micro climatic conditions of elevated biodiversity in tropical forest ecosystem as 

shown in Madagascar (CBD, 2012;,IUCN; 2010; MEA;2009)The studies,  in Nyungwe national 

parks in Rwanda and Budongo forest in Uganda, mostly majored on grass biomass at the  open 

edge to explain the woody plant species richness and abundance in the tropical savannah 
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ecosystem. Hence, there is dearth of information to account for individual tree species abundance 

and density with respect to Buffer Zone regimes. 

 Kakamega forest vulnerable species include Mondiawhyteii, ficusthonningi, Fegaramacrophylla 

and Maesopsis (REDD +Page of KFS website http://www.kenya forest service.org accessed 5th 

Jan 2016). Although most of the large clearing and logging stopped since the national logging 

ban in 1980’s there remains high local demand for timber products (Beier, and Gregory 2012).  

Forest within and outside protected areas are threatened by high levels of poverty, rapid 

economic growth, industrialization and urbanization (GOK, 2012). Multiple studies indicate that 

protected areas have become increasingly disturbed and isolated (Pokharel and Otsuka 2014 & 

Mbuvi et al, 2015). These studies have supported the explanation of forest species diversity using 

the various independent variables other than Buffer Zone Regimes area. However how the trees 

species distribution, richness and density has been influenced  Buffer zones Regimes (OE, ETP, 

and NTZ) area  has not been studied  in the current study area.  

For instance, Kakamega forest is a remnant around 200 square kilometers in size(KNBS, 2010). 

In the recent past the increased population around the forest and need for more space for human 

settlement, agriculture among other needs has greatly contributed to low plants species 

richnessand distribution around the forest (Agevi et al, 2016).  Adjacent land types have 

degraded tree resources as considerable logged trail densities and unknown number of individual 

tree species poached in someparts of the forest (Gregory 2013).An investigation on impacts of 

human activities (logging, grazing,charcoal burning) has been identified to have a negative 

impact on tree species richness (Vuyiya et al, 2014). Another study on trees abundance showed 

an increased trend from the forest sites adjacent to BZR than open edge sites (Amutabi, 2016). A 

recent, research study shows kakamega forest has experienced severe degradation with at least 
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more than a half of the indigenous forest cover  been threatened (Kinuthia et al, 2016).These 

studies have demonstrated the decreasing trend of forest plant cover in relation to human threats 

(logging, grazing, charcoal burning). However, there’s limited literature that has focused on the  

assessment of Buffer Zone Regimes area and  tree species abundance and density. 

1.2 Statement of the problem 

Kakamega forest is one of the few tropical rainforests in the country which has been known for 

the unique indigenous tree species that are most endangered for their quality wood products. 

Buffer Zone Regimes (BZR) have been established to protect these endangered trees. However, 

it was not well understood how BZRs area influence tree species health, richness, abundance and 

density. Moreover, it was not clear how the individual tree species would respond to different 

BZR areas of Tea Plantation, Exotic Tree Plantation and Open Edge areas. Furthermore, there 

was dearth information to account for individual tree species abundance and density with respect 

to buffer zone regimes area in the study area.Therefore, the purpose of this study was to examine 

the influence of Buffer Zone Regimes on trees health, species richness, species abundance and 

density in Kakamega forest. This was important in understanding the distribution of species and 

ecosystem in geographic space. 

1.3 Objective of the study   

To examine theinfluence of buffer zone regimes on tree species health, richness, abundance, and 

density in Kakamega Forest. 
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Specific objectives  

1. To establish the relationship between buffer zone regimes (OE, ETP,and NTZ) area and the 

number of damages on  individual  indigenous treespecies protected from (debarking, exposure 

of roots to soil surface, storm breakage, poaching for wood collection) in Kakamega forest.  

2. To assess the influence of buffer zone regimes (OE, NTZ, ETP) area on indigenous tree 

species richness in Kakamega forest.  

3. To establish the influence buffer zone regimes (OE, NTZ, ETP) area on indigenous tree 

species abundance and tree density in Kakamega forest.  

1.4 Research Hypotheses 

Following the specific objectives above, the following three null hypotheses were proposed for 

statistical tests:  

Ho. There is no significant relationship between buffer zone regimes (OE, NTZ, ETP) area and 

the number of damages on individual indigenous tree species protected in Kakamega forest.  

Ho.Buffer zone regimes (OE, NTZ, and ETP) areas do not influence the number of indigenous 

tree species richness in Kakamega forest.  

Ho. Buffer zone regimes (OE, NTZ, and ETP) area does not influence the number of indigenous 

tree species abundance and tree density in Kakamega forest.  

1.5   Justification of the study 

Kakamega forest is one of the few tropical rainforests in the country which has been known for 

the unique indigenous tree species that are most endangered for their quality wood products. 
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Hence there was need to examine the influence BZRs area and the damages on 

individualindigenous tree species richness, abundance and density. The study revealed that, 

despite of other intervening variables at forest edge such as (soil ph, fertility, climate, winds, 

among others), there was minimal number of trees (debarked, exposed roots to soil surface, 

storm breakage and poached for wood collection) in NTZ and ETP as compared to OE that was 

most disturbed. This was vital information to local community to manage and conserve the forest 

for sustainable manner. Also, to the scientific community to regularly assess the BZRs area as a 

conservation effort in respect to protecting tree species health in tropical ecosystem.  

The study also assessed the influence of buffer zone regimes area on tree species richness in 

Kakamega forest. The study findings revealed that individual tree species richness varied from 

one BZR to the other where, up to only 30 tree species richness were realized in the OE, 35 tree 

species richness in the ETP, and 40 tree species richness(higher) in NTZ. Thus it was possible to 

clearly explain, how the individual tree species richness are protected by the different buffer 

zone regimes area that was not clear. Thus, the study findings would be vitalto environmental 

ecologists in understanding the current status of tree species richness that needs to be conserved 

in tropical ecosystem. 

The study had to establish the influence buffer zone regimes (OE, NTZ, and ETP) area on tree 

species relative abundance and tree density in Kakamega forest.  The assessment of BZRs area 

on tree species relative abundance and density that had dearth information to account for 

individual tree species abundance and density. The study findings revealed that for better 

protection of high number of tree species abundance and density either NTZ or ETP should be 

enhanced as BZR in the OE. This would be useful toforest management to actively involve local 

community in sustainable management of the forest. In addition, tothe scientific researchers to 
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rapidly assess the individual tree species relative abundance and density in relation to BZRs area 

that would enable them to clearly explain to farmers around the forest in monitoring the rainfall 

pattern that will enable them engage in sustainable agriculture around Kakamega forest and its 

environment and at regional scale. 

1.6 Scope and limitations of the study. 

This study was carried out in main block of Kakamega Forest, Kakamega County, and Western 

Kenya. It was limited to the main block where the buffer zone regimes have been established to 

protect the unique indigenous tree species diversity against external disturbance at the forest 

edge. The study assessed the buffer zone regimes; OE (Open Edge), ETP (Exotic Tree 

Plantation), and NTZ (Nyayo Tea Zone) area and health of tree species; tree species richness; 

speciesrelative abundance and density, which has received limited studies in Kakamega Forest. 

All other factors known to influence species richness and abundance  such as rainfall, 

temperature, light intensity , soil type, soil PH., topography, fertility, seed dispersal  among 

others were assumed to be constant across all buffer zone regimes and  therefore not examined in 

this study’. All buffer zone regimes area studied assumed a regular shape due to uneven 

distribution of trees. It was also not logistically possible to assess all the trees; health; species 

richness and species relative abundance and density in the study area. This was due to the 

intensive labor required to cover large area of the forest, fear of the attack by wild animals like 

snakes and the inaccessible forest interior a well as the limited time factor. Hence only the 

accessible areas within 100m stretch from the forest edge to the interior was sampled using 

saturated sampling. The study findings were collected between 20th February to 20th April 2017 

during morning hours rather than afternoons due to bad weather.       
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This chapter discussed related literature on buffer zone regimes area on and damages on 

individual indigenous tree species, indigenous tree species richness, and indigenous tree species 

abundance and density. Finally, the theoretical and conceptual framework.  

2.2 Buffer zone regimes and health of indigenous trees species protected. 

Buffer zone regimes are designated areas established to enhance protection ofadjacent forest 

resource worldwide (Arthur & Decreve,  2000). In  Europe,  most of the  forest  reserves’  are  

small  in  respect  to population  of  species that are  small  and  isolated (Li, 2009). Buffer  zone 

regimes  are  protect UNESCO’S  zoning  whose  main aim  is  to  protect biodiversity  and  

involve  the  local  people in sustainable  land  use (UNESCO ,2009). The reserves are 

vulnerable to diverse natural effects such as harsh weather conditions like storm and human 

encroachment (Alexander, 2010).Thus, the reduced size of forest reserves and lack of 

connectivity in these forest limit  their capacity to fulfill protection of biodiversity( 

Worboys,2011). In  most  cases  buffer  zone  regimes  are  important  to  improve the  protection 

of  biodiversity  in  National  parks and  National  reserves (UNEP,  2011).  From these studies, 

the general views of BZR have been demonstrated in protection of biodiversity. However, 

there’slimited research studies on influence of Buffer Zone Regimes towards protection 

individual indigenous tree species. 

For instance,  in  temperate  forest  buffer  zone regimes  have  influenced  protection  of  health 

plants in small and  vulnerable  forests  by 63 % as compared to  only  50%  protection  in  Latin  

America  and only 30% in  tropical  forests  (Thorel & Gotmark, 2005). In Sweden, ETP as a 
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buffer zone regimes accounted for about 64%  increase in plants protected from storm breakage 

(Thorel 2012). Furthermore, in temperate forest of Southern America Valdivia, forest of Chile 

and Argentina forests are home to more than 900 vascular plant species including 60 tree species 

over 90% of which are threatened by exposed roots to ground (Li et al, 2009). As a result of 

exposed root due to erosion  in the OE, the tree density has become unstable and dangerous to 

people (Worboys, 2011; Loranger et al, 2014).For instance, if the forest exposure to erosion 

continues in the OE, about 25 % more of total species could be eliminated within twenty years 

(CBD, 2012; Pretzsch et al, 2017). From these studies buffer zone regimes are known to enhance 

protection of temperate forest, however, there is need assess the influence of buffer zone regimes 

and protected trees in tropical forest cover that is not clarified.  

In developing  countries, India , Indonesia, SriLanka Peru  the net  forest  cover loss  was  23  %  

between  1970  and   1989 with  an  average  of  15%  lost  annually (World Bank, 2009),  as  

compared  to  35%  lost in  Chitwan  National  park  in  Asia ((Panta et al, (2009). Later studies, 

reported, that BZR enhanced protection of species habitat area loss and other external damages at 

forest edge (Nepal & Weber (2009; Dhungana et al, 2018). Thus, the forest management 

committee adopted the use of exotic trees, ETP, and Cash crops farming as BZRs that 

successfully reduced debarking (Their & Weseinberg, 2016).Moreover, it was noted that Buffer 

zone regimes supported regeneration of more plant seedlings under the canopies of higher  plants 

( IUCN, 2010). However, in a critique other studies attributed that more plants were expected to 

be protected in the OE due to regular disturbance that influenced species regeneration offered at 

the ground cover (Windel 1975; Johnson 1977; Palvanen et al, 2004). Thus, plant composition 

hence easy to overcome storm breakage (Algnier et al, 2014). In a critique, some studies by 

(Svensson et al, 2018;Nicolauet al, 2019), mentioned that most ETP are associated huge uptake 
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of water that make the soil dry hence unfriendly for indigenous species. From these studies, there 

is a general explanation of the BZR in relation to plants. However, limited research has been 

done to show how the buffer zone regimes have specifically influenced the health of trees 

protected.   

Tropical forests are known for higher population density of estimated to be 300 trees (CBD, 

2012). However, in the OE forest, trees are exposed to strong winds, flying debris leading to 

increased plants mortality (Park et al, 2010; Ming et al, 2013).For instance a huge millions of 

plants species have declined in OE, due to effects of poaching, debarking and uprooting plants 

for their roots (Shreth et al, 2010). Moreover, challenges of open forest edge like  illegal  

poaching of trees, debarking , partial defoliation and branch failure (Laurence et al, 2011), 

animal  grazing,  fuel  wood  collection, weed invasion  and  crop  farming continue  threatening 

the  local  species (Dhakal, 2012). According to (Bernitez et al, 2014) study acquitted that illegal 

activities such as poaching, wood collection, human pathways in the OE, are responsible 

forincreased storm breakage hence low number of individual plants in adjacent forest.Thus, 

buffer zone regimes reduce habitat clearance and the exploitation of higher mature plants 

removed for firewood and other wood products (Alexander, 2012). This increases the protection 

Ofmore indigenous plants against debarking and other wildlife species such as birds, monkeys, 

and baboons protects(SEPA 2018; Johnson et al, 2019). From these studies there is a clear 

comparison of plants in the BZR and the open edge without assessing health of trees protected 

from (poaching   debarking, storm breakage and exposure to soil surface). Nonetheless, there’s 

need to show how the health of trees protected by buffer zone regimes would compare with open 

edge that is not studied. 
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Similarly,  in Sub-Saharan  Africa,  deforestation fragments  the  remaining  forests ecosystem, 

prevent  and  hinder  dispersal  of  species  between  forest  habitat  patches  (FAO, 2012). Only 

30 % o the 119   of forests reserves have implemented buffer zone regimes which are currently 

not well managed (UN, 2008). Thus, in most forests plants vigor and productivity are inhibited 

by different symptoms that shows the trees currently continue to witness damage caused by 

human and other physical disturbance or injuries on their leaves, roots, and branches among 

other parts( Ngandlow, 2008). Hence, in Madagascar, buffer zone regimes have been observed to 

protect forest interior against debarking, thus increased photosynthesis and translocation in plants 

stems (CBD, 2012; IUCN, 2010; MEA, 2009). In Ghana, highest plants species richness are 

protected from poaching, debarking as evidenced from  records in the forest adjacent to tea and 

cocoa plantation (Cambi et al, 2015).Thus, the reason why Madagascar as well as Ghana are  

both internationally recognized as highly ranked with global biodiversity hotspot with rare and 

most endangered  species threatened (Dinnerstein, 2014; FAO, 2016). From the studies the 

general effects of disturbance on the forest biodiversity have been mentioned, however, theirs is 

no attempt to demonstrate how the BZR area influences tree species distribution in the 

ecosystem.  

However, the agro forestry, ETP in the BZR have positively influenced health of plants by 

providing a shielding effect against external damage, supplementing income potential to the 

locals and protection against impediments for water and wind erosion, storm breakage 

&poaching (Deweer, 2014). Furthermore, in some degraded forest area, some BZR management 

activities have been associated with poor farming techniques such as monocropping have 

subjected trees to disturbance (Their & Wesenberg 2016). In contrast, South Africa ETP in BZR 

are attributed with relatively high density of plants protected from debarking, deep soil horizon 
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around plants roots (Hale, 2011; Miller, 2017). Moreover, (Dowuona et al, 2012) attributed that 

cash crops in BZR, protect forest against surface runoff and hence an indicator for increased 

health plants biodiversity. Nevertheless, in protected forests with restricted human access, 

permitted ecotourism activities like researchers pathways are noted with loosened soil have been 

hence no or lower rate of tree species richness and abundance (Mitchel, 2012). The studies have 

demonstrated that buffer zone regimes have positively contributed to forest protection. 

Nevertheless, it remains unclear on how buffer zone regimes specifically, influence the health 

individual tree species protected. .  

In  Eastern Africa, since  1978 to  2008, at least  110 different  studies  were  undertaken to  

survey  the  success of  buffer  zones  regimes towards protection of biodiversity  (32 reviewed  

by  Beir and Noss,  1998, and  78  reviewed  by  (Ali et al, 2013).  Nevertheless, majority of 

these surveys reported that the health of most plants and animal species continue to decline due 

to stem and branch breakage reported in forest adjacent to BZR (Davidar et al, 2010; Mitchel, 

2012). Increased human population continue extracting the limited forests resources to meet their 

daily family basic needs like agriculture, introduction of  exotic species (Alonso et al, 2013). 

Thus, exotic tree plantations have extended area of forest habitat against extreme winds and 

human encroachment (Lugo 2008). Thus, plants in the BZR protect forest from defoliation as 

they are associated with shedding leaves during dry season instead and hence decompose leading 

to increased humus content for increased plants species (Eliot 2006; Karanth et al, 2013). 

Despite, of BZR, OE has been reported with strict legal management prohibiting human easy 

disturbing activities (Algnier et al, 2014), hence the increased tree densities as compared to 

Forestwith bushy BZR area gradient in adjacent forest (Chave2006;Otuoma et al 2016;Wekesa et 

al, 2019).However, limited efforts have been done to investigate buffer zone regimes (OE, ETP, 
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and NTZ) and health of trees protected from; debarking, exposure roots to soil surface, storm 

breakage and poaching for wood products which shall be focused on in this study. 

The adequate sample size in examining the influence of BZR on trees protected has been varied 

with (Murcia 1995;, Olsen 1988;, Gascon et al, 2010;, and especially Thorel, & Gotmark, 2005) 

in their study on reinforcement capacity of BZR in Sweden, used a range of sample size plots 10, 

15, 20, 25, 30, 35, 40, 45, 50 based on variables of interest for their study. Andreas, et al, (2015) 

in China used only 24 plots to investigate the effects of BZR on species richness. On other hand 

(Elizabeth, et al, 2014) in Tanzania relied on 18 plots to study impact of BZR and management 

of illegal extraction in park. There is evident in variation of sample size of BZR appropriate in 

examination of the health of trees protected, and the studies being more than 40 plots and about 

10 plots respectively. This study therefore relied on saturated sampling of accessible 30 plots in 

adjacent BZR to the interior of the forest at least 60m transect as appropriate sampling size for 

the health of trees protected in the study area. Dhakal, (2012) relied on 28 plots to investigate the 

comparative assessment of floristic diversity in Buffer Zone Community forest in Chitwan 

Nepal. Joseph & Yang (2010) used 25 plots to study dead wood against the live standing wood in 

the potential BZR in the tropics of Ghana and North East Asia, China respectively. In their 

analysis of BZR on the health forest protected (Lars & Holsbech, 2009) used 35 plots. The 

results showed that soils in the forest adjacent to crop farming in BZR, protected forest against 

extreme winds associated with increased evapotranspiration and damage on both young and adult 

trees (Their & Wesenberg 2016). Further comparative study reported a positive significant 

correlation between cash crop farming and edge area in the BZR (Wicklein et al, 2012; Magnago 

et al, 2015; Felton et al, 2020).  However,   in some BZR as the case of ETP,  have  been 

reported to be associated with condensed bush that act as a hiding place for illegal activities that 
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may results to low number of  protected species richness , abundance and diversity (Mesquitteet 

al 1999; Lehock et al 2009; Schelevning et al,2011). From those studies, the number of plots is 

about 10 while for trees   studies it was over 35 plots. In this study therefore a total of 30 plots 

were studied to assess the influence of BZR on the health of trees protected in Kakamega forest.  

The  same  scenario  is  observed  in  Kenyan national  parks  and  nature  reserves that constitute 

bulk  areas  protected for their  beauty, or  for  their  importance  to  the  outdoor  recreation 

(NEMA  & UNDP, 2009). However, the densely populated landscapes of Kenya pose a 

challenge for conservation with high population densities coexisting with biodiversity, 

threatened forests (KNBS, 2019). In recent decades, forests area has witnessed accelerated rates 

of clearing land has led to degradation and lose of moisture that continue threatening health of 

plants more so the tree species (GOK, 2012). Recent studies on determining potential for 

introducing and sustaining participatory forest management; a case study of South Nandi Forest 

of western Kenya was recently achieved in Kenya (Mbuvi et al, 2015).  Threats on the forest 

cover lose has also been done in Mau and Mt. Elgon forest ((Pokharel & Otsuka, 2014; Republic 

of Kenya, 2016). However, forest stand density in adjacent BZRs of ETP & NTZ has been 

influenced by distance from the forest edge interior gradient (Olupot 2009 & Wekesa et al, 

2018).The studies have discussed the gradual decline of the forest resources due to increased 

external  threats neglecting the established BZR to protect the trees. Thus, there is need to find 

the relationship between BZR area and the health of trees protected.   

For instance, at the study area, Kakamega forest covers about, 13990 hectares (Glenday et al, 

2006). Kakamega  forest is regarded as the only tropical rainforest  known for its uniqueness of 

rich floristically  richest in Kenya with more than 115  tree  species  belonging  to  45  families  

including  24  species  that  are endemic  (NEMA, 2009). A large proportion of the forest land is 
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legally under the control of Kenya Forest Service whereas approximately 3000 hectares is 

managed by Kenya Wildlife Service (Kenya Forest Act, 2012). However, the buffer zone 

regimes and many forest patches are managed by local communities through MULEISH group 

and the buffer zone management committees (KFE Management Plan, 2012-2022). Recently 

through the Kenya Forest Rights Act, local communities have received partial rights to access 

and maintain the Forest patches (Vuyiya et al, 2014). A recent research study showed that 

Kakamega forest has experienced severe degradation during the past three decades probably due 

to increased ecotourism and researchers activities (Saalu et al, 2020) and that more than   a half 

of the indigenous cover is threatened by bioenergy extraction and land use  (Amutabi 2016). 

Nevertheless, the main block of Kakamega is known for the rich biodiversity and yet the 

influence of Buffer Zone Regimes on the health of trees protected remains unclear. It is thus vital 

to examine whether there is relationship between Buffer Zone Regime and the health of trees 

protected in the study area.  

However, communities neighboring kakamega forest struggles over forest resource use probably 

due to poor implementation and lack of alternative source to supplement family basic needs 

(KNBS, 2012& Kenya Forest Act, 2012). Also the edge effects has contributed to  forest area 

currently occupied by shrubs; colonizing species coexisting with the most endangered species of 

trees threatened probably be due to  mismanagement of  protected areas alongside clearing for 

large infrastructure projects (Gregory- KESSA, 2013). In addition unknown numbers of higher 

plants with big canopies to support undergrowth’s have been threatened by storm (Bleher 

&Gregory, 2012). Hence the buffer zone regimes of particular, the Nyayo Tea Zone and Exotic 

Tree Plantation have been established to reduce human reliability and pressure from other 

external threats on indigenous trees that are currently mounting around Kakamega forest (Mbuvi 
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et al, 2015). Since the increased threats have contributed to unknown number of quite unique and 

plants species  that were   most abundant in the past are currently threatened and some species 

have become rare  like Aningeria altissima,Maesopsis emnii,  Olea Capensis,  

StrombosiaScheffleri,  Albinzia gummiferra, prunus africanus which are recently  vulnerable, 

(KFE  Management Plan, 2012-2022 &Vuyiya et al,2014; Amutabi 2016). These studies have 

shown trees are experiencing degradation due to their quality wood products. There’s however, 

need to show the influence of Buffer zones Regimes (OE, ETP, and NTZ) area on tree species 

health.  

2.3 Buffer Zone Regimes area on the protected indigenous tree species richness  

Species richness refers to the total number of different species represented in an ecological 

community regardless of their abundance in a given area (IUCN, 2007). Worldwide studies have 

shown the total number of species richness in earth possibly lie between 10 to 30 million ranges 

with only three quarter of the species found in tropical forest whose biodiversity is greatly 

threatened (MEA, 2009).  Buffer  zones regimes are  therefore established  to enhance  the  

protection of the IUCN red  listed as  critically  endangered vulnerable  and diverse species 

richness of plants and animals (IUCN ,2010). Early studies, demonstrated that the overall plant 

species richness was higher in forest with cash crop farming in the buffer zones than open edge 

(Thorel & Gotmark, 2005). Other study by (Rie, 2004) noted that increased erosion in the OE, 

minimize the chances of plants survival, and hence low number of tree species richness 

(Derlaeminek et al, 2015; Porter et al, 2012).Moreover, (Bernitezet al, 2014; Nicolau et al, 2019) 

reported that plants in the OE forests are coupled with exposed roots and low nutrients hence low 

species richness. These global studies have shown plants species richness being low in the open 
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edge forests. However, there’s need to assess the tree species richness protected by BZR and 

Compare with open edge that is not clarified.    

Moreover, world species habitatare threatened by fragmentation that accounts for reduced size  

and lack of  connectivity limit their  capacity to fulfill their aim of biodiversity protection 

(Worboys,  2006).  For instance, in Latin America 50% of protected forests with soya farming as 

a cash crop create a sub canopy at the forest edge against erosion disturbance (Soule & Sandajan   

2007; Gottfied et al, 2012. However, following the planting of ETP in the BZR, some indigenous 

plant species have disappeared due to competition for water, nutrients, spread of diseases that 

undermine growth and development of the plants hence low tree species richness expected 

(Svensson et al, 2018; Nicolau et al, 2019). Although, according to another, study in Chitwan 

districts established that ETP species in BZR attributed to high plant and animal species richness 

in forest (Radha, 2009; Nepal, 2010; Dhungana et al, 2018). This may have resulted due to ETP 

in the BZR enhanced edaphic factors in particular soil moisture, nitrogen, ph, suitable for high 

plant species survival (Dalling et al, 2016). In addition exotic trees and cash crops in the BZR 

ameliorate the harsh microclimatic condition, leading to high species richness (CBD, 2012). For 

instance cocoa plantation create a sub canopy climate, thus improves drainage, aeration, soil 

depth around roots hence increased plant species relative density and abundance (Dhakal, 2012). 

These, studies have illustrated the contributions of cash crop farming and ETP on plants species 

richness, however, there’s need to specifically assess how individual buffer zone regimes have 

influenced trees that is not clear. 

In Africa protection areas include Forest, Mountainous regions and the savanna grassland areas 

with estimated 200000 species of plants regionally recognized (Azami, 2004,). For instance 

Madagascar had about 4.22% or 25 percent plant species richness in forest adjacent to clove 
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plantation in the buffer zone (FAO, 2016). Since, the indigenous tree species are known for their 

quality wood and non-wood products such as timber, for furniture, medicinal herbs for curing 

diseases hence, the trees like Mahogany, teak, Prunus africanus among other species have 

become extinct (Wilson et al, 1996 & Naido et al, 2006. In fact, a large area of forest land is 

located in adjacent communities who continue struggling over forest resources hence low species 

richness and density (Mondal& Southworth, 2010). Thus, as a result of  forest are clearance to 

pay way for, crop cultivation and harvesting of wood has led to low number of indigenous 

species richness (Dinnerstein, 2014).  These studies have generally demonstrated human threats 

on the forest resources without specifically assessing buffer zone regimes and tree species 

richness. FAO, (2016), in a comparative assessment of the south and western Africa forest the 

study on BZR revealed that the presence of ETP in the BZR provide a taller structure. These, 

creates a sub canopy microclimate hence increased wood species richness (CBD, 2012; 

Michanck et al, 2018). However, a study across Nigeria coast showed that almost 70% ---80% of 

the country’s population use charcoal, firewood collection supplemented by ETP planted in BZR 

(Kasolo &Temu, 2008; UNESCO, 2011).This means that buffer zone regimes have protected 

easy  human access, invasion by exotic plants, storm and erosion exposure of roots on surface 

within the 100m margin to the forest ( Karanth et al, 2013; Seid et al, 2018) and hence enhance 

increased growths and development  of  some indigenous trees speciesrichness and abundance. 

Contrary,   (Gascon et al, 2010; Cambi et al, 2015) argued that some indigenous species are 

intolerant to shade canopy from ETP species used, some species disappearance in such adjacent 

forest area. Thus, it’s clear from the discussions that buffer zone regimes are shown not only 

being suitable to protect reserves resources, but, also sites rich to provide alternative wood for 
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human basic needs. There is however, need to show how tree species richness protected by BZR 

would compare with those in the open edge that is not explored.  

In the tropical forest of Benin, studies have shown that ETP in BZR mitigates forest against 

external disturbance due to human and strong winds breakages hence increased individual 

species (CBD, 2012).   Furthermore, (Michanck et al, 2018) acquitted increased large trees 

supported by ETP sub canopy microclimate and the restrictions from forest reliability by local 

communities and thus increased plants species richness were realized in the recent past. 

According to (MEA, 2008), this enhances establishment of increased woody species richness. 

For instance in Ghana, a study by FAO, 2012; FAO, 2016) studies revealed that higher increase 

by 60 of higher plant species richness with deep soil around their plant roots in the forest 

adjacent to cocoa Plantation in buffer zone regimes. Similarly, Nyungwe national park in 

Rwanda and in Budongo forest in Uganda over 550 different plants species richness reported in 

adjacent tea plantation as compared to those adjacent to ETP (Adhikari, 2012). The presence of 

tea plantation has been associated with improved aeration, drainage, favorable for rich woody 

species richness (Dalling et al, 2016). From these studies, buffer zone regimes have been 

demonstrated to influence the general plant species richness; however, there is need to assess 

buffer zone regime area and tree species richness that is not fully understood.  

In Kenya, just like other parts of Eastern Africa, the policy for forest protection is thus highly 

challenging in nature reserves and national parks conservation (Republic of Kenya, 2018). There 

are about 60 parks and reserves in the country endowed with approximately 35000 known 

species of plants and animals (Mitchel, 2004; Mars Group Kenya, 2010). However, challenges of 

high population densities and dependence on forests for livelihood needs to focus on types of 

land use activities in the buffer zone regimes to enhance increased protection of plant species 
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richness density and diversity (Klop, 2012).  Later studies revealed that in early 1980s’  NTZ and 

ETP was established as BZR around all forest ecosystems (NEMA, 2009; Pokharel & Otsuka,  

2014;) although, in some forests there’s existence of an OE  to date probably tea or exotic tree 

species did not thrive or probably as a result of resistance of land owners to manage (Mbuvi et al, 

2015). Recent studies in Taita hills have reported improved soil nutrients and moderated constant 

moisture conditions for increased number of plant species richness due to agro forestry and ETP 

in the buffer zone (Fieschman et al, 2014; Wekesa et al, 2018). In addition cash crop farming has 

contributed to significantly high plant biomass during decomposition; leading to increased   soil 

nutrients for species growth hence increased species richness (Republic of Kenya 2018). These 

studies have shown that both reserves and parks are protected however, a clear focus on the types 

of BZR used could be important to create an in depths understanding on how specific BZRs  

have contributed to protection of tree species richness that is unknown. Given constraints on land 

availability and increased human disturbance, OE forest resources remain currently threatened 

due to logging and  the number of  trees are limited and endangered (Nambiro, 2000; Harper et 

al, 2005).  For instance, in Mau and Masaai Mara national park harvesting of ETP at BZR 

contributed to disappearance of grasses, sedges and higher plant species richness (Ottichilo, 

2000; & NEMA, 2009). These effects currently have been witnessed by both the local and 

regional decline of wood species that has severely disrupted wood species richness and diversity 

(KNBS, 2019). From, the studies investigated the effect of human activities on the plant species; 

there is no fully empirical investigation on how BZR would influence tree species richness. 

Therefore, there is potential need to focus on understanding tree species richness and distribution 

in the tropical ecosystem that is not addressed.  
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Assessment of tree species richness from the forest edge has been achieved by different scholars 

for example, (Murcia 1995; & Olsen 1988) they used a distance of 10m away from the forest 

edge. Samson, (Okello & Kiringe, 2007) used a random distance between 20m to 100m away to   

enumerate all trees and shrubs and on the other hand (Thorel &Gotmark, 2005) used a distance 

of at least 15m away from forest edge and plots of 15m x15m. Later, (Dhakal et al, 2012 &Ojoyi 

et al, 2012 relied on the sample sites above 20m away and area of 0m x 20m from the forest 

edge.  Recently (Andreas et al, 2015) used at least a distance of sample sites as 3m away whereas 

Mbuvi et al, 2015 opted for a distance between 20m and area of large plot as 80mx 80m from the 

forest edge  to be adequate for plots to assess edge effects. There is evident in variation of 

sample plots of BZR appropriate in examination of the tree species richness protected, the 

studies distance being more than 20m and about area of 100mx100m. This study therefore relied 

on saturated sampling of accessible 40 plots in adjacent BZR to the interior of the forest at least 

80m away transect with large plot of 80mx 80m as adequate sampling size for the  protected tree 

species richness in the study area.  

At the study area, Kakamega Forest in the recent decades the forests has witnessed an increased 

rate of degradation (Bleher, & Gegory, 2012). The forest plants and animal species currently are 

threatened by high population densities, high levels of poverty, rapid economic growths 

industrialization and urbanization (Klop, 2012). This has been evidenced by the Adjacent land 

types that degrade tree resources as considerable logged trail densities and unknown number of 

individual tree species still poached in some parts of the forest (Government of Kenya, 2013).  

Thus along with the increased policy in protection of forest resources the increasing number of 

large population around the forest has added pressure on the limited resources (Republic of 

Kenya, 2018).  Thus, the established Nyayo Tea zone and Exotic Tree Plantation comprising of 
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(eucalyptus, cypress and pine) aimed to supplement socio-economic and biological benefits 

(Mbuvi et al, 2015). Studies have explained that the increased threats have contributed to 

unknown number of quite unique plants species that were most abundant in the recent past 

decreased and become rare(KFE   Management Plan, 2012—2022).Recent study, revealed that 

human activities have negative influence on the kakamega forest (Saalu et al, 2020). These 

studies have demonstrated that human threats have contributed to decreased plants species; 

however, it would beappropriate to specifically assess the contribution of BZR on protected tree 

species richness and density & compare with open edge. 

 

2.4Buffer zone regimes area and protected indigenous tree species abundance. 

 

Tree Species abundance refers to the number of individuals per species. The study examined species 

abundance.(IUCN, 2010). Worldwide, studies have shown land use activities have widely 

remained major threats to depletion of both plants and animals in an ecosystem (Hanna et al, 

2005 & MEA, 2008). For instance, in Europe and Scandinavian forests are disturbed through 

siliviculture activities permitted by locals to manage increased open gaps are associated by 

poaching (Albrecht et al, 2012; Tacconi et al, 2019). In addition in U.S forest service identified 

human activities and climate change is the major drivers in transformation of species abundance 

and habitat change (MEA, 2009). These activities inhibits plant and animal species distribution 

more so the trees that are known to provide a whole range of benefits to people living both in 

rural and urban environment (Bali, et al, 2011). Later study by (Gottfried et al, 2012) deduced 

that, BZR have reduced forest fragmentation as well as reduced extensive disturbance resulting 

from local extirpation. Recently, a study by (De et al, 2013) that BZRs have increased habitat 
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area and that in turn influenced increased plant population abundance These studies have 

demonstrated that BZR have improved the species habitat as well as plant population abundance 

in their ecosystem. However, there is dearth of information to account for individual tree species 

abundance and density with respect to Buffer Zone regimes.  

In Latin America, the exploitation of a particular individual species or a group of species resulted 

to some species driven to local and global extinction (World Bank, 2009).  In fact, in the OE the 

indigenous plants species leaves and stems have been threatened for medicinal harvesting, and 

wind defoliation (Soule et al,2007). However, (Algnier et al, 2014) argued, due increased 

incidences of tree defoliation witnessed in relation to wind, logging have led to  increased humus 

on decomposition hence high species regeneration  as compared to areas with wind barrier at 

BZR. In contrast, other studies examined that ETP, and othercrops in BZR provide a cooling 

effect through respiration, provide shade, they are catchment areas for rainfall hence relatively 

high species abundance (Bolwig 2006; Ma, 2006; Radha, 2009). In addition exotic trees like 

gummifera species at the BZR sheds leaves during dry season thus increased humus responsible 

for indigenous species abundance (Isango 2000; Tadesse 2006, Mullah et al, 2013). Further 

study, noted that whether BZR or OE and in adjacent forest have positively or negatively 

impacted on the plants and animals species (Phillip et al, 2009). However, the positive effects of 

BZR have outweighs the OE, by further explaining that, BZR act as compensatory contributing 

to both the locals and the protected forest hence increase in species abundance (Gregory et al, 

2016; Tacconi et al, 2019). These worldwide studies have demonstrated that BZR have initiated 

the protection of the plant and animal species protection, however, there is need to specifically 

focus on how individual buffer zones regimes have influenced tree species abundance and 

density that is not examined.  
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In Africa, the effect of land use activities in the past and present decade continue to negatively 

affect the abundance of woody and none woody species at the forest edge (Mondal&Southworth, 

2010). The typical example in Makira forest in Madagascar uncontrolled logging, debarking, 

charcoal burning have negatively affected the population and the regeneration of tree species 

(Alonso et al, 2013). Further studies reported that the combination of changes in humidity, 

temperature, light intensity in the OE may contribute to declining species population (Laurence 

et al, 2011; FAO, 2012).The negative effects to date have led to quite unique and unknown 

number of indigenous plants and animal species abundance declining (IUCN, 2012). The effects 

of exploitation for both wood and none wood products results to lose of indigenous species 

abundant (Ali et al, 2013; Wekesa et al, 2018). These studies have demonstrated that land use 

activities have contributed to declining species population and density. However, there is need to 

compare the protected tree species abundance in order to clearly understand how the buffer zone 

regimes differ in relation to protection of tree species.   

For instance, the established cocoa plantation  BZRs in Ghana have been explained to support 

plants that have suitably nourished due to deep soil horizon, constant hence high relatively high 

wood species abundance observed (Lars, 2009, Gosling et al, 2012). Later study noted that, BZR 

reduced removal of large hardwood trees extracted through logging leading to increased canopy 

of large trees that support regeneration of high plant density and abundance (Cambi et al, 

2015).Recent study, in South Africa, accorded that BZR have been witnessed with restricting 

forest against poaching, long distance seed dispersal, erosion, exotic weeds invasion (Radha 

2009; Miller, 2017). These studies have displayed the protection ability of the buffer zone regime 

on plant species though it is not clear how specific BZR contributed to protection of tree species 

relative abundance that is limited.  
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In Ethiopia, (Feyeya et al, 2002; Hale, 2011) study reported that fairly more plants are evenly 

distributed in forest adjacent to exotic tree plantations area. Since the buffer zone regimes were 

adopted as a strategy to mitigate the negative effects of forest edge by helping to neutralize the 

individual species loss (Jean, 2007). The BZR aimed at in co-operating the local community in 

the use of the forest at the same time forest conservation to enhance future sustainability of the 

limited resources. (Allisop et al, 2007). Thus buffer zone regime strategies like use of Tea 

plantation project was established to supplement economic income earned from logging, created 

employment to locals hence conserving forest (UN, 2008;, Naidoo et al 2010).  Similarly, in 

Rwanda, Nyungwe national park studies have shown that the ETP as a BZR created a 

demarcation against(harsh micro climatic conditions like evaportranspiration, storm breakages) 

and poaching (Dhakal, 2010; Karanth et al, 2013) .Nevertheless, the recent findings showed that 

plant species abundance in the OE remain relatively low due to the increased demands for wood 

products by local people (Ojoyi 2014).  From these studies, the link between buffer zone regimes 

and protection of plants has been demonstrated; however, it is not clear how buffer zone regimes 

have specifically contributed the protection of tree species relative abundance.   

In  Kenya,  for instance fuel wood  accounts  for  over  80%  of  cooking  energy  in  the  country 

(Rauji, 2007). To be  particular  Western  Kenya  about  50%  of  domestic  fuel wood  is  

currently  derived  from  gazetted  forests  that  has  put   unsustainable pressure  on  forests 

(Forest  Act, 2012).  The plant species diversity is quite high with unknown number of individual 

species over exploited for logging and threatened to extinction (FAO, 2009).Thus, BZR have 

been important component of local stewardship in providing incentives for land owners 

&residents involved in conservation planning (Groom et al, 2009). Moreover, buffer zones 

regimes have been attributed alongside the regional temperature moderation in many forests 
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becoming denser due to the reduced human disturbance with increasing canopy closure 

(Pokharel, 2014; Republic of Kenya 2018). These studies have outlined the benefits of BZR not 

only to protect species reserves but also providing incentives to the local communities. Therefore 

there is need to compare the species abundance in order to clearly understand how buffer zone 

regime differ in protection of species.  

Earlier studies have supported explanation of occurrence of plant species richness, abundance 

including (ephemeral forbs, grasses, twinning perennial forbs, woodland trees), trees density, 

basal area, distance from forest edge significantly differed among fire regimes (Paul et al, 

2003).Linear regression analysis and spearman’s rank correlation coefficient with a test have 

been used in ecology and biogeographically studies of the forest biodiversity including; (tree 

species , large trees, snags and logs) as explanatory variables that dependent significantly on 

protected reserves with  potential buffer zone regimes and open reserves in Sweden ( Thorell 

&Gotmark, 2005).Regression helps to explain how vegetation organisms are distributed on the 

earth surface (Mustapha & Aris, 2012). Thus, regression analyses are statistical tools for 

understanding the relationship between dependent variables and one or more independent 

variables (Pathak, 2012; Path 2013). Regression analysis have recently been used to determine 

tree species richness and abundance as a function of seedling density, canopy area, distance from 

forest edge, and (logging, debarking, grazing and charcoal burning) as multiple explanatory 

variables in Kakamega forest ( Vuyiya et al, 2014; Republic of Kenya 2018). These studies have 

displayed the possibility of assessing plant species richness and abundance using regression 

analysis. Nonetheless, there has been no effort to explain how buffer zone regimes area 

(independent variable) influences trees; health; species richness; and relative abundance.  
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However, at the study area Kakamega forest vulnerable species include Mondiawhyteii, 

ficusthonningi, Fegaramacrophylla and Maesopsis (REDD +Page of KFS website 

http://www.kenya forest service.org accessed 5th Jan 2016). Thus, the abundance of the most 

rare and endangered species remain threatened (Kenya Forest Service, 2007). Adjacent land 

types degrade tree resources as considerable logged trail densities and unknown number of 

individual tree species still poached in some parts of the forest evidence of tree stumps (Gregory- 

KESSA, 2013). Nyayo Tea Zone and Exotic Tree Plantation have been established to reduce the 

dependence on forest resource by the current increasing population pressure adjacent to the 

forest (Mbuviet al 2015). From these studies the forest remains threatened, however, the health 

of protected trees abundance is not clearly explained in the previous studies.  

Kakamega forest currently covers 16999 hectares of which about 13000 ha is indigenous forest is 

under the management of Kenya forest service and the in cooperation of the local community in 

management of the buffer zones regimes (KNBS, 2009). Approximately, 3000 hectares are 

managed by the Kenya wildlife service, whose forest periphery is an Open Edge (Gregory- 

KESSA, 2013). Nyayo Tea Zone area is approximated to be approximately, 400 hectares (KFS, 

2013).  Despite the management there is still unknown number of trees still poached and 

disturbed (Pokharel & Otsuka, 2014). May be probably be due to locals extraction of forest 

resources to meet their family basic needs like  income, employment among other needs as well 

as  other negative effects related to forest edge (Vuyiya et al, 2014). Recently, the study revealed 

the trend in land use cover change a drivers has negative impact on the Kakamega forest block 

(Agevi, et al, 2016; Saalu et al, 2020). These studies have shown unknown number of plants still 

exploited; however, there is need to investigate how Buffer Zone Regimes have positively 

influenced species abundance and density that has received limited studies.  
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2.5 Theoretical framework 

The framework adopted from the spatial ecological theory on species area relationship, which 

reveals that as the area of the natural and continuous area increases, the number of species in that 

area increases as well (Kaspari et al, 2014). Studies in meta-community ecology seek to  

understand how species habitat area at forest edge, structures species interactions 

(https://dx.doi.org/10.1155/2016/4903749 accessed on 4th august 2019 at 11.34 am. For instance 

in plant community similar spatial distributions of species health, richness and diversity may be 

generated by different ecological process (Sepa, 2018; Michanck et al, 2018). Earlier studies 

have reported that , though more than 100 mechanism have been proposed for explaining species 

coexistence at the forest edge distance to forest interior gradient (Brown et al, 2016), identifying 

predominant plants relationship with area protected from edge disturbance in the natural 

ecosystem remains one of the largest  challenges in community ecology ( Bagchi et al, 2011). 

Spatial pattern analysis has been widely used in studies that infer to the ecological process on the 

species assembly in plant communities (Felton et al, 2019). In general, the trees species primarily 

interact with their immediate neighbors in a plant community (Vogt et al, 2010, Brown et al, 

2016; Wekesa et al, 2019; Saalu et al, 2020).Therefore the analysis of Buffer zone regimes (OE, 

ETP, and NTZ) area as thebiophysical aspects in determining   health of trees protected from 

(debarking, exposure of roots to soil surface, storm breakage poaching for wood products); 

protected species richness and density; and tree species abundance and density is vital in 

Kakamega forest.         
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2.6   Conceptual framework 

The study used a conceptual framework to indicate the variables and demonstrated how they 

were measured during collection of data. The independent variables were Buffer zone regimes 

(Open Edge (OE), Nyayo Tea Zone (NTZ), Exotic Tree Plantation (ETP) area. The health of 

trees, tree species richness, and tree species abundance and density were the dependent variables. 

Independent variableDependent variableIntervening variables 

 

 

 

 

 

 

 

 

Figure 1.Conceptual framework 

Source:  Researcher, 2017. 
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CHAPTER THREE 

METHODOLOGY 

3.1   Introduction 

This chapter focused on research area and the methodology. It consisted of study Area, research 

design, sampling procedure, data collection methods, data analysis and presentation, reliability 

and validity and finally research ethics.  

3.2 Study Area 

3.2.1 Location of study area 

Kakamega forest is located in Kakamega East in Kakamega county western Kenya. It lies 

between latitudes 00 09’ N and 00 25’ N and longitudes 340 49’E, and 340 57 ’26.5’E at an 

altitude of about 1500 to 1700m above sea level (Tsingalia, 1988) (Fig.1).  

  

 

Figure2. Showing the location of Kakamega forest. Source; Developed in Esri’s ArcGIS 

10.1, using SRTM digital elevation mode 
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3.2.2 Vegetation 

The forest has high biodiversity and host indigenous tree species such as Elgon teak, Prunus 

africanus, Croton megalocarpus, Albinzia gummifera, Bosquie aphoberos, Fantuma elastic, 

Annigera altisima the rest being shrubs, grassland or cultivated areas( Genday, 2006 & KFE 

Management Plan, 2012- 2022).  Currently ,the trees remain threatened .Higher point like 

Buyangu and Lirhanda hill, the forest appear as a strike green beautiful landscape with fewer 

forest structure , gaps in the forest canopy which allow for succession and maintenance of 

species diversity(KEFRI, 2010).   

3.2.3 Human population and land use of the study area 

The socioeconomic of the study area include the support of the densely rural and urban 

population of 600 people per square Kilometers (KNBS 2009). The settlers practice mixed crop 

system (maize, beans, vegetables, corns, beans and potatoes) (KF Survey 2008) and also rear 

livestock such as (sheep, goats,cattle, pigs). Majority of the population are living at poverty 

levels with continued extraction of forest resources to meet their daily family basic needs ( 

medicinal ,herbs, fuels animal grazing, land for settlement , timber among others) has  

undermined the economic growths and deterioration of the biodiversity in the forest( Vuyiya et 

al, 2014). In the recent past, parts of the forest look heavily degraded zone dominated by grasses, 

shrubs here termed as grass zone or glades (ICIPE, 2014; KEEP, 2016). Outside this zone there 

is less disturbed zone consisting of early colonizing shrubs and few tree seedlings. Due to the 

past selective logging the forest is dominated by pioneer species (gap species) like 

tabernaenontanas uregadaprocera (Euphobiaceae, xymalos monospora (momimiaceae) (Kohler, 

2004). Being a tropical rainforest many studies in the area have focused on the effect of human 

activities on the tree species , another recent studies have shown the forest still experience severe 
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degradation in the past decades, (ICIPE, 2014, ; KEEP, 2016). However, the buffer zone regimes 

have been integrated as a forest management to reduce the direct independent on the forest 

resource by supplementing the local community with alternative source of their basic needs so as 

to protect the rich biodiversity from disturbance. Yet the influence of BZR on the health of 

treesprotected, protected tree species richness, relative abundance is unknown.  

3.2.4 Climate 

The climate is related to Lake Victoria which is an important source of precipitation. Annual 

average between 1500-2000 mm rainfalls is sufficiently high and well distributed throughout the 

year to support rainforest (Nambiro 2000). However, data from meteorological station at 

Isecheno shows the forest has warm and wet climate and experience two rainy seasons. 

AprilMay and August-Sept with peak in August and has mean daily temperature of 11degrees 

with range of 5-26’0c (Tsingalia, 1988).it has a varied topography with altitudes ranging from 

1250 to 2000m above sea level (Vuyiya et al, 2014) Rainfall as a climatic factor is important in 

influencing photosynthesis, growths flowering and fruiting that require water and thus luxuriant 

plant species richness and abundance. Thus, Kakamega forest being a tropical rainforest has 

greatly attracted the highest precipitation that supports high species richness and abundance. This 

meant that even though buffer zones regimes have contributed to species richness and abundance 

other intervening factors like rainfall, temperature, in the study area are important as well though 

they were considered to be constant hence not examined during this study.  

3.2.5 Soils of the study area 

The geology of the study area Kakamega Forest consists of a wide variety of underlying rocks 

which include basalt, phenollites and ancient gneiss which are nerved with gold bearing quartz 

vein (KIFCON, 1994).Soils are fertile clay-loam soils belong to latosols more precisely to the 
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frivols (schiultka, 1995).Soils are well drained, very deep, reddish brown to yellowish red with 

humic top soil that support large numbers of forest plant species. (Tsingalia, 1988). Tea does 

well in acidic volcanic soils.  Habitats within the forest include indigenous forest, swamp and 

riverine forest, colonizing forest forestry plantations area (Mitchell, 2004) and are dominated by 

evergreen hardwoods trees   and natural grass glades. Closed canopy of indigenous forest cover 

30% of the forest. Planted exotic trees such as eucalyptus have also been planted in areas where 

soils were not ideal for tea survival (Mbuvi et al, 2015).  

3.3 Research design 

The study was conducted through a cross-sectional descriptive research design. The design was 

employed because it allowed for studying trees in their current situation at the time of study. The 

design also allowed for future detailed investigation on the key variables studied and gave 

opportunity to gather in-depth information about the variables. This was appropriate method for 

this study since the units of analysis the; buffer zone regimes (OE, ETP, NTZ) and trees 

protected were already in the study area and could be studied within a short time possible.  

3.4 Study population and sampling 

The study population of the buffer zone regimes area was known whereas the study population 

of the trees was unknown. Cross sectional descriptive research design was used. Saturated 

sampling was used to sample at least 30 humanly accessible and assumed regular plots of area in 

square meters from the forest edge adjacent to the interior of the forest. Equal number of plots 

from each adjacent BZR was accessed. Also saturated sampling was also used to sample at least 

40 equal numbers of regular and accessible plots of area in square meters from the forest edge 

adjacent to each BZR to the interior of the plot. The inaccessible and irregular plots included 

those found in steep and rugged terrain that could not allow the measurement of area for this 
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study. However, their total number of trees in the irregular area was less than 10% of the studied 

area posing a very minimal effect on the study’s final results. The distance and area studied was 

regarded adequate following the studies examining the influence of BZR on health forest 

protected as varied with Murcia 1995;, Olsen 1988;, Gascon et al, 2000;, and especially Thorell 

& Gotmark, 2005) in their study on reinforcement capacity of BZR in Sweden used a range of  

sample size plots of 10, 15, 20, 25, 30, 35, 40, 45, 50 based on variables of interest for their 

study. Andreas et al, (2015) in China used only 24 plots to investigate the effects of BZR on 

species richness. On other hand (Elizabeth et al, 2014) in Tanzania relied on 18 plots to study 

impact of BZR and management of illegal extraction in park. There is evident in variation of 

sample size of BZR appropriate in examination of the health of trees protected and the studies 

distance being more than 40 plots and about 10plots respectively. This study therefore relied on 

saturated sampling of accessible 30 plots in adjacent BZR to the interior of the forest at least 

60m transect as appropriate sampling size for the health of trees protected in the study area. Also, 

the distance and area studied was regarded adequate following the studies of (Andreas S. et al, 

2015) used at least a distance of sample sites as 30m and plots of 30m x30m away whereas 

(Mbuvi et al, 2015) opted for a distance between of 20m away and minimal sample plot of 20m x 

20m and maximum plot of 80mx80m from the forest edge to be adequate for plots to assess edge 

effects. There is evident in variation of sample plots of BZR appropriate in examination of the 

tree species richness protected, the studies distance and area being more than 20mx 20m and 

about 100mx 100m. This study therefore relied on saturated sampling of accessible 40 plots in 

adjacent BZR to the interior of the forest at least a distance of 100m away and highest quadrant 

area as 80m x80m area as adequate sampling size for the tree species richness and species 

relative abundance in the study area. In this study a total sample plots of 30, then 40 was used 
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which were arrived at as plots that were found along  transect  placed from 2m  as the starting 

distance  from the forest edge vertically into the forest interior a distance of 100m away. The 

measurement tape was used to measure the regular square plots of based on their location and  

researcher’s convenience with the starting plot of 2mx2m which increased at an interval distance 

of 2m from the previous plot to along the transect to get the adequate sample plots of 30 and 40  

for analysis of trees within the study area. Global Positioning System (GPS) coordinates helped 

in avoiding repetitive sampling of the area studied.  

3.5 Data collection methods 

Data used in this study were obtained between 20th March to 20th April 2017 to gather data for 

the study. Primary data collection methods adopted were observation, measurement, counting 

and recording. These methods were appropriate for the data collection because the data to be 

collected could be obtained by measurement (distance, plots area and trees), counting of (health 

trees protected, species richness and individual tree species abundance) and observation of the 

buffer zone regimes (open edge, exotic tree plantation, Nyayo tea zone) and observation of the 

health trees that were debarked, roots not exposed to soil surface, broken by storm, not poached 

for wood products).  

3.5.1 Determination of buffer zone regimes area 

A string of 100m was placed at the forest edge area  interior gradient into forest in each adjacent 

Buffer zone regime (OE,ETP & NTZ). This distance was appropriate as applied by (Laurance 

1997;, Harper,2005) who articulated that the distance was appropriate to assess edge effects. 

Also (Wekesa et al,2018)that the forest edge was prone to human disturbance and effects of 

harsh micro climatic conditions.A tape measure was adjusted along the string to required lengths 

that varied evenly at increased interval of 2m from the previous regular square plot and 
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demarcated by another string until all the 30  and 40 plots areas in square meters was achieved to 

reduce on labour intensive. The area was achieved by applying the formula of a square (A= sxs) 

as applied by (Scott, 2000).   

3.5.2 Determination of the damaged individual indigenous trees. 

  

To determine the health of trees, I visually observed and counted individual trees damaged 

through debarking as an indicator for medicinal trees. The number of individuals damaged 

through debarking trees was used to calculate the percentage proportion of debarked trees that 

were considered unhealthy against the health trees. I also visually observed individualtrees 

damaged through exposed roots to the ground as indicator for exposure to erosion. The total 

number of individuals damaged through exposed roots was calculated against the total number of 

trees. To measure the trees protected from storm breakage, I visually observed the individual 

trees that had been uprooted through storm breakage, then counted and calculated.The number of 

species protected from poaching and debarking were was established through visual observation 

and counting of the number of trees with scars on their bark or  removed either by a machete as 

an indicator for medicinal trees debarked, their number was  determined as a proportion of all 

trees. Similarly, counted the number of stumps which was an indicator of trees damaged through 

poaching recorded the number against the total number of trees. This showed cutting as a way of 

extraction and categorized as poached. Areas with the less poached and less debarked trees were 

considered more protected. 

3.5.3Determination of tree species richness  

Species richness is the number of species in a given area.All the single stem trees observed 

andtheir height determined by tape measure at 5m above the ground counted by the two research 
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assistants and recorded.The total number of all tree species in each plot. Due to approximated 

area sampled trees were counted by two observers and actual tree population was obtained by 

calculating the average from two observer’s totals.The data was generated during field study 

where the names of the tree species were identified by the two research assistant where one 

identified tree species in a local names and the other one from the Kenya Forest Service staff 

used the species book from the forest library to compare the specimens of some trees collected 

from the field to identify tree species scientific names other specimens were identified using the 

Maseno university library books.The nomenclature followed the works of Agnew and Agnew 

(1995) and Beenjte et al (1994).   

3.5.4 Determination of tree species abundance 

All the total tree species identified by the research assistants from the 40 plots, their individual 

population frequency was counted and recorded throught the area sampled in each adjacent 

Buffer zone regime (OE, ETP, and NTZ).This was done at least twice to obtain the correct 

number of trees per each plot. The use of plot method followed the works of (Beaudrot et al., 

2011 & (Kaspari et al., (2014).   

3.6 Data analyses/ result presentations 

The BZR were classified into three categories depending on the tea zone or the exotic tree 

plantations  planted, and the condition of the land at the forest edge as OE (zone with grass at the 

edge or bare), ETP( zone with tree plantation (blue gums, cypress), and NTZ (zone with tea 

plantation) following (Mbuvi et al, 2015). The buffer zone regimes areas were calculated from 

the equal distance measured from the forest edge in each adjacent BZR vertically into the interior 

of the forest 100m away. The length of each plot from the other increased at an even interval of 

2m from each other. The area was calculated using the formula of finding area of the square.  
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The health of trees assessed were categorized into trees protected from (debarking, exposure of 

roots to soil surface, storm breakage, poaching for wood products) from the 30 sample plots 

accessed. All the BZR area (OE, ETP, NTZ) as independents and health of trees protected from 

(debarking, exposure of roots to soil surface, storm breakage, poaching for wood) as dependent 

variables were subjected to spearman rank correlation coefficient to compare the relationship 

between the BZR area and trees protected. To determine the BZR area that had significantly 

influenced more trees protected, the total number of all health trees protected per each parameter 

under investigation was divided by plot area to give tree density. Then the average number of 

trees per plot was summed up from the 40 plots and divided by the plot area to get tree density 

per BZR area. The application of plot method followed the works of (Thorell & Gotmark 

2005).The four tree densities as the dependent variables constituted adequate set for anova of 

variance in mstat –c (version 2.10) statistical package. All the corresponding means densities 

were subjected to analysis and means separated using Kruskal wallis test for significance 

differences at p≤ 0.05. The total numbers of tree species richness from the 40 plots accessed in 

each BZR area adjacent to the forest were recorded in the frequency table. With all the BZR area 

( OE, ETP, NTZ) as independent variable and the protected tree species as dependent variable 

were subjected to simple linear regression which was developed in statistical package for social 

sciences ( spss, version 16.0, Microsoft inc.) programmed. To determine the best regime that had 

the highest tree density of protected tree species richness. The data of tree species richness was 

divided by the total area from the plots adjacent BZR area surveyed. This gave a set of 3 

densities that were   subjected to anova analysis of variance and the significant means were 

separated by Kruskal wallis test to show the significant difference at p≤ 0.05. In each BZR area 

(OE, ETP, NTZ) in square meters as independent  variables had 40 plots  sampled for protected 
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tree relative abundance as dependent variable were subjected to simple linear regression which 

was developed in statistical package for social sciences ( spss, version 16.0,Microsoft inc.) 

programmed. To determine the best regime that had the highest tree density of protected tree 

relative abundance. The data of the total individual tree species relative abundance was divided 

by the total area from the adjacent BZR area surveyed. This gave a set of 3 densities that were 

subjected to anova analysis of variance and the significant means were separated by Kruskal 

wallis test to show the significant difference at p≤ 0.05 data was presented in scatter plots figure.  

3.7 Reliability and Validity 

Reliability is the degree which research instrument yields consistency results or data after 

repeated trials (Healy & Perry, 2000). According to Lincoln (1930) and Petersen (1986) analysis 

of the sample twice was used to improve reliability of the data. The model is suitable since it 

involves only two individuals to carry out the sampling of the buffer zone regime area to arrive 

at individual count of health trees protected, species richness and species relative abundance. It 

embraced test-retest method of ascertaining reliability as shown below:  Where is the number of 

individuals observed by sampler 1, is the number of individuals observed by sampler2andm2 is 

the number of individuals observed by both of the two observers.  
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On the other hand, validity  refers  to  accuracy  and  meaningfulness  of  inferences  which  are 

based  on  the  research  results.  It  is  therefore  the  degree  to  which  results  obtained  from  

the  analysis  of  the  data  actually  represent  the  phenomenon  under  study. Thus, for the data 

collected to be valid, the data collection instruments and results were verified by the 

professionals in the department, primarily supervisors of the thesis.  
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3.8 Research Ethics 

The researcher observed the ethical issues as far as proposal writing and proposal approval by 

the school of graduate studies was concerned. Also the researcher observed ethical issues as far 

as the letter given by the dean of school of graduate studies and dean from the Maseno university 

research ethics authorizing data collection from the field. The researcher further observed the 

ethics of data collection process that involved first seeking permission from Kakamega forest 

ecosystem conservator, the forester and other officers from the Kenya forest service department 

(the consent of two field assistance) who were informed about the procedures of the study which 

they had to participate. The information about the expected duration of their participation, 

purpose of the research and the benefits of the study to the forest was also communicated. The 

information collected from the observers was treated with privacy and confidentiality. 

Researcher also observed ethics during the data analysis process and compilation of the thesis. 

Relevant citations were used in acknowledgement of research work. 
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CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1 Introduction 

This chapter presents the study findings and their interpretation and discussions and organized 

into sections: Relationship between Buffer Zone Regimes (BZR) area and the health of 

individual trees protected; the number of individual trees protected from debarking; exposure of 

roots to soil surface, storm breakage, poaching for wood products; influence of BZR area and the 

tree species richness; and influence of BZR area and the protected tree speciesabundance in 

Kakamega Forest.   

4.2 Relationship between buffer zone regimes area and  individual tree species  health 

protected. 

The relationship between buffer zone regimes area and the number of individual trees protected 

from debarking was analyzed and the results are presented in Figures 4.1.           

 

Figure 4.1 Scatter plot showing the spearman rank correlation coefficient results betweeen BZR area and the 

number of individual trees protected from debarking. OE stands for Open Edge ; ETP, Exotic Tree Plantation; NTZ, 

Nyayo Tea Zone.  
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The results from the Fig 4.1 shows that the relationship between BZR area and the number of 

individual tres protected from debarking are positive and moderately strong in the open edge 

(r=0.57), strong in exotic tree plantation (r=0.88) and very strong in Nyayo tea zones (r= 

0.98).These results imply that as the area of buffer zone regime increases, the number of 

individual trees protected from debarking increases in the open edge, exotic tree plantation and 

Nyayo tea zones. Plausibly, the open edge area exposed to tree bark extraction activities by local 

community who could easily access the forest for debarking. In addition, only some specific 

trees were prone to debarking and hence moderately a number of individual trees were observed 

debarked.  Seemingly, this explains the positive and moderately strong correlation between BZR 

area and the number of individual trees protected from debarking. The positive and strong 

correlation between BZR area and the number of individual trees protected from debarking in the 

ETP apparently could be attributed to the fact that, despite the exotic tree plantation acting as a 

forest demarcation, some exotic tree plantation species used provided an alternative medicinal 

herb such as the eucalyptus species and hence the relatively less strong correlation coefficient 

compared to NTZ.  

The very strong correlation coefficient between BZR area and NTZ (r= 0.98) can be attributed to 

restriction of debarking of trees and hence, few cases of debarking. In addition NTZ provided an 

alternative source of income to locals who could purchase conventional medicine instead of 

relying on trees for medicine. These study findings in (Fig. 4.1) were consistent with those of 

other studies that illustrated debarking of woody plants lads to reduction in number of fruits 

produced, hence the reduction in number of individual trees (Brunet 2008). In a similar study in 

Benin, it was demonstrated that debarking results to decreased photosynthesis and hence lower 

number of individual trees (CBD, 2012; MEA, 2009).Further, study’s findings by (Rie, 2004; 



43 
 

Shreth 2010; Hale, 2011; Laurence et al, 2011; Daelimineck et al, 2015; Wekesa et al, 2018) 

reported that OE forest experience increased debarking as the locals lack an alternative source to 

supplement family basic needs such as traditional medicinal herbs and hence lower rates of 

individual tree species protected. Thus, probably the reason for as to why moderately a number 

of individual trees were observed debarked in OE. However, in contrast, other related studies by 

(Wendel, 1975; Johnson 1977; Algnier et al, 2014) postulated that despite of the increased 

disturbance on forest with openedge, species regeneration is enhanced and hence increased 

number of individual plants protected from debarking though evidence of majority of trees 

observed debarked in OE.  Thus, the possible explanation of the positive and moderately strong 

correlation between BZR area and the number of individual trees protected compared to ETP and 

NTZ.  

Further studies consistent to the (Fig. 4.1) findings observed that , ETP as BZR , demarcate the 

forest against easy human access for debarking, hence increased number of individual wood 

vegetation per unit area (CBD 2012; IUCN, 2010; MEA, 2009). Further, studies by (SEPA 2018; 

Johnson et al, 2019) accorded that ETP plantation in Srilanka have provided alternative source of 

traditional medicine hence increased number of indigenous plants protected from debarking 

(Hale 2011; Miller 2017). Thus, the positive and strong correlation between BZR area and the 

number of individuals trees protected from debarking in ETP. However, in a critique, other 

studies (Mesquitte et al, 1999; Lehock et al, 2009; Schlerning et al, 2011; Elizabeth 2014) have 

illustrated that some ETP plant species are associated with the condensed bush acting as hiding 

place for debarking, hence relatively less strong correlation coefficient in ETP as compared to 

NTZ.  
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Finally, other consistent study (Their & Weseinberg 2016; Kolipaka 2018) in North East China 

enumerated that cash crop farming in BZR have reduced debarking, hence increased wood plants 

per unit area. Similarly, in Ghana (FAO, 2012; Cambi etal, 2015) reported that cocoa plantation 

in adjacent BZR have been linked with restricted easy human access for debarking , hence 

increased number of individual medicinal plants protected. Morover, other studies (Obiri 2007; 

Lung & Schaab 2010; Gorton et al, 2010) in Uganda exclaimed that, the use of tea plantation in 

the BZR provided an alternative source of income to local community who could purchase 

conventional medicine instead of relying on debarking, and hence the increased health forest 

vegetation protected.  Thus, probably the few cases of debarking  trees observed in NTZ at the 

study area Kakamega forest. In addition recent comparative studies by (Wicklein et al, 2012; 

Magnago et al, 2015; Felton et al, 2020) highlighted a very strong correlation between cash crop 

plantation as BZR and individual tree species protected.  This conformedwith the current study 

finding in Kakamega forest where the study revealed that there was a very strong correlation 

coefficient between the BZR area and the individual trees protected from debarking inNTZ.   

From these discussion the relationship between BZR area and the number of individual tree 

species protected from debarking has been demonstrated by the studies, however, the studies did 

not narrow down to show which BZR area had significantly influenced more trees protected as 

opposed to the current study that has specifically demonstrated that a very strong correlation 

coefficient between BZR area and Nyayo Tea Zone. This suggests that NTZ should be enhanced 

as abetter protection of trees in the OE in Kakamega forest. The relationship between buffer zone 

regime area and the number of individual trees protected from exposure of roots to soil surface 

was analyzed and the results are presented in Figures 4.2.         
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Figure 4.2 Scatter plot showing  the spearman rank correlation coefficient results between BZR area and the number 

of individual trees protected from exposure of root to soil surface. OE stands for Open Edge ; ETP, Exotic Tree 

Plantation; NTZ, Nyayo Tea Zone.  

The results from the Fig 4.2 shows that the relationship between BZR area and the number of 

individual trees protected from exposure of roots to soil surface are positive and moderately 

strong in the open edge ( r= 0.54), strong in exotic tree plantation (r=0.75) and very strong in 

Nyayo tea zones (r= 0.93). These results imply that as the area of buffer zone regime increases, 

the number of individual trees protected from exposure of roots to soil surface increases in the 

open edge, exotic tree plantation and Nyayo tea zones. Possibly, the open edge area was bare and 

exposed trees to soil erosion agents such as wind, water, among others and hence moderately a 
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number of individual trees were observed exposed roots to soil surface. In addition open edge 

with grass vegetation attracted human activities such as overgrazing hence exposed roots of trees 

to soil surface.  Seemingly, this explains the positive and moderately strong correlation between 

BZR area and the number of individual tree protected from exposure of roots to soil surface.   

The positive and strong correlation between BZR area and the number of individual trees 

protected from exposure of root to soil surface in the ETP apparently could be attributed to the 

fact that, despite the exotic tree plantation acting as wind breakers, the exotic tree plantation 

spread their roots on the soil surface to reduce on speed of surface runoff from carrying away 

soil. In addition the exotic tree plantation provided the canopy to intercept the impact of heavy 

rain drops from splashing away the soil and hence the relatively less strong correlation 

coefficient compared to Nyayo Tea Zone. The very strong correlation coefficient between BZR 

area and NTZ (r= 0.98) can be attributed to acting as a cover crop, reduced the speed of surface 

runoff and this increased depth of soil horizon around the roots of the trees and hence the few 

cases of trees with roots exposed to soil surface observed. In addition NTZ acted as wind 

breakers reduce the speed of strong wind from blowing away the top soil and also NTZ acts as a 

demarcation the forest against easy human access, thus restricted animal grazing and 

unnecessary pathways, hence protecting trees from exposure of roots to soil surface.  

The study findings in (Figure. 4.2)are in accordance to those of related studies elsewhere, that 

demonstrated that bare ground has increased  surface area exposed to easy removal of the topsoil  

hence more trees roots are exposed to soil surface (Laurence et al, 2011; Karanth et al, 2013; 

Seid et al, 2018). Further consistent studies by (Rie 2004; GOK 2012 ) reported that due, to open 

edge more number of trees root are exposed to the surface, hence low number of protected trees 

density. Furthermore, approximately over 25 % of total plant species could be eliminated (CBD, 
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2012; Pretzch et al, 2017). However,other studies (Ruel,, 2000; Mitchel, 2012; Dhungana et al, 

2018) have illustrated other factors not considered to this study  that although, strict legal forest 

management has been used as an effort to restrict easy human access to date illegal activities still 

exist in forest posing danger to roots exposure hence relatively low number witnessed. However, 

according Samuel et al, 2018; Saalu et al, 2020)  critiqued that, regular pathways used by 

ecotourism activities and researchers  pathways contribute to loose soil and hence low number 

individual trees protected from exposure of roots to soil surface. Hence, the moderately strong 

correlation between BZR area and the number of individual trees species with roots protected 

from exposure of roots to soil surface as compared to ETP and NTZ.  

Further, consistent studies across the world, acquainted that, ETP as a BZR protected the plants 

species habitat from encroachment for human needs and thus increased protection of soil depth 

around majority of plants (Hale 2011; Miller 2017; Svennson et al, 2018). Similar studies, 

(Deweer 2014; Seid et al, 2018) asserted that, ETP creates canopies at the BZR shielding the soil 

against erosion agents such as wind, surface runoff, heavy raindrops among others, hence 

relatively high number of tree densities observed. Other related studies by (Lugo 2008; Wekesa 

et al, 2018) in Taita Hills pin pointed that the use of exotic tree plantation have extended the 

habitat area against wind erosion, hence increased number of individual trees protected from 

exposed roots to the ground surface. Thus probably the  reason as to why the positive and strong 

correlation between  BRZ area and and the number of individual trees protected from exposure 

of roots to soil surface. However, in a critique other studies by (Mesquitte et al, 1999; Lehock  

etal, 2009; Schelevning et al, 2011 ) argued that the condensed bush by ETP plantation is 

associated with illegal disturbance such as clear cutting, overgrazing into the forest  leading to 

open gaps hence increased wind and surface runoff exposing trees roots to erosion. Hence the 
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relatively less strong correlation coefficient between trees in ETP as compared to  NTZ. Thus, 

this study suggested that the buffer zone management committee should take an initiative to 

create awareness to the local community to effectively manage the ETP at the forest edge to 

conserve the forest.   

Other consistent studies to  NTZ in Ghana  revealed that a large percentage of health plants had 

deep roots in forest adjacent to cocoa plantation (FAO, 2012; FAO, 2016). Similarly, in South 

Africa (Dowuona 2012; IUCN, 2012) attributed that tea as cash crop farming has elevated 

improved soil structure hence increased individual plants firmness in the soil. Additionally, in 

Eastern Africa, (Brunet 2008; Hale 2011; Svennson et al, 2018) studies accrued, coffee 

plantation despite of demarcating the forest against easy human disturbance, act as wind breaker 

thus increased healthy plants with roots covered in the soil. Moreover, in Uganda (Adhikari, 

2012; Ali etal, 2013; Dalling et al, 2016) highlighted that tea plantation in the BZR around 

Budongo forest was noted with increased anchorage of individual plants in the soil. And hence 

similarly, the reason why there was a very strong correlation coefficient between NTZ as a BZR 

area and the trees roots at thestudy area Kakamega forest. However, (Their & Wesnberg, 2016) 

critiqued that, some poor farming methods like monocropping in the BZR area have exposed the 

soil to erosion and hence trees roots.  Thus, probably may be the  similar case at the current study 

in Kakamega forest where a few cases of trees with roots exposed to soil surface as observed in 

the NTZ.   

However, from the discussion the relationship between BZR area and the number of individual 

trees protected from exposure of roots to soil surface has been demonstrated.  It is clear that NTZ 

had a very strong correlation coefficient between BZR area and the individual trees species with 

roots protected from exposure to the soil surface as compared to ETP and OE. This suggested 
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that, NTZ should be enhanced as better regime for the protection of trees. Also to note is that 

areas where tea did not thrive well ETP should be planted, as well as new farming techniques 

like agroforestry be adopted for effective protection of trees from exposure to soil surface in 

Kakamega forest the study area. The relationship between buffer zone regime area and the 

number of individual trees protected from storm breakage was analyzed and the results are 

presented in Figures 4.3. 

 

Figure 4.3 Scatter plot showing the spearman rank correlation coefficient results betweeen BZR area and the 

number of individual trees protected from storm breakage. OE stands for Open Edge ; ETP, Exotic Tree Plantation; 

NTZ, Nyayo Tea Zone.   

The results from the Fig 4.3 shows that the relationship between BZR area and the number of 

individual trees protected from storm breakage are positive and moderately strong in the open 

edge ( r= 0.59), strong in exotic tree plantation (r=0. 78) and very strong in Nyayo tea zones 
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(r=0.96). These results imply that as the area of buffer zone regime increases, the number of 

individual trees protected from storm breakage increases in the open edge, exotic tree plantation 

and Nyayo tea zones. Possibly, the open edge area was exposed to extreme winds that could 

easily cause breakage of branches, stems or uproot the whole tree and hence moderately a 

number of individual trees were observed broken.  Seemingly, this explains the positive and 

moderately strong correlation between BZR area and the number of individual tree protected  

from storm breakage.   

The positive and strong correlation between BZR area and the number of individual trees 

protected from storm breakage in the ETP apparently could be attributed to the fact that, despite 

the exotic tree plantation acting as wind breakers, the exotic tree plantation offered resistance of 

trees against lodging and storm breakage and hence the relatively less strong correlation 

coefficient compared to Nyayo Tea Zone. The very strong correlation coefficient between BZR 

area and NTZ (r= 0.96) can be attributed to despite acting as a wind breaker, NTZ restricted 

harmful human activities beyond this zone that could cause open space in the canopy associated 

with wind penetration within the stands and hence the few cases NTZ (r=0.04)of storm breakage 

observed.   

These study findings in (Fig. 4.3)are in accordance to other related studies across tropical forests 

of Korea, that demonstrated that trees in open edge are exposed to extreme winds and flying 

debris during hurricanes & tornadoes, hence increased individual plants mortality (Park et al, 

2010; Ming et al, 2013). Another study by (Laurence et al, 2011; Seid et al, 2018) revealed, 

increased seed dispersal to far distance in the open edge results to relatively low seedling 

germination density per unit area and hence increased surface area for storm breakage, thus, low 
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individual plants. Other study by (Their & Wesenberg 2016) accorded that due to increased 

evapo-transpiration in the open edge , both young and mature plant are less resistance to strong 

winds and hence increased individual plants exposed to storm breakage. In addition (Bernitezet 

al, 2014; Nicholau et al, 2019) exclaimed that increased human disturbance in the OE are 

responsible for increased storm breakage and hence low number of individual plants are 

protected. Thus, probably, the reason to moderate number of individual trees observed broken by 

storm. It was however, mentioned in a contradicting studies (Palvanen et al 2004; Porter et al, 

2012; Norman et al, 2016) that disturbed forests with open edge are associated with increased 

seedling regeneration, due to  light penetration in the canopies, thus increased plants to overcome 

storm breakage. Hence the possible explanation for the moderately strong correlation between 

BZR area and the number of individual trees protected from storm breakage as compared to ETP 

and NTZ.  

Other consistent studies in Sweden attributed that ETP in the BZR accounted for64% plants 

increase protected from storm breakage (Soule&Sanyajan 2007; Thorrel 2012). Further studies in 

developing countries ( Alexander 2012; Deweer 2014) illustrated that tropical forest with ETP 

have reduced harvesting of large trunk trees, this increased mature plants resistance and 

protecting young plants from storm breakage and hence increased individual plants species. 

Recent studies by (CBD, 2012; Wekesa et al, 2018) demonstrated that ETP in adjacent forest 

edge have extended protection of species habitat area against strong winds. Hence, increased 

individual plants protected from storm breakage (Bleher 2012; Algnier et al, 2014; Mbuvi et 

al,2015). Thus probably, the positive and strong correlation between buffer zone regime area and 

the number of individual trees protected from storm breakage (Namasakaet al, 2020). However, 

in a critique other studies  (Mitchel 2012; Saalu et al, 2020) argued that local participatory 
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activities like, thinning, fuel wood collection among others, beyond the BZR area probably are 

responsible for open gaps subjecting individual trees to increased storm breakage, hence the 

possibility for few case trees exposed to storm breakage noted ETP (r=0.22). This study 

suggested that if human access for firewood collection, uprooting seedlings, animal grazing is 

completely eradicated by locals being allowed to plant indigenous trees in their farms for 

reforestation then they are the best means of protecting trees from storm breakage. Finally, other 

consistent studies have described cash crop farming in the BZR have protected the forest against 

harsh climatic conditions such as storm breakage and hence increased individual plants per unit 

area (UNEP 2011;  Alexander 2012; Loranger et al, 2014). Further studies in Ghana exclaimed 

that protected plants with large wood stems have increased in the forest adjacent to cocoa 

plantation (FAO, 2012). Moreover, studies by (Silwal et al, 2013; Kolipaka 2018) attributed that 

cash crop farming in BZR area have reduced the negative impact of storm breakage and hence 

more individual plants and their habitat area protected. Similarly, in Kenya (Wicklein et al, 

2012; Magnago et al,2015& Wekesa et al, 2018) observed that cash crop farming at the BZR  

create favorable conditions in protecting trees against storm breakage, hence, the very strong 

correlation coefficient between BZR (NTZ) area and trees. However, (Albrecht et al, 2012) 

critiqued that some agro forestry activities through siliviculture as well as subsistence 

agriculture& thinning done  by locals for reforestation in the previously exploited forest areas are 

associated with poaching for wood that increase open canopy. This probably, the increased storm 

damage, conforming with the current study findings, where a few cases of individual trees 

observed exposed to storm breakage in NTZ (r= 0.04) at the study area Kakamega Forest.   

From the discussion, the relationship between BZR area and the number of individual trees 

protected from storm breakage has been demonstrated.  It’s clear that NTZ had a very strong 
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correlation coefficient between BZR area and the individual trees species protected from storm 

breakage. However, the few cases of trees observed broken by storm, enhanced the researcher’s 

suggestion that NTZ should be enhanced as better regime for the protection of trees in the OE. In 

addition the study is supported by other studies (Dhungano et al, 2018 & Lamichhane et al,2019) 

suggestions that in the tropical forest, the forest management service should encourage and 

restrict crop farming within the BZR area and local peoples’ farms, and then a marginal increase 

of individual trees protected from storm breakage will be realized in the near future.   

The relationship between buffer zone regime area and the number of individual trees protected 

from poaching for wood products was analyzed and the results are presented in Figures 4.4.   

 

Figure 4.4 Scatter plot showing the spearman rank correlation coefficient results betweeen BZR area and the 

number of individual trees protected from poaching for wood collection. OE stands for Open Edge; ETP, Exotic 

Tree Plantation; NTZ, Nyayo Tea Zone.  
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The results from the Fig 4.4 shows that the relationship between BZR area and the number of 

individual trees protected from poaching for wood collection  are positive and moderately strong 

in the open edge ( r= 0.62), strong in exotic tree plantation (r=0. 74) and very strong in Nyayo 

tea zones (r= 0.88). These results imply that as the area of buffer zone regime increases, the 

number of individual trees protected from poaching for wood collection increases in the open 

edge, exotic tree plantation and Nyayo tea zones. Possibly, the open edge area was exposed to 

easy poaching of trees by local community who had no alternative to source of timber, fuel wood 

among others and hence moderately a number of individual trees were observed poached. 

Probably, this explains the positive and moderately strong correlation between BZR area and the 

number of individual trees protected from damage throughpoaching for wood collection.  

The positive and strong correlation between BZR area and the number of individual trees 

protected from poaching for wood collection in the ETP apparently could be attributed to the fact 

that, despite the exotic tree plantation acting as a forest demarcation, some exotic tree plantation 

species used such as cypress, eucalyptus provided an alternative source of wood products 

(timber, fuel wood like charcoal, firewood) among others. Thus, the relatively less strong 

correlation coefficient compared to NTZ. The very strong correlation coefficient between BZR 

area and NTZ (r= 0.88) can be attributed to despite NTZ acting as a forest demarcation, NTZ 

provided an alternative source of employment to the locals who earned income from tea picking 

and at the same time acting as the custodians of the forest destruction (plate 1b). Hence, the 

locals could use the income to purchase alternative source of wood and non woody products such 

as gas stove, electric cookers, and kerosene stoves among others. Hence, the few cases of stumps 

indicating poaching for wood collection observed in NTZ (r=0.12). The study findings in (Fig. 

4.4) are in accordance to other related studies , that illustrated that open edge are exposed to  
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poaching for wood products and hence relatively low number of trees are protected from 

poaching (Shrethset al, 2010; Laurence et al, 2011). Further studies by (Adhikari 2009; Shreth 

2010) claimed that lack of direct source of wood products by the locals in the OE, result to 

poaching of trees and hence the gradual decline in number of individual trees protected. Thus, 

moderately a number of individual tree species were observed poached for wood products in the 

OE (r= 0.38). However, in a contradicting studies (Suole & Sandajan 2007; UNESCO 2010; 

Algnier et al, 2014) asserted that disturbed forests, poaching for wood enhances increased 

seedling regeneration and thus increased individual  wood plants recorded. Thus the likelihood 

for the positive and moderately strong correlation between BZR area and the number of 

individual tree protected from poaching for wood products as compared to ETP and NTZ.  

However, other studies by (UNESCO 2009; Alexander 2012; U.S Department of Agriculture 

2017; Simonsson 2016). Articulated that the aim of BZR is to protect the biodiversity and 

involve the local people in sustainable land use and hence increase individual wood plants 

protected from poaching. Similarly, studies in Sweden (Thorell & Gottmark, 2005; Thorel, 2012) 

purported that ETP in the BZR area accounted for 64 % increase of wood plants protected from 

poaching and thus increased individual trees.  

Furthermore, (Radha 2009; Alexander et al,2012; Miller, 2017) in South Africa revealed that 

despite ETP restricting forest against poaching, ETP species produce more wood per unit area 

and at the same time some ETP grow up to 5-10 times (Anon 2017a; Mulukh et al, 2018). This 

could reduce reliability and extractive use of indigenous trees for charcoal, timber, firewood 

among others and thus, enhances increased individual mature and young wood plants (Dalling et 

al, 2016). The study findings contradict those of (Schelevning et al,2011; Their & Weseinberg, 

2016) in South Africa who pointed out that some ETP produce low quality wood products and 



56 
 

hence, the local community engage in  poaching for quality wood products, hence low trees 

population protected. Thus, the possibility for the reason why the relationship between BZR area 

and the number of individual trees protected from poaching for wood collection was strong in 

ETP as compared to in NZT. However, it should be realized that this study looked at influence of 

ETP as a BZR area on trees protected from poaching for wood products and not the number of 

trees species population extracted for timber products.  

Moreover, other consistent studies (Elias et al, 2017; Mulukhet al, 2018) postulated that, 

commercial farming in the BZR area contain a variety of crops such a rice, millet, sorghum, 

vegetables, this protect indigenous trees from being poached, hence increased number of 

individual wood species. In a similar study in Peru, (Dhungano, 2018; wafuke 2012) attributed 

that cocoa cultivation as well a grain production in Brazil & Latin America have widely provided 

income, timber, fuel wood, fodder for livestock and hence increased species protected from 

poaching. Other related studies in Ghana (FAO, 2012; Cambiet al, 2015; Lamichhaneet al,2018) 

mentioned that farmer’s plant cocoa and other cash crops in the BZR for fencing around tropical 

forest hence increased individual wood species protected. Hence, the very strong correlation 

coefficient between BZR area and NTZ (r=0.88). The current study findings has been pointed out 

in a contradicting studies (Davidar et al, 2010) reported ,that the high soya prices in the Amazon 

contributed to poaching for wood to pave way for large tract of land for farming hence decline in 

individual trees population. However, it should be noted from the beginning that the current 

study only looked at influence NTZ as a BZR area on trees protected from poaching for wood 

collection and not influence of soya farming on trees protected but there is a possibility that if 

farmers in NTZ are well paid then this may contribute to few cases of trees stump observed as 

indicator for poaching.  



57 
 

In conclusion, the study found out that the relationship between BZR area and the health of trees 

protected from: debarking, exposure of roots to soil surface, storm breakage, and poaching for 

wood products are positive and moderately strong in the open edge (r= 0.57;, r=0.54;, r=0.59;, 

r=0.62; strong in exotic tree plantation (r=0.88;, r= 0.75;, 0.78;, r=0.74); and very strong in 

Nyayo tea zones (r= 0.98;, r=0.93;, r=0.96;, r=0.88) respectively. This suggests that NTZ should 

be enhanced for better protection of trees in the OE. The null hypothesis is therefore rejected 

based on this study findings indicating the existence of the significant influence of buffer zone 

regimes  (OE, ETP, NTZ) area on the health of trees protected from debarking, exposure of root 

to soil surface , storm breakage, poaching for wood products.  

4.3 Buffer Zone Regimes area visa-vis tree species richness 

The influence of buffer zone regimes area on the protected tree species was analyzed. The results 

are in Figure 4.5. 

 

Figure 4.5 Scatter plot showing the line for linear regression results betweeen BZR area on tree species richness. 

OE stands for Open Edge ; ETP, Exotic Tree Plantation; NTZ, Nyayo Tea Zone.  
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There was a positive linear regression relationship between OE area and tree species richness 

(OE 68 % (r2 = 0.68, p = 0.000), (Figure 4.5). The results demonstrated that in the OE 68 % of 

the variation of tree species richness could be accounted for by BZR area and 32 % of the 

variation of tree species can be explained by other factors which were not considered in the study 

(Figure 4.5). There was also a positive linear regression relationship between ETP area and tree 

species richness (ETP 82% (r2=0.82, p = 0.000) (Figure 4.5). The results revealed that 82% of 

the variation of tree species richness can be accounted for by BZR area and the 18 % of the 

variation can be explained by other factors not considered in the study (Figure 4.5). There was 

also a positive linear regression relationship between NTZ area and tree species richness (NTZ 

93% (r2=0.93, p = 0.000) (Figure 4.5). This indicated that NTZ seems to be dominant factor with 

93%explaining the variation of tree species richness and only 7% of the variation can be 

accounted for by other factors not considered in this study (Figure 4.5).  

Variation of buffer zone regime area and the number of tree species richness as demonstrated by 

slope of the regression lines figure 4.5 implied that as the BZR area increases, the number of tree 

species richness increases in the OE, ETP, and NTZ. Probably in the OE area was exposed to 

erosion disturbance and hence minimal chance of trees survival in the forest. Seemingly, this 

explains why only 68 % variation could be accounted for by area. In the ETP, the 82% variation 

of tree species could be attributed to the fact that despite the less exposure to erosion disturbance, 

the ETP supported the large taller trees that formed a sub canopy microclimate which enhanced 

more tree species richness as compared to OE. In NTZ area seems to be dominant factor 93 % 

explaining the variation could be attributed to despite controlled erosion disturbance, NTZ 

created a sub canopy microclimate which enhances establishment of more trees. In addition NTZ 
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improved on the aeration, drainage and increased plant biomass hence increased survival of more 

tree species richness.  

The study findings in Figure 4.5 are in accordance to that of (Rie, 2004) who reported that 

increased erosion disturbance in the forest adjacent to OE, hence low specie richness. (Porter et 

al, 2012 &Deerlaeminek et al, 2015; Norman et al, 2016) noted that increased erosion minimizes 

chances of trees survival and therefore reduced number of tree species richness. (Bernitezet al, 

2014; Niolau et al, 2019) studies, further asserted that despite of increased erosion in the OE, 

other factors coupled with erosion such as seed dispersal to far distance contributes to less 

establishment and growth of woody species in the OE (Norman et al, 2016). Further findings by 

(Karanth et al, 2013; Seid et al, 2018) reported that erosion disturbance contribute to lose soil 

nutrients that are important for tree growths hence low species richness. However, in 

contradicting findings (FAO, 2016) study reported increased number of tree species richness in 

the OE introduced with crop farming at the BZR. Thus, presence of low species richness in the 

OE, suggested that protecting the forest against erosion meant relatively high species richness 

wouldrealized. CBD, (2012) noted that trees growing in forest adjacent to ETP, were less 

exposed to erosion disturbancethan those in the OE. Michanck et al, (2018), further revealed that 

establishment of ETP in the BZR supported larger trees with taller structure that minimized 

chances of erosion disturbance (FAO, 2016) and that created sub canopy microclimate that 

enhanced increased growth of tree species richness than those in the OE. The reduced erosion 

demonstrated, ETP has been coupled with improved aeration and drainage(Dhakal, 2012) hence 

thepositive linear regression relationship between ETP area and tree species richness (ETP 82% 

(r2=0.82, p = 0.000) (Figure 4.5). However, in contradicting findings by (Otichillo 2000; 

Svensson et al, 2019) reported decline of some indigenous tree species following the harvesting 
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of ETP at the BZR in Mau forest hence decline in wood species richness. Though these could be 

explainedby other studies Gascon et al, 2010; Cambi et al, 2015; Nicolau et al, 2019) that some 

indigenous species are intolerant to shade due to canopy closure by ETP species. Additionally, 

(Ali et al, 2013; KNBS, 2019) observed generally that some huge uptake of water by some ETP 

species deprives moisture for some indigenous trees species hence low species richness as 

compared to NTZ. Thus, the possibility of 16 % of the tree variation that could be explained by 

other factors which were not considered in this study. Therefore the current study concluded that 

the use of the ETP ensures protection of soil against soil erosion thus ensuring more tree species 

richness as compared to OE.  

Tea plantation has been advocated by Adhikari, (2012) in Nyungwe national park, who revealed 

improved aeration, soil nutrients, depth in relation to wood vegetation richness. Similarly other 

studies in Ghana (FAO, 2012; FAO, 2016) postulated that cocoa farming in the BZR creates sub 

canopy microclimate favorable for high tree species richness (Dalling et al, 2016). Moreover, 

other related studies in Taita hills Kenya (Wekesa et al, 2018; Republic of Kenya 2018) further 

asserted that cash crop farming in adjacent buffer zones contributes significantly to high plant 

biomass and hence high tree species richness. According to (Fieschman 2014; Wekesa et 

al,2019; Saalu et al, 2020) the improved nutrients implied that better aerated and drained soil 

offer  favorable moisture conditions for growing tree seedling richness as compared  to OE. 

Thus, the possibility for high tree species richness adjacent to NTZ in the region under study. 

This means that the presence of tea plantation plays an important role in enhancing number of 

tree species richness as compared to OE.   

Therefore, there is enough evidence to reject the null hypothesis that buffer zone regimes area 

(OE, ETP, NTZ) areas do not influence the number of protected tree species richness. As buffer 
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zone regimes area of both NTZ and ETP significantly (p≤0.05) influence the higher number of 

tree species richness than open edge area in Kakamega forest the study area. This study finding 

suggested that NTZ is the better in supporting tree species richness within Kakamega forest as 

compared to ETP and OE. However, for better protection of high number of tree species richness 

the study suggested the enhancement of either NTZ or ETP in the OE.     

4.4 Buffer Zone Regimes area visa-vis tree species relative abundance and tree density 

4.4.1Buffer Zone Regimes area visa-vis tree species abundance 

The relationship between BZR and tree species relative abundance was analyzed and the results  

presented in the Fig. 4.6.           

Fig

ure 4.6 Scatter plot showing the line for linear regression results betweeen BZR area on tree 

species relative abundance. OE stands for Open Edge ; ETP, Exotic Tree Plantation; NTZ, 

Nyayo Tea Zone.  
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There was a positive linear regression relationship between OE area and tree species relative 

abundance (OE 72% (r2 = 0.72, p = 0.000), (Figure 4.6). The results demonstrated that in the OE 

72% of the variation of tree species relative abundance could be accounted for by BZR area and 

28 % of the variation of tree species can be explained by other factors which were not considered 

in the study (Figure 4.6). There was also a positive linear regression relationship between ETP 

area and tree species relative abundance (ETP 83% (r2=0.83, p = 0.000) (Figure 4.6). The results 

revealed that 83% of the variation of tree species relative abundance can be accounted for by 

BZR area and the 17 % of the variation can be explained by other factors not considered in the 

study (Figure 4.6). There was also a positive linear regression relationship between NTZ area 

and tree species relative abundance (NTZ 93% (r2=0.93, p = 0.000) (Figure 4.6). This indicated 

that NTZ seems to be dominant factor with 93%explaining the variation of tree species relative 

abundance and only 7% of the variation can be accounted for by other factors not considered in 

this study (Figure 4.6).  

Variation of buffer zone regime area and the number of tree species relative abundance as 

demonstrated by slope of the regression lines figure 4.6 implied that as the BZR area increases, 

the number of tree species abundance increases in the OE, ETP, and NTZ. Probably in the OE 

area was exposed to erosion disturbance and hence minimal chance of trees survival in the forest. 

Seemingly, this explains why only 72 % variation could be accounted for by area. In the ETP, 

the 83% variation of tree species could be attributed to the fact that despite the less exposure to 

erosion disturbance, the ETP supported the large taller trees that formed a sub canopy 

microclimate which enhanced more tree species relative abundance as compared to OE. In NTZ 

area seems to be dominant factor 93 % explaining the variation could be attributed to despite 

controlled erosion disturbance, NTZ created a sub canopy microclimate which enhances 
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establishment of more trees. In addition NTZ improved on the aeration, drainage and increased 

plant biomass hence increased survival of more tree species relative abundance. Variation of 

buffer zone regime area and the number of tree species relative abundance as demonstrated by 

slope of the regression lines figure 4.6 generally showed, that the tree species relative abundance 

across the three buffer zone regimes (OE, ETP, and NTZ) increased with the increase in area at 

the study area. This implied the increase in area is expected to hold more individual tree species 

abundance. However, Increase in area of buffer zone depicted strongest influence on trees 

relative abundance under NTZ buffer as depicted by strongest r2(NTZ 93% (r2=0.93,value. 

Hence, tree densities could help to explain the variation in abundance of trees among the buffer 

zone regimes in Kakamega forest.  4.4.2 Buffer zone regimes area visa-vis tree density. The 

relationship between BZR and tree species density was analyzed and the results presented in the 

Fig. 4.7.      
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Figure 4.7 Scatter plot showing a logarithmic transformation with a quadratic relationship 

between buffer zone regime (OE, ETP, NTZ) area and the tree species density.   

The results in the Fig. 4.7. Showed that the increase in buffer zone regime area depicted a 

quadratic decline of trees density. Shows that 53 % (r2=0.53) of the variation of tree density in 

OE can be explained by area. In the ETP, 76% (r2=0.76) variation of tree species density can 

also be explained by area. Furthermore, in the NTZ, 95% (r2=0.95) variation of tree density can 

be explained for by the area. This is implying that increasing the area of buffer may not 

necessarily increase the number of trees per unit area of the buffer zone regimes. Ecologically, 

this could imply the attainment of carrying capacity of a given ecosystem.   

Variation of the quadratic relationship between BZR area and the number of tree species density 

as demonstrated by slope of the logarithmic transformation in  Figure 4.7 implied that as the 

BZR area increases, the number of trees per unit area may not necessarily increase. Ecologically, 

this could imply the attainment of carrying capacity of a given ecosystem in adjacent OE, ETP, 

and NTZ. Probably in the OE area was exposed to erosion, poaching for wood collection, storm 

breakage disturbance and hence minimal chance of trees survival in the forest. Seemingly, this 

explains why only 53 % (r2=0.53) of the variation of tree density in OE can be explained by area. 

In the ETP, the 76% (r2=0.76) variation of tree species density can also be explained by area.  

The treedensity could be attributed to the fact that the trees were protected from exposure to 

erosion disturbance, poaching for wood collection, storm breakage and debarking hence 

enhanced more tree species density as compared to OE. However, the 24 % of the variation can 

be explained by other factors not considered in the study (Figures 4.6 & 4.7). In NTZ area seems 

to be dominant factor 95% (r2=0.95) variation of tree density can be explained for by the area. 

The 95% (r2=0.95) explaining the variation could be attributed to controlled erosion against 
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surface runoff, storm effects, poaching for wood collection, hence high trees density. However, 

5% of the variation can be explained by other factors not considered in the study (Figures 4.6 & 

4.7).However, apart from the OE, both ETP and NTZ had significantly higher tree density which 

could be explained by other factors which was not considered in the study. Implication that ETP 

and NTZ area formed a better protection of trees against easy disturbance on the trees as 

compared to OE. Therefore, the null hypothesis is rejected.    

The study findings in Fig. 4.7 were in accordance to those of other related studies done 

elsewhere by (Nambiro 2000; Harper et al, 2005) who reported that OE are exposed to increased 

disturbancesuch as logging hence low tree abundance and density. Algnier et al, 2014, Elizabeth 

et al, 2014; Ojoyi et al, 2014) further, asserted that increased storm breakage in the OE has 

resulted to low tree density as compared to crop farming in the BZR. Similarly, (Harper et al, 

2015; Nicolau et al, 2019) noted that OE are associated with low moisture content hence lack of 

water inhibit trees growths and thus low trees density. Moreover, (Laurence 2002 & Karanth et 

al, 2013; Cambi et al, 2015) found out that increased erosion in the OE, leads to lose of soil 

nutrients hence low tree density. Thus,consistency with the current study findings that noted the 

OE did not offer better protection of trees against erosion, moisture conservation, nutrients lose 

hence should be discouraged. However, (Bolwig et al, 2006; Ma 2006) noted that ETP adjacent 

forest has effectively reduced over dependence on trees for wood products hence relatively high  

tree density as compared to OE. Isango 2000; Tadesse 2006; Mullar et al, 2013 further asserted 

that ETP species like gummifera are associated with increased humus during heavy leaf fall, 

hence increased nutrients for high tree density as compared to OE. Furthermore, Joseph et al, 

2012; Ali et al, 2013; Wekesa et al, 2018; Saalu et al, 2020 acquitted that ETP species create a 

sub canopy microclimate which enhances survival for seedlings hence high trees abundance and 
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density as compared to OE. However, (Gosling et al 2012; Harper et al, 2015; Nicolau et al, 

2019)  ) in a contradicting findings argued that some ETP species cause nitrogen imbalance and 

competition for water and light, hence probably the reason as to why there was low tree density 

as compared to NTZ area.   

Lars et al, (2009) in Ghana noted that cocoa plantation in the BZR  have been attributed with less 

disturbance on trees roots as the case of  NTZ hence high tree abundance and density as 

compared to OE. Eliot et al, 2006; Alonso et al, 2013; Chaturuedi & Raghbuban, 2018; Saalu et 

al, 2018, further highlighted that crops in  and trees in BZR contribute to dry biomass upon 

rotting, thus conserve moisture,  aeration and drainage in soil resulting to high tree density and 

abundance as compared  to OE. Schelerninget al, 2011; Dhakal 2012; Wekesa et al, (2018), 

observed that leguminous crop in the BZR contribute to increased soil nutrients hence high trees 

abundance and density as compared to OE. Nevertheless, (Adhikari 2012;Bennet & Saudine 

2011; Joseph et al, 2012; Fieschman 2014) reported that tea plantation around Nyungwe 

National Park was demonstrated with reduced shade facilitating light penetration for tree  

seedling regeneration hence high tree density and abundance. This is contrary to ETP associated 

with shade intolerant species, hence low species abundance and density. Thus NTZ could 

probably be providing favorable growing condition for trees in the forest as compared to ETP. 

Therefore, current study suggested for better protection of high number of tree species 

abundance and density either NTZ or ETP should be enhanced as a BZRin the OE.        
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CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

5.1 Introduction 

This chapter presents the summary of the study findings, conclusions, recommendations and 

discussions which are thematically organized into sections and suggests areas that need further 

research.   

5.2 Summary of the findings 

Buffer zone regimes conceptualized as OE area, ETP area, NTZ area influenced the health of 

trees protected from ( debarking, exposed roots to soil surface, storm breakage & poaching for 

wood products) significantly (P≤0.05) through various ways. Nyayo tea zone area influenced the 

highest number of trees protected from (debarking, exposed roots to soil surface, storm breakage 

& poaching for wood products), followed by ETP while OE had the least number of health trees 

protected. This meant that Open Edge was not suitable and should be replaced by Nyayo Tea 

Zone or Exotic Tree Plantation.  

It was also observed from the findings in respect to BZR area ( OE, ETP, NTZ) that both NTZ 

and ETP areas significantly (P≤0.05)  influenced the highest number of protected tree species 

richness than OE. This implied that both NTZ and ETP should be encouraged as the best regimes 

to support the higher tree species richness as opposed to OE that had the least species richness. 

Moreover, it was noted that buffer zone regime area (OE, ETP, and NTZ) significantly (P≤0.05)   

influenced the protected tree species abundance and density. Nyayo Tea Zone was identified to 

influence the highest number of protected tree species abundance density, followed by Exotic 

Tree Plantation as opposed to Open Edge. This implied that both NTZ should be encouraged as 
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the best regimes to support the higher tree species abundance as opposed to OE that had the least 

species abundance.  

5.3 Conclusions 

The study concluded that, as far as the relationship between buffer zone regimes (OE, ETP, 

NTZ) area and the health of individual trees  protected from ( debarking, exposed roots to soil 

surface, storm breakage & poaching for wood products) could be explained by assessing  the 

number of health trees protected. The results showed that the relationship between BZRs area 

and the health of individual trees protected from: debarking, exposure of roots to soil surface, 

storm breakage, and poaching for wood collection are respectively positive and moderately 

strong in the OE; strong in ETP; and very strong in NTZ. This implied that NTZ and ETP 

provided demarcation of the forest through restricting human destructive activities, provided an 

alternative source of employment to the locals, provided a ground cover against soil erosion, and 

acted as wind breakers thus protecting trees against storm breakage. Thus both NTZ and ETP 

were the best regimes in supporting the highest number of health trees than OE that exposes the 

trees to destruction in the study area Kakamega Forest.  

The study also concluded that BZR area have influenced the number of the protected tree species 

richness. Since the results demonstrated that variation of tree species richness can be explained 

by BZRs area in OE, ETP, NTZ respectively. This implied that both NTZ and ETP protected the 

trees against extractive activities on trees. It was evident that both NTZ and ETP prevented soil 

erosion, increased soil moisture content and prevented seeds dispersal to far distance. These 

supported the highest number of tree species richness protected. Thus, for the purpose of 

protecting tree species richness, NTZ and ETP should be enhanced in the OE area for better 

protection of tree species richness in the study area Kakamega forest.   
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The influence of BZR area and protected tree species relative abundance, it was found out that 

the variation of tree species abundance and species density can be explained by BZR area in OE, 

ETP, NTZ respectively. It was concluded that that BZRs (NTZ and ETP) influenced the highest 

number of tree species abundance and density than OE area within the study area. 

5.4 Recommendations 

Within the study area the buffer zone regimes (NTZ and ETP) have been established to support 

the highest number of indigenous tree species richness and abundance than the OE that exposes 

the trees to various damages.  Therefore it has been recommended that the (NTZ and ETP) 

should be enhanced in the OE area to enable protection of indigenous tree species richness and 

abundance.  

5.5 Suggestions for further studies 

Since the study only concentrated on the main block of Kakamega forest the study area, the 

study recommended a similar study  in the study area (main block of Kakamega forest) and its 

fragments to investigate the impact of BZR (OE, ETP,NTZ) on the tree species health, richness, 

abundance and density.  The findings of the studies would provide data local communities in 

adjacent to the forests and the Buffer zone management committee to embrace the spirit of 

conservation of the indigenous species as variable that directly influence the rainfall pattern that 

is vital for farming around main block of Kakamega forest, fragments and other regional forests.      
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Appendix 1 a. Buffer zone regimes area and trees protected from debarking. 

Plot no. 

 

Area in sq. 

meters 

No. of trees in 

OE 

No. of trees in 

ETP 

No. of trees in 

NTZ 

1 4 3 6 7 

2 16 4 9 14 

3 36 4 11 16 

4 64 6 13 20 

5 100 8 19 25 

6 144 14 24 27 

7 196 18 27 35 

8 256 23 33 43 

9 324 28 40 54 

10 400 34 49 64 

11 484 39 61 79 

12 576 47 68 95 

13 676 52 79 104 

14 784 61 86 113 

15 900 66 96 128 

16 1024 74 107 141 

17 1156 81 100 153 

18 1296 89 124 164 

19 1444 94 132 172 

20 1600 97 137 180 

21 1764 102 142 186 

22 1936 108 149 196 

23 2116 111 157 206 

24 2304 116 164 209 

25 2500 126 180 224 

26 2704 130 189 249 

27 2916 133 195 254 

28 3136 137 201 261 

29 3364 142 213 274 

30 3600 145 215 279 

 

Source: Field data, March 2017 
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Appendix 1. b Buffer Zone Regimes Area and the number of trees with roots protected from 

exposure to soil surface. 

Plot no. Area (m2) No. of trees in 

BG 

No. trees in ETP No. of trees in NTZ 

1 4 2 6 7 

2 16 4 9 14 

3 36 4 11 15 

4 64 6 12 20 

5 100 8 19 25 

6 144 13 24 30 

7 196 17 27 35 

8 256 22 33 43 

9 324 26 40 54 

10 400 28 50 65 

11 484 38 62 80 

12 576 45 69 96 

13 676 50 80 105 

14 784 59 87 115 

15 900 64 97 130 

16 1024 72 109 143 

17 1156 79 111 155 

18 1296 86 126 166 

19 1444 92 135 174 

20 1600 95 140 182 

21 1764 100 145 188 

22 1936 106 152 198 

23 2116 109 160 208 

24 2304 114 168 211 

25 2500 124 184 226 

26 2704 128 187 251 

27 2916 131 193 256 

28 3136 135 205 263 

29 3364 140 217 276 

30 3600 143 219 281 

         Source: Field data, March 2017 
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Appendix 1.c. Buffer zone regimes area and trees protected from storm breakage. 

Plot no. Area (m2) No. of trees in 

BG 

No. trees in ETP No. of trees in NTZ 

1 4 3 7 8 

2 16 5 10 13 

3 36 6 12 15 

4 64 7 14 20 

5 100 9 21 24 

6 144 15 25 29 

7 196 18 28 34 

8 256 23 34 42 

9 324 27 41 53 

10 400 34 51 63 

11 484 38 63 79 

12 576 46 70 94 

13 676 51 80 103 

14 784 60 87 112 

15 900 65 97 127 

16 1024 72 107 139 

17 1156 80 110 151 

18 1296 86 125 162 

19 1444 92 134 170 

20 1600 96 139 178 

21 1764 100 144 184 

22 1936 106 151 194 

23 2116 110 159 203 

24 2304 115 167 206 

25 2500 124 183 221 

26 2704 129 192 246 

27 2916 132 198 251 

28 3136 136 204 258 

29 3364 141 216 271 

30 3600 144 218 276 

Source: Field data, March 2017 
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Appendix 1.d Buffer zone regimes area and trees protected from poaching for wood collection 

Plot no. Area (m2) No. of trees in 

BG 

No. trees in 

ETP 

No. of trees in 

NTZ 

1 4 4 6 7 

2 16 6 8 10 

3 36 7 9 12 

4 64 8 11 18 

5 100 10 15 23 

6 144 16 18 26 

7 196 20 24 30 

8 256 25 30 35 

9 324 29 38 41 

10 400 36 44 52 

11 484 41 50 66 

12 576 49 63 78 

13 676 54 72 87 

14 784 64 81 93 

15 900 69 89 104 

16 1024 77 95 111 

17 1156 84 108 125 

18 1296 91 115 136 

19 1444 97 123 149 

20 1600 101 129 155 

21 1764 105 137 160 

22 1936 111 142 174 

23 2116 115 155 185 

24 2304 120 160 196 

25 2500 130 166 203 

26 2704 135 170 215 

27 2916 138 182 226 

28 3136 142 189 239 

29 3364 147 196 245 

30 3600 150 205 278 

Source: Field data, March 2017. 
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Appendix 2. a. Buffer zone regimes area and protected tree species richness 
Plot no. Area (m2) No. of trees in BG No. trees in ETP No. of trees in NTZ 

1 4 2 3 3 

2 16 2 3 4 

3 36 3 4 5 

4 64 3 5 6 

5 100 4 6 7 

6 144 5 7 8 

7 196 5 7 9 

8 256 5 8 10 

9 324 6 9 12 

10 400 7 10 13 

11 484 7 11 14 

12 576 8 12 15 

13 676 8 13 16 

14 784 9 14 17 

15 900 10 15 18 

16 1024 11 16 19 

17 1156 11 17 20 

18 1296 12 18 21 

19 1444 12 19 22 

20 1600 13 20 22 

21 1764 13 21 23 

22 1936 14 22 24 

23 2116 14 23 25 

24 2304 15 24 25 

25 2500 15 25 26 

26 2704 16 26 27 

27 2916 16 27 28 

28 3136 17 28 29 

29 3364 18 29 30 

30 3600 19 30 31 

31 3844 19 30 32 

32 4096 20 32 34 

33 4396 22 32 34 

34 4624 24 33 35 

35 4900 26 33 36 

36 5184 28 35 38 

37 5476 30 35 40 

38 5776 30 35 40 

39 6084 30 35 40 

40 6400 30 35 40 

Source: Field data, March 2017 
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Appendix 2.b Tree species richness in kakamega forest 

Spp No. Scientific Name of Tree species Local names of tree species 

 Spp 1 Alarigum  chinese Mutobolo 

Spp 2. Celtis  gompholophylla musa 

Spp 3 Ficus  thonningii Mukumu 

Spp 4 Bischovia  javonica Bishop wood 

Spp 5 Celtis  africana Mweyu 

Spp 6 Funtumia  africana Mutondo 

Spp 7 Cordia  millenii Mungoma 

Spp 8 Ehretia cymosa -sikhutu 

Spp 9 Albinzia  gummifera mukhunzuli 

Spp 10 Pouteria  altissima Mukangu 

Spp 11 Polycias   fulva Mwanzu 

Spp 12 Ficus  exasparata Museno 

 Spp 13 Englerophytum  oblanceolatum Musamia 

Spp 14 Tripelipsium  madagascariense Mmbalakaya 

Spp 15  Markhamial  utea Lusiola 

Spp 16   Croton sylvaticus Musutsumunamuline 

Spp 17 Synsepalum cerasiferum Mukhulumuru 

Spp 18 Barsama  abyssinica Muyundi 

Spp 19 Khaya  anthrothecus Mnyamakwe Buganda 

Spp 20 Clausenia  abisata Shisimbari 

Spp 21 Teclea  nobilis Lutaro 

Spp 22 Diospyros abyssinica lusui 

Spp 23 Acrocarpus  fraxinfolia Kabukabusu 

Spp 24 Premaanglonsis Mungalikoro 

Spp 25 Ficus  lutea Mukarakara 

Spp 26  Croton megalocarpus Musina 

Spp 27 Antiaristoxicaria mulundu 

Spp 28 Chaetacmearistata Likhomo 

Spp  29 Cordia  africana mukomari 

Spp 30 Bilghia  unijiguta Shiarambatsa 

Spp 31 Ehretia cymosa Sikhutu 

Spp 32 Morusmeso  zygia munuku 

Spp 33 Prunus  africanus Mwiritsa 

Spp 34 Manilkarabutugi Ludolio 

Spp 35 kigeliamoosa murabe 

Spp 36 Cassipourera  ruwensorensis Mukoloho 

Spp 37 Zanthoxylum  giletti Sikhuma 

Spp 38 Psydrax    schimperiana Shikoye 

Spp 39 Fagaropsis  angolensis Shingulutotso 

Spp 40 Heinsenia    diervilloides Mmandala 

Source: Field data, March 2017 
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Appendix 2.c. Buffer zone regimes area on protected tree species richness 

Tree species 

no. 

OE, frequency NTZ, frequency ETP, frequency 

Spp 1 16 26 19 

Spp 2 15 18 16 

Spp 3 10 13 10 

Spp 4 8 18 15 

Spp 5 13 15 7 

Spp 6 7 11 11 

Spp 7 17 19 7 

Spp 8 9 11 11 

Spp 9 5 10 16 

Spp 10 6 19 6 

Spp 11 11 5 4 

Spp 12 5 10 8 

Spp13 3 18 9 

Spp 14 4 7 13 

Spp 15 2 15 5 

Spp 16 3 13 16 

Spp 17 2 6 5 

Spp 18 2 7 15 

Spp 19 3 13 6 

Spp20 2 5 13 

Spp 21 1 4 4 

Spp 22 2 5 4 

Spp 23 5 11 10 

Spp 24 1 5 4 

Spp 25 1 2 3 

Spp 26 15 16 10 

Spp 27 1 10 9 

Spp 28 17 5 6 

Spp 29 2 2 2 

Spp 30 0 3 2 

Spp 31 16 8 3 

Spp 32 0 3 2 

Spp 33 0 3 2 

Spp 34 0 2 2 

Spp 35 0 2 10 

Spp 36 0 2 0 

Spp 37 0 2 0 

Spp 38 0 1 0 

Spp 39 0 2 0 

Spp 40 0 2 0 

Source: Field data, March 2017. 
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Appendix 3. Buffer zone regimes area visa-vis tree relative abundance and density 

Plot no. Ar e a  Log10 of Area OE Density1 N T Z Density2 E T P Desity3 

1 4 0 . 6 0 5 1 . 2 5 0 8 2 . 0 0 0 7 1 . 7 5 0 

2 1 6 1 . 2 0 7 0 . 4 3 8 1 5 0 . 9 3 8 1 0 0 . 6 2 5 

3 3 6 1 . 5 6 8 0 . 2 2 2 1 7 0 . 4 7 2 1 2 0 . 3 3 3 

4 6 4 1 . 8 1 1 0 0 . 1 5 6 2 2 0 . 3 4 4 1 4 0 . 2 1 9 

5 1 0 0 2 . 0 0 1 2 0 . 1 2 0 2 7 0 . 2 7 0 2 1 0 . 2 1 0 

6 1 4 4 2 . 1 6 1 8 0 . 1 2 5 3 2 0 . 2 2 2 2 6 0 . 1 8 1 

7 1 9 6 2 . 2 9 2 2 0 . 1 1 2 3 7 0 . 1 8 9 2 9 0 . 1 4 8 

8 2 5 6 2 . 4 1 2 7 0 . 1 0 5 4 5 0 . 1 7 6 3 5 0 . 1 3 7 

9 3 2 4 2 . 5 1 3 2 0 . 0 9 9 5 6 0 . 1 7 3 4 2 0 . 1 3 0 

1 0 4 0 0 2 . 6 0 3 9 0 . 0 9 8 6 7 0 . 1 6 8 5 2 0 . 1 3 0 

1 1 4 8 4 2 . 6 8 4 4 0 . 0 9 1 8 2 0 . 1 6 9 6 4 0 . 1 3 2 

1 2 5 7 6 2 . 7 6 5 2 0 . 0 9 0 9 8 0 . 1 7 0 7 1 0 . 1 2 3 

1 3 6 7 6 2 . 8 3 5 7 0 . 0 8 4 1 0 7 0 . 1 5 8 8 2 0 . 1 2 1 

1 4 7 8 4 2 . 8 9 6 7 0 . 0 8 5 1 1 7 0 . 1 4 9 8 9 0 . 1 1 4 

1 5 9 0 0 2 . 9 5 7 2 0 . 0 8 0 1 3 2 0 . 1 4 7 9 9 0 . 1 1 0 

1 6 1 0 24 3 . 0 1 8 0 0 . 0 7 8 1 4 5 0 . 1 4 2 1 1 0 0 . 1 0 7 

1 7 1 1 56 3 . 0 6 8 8 0 . 0 7 6 1 5 7 0 . 1 3 6 1 1 3 0 . 0 9 8 

1 8 1 2 96 3 . 1 1 9 5 0 . 0 7 3 1 6 8 0 . 1 3 0 1 2 8 0 . 0 9 9 

1 9 1 4 44 3 . 1 6 101 0 . 0 7 0 1 7 6 0 . 1 2 2 1 3 7 0 . 0 9 5 

2 0 1 6 00 3 . 2 0 105 0 . 0 6 6 1 8 4 0 . 1 1 5 1 4 2 0 . 0 8 9 

2 1 1 7 64 3 . 2 5 110 0 . 0 6 2 1 9 0 0 . 1 0 8 1 4 7 0 . 0 8 3 

2 2 1 9 36 3 . 2 9 116 0 . 0 6 0 2 0 0 0 . 1 0 3 1 5 4 0 . 0 8 0 
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2 3 2 1 16 3 . 3 3 120 0 . 0 5 7 2 1 0 0 . 0 9 9 1 6 2 0 . 0 7 7 

2 4 2 3 04 3 . 3 6 125 0 . 0 5 4 2 1 3 0 . 0 9 2 1 7 0 0 . 0 7 4 

2 5 2 5 00 3 . 4 0 130 0 . 0 5 2 2 2 8 0 . 0 9 1 1 8 6 0 . 0 7 4 

2 6 2 7 04 3 . 4 3 140 0 . 0 5 2 2 5 3 0 . 0 9 4 1 9 5 0 . 0 7 2 

2 7 2 9 16 3 . 4 6 143 0 . 0 4 9 2 5 8 0 . 0 8 8 2 0 1 0 . 0 6 9 

2 8 3 1 36 3 . 5 0 147 0 . 0 4 7 2 6 5 0 . 0 8 5 2 0 7 0 . 0 6 6 

2 9 3 3 64 3 . 5 3 152 0 . 0 4 5 2 7 8 0 . 0 8 3 2 1 9 0 . 0 6 5 

3 0 3 6 00 3 . 5 6 155 0 . 0 4 3 2 8 3 0 . 0 7 9 2 2 1 0 . 0 6 1 

3 1 3 8 44 3 . 5 8 157 0 . 0 4 1 2 9 1 0 . 0 7 6 2 2 4 0 . 0 5 8 

3 2 4 0 96 3 . 6 1 160 0 . 0 3 9 2 9 6 0 . 0 7 2 2 3 1 0 . 0 5 6 

3 3 4 3 96 3 . 6 4 164 0 . 0 3 7 3 0 8 0 . 0 7 0 2 3 7 0 . 0 5 4 

3 4 4 6 24 3 . 6 7 171 0 . 0 3 7 3 1 6 0 . 0 6 8 2 4 6 0 . 0 5 3 

3 5 4 9 00 3 . 6 9 176 0 . 0 3 6 3 2 4 0 . 0 6 6 2 5 5 0 . 0 5 2 

3 6 5 1 84 3 . 7 1 183 0 . 0 3 5 3 3 2 0 . 0 6 4 2 6 3 0 . 0 5 1 

3 7 5 4 76 3 . 7 4 190 0 . 0 3 5 3 4 1 0 . 0 6 2 2 7 0 0 . 0 4 9 

3 8 5 7 76 3 . 7 6 195 0 . 0 3 4 3 4 8 0 . 0 6 0 2 7 3 0 . 0 4 7 

3 9 6 0 84 3 . 7 8 201 0 . 0 3 3 3 5 6 0 . 0 5 9 2 7 9 0 . 0 4 6 

4 0 6 4 00 3 . 8 1 204 0 . 0 3 2 3 6 1 0 . 0 5 6 2 8 6 0 . 0 4 5 

Source: Field data, March 2017 
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Appendix 6: Plate 1 showing contribution of Nyayo Tea Zone around Kakamega Forest 

 

Plate 1a shows NTZ at Isecheno Plate 1b, shows NTZ at Lurhambi as on 22ND march 

2017as on 22nd march, 2017.      

Source: Field data 2017 

 

 

 

 

Appendix 7: Plate 2 showing Exotic Tree Plantation around Kakamega forest 

 

Plate 2a shows blue gum at Matsu forest plate 2b shows cypresss at Ikuywa forest edge   as 

on 26th March 2017edge as on 26thMarch 2017     

Source; field data, 2017 


